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Introduction
This document is the specification for the Generic Timer Module (GTM).

This manual is a reference document for the SPC572Lx and SPC574Kx devices which are
built on Power Architecture® technology.
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Preface

Overview

This document contains a module framework with submodules of different functionality.
These submodules can be combined in a configurable manner to form a complex timer
module that serves different application domains and different classes within one application
domain. Because of this scalability and configurability the timer is called generic.

The scalability and configurability is reached with an architecture philosophy where
dedicated hardware submodules are located around a central routing unit (called Advanced
Routing Unit (ARU)). The ARU can connect the submodules in a flexible manner. The
connectivity is software programmable and can be configured during runtime.

Nevertheless, the GTM-IP is designed to unload the CPU or a peripheral core from a high
interrupt load. Most of the tasks inside the GTM-IP can run -once setup by an external CPU-
independent and in parallel to the software. There may be special situations, where the CPU
has to take action but the goal of the GTM design was to reduce these situations to a
minimum.

The hardware submodules have dedicated functionalities, e.g. there are timer input
modules where incoming signals can be captured and characterized together with a notion
of time. By combination of several submodules through the ARU complex functions can be
established. E.g. the signals characterized at an input module can be routed to a signal
processing unit where an intermediate value about the incoming signal frequency can be
calculated.

The modules that help to implement such complex functions are called infrastructural
components further on. These components are present in all GTM variants. However, the
number of these components may vary from device to device.

Other submodules have a more general architecture and can fulfill typical timer functions,
e.g. there are PWM generation units. The third class of submodules are those fulfilling a
dedicated functionality for a certain application domain, e.g. the DPLL serves engine
management applications. A fourth group of submodules is responsible for supporting the
implementation of safety functions to fulfill a defined safety level. The fifth group is
composed by the Interrupt Concentrator Module (ICM) in charge of interrupt services.

Each GTM-IP is build up therefore with submodules coming from those four groups. The
application class is defined by the amount of components of those submodules integrated
into the implemented GTM-IP.

Document structure

The structure of this document is motivated out of the aforementioned submodule classes.
Chapter 2: GTM architecture describes the dedicated GTM-IP implementation this
specification is written for. It gives an overview about the implemented submodules.

The following Chapter 3: Advanced Routing Unit (ARU) up to Chapter 9: Time Base Unit
(TBU) deal with the so called infrastructural components for routing, clock management and
common time base functions. Chapter 10: Timer Input Module (TIM) to Chapter 12: ARU-
connected Timer Output Module (ATOM) describe the signal input and output modules while
the following Chapter 13: Multi Channel Sequencer (MCS) explains the signal processing
and generation submodule. Chapter 14: Memory Configuration (MCFG) outlines a memory
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configuration module for the described signal processing and generation submodule. The
next chapters provide a detailed description of application specific and safety related
modules like the MAP, DPLL, SPE, CMP and MON submodules. Chapter 18: Interrupt
Concentrator Module (ICM) describes a module that bundles several interrupts coming from
the other submodules and connect them to the outside world.

These submodule groups are shown in the following table.
Table 1. Submodule groups

Chapter Submodule Group
3 Advanced Routing Unit (ARU) Infrastructural components
4 Broadcast Module (BRC) Infrastructural components
5 First In First Out Module (FIFO) Infrastructural components
6 AEI-to-FIFO Data Interface (AFD) Infrastructural components
7 FIFO-to-ARU Interface (F2A) Infrastructural components
8 Clock Management Unit (CMU) Infrastructural components
9 Time Base Unit (TBU) Infrastructural components
10 Timer Input Module (TIM) IO Modules
11 Timer Output Module (TOM) IO Modules
12 ARU-connected Timer Output Module (ATOM) 10 Modules
13 Multi Channel Sequencer (MCS) Signal generation and processing
14 Memory Configuration Module (MCFG) Infrastructural component for MCS
15 TIMO Input Mapping Module (MAP) Dedicated
16 Digital PLL (DPLL) Dedicated
17 Sensor Pattern Evaluation Module (SPE) BLDC support
18 Interrupt Concentrator Module (ICM) Interrupt services
19 Output Compare Unit (CMP) Safety features
20 Monitoring Unit (MON) Safety features
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2 GTM architecture
2.1 Overview
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As already mentioned in Chapter 1: Preface the GTM-IP forms a generic timer platform that
serves different application domains and different classes within these application domains.
Depending on these multiple requirements of application domains multiple device
configurations with different count of submodules (i.e. ATOM, BRC, MCS, PSM, SPE, TIM,
TOM) and different count of channel per submodule (if applicable) are possible.

The configuration (i.e. the count of submodules and the register map) of a specific GTM-IP
configuration is detailed in the document called Appendix B (see Section 22.3: References).

In this section as an example of possible device configurations the GTM-IP_103
implementation is outlined. The architecture of the GTM-IP_103 is depicted in Figure 1.

Please note, that the size of the submodules in the figure does not reflect the physical size
of the modules in the implementation.

The device dependent configuration (i.e. the count of submodules and channels per
submodule) is listed in the device specific Appendix B of this document (Section 22.3:
References).
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Figure 1. GTM-IP_103 architecture block diagram
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The central component of the GTM-IP is the Advanced Routing Unit (ARU) where most of
the submodules are located around and connected to. This ARU forms together with the
Broadcast (BRC) and the Parameter Storage Module (PSM) the infrastructural part of the
GTM. The ARU is able to route data from a connected source submodule to a connected
destination submodule. The routing is done in a deterministic manner with a round-robin
scheduling scheme of connected channels which receive data from ARU and with a worst
case round-trip time.

The routed data word size of the ARU is 53 bits. The data word can logically be split into
three parts. These parts are shown in Figure 2. Bits 0 to 23 and bits 24 to 47 typically hold
data for the operation registers of the GTM-IP. This can be for example the duty cycle and
period duration of a measured PWM input signal or the output characteristic of an output
PWM to be generated. Another possible content of Data0 and Data1 can be two 24-bit
values of the GTM-IP time bases TBU_TS0, TBU_TS1 and TBU_TS2. Bits 48 to 52 can
contain control bits to send control information from one submodule to another. These ARU
Control Bits (ACB) can have a different meaning for different submodules.

It is also possible to route data from a source to a destination and the destination can act
later on as source for another destination. These routes through the GTM-IP are further on
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called data streams. For a detailed description of the ARU submodule please refer to
Chapter 3: Advanced Routing Unit (ARU).

Figure 2. ARU data word description
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The BRC is able to distribute data from one source module to more than one destination
modules connected to the ARU. The PSM submodule consists of three subunits, the AEI-to-
FIFO Data Interface (AFD), FIFO-to-ARU Interface (F2A) and the FIFO itself. The PSM can
serve as a data storage for incoming data characteristics or as parameter storage for
outgoing data. This data is stored in a RAM that is logically located inside the FIFO subunit,
but physically the RAM is implemented and integrated by the silicon vendor with his RAM
implementation technology. Therefore, the GTM-IP provides the interface to the RAM at its
module boundary. The AFD subunit is the interface between the FIFO and the GTM SoC
system bus interface AEI (please see Section 2.2.1: GTM-IP generic bus interface (AEI) for
detailed discussion). The F2A subunit is the interface between the FIFO subunit and the
ARU.

Signals are transferred into the GTM-IP at the Timer Input Modules (TIM). These modules
are able to filter the input signals and annotate additional information. Each channel is for
example able to measure pulse high or low times and the period of a PWM signal in parallel
and route the values to ARU for further processing. The internal operation registers of the
TIM submodule are 24 bits wide.

The Clock Management Unit (CMU) serves up to 13 different clocks for the GTM and up to
three external clock pins GTM_ECLKO...2. It acts as a clock divider for the system clock.
The counters implemented inside other submodules are typically driven from this
submodule. Please note, that the CMU clocks are implemented as enable signals for the
counters while the whole system runs with the GTM global clock SYS_CLK. This global
clock typically corresponds to the microcontroller bus clock the GTM-IP is connected to and
should not exceed 100 MHz because of the power dissipation of the used transistors where
the GTM is implemented with.

The Time Base Unit (TBU) provides up to three independent common time bases for the
GTM-IP. In general, the number of time bases depends on the implemented device. If three
time bases are implemented, two of these time bases can also be clocked with the digital
PLL (DPLL) sub_inclc and sub_inc2c outputs. The DPLL generates the higher frequent
clock signals sub_incl, sub_inc2, sub_inclc and sub_inc2c on behalf of the frequencies of
up to two input signals. These two input signals can be selected out of six incoming signals
from the TIMO submodule. In this submodule the incoming signals are filtered and
transferred to the MAP submodule where two of these six signals are selected for further
processing inside the DPLL.

Signal outputs are generated with the Timer Output Modules (TOM) and the ARU-
connected TOMs (ATOM). Each TOM channel is able to generate a PWM signal at its
output. Because of the integrated shadow register even the generation of complex PWM
outputs is possible with the TOM channels by serving the parameters with the CPU. It is
possible to trigger TOM channels for a successor TOM submodule through a trigger line
between TOM(x) _CH(15) and TOM(x+1)_CH(0). But to avoid long trigger paths the GTM-IP
integrator can configure after which TOM submodule instance a register is placed into the
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trigger signal chain. Each register results in one SYS_CLK cycle delay of the trigger signal.
Please refer to device specification of silicon vendor for unregistered trigger chain length.

In addition, each TOM submodule can integrate functions to drive one BLDC engine. This
BLDC support is established together with the TIM and Sensor Pattern Evaluation (SPE)
submodule.

The ATOMs offer the additional functionality to generate complex output signals without
CPU interaction by serving these complex waveform characteristics by other submodules
that are connected to the ARU like the PSM or Multi Channel Sequencer (MCS). While the
internal operation and shadow registers of the TOM channels are 16-bit wide, the operation
and shadow registers of the ATOM channels are 24-bit wide to have a higher resolution and
to have the opportunity to compare against time base values coming from the TBU.

It is possible to trigger ATOM channels for a successor ATOM submodule through a trigger
line between ATOM(x)_CH(7) and ATOM(x+1)_CH(0). But to avoid long trigger paths the
GTM-IP integrator can configure after which ATOM submodule instance a register is placed
into the trigger signal chain. Each register results in one SYS_CLK cycle delay of the trigger
signal. Please refer to device specification of silicon vendor for unregistered trigger chain
length.

Together with the MCS the ATOM is able to generate an arbitrary predefined output
sequence at the GTM-IP output pins. The output sequence is defined by instructions located
in RAM connected to the MCS submodule. The instructions define the points were an output
signal should change or to react on other signal inputs. The output points can be one or two
time stamps (or even angle stamp in case of an engine management system) provided by
the TBU. Since the MCS is able to read data from the ARU it is also able to operate on
incoming data routed from the TIM. Additionally, the MCS can process data that is located in
its connected RAMs. The MCS RAM is located logically inside the MCS while the silicon
vendor has to implement its own RAM technology there.

The two modules Compare Module (CMP) and Monitor Module (MON) implement safety
related features. The CMP compares two output channels of an ATOM or TOM and sends
the result to the MON submodule were the error is signaled to the CPU. The MON module is
also able to monitor the ARU and CMU activities.

In the described implementation the submodules of the GTM-IP have a huge amount of
different interrupt sources. These interrupt sources are grouped and concentrated by the
Interrupt Concentrator Module (ICM) to form a much easier manageable bunch of interrupts
that are visible outside of the GTM-IP.

On the GTM-IP top level there are some configurable signal connections from the signal
output of the TOM, ATOM modules to the input signals of the TIM modules.

3

34/558 DoclD025070 Rev 1




RM0361 GTM architecture
Figure 3. GTM-IP_103 signal multiplex
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The next diagram gives an overview of the connectivity. The source selection is defined with

the bit SRXx in the register GTM_TIM[y]_AUX_IN_SRC.
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Figure 4. GTM-IP_103 connectivity
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In general the GTM-IP can be divided into four interface groups. Two interface groups
represent the ports of the GTM-IP where incoming signals are assembled and outgoing
signals are created. These interfaces are therefore connected to the GTM-IP input
submodule TIM and to the GTM-IP output submodules TOM and ATOM.

Another interface is the bus interface where the GTM-IP can be connected to the SoC
system bus. This generic bus interface is described in more detail in Section 2.2.1: GTM-IP
generic bus interface (AEl). The last interface is the interrupt controller interface. The GTM-
IP provides several interrupt lines coming from the various submodules. These interrupt
lines are concentrated inside the ICM and have to be adapted to the dedicated
microcontroller environment where each interrupt handling can look different. The interrupt
concept is described in more detail in Section 2.5: GTM-IP interrupt concept.

2.2.1 GTM-IP generic bus interface (AEI)

The GTM-IP is equipped with a generic bus interface that can be widely adapted to different
SoC bus systems. This generic bus interface is called AE-Interface (AEI). The adaptation of
the AEI to SoC buses is typically done with a bridge module translating the AEI signals to
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the SoC bus signals of the silicon vendor. The AEI bus signals are depicted in the following

table.
Table 2. AEIl bus signals
Signal name 110 Description Bit width

AEI_SEL | GTM-IP select line 1
AEI_ADDR I GTM-IP address 32
AEI_PIPE | AEI address phase signal 1
AEI_W1RO0 | Read/write access 1
AEI_WDATA | Write data bus 32
AE|_RDATA (0] Read data bus 32
AEI_READY (0] Data ready signal 1
AEI_STATUS (0] AE| access status 2

The AEI status signal may drive one of the following values:

Table 3. AEI status signal

AEI_STATUS Description
00 No error
01 lllegal byte addressing
10 lllegal address access
1" Unsupported address

The signal value "00" is driven if no error occurred during AEI access.

The signal value "01" is driven if the bus address is not an integer multiple of 4 (byte
addressing).

The signal value "11" is driven if the address is not handled in the GTM.

The signal value "10" is driven if an illegal write access to one of the following register is
performed:

e Register is protected (for example protected by bit RF_PROT)

In case of an illegal write access signaled by the status "10", the register content will not be
modified.

Reading registers will never return the status "10".

3
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Write access to following addresses returns status "10" under special conditions:

ARU_IRQ_FORCINT
ATOMI[i]_CH[x]_CMO
ATOM][i]_CH[x]_CM1
ATOMI[i]_CH[x]_SRO
ATOMI[i]_CH[x]_SR1
ATOMI[i]_CH[x]_RDADDR
ATOM][i]_CH[x]_IRQ_FORCINT
BRC_IRQ_FORCINT
BRC_SRC_[x]_ADDR (x=0...11)
CMP_IRQ_FORCINT
CMU_GCLK_NUM
CMU_GCLK_DEN
CMU_CLK[x]_CTRL (x=0...7)
CMU_ECLK_NUM
CMU_ECLK_DEN
CMU_FXCLK_CTRL
DPLL_ACT_STA

DPLL_OSW
DPLL_IRQ_FORCINT
DPLL_ID_PMTR_[X] (x=0...23(@)
DPLL_INC_CNT1
DPLL_INC_CNT2
DPLL_TSAC[X] (x=0...23®)
DPLL_PSAC[x] (x=0...23@)
DPLL_ACB_[x] (x=0...5(®))
F2A[i]_CH[x]_ARU_RD_FIFO
F2A[i]_CH[x]_STR_CFG
FIFO[i]_CHI[x]_IRQ_FORCINT
GTM_IRQ_FORCINT
GTM_RST
SPE[i]_IRQ_FORCINT
TIM[i]_CH[x]_CNTS
TIM[i]_CH[x]_GPR1
TIM[i]_CHI[x]_IRQ_FORCINT
TOMI[i]_CHI[x]_IRQ_FORCINT
MCSIi]_CH[x]_CTRL
MCSIi]_CH[x]_PC

o

31 for device 4.

7 for device 4.
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2.3
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e  TOMIi]_CHI[X]_IRQ_FORCINT

e MCSJ[i]_CTRL

e TBU_CHI[x]_BASE

e TBU_CHI[x]_CTRL

e MCS RAM during initialization
e DPLL RAM during initialization

GTM-IP multi-master and multi-tasking support

To support multi-master and multi-task access to the registers of the GTM-IP a dedicated
write-access scheme is used for critical control bits inside the IP that need such a
mechanism. This can be for example a shared register where more than one channel can
be controlled globally by one register write access. Such register bits are implemented
inside the GTM-IP with a double bit mechanism, where the writing of '00' and '11' has no
effect on the register bit and where '01' sets the bit and '10' resets the bit. If the CPU wants
to read the status of the bit it always gets a '00' if the bit is reset and it gets a 11" if the bit is
set.

ARU routing concept

One central concept of the GTM-IP is the routing mechanism of the ARU submodule for
data streams. Each data word transferred between the ARU and its connected submodule is
53-bit wide. It is important to understand this concept in order to use the resources of the
GTM-IP effectively. Each module that is connected to the ARU may provide an arbitrary
number of ARU write channels and an arbitrary number of ARU read channels. In the
following, the ARU write channels are named data sources and the ARU read channels are
named data destinations.

The concept of the ARU intends to provide a flexible and resource efficient way for
connecting any data source to an arbitrary data destination. In order to save resource costs,
the ARU does not implement a switch matrix, but it implements a data router with serialized
connectivity providing the same interconnection flexibility. Figure 5 shows the ARU data
routing principle. Data sources are marked with a green rectangle and the data destinations
are marked with yellow rectangles. The dashed lines in the ARU depict the configurable
connections between data sources and data destinations. A connection between a data
source and a data destination is also called a data stream.
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2.3.1 Principle of data routing using ARU

Figure 5. ARU data routing
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The configuration of the data streams is realized according to the following manner: each
data source has its fixed and unique source address. The fixed address of each data source
is pointed out by the numbers in the green boxes of Figure 5. The address definitions of all
available data sources in the GTM-IP can be obtained from table specified in Section 21.3:
ARU write address overview. The connection from a specific data source to a specific data
destination is defined by configuring the corresponding address of a data source in the
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desired data destination. The configured address of each data destination is pointed out by
the numbers in the yellow boxes of Figure 5.

Normally, the destination is idle and waits for data from the source. If the source offers new
data, the destination does a destructive read, processes the data and goes idle again. The
same data is never read twice.

There is one submodule for which this destructive read access does not hold. This is the
BRC submodule configured in Maximum Throughput Mode. For a detailed description of
this module please refer to Chapter 4: Broadcast module (BRC).

The functionality of the ARU is as follows: The ARU sequentially polls the data destinations
of the connected modules in a round-robin order. If a data destination requests new data
from its configured data source and the data source has data available, the ARU delivers
the data to the destination and it informs both, the data source and destination that the data
is transferred. The data source marks the delivered ARU data as invalid which means that
the destination consumed the data.

It should be noted that each data source should only be connected to a single data
destination. This is because the destinations consume the data. If two destinations would
reference the same source one destination would consume the data before the other
destination could consume it. Since the data transfers are blocking, the second destination
would block until it receives new data from the source. If a data source should be connected
to more than one data destination the submodule Broadcast (BRC) has to be used. On the
other hand, the transfer from a data source to the ARU is also blocking, which means that
the source channel can only provide new data to the ARU when an old data word is
consumed by a destination. In order to speed up the process of data transfers, the ARU
handles two different data destinations in parallel.

Following table gives an overview about the number of channels for the GTM-IP_103
variant used as a reference within this chapter.

Table 4. ARU data sources and destination for GTM-IP_103

Submodule Number of data sources Number of data destinations
ARU 1 0
DPLL 24 24
TIM 0-3 32 0
MCS 0-3 96 32
BRC 22 12
TOM 0 0
ATOM 0-4 40 40
PSM 0 8 8
ICM 0 0
CMP 0 0
MON 0 0
Total 223 116
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2.3.2 ARU round trip time

The ARU uses a round-robin arbitration scheme with a fixed round trip time for all connected
data destinations. This means that the time between two adjacent read requests resulting
from a data destination channel always takes the round trip time, independently if the read
request succeeds or fails.

2.3.3 ARU blocking mechanism

Another important concept of the ARU is its blocking mechanism that is implemented for
transferring data from a data source to a data destination. This mechanism is used by ARU
connected submodules to synchronize the submodules to the routed data streams. Figure 6
explains the blocking mechanism.

Figure 6. ARU blocking mechanism

. J — — Wait until data
Wait until | ARU — is available
data is read

Data Source Data Destination

GAPGMS00198

If a data destination requests data from a data source over the ARU but the data source
does not have any data yet, it has to wait until the data source provides new data. In this
case the submodule that owns the data destination may perform other tasks. When a data
source produces new data faster than a data destination can consume the data the source
raises an error interrupt and signals that the data could not be delivered in time. The new
data is marked as valid for further transfers and the old data is overwritten.

In any case the round trip time for the ARU is always fixed for a specific device
configuration.

Please refer to device specific Appendix B of this specification for detailed information (see
Section 22.3: References).

One exception is the BRC submodule when configured in Maximum Throughput Mode.
Please refer to Chapter 4: Broadcast module (BRC) for a detailed description.

2.4 GTM-IP Clock and Time Base Management (CTBM)

Inside the GTM-IP several subunits are involved in the clock and time base management of
the whole GTM. Figure 7 shows the connections and sub blocks involved in these tasks.
The sub blocks involved are called Clock and Time Base Management (CTBM) modules
further on.

3
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Figure 7. CTBM architecture diagram
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One important module of the CTBM is the Clock Management Unit (CMU) which generates
up to13 clocks for the submodules of the GTM and up to three GTM external clocks
CMU_ECLK]|z] (z: 0...2). For a detailed description of the CMU functionality and clocks
please refer to Chapter 8: Clock Management Unit (CMU).

The five (5) CMU_FXCLK]y] (y: 0...4) clocks are used by the TOM submodule for PWM
generation. Up to eight (8) CMU_CLK][x] (x: 0...7) clocks can be used by other submodules
of the GTM for signal generation.

Each of the Time Base Unit (TBU) channel can use one of the CMU_CLK[x] clocks as
reference to generate a common time base for the GTM. Besides the CMU_CLK][x] signals,
the TBU can use the compensated SUB_INC]i]c (i: 1,2) signals coming from the DPLL
submodule for time base generation. This time base then typically represents an angle clock
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for an engine management system. For the meaning of compensated (SUB_INCIi]c) and
uncompensated (SUB_INC]Ji]) DPLL signals please refer to the DPLL Chapter 16: Digital
PLL module (DPLL). The SUB_INCIi]c signals in combination with the two direction signal
lines DIR]i] the TBU time base can be controlled to run forwards or backwards. The TBU
functionality is described in Chapter 9: Time Base Unit (TBU).

In this device the TBU submodule generates the three time base signals TBU_TSO0,
TBU_TS1 and TBU_TS2 which are widely used inside the GTM as common time bases for
signal characterization and generation.

As stated before, the DPLL submodule provides the four clock signals SUB_INCJi] and
SUB_INC]Ji]c which can be seen as a clock multiplier generated out of the two input signal
vectors TRIGGER and STATE coming from the MAP submodule. For a detailed description
of the DPLL functionality please refer to Chapter 16: Digital PLL module (DPLL).

The MAP submodule is used to select the TRIGGER and STATE signals for the DPLL out of
six input signals coming from TIMO submodule. Besides this, the MAP submodule is able to
generate a TDIR (TRIGGER Direction) and SDIR (STATE Direction) signal for the DPLL and
TBU coming from the SPEO and SPE1 signal lines. The direction signals are generated out
of a defined input pattern. For a detailed description of the MAP submodule please refer to

Chapter 15: TIMO input mapping module (MAP).

GTM-IP interrupt concept

The submodules of the GTM-IP can generate thousands of interrupts on behalf of internal
events. These interrupts are combined inside the Interrupt Concentrator Module (ICM) into
interrupt groups. In these interrupt groups the GTM-IP submodule interrupt signals are
bundled to a smaller set of interrupts. Out of these interrupt sets a smaller amount of
interrupt signals is created and signaled outside of the GTM-IP as a signal
GTM_<MOD>_IRQ, whereas <MOD> identifies the name of the corresponding GTM-IP
submodule.

Moreover, each output signal GTM_<MOD>_IRQ has a corresponding input signal
GTM_<MOD>_IRQ_CLR that can be used for clearing the interrupts. These input signals
can be used by the surrounding microcontroller system as:

e Acknowledge signal from a DMA controller
e Validation signal from ADC

e  Clear signal from an GTM-external interrupt controller to do an atomic clear while
entering an ISR routine

The controlling of the individual interrupts is done inside the submodules. If a submodule
consists of several submodule channels that are most likely to work independently from
each other (like TIM, PSM, MCS, TOM, and ATOM), each submodule channel has its own
interrupt control and status register set, named as interrupt set in the following. Other
submodules (SPE, ARU, DPLL, BRC, CMP and global GTM functionality) have a common
interrupt set for the whole submodule.

The interrupt set consists of four registers: The IRQ_EN register, the IRQ_NOTIFY register,
the IRQ_FORCINT register, and the IRQ_MODE register. While the registers IRQ_EN,
IRQ_NOTIFY, and IRQ_FORCINT signalize the status and allow controlling of each
individual interrupt source within an interrupt set, the register IRQ_MODE configures the
interrupt mode that is applied to all interrupts that belong to the same interrupt set.
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In order to support a wide variety of microcontroller architectures and interrupt systems with
different interrupt signal output characteristics and internal interrupt handling the following
four modes can be configured:

e Level mode
e  Pulse mode
e  Pulse-Notify mode
e  Single-Pulse mode

Refer to the device reference manual (chapter GTM Integration, section Interrupt and DMA
support) to know the interrupt mode used.

These interrupt modes are described in more details in the following subsections.

The register IRQ_EN allows the enabling and disabling of an individual interrupt within an
interrupt set. Independent of the configured mode, only enabled interrupts can signalize an
interrupts on its signal GTM_<MOD>_IRQ.

The register IRQ_NOTIFY collects the occurrence of interrupt events. The behavior for
setting a bit in this register depends on the configured mode and thus it is described later on
in the mode descriptions.

Independent of the configured mode any write access with value '1' to a bit in the register
IRQ_NOTIFY always clears the corresponding IRQ_NOTIFY bit.

Moreover, the enabling of a disabled interrupt sources with a write access to the register
IRQ_EN also clears the corresponding bit in the IRQ_NOTIFY register but only if the error
interrupt source EIRQ_EN is disabled. However, if the enabling of a disabled interrupt is
simultaneous to an incoming interrupt event, the interrupt event is dominant and the register
IRQ_NOTIFY is not cleared.

Additionally, each write access to the register IRQ_MODE, clears all bits in the
IRQ_NOTIFY register. It should be notified that the clearing of IRQ_NOTIFY is applied
independently of the written data (e.g. no mode change).

Thus, a secure way for reconfiguring the interrupt mode of an interrupt set, is to disable all
interrupts of the interrupt set with the register IRQ_EN, define the new interrupt mode by
writing register IRQ_MODE, followed by enabling the desired interrupts with the register
IRQ_EN.

Thus, a secure way for reconfiguring the interrupt mode of an error interrupt set, is to disable
all error interrupts of the error interrupt set with the register EIRQ_EN, define the new
interrupt mode by writing register IRQ_MODE, followed by enabling the desired error
interrupts with the register EIRQ_EN.

The register IRQ_FORCINT is used by software for triggering individual interrupts with a
write access with value '1'. Since a write access to IRQ_FORCINT only generates a single
pulse, IRQ_FORCINT is not implemented as a true register and thus any read access to
IRQ_FORCINT always results with a value of '0'".

It should be noted, that the mechanism for triggering interrupts with IRQ_FORCINT is
globally disabled after reset. It has to be explicitly enabled by clearing the bit RF_PROT in
the register GTM_CTRL (see Section 2.9.3: Register GTM_CTRL)

For the modules AEI-bridge, BRC, FIFO, TIM, MCS, DPLL, SPE and CMP each interrupt
may configured to raise instead of the normal interrupt an error interrupt if enabled by the
corresponding error interrupt enable bit in register EIRQ_EN.
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Note:

2.5.1

It is possible for one source to enable the normal interrupt and the error interrupt in parallel.
Because of both interrupt clear signals could reset the notify bit this is expected to cause
problems in a system and therefore it is strongly recommended to not enable both interrupt
types at the same point in time.

Similar to enabling an interrupt, the enabling of a disabled error interrupt source with a write
access to the register EIRQ_EN also clears the corresponding bit in the IRQ_NOTIFY
register only if the interrupt source IRQ_EN is disabled. However, if the enabling of a
disabled error interrupt is simultaneous to an incoming interrupt event, the interrupt event is
dominant and the register IRQ_NOTIFY is not cleared.

All enabled error interrupts are or-combined inside the ICM and assigned to the dedicated
GTM port gtm_err_irg. A corresponding input gtm_err_irg_clr allows the reset of this error
interrupt from outside the GTM (hardware clear).

To be able to detect the module source of the error interrupt the ICM provides the register
ICM_IRQG_MEI. The error interrupt causing channel can be determined for the modules
FIFO, TIM and MCS by evaluating the ICM register ICM_IRQG_CEIO to ICM_IRQG_CElIA4.

Level interrupt mode

The default interrupt mode is the Level Interrupt Mode. In this mode each occurred interrupt
event is collected in the register IRQ_NOTIFY, independent of the corresponding enable bit
of register IRQ_EN and EIRQ_EN.

An interrupt event, which is defined as a pulse on the signal Int_out of Figure 8, may be
triggered by the interrupt source of the submodule or by software performing a write access
to the corresponding register IRQ_FORCINT, with a disabled bit RF_PROT in register
GTM_CTRL.

Figure 8. Level interrupt mode scheme
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A collected interrupt bit in register IRQ_NOTIFY may be cleared by a clear event, which is
defined as a pulse on signal Clear of Figure 8. A clear event can be performed with a write
access with value "1' to the corresponding bit in the register IRQ_NOTIFY leading to a pulse
on signals SW_clear. A clear event may also result from an externally connected signal
GTM_<MOD>_IRQ_CLR, which is routed to the signal HW _clear of Figure 8. However, the
hardware clear mechanism is only possible, if the corresponding interrupt is enabled by
register IRQ_EN.
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As the Table 5 shows, interrupt events are dominant in the case of a simultaneous interrupt
event and clear event.

Table 5. Priority of interrupt events and clear events

Int_in Clear_in Int_out Clear_out
0 0 0 0
0 1 0 1
1 0 1 0
1 1 1 0

As it can be seen from the Figure 8 an occurred interrupt event is signaled as a constant
signal level with value 1 to the signal IRQ _bit, if the corresponding interrupt is enabled in
register IRQ_EN.

With exception of the submodules ARU and DPLL, the signal IRQ_bit is OR-combined with
the neighboring IRQ_bit signals of the same interrupt set and they are routed as a signal
IRQ_line to the interrupt concentrator module (ICM). The interrupt signals IRQ_bit of the
submodules DPLL and ARU are routed directly as a signal IRQ_line to the submodule ICM.
In some cases (submodules TOM and ATOM) the ICM may further OR-combine several
IRQ_line signals to an outgoing interrupt signal GTM_<MOD>_IRQ. In the other cases the
IRQ_line signals are directly connected to the outgoing signals GTM_<MOD>_IRQ, within
the submodule ICM.

The signal IRQ_occurred is connected in a similar way as the signal IRQ_line, however this
signal is used for monitoring the interrupt state of the register IRQ_NOTIFY in the registers
of the ICM.

The additional error interrupt enable mechanism for level interrupt is shown below.

Figure 9. Level interrupt scheme for modules AEI-bridge, BRC, FIFO, TIM, MCS,
DPLL, SPE, CMP
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A collected interrupt bit in register IRQ_NOTIFY may be cleared by a clear event, which is
defined as a pulse on signal Clear_out of Figure 9. A clear event can be performed with a
write access with value '1' to the corresponding bit in the register IRQ_NOTIFY leading to a
pulse on signals SW_clear. A clear event may also result from externally connected signal
gtm_<MOD=>_irq clror gtm_err_irq_clr, which is routed as a HW clearto Clear in of
Figure 9. However, the hardware clear mechanism is only possible, if the corresponding
interrupt or error interrupt is enabled by register IRQ_EN or EIRQ_EN.

As it can be seen from the figure an occurred interrupt event is signaled as a constant signal
level with value 1 to the signal IRQ _bit, if the corresponding interrupt is enabled in register
IRQ_EN.

2.5.2 Pulse interrupt mode
The Pulse interrupt mode behavior can be observed from Figure 10.
Figure 10. Pulse interrupt mode scheme
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In Pulse Interrupt Mode each Interrupt Event will generate a pulse on the IRQ_bit signal if
IRQ_EN is enabled.
As it can be seen from the figure, the interrupt bit in IRQ_NOTIFY register is always cleared
if IRQ_EN is enabled.
However, if an interrupt is disabled in the register IRQ_EN, an occurred interrupt event is
captured in the register IRQ_NOTIFY, in order to allow polling for disabled interrupts by
software.
Disabled interrupts may be cleared by an interrupt clear event.
In Pulse interrupt mode, the signal IRQ_occurred is always O.
The additional error interrupt enable mechanism for pulse interrupt is shown below.
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Figure 11. Pulse interrupt scheme for modules AEl-bridge, BRC, FIFO, TIM, MCS,
DPLL, SPE, CMP
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2.5.3

3

In pulse interrupt mode each interrupt event will generate a pulse on the EIRQ_bit signal if
EIRQ_EN is enabled.

As it can be seen from the figure, the interrupt bit in IRQ_NOTIFY register is always cleared
if EIRQ_EN or IRQ_EN are enabled.

However, if an error interrupt is disabled in the register EIRQ_EN, an occurred error
interrupt event is captured in the register IRQ_NOTIFY, in order to allow polling for disabled
error interrupts by software.

Disabled error interrupts may be cleared by an error interrupt clear event.

In Pulse interrupt mode, the signal EIRQ_occurred is always 0.

Pulse-notify interrupt mode

In pulse-notify interrupt mode, all interrupt events are captured in the register IRQ_NOTIFY.
If an interrupt is enabled by the register IRQ_EN, each interrupt event will also generate a
pulse on the IRQ_bit signal. The signal IRQ_occurred will be high if interrupt is enabled in
register IRQ_EN and the corresponding bit of register IRQ_NOTIFY is set. The Pulse-notify
interrupt mode is shown in Figure 12.
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Figure 12. Pulse-notify interrupt mode scheme
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The additional error interrupt enable mechanism for pulse-notify interrupt is shown below.

Figure 13. Pulse-notify interrupt scheme for modules AEl-bridge, BRC, FIFO, TIM,
MCS, DPLL, SPE, CMP
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In pulse-notify interrupt mode, all error interrupt events are captured in the register
IRQ_NOTIFY. If an error interrupt is enabled by the register EIRQ_EN, each error interrupt
event will also generate a pulse on the EIRQ _bit signal. The signal EIRQ_occurred will be
high if error interrupt is enabled in register EIRQ_EN and the corresponding bit of register
IRQ_NOTIFY is set. The Pulse-notify interrupt mode for error interrupts is shown in

Figure 13.

2.5.4 Single-pulse interrupt mode

In single-pulse interrupt mode, an interrupt event is always captured in the register
IRQ_NOTIFY, independent of the state of IRQ_EN. However, only the first interrupt event of
an enabled interrupt within a common interrupt set is forwarded to signal IRQ _line.
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Additional interrupt events of the same interrupt set cannot generate pulses on the signal
IRQ_line, until the corresponding bits in register IRQ_NOTIFY of enabled interrupts are
cleared by a clear event. The IRQ_occurred signal line will be high, if the IRQ_EN and the
IRQ_NOTIFY register bits are set. The Single-pulse interrupt mode is shown in Figure 14.

The only exceptions are the modules ARU and DPLL. In these modules the IRQ_occurred
bit of each interrupt is directly connected (without OR-conjunction of neighboring
IRQ_occurred bits) to the inverter for suppressing further interrupt pulses.

Figure 14. Single-pulse interrupt mode scheme
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3

To avoid unexpected IRQ behavior in the single pulse mode, all desired interrupt sources
should be enabled by a single write access to IRQ_EN and the notification bits should be
cleared by a single write access to the register IRQ_NOTIFY.

The additional error interrupt enable mechanism for single-pulse interrupt is shown below.
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Figure 15. Single-pulse interrupt scheme for modules AEI-bridge, BRC, FIFO, TIM,
MCS, DPLL, SPE, CMP
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In single-pulse interrupt mode, an error interrupt event is always captured in the register
IRQ_NOTIFY, independent of the state of EIRQ_EN. However, only the first error interrupt
event of an enabled error interrupt within a common error interrupt set is forwarded to signal
EIRQ_line. Additional error interrupt events of the same error interrupt set cannot generate
pulses on the signal EIRQ_line, until the corresponding bits in register IRQ_NOTIFY of
enabled error interrupts are cleared by a clear event. The EIRQ_occurred signal line will be
high, if the EIRQ_EN and the IRQ_NOTIFY register bits are set. The Single-pulse interrupt
mode for error interrupts is shown in Figure 15.

To avoid unexpected EIRQ behavior in the single pulse mode, all desired error interrupt
sources should be enabled by a single write access to EIRQ_EN and the notification bits
should be cleared by a single write access to the register IRQ_NOTIFY.

The only exceptions are the modules ARU and DPLL. In these modules the EIRQ_occurred
bit of each error interrupt is directly connected (without OR-conjunction of neighboring
EIRQ_occurred bits) to the inverter for suppressing further error interrupt pulses.

2.5.5 GTM-IP interrupt concentration method

As the interrupts are grouped inside the ICM, user software must access the ICM a first time
in order to determine the interrupt set that triggered the interrupt. A second access to the
responsible register IRQ_NOTIFY is then necessary to identify the interrupt source, serve it
and to reset the interrupt flag in register IRQ_NOTIFY afterwards. Therefore, the interrupt
flags are never reset by an access to the ICM. For a detailed description of the ICM
submodule please refer to Chapter 18: Interrupt Concentrator Module (ICM).

2.6 GTM-IP software debugger support

For software debugger support the GTM-IP comes with several features. E.g. status register
bits must not be altered by a read access from a software debugger. To avoid this behavior
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to reset a status register bit by software, the CPU has to write a '1' explicitly to the register
bit to reset its content.

The Table 6 describes the behavior of some GTM-IP registers with special functionality on
behalf of read accesses from the AEI bus interface.

Table 6. Register behavior in case of software debugger accesses

Module Register Description
AFD AFD[i]_CH[x]_BUFFACC The FIFO read access pomter.s are .not altered on behalf of
a debugger read access to this register.
TI™ TIMIi]_CH[x]_GPRO/ The overflow bit is not altered in case of a debugger read
access to this registers.
In SOMC mode a read access to this register by the
ATOM ATOM([i]_CHI[x]_SR0/M debugger does not release the channel for a new
compare/match event.
The GTM provides an external signal gtm_halt, which disables clock signal SYS_CLK for
debugging purposes. If SYS_CLK is disabled, a connected debugger can read any GTM
related register and the GTM internal RAMs using AEI. Moreover, the debugger can also
perform write accesses to the internal RAMs and to all GTM related registers in order to
enable advanced debugging features (e.g. modifications of register contents in single step
mode).
2.7 GTM-IP programming conventions

3

To serve different application domains the GTM-IP is a highly configurable module with
many configuration modes. In principle the submodules of the GTM-IP are intended to be
configured at system start-up to fulfill certain functionality for the application domain the
microcontroller runs in.

For example, a TIM input channel can be used to monitor an application specific external
signal, and this signal has to be filtered. Therefore, the configuration of the TIM channel filter
mode will be specific to the external signal characteristic. While it can be necessary to adapt
the filter thresholds during runtime an adaptation of the filter mode during runtime is not
reasonable. Thus, the change of the filter mode during runtime can lead to an unexpected
behavior.

In general, the programmer has to be careful when reprogramming configuration registers of
the GTM-IP submodules during runtime. It is recommended to disable the channels before
reconfiguration takes place to avoid unexpected behavior of the GTM-IP.
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2.8 GTM-IP TOP-level configuration registers overview
GTM-IP TOP-level contains following configuration registers:
Table 7. GTM-IP TOP-level configuration registers
Register name Description Details in section
GTM_REV GTM-IP Version control register Section 2.9.1
GTM_RST GTM-IP Global reset register Section 2.9.2
GTM_CTRL GTM-IP Global control register Section 2.9.3
GTM_AEI_ADDR_XPT GTM-IP AEI Timeout exception address register | Section 2.9.4
GTM_IRQ_NOTIFY GTM-IP Interrupt notification register Section 2.9.5
GTM_IRQ_EN GTM-IP Interrupt enable register Section 2.9.6
GTM_EIRQ_EN GTM-IP Error interrupt enable register Section 2.9.12
GTM_IRQ_FORCINT GTM-IP Software interrupt generation register | Section 2.9.7
GTM-IP top level interrupts mode selection.
GTM_IRQ_MODE Please note that this mode selection is only Section 2.9.8

valid for the three interrupts described in
Section 2.9.5: Register GTM_IRQ_NOTIFY

GTM_TIM[i]_AUX_IN_SRC (i= 0... n)

GTM-IP TIM[i] module AUX_IN source selection
register

Section 2.9.13

2.9 GTM-IP TOP-level configuration registers description
2.9.1 Register GTM_REV
Address offset: |see Appendix B Initial value: OXXXXX_XXXX
0 | 1 ‘ 2 ‘ 3|4 ‘ 5 | 6 ‘ 708 ‘ 9 ‘10‘11 12‘13‘14‘15 16|17‘18|19 20|21‘22‘23 24‘25‘26‘27‘28‘29|30‘31
Bit DEV_CODE2 | DEV_CODE1 | DEV_CODEO | MAJOR MINOR NO STEP
Mode R R R R R R R
Initial value 0xX 0xX 0xX 0xX 0xX 0xX 0xXX
Table 8. GTM_REYV field description
Bit Description
[24:31] STEP: Release step.
GTM Release step
NO: Delivery number.
[20:23] - Delvery .
Define delivery number of GTM-IP specification.
[16:19] MINOR: Minor version number.
' Define minor version of GTM-IP specification.
[12:15] MAJOR: Major version number.
' Define major version of GTM-IP specification
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Table 8. GTM_REYV field description (continued)

Bit

Description

8:11]

DEV_CODEQO: Device encoding digit 0.
Device encoding digit 0.

[4:7]

DEV_CODEZ1: Device encoding digit 1.
Device encoding digit 1.

[0:3]

DEV_CODEZ2: Device encoding digit 2.
Device encoding digit 2.
Note: The numbers are encoded in BCD. Values "A" - "F" are characters

Note: See Section 22.3: References for reset value.

2.9.2 Register GTM_RST

Address offset: |see Appendix B Initial value: 0x0000_0000
0 ‘ 1 ‘ 2 | 3 ‘ 4 | 5 ‘ 6 | 7 ‘ 8 ‘ 9 ‘10‘11 ‘12‘13‘14‘15 16‘17|18‘19|20‘21‘22‘23 24‘25‘26|27‘28|29‘30 31
. [
Bit Reserved 7
Mode R z
o
Initial value 0x000000 0

Table 9. GTM_RST field description

Bit Description
RST: GTM-IP reset.
0 = No reset action

31 1 = Initiate reset action for all submodules
Note: This bit is automatically cleared by hardware after it was written. Therefore, the register

is always read as zero (0) by the software.
Note: This bit is write protected by bit RF_PROT of Section 2.9.3.
[0:30] Reserved.

Note: Read as zero, should be written as zero.

3
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2.9.3 Register GTM_CTRL

Addr . -,
dd e.ss see Appendix B Initial value: 0x0000_0001

offset: -
0 ‘ 1 ‘ 2 ‘ 3 | 4 ‘ 5 ‘ 6 ‘ 7 | 8 ‘ 9 ‘10‘11 |12‘13‘14‘15 16‘17‘18‘19|20‘21‘22 23 24‘25‘26‘27 28|29 30|31
Bit Reserved TO_VAL g |2 &‘l
c |2k
R|R
Mode R RW R lwlw
Initial value 0x000000 00000 00 |01

Table 10. GTM_CTRL field description
Bit Description

RF_PROT: RST and FORCINT protection.
31 0 = SW RST (global), SW interrupt FORCINT, and SW RAM reset functionality is enabled
1 = SW RST (global), SW interrupt FORCINT, and SW RAM reset functionality is disabled

TO_MODE: AEI timeout mode.

0 = Observe: If timeout_counter=0 the address and rw signal in addition with timeout flag will
be stored to the GTM_AEI_ADDR_XPT register. Following timeout_counter=0 accesses

30 will not overwrite the first entry in the aei_addr_timeout register. Clearing the timeout
flag/aei_status error_code will re enable the storing of a next faulty access.

1 = Abort: In addition to observe mode the pending access will be aborted by signaling an
illegal module access on aei_status and sending ready. In case of a read deliver as data 0
by serving of next AEI accesses.

Reserved.
Note: Read as zero, should be written as zero.

TO_VAL: AEI Timeout value.

[23:27] Note: These bits define the number of cycles after which a timeout event occurs. When
TO_VAL equals zero (0) the AEI timeout functionality is disabled.

[28:29]

Reserved.

0:22
[ ] Note: Read as zero, should be written as zero.

2.9.4 Register GTM_AEI_ADDR_XPT

Address offset: |see Appendix B Initial value: 0x0000_0000
0123456789101112131415161718192021222324252627§293031
o
x
Bit Reserved ;l TO_ADDR
o)
'_
Mode R R R
Initial value 0x000 0 0x00000
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Table 11. GTM_AEI_ADDR_XPT field description

Bit Description
[12:31] TO_ADDR: AEI timeout address.
' Note: This bit field defines the AEI address for which the AEI timeout event occurred.
1 TO_W1RO0: AEI timeout read/write flag.
Note: This bit defines the AEI Read/Write flag for which the AEI timeout event occurred.
Reserved.
[0:10]

Note: Read as zero, should be written as zero.

295 Register GTM_IRQ_NOTIFY

Address offset: |see Appendix B Initial value: 0x0000_0000
0[1|2|3|4|5|6|7|8]|9([10(11]|12[13|14|15|16[17|18[19|20|21 222324252627;293031
v
x
@al8|k
a 9: <':| ><|
i |
Bit Reserved gl s % |C_>I
— | —_
Wi g _w
< <
<%
zlz|z|z2
Mode R AAEAR:
Initial value 0x0000000 oloflo]o

Table 12. GTM_IRQ_NOTIFY field description

Bit Description
AEI_TO_XPT: AEI timeout exception occurred.
0 = No interrupt occurred
31 1 = AEIl_TO_XPT interrupt was raised by the AEI timeout detection unit
Note: This bit will be cleared on a CPU write access of value '1'. A read access leaves the bit
unchanged.
AEI_USP_ADDR: AEI unsupported address interrupt.
0 = No interrupt occurred
30 1 = AEl_USP_ADDR interrupt was raised by the AEI interface
Note: This bit will be cleared on a CPU write access of value '1'. A read access leaves the bit
unchanged.
AEI_IM_ADDR: AEl illegal module address interrupt.
0 = No interrupt occurred
29 1 = AEl_IM_ADDR interrupt was raised by the AEI interface

Note: This bit will be cleared on a CPU write access of value '1'. A read access leaves the bit
unchanged.

3
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Table 12. GTM_IRQ_NOTIFY field description

Bit Description
AEIl_USP_BE: AEI Unsupported byte enable interrupt.
0 = No interrupt occurred
28 1 = AEl_USP_BE interrupt was raised by the AEl interface
Note: This bit will be cleared on a CPU write access of value '1'. A read access leaves the bit
unchanged.
[0:27] Reserved.

Note: Read as zero, should be written as zero.

2.9.6 Register GTM_IRQ_EN

Address offset: |see Appendix B Initial value: 0x0000_0000

0|1]|2|3|4|5|6|7|8|9]|10|11|12|13|14|15|16|17|18|19|20|21 222324252627;293031
z| 5 i z
L | 1w
| o [¢] |
glglE|lg
x|= 1| x
w2 | &
Bit Reserved o 2lalg
o< <| ><|
@ a0
D= |w|F
_I 7 DI m|

[Tl
< <

<|2
Mode R 212122
Initial value 0x0000000 ojo|o]|o0

Table 13. GTM_IRQ_EN field description

Bit Description
AEI_TO_XPT_IRQ_EN: AEI_TO_XPT_IRQ interrupt enable.
31 0 = Disable interrupt, interrupt is not visible outside GTM-IP
1 = Enable interrupt, interrupt is visible outside GTM-IP
AEI_USP_ADDR_IRQ_EN: AEI_USP_ADDR_IRQ interrupt enable.
30 0 = Disable interrupt, interrupt is not visible outside GTM-IP
1 = Enable interrupt, interrupt is visible outside GTM-IP
AEI_IM_ADDR_IRQ_EN: AEI_IM_ADDR_IRQ interrupt enable.
29 0 = Disable interrupt, interrupt is not visible outside GTM-IP
1 = Enable interrupt, interrupt is visible outside GTM-IP
AEIl_USP_BE_IRQ_EN: AEI_USP_BE_IRQ interrupt enable.
28 0 = Disable interrupt, interrupt is not visible outside GTM-IP
1 = Enable interrupt, interrupt is visible outside GTM-IP
Reserved.
[0:27]

Note: Read as zero, should be written as zero.
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2.9.7 Register GTM_IRQ_FORCINT

Address offset: |see Appendix B Initial value: 0x0000_0000

2
8

N
©
w
o
w
=

0|1(2)|3|4(5|6|7(8|9(10(11|12|13[{14|15|16[17(18(19({20(21|22(23|24|25|26|27

© |RAw| TRG_AEI_IM_ADDR

© |RAw| TRG_AEI_TO_XPT

© |RAw|TRG_AEI_USP_ADDR

Bit Reserved

Mode R

Initial value 0x0000000

© |RAw| TRG_AEI_USP_BE

Table 14. GTM_IRQ_FORCINT field description

Bit Description

TRG_AEI_TO_XPT: Trigger AEI_TO_XPT_IRQ interrupt by software.
0 = No interrupt triggering

31 1 = Assert AEI_TO_XPT_IRQ interrupt for one clock cycle

Note: This bit is cleared automatically after write.

Note: This bit is write protected by bit RF_PROT of Section 2.9.3

TRG_AEI_USP_ADDR: Trigger AEI_USP_ADDR_IRQ interrupt by software.
0 = No interrupt triggering

30 1 = Assert AEI_USP_ADDR_IRQ interrupt for one clock cycle

Note: This bit is cleared automatically after write.

Note: This bit is write protected by bit RF_PROT of Section 2.9.3

TRG_AEI_IM_ADDR: Trigger AEI_IM_ADDR_IRQ interrupt by software.
0 = No interrupt triggering

29 1 = Assert AEI_IM_ADDR_IRQ interrupt for one clock cycle

Note: This bit is cleared automatically after write.

Note: This bit is write protected by bit RF_PROT of Section 2.9.3

TRG_AEI_USP_BE: Trigger AEI_USP_BE_IRQ interrupt by software.
0 = No interrupt triggering

28 1 = Assert AEI_USP_BE_IRQ interrupt for one clock cycle

Note: This bit is cleared automatically after write.

Note: This bit is write protected by bit RF_PROT of Section 2.9.3

Reserved.

0:27
[ ] Note: Read as zero, should be written as zero.

3

DocID025070 Rev 1 59/558




GTM architecture RMO0361

2.9.8 Register GTM_IRQ_MODE

Address offset: |see Appendix B Initial value: 0x0000_000X

01234567891011121314151617181920212223242526272829831

L

[m)

. o
Bit Reserved =)
e}

x

Mode R RW
Initial value 0x0000000000 XX

Table 15. GTM_IRQ_MODE field description

Bit Description
IRQ_MODE: Interrupt strategy mode selection for the AEI timeout and address monitoring
interrupts.
00 = Level mode
[30:31] 01 = Pulse mode

10 = Pulse-Notify mode
11 = Single-Pulse mode
Note: The interrupt modes are described in Section 2.5.

Reserved.

[0:29] .
Note: Read as zero, should be written as zero.

2.9.9 Register GTM_BRIDGE_MODE

Address offset: |see Appendix B Initial value: 0xXX00_X00X
0|1|2|3|4|5|6|7[8]|9][10]11]12]13]|14]|15|16|17|18|19|20|21|22|23|24|25|26|27|28|29 (3) 31
g 5 5
b 3 s 2| 3 |2|S 3 28
. o 2 x|l = |2] 2 |9 2 | 8
Bit w! © m| o o @ o DI @ = §|
L 3 ) ] 2l 8 |&|w 3 Il @
2 4 @ o ol ¥ |3 o o A
= = =
()
Mode R R 2 x v| ¢ |8l x 2|2
o x x|
Initial value 0xXX 0x00 0 0x0 X| 0x0 (0O 0x00 0|X
Table 16. GTM_BRIDGE_MODE field description
Bit Description
BRG_MODE: Defines the operation mode for the AEI bridge.
31 0 = AEI bridge operates in sync_bridge mode
1 = AEI bridge operates in async_bridge mode
Note: Reset value depends on the hardware configuration chosen by silicon vendor.
MSK_WR_RSP: Mask write response.
30 0 = Do not mask the write response
1 = Mask write response
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Table 16. GTM_BRIDGE_MODE field description (continued)

Bit

Description

[24:29]

Reserved
Note: Read as zero, should be written as zero.

23

MODE_UP_PGR: Mode update in progress.
0 = No update in progress.
1 = Update in progress.

22

BUFF_OVL: Buffer overflow register.
0 = No buffer overflow occurred.
1 = Buffer overflow occurred.

Note: : A buffer overflow can occur while multiple aborts are issued by the external bus or a
pipelined instruction is started while FBC = 0 (see GTM_BRIDGE_PTR1 register).

[20:21]

Reserved
Note: Read as zero, should be written as zero.

19

SYNC_INPUT_REG: additional pipelined stage in synchronous bridge mode

0 = No additional pipelined stage implemented.

1 = additional pipelined stage implemented. All accesses in synchronous mode will be
increased by one clock cycle.

Note: Reset value depends on the hardware configuration chosen by silicon vendor.

[16:18]

Reserved:
Note: Read as zero, should be written as zero.

15

BRG_RST: Bridge software reset.

0 = No bridge reset request.

1 = Bridge reset request.

Note: This bit is cleared automatically after write.

[8:14]

Reserved:
Note: Read as zero, should be written as zero.

[0:7]

BUFF_DPT: Buffer depth of AEI bridge.
Signals the buffer depth of the GTM AEI bridge implementation.
Note: Reset value depends on the hardware configuration chosen by silicon vendor.

3
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2.9.10 Register GTM_BRIDGE_PTR1
Address offset: |see Appendix B Initial value: 0x0XX0_0000
0 ‘ 1 ‘ 2 | 3 ‘ 4 ‘ 5|6 ‘ 7 | 8 ‘ 9 |10‘11 12‘13‘14|15 16 17‘18‘19‘20‘21 22‘23 24‘25‘26 27‘28‘29‘30‘31
Bit RSP_TRAN_RDY FBC ABT_TRAN_PGR | TRAN_IN_PGR |FIRST_RSP_PTR [NEW_TRAN_PTR
Mode R R R R R R
Initial value 0x00 OXXX 0x0 0x0 0x0 0x0
Table 17. GTM_BRIDGE_PTRL1 field description
Bit Description
[27:31] NEW_TRAN_PTR: New transaction pointer.
' Signals the actual value of the new transaction pointer.
[22:26] FIRST_RSP_PTR: First response pointer.
' Signals the actual value of first response pointer.
[17:21] TRAN_IN_PGR: Transaction in progress pointer (acquire)
' Transaction in progress pointer.
[12:16] ABT_TRAN_PGR: Aborted transaction in progress pointer.
' Aborted transaction in progress pointer.
FBC: Free buffer count.
[6:11] Number of free buffer entries.
' Note: Initial value depends on the hardware configuration chosen by silicon vendor. (see
BUFF_DPT in GTM_BRIDGE_MODE register).
[0:5] RSP_TRAN_RDY: Response transactions ready.
' Amount of ready response transactions.
Note: This register operates on the AEI_CLK domain.
29.11 Register GTM_BRIDGE_PTR2
Address offset: |see Appendix B Initial value: 0x0000_0000
0 ‘ 1 ‘ 2 | 3 ‘ 4 ‘ 5 ‘ 6 ‘ 7 | 8 ‘ 9 |10‘11 ‘12‘13‘14|15 16|17‘18‘19‘20‘21‘22‘23 24‘25‘26 27‘28‘29‘30‘31
Bit Reserved TRAN_IN_PGR2
Mode R R
Initial value 0x0000000 0x0
Table 18. GTM_BRIDGE_PTR?2 field description
Bit Description
[27:31] TRAN_IN_PGR2: transaction in progress pointer (aquire2)
' Transaction in progress pointer 2.
[0:26] Reserved
' Note: Read as zero, should be written as zero.
Note: This register operates on the GTM_CLK domain.
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2.9.12  Register GTM_EIRQ_EN

Address offset: |see Appendix B Initial value: 0x0000_0000
0 ‘ 1 ‘ 2 | 3 ‘ 4 ‘ 5 ‘ 6 ‘ 7 | 8 ‘ 9 |10‘11 ‘12‘13‘14|15 16|17‘18‘19‘20‘21‘22‘23 24‘25‘26‘27 28 (293031
Z|Z EI P4
I'“I I'ul [¢] I'“I
glg|x|g
Clx|p|e
|'LII I'L’I nfl I'IJI
Bit Reserved wiwi gl
ala < X,
7Nl |o
DD |0n|k+
= .
W w|_l|w
<|<|m|<
<
R|R|R|R
Mode R wlwlwlw
Initial value 0x0000000 olojo|o0
Table 19. GTM_EIRQ_EN field description
Bit Description
AEl_TO_XPT_EIRQ_EN: AEI_TO_XPT_EIRQ error interrupt enable.
31 0 = Disable error interrupt, interrupt is not visible outside GTM-IP
1 = Enable error interrupt, interrupt is visible outside GTM-IP
AEI_USP_ADDR_EIRQ_EN: AEI_USP_ADDR_EIRQ error interrupt enable.
30 0 = Disable error interrupt, interrupt is not visible outside GTM-IP
1 = Enable error interrupt, interrupt is visible outside GTM-IP.
AEI_IM_ADDR_EIRQ_EN: AEI_IM_ADDR_EIRQ error interrupt enable.
29 0 = Disable error interrupt, interrupt is not visible outside GTM-IP
1 = Enable error interrupt, interrupt is visible outside GTM-IP
AEI_USP_BE_EIRQ_EN: AEI_USP_BE_EIRQ error interrupt enable.
28 0 = Disable error interrupt, interrupt is not visible outside GTM-IP
1 = Enable error interrupt, interrupt is visible outside GTM-IP
Reserved.
[0:27] .
Note: Read as zero, should be written as zero.
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2.9.13  Register GTM_TIM[i]_AUX_IN_SRC (i=0... n)

Address offset: |see Appendix B Initial value: 0x0000_0000
0 ‘ 1 ‘2 | 3 ‘ 4 ‘ 5 ‘ 6 ‘ 7 | 8 ‘ 9 |1o‘11‘12‘13‘14|15 16|17‘18‘19‘20‘21‘22‘23 24|25|26|27|28|29(30|31
NlO|IWOV [ SV |IN|—|O
515(5(3|3|5|5|5
Bit Reserved ololalalol ool o
Y| || ¥|¥|¥|l¥|x|lx
DO O] OO V| V|"
R|R|R|R|R|R|R|[R
Mode R wlw|wlw|w|wlwlw
Initial value 0x000000 o|lojo|ofo|lof0]|O

Table 20. GTM_TIM[i]_AUX_IN_SRC (i= 0... n) field description

Bit Description
SRC_CHO: Defines AUX_IN source of TIM[i] channel 0 x=0
31 0 = TOM Output selected TOM[a] channel [b] with a = (i* 8 +x) div 16; b = (i* 8 +x) mod 16;
1 = ATOM Output selected ATOM][i] channel[x]
30 SRC_CH1.: Defines AUX_IN source of TIM[i] channel 1 x=1, see bit 31
29 SRC_CH2: Defines AUX_IN source of TIM[i] channel 2 x=2, see bit 31
28 SRC_CH3: Defines AUX_IN source of TIM[i] channel 3 x=3, see bit 31
27 SRC_CH4: Defines AUX_IN source of TIM[i] channel 4 x=4, see bit 31
26 SRC_CH5: Defines AUX_IN source of TIM[i] channel 5 x=5, see bit 31
25 SRC_CH6: Defines AUX_IN source of TIM[i] channel 6 x=6, see bit 31
24 SRC_CHY7: Defines AUX_IN source of TIM[i] channel 7 x=7, see bit 31
[0:23] Esfee:r\ll?iid as zero, should be written as zero.

3
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3.1

3.2

3.3

3.3.1

3

Advanced Routing Unit (ARU)

Overview

The Advanced Routing Unit (ARU) is a flexible infrastructure component for transferring
53- bit wide data (five control bits and two 24-bit values) between several submodules of the
GTM core in a configurable manner.

Since the concept of the ARU has already been described in Section 2.3: ARU routing
concept, this section only describes additional ARU features that can be used by the
software for configuring and debugging ARU related data streams.

Also the definition of 'streams' and 'channels' in the ARU context is done in Section 2.3:
ARU routing concept.

Special data sources

Besides the addresses of the submodule related data sources as described in Section 21.3:
ARU write address overview, the ARU provides two special data sources that can be used
for the configuration of data streams. These data sources are defined as follows:

Address Ox1FF: Data source that provides always a 53-bit data word with zeros. A read
access to this memory location will never block a requesting data destination.

Address Ox1FE: Data source that never provides a data word. A read access to this memory
location will always block a requesting data destination. This is the reset value of the read
registers inside the data destinations.

Address 0x000: This address is reserved and can be used to bring data through the ARU
registers ARU_DATA_H and ARU_DATA_L into the system by writing the write address
0x000 into the ARU_ACCESS register. This means that software test data can be brought
into the GTM-IP by the CPU.

ARU access via AEI

Besides the data transfer between the connected submodules, there are two possibilities to
access ARU data via the AEI.

Default ARU access

The default ARU access incorporates the registers ARU_ACCESS, which is used for
initiation of a read or write request and the registers ARU_DATA_H and ARU_DATA_L that
provide the ARU data word to be transferred.

The status of a read or write transfer can be determined by polling specific bits in register
ARU_ACCESS. Furthermore the acc_ack bit in the interrupt notify register is set after the
read or write access is performed to avoid data loss e.g. on access cancellation.

A pending read or write request may also be canceled by clearing the associated bit.

In the case of a read request, the AEI access behaves as a read request initiated by a data
destination of a module. The read request is served by the ARU immediately when no other
destination has a pending read request. This means, that an AEI read access does not take
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3.3.2

3.4

66/558

part in the scheduling of the destination channels and that the time between two
consecutive read accesses is not limited by the round trip time.

On the other hand, the AEI access has the lowest priority behind the ARU scheduler that
serves the destination channels. Thus, in worst case, the read request is served after one
round trip of the ARU, when all destination channels would request data at the same point in
time.

In the case of the write request, the ARU provides the write data at the address defined by
the ADDR bit field inside the ARU_ACCESS register.

To avoid data loss, the reserved ARU address 0x0 has to be used to bring data into the
system. Otherwise, in case the address specified inside the ADDR bit field is defined for
another submodule that acts as a source at the ARU data loss may occur and no
deterministic behavior is guaranteed.

This is because the regular source submodule is not aware that its address is used by the
ARU itself to provide data to a destination.

It is guaranteed that the ARU write data is send to the destination in case both modules
want to provide data at the same time.

Debug access

The debug access mode enables to inspect routed data of configured data streams during
runtime.

The ARU provides two independent debug channels, whereas each is configured by a
dedicated ARU read address in register ARU_DBG_ACCESSO0 and ARU_DBG_ACCESS1
respectively.

The registers ARU_DBG_DATAO_H and ARU_DBG_DATAO_L (ARU_DBG_DATA1 H
and ARU_DBG_DATA1_L) provide read access to the latest data word that the
corresponding data source sent through the ARU.

Any time when data is transferred through the ARU from a data source to the destination
requesting the data the interrupt signal ARU_NEW_DATAO_IRQ (ARU_NEW_DATA1_IRQ)
is raised.

For advanced debugging purposes, the interrupt signal can also be triggered by software
using the register ARU_IRQ_FORCINT.

Please note, that the debug mechanism should not be used by the application, when a HW-
Debugger is used to trace the ARU communication. In that case, the debug registers are
used by the HW-Debugger to specify the ARU streams that should be traced.

ARU interrupt signals

The following table describes ARU interrupt signals.

3

DoclD025070 Rev 1




RMO0361

Advanced Routing Unit (ARU)

Table 21. ARU interrupt signals

Signal

Description

ARU_NEW_DATAO_IRQ

Indicates that data is transferred through the ARU using debug
channel ARU_DBG_ACCESSO.

ARU_NEW_DATAL_IRQ

Indicates that data is transferred through the ARU using debug
channel ARU_DBG_ACCESSL.

ACC_ACK_IRQ

ARU access acknowledge IRQ.

3.5

ARU configuration registers overview

The following table lists the ARU configuration registers. Refer to the GTM-IP specific
version Appendix B for the address offsets (see Section 22.3: References).

Table 22. ARU configuration registers map

Register name Description Details in section
ARU_ACCESS ARU access register Section 3.6.1
ARU_DATA_H ARU access register upper data word Section 3.6.2
ARU_DATA L ARU access register lower data word Section 3.6.3
ARU_DBG_ACCESSO0 Debug access channel 0 Section 3.6.4
ARU_DBG_DATAO_H Debug access 0 transfer register upper data word Section 3.6.5
ARU_DBG_DATAO_L Debug access 0 transfer register lower data word Section 3.6.6
ARU_DBG_ACCESS1 Debug access channel 0 Section 3.6.7
ARU_DBG_DATA1_H Debug access 1 transfer register upper data word Section 3.6.8
ARU_DBG_DATA1 L Debug access 1 transfer register lower data word Section 3.6.9

ARU_IRQ_NOTIFY

ARU Interrupt notification register Section 3.6.10

ARU_IRQ_EN

ARU Interrupt enable register Section 3.6.11

ARU_IRQ_FORCINT

Register for forcing the ARU_NEW_DATA_IRQ interrupt

Section 3.6.12

ARU_IRQ_MODE

IRQ mode configuration register

Section 3.6.13

3.6

3.6.1

ARU configuration registers description

ARU Access register (ARU_ACCESS)

Address offset: |see Appendix B Initial value: 0x0000_0O1FE
0 ‘ 1 ‘ 2 | 3 ‘ 4 ‘ 5 ‘ 6 ‘ 7 | 8 ‘ 9 |1o‘11 ‘12‘13‘14|15 16|17 1819 20‘21‘22 3 24‘25‘26‘27‘28‘29‘30‘31
©
. gla $
Bit Reserved AR @ ADDR
2| a 4
14
S
Mode R 2|2 R RPw
Initial value 0x00000 o|lo| o000 Ox1FE
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Table 23. ARU_ACCESS field description

Bit Description

ADDR: ARU address
Define the ARU address used for transferring data
Note: For an ARU write request, the preferred address 0x0 has to be used.

23:31
[ ] Note: A write request to the address Ox1FF (always full address) or Ox1FE (always empty
address) is ignored and doesn't have any effect.
Note: ARU address bits ADDR are only writable if RREQ and WREQ bits are zero
20:22] Reserved

Note: Read as zero, should be written as zero.

RREQ: Initiate read request

0 = No read request is pending

1 = Set read request to source channel addressed by ADDR

Note: This bit is cleared automatically after transaction. Moreover, it can be cleared by
software to cancel a read request.

Note: RREQ bit is only writable if WREQ bit is zero, so to switch from RREQ to WREQ a cancel

19 request has to be performed before.

Note: Configuring both RREQ and WREQ bits results in a read request, so RREQ bit will be
set if the WREQ bit of the register isn't already set.

Note: The ARU read request on address ADDR is served immediately when no other
destination has actually a read request when the RREQ bit is set by CPU. In a worst
case scenario, the read request is served after one round trip of the ARU, but this is only
the case when every destination channel issues a read request at consecutive points in
time.

WREQ: Initiate write request

0 = No write request is pending

1 = Mark data in registers ARU_DATA_H and ARU_DATA_L as valid

Note: This bit is cleared automatically after transaction. Moreover, it can be cleared by
software to cancel a write request.

18 Note: WREQ bit is only writable if RREQ bit is zero, so to switch from WREQ to RREQ a cancel
request has to be performed before.

Note: Configuring both RREQ and WREQ bits results in a read request, so WREQ bit will not
be set

Note: The data is provided at address ADDR. This address has to be programmed as the
source address in the destination submodule channel. In worst case, the data is
provided after one full ARU round trip.

Reserved
Note: Read as zero, should be written as zero.

Note: The register ARU_ACCESS can be used either for reading or for writing at the same
point in time.

[0:17]

Configuring both read and write request bits results in a read request, if the write request bit
inside the register isn't already set. The read request bit will be set but not the write request
bit. The following table describes the important cases of the bit 12 (RREQ) and bit 13
(WREQ) of the ARU_ACCESS register.

3
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Table 24. ARU_ACCESS(13:12) truth table

AEIl write access:
. Actual value of Next value of
aei_wdata Comment
, ARU_ACCESS(13:12) ARU_ACCESS(13:12)
(13:12)
00 01 00 Cancel read request
00 10 00 Cancel write request
01 10 10 Unchanged register
10 01 01 Unchanged register
Both read and write
11 00 01 request results in a read
request
As before but WREQ bit is
11 10 10 already set -> unchanged
register
3.6.2 ARU Data High register (ARU_DATA_H)
Address offset: |see Appendix B Initial value: 0x0000_0000
0 ‘ 1 ‘ 2|3 ‘ 4 ‘ 5 ‘ 6 ‘ 7 | 8 ‘ 9 |10‘11 ‘12‘13‘14|15 16|17‘18‘19‘20‘21‘22‘23 24‘25‘26‘27‘28‘29‘30‘31
Bit Reserved DATA
Mode R RW
Initial value 0000 0x0000000

Table 25. ARU_DATA_H field description

Bit Description

DATA: Upper ARU data word

[3:31] Note: Transfer upper ARU data word addressed by ADDR. The data bits 24 to 52 of an ARU
word are mapped to the data bits 0 to 28 of this register

Reserved

0:2
[0:2] Note: Read as zero, should be written as zero.

3
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3.6.3 ARU Data low register (ARU_DATA L)

Address offset: |see Appendix B Initial value: 0x0000_0000
0 ‘ 1 ‘ 203 ‘ 4 ‘ 5 ‘ 6 ‘ 7 | 8 ‘ 9 |1o‘11 ‘12‘13‘14|15 16|17‘18‘19‘20‘21‘22‘23 24‘25‘26‘27‘28‘29‘30‘31
Bit Reserved DATA
Mode R RW
Initial value 0x00 0x0000000

Table 26. ARU_DATA_L field description

Bit Description

DATA: Lower ARU data word

Note: Transfer lower ARU data word addressed by ADDR. The data bits 0 to 23 of an ARU
word are mapped to the data bits 0 to 23 of this register and the data bits 48 to 52 of an

[3:31] ARU word are mapped to the data bits 24 to 28 of this register when data is read by the
CPU.

Note: For writing data into the ARU by the CPU the bits 24 to 28 are not transferred to bit 48
to 52 of the ARU word. Only bits 0 to 23 are written to bits 0 to 23 of the ARU word

Reserved

0:2
[0:2] Note: Read as zero, should be written as zero.

3.6.4 ARU Debug Access 0 register (ARU_DBG_ACCESSO0)

Address offset: |see Appendix B Initial value: 0x0000_01FE
0 ‘ 1 ‘ 2 | 3 ‘ 4 ‘ 5 ‘ 6 ‘ 7 | 8 ‘ 9 |1o‘11 ‘12‘13‘14|15 16|17‘18‘19‘20‘21‘22 23 24‘25‘26‘27‘28‘29‘30‘31
Bit Reserved ADDR
Mode R RW
Initial value 0x00000 Ox1FE

Table 27. ARU_DBG_ACCESSO field description

Bit Description
[23:31] ADDR: ARU debugging address
' Note: Define address of ARU debugging channel 0.
Reserved
[0:22] .
Note: Read as zero, should be written as zero.
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3.6.5 ARU Debug DataO High register (ARU_DBG_DATAO_H)

Address offset: |see Appendix B Initial value: 0x0000_0000
0 ‘ 1 ‘ 203 ‘ 4 ‘ 5 ‘ 6 ‘ 7 | 8 ‘ 9 |1o‘11 ‘12‘13‘14|15 16|17‘18‘19‘20‘21‘22‘23 24‘25‘26‘27‘28‘29‘30‘31
Bit Reserved DATA
Mode R R
Initial value 0x0 0x0000000

Table 28. ARU_DBG_DATAOQ_H field description

Bit Description

DATA: Upper debug data word

[3:31] Note: Transfer upper ARU data word addressed by register DBG_ACCESSO0. The data bits 24
’ to 52 of an ARU word are mapped to the data bits 0 to 28 of this register.

Note: The interrupt ARU_NEW_DATAO_IRQ is raised if a new data word is available.

Reserved

0:2
[0:2] Note: Read as zero, should be written as zero.

3.6.6 ARU Debug DataO Low register (ARU_DBG_DATAO_L)

Address offset: |see Appendix B Initial value: 0x0000_0000
0 ‘ 1 ‘ 2|3 ‘ 4 ‘ 5 ‘ 6 ‘ 7 | 8 ‘ 9 |10‘11 ‘12‘13‘14|15 16|17‘18‘19‘20‘21‘22‘23 24‘25‘26‘27‘28‘29‘30‘31
Bit Reserved DATA
Mode R R
Initial value 0x0 0x0000000

Table 29. ARU_DBG_DATAO_L field description

Bit Description

DATA: Lower debug data word

Note: Transfer lower ARU data word addressed by register DBG_ACCESSO.The data bits 0
[3:31] to 23 of an ARU word are mapped to the data bits 0 to 23 of this register and the data
bits 48 to 52 of an ARU word is mapped to the data bits 24 to 28 of this register.

Note: The interrupt ARU_NEW_DATAO_IRQ is raised if a new data word is available.

Reserved

0:2
[0:2] Note: Read as zero, should be written as zero.

3
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3.6.7 ARU Debug Access 1 register (ARU_DBG_ACCESS])

Address offset: |see Appendix B Initial value: 0x0000_01FE
0 ‘ 1 ‘ 2 | 3 ‘ 4 ‘ 5 ‘ 6 ‘ 7 | 8 ‘ 9 |1o‘11 ‘12‘13‘14|15 16|17‘18‘19‘20‘21‘22 23 24‘25‘26‘27‘28‘29‘30‘31
Bit Reserved ADDR
Mode R RW
Initial value 0x00000 Ox1FE

Table 30. ARU_DBG_ACCESSI field description

Bit Description
[23:31] ADDR: ARU debugging address
' Note: Define address of ARU debugging channel 1.
[0:22] Reserved

Note: Read as zero, should be written as zero.

3.6.8 ARU Debug Datal High register (ARU_DBG_DATA1_H)

Address offset: |see Appendix B Initial value: 0x0000_0000
0 ‘ 1 ‘ 2|3 | 4 ‘ 5 ‘ 6 ‘ 7 ‘ 8 | 9 ‘10|11 ‘12‘13‘14‘15 16‘17|18‘19‘20‘21‘22|23 24|25‘26‘27‘28‘29‘30‘31
Bit Reserved DATA
Mode R R
Initial value 0x0 0x0000000

Table 31. ARU_DBG_DATA1_H field description

Bit Description

DATA: Upper debug data word

[3:31] Note: Transfer upper ARU data word addressed by register DBG_ACCESSL1. The data bits 24
’ to 52 of an ARU word are mapped to the data bits 0 to 28 of this register

Note: The interrupt ARU_NEW_DATA1_IRQ is raised if a new data word is available.

Reserved

0:2
[0:2] Note: Read as zero, should be written as zero.

3
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3.6.9 ARU Debug Datal Low register (ARU_DBG_DATA1 L)

Address offset:

see Appendix B Initial value: 0x0000_0000

0 ‘ 1 ‘2 3 | 4 ‘ 5 ‘ 6 ‘ 7 ‘ 8 | 9 ‘10|11‘12‘13‘14‘15 16‘17|18‘19‘20‘21‘22|23 24|25‘26‘27‘28‘29‘30‘31

Bit Reserved DATA
Mode R R
Initial value 0x0 0x0000000

Table 32. ARU_DBG_DATA1 L field description

Bit Description
DATA: Lower debug data word
Note: Transfer lower ARU data word addressed by register DBG_ACCESS1.The data bits 0
[3:31] to 23 of an ARU word are mapped to the data bits 0 to 23 of this register and the data
bits 48 to 52 of an ARU word is mapped to the data bits 24 to 28 of this register.
Note: The interrupt ARU_NEW_DATA1_IRQ is raised if a new data word is available.
[0:2] Reserved

Note: Read as zero, should be written as zero.

3.6.10 ARU IRQ Notification register (ARU_IRQ_NOTIFY)

Address offset: |see Appendix B Initial value: 0x0000_0000

0 ‘ 1 ‘ 2 ‘ 3 | 4 ‘ 5 ‘ 6 ‘ 7 ‘ 8 | 9 ‘10|11 ‘12‘13‘14‘15 16‘17|18‘19‘20‘21‘22|23 24|25‘26‘27‘28 29 (30|31
«|Z|2
. JHE
Bit Reserved 1199

Q
< Z|Z
Mode R 3138|3
X x|
Initial value 0x00000000 ofofo

Table 33. ARU_IRQ_NOTIFY field description

Bit

Description

31

NEW_DATAO: Data was transferred for addr ARU_DBG_ACCESSO0

0 = No interrupt occurred

1= ARU_NEW_DATAO_IRQ interrupt was raised by the ARU

Note: This bit will be cleared on a CPU write access of value '1'. A read access leaves the bit
unchanged.

30

NEW_DATAL: Data was transferred for addr ARU_DBG_ACCESSH1

0 = No interrupt occurred

1 = ARU_NEW_DATA1_IRQ interrupt was raised by the ARU

Note: This bit will be cleared on a CPU write access of value '1'. A read access leaves the bit
unchanged.

29

ACC_ACK: AEI to ARU access finished, on read access data are valid

Note: This bit will be cleared on a CPU write access of value '1'. A read access leaves the bit
unchanged.

[0:28]

Reserved
Note: Read as zero, should be written as zero.

3
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3.6.11 ARU IRQ Enable register (ARU_IRQ_EN)

Address offset: |see Appendix B Initial value: 0x0000_0000

0 ‘ 1 ‘ 2 ‘ 3 | 4 ‘ 5 ‘ 6 ‘ 7 ‘ 8 | 9 ‘1o|11 ‘12‘13‘14‘15 16‘17|18‘19‘20‘21‘22|23 24|25‘26‘27‘28 293031
Z|Z
Z | w|w
qu 0| oI

g
) D_CI ?‘j D;:I
Bit Reserved MEIE
|| <
e
< Z|Z
Mode R 22|12
Initial value 0x00000000 0|00

Table 34. ARU_IRQ_EN field description

Bit Description
NEW_DATAO_IRQ_EN: ARU_NEW_DATAO_IRQ interrupt enable
31 0 = Disable interrupt, interrupt is not visible outside GTM-IP
1 = Enable interrupt, interrupt is visible outside GTM-IP
NEW_DATA1_IRQ_EN: ARU_NEW_DATA1_IRQ interrupt enable
30 0 = Disable interrupt, interrupt is not visible outside GTM-IP
1 = Enable interrupt, interrupt is visible outside GTM-IP
ACC_ACK_IRQ_EN: ACC_ACK_IRQ interrupt enable
29 0 = Disable interrupt, interrupt is not visible outside GTM-IP
1 = Enable interrupt, interrupt is visible outside GTM-IP
Reserved
[0:28] v

Note: Read as zero, should be written as zero.
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3.6.12 ARU Force IRQ register (ARU_IRQ_FORCINT)

Address offset:

see Appendix B Initial value: 0x0000_0000

0 ‘ 1 ‘2 ‘ 3 | 4 ‘ 5 ‘ 6 ‘ 7 ‘ 8 | 9 ‘10|11‘12‘13‘14‘15 16‘17|18‘19‘20‘21‘22|23 24|25‘26‘27‘28

N
©
w
o
w
=

Bit

Reserved

Mode

R

Initial value

0x00000000

© |RAw| TRG_ACC_ACK
© |RAW|TRG_NEW_DATA1
© |RAwW|TRG_NEW_DATAO0

Table 35. ARU_IRQ_FORCINT field description

Bit

Description

31

TRG_NEW_DATAOQ: Trigger new data 0 interrupt

0 = corresponding bit in status register will not be forced

1 = Assert corresponding field in ARU_IRQ_NOTIFY register

Note: This bit is cleared automatically after write.

Note: This bit is write protected by bit RF_PROT of register GTM_CTRL

30

TRG_NEW_DATAL: Trigger new data 1 interrupt

0 = corresponding bit in status register will not be forced

1 = Assert corresponding field in ARU_IRQ_NOTIFY register

Note: This bit is cleared automatically after write.

Note: This bit is write protected by bit RF_PROT of register GTM_CTRL

29

TRG_ACC_ACK: Trigger ACC_ACK interrupt

0 = corresponding bit in status register will not be forced

1 = Assert corresponding field in ARU_IRQ_NOTIFY register

Note: This bit is cleared automatically after write.

Note: This bit is write protected by bit RF_PROT of register GTM_CTRL

[0:28]

Reserved
Note: Read as zero, should be written as zero.

3.6.13 ARU IRQ Mode register (ARU_IRQ_MODE)

Address offset:

see Appendix B Initial value: 0x0000_000X

0 ‘ 1 ‘2 ‘ 3 | 4 ‘ 5 ‘ 6 ‘ 7 ‘ 8 | 9 ‘10|11‘12‘13‘14‘15 16‘17|18‘19‘20‘21‘22|23 24|25‘26‘27‘28‘29

w
o
w
=

Bit

Reserved

Mode

R

RW|IRQ_MODE

Initial value

0x00000000

x
x

3
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Table 36. ARU_IRQ_MODE field description

Bit

Description

[30:31]

IRQ_MODE: IRQ mode selection

00 = Level mode

01 = Pulse mode

10 = Pulse-Notify mode

11 = Single-Pulse mode

Note: The interrupt modes are described in Section 2.5: GTM-IP interrupt concept.

[0:29]

Reserved
Note: Read as zero, should be written as zero.
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4 Broadcast module (BRC)
4.1 Overview
Since each write address for the submodule channels of the GTM-IP that are able to write to
the ARU can only be read by a single module, it is impossible to provide a data stream to
different modules in parallel (This statement holds not for sources, which do not invalidate
their data after the data were read by any consumer, e.g. DPLL).
To overcome this issue for regular modules, the submodule Broadcast (BRC) enables to
duplicate data streams multiple times.
The BRC submodule provides 12 input channels as well as 22 output channels.
In order to clone an incoming data stream, the corresponding input channel can be mapped
to zero or more output channels.
When mapped to zero no channel is read.
To destroy an incoming data stream, the EN_TRASHBIN bit inside the
BRC_SRC _[x]_DEST register has to be set.
The total number of output channels that are assigned to a single input channel is variable.
However, the total number of assigned output channels must be less than or equal to 22.
4.2 BRC configuration

3

As it is the case with all other submodules connected to the ARU, the input channels can
read arbitrary ARU address locations and the output channels provide the broadcast data to
fixed ARU write address locations.

The associated write addresses for the BRC submodule are fixed and can be obtained from
Chapter 21: Appendix A.

The read address for each input channel is defined by the corresponding register
BRC_SRC [x]_ADDR (x: 0...11).

The mapping of an input channel to several output channels is defined by setting the
appropriate bits in the register BRC_SRC_[x] _DEST (x: 0...11). Each output channel is
represented by a single bit in the register BRC_SRC_[x]_DEST. The address of the output
channel is defined in Chapter 21: Appendix A.

If no output channel bit is set within a register BRC_SRC_[x]_DEST, no data is provided to
the corresponding ARU write address location from the defined read input specified by
BRC_SRC_[x]_ADDR. This means that the channel does not broadcast any data and is
disabled (reset state).

Besides the possibility of mapping an input channel to several output channels, the bit
EN_TRASHBIN of register BRC_SRC_[x]_DEST may be set, which results in dropping an
incoming data stream. In this case the data of an input channel defined by
BRC_SRC _[x] ADDR is consumed by the BRC module and not routed to any succeeding
submodule. In consequence, the output channels defined in the register
BRC_SRC [x] _DEST are ignored. Therefore, the bits 0 to 21 are set to zero (0) when trash
bin functionality is enabled.
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In general, the BRC submodule can work in two independent operation modes. In the first
operation mode the data consistency is guaranteed since a BRC channel requests only new
data from a source when all destination channels for the BRC have consumed the old data
value. This mode is called Data Consistency Mode (DCM).

In a second operation mode the BRC channel always requests data from a source and
distributes this data to the destination regardless whether all destinations have already
consumed the old data. This mode is called Maximum Throughput Mode (MTM).

MTM ensures that always the newest available data is routed through the system, while it is
not guaranteed data consistency since some of the destination channels can be provided
with the old data while some other destination channels are provided with the new data. If
this is the case, the data inconsistency detected interrupt BRC_DID_IRQJx] is raised but the
channel continues to work.

Furthermore in MTM mode it is guaranteed that it is not possible to read a data twice by a
read channel. This is blocked.

The channel mode can be configured inside the BRC_SRC_[x]_ADDR register.

To avoid invalid configurations of the registers BRC_SRC_[x]_DEST, the BRC also
implements a plausibility check for these configurations. If the software assigns an already
used output channel to a second input channel, BRC performs an auto correction of the
lastly configured register BRC_SRC_[x]_DEST and it triggers the interrupt
BRC_DEST_ERR.

Consider the following example for clarification of the auto correction mechanism. Assume
that the following configuration of the 22 lower significant bits for the registers
BRC_SRC_[x]_DEST:

BRC_SRC_0 DEST: 00 0000 0000 1000 1000 0000 (binary)
BRC_SRC_1 DEST: 000000 0000 0100 0000 0100 (binary)
BRC_SRC_2 DEST: 000000 0000 0001 0100 0010 (binary)
BRC_SRC_3 _DEST: 000000 0000 0010 0001 1001 (binary)

If the software overwrites the value for register BRC_SRC_2 DEST with
BRC_SRC_2 DEST: 00 0000 0000 1001 0010 0010 (binary)

(changed bits are underlined), then the BRC releases a BRC_DEST_ERR interrupt since bit
11 (counting from right) is already assigned in register BRC_SRC_0_DEST. The auto
correction forces bit 11 to be cleared. The modifications of the bits 5 and 6 are accepted,
since there is no violation with previous configurations. So the result of the write access
mentioned above results in the following modified register configuration:

BRC_SRC_2 DEST: 00 0000 0000 0001 0010 0010 (binary)

3
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For debug purposes, the interrupt BRC_DEST_ERR can also be released by writing to
register BRC_IRQ_FORCINT. Nevertheless, the interrupt has to be enabled to be visible

outside of the GTM-IP.

4.3 BRC interrupt signals

Interrupt signals are defined in following table.

Table 37. BRC interrupt signals

Signal Description
BRC_DEST_ERR_IRQ Indicating configuration errors for BRC module
BRC_DID_IRQI[x] Data inconsistency occurred in MTM mode (x: 0...11)
4.4 BRC configuration registers overview

Following table shows the list of BRC configuration registers. Refer to the Appendix B of the

GTM-IP used for the address offsets.

Table 38. BRC configuration registers

Register name Description Details in section
BRC_SRC_[x]_ADDR Read address for input channel x (x: 0...11) Section 4.5.1
BRC_SRC_[x]_DEST Destination channels for input channel x (x: 0...11) | Section 4.5.2
BRC_IRQ_NOTIFY BRC interrupt notification register Section 4.5.3
BRC_IRQ_EN BRC interrupt enable register Section 4.5.4
BRC_EIRQ_EN BRC error interrupt enable register Section 4.5.7
BRC_IRQ_FORCINT Register for forcing the BRC_DEST _ERR interrupt | Section 4.5.5
BRC_RST Software reset Section 4.5.8
BRC_IRQ_MODE IRQ mode configuration register Section 4.5.6

3
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4.5 BRC configuration registers description

45.1 BRC Source x Address register, x:0...11 (BRC_SRC _[x]_ADDR)

Address offset: |see Appendix B Initial value: 0x0000_0O1FE
0 ‘ 1 ‘ 2 ‘ 3 | 4 ‘ 5 ‘ 6 ‘ 7 ‘ 8 | 9 ‘1o|11 ‘12‘13‘14‘15 16‘17|18 19 20‘21‘22 23 24|25‘26‘27‘28‘29‘30‘31
w
8| ¢
Bit Reserved = o ADDR
(72}
(@] o)
14 24
o
Mode R 2 R RPw
Initial value 0x00000 0 000 0x1FE

Table 39. BRC_SRC_[x]_ADDR field description

Bit Description
ADDR: Source ARU address. Define an ARU read address used as data source for input
[23:31] channel x (x: 0...11).
Note: this bit field is only writable if channel is disabled.
Reserved
[20:22] Note: Read as zero, should be written as zero.
BRC_MODE: BRC Operation mode select.
19 0 = Consistency Mode (DCM) selected
1 = Maximum Throughput Mode (MTM) selected
Note: this bit field is only writable if channel is disabled.
[0:18] Reserved

Note: Read as zero, should be written as zero.

45.2 BRC Source x to Destination register, x:0...11 (BRC_SRC _[x]_DEST)

Address offset: |see Appendix B Initial value: 0x0000_0000

0‘1‘2‘3|4‘5‘6‘7‘8 9 [10]11[12]13|14|15|16|17[18]|19(20|21|22|23|24 | 25|26 |27 | 28|29 30|31
P4

a|SRIZIB[EI22(Z28 5 8 leleinlelelglelelsle
Bit AR REREREEEE
I Reserved Elalaleleleelalaaaiele S22 2122212 2
Z|Z|1Z2(Z2|Z2|1Z2|Z2|Z2|1Z2|Z2
E'EEEEEEEEEEEEMMMMMMMMMM
Mode R R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R
W W [W|W[w(w|w[w{w/wiwlwiwwwwww|w|wiw|wlw
Initial value 0x00 olo|o|o|o|o|Oo|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O
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Table 40. BRC_SRC_[x]_DEST field description
Bit Description
EN_DESTO: Enable BRC destination address 0
31 0 = Destination address 0 not mapped to source BRC_SRC_[x] ADDR
1 = Destination address 0 mapped to source BRC_SRC_[x] ADDR
Note: The destination address 0 for BRC channel is defined in section 21.3
30 EN_DEST1: Enable BRC destination address 1, see bit 31.
29 EN_DEST2: Enable BRC destination address 2, see bit 31.
28 EN_DESTS3: Enable BRC destination address 3, see bit 31.
27 EN_DEST4: Enable BRC destination address 4, see bit 31.
26 EN_DESTS5: Enable BRC destination address 5, see bit 31.
25 EN_DEST®6: Enable BRC destination address 6, see bit 31.
24 EN_DEST7: Enable BRC destination address 7, see bit 31.
23 EN_DESTS8: Enable BRC destination address 8, see bit 31.
22 EN_DEST9: Enable BRC destination address 9, see bit 31.
21 EN_DEST10: Enable BRC destination address 10, see bit 31.
20 EN_DEST11: Enable BRC destination address 11, see bit 31.
19 EN_DEST12: Enable BRC destination address 12, see bit 31.
18 EN_DEST13: Enable BRC destination address 13, see bit 31.
17 EN_DEST14: Enable BRC destination address 14, see bit 31.
16 EN_DEST15: Enable BRC destination address 15, see bit 31.
15 EN_DEST16: Enable BRC destination address 16, see bit 31.
14 EN_DEST17: Enable BRC destination address 17, see bit 31.
13 EN_DEST18: Enable BRC destination address 18, see bit 31.
12 EN_DEST19: Enable BRC destination address 19, see bit 31.
1 EN_DEST22: Enable BRC destination address 20, see bit 31.
10 EN_DEST21: Enable BRC destination address 21, see bit 31.
EN_TRASHBIN: Control trash bin functionality.
0 = Trash bin functionality disabled
9 1 = Trash bin functionality enabled
Note: When bit EN_TRASHBIN is enabled bits 0 to 21 are ignored for this input channel.
Therefore, the bits 0 to 21 are set to zero (0) when trash bin functionality is enabled.
[0:8] Reserved .
Note: Read as zero, should be written as zero.
Note: The bits 0 to 21 are cleared by auto correction mechanism if a destination channel is
assigned to multiple source channels.
Note: When a BRC input channel is disabled (all EN_DESTx (x: 0...21) bits are reset to zero) the

3

internal states are reset to their reset value.
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45.3 BRC IRQ Notification register (BRC_IRQ_NOTIFY)

Address offset: |see Appendix B Initial value: 0x0000_0000
0‘1‘2‘3|4‘5‘6‘7‘8|9‘10|11‘12‘13‘14‘15 16‘17|18 19|20(21|22|23|24|25(26|27|28(29|30|31
©
['4
. TlQ|lo|lo(r|lo|lv|t|o|ln|=|o|W
Bit Reserved alo|2|2|a|e(a|e|a|a|a|a|
EEODDDDODODoﬁ
a
z(z{=zzlzlzl=zl=2l=2l=2]=2z=2=
Mode R S|IS|O|IS|O|S|O|8|0|618|8]0
rjirirjr|lrir|r|¥|¥x|lx|x|x|c
Initial value 0x00000000 o|{o|o|o|o|lo|lo|lo|ofO|O|O]|O

Table 41. BRC_IRQ_NOTIFY field description

Bit Description

DEST_ERR: Configuration error interrupt for BRC submodule
0 = No BRC configuration error occurred
31 1 = BRC configuration error occurred

Note: This bit will be cleared on a CPU write access of value '1'. A read access leaves the bit
unchanged.

DIDx: Data inconsistency occurred in MTM mode, (x:0...11)

[19:30] Note: This bit will be cleared on a CPU write access of value '1'. A read access leaves the bit
unchanged.

Reserved

[0:18] Note: Read as zero, should be written as zero.

45.4 BRC IRQ Enable register (BRC_IRQ_EN)

Address offset: |see Appendix B Initial value: 0x0000_0000
0‘1‘2‘3|4‘5‘6‘7‘8|9‘10|11‘12‘13‘14‘15 16‘17|18 19|20|21(22|23|24|25|26 27|28 |29 |30|31
P4
w
T|Q|lo|lew(n|lo|lvw|(t|a|la|=|o|
Zlz|1Zz|Zz|z|z2|Z2|Z2|2|2|z2z|Z2|C@
) ) C T A R A R TR T A ) n_:l
Bit Reserved SISIE|EI2 22 EEEERZEE
dlale| 2| a|ee| |l o
olole|lo|jojlojajlaolao|loj0(aln
w
[=)]
R|R|R|R|R|R|R|R|R|R|R|R|R
Mode R W W
Initial value 0x00000 olojofofo|loflofo|o|O|O|O]O

Table 42. BRC_IRQ_EN field description

Bit Description
DEST_ERR_IRQ_EN: BRC_DEST_ERR_IRQ interrupt enable
31 0 = Disable interrupt, interrupt is not visible outside GTM-IP
1 = Enable interrupt, interrupt is visible outside GTM-IP
[19:30] DID_ENXx: DID interrupt enable, see bit 31 for description. (x: 0...11)
Reserved
[0:18] v

Note: Read as zero, should be written as zero.

3
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45,5 BRC Force IRQ register (BRC_IRQ_FORCINT)
Address offset: |see Appendix B Initial value: 0x0000_0000
0 ‘ 1 ‘2 ‘ 3 | 4 ‘ 5 ‘ 6 ‘ 7 ‘ 8 | 9 ‘10|11‘12‘13‘14‘15 16‘17|18 19|20|21|22|23|24|25|26|27|28|29|30|31
©
- |o x
T|2|o|lon|lojlv|g||N|s|o|Ww
alalgla|olala|glalalalal
Bit Reserved 919 9,19]9,/8,910,/6/0/0/6 0
ololololo|lolololo|lo|olala
rlg|l¥|l¥|l¥|le|le|l¥|x|x|e|| )
|_|_I—I—|—I—|—I—I—I—I—|—8
x
RA|RA|RA|RA|RA|RA|RA|RA|RA|RA|RA|RA(RA
MOde R WIWIWIWIWIWIW[W|W|W|W|W
Initial value 0x00000000 ojo|o|o 0 o0 0 0
Table 43. BRC_IRQ_FORCINT field description
Bit Description
TRG_DEST_ERR: Trigger destination error interrupt.
0 = corresponding bit in status register will not be forced
31 1 = Assert corresponding field in BRC_IRQ_NOTIFY register
Note: This bit is cleared automatically after write.
Note: This bit is write protected by bit RF_PROT of register GTM_CTRL
[19:30] TRG_DIDx: Trigger data inconsistency error interrupt, see bit 31 for description. (x: 0...11)
Reserved
[0:18] .
Note: Read as zero, should be written as zero.

4.5.6 BRC IRQ Mode register (BRC_IRQ_MODE)

Address offset: |see Appendix B Initial value: 0x0000_000X
0 ‘ 1 ‘ 2 ‘ 3 | 4 ‘ 5 ‘ 6 ‘ 7 ‘ 8 | 9 ‘1o|11 ‘12‘13‘14‘15 16‘17|18‘19‘20‘21‘22|23 24|25‘26‘27‘28‘29 30‘31
11}
8
Bit Reserved =3
e}
x
Mode R RW
Initial value 0x00000000 XX

Table 44. BRC_IRQ_MODE field description

Bit Description

IRQ_MODE: IRQ mode selection
00 = Level mode
01 = Pulse mode

30:31

[ ] 10 = Pulse-Notify mode
11 = Single-Pulse mode
Note: The interrupt modes are described in Section 2.5: GTM-IP interrupt concept.
Reserved

[0:29]

Note: Read as zero, should be written as zero.

3
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4.5.7 BRC Error IRQ Enable register (BRC_EIRQ_EN)

Address offset: |see Appendix B Initial value: 0x0000_0000
0‘1 ‘2‘3|4‘5‘6‘7‘8|9‘10|11‘12‘13‘14‘15 16‘17|18 19(20|21|22|23 |24 |25|26(27|28|29|30|31
S &
= DO IMNfOIOV|IST|IV[(N|[=-|O |
Zl=z|Zzlz|z|z|2|2|Z2|Z2|z|z2|¢
"”| |_u| LIJI LIJI LIJ| LIJI I.IJ| LIJI I.IJ| LIJI LIJI LIJl%
Bit Reserved AR A A A A A A AT
W I'I-IIL“ILIJIL“IL“IL”ILIJILLIIL”ILUI%
dlo|alalalalala|ala|ala]
EEDDDDDDDDDD$
a
R|R|R R R R R|R
Mode R wlw W wlw
Initial value 0x0000_0000 o|lo|o|o|o|lo|lo|lo|o|O|O]|O]|O
Table 45. BRC_EIRQ_EN field description
Bit Description
DEST_ERR_EN: BRC_DEST_ERR_EIRQ error interrupt enable
31 0 = Disable error interrupt, error interrupt is not visible outside GTM-IP
1 = Enable error interrupt, error interrupt is visible outside GTM-IP
[19:30] DID_EIRQ_ENx: BRC_DID_EIRQ error interrupt enable, see bit 31. (x: 0...11)
[0:18] Reserved
' Note: Read as zero, should be written as zero.

4.5.8 BRC Software Reset register (BRC_RST)

Address offset: |see Appendix B Initial value: 0x0000_0000
0 ‘ 1 ‘ 2 ‘ 3 | 4 ‘ 5 ‘ 6 ‘ 7 ‘ 8 | 9 ‘10|11 ‘12‘13‘14‘15 16‘17|18‘19‘20‘21‘22|23 24|25‘26‘27‘28‘29‘30 31
Bit Reserved E
RA
Mode R M
Initial value 0x00000000 0
Table 46. BRC_RST field description
Bit Description
TRST: Software reset
0 = No action
31 1 = Reset BRC
Note: This bit is cleared automatically after write by CPU. The channel registers are set to their
reset values and channel operation is stopped immediately.
Reserved
[0:30] .
Note: Read as zero, should be written as zero.
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5 First In First Out module (FIFO)

5.1 Overview
The FIFO unit is the storage part of the FIFO submodule. The F2A described in Chapter 7:
FIFO to ARU unit (F2A) and the AFD described in Chapter 6: AEI to FIFO data interface
(AFD) implement the interface part of the FIFO submodule to the ARU and the AEI bus.
Each FIFO unit embeds eight logical FIFOs also called FIFO channels. These logical FIFOs
are configurable in the following manner:
e FIFO size (defines start and end address)
e  FIFO operation modes (normal mode or ring buffer operation mode)
e  Fill level control / memory region read protection
Each logical FIFO represents a data stream between the submodules of the GTM and the
microcontroller connected to AFD submodule (see Chapter 6: AEI to FIFO data interface
(AFD)). The FIFO RAM counts 1 K words, where the word size is 29-bit. This gives the
freedom to program or receive 24-bit of data together with the five control bits inside an ARU
data word.
The FIFO unit provides three ports for accessing its content. One port is connected to the
F2A interface, one port is connected to the AFD interface and one port has its own AEI bus
interface (called direct AEI interface).
The AFD interface has always the highest priority. Accesses to the FIFO from AFD interface
and direct AEl interface in parallel - which means at the same time - is not possible,
because both interfaces are driven from the same AEI bus interface of the GTM.
The priority between F2A and direct AE| interface can be defined by software. This can be
done by using the register FIFO[i]_CH[x]_CTRL for all FIFO channels of the submodule.
The FIFO is organized as a single RAM that is also accessible through the FIFO direct AEI
interface connected to one of the FIFO ports. To provide the direct RAM access, the RAM is
mapped into the address space of the microcontroller. The addresses for accessing the
RAM via AEI can be found in Section 22.3: References.
After reset, the FIFO RAM isn't initialized by hardware.
The FIFO channels can be flushed individually. Each of the eight FIFO channels can be
used whether in normal FIFO operation mode or in ring buffer operation mode.
Beside the possibility of flushing each FIFO channel directly, a write access to
FIFOI[i]_CH[x]_END_ADDR or to FIFO[i]_CH[x]_START_ADDR will also flush the
corresponding channel which means that the read and write pointer and also the fill level of
the channel will be reset. In consequence of this existing data in the concerned FIFO
channel are not longer valid- thereafter the channel is empty.

5.2 Operation modes

5.2.1 Normal operation mode

3

In normal FIFO operation mode the content of the FIFO is written and read in first-in first-out
order, where the data is destroyed after it is delivered to the system bus or the F2A
submodule (see Chapter 7: FIFO to ARU unit (F2A)).
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The upper and lower watermark registers (registers FIFO[i]_CH[x]_UPPER_WM and
FIFO[i]_CHI[x]_LOWER_WM) are used for controlling the FIFO’s fill level. If the fill level
declines the lower watermark or it exceeds the upper watermark, an interrupt signal is
triggered by the FIFO submodule if enabled inside the FIFOJ[i]_IRQ_EN.

The interrupt signals are sending to the Interrupt Concentrator Module (ICM) (see
Chapter 18: Interrupt Concentrator Module (ICM). The ICM can also initiate specific DMA
transfers.

5.2.2 Ring buffer operation mode

The ring buffer mode is a powerful tool to provide a continuous data or configuration stream
to the other GTM submodules without CPU interaction. In ring buffer mode the FIFO
provides a continuous data stream to the F2A submodule. The first word of the FIFO is
delivered first and after the last word is provided by the FIFO to the ARU, the first word can
be obtained again.

If in ring buffer mode the read pointer reaches the write pointer it will be set again to the
configured start address. So the read pointer always rotates cyclic between the configured
start address of the selected FIFO channel (first written data) and the write pointer which
points to the last written data of the channel.

It is possible to add data via the AEI to FIFO interface (AFD) to the FIFO channel while
running in ring buffer mode. The new written data will be added in the next ring buffer cycle.

It is recommended to fill the FIFO channel first before enabling the data stream in the FIFO
to ARU interface (F2A).

There could be the requirement that the user must be able to change some data inside the
continuous data stream to the GTM submodules or system bus. This is possible through
direct memory access provided by the FIFO AEI interface.

5.3 FIFO interrupt signals

Interrupt signals are defined in following table.

Table 47. FIFO interrupt signals

Signal Description
FIFO[i]_CH[x]_EMPTY(") Indicating FIFO channel x (x: 0...7) is empty.
FIFO[i]_CH[x]_FuLL(" Indicating FIFO channel x (x: 0...7) is full.

FIFO[i]_CH[x] LOWER_wWM®" Indicating FIFO channel x (x: 0...7) reached lower watermark.
FIFO[i]_CH[x]_UPPER_WM“) Indicating FIFO channel x (x: 0...7) reached upper watermark.

1. Where i: 0...number of FIFO elements in the selected GTM-IP implementation.

54 FIFO configuration registers overview

The following table lists the FIFO configurations registers. Refer to the Appendix B of the
targeted GTM-IP implementation for the address offsets (see Section 22.3: References).
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Table 48. FIFO configuration registers

Register name Description Details in section
FIFQ[i]_CH[x]_CTRL FIFO Channel x control register (x: 0...7) Section 5.5.1
FIFOIi]_CH[x]_END_ADDR FIFO Channel x end address register (x: 0...7) Section 5.5.2
FIFO[i]_CH[x]_START_ADDR FIFO Channel x start address register (x: 0...7) Section 5.5.3
FIFO[i]_CH[x]_UPPER_WM FIFO Channel x upper watermark register (x: 0...7) Section 5.5.4
FIFO[il_CH[x]_LOWER_WM FIFO Channel x lower watermark register (x: 0...7) Section 5.5.5
FIFO[i]_CH[x]_STATUS FIFO Channel x status register (x: 0...7) Section 5.5.6
FIFO[i]_CH[x]_FILL_LEVEL FIFO Channel x fill level register (x: 0...7) Section 5.5.7
FIFO[i]_CH[x]_WR_PTR FIFO Channel x write pointer register (x: 0...7) Section 5.5.8
FIFO[il_CH[x]_RD_PTR FIFO Channel x read pointer register (x: 0...7) Section 5.5.9
FIFO[il_CH[x]_IRQ_NOTIFY FIFO Channel x interrupt notification register (x: 0...7) | Section 5.5.10
FIFO[il_CH[x]_IRQ_EN FIFO Channel x interrupt enable register (x: 0...7) Section 5.5.11
FIFO[i]_CH[x]_EIRQ_EN FIFO Channel x Error interrupt enable register (x: 0...7) | Section 5.5.14
FIFO[i]_CH[x]_IRQ_FORCINT (FXI:F(())WC;;\anneI x register to force interrupt by software Section 5.5.12
FIFOIi]_CHI[x]_IRQ_MODE FIFO Channel x IRQ mode control register (x: 0...7) Section 5.5.13

5.5 FIFO configuration registers description

5.5.1 Register FIFO[i] _CH[x]_CTRL (x:0...7)

Address offset: |see Appendix B Initial value: 0x0000_0000
0 ‘ 1 ‘ 2 ‘ 3 | 4 ‘ 5 | 6 ‘ 7 ‘ 8 ‘ 9 ‘10‘11‘12‘13‘14‘15 16‘17‘18‘19‘20‘21‘22‘23 24|25‘26|27 28(29(3031
Slz
. o
Bit Reserved 98|z =
S|a|xX|x
; [T
R |RA|R|R
Mode R wlwlwlw
Initial value 0x00000000 ojof|o]|o

Table 49. FIFOJi]_CH[x]_CTRL field description

Bit Description

RBM: Ring buffer mode enable
31 0 = Normal FIFO operation mode
1 = Ring buffer mode.

RAP: RAM access priority
0 = FIFO ports have higher access priority than AEI-IF
30 1 = AEI-IF has higher access priority than FIFO ports

Note: RAP bit is only functional in register FIFO_0_CTRL. The priority is defined for all FIFO
channels there

3

DocID025070 Rev 1 87/558




First In First Out module (FIFO) RM0361

Table 49. FIFOJi]_CH[x]_CTRL field description (continued)

Bit Description

FLUSH: FIFO Flush control
0 = Normal operation
29 1 = Execute FIFO flush (bit is automatically cleared after flush).

Note: A FIFO Flush operation resets the FIFO[i]_CH[x]_FILL_LEVEL,
FIFOIi]_CHI[x]_WR_PTR and FIFO[i]_CH[x]_RD_PTR registers to their initial values.

WULOCK: RAM write unlock. Enable/disable direct RAM write access to the memory mapped

FIFO region.
0 = Direct RAM write access disabled
28 1 = Direct RAM write access enabled

Note: Only the bit WULOCK of register FIFO[i]_CHO_CTRL enables/disables the direct RAM
write access for all FIFO channel (whole FIFO RAM). The WULOCK bits of the other
channels are writable but have no effect.

Reserved

[0-27] Note: Read as zero, should be written as zero.

5.5.2 Register FIFO[i]_CH[x]_END_ADDR (x:0...7)

Address offset: |see Appendix B Initial value: 0x0000_0XXX
0 ‘ 1 ‘ 2 ‘ 3 | 4 ‘ 5 | 6 ‘ 7 ‘ 8 ‘ 9 ‘10‘11‘12‘13‘14‘15 16‘17‘18‘19‘20‘21 22‘23 24|25‘26|27‘28‘29‘30‘31
Bit Reserved ADDR
Mode R RW
Initial value 0x00000 0xXXX

Table 50. FIFQ[i]_CH[x]_END_ADDR field description

Bit Description

ADDR: End address for FIFO channel x, (x: 0...7)
[22:31] Note: value for ADDR is calculated as ADDR = 128*(x+1) - 1
Note: A write access will flush the regarding channel

Reserved

0:21
[ ] Note: Read as zero, should be written as zero.

5.5.3 Register FIFO[i]_CH[x]_START_ADDR (x:0...7)

Address offset: |see Appendix B Initial value: 0x0000_0XXX
0 ‘ 1 ‘ 2 ‘ 3 | 4 ‘ 5 | 6 ‘ 7 ‘ 8 ‘ 9 ‘10‘11‘12‘13‘14‘15 16‘17‘18‘19‘20‘21 22‘23 24|25‘26|27‘28‘29‘30‘31
Bit Reserved ADDR
Mode R RW
Initial value 0x00000 OXXXX
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Table 51. FIFO[i]_CH[x]_START_ADDR field description

Bit Description
ADDR: Start address for FIFO channel x, (x: 0...7)
[22:31] Note: Initial value for ADDR is calculated as ADDR = 128*x
Note: A write access will flush the regarding channel
Reserved
[0:21] .
Note: Read as zero, should be written as zero.

554 Register FIFO[i] _CH[x] _UPPER_WM (x:0...7)

Address offset:

see Appendix B Initial value: 0x0000_0060

0 ‘ 1 ‘ 2 ‘ 3 | 4 ‘ 5 | 6 ‘ 7 ‘ 8 ‘ 9 ‘10‘11‘12‘13‘14‘15 16‘17‘18‘19‘20‘21 22‘23 24|25‘26|27‘28‘29‘30‘31
Bit Reserved ADDR
Mode R RW
Initial value 0x000000 0x60

Table 52. FIFOJi]_CH[x]_UPPER_WM field description

Bit Description
ADDR: Upper watermark address.
Note: The upper watermark is configured as a relative fill level of the FIFO. ADDR must be in
[22:31] range:
0 <= ADDR <= FIFQIi]_CH[x]_END_ADDR - FIFO[i]_CHI[x]_START_ADDR.
Initial value for ADDR is defined as ADDR = 0x60.
[0:21] Reserved

Note: Read as zero, should be written as zero.

3
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5.5.5 Register FIFO[i]_CH[x] _LOWER_WM (x:0...7)

Address offset: |see Appendix B Initial value: 0x0000_0020
0 ‘ 1 ‘ 2 ‘ 3 | 4 ‘ 5 | 6 ‘ 7 ‘ 8 ‘ 9 ‘10‘11‘12‘13‘14‘15 16‘17‘18‘19‘20‘21 22‘23 24|25‘26|27‘28‘29‘30‘31
Bit Reserved ADDR
Mode R RW
Initial value 0x000000 0x20

Table 53. FIFO[i]_CH[x] _LOWER_WM field description

Bit Description

ADDR: Lower watermark address.

Note: The lower watermark is configured as a relative fill level of the FIFO. ADDR must be in
[22:31] range:

0 <= ADDR <= FIFQJi]_CH[x]_END_ADDR - FIFO[i]_CHI[x]_START_ADDR.

Initial value for ADDR is defined as ADDR = 0x20.

Reserved

[0-21] Note: Read as zero, should be written as zero.

5.5.6 Register FIFO[i]_CH[x]_STATUS (x:0...7)

Address offset: |see Appendix B Initial value: 0x0000_0005

0 ‘ 1 ‘ 2 ‘ 3 | 4 ‘ 5 | 6 ‘ 7 ‘ 8 ‘ 9 ‘10‘11‘12‘13‘14‘15 16‘17‘18‘19‘20‘21‘22‘23 24|25‘26|27 28(29|30|31
s

s >
. 2| 4| E
Bit Reserved ;I ;' 5|a
o o=
519 w
Mode R R|R|R|R
Initial value 0x0000000 of[1]0f1

Table 54. FIFOJi]_CH[x]_STATUS field description

Bit Description
EMPTY: FIFO is empty.

31 0= F?II level >0
1=Filllevel =0

Note: Bit only applicable in normal mode.

FULL: FIFO is full.

30 0 = Fill level < FIFQ[i]_CH[x]_END_ADDR - FIFO[i]_CHI[x]_START_ADDR + 1
1 = Fill level = FIFO[i]_CH[x]_END_ADDR - FIFOJi]_CHI[x]_START_ADDR + 1
Note: Bit only applicable in normal mode

LOW_WM: Lower watermark reached
0 = Fill level > lower watermark

29 1 = Fill level <= lower watermark
Note: Bit only applicable in normal mode
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Table 54. FIFQJ[i]_CH[x]_STATUS field description (continued)

Bit Description

UP_WM: Upper watermark reached
0 = Fill level < upper watermark

28
1 = Fill level >= upper watermark
Note: Bit only applicable in normal mode
[0:27] Reserved

Note: Read as zero, should be written as zero.

5.5.7 Register FIFO[i]_CH[x]_FILL_LEVEL (x:0...7)
Address offset: |see Appendix B Initial value: 0x0000_0000
0 ‘ 1 ‘ 2 ‘ 3 | 4 ‘ 5 | 6 ‘ 7 ‘ 8 ‘ 9 ‘10‘11‘12‘13‘14‘15 16‘17‘18‘19‘20 21‘22‘23 24|25‘26|27‘28‘29‘30‘31
Bit Reserved LEVEL
Mode R R
Initial value 0x00000 0x00
Table 55. FIFOJi]_CH[x]_FILL_LEVEL field description
Bit Description

LEVEL: Fill level of the current FIFO

Note: LEVEL is in range:

[21:31] 0 <= LEVEL <= FIFOIi]_CH[x]_END_ADDR - FIFO[i]_CH[x]_START_ADDR + 1.
Register content is compared to the upper and lower watermark values for this channel
to detect watermark over- and underflow.

[0:20] Reserved .

Note: Read as zero, should be written as zero.
55.8

Register FIFO[i]_CH[x]_WR_PTR (x:0...7)

Address offset: |see Appendix B

Initial value: 0x0000_0XXX

0 ‘ 1 ‘ 2 ‘ 3 | 4 ‘ 5 | 6 ‘ 7 ‘ 8 ‘ 9 ‘10‘11‘12‘13‘14‘15 16‘17‘18‘19‘20‘21 22‘23 24|25‘26|27‘28‘29‘30‘31
Bit Reserved ADDR
Mode R R
Initial value 0x00000 OXXXX

Table 56. FIFO[i]_CH[x]_WR_PTR field description

Bit Description

ADDR: Position of the write pointer

[22:31] Note: ADDR must be in range 0 <= ADDR <=1023. Initial value for ADDR is defined as
ADDR = FIFO[i]_CHI[x]_START_ADDR
Reserved
[0:21]

Note: Read as zero, should be written as zero.

S74
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5.5.9 Register FIFO[i]_CH[x]_RD_PTR (x:0...7)

Address offset: |see Appendix B Initial value: 0x0000_0XXX
0 ‘ 1 ‘ 2 ‘ 3 | 4 ‘ 5 | 6 ‘ 7 ‘ 8 ‘ 9 ‘10‘11‘12‘13‘14‘15 16‘17‘18‘19‘20‘21 22‘23 24|25‘26|27‘28‘29‘30‘31
Bit Reserved ADDR
Mode R R
Initial value 00 OXXXX

Table 57. FIFO[i]_CH[x]_RD_PTR field description

Bit Description
ADDR: Position of the read pointer
[22:31] Note: ADDR must be in range 0 <= ADDR <=1023. Initial value for ADDR is defined as
ADDR = FIFQIi]_CH[x]_START_ADDR
Reserved
[0:21]

Note: Read as zero, should be written as zero.

55.10  Register FIFO[i]_CH[x]_IRQ_NOTIFY (x:0...7)

Address offset: |see Appendix B Initial value: 0x0000_0005
0 ‘ 1 ‘ 2 ‘ 3 | 4 ‘ 5 | 6 ‘ 7 ‘ 8 ‘ 9 ‘10‘11‘12‘13‘14‘15 16‘17‘18‘19‘20‘21‘22‘23 24|25‘26|27 28(29(30(31
>
HHE
Bit Reserved 2 Y| T
o|0|0]| A
g preg pry e
[T TS T o
SIRBRE
Mode R A
Initial value 0x0000000 of1]0f1
Table 58. FIFOJ[i]_CHI[x]_IRQ_NOTIFY field description
Bit Description
FIFO_EMPTY: FIFO is empty
0 = No interrupt occurred.
31 1 = FIFO is empty interrupt occurred.
Note: This bit will be cleared on a CPU write access of value '1'. A read access leaves the bit
unchanged.
30 FIFO_FULL: FIFO is full. see bit 31.
29 FIFO_LWM: FIFO Lower watermark was under-run. see bit 31.
28 FIFO_UWM: FIFO Upper watermark was over-run. see bit 31.
Reserved
[0:27] .
Note: Read as zero, should be written as zero.

3

92/558 DoclD025070 Rev 1




RMO0361

First In First Out module (FIFO)

5.5.11 Register FIFO[i]_CHI[x]_IRQ_EN (x:0...7)

Address offset: |see Appendix B Initial value: 0x0000_0000
0 ‘ 1 ‘ 2 ‘ 3 | 4 ‘ 5 | 6 ‘ 7 ‘ 8 ‘ 9 ‘10‘11‘12‘13‘14‘15 16‘17‘18‘19‘20‘21‘22‘23 24|25‘26|27 28(29(30(31
ARG
d|dd| g
Tigle
Bit Reserved § g gl E
D - | w
o'lo|old
L|e|(c|O
C|lo|T &
Mode R 5 5 E E
Initial value 0x0000000 ofojofo
Table 59. FIFOJi]_CH[x]_IRQ_EN field description
Bit Description
FIFO_EMPTY_IRQ_EN: interrupt enable
31 0 = Disable interrupt, interrupt is not visible outside GTM-IP.
1 = Enable interrupt, interrupt is visible outside GTM-IP.
30 FIFO_FULL_IRQ_EN: interrupt enable. see bit 31.
29 FIFO_LWM_IRQ_EN: interrupt enable. see bit 31.
28 FIFO_UWM_IRQ_EN: interrupt enable. see bit 31.
Reserved
[0:27] .
Note: Read as zero, should be written as zero.
5.5.12  Register FIFO[i]_CH[x]_IRQ_FORCINT
Address offset: |see Appendix B Initial value: 0x0000_0000
0 ‘ 1 ‘ 2 ‘ 3 | 4 ‘ 5 | 6 ‘ 7 ‘ 8 ‘ 9 ‘10‘11‘12‘13‘14‘15 16‘17‘18‘19‘20‘21‘22‘23 24|25‘26|27 28(29(30(31
>
S |S|d|FE
gl §| EI %
Bit Reserved g E g 8'
|'|'| LLI I'|'| EI
olala
E|E|E| R
SIERBIE
Mode R MEIEE
Initial value 0x0000000 olojofo
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Table 60. FIFO[i]_CH[x]_IRQ_FORCINT field description
Bit Description
TRG_FIFO_EMPTY: Force interrupt of FIFO empty status.
0 = corresponding bit in status register will not be forced
31 1 = Assert corresponding field in FIFO[i]_CH[i]_IRQ_NOTIFY register
Note: This bit is cleared automatically after write.
Note: This bit is cleared automatically after write.
30 TRG_FIFO_FULL: Force interrupt of FIFO full status. see bit 31.
29 TRG_FIFO_LWM: Force interrupt of lower watermark. see bit 31.
28 TRG_FIFO_UWM: Force interrupt of upper watermark. see bit 31.
[0:27] Reserved .
Note: Read as zero, should be written as zero.
5.5.13  Register FIFO[i]_CH[x]_IRQ_MODE
Address offset: |see Appendix B Initial value: 0x0000_000X
0 ‘ 1 ‘ 2 ‘ 3 | 4 ‘ 5 | 6 ‘ 7 ‘ 8 ‘ 9 ‘10‘11‘12‘13‘14‘15 16‘17‘18‘19‘20‘21‘22‘23 24|25‘26|27 28(29|30|31
|3
Bit Reserved 26| =
T|> !
Iz [¢]
<7 x
sS|l<| =
o=
[a)
Mode R HEEE
Initial value 0x0000000 00| XX

Table 61. FIFQ[i]_CH[x]_IRQ_MODE field description

Bit Description
IRQ_MODE: IRQ mode selection
00 = Level mode
01 = Pulse mode
30:31
[ ] 10 = Pulse-Notify mode
11 = Single-Pulse mode
Note: The interrupt modes are described in Section 2.5: GTM-IP interrupt concept.
DMA_HYSTERESIS: Enable DMA hysteresis mode.
29 0 = Disable FIFO hysteresis for DMA access.

1 = Enable FIFO hysteresis for DMA access.
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Table 61. FIFOJi]_CH[x]_IRQ_MODE field description (continued)

Bit

Description

28

DMA_HYST_DIR: DMA direction in hysteresis mode

0 = DMA direction read in hysteresis mode.

1 = DMA direction write in hysteresis mode.

Note: In the case of DMA writing data to a FIFO the DMA requests must be generated by the
lower watermark. If the DMA hysteresis is enabled, the FIFO does not generate a new
DMA request until the upper watermark is reached.

Note: In the case of DMA reading data from FIFO the DMA requests must be generated by the
upper watermark. If the DMA hysteresis is enabled, the FIFO does not generate a new
DMA request until the lower watermark is reached.

[0:27]

Reserved
Note: Read as zero, should be written as zero.

5.5.14  Register FIFO[i]_CH[x]_EIRQ_EN (x:0...7)

Address offset: |see Appendix B Initial value: 0x0000_0000
0 ‘ 1 ‘ 2 ‘ 3 | 4 ‘ 5 | 6 ‘ 7 ‘ 8 ‘ 9 ‘10‘11‘12‘13‘14‘15 16‘17‘18‘19‘20‘21‘22‘23 24|25‘26|27 28(29(30(31
P4
G|E|EY
O| OI OI o
€le|z|
. uJI ml LI.II >_|
Bit Reserved s|s4lE
22|52
2 2| |
|
212/2]9
w | | w o
Mode R E 5 E E
Initial value 0x0000000 ofojofo

Table 62. FIFO[i]_CH[x]_EIRQ_EN (x:0...7) field description

Bit Description
FIFO_EMPTY_EIRQ_EN: error interrupt enable
31 0 = Disable error interrupt, error interrupt is not visible outside GTM-IP.
1 = Enable error interrupt, error interrupt is visible outside GTM-IP.
30 FIFO_FULL_EIRQ_EN: interrupt enable. see bit 31.
29 FIFO_LWM_EIRQ_EN: interrupt enable. see bit 31.
FIFO_UWM_EIRQ_EN: interrupt enable. see bit 31.
28 Note: In the case of DMA reading data from FIFO the DMA requests must be generated by the
upper watermark. If the DMA hysteresis is enabled, the FIFO does not generate a new
DMA request until the lower watermark is reached.
Reserved
[0:27]

Note: Read as zero, should be written as zero.

3
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6 AEIl to FIFO data interface (AFD)
6.1 Overview
The AFD submodule implements a data interface between the AEI bus and the FIFO
submodule, which consists of eight logical FIFO channels.
The AFD submodule provides one buffer registers that are dedicated to the logical channels
of the FIFO. Access to the corresponding FIFO channel is given by reading or writing this
buffer registers AFD[i]_CH[x]_BUF_ACC.
An AEI write access to the buffer register where the corresponding fifo channel is full will be
ignored. The data will be lost.
An AEI read access to the buffer register where the corresponding fifo channel is empty will
be served with zero data.
6.2 AFD register overview
Following table lists the AFD configuration registers.
Table 63. AFD register
Register name Description Details in section
AFDI[i]_CH[x]_BUF_ACC AFD FIFO x buffer access register (x: 0...7) Section 6.3.1
6.3 AFD register description
6.3.1 Register AFD[i]_CH[x]_BUF_ACC (x:0...7)
Address offset: |see Appendix B Initial value: 0x0000_0000
0 ‘ 1 ‘ 2|3 | 4 ‘ 5 | 6 ‘ 7 ‘ 8 ‘ 9 ‘10‘11‘12‘13‘14‘15 16‘17‘18‘19‘20‘21‘22‘23 24|25‘26|27‘28‘29‘30‘31
Bit Reserved DATA
Mode R RW
Initial value 0x0 0x0000000
Table 64. AFD[i]_CH[x]_BUF_ACC field description
Bit Description
[3:31] DATA: Read/write data from/to FIFO
[0:2] Reserved
’ Note: Read as zero, should be written as zero.
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FIFO to ARU unit (F2A)

Overview

The F2A is the interface between the ARU and the FIFO submodule. Since the data width of
the ARU (ARU word) is 53-bit (two 24-bit values and five control bits) and the data width of
the FIFO is only 29-bit, the F2A has to distribute the data from and to the FIFO channels in
a configurable manner.

The data transfer between FIFO and ARU is organized with eight different streams that are
connected to the eight different channels of the corresponding FIFO module. A stream
represents a data flow from/to ARU to/from the FIFO via the F2A.

The general definition of 'channels' and 'streams’ in the ARU context is done in Section 2.3:
ARU routing concept.

Each FIFO channel can act as a write stream (data flow from FIFO to ARU) or as a read
stream (data flow from ARU to FIFO).

Within these streams the F2A can transmit/receive the lower, the upper or both 24 bit values
of the ARU together with the ARU control bits according to the configured transfer modes as
described in Section 7.2: Transfer modes.

Transfer modes

The F2A unit provides several transfer modes to map 29-bit data of the FIFO from/to 53-bit
data of the ARU. E.g. it is configurable that the 24-bit FIFO data is written to the lower ARU
data entry (means bits 0 to 23) or to the higher 24-bit ARU data entry (means bits 24 to 47).
Bits 24 to 28 of the FIFO data entry (the five control bits) are written/read in both cases
to/from bits 48 to 52 of the ARU entry.

When both values of the ARU have to be stored in the FIFO the values are stored behind
each other inside the FIFO if the FIFO is not full.

If there is only space for one 24-bit data word plus the five control bits, the F2A transfers one
part of the 53 bits first and than waits for transferring the second part before new data is
requested from the ARU.

When two values from the FIFO have to be written to one ARU location the words have to
be located behind each other inside the FIFO.

The transfer to ARU is only established when both parts could be read out of the FIFO
otherwise if only one 29-bit word was provided by the FIFO the F2A waits until the second
part is available before the data is made available at the ARU.

Figure 16 shows the data ordering of the FIFO when both ARU values must be transferred
between ARU and FIFO.

When reading from the ARU the F2A first writes the lower word to the FIFO.

In case of writing to the ARU the F2A reads the lower word first from the FIFO, thus the
lower word must be written first to the FIFO through the AFD interface.

Please note, that the five control bits (bits 48 to 52 of the ARU data word) are duplicated as
bits 24 to 28 of both FIFO words in case of reading from ARU.
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In the case of writing to the ARU, bits 24 to 28 of the last written FIFO word (the higher ARU
word) are copied to bits 48 to 52 of the corresponding ARU location.

The transfer modes can be configured with the TMODE bits of registers
F2A[i]_CH[x]_STR_CFG (x: 0...7).

Figure 16. Data transfer of both ARU words between ARU and FIFO
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7.3

F2A configuration registers overview

The following table lists the F2A configuration registers.

Table 65. F2A configuration registers

Register name Description Details in section
F2A[il_ENABLE F2A stream activation register Section 7.4.1
F2A[i]_CH[x]_ARU_RD_FIFO F2A read channel address register (x: 0...7) Section 7.4.2
F2A[i]_CH[x]_STR_CFG F2A stream x configuration register (x: 0...7) Section 7.4.3
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7.4 F2A configuration registers description

7.4.1 Register F2A[i]_ENABLE

Address offset: |see Appendix B Initial value: 0x0000_0000
0 ‘ 1 ‘ 2 ‘ 3 | 4 ‘ 5 | 6 ‘ 7 | 8 ‘ 9 |10‘11 ‘12‘13‘14‘15 16‘17 18‘19 20‘21 22‘23 24‘25 26|27 28|29 30‘31
Z Z Z Z Z Z Z zZ
w 41} w
Bit Reserved EI g EI EI EI gl EI 8'
= [ = [ [ = = =
w (%) w %) (%) w w w
Mode R RW | RW | RW | RW | RW | RW [ RW | RW
Initial value 0x0000 00 00 00 00 00 00 00 00
Table 66. F2A[i]_ENABLE field description
Bit Description
STRO_EN: Enable/disable stream 0
Write of following double bit values is possible:
00 = Don't care, bits 30:31 will not be changed
01 =Stream 0 is disabled and internal states are reset
[30:31] 10 = Stream 0 is enabled
11 = Don't care, bits 30:31 will not be changed
Read of following double values means:
00 = Stream disabled
11 = Stream enabled
[28:29] STRl__EN: Enable/disable stream 1
See bits [30:31]
[26:27] STRZ__EN: Enable/disable stream 2
See bits [30:31]
[24:25] STRS__EN: Enable/disable stream 3
See bits [30:31]
[22:23] STR4__EN: Enable/disable stream 4
See bits [30:31]
[20:21] STRS__EN: Enable/disable stream 5
See bits [30:31]
[18:19] STR6_EN: Enable/disable stream 6
' See bits [30:31]
[16:17] STR7_EN: Enable/disable stream 7
' See bits [30:31]
[0:15] Reserved
’ Note: Read as zero, should be written as zero.
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7.4.2 Register F2A[i]_CH[x] ARU_RD_FIFO (x: 0...7)

Address offset: |see Appendix B Initial value: 0x0000_01FE
0 ‘ 1 ‘ 2 ‘ 3 | 4 ‘ 5 | 6 ‘ 7 | 8 ‘ 9 |1o‘11 ‘12‘13‘14‘15 16‘17‘18‘19‘20‘21‘22 23 24‘25‘26|27‘28|29‘30‘31
Bit Reserved ADDR
Mode R RPw
Initial value 0x00000 OX1FE

Table 67. F2A[i]_CH[x] _ARU_RD_FIFO field description

Bit Description
[23:31] ADDR: ARU Read address
' Note: this bit field is only writable if channel is disabled.
[0:22] Reserved

Note: Read as zero, should be written as zero.

7.4.3 Register F2A[i]_CH[x]_STR_CFG (x: 0...7)

Address offset: |see Appendix B Initial value: 0x0000_0000
0 ‘ 1 ‘ 2 ‘ 3 | 4 ‘ 5 | 6 ‘ 7 | 8 ‘ 9 |10‘11 ‘12 13 14‘15 16‘17‘18‘19‘20‘21‘22‘23 24‘25‘26|27‘28|29‘30‘31
a
Bit Reserved 05: o Reserved
=
=
= =
Mode R g g R
Initial value 0x0000 0| 00 0x0000

Table 68. F2A[i]_CH[x]_STR_CFG field description

Bit Description

Reserved
Note: Read as zero, should be written as zero.

TMODE: Transfer mode for 53 bit ARU data from/to FIFO
00 = Transfer low word (ARU bits 23:0) from/to FIFO
[14:15] 01 = Transfer high word (ARU bits 47:24) from/to FIFO
10 = Transfer both words from/to FIFO

11 = Reserved

[16:31]

DIR: Data transfer direction
13 0 = Transport from ARU to FIFO
1 = Transport from FIFO to ARU

Reserved

[0:12] Note: Read as zero, should be written as zero.

Note: The write protected bits of register F2A_STR_[x]_CFG are only writable if the corresponding
enable bit STRx_EN of register F2A_ENABLE is cleared.
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8.1

3

Clock Management Unit (CMU)

Overview

The Clock Management Unit (CMU) is responsible for clock generation of the counters and
of the GTM-IP. The CMU consists of three subunits that generate different clock sources for
the whole GTM-IP. Figure 17 shows a block diagram of the CMU.

The Configurable Clock Generation (CFGU) subunit provides eight dedicated clock sources
for the following GTM submodules: TIM, ATOM, TBU, and MON. Each instance of such a
submodule can choose an arbitrary clock source, in order to specify wide-ranging time
bases.

The Fixed Clock Generation (FXU) subunit generates predefined non-configurable clocks
CMU_FXCLK]y] (y: 0...4) for the TOM submodules and the MON submodule. The
CMU_FXCLK]y] signals are derived from the CMU_GCLK_EN signal generated by the
global clock divider. The dividing factors are defined as 2°, 24, 28 212 and 216,

The External Clock Generation (EGU) subunit is able to generate up to three chip external
clock signals visible at CMU_ECLK]z] (z: 0...2) with a duty cycle of about 50 %.

The clock source signals CMU_CLK][x] (x: 0...7) and CMU_FXCLK]y] are implemented in
form of enable signals for the corresponding registers, which means that the actual clock
signal of all registers always use the SYS_CLK signal.

The four configurable clock signals CMU_CLKO, CMU_CLK1, CMU_CLK6 and CMU_CLK7
are connected to the TIM filter counters.
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8.1.1 CMU block diagram
Figure 17. CMU block diagram
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8.3

3

Global clock divider

The sub block Global Clock Divider can be used to divide the GTM-IP global input clock
signal SYS_CLK into a common subdivided clock signal.

The divided clock signal of the sub block Global Clock Divider is implemented as an enable
signal that enables dedicated clocks from the SYS_CLK signal to generate the user
specified divided clock frequency.

The resulting fractional divider (Z/N) specified through equation:

Temu_cetk eN = (27N) - Tgys ik

is implemented according to the following algorithm:

Z: CMU_GCLK_NUM(23:0);

N: CMU_GCLK_DEN(23:0);

Z,N>0

1. Setremainder (R), operand1 (OP1) and operand2 (OP2) register during init-phase
(with implicit conversion to signed):
R=Z, OP1=N, OP2=N-Z;

2. After leaving init-phase (at least one CMU_CLK]Jx] has been enabled) the sign of
remainder R for each SYS_CLK cycle will be checked:

3. If R>0 keep updating remainder and keep CMU_GCLK_EN="0":
R=R-OP1,;

4. If R<0 update remainder and set CMU_GCLK_EN="1"
R=R-OP2;

After at most (Z/N+1) subtractions (3) there will be a negative R and an active phase of the
generated clock enable (for one cycle) will be triggered (4). The remainder R is a measure
for the distance to a real Z/N clock and will be regarded for the next generated clock enable
cycle phase. The new R value will be R=R+(Z-N). In the worst case the remainder R will
sum up to an additional cycle in the generated clock enable period after Z-cycles. In the
other cases equally distributed additional cycles will be inserted for the generated clock
enable. If Z is an integer multiple of N no additional cycles will be included for the generated
clock enable at all.

Note that for a better resource sharing all arithmetic has been reduced to subtractions and
the initialization of the remainder R uses the complement of (Z-N).

Configurable clock generation subunit (CFGU)

The CMU subunit CFGU provides up to eight configurable clock divider blocks that divide
the common CMU_GCLK_EN signal into dedicated enable signals for the GTM-IP sub
blocks.

The configuration of the eight different clock signals CMU_CLK]x] (x: 0...7) always depends
on the configuration of the global clock enable signal CMU_GCLK_EN. Additionally, each
clock source has its own configuration data, provided by the control register
CMU_CLK_[x]_CTRL (x: 0...7).
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104/558

According to the configuration of the global clock divider, the configuration of the Clock
Source x Divider is done by setting an appropriate value in the bit field CLK_CNT([x] of the
register CMU_CLK_[x]_CTRL.

The frequency f, =1/T, of the corresponding clock enable signal CMU_CLK][x] can be
determined by the unsigned representation of CLK_CNT[x] of the register
CMU_CLK_[x]_CTRL in the following way:

Temu_cikpg = (CLK_CNTIX] +1) - Topqy oLk EN

The corresponding wave form is shown in Figure 18 Wave form of generated clock signal
CMU_CLK]|x]

Each clock signal CMU_CLK][x] can be enabled individually by setting the appropriate bit
field EN_CLK]x] in the register CMU_CLK_EN. Except for CMU_CLK6 and CMU_CLK?7
individual enabling and disabling is active only if CLK6_SEL and CLK7_SEL is unset.

Alternatively, clock source six and seven (CMU_CLK6 and CMU_CLK7) may provide the
signal SUB_INC1 and SUB_INC2 coming from submodule DPLL as clock enable signal

depending on the bit field CLK6_SEL of the register CMU_CLK_6_CTRL and on the bit
field CLK7_SEL of the register CMU_CLK_7_CTRL.

To avoid unexpected behavior of the hardware, the configuration of a register
CMU_CLK_[x]_CTRL can only be changed, when the corresponding clock signal
CMU_CLK]|x] is disabled.

Further, any changes to the registers CMU_GCLK_NUM and CMU_GCLK_DEN can only
be performed, when all clock enable signals CMU_CLK]x] and the EN_FXCLK bit inside the
CMU_CLK_EN register are disabled.

The clock source signals CMU_CLK]Jx] (x: 0...7) and CMU_FXCLK]y] are implemented in
form of enable signals for the corresponding registers, which means that the actual clock
signal of all registers always use the SYS_CLK signal.

The hardware guarantees that all clock signals CMU_CLK][x], which were enabled
simultaneous, are synchronized to each other. Simultaneous enabling does mean that the
bits EN_CLK][x] in the register CMU_CLK_EN are set by the same write access.

Wave form of generated clock signal CMU_CLK]x]

Figure 18. Wave form of generated clock signal CMU_CLK]Xx]

TSYS_CLK= 1 /fSYS_CLK

Temu_ckx=1femu_cLig

A
A
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8.6

3

Fixed clock generation (FXU)

The FXU subunit generates fixed clock enables out of the CMU_GCLK_EN or one of the
eight CMU_CLK]x] enable signal depending on the FXCLK_SEL bit field of the
CMU_FXCLK_CTRL register. These clock enables are used for the PWM generation inside
the TOM submodules.

All clock enables CMU_FXCLK]y] can be enabled or disabled simultaneous by setting the
appropriate bit field EN_FXCLK in the register CMU_CLK_EN.

The dividing factors are defined as 20 24 28 212 and 276 The signals CMU_FXCLK]y] are
implemented in form of enable signals for the corresponding registers (see also Section 8.4:
Wave form of generated clock signal CMU_CLK][x].

External Generation Unit (EGU)

The EGU subunit generate up to three separate clock output signals CMU_ECLK[z] (z:
0...2).

Each of these clock signals is derived from the corresponding External Clock Divider z sub
block, which generates a clock signal derived from the GTM-IP input clock SYS_CLK.

In contrast to the signals CMU_CLK[x] and CMU_FXCLK]|y], which are treated as simple
enable signals for the registers, the signals CMU_ECLK][z] have a duty cycle of about 50 %
that is used as a true clock signal for external peripheral components.

Each of the external clocks are enabled and disabled by setting the appropriate bit field
EN_ECLK]Z] in the register CMU_CLK_EN.

The clock frequencies fomy eciLkiz =1/Temu_EcLkiz Of the external clocks are controlled
with the registers CMU_ECLK_[z] NUM and CMU_ECLK_[z]_DEN as follows:

Tomu_Ecikig = 2 (ECLKIZI_NUM/ECLK[Z]_DEN) - Toys o1k

and is implemented according the following algorithm

(Z: CMU_ECLK _[z]_NUM(23:0); N: CMU_ECLK_[z]_DEN(23:0); Z,N >0; Z>=N;

CMU_ECLK]z]="0"):

1. Setremainder (R), operand1 (OP1) and operand2 (OP2) register during init-phase
(with implicit conversion to signed):
R=Z, OP1=N, OP2=N-Z;

2. After leaving init-phase (CMU_ECLK]z] has been enabled) the sign of remainder R for
each SYS_CLK cycle will be checked:

3. If R>0 keep updating remainder and keep CMU_ECLK]z]:
R=R-OP1,;

4. If R<0 update remainder and toggle CMU_ECLK]z]:
R=R-OP2;

After at most (Z/N+1) subtractions (3) there will be a negative R and an active phase of the
generated clock enable (for one cycle) will be triggered (4). The remainder R is a measure
for the distance to a real Z/N clock and will be regarded for the next generated clock toggle
phase. The new R value will be R=R+(Z-N). In the worst case the remainder R will sum up
to an additional cycle in the generated clock toggle period after Z-cycles. In the other cases
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equally distributed additional cycles will be inserted for the generated clock toggle. If Z is an
integer multiple of N no additional cycles will be included for the generated clock toggle at
all. Note that for a better resource sharing all arithmetic has been reduced to subtractions
and the initialization of the remainder R uses the complement of (Z-N).

The default value of the CMU_ECLK][z] output is low.

8.7 CMU configuration registers overview
Table 69. CMU configuration registers
Register name Description Details in section

CMU_CLK_EN Clock enable Section 8.8.1
CMU_GCLK_NUM Global clock control numerator Section 8.8.2
CMU_GCLK _DEN Global clock control denominator Section 8.8.3
CMU_CLK _0_CTRL Control for clock source 0 Section 8.8.4
CMU_CLK_1_CTRL Control for clock source 1 Section 8.8.4
CMU_CLK 2 _CTRL Control for clock source 2 Section 8.8.4
CMU_CLK_3_CTRL Control for clock source 3 Section 8.8.4
CMU_CLK_4_CTRL Control for clock source 4 Section 8.8.4
CMU_CLK 5 CTRL Control for clock source 5 Section 8.8.4
CMU_CLK _6_CTRL Control for clock source 6 Section 8.8.5
CMU_CLK_7_CTRL Control for clock source 7 Section 8.8.6
CMU_ECLK_0_NUM External clock O control numerator Section 8.8.7
CMU_ECLK_0_DEN External clock 0 control denominator Section 8.8.8
CMU_ECLK_1_NUM External clock 1 control numerator Section 8.8.7
CMU_ECLK_1_DEN External clock 1 control denominator Section 8.8.8
CMU_ECLK_2_NUM External clock 2 control numerator Section 8.8.7
CMU_ECLK_2 DEN External clock 2 control denominator Section 8.8.8
CMU_FXCLK_CTRL Control FXCLK subunit input clock Section 8.8.9
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8.8 CMU configuration register description

8.8.1 Register CMU_CLK_EN

Address offset: |see Appendix B Initial value: 0x0000_0000
0 ‘ 1 ‘ 2 ‘ 3 | 4 ‘ 5 | 6 ‘ 7|8 ‘ 9 10‘11 12‘13 14‘15 16‘17 18‘19 20‘21 22‘23 24‘25 26|27 28|29 30‘31
sl € |v|e|e|s|e|e|ez|e
Bit Reserved % §| §| gl dl dl dl dl dl dl dl dl
|
2122215 |z|z |8 |83 |33
Mode R RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RwW
Initial value 0x000 00 00 00 00 00 00 00 00 00 00 00 00
Table 70. CMU_CLK_EN field description
Bit Description

EN_CLKO: Enable clock source 0

00 = clock source is disabled (ignore write access)

01 = disable clock signal and reset internal states

10 = enable clock signal

[30:31] 11 = clock signal enabled (ignore write access)

Note: Any read access to an EN_CLK[x], EN_ECLK][z] or EN_FXCLK bit field will always result
in a value 00 or 11 indicating current state. A modification of the state is only performed
with the values 01 and 10. Writing the values 00 and 11 is always ignored.

Note: Any disabling to EN_CLK]x] will be reset internal counters for configurable clocks.

[28:29] EN_CLKZ1: Enable clock source 1, see bits [30:31]
[26:27] EN_CLK2: Enable clock source 2, see bits [30:31]
[24:25] EN_CLK3: Enable clock source 3, see bits [30:31]
[22:23] EN_CLKA4: Enable clock source 4, see bits [30:31]
[20:21] EN_CLKS5: Enable clock source 5, see bits [30:31]
[18:19] EN_CLK®6: Enable clock source 6, see bits [30:31]
[16:17] EN_CLK7: Enable clock source 7, see bits [30:31]
[14:15] EN_ECLKO: Enable ECLK 0 generation subunit, see bits [30:31]
[12:13] EN_ECLKZ: Enable ECLK 1 generation subunit, see bits [30:31]
[10:11] EN_ECLK2: Enable ECLK 2 generation subunit, see bits [30:31]
[8:9] EN_FXCLK: Enable all CMU_FXCLK, see bits [30:31]
' Note: An enable to EN_FXCLK from disable state will reset the internal fixed clock counters.
Reserved
[0:7]

Note: Read as zero, should be written as zero.

3
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8.8.2 Register CMU_GCLK_NUM
Address offset: |see Appendix B Initial value: 0x0000_0001
0 ‘ 1 ‘ 2 ‘ 3 | 4 ‘ 5 | 6 ‘ 7|8 ‘ 9 |10‘11 ‘12‘13‘14‘15 16‘17‘18‘19‘20‘21‘22‘23 24‘25‘26|27‘28|29‘30‘31
Bit Reserved GCLK_NUM
Mode R RPw
Initial value 0x00 0x00001
Table 71. CMU_GCLK_NUM field description
Bit Description
Numerator for global clock divider. Defines numerator of the fractional divider.
Note: Value can only be modified when all clock enables EN_CLK[x] and the EN_FXCLK are
disabled.

(8:31] Note: The CMU hardware alters the content of CMU_GCLK_NUM and CMU_GCLK_DEN
automatically to 0x1, if CMU_GCLK_NUM is specified less than CMU_GCLK_DEN or
one of the values is specified with a value zero. Thus, a secure way for altering the
values is writing twice to the register CMU_GCLK_NUM followed by a single write to
register CMU_GCLK_DEN.

[07] Reserved

’ Note: Read as zero, should be written as zero.
8.8.3 Register CMU_GCLK_DEN
Address offset: |see Appendix B Initial value: 0x0000_0001
0 ‘ 1 ‘ 2 ‘ 3 | 4 ‘ 5 | 6 ‘ 7|8 ‘ 9 |10‘11 ‘12‘13‘14‘15 16‘17‘18‘19‘20‘21‘22‘23 24‘25‘26|27‘28|29‘30‘31
Bit Reserved GCLK_DEN
Mode R RPw
Initial value 0x00 0x000001
Table 72. CMU_GCLK_DEN field description
Bit Description
Denominator for global clock divider. Defines denominator of the fractional divider
Note: Value can only be modified when all clock enables EN_CLK[x] and the EN_FXCLK are
disabled.

8:31] Note: The CMU hardware alters the content of CMU_GCLK_NUM and CMU_GCLK_DEN
automatically to 0x1, if CMU_GCLK_NUM is specified less than CMU_GCLK_DEN or
one of the values is specified with a value zero. Thus, a secure way for altering the
values is writing twice to the register CMU_GCLK_NUM followed by a single write to
register CMU_GCLK_DEN.

07] Reserved

' Note: Read as zero, should be written as zero.
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8.8.4 Register CMU_CLK_[x]_CTRL (x:0...5)
Address offset: |see Appendix B Initial value: 0x0000_0000
0 ‘ 1 ‘ 2 ‘ 3 | 4 ‘ 5 | 6 ‘ 708 ‘ 9 |1o‘11 ‘12‘13‘14‘15 16‘17‘18‘19‘20‘21‘22‘23 24‘25‘26|27‘28|29‘30‘31
Bit Reserved CLK_CNT
Mode R RPw
Initial value 0x00 0x000000
Table 73. CMU_CLK_[x]_CTRL field description
Bit Description
CLK_CNT: Clock count. Defines count value for the clock divider of clock source
[8:31] CMU_CLK]|x] (x: 0...5).
Note: Value can only be modified when clock enable EN_CLK]|x] (x: 0...5) is disabled.
[07] Reserved
’ Note: Read as zero, should be written as zero.
8.8.5 Register CMU_CLK_6_CTRL

Address offset:

see Appendix B

Initial value:

0x0000_0000

0 ‘ 1 ‘ 2 ‘ 3 | 4 ‘ 5 | 6|7]|8 ‘ 9 |1o‘11 ‘12‘13‘14‘15 16‘17‘18‘19‘20‘21‘22‘23 24‘25‘26|27‘28|29‘30‘31
-
w
. w
Bit Reserved © CLK_CNT
t
O
Mode R § RPw
Initial value 0x00 0 0x000000

Table 74. CMU_CLK_6_CTRL field description

Bit

Description

[8:31]

CLK_CNT: Clock count. Define count value for the clock divider of clock source CMU_CLK®.
Note: Value can only be modified when clock enable EN_CLKG® is disabled

CLK6_SEL: Clock source selection for CMU_CLK®6.
0 = use Clock Source 6 Divider
1 = use signal SUB_INC2 of submodule DPLL
Note: Value can only be modified when clock enable EN_CLKG is disabled.

[0:6]

Reserved: reserved bits
Note: Read as zero, should be written as zero.
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8.8.6 Register CMU_CLK_7 CTRL

Address offset: |see Appendix B Initial value: 0x0000_0000
0 ‘ 1 ‘ 2 ‘ 3 | 4 ‘ 5 | 678 ‘ 9 |1o‘11 ‘12‘13‘14‘15 16‘17‘18‘19‘20‘21‘22‘23 24‘25‘26|27‘28|29‘30‘31
-
w
. (7]

Bit Reserved ~ CLK_CNT
5
(@]

Mode R é RPw

Initial value 0x00 0 0x000000

Table 75. CMU_CLK_7_CTRL field description

Bit Description

CLK_CNT: Clock count. Define count value for the clock divider of clock source CMU_CLK?7.
Note: Value can only be modified when clock enable EN_CLK? is disabled

CLK7_SEL: Clock source selection for CMU_CLK?.
0 = use Clock Source 7 Divider

8:31]

7
1 = use signal SUB_INC1 of submodule DPLL
Note: Value can only be modified when clock enable EN_CLK?7 is disabled.
Reserved
[0:6] v

Note: Read as zero, should be written as zero.

8.8.7 Register CMU_ECLK_[z] NUM (z:0...2)

Address offset: |see Appendix B Initial value: 0x0000_0001
0 ‘ 1 ‘ 2 ‘ 3 | 4 ‘ 5 | 6 ‘ 7|8 ‘ 9 |10‘11 ‘12‘13‘14‘15 16‘17‘18‘19‘20‘21‘22‘23 24‘25‘26|27‘28|29‘30‘31
Bit Reserved ECLK_NUM
Mode R RPw
Initial value 0x00 0x00001

Table 76. CMU_ECLK_[z] _NUM (z:0...2) field description

Bit Description
[8:31] Numerator for external clock divider. Defines numerator of the fractional divider.
' Note: Value can only be modified when clock enable EN_ECLK]Z] is disabled.
(07] Reserved
' Note: Read as zero, should be written as zero.
Note: The CMU hardware alters the content of CMU_ECLK_[z] NUM and CMU_ECLK_[z]_DEN

automatically to 0x1, if CMU_ECLK_[z]_NUM is specified less than CMU_ECLK [z] DEN
or one of the values is specified with a value zero. Thus, a secure way for altering the values
is writing twice to the register CMU_ECLK_[z]_NUM followed by a single write to register
CMU_ECLK_[z]_DEN.

3
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8.8.8 Register CMU_ECLK _[z] DEN (z:0...2)

Address offset: |see Appendix B Initial value: 0x0000_0001
0 ‘ 1 ‘ 2 ‘ 3 | 4 ‘ 5 | 6 ‘ 708 ‘ 9 |1o‘11 ‘12‘13‘14‘15 16‘17‘18‘19‘20‘21‘22‘23 24‘25‘26|27‘28|29‘30‘31
Bit Reserved ECLK_DEN
Mode R RPw
Initial value 0x00 0x000001

Table 77. CMU_ECLK_[z]_DEN field description

Bit Description
[8:31] Denominator for external clock divider. Defines denominator of the fractional divider.
' Note: Value can only be modified when clock enable EN_ECLK]Z] is disabled.
[07] Reserved
' Note: Read as zero, should be written as zero.
Note: The CMU hardware alters the content of CMU_ECLK [z] NUM and CMU_ECLK_[z]_DEN

automatically to 0x1, if CMU_ECLK_[z]_NUM is specified less than CMU_ECLK [z] DEN
or one of the values is specified with a value zero. Thus, a secure way for altering the values

is writing twice to the register CMU_ECLK_[z]_NUM followed by a single write to register
CMU_ECLK_[z]_DEN.

8.8.9 Register CMU_FXCLK_CTRL

Address offset: |see Appendix B Initial value: 0x0000_0000

0 ‘ 1 ‘ 2 ‘ 3 | 4 ‘ 5 | 6 ‘ 7 | 8 ‘ 9 |10‘11 ‘12‘13‘14‘15 16‘17‘18‘19‘20‘21‘22‘23 24‘25‘26|27 28|29‘30‘31
Bit Reserved FXCLK_SEL
Mode R RPw
Initial value 0x0000000 0x0

3
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Table 78. CMU_FXCLK_CTRL field description

Bit

Description

[28:31]

FXCLK_SEL: Input clock selection for EN_FXCLK line.

0000 = CMU_GCLK_EN selected.

0001 = CMU_CLKO selected.

0010 = CMU_CLK1 selected.

0011 = CMU_CLK2 selected.

0100 = CMU_CLKS selected.

0101 = CMU_CLK4 selected.

0110 = CMU_CLKS selected.

0111 = CMU_CLK®6 selected.

1000 = CMU_CLK?7 selected.

Note: This value can only be written, when the CMU_FXCLK generation is disabled. See bits
[8:9] in register CMU_CLK_EN.

Note: Other values for FXCLK_SEL are reserved and should not be used, but they behave like
FXCLK_SEL = 0.

[0:27]

Reserved
Note: Read as zero, should be written as zero.

112/558
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9 Time Base Unit (TBU)
9.1 Overview

3

The Time Base Unit TBU provides common time bases for the GTM-IP. The TBU
submodule is organized in channels, where the number of channels is device dependent.
There are at most three channels implemented inside the TBU. The TBU channel 0 time
base register TBU_CHO_BASE is 27 bits and it is configurable whether the lower 24-bit or
the upper 24-bit are provided to the GTM as signalTBU_TSO0. The two TBU channels 1 and
2 have a time base register TBU_CH[y] _BASE (y: 1, 2) of 24-bit length. The time base
register value TBU_TSJy] are provided to subsequent submodules of the GTM.

The TBU_UPJ[z] (z: 1...2) signals are set to high for a single SYS_CLK period, whenever the
corresponding signal TBU_TS|z] (z:1...2) is getting updated. The signal TBU_UPO_L is set
to high for a single SYS_CLK period if the signal TBU_TS0 and TBU_TSO0x is getting
updated and TBU_UPO_H is set to high for a single SYS_CLK period, whenever if the upper
24-bit of TBU_TSO0 are updated.

The time base channels can run independently of each other and can be enabled and
disabled synchronously by control bits in a global TBU channel enable register TBU_CHEN.
Section 9.1.1: TBU block diagram shows a block diagram of the Time Base Unit.
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9.1.1 TBU block diagram

Figure 19. TBU block diagram
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Depending on the device a third TBU channel exists which offers the same functionality as
the time base channel 1.

3
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9.2

9.21

9.21.1

9.21.2

9.3

3

The configuration of the independent time base channels TBU_BASE_|[Z] is done via the
AEl interface. Each TBU channel may select one of the eight CMU_CLK]x] (x: 0...7) signals
coming from the CMU submodule.

For TBU channels 1 and 2 an additional clock signal SUB_INCJ[y]c (y: 1, 2) coming from the
DPLL can be selected as input clock for the TBU_BASE_[y]. This clock in combination with
the DIR[y] signals determines the counter direction of the TBU_BASE_[y].

The selected time stamp clock signal for the TBU_BASE_0 subunit is served via the
TS_CLK signal line to the DPLL submodule. The TS_CLK signal equals the signal
TBU_UPO.

TBU time base channels

The time base values are generated within the TBU time base channels in two independent
operation modes.

TBU channel modes

TBU channel 0 provides a 27-bit counter in a free running counter mode. Depending on the
bit field LOW_RES of register TBU_CHO_CTRL, the lower 24 bits (bit 0 to 23) or the upper
24 bits (bits 3 to 26) are provided to the GTM submodules.

TBU channel 1 and channel 2 can run in two modes; the free running counter mode and
forward/backward counter mode, where the time base can run backwards depending on the
DIR[y] input signal values.

In both modes, the time base register TBU_CH[z]_BASE can be initialized with a start value
just before enabling the corresponding TBU channel.

Moreover, the time base register TBU_CH[z]_BASE can always be read in order to
determine the actual value of the counter.
Free running counter mode

In TBU Free running counter mode, the time base register TBU_CH[y]_BASE is updated
on every specified incoming clock event by the selected signal CMU_CLK][x] (depending on
TBU_CH[z]_CTRL register). In general the time base register TBU_CH[y]_BASE is
incremented on every CMU_CLK[x] clock tick.

Forward/backward counter mode

As mentioned above TBU channels 1 and 2 can also be configured to run in
forward/backward counter mode. In this mode the DIR[y] signal provided by the DPLL is
taken into account.

The value of the time base register TBU_CHJ[y]_BASE is incremented in case when the
DIR[y] signal equals ‘0’ and decremented in case when the DIR[y] signal is ‘1’.

TBU configuration registers overview

Following table lists the configuration registers of the TBU.
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Table 79. TBU configuration registers

Register name Description Details in section
TBU_CHEN TBU global channel enable Section 9.4.1
TBU_CHO_CTRL TBU channel 0 control Section 9.4.2
TBU_CHO_BASE TBU channel 0 base Section 9.4.3
TBU_CH1_CTRL TBU channel 1 control Section 9.4.4
TBU_CH1_BASE TBU channel 1 base Section 9.4.5
TBU _CH2 _CTRL TBU channel 2 control Section 9.4.4
TBU_CH2_BASE TBU channel 2 base Section 9.4.5

Note: The standard configuration of the TBU implements only channels 0 and 1. Refer to the
Appendix B of the target GTM-IP implementation to know if channel 2 is available (see
Section 22.3: References).
9.4 TBU registers description
9.4.1 Register TBU_CHEN
Address offset: |see Appendix B Initial value: 0x0000_0000
0 ‘ 1 ‘ 2 ‘ 3 | 4 ‘ 5 | 6 ‘ 7 | 8 ‘ 9 |10‘11 ‘12‘13‘14‘15 16‘17‘18‘19‘20‘21‘22‘23 24‘25 26|27 28|29 30‘31
T | |2
O O O
Bit Reserved @ o @'
[a] [a] a
P4 P4 P4
L L Ll
Mode R RW | RW | RW
Initial value 0x000000 00 00 00
Table 80. TBU_CHEN field description
Bit Description
ENDIS_CHO: TBU channel 0 enable/disable control.
Write of following double bit values is possible:
00 = don't care, bits 1:0 will not be changed
01 = channel disabled: is read as 00 (see below)
[30:31] 10 = channel enabled: is read as 11 (see below)
11 = don't care, bits 1:0 will not be changed
Note: Read of following double values means:
00 = channel disabled
11 = channel enabled
[28:29] ENDIS_CH1: TBU channel 1 enable/disable control. See bits [30:31]
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Table 80. TBU_CHEN field description

Bit Description

ENDIS_CH2: TBU channel 2 enable/disable control. See bits [30:31]

[26:27] Note: These bits are only applicable if channel is implemented for this device, otherwise read
and write as zero

Reserved

0:25
[ ] Note: Read as zero, should be written as zero.

9.4.2 Register TBU_CHO_CTRL

Address offset: |see Appendix B Initial value: 0x0000_0000

0 ‘ 1 ‘ 2 ‘ 3 | 4 ‘ 5 | 6 ‘ 7 | 8 ‘ 9 |10‘11 ‘12‘13‘14‘15 16‘17‘18‘19‘20‘21‘22‘23 24‘25‘26|27 28|29‘30 31

O
x )
w w
. [ 4
Bit Reserved x I
o B
[ o
T e}

(@]
Mode R RPw SNP
Initial value 00x0000000 000 0

Table 81. TBU_CHO_CTRL field description

Bit Description
LOW_RES: TBU_CHO_BASE register resolution.
0 = TBU channel uses lower counter bits (bit 0 to 23)
31 1 = TBU channel uses upper counter bits (bit 3 to 26)
Note: The two resolutions for the TBU channel 0 can be used in the TIM channel 0 and the
DPLL submodules.
Note: This value can only be modified if channel 0 is disabled.
CH_CLK_SRC: Clock source for channel x (x:0...2) time base counter
000 = CMU_CLKO selected
001 = CMU_CLK1 selected
010 = CMU_CLK2 selected
011 = CMU_CLKS selected
[28:30] 100 = CMU_CLK4 selected
101 = CMU_CLKS5 selected
110 = CMU_CLK®6 selected
111 = CMU_CLK?7 selected
Note: This value can only be modified if channel 0 is disabled.
[0:27] Reserved
Note: Read as zero, should be written as zero.

3
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9.4.3 Register TBU_CHO_BASE
Address offset: |see Appendix B Initial value: 0x0000_0000
0 ‘ 1 ‘ 2 ‘ 3 | 415 | 6 ‘ 7 | 8 ‘ 9 |10‘11 ‘12‘13‘14‘15 16‘17‘18‘19‘20‘21‘22‘23 24‘25‘26|27‘28|29‘30‘31
Bit Reserved BASE
Mode R RPw
Initial value 0x00 0x000000
Table 82. TBU_CHO_BASE field description
Bit Description
BASE: Time base value for channel 0.
[5:31] Note: The value of BASE can only be written if the TBU channel 0 is disabled
' Note: If channel 0 is enabled, a read access to this register provides the current value of the
underlying 27-bit counter.
[0:4] Reserved
' Note: Read as zero, should be written as zero.
9.44 Register TBU_CH[y]_CTRL (y:1, 2)
Address offset: |see Appendix B Initial value: 0x0000_0000
0 | 1 ‘ 2 ‘ 3 ‘ 4 ‘ 5 ‘ 6 ‘ 7 ‘ 8 ‘ 9 ‘10‘11 ‘12‘13|14‘15 16‘17|18‘19|20‘21|22‘23 24‘25|26‘27 28‘29‘30 31
£ |uw
(/)I 8
Bit Reserved x s
) |
|3
(@]
Mode R RPw '?NP
Initial value 0x0000000 000 0
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Table 83. TBU_CHJy]_CTRL field description
Bit Description
CH_MODE: Channel mode
0 = Free running counter mode
1 = Forward/backward counter mode
31 Note: This value can only be modified if channel y (y:1,2) is disabled. In Free running counter
mode the CMU clock source specified by CH_CLK_SRC is used for the counter. In
Forward/Backward counter mode the SUB_INC]Jy]c clock signal in combination with the
DIR[y] input signal is used to determine the counter direction and clock frequency.
CH_CLK_SRC: Clock source for channel y (y: 1...2) time base counter
000 = CMU_CLKO selected
001 = CMU_CLK1 selected
010 = CMU_CLK2 selected
011 = CMU_CLKS selected
28: -
[28:30] 100 = CMU_CLK4 selected
101 = CMU_CLKS5 selected
110 = CMU_CLK®6 selected
111 = CMU_CLK?7 selected
Note: This value can only be modified if channel y was disabled
[0:27] Reserved .
Note: Read as zero, should be written as zero.
9.4.5 Register TBU_CH[y] BASE (y:1,2)

Address offset:

see Appendix B

Initial value:

0x0000_0000

0 |1 ‘2 ‘3 ‘4 ‘5 ‘6 ‘7 8‘ 9‘10‘11‘12‘13|14‘15

16‘17|18‘19|20‘21|22‘23 24‘25|26‘27‘28‘29‘30‘31

Bit Reserved BASE
Mode R RPw
Initial value 0x00 0x000000

Table 84. TBU_CHJy]_BASE field description

Bit Description
BASE: Time base value for channel y (y: 1, 2)
[8:31] Note: The value of BASE can only be written if the corresponding TBU channel y is disabled
' Note: If the corresponding channel y is enabled, a read access to this register provides the
current value of the underlying counter.
[07] Reserved

Note: Read as zero, should be written as zero.

3
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10 Timer Input Module (TIM)

10.1 Overview

The Timer Input Module (TIM) is responsible for filtering and capturing input signals of the
GTM. Several characteristics of the input signals can be measured inside the TIM channels.
For advanced data processing the detected input characteristics of the TIM module can be
routed through the ARU to subsequent processing units of the GTM.

Input characteristics mean either time stamp values of detected input rising or falling edges
together with the new signal level or the number of edges received since channel enable
together with the actual time stamp or PWM signal durations for a whole PWM period.

The architecture of TIM is shown in Figure 20.

3
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10.1.1 TIM block diagram
Figure 20. TIM block diagram
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The number of channels m inside a TIM submodule depends on the device.

Each of the m dedicated input signals are filtered inside the FLTx subunit of the TIM Module.
It should be noted that the incoming input signals are synchronized to the clock SYS_CLK,
resulting in a delay of two SYS_CLK periods for the incoming signals.

The submodule TIM provides different filter mechanisms described in more detail in
Section 10.2: TIM filter functionality (FLT). After filtering, the signal is routed to the
corresponding TIM channel.

The measurement values can be read by the CPU directly via the AEI-Bus or they can be
routed through the ARU to other submodules of the GTM.
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10.1.2

10.1.2.1

122/558

For timeout detection of an incoming signal (no subsequent edge detected during a
specified duration) each individual channel has a Timeout Detection Unit (TDU).

For the GTM-IP TIMO submodule only, the dashed signal outputs TIM[i]_CH[x](23:0),
TIM[i]_CHIx](47:24) and TIM[i]_CHI[x](48) come from the TIMO submodule channels zero (0)
to five (5) and are connected to MAP submodule. There, they are used for further
processing and for routing to the DPLL.

The two (three) time bases coming from the TBU are connected to the TIM channels to
annotate time stamps to incoming signals. For TIMO the extended 27-bit width time base
TBU_TSO0 is connected to the TIM channels, and the user has to select if the lower 24 bits
(TBU_TSO0(23...0)) or the higher 24 bits (TBU_TS0(26...3)) are stored inside the GPRO and
GPRL1 registers.

Input source selection INPUTSRCXx

The fields CICTRL (in TIM[i]_CH[x]_CTRL register), MODE_x and VAL_x (in
TIM[i]_IN_SRC register) allow to select the source of the input signal to be processed by
the filter, timeout detection and TIM channel stages.

INPUTSRC block diagram

Figure 21. INPUTSRC block diagram
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In a certain MODE_x, VAL_x combination the input signal F_IN(x) can be driven by
VAL_x(1) with 0 or 1 directly.

The m channels of a TIM[i] submodule are bundled in the register TIM[i]_IN_SRC allowing a
synchronous control of all the input channels.

Two adjacent channels can be combined by setting the CICTRL bit field in the
corresponding TIM[i]_CHI[x]_CTRL register. This allows for a combination of complex
measurements on one input signal with two TIM channels.

The additional input signal AUX_IN[x] can be selected as an input signal. The source of this
signal is defined in the Figure 3: GTM-IP_103 signal multiplex.

3
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10.1.3 External capture source selection EXTCAPSRCx

Each channel can operate on an external capture signal EXT_CAPTURE. The source to
use for this signal can be configured by the bit field EXT_CAP_SRCXx in the register

TIM[i]_CH[x]_ECTRL.
Figure 22. EXTCAPSRC block diagram
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The external capture functionality for the TIM[i] channel x can be enabled with the bit
EXT_CAP_EN in the register TIM[i]_CH[x]_CTRL; it will trigger on each rising edge. A
pulse generation for each rising edge of the selected input signal TIM_IN[x] and AUX_IN[x]
is applied.

The six channel interrupt sources for TIM[i] can be triggered by the TIM[i] channel mode.
Alternatively they can be issued by a software trigger setting the corresponding bit in the
TIM[i]_CH[x+1]_IRQ_FORCINT register.
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10.2

10.2.1

10.2.1.1
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TIM filter functionality (FLT)

Overview

The TIM submodule provides a configurable filter mechanism for each input signal. These
filter mechanism is provided inside the FLT subunit.

FLT architecture is shown in Figure 23.

The filter includes a clock synchronization unit (CSU), an edge detection unit (EDU), and a
filter counter associated to the filter unit (FLTU).

The CSU is synchronizing the incoming signal F_IN to the selected filter clock frequency,
which is controlled with the bit field FLT _CNT_FRQ of register TIM[i] _CH[x]_CTRL.

The synchronized input signal F_IN_SYNC is used for further processing within the filter.

It should be noted that glitches with a duration less than the selected CMU clock period are
lost.

The filter modes can be applied individually to the falling and rising edges of an input signal.
The following filter modes are available:

e Immediate edge propagation mode

e Individual de-glitch time mode (up/down counter)

e Individual de-glitch time mode (hold counter)

FLT architecture

Figure 23. FLT architecture
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The filter parameters (deglitch and acceptance time) for the rising and falling edge can be
configured inside the two filter parameter registers FLT_RE (rising edge) and FLT_FE
(falling edge). The exact meaning of the parameter depends on the filter mode.

However the delay time T of both filter parameters FLT_xE can always be determined by:

T = (FLT_XE+1) - Te 1 oLk

whereas Tg 1 ¢ is the clock period of the selected CMU clock signal in bit field
FLT _CNT_FRQ of register TIM[i]_CH[x]_CTRL.

When a glitch is detected on an input signal a status flag GLITCHDET is set inside the
TIM[I]_CHI[x]_IRQ_NOTIFY register.

Table 85 gives an overview about the meanings for the registers FLT_RE and FLT_FE. In
the individual deglitch time modes, the actual filter threshold for a detected regular edge is
provided on the TIM[i]_CH[x](47:24) output line. In the case of immediate edge propagation
mode, a value of zero is provided on the TIM[i]_CH[x](47:24) output line.

The TIM[i]_CHI[x](47:24) output line is used by the MAP submodule for further processing
(please see Chapter 15: TIMO input mapping module (MAP)).

10.2.1.2  Filter parameter summary for the different filter modes
Table 85. Filter parameter summary for the different filter modes
Filter mode Meaning of FLT_RE Meaning of FLT_FE
Immediate edge propagation | Acceptance time for rising edge Acceptance time for falling edge
Individual de-glitch time . . . . . .
(up/down counter) De-glitch time for rising edge De-glitch time for falling edge
Individual de-glitch time (hold . . - . . .
counter) De-glitch time for rising edge De-glitch time for falling edge
A counter FLT_CNT is used to measure the glitch and acceptance times.
The frequency of the FLT_CNT counter is configurable in bit field FLT_CNT_FRQ of register
TIM[i]_CHI[x]_CTRL.
The counter FLT_CNT can either be clock with the CMU_CLKO, CMU_CLK1, CMU_CLK6
or the CMU_CLK?7 signal. These signals are coming from the CMU submodule.
The FLT_CNT, FLT_FE and FLT_RE registers are 24-bit width. For example, when the
resolution of the CMU_CLKO signal is 50 ns this allows maximal de-glitch and acceptance
times of about 838 ms for the filter.
10.2.2 TIM filter modes
10.2.2.1 Immediate edge propagation mode

3

In immediate edge propagation mode after detection of an edge the new signal level on
F_IN_SYNC is propagated to F_OUT with a delay of one Tg 1 ¢k period and the new
signal level remains unchanged until the configured acceptance time expires.
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For each edge type the acceptance time can be specified separately in the FLT_RE and
FLT_FE registers.

Each signal change on the input F_IN_SYNC during the duration of the acceptance time
has no effect on the output signal level F_OUT of the filter but it sets the glitch GLITCHDET
bit in the TIM[i]_CH[x]_IRQ_NOTIFY register.

After it expires an acceptance time the input signal F_IN_SYNC is observed and on signal
level change the filter raises a new detected edge and the new signal level is propagated to
F_OUT.

Independent of a signal level change the value of F_OUT is always setto F_IN_SYNC,
when the acceptance time expires (see also Figure 25).

Figure 24 shows an example for the immediate edge propagation mode, in the case of rising
edge detection. Both, the signal before filtering (F_IN) and after filtering (F_OUT) are
shown. The acceptance time atl is specified in the register FLT_RE.

Figure 24. Immediate edge propagation mode in the case of arising edge
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In immediate edge propagation mode the glitch measurement mechanism is not applied to
the edge detection. Detected edges on F_IN_SYNC are transferred directly to F_OUT.

The counter FLT_CNT is incremented until acceptance time threshold is reached.
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Figure 25 shows a more complex example of the TIM filter, in which both, rising and falling

edges are configured in immediate edge propagation mode.

Figure 25. Immediate edge propagation mode in the case of arising and falling edge
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10.2.2.2
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If the FLT_CNT has reached the acceptance time for a specific signal edge and the signal
F_IN_SYNC has already changed to the opposite level of F_OUT, the opposite signal level
is set to F_OUT and the acceptance time measurement is started immediately. Figure 25
shows this scenario at the detection of the first rising edge and the second falling edge.

Individual de-glitch time mode (up/down counter)

In individual de-glitch time mode (up/down counter) each edge of an input signal can be
filtered with an individual de-glitch threshold filter value mentioned in the registers FLT_RE
and FLT_FE, respectively.

The filter counter register FLT_CNT is incremented when the signal level on F_IN_SYNC is
unequal to the signal level on F_OUT and decremented if F_IN_SYNC equals F_OUT.

After FLT_CNT has reached a value of zero during decrementation the counter is stopped
immediately.

If a glitch is detected a glitch detection bit GLITCHDET is set in the
TIM[I]_CHI[x]_IRQ_NOTIFY register.

The detected edge signal together with the new signal level is propagated to F_OUT after
the individual de-glitch threshold is reached. Figure 26 shows the behavior of the filter in
individual de-glitch time (up/down counter) mode in the case of the rising edge detection.
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Figure 26. Individual de-glitch time mode (up/down counter) in the case of a rising
edge
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10.2.2.3 Individual de-glitch time mode (hold counter)

In individual de-glitch time mode (hold counter) each edge of an input signal can be filtered
with an individual de-glitch threshold filter value mentioned in the registers FLT_RE and
FLT_FE, respectively.

The filter counter register FLT_CNT is incremented when the signal level on F_IN_SYNC is
unequal to the signal level on F_OUT and the counter value of FLT_CNT is hold if F_IN
equals F_OUT.

If a glitch is detected the glitch detection bit GLITCHDET is set in the
TIM[i]_CHI[x]_IRQ_NOTIFY register.

The detected edge signal together with the new signal level is propagated to F_OUT after
the individual de-glitch threshold is reached. Figure 27 shows the behavior of the filter in
individual de-glitch time (hold counter) mode in the case of the rising edge detection.

3
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Figure 27. Individual de-glitch time mode (hold counter) in the case of arising edge
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10.2.2.4 Immediate edge propagation and individual de-glitch mode

As already mentioned, the three different filter modes can be applied individually to each
edge of the measured signal.

However, if one edge is configured with immediate edge propagation and the other edge
with an individual deglitch mode (whether up/down counter or hold counter) a special
consideration has to be applied.

Assume that the rising edge is configured for immediate edge propagation and the falling
edge with individual deglitch mode (up/down counter) as shown in Figure 28.

If the falling edge of the incoming signal already occurs during the measuring of the
acceptance time of the rising edge, the measurement of the deglitch time on the falling edge
is started delayed, but immediately after the acceptance time measurement phase of the
rising edge has finished.

Consequently, the deglitch counter can not measure the time Tgrrogr, @s shown in
Figure 28.

3
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Figure 28. Mixed mode measurement
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TIM filter reconfiguration

If FLT_EN=1 a change of FLT_RE or FLT_FE will take place immediately.

If FLT_EN=1 a change of FLT_MODE_RE or FLT_MODE_FE will be used with the next
occurring corresponding edge. If the mode is changed while the filter unit is processing a
certain mode, it will end this edge filtering in the mode as started.

If FLT_EN=1 a change of FLT_CTR_RE or FLT_CTR_FE will take place immediately.

Timeout Detection Unit (TDU)

The Timeout Detection Unit (TDU) is responsible for timeout detection of the TIM input
signals.

Each channel of the TIM submodule has its own Timeout Detection Unit (TDU) where a
timeout event can be set up on the filtered input signal of the corresponding channel.

The TDU architecture is shown in Figure 29: TDU block diagram.

3
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Figure 29. TDU block diagram
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It is possible to detect timeouts with the resolution of the CMU_CLKXx input signal selected
with the bit field TCS of the register TIM[i]_CH[x]_TDUV. The individual timeout values
have to be specified in number of ticks of the selected input clock signal and have to be
specified in the field TOV of timeout value register TIM[i]_CH[x]_TDUV of the TIM channel
X.

The exact time out value T1p can be calculated with:

Trpy = (TOVH) - Tomy cLkx

whereas Tcwy_cLkx IS the clock period of the selected CMU clock signal.

Timeout detection can be enabled or disabled individually inside the TIM[i]_CH[x]_CTRL
register by setting/resetting the TOCTRL bit.

Timeout detection can be enabled to be sensitive to falling, rising or both edges of the input
signal by writing the corresponding values to the bit field TOCTRL.

The counter TO_CNT is reset by each detected valid input edge coming either from the
filtered input signal or when the timeout value TOV is reached by the counter TO_CNT.

After such a reset or by enabling the channel inside the TIM[i]_CH[x]_CTRL register the
counter TO_CNT starts counting again from value 0 with the specified clock input signal.

Otherwise, timeout measurements start immediately after the TOCTRL bit inside the
TIM[i]_CHI[x]_CTRL register is written (enabled).
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The TDU generates an interrupt signal TIM_TODETx_IRQ whenever a timeout is detected
for an individual input signal, and the TODET bit is set inside the
TIM[i]_CHI[x]_IRQ_NOTIFY register.

In addition, when the ARU access is enabled with the ARU_EN bit inside the
TIM[i]_CHI[x]_CTRL register, the actual values stored inside the TIM[i]_CH[x]_GPRO and
TIM[i]_CHI[x]_GPR1 registers are sent together with the last stored signal level to the ARU
if a timeout event occurs.

To signal that a timeout occurred, the ARU_OUT(50) bit (ACB(2)) is set. The bit ACB(0) will
be updated with the timeout event to the signal level on which the timeout was detected.

Thus, a destination could determine if a timeout occurred at the TIM input by evaluating
ACB bit 2.

Since the TIM channel still monitors its input pin although the timeout happened, a valid
edge could occur at the input pin while the timeout information is still valid at the ARU. In
that case, the new edge associated data is stored inside the registers TIM[i]_CH[x]_GPRO
and TIM[i]_CHI[x]_GPR1, the GPR overflow detected bit is set together in the ACB field
(ACB(1)) with the timeout bit (ACB(2)) and the values are marked as valid to the ARU.

The ACB bit 2 is cleared, when a successful ARU write access by the TIM channel took
place.

The ACB bit 1 is cleared after a successful ARU write access by the TIM channel took
place.

When a valid edge initiates an ARU write access which has not ended while a new timeout
occurs, the GPR overflow detected bit (ACB(1)) is set. The bit ACB(0) will be updated to the
level on which the timeout occurred.

When a timeout occurred and initiates an ARU write access which has not ended while a
new timeout occurs the GPR overflow detected bit (ACB(1)) is not set.

The following table clarifies the meaning of the ACB bits for valid data provided by a TIM
channel.

Table 86. ARU Control Bits (ACB) definition for valid data provided by a TIM channel

ACB4/3 | ACB2 ACB1 ACBO Description
dc 0 0 SL Valid edge detected
dc 0 1 SL Input edge overwritten by subsequent edge
dc 1 0 SL Timeout detected without valid edge
dc 1 1 SL Timeout detected with subsequent valid edge detected
10.4 TIM channel architecture
10.4.1 Overview
Each TIM channel consists of an input edge counter ECNT, a Signal Measurement Unit
(SMU) with a counter CNT, a counter shadow register CNTS for SMU counter and two
general purpose registers GPRO and GPR1 for value storage.
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The value TOV of the timeout register TIM[i]_CH[x]_TDU is provided to TDU subunit of
each individual channel for timeout measurement. The architecture of the TIM channel is
depicted in Figure 30.

Figure 30. TIM channel architecture
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Each TIM channel receives both input trigger signals REDGE_DETx and FEDGE_DETYX,
generated by the corresponding filter module in order to signalize a detected echo of the
input signal F_INx. The signal F_OUTx shows the filtered signal of the channel's input signal
F_INXx.

The edge counter ECNT counts every incoming filtered edge (rising and falling). The
counter value is uneven in case of detected rising, and even in case of detected falling
edge. Thus, the input signal level is part of the counter and can be obtained by bit 0 of
ECNT. (However, the actual counter implementation counts only falling edges on ECNT[n:1]
bits. It generates ECNT by composing the ECNT[n:1] bits with F_OUTx as bit 0).

3
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Thus, the whole ECNT counter value is always odd, when a positive edge was received and
always even, when a negative edge was received.

The current ECNT[7:0] register content is made visible on the bits 31 down to 24 of the
registers GPRO, GPR1 and CNTS. This allows the software to detect inconsistent read
accesses to registers GPRO, GPR1, and CNTS. However, the update strategy of these
registers depends on the selected TIM modes, and thus the consistency check has to be
adapted carefully.

It can be chosen with the bit field FR_ECNT_OFL when an ECNT overflow is signaled on
ECNTOFL. An ECNT overflow can be signaled on 8 bit or full range resolution.

While reading the register TIM[i]_CH[x]_ECNT the bit ECNT[0] shows the input signal
value F_OUTx independent of the state (enabled / disabled) of the channel. If a channel
gets disabled (OSM mode or resetting TIM_EN) the content of TIM[i]_CH[x]_ECNT will be
frozen until a read of the register takes place. This read will reset the ECNT counter.
Continuing reads will show the input signal value in bit ECNT[O] again.

When new data is written into GPRO and GPR1 the NEWVAL bit is set in
TIM[I]_CHI[x]_IRQ_NOTIFY register and depending on the corresponding enable bit value
the NEWVALXx_IRQ interrupt is raised.

Each TIM input channel has an ARU connection for providing data via the ARU to the other
GTM submodules. The data provided to the ARU depends on the TIM channel mode and its
corresponding adjustments (e.g. multiplexer configuration).

The bit ARU_EN of register TIM[i]_CH[x]_CTRL decides, whether the measurement results
of registers GPRO and GPR1 are consumed by another submodule via ARU (ARU_EN = 1)
or the CPU via AEI (ARU_EN = 0).

To guarantee a consistent delivery of data from the GPRO and GPR1 registers to the ARU or
the CPU each TIM channel has to ensure that the data is consumed before it is overwritten
with new values.

If new data was produced by the TIM channel (bit NEWVAL is set inside
TIM[i]_CHI[x]_IRQ_NOTIFY register) while the old data is not consumed by the ARU
(ARU_EN = 1) or CPU (ARU_EN = 0), the TIM channel sets the GPROFL bit inside the
status register TIM[i]_CH[x]_IRQ_NOTIFY and it overwrites the data inside the GPRO and
GPRL1 registers. In addition, when ARU_EN = 1, the bit ACB(1) bit is set to 1 to indicate the
overflow in the ARU data.

If the CPU is selected as consumer for the GPRO and GPRL1 registers (ARU_EN = 0), the
acknowledge for reading out data is performed by a read access to the register GPRO.
Thus, register GPR1 should be read always before GPRO.

If the ARU is selected as consumer for the GPRO and GPR1 registers (ARU_EN = 1), the
acknowledge for reading out data is performed by the ARU itself. However, the GPRO and
GPR1 registers could be read by CPU without giving an acknowledge.

TIM channel modes

The TIM provides six different measurement modes that can be configured with the bit field
TIM_MODE of register TIM[i]_CH[x]_CTRL. The measurement modes are described in the
following subsections. Besides these different basic measurement modes, there exist

3
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distinct configuration bits in the register TIM[i]_CH[x]_CTRL for a more detailed control of

each mode. The meanings of these bits are as follows:

e  DSL: control the signal level for the measurement modes (e.g. if a measurement is
started with rising edge or falling edge, or if high level pulses or low level pulses are
measured.

e EGPRO_SEL, GPRO_SEL and EGPR1_SEL, GPR1_SEL: control the actual content of
the registers GPRO and GPR1 after a measurement has finished.

e CNTS_SEL: control the content of the registers CNTS. The actual time for updating the
CNTS register is mode dependent.

e  OSM: activate measurement in one-shot mode or continuous mode. In one-shot mode
only one measurement cycle is performed and after that the channel is disabled.

e NEWVAL: the NEWVAL IRQ interrupt is triggered at the end of a measurement cycle,
signaling that the registers GPR0 and GPR1 are updated.

e ARU_EN: enables sending of the registers GPRO and GPR1 together with the actual
signal level (in bit 48) and the overflow signal GPROFL (in bit 49), and the timeout
status information (bit 50) to the ARU.

e EXT_CAP_EN: forces an update of the registers GPRO and GPR1 and CNTS (TIM
channel mode dependant) only on each rising edge of the EXT_CAPTURE signal and
triggers a NEWVAL IRQ interrupt. If this mode is disabled the NEWVAL IRQ interrupt is
triggered at the end of each measurement cycle.

For each channel the source of the EXT_CAPTURE signal can be configured with the
bit fields EXT_CAP_SRC in the register TIM[i] _CH[x]_ECTRL.

TIM PWM Measurement Mode (TPWM)

In TIM PWM Measurement Mode the TIM channel measures duty cycle and period of an
incoming PWM signal. The DSL bit defines the polarity of the PWM signal to be measured.

When measurement of pulse high time and period is requested (PWM with a high level duty
cycle, DSL=1), the channel starts measuring after the first rising edge is detected by the
filter.

Measurement is done with the CNT register counting with the configured clock coming from
CMU_CLKXx until a falling edge is detected.

Then the counter value is stored inside the shadow register CNTS (if CNTS_SEL = 0) and
the counter CNT counts continuously until the next rising edge is reached.

On this following rising edge the content of the CNTS register is transferred to GPR0O and
the content of CNT register is transferred to GPR1, assuming settings for the selectors
GPRO_SEL=11 and GPR1_SEL=11. By this, GPRO contains the duty cycle length and
GPRL1 contains the period. It should be noted, that the bits 1 to 7 of the ECNT may be used
to check data consistency of the registers GPRO and GPR1.

In addition the CNT register is cleared NEWVAL status bit inside of
TIM[I]_CHI[x]_IRQ_NOTIFY status register and depending on corresponding interrupt

enable condition TIM_NEWVALX_IRQ interrupt is raised.

The CNTS register update is not performed until the measurement is started (first edge
defined by DSL is detected). Afterwards each edge leaving the level defined by DSL is
performing a CNTS register update.
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If a PWM with a low level duty cycle should be measured (DSL = 0), the channel waits for a
falling edge until measurement is started. On this edge the low level duty cycle time is
stored first in CNTS and then finally in GPRO and the period is stored in GPR1.

When a PWM period was successfully measured, the data in the GPRO and GPR1 registers
is marked as valid for reading by the ARU when the ARU_EN bit is set inside
TIM[i]_CHI[x]_CTRL register, the NEWVAL bit is set inside the TIM[i]_CH[x]_IRQ_NOTIFY
register, and a new measurement is started.

If the preceding PWM values were not consumed by a reader attached to the ARU
(ARU_EN bit enabled) or by the CPU the TIM channel set GPROFL status bit in
TIM[I]_CHI[x]_IRQ_NOTIFY and depending on the corresponding interrupt enable bit value
raises a GPROFL_IRQ and overwrites the old values in GPRO and GPR1. A new
measurement is started afterwards.

If the register CNT produces an overflow during the measurement, the bit CNTOFL is set
inside the register TIM[i]_CH[x]_IRQ_NOTIFY and interrupt TIM_CNTOFL][x]_IRQ is raised
depending on the corresponding interrupt enable condition.

If the register ECNT produces an overflow during the measurement, the bit ECNTOFL is set
inside the register TIM[i]_CH[x]_IRQ_NOTIFY and interrupt TIM_ECNTOFL[x]_IRQ is
raised depending on the corresponding interrupt enable condition.

10.4.2.1.1 External capture TIM PWM Measurement Mode (TPWM)
If external capture is enabled, the PWM measurement is done continuously. The actual
measurement values are captured to GPRXx if an external capture events occurs.
Operation is done depending on CMU clock, ISL, DSL bit and the input signal value defined
in next table.
Table 87. External capture TPWM operation
Input signal Selected CMU . .
F_OUTX clock External capture | ISL DSL Action description
0 1 0 - 0 CNT++
1 1 0 - 0 No
Rising edge - 0 0 0 Capture CNT value in CNTS
Falling edge - 0 0 0 CNT=0
Rising edge - 0 1 0 No
. Capture CNT value in CNTS;
Falling edge - 0 1 0 CNT=0
1 1 0 - 1 |CNT++
0 1 0 - 1 No
Falling edge - 0 0 1 Capture CNT value in CNTS
Rising edge - 0 0 1 CNT=0
Falling edge - 0 1 1 No
. Capture CNT value in CNTS;
Rising edge - 0 1 1 CNT=0
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Table 87. External capture TPWM operation (continued)

Input signal
F_OUTx

Selected CMU

clock ISL

External capture DSL Action description

Do GPRx capture; issue

- Rising edge - ) NEWVAL_IRQ

0 0 - - No
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The CNTS register update is not performed until the measurement is started (first edge
defined by DSL is detected). Afterwards, the update of CNTS register is defined by ISL and
DSL combinations as described in Table 87.

TIM Pulse Integration Mode (TPIM)

In TIM Pulse Integration Mode each TIM channel is able to measure a sum of pulse high or
low times on an input signal, depending on the selected signal level bit DSL of register
TIM[i]_CHI[x]_CTRL register.

The pulse times are measured by incrementing the TIM channel counter CNT whenever the
pulse has the specified signal level DSL. The counter is stopped whenever the input signal
has the opposite signal level.

The counter CNT counts with the CMU_CLKXx clock specified by the CLK_SEL bit field of
the TIM[i]_CH[x]_CTRL register.

The CNT register is reset at the time the channel is activated (enabling via AE| write access)
and it accumulates pulses while the channel is staying enabled.

Whenever the counter is stopped, the registers CNTS, GPRO and GPR1 are updated
according to settings of its corresponding input multiplexers, using the bits EGPRO_SEL,
EGPR1_SEL, GPRO_SEL, GPR1_SEL, and CNTS_SEL. It should be noted, that the bits 1
to 7 of the ECNT may be used to check data consistency of the registers GPRO and GPR1.

When the ARU_EN bit is set inside the TIM[i]_CH[x]_CTRL register the measurement
results of the registers GPRO and GPR1 can be send to subsequent submodules attached
to the ARU.

External capture TIM Pulse Integration Mode (TPIM)

If external capture is enabled, the pulse integration is done until next external capture event
occurs.

Operation is done depending on cmu clock, DSL bit and the input signal value defined in
next table.

Table 88. External capture TPIM operation

Inlgfgzi_gl]_)r(]al SelegrgSkCMU E);tpetrunrzl ISL DSL Action description
0 1 0 - 0 CNT++
1 1 0 - 0 No
1 1 0 - 1 CNT++
0 1 0 - 1 No
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Table 88. External capture TPIM operation (continued)

Input signal | Selected CMU External . .
F_OUTX clock capture ISL DSL Action description
) ) Risina edae ) ) Do capture; issue
g edg NEWVAL_IRQ; CNT=0
- 0 0 - - No

TIM Input Event Mode (TIEM)
In TIM input event mode the TIM channel is able to count edges.

It is configurable if rising, falling or both edges should be counted. This can be done with the
bit fields DSL and ISL in TIM[i]_CH[x]_CTRL register.

In addition, a TIM[i|_NEWVAL[x]_IRQ interrupt is raised when the configured edge was
received and this interrupt was enabled.

The counter register CNT is used to count the number of edges, and the bit fields
EGPRO_SEL, EGPR1_SEL,GPRO_SEL, GPR1_SEL, and CNTS_SEL can be used to
configure the desired update values for the registers GPRO, GPR1 and CNTS. These
register are updated whenever the edge counter CNT is incremented due to the arrival of a
desired edge.

If the preceding data was not consumed by a reader attached to the ARU or by the CPU the
TIM channel sets GPROFL status bit and raises a GPROFL[x]_IRQ if it was enabled in
TIM[i]_CHI[x]_IRQ_EN register and overwrites the old values in GPRO and GPR1 with the
new ones.

If the register CNT produces an overflow during the measurement, the bit CNTOFL is set
inside the register TIM[i]_CH[x]_IRQ_NOTIFY and interrupt TIM_CNTOFL[x]_IRQ is raised
depending on corresponding interrupt enable condition.

If the register ECNT produces an overflow during the measurement, the bit ECNTOFL is set
inside the register TIM[i]_CH[x]_IRQ_NOTIFY and interrupt TIM_ECNTOFL[x]_IRQ is
raised depending on corresponding interrupt enable condition.

The TIM Input Event Mode does not depend on the bit field CLK_SEL of register
TIM[i]_CHI[x]_CTRL.
External capture TIM Input Event Mode (TIEM)

If external capture is enabled, capturing is done depending on the DSL, ISL bit and the input
signal value defined in next table.

Table 89. External capture TIEM operation

Inﬁigﬂ_?_)r:al External capture ISL DSL Action description
- Rising edge 1 - Do capture; issue NEWVAL_IRQ; CNT++
- 0 1 - No
1 Rising edge 0 1 Do capture; issue NEWVAL_IRQ; CNT++
0 - 0 1 No
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Table 89. External capture TIEM operation (continued)

Input signal

F OUTx External capture ISL DSL Action description

0 Rising edge 0 0 Do capture; issue NEWVAL_IRQ; CNT++

1 - 0 0 No

TIM Input Prescaler Mode (TIPM)

In the TIM input prescaler mode the number of edges which should be detected before a
TIM[I]_NEWVAL[x]_IRQ is raised is programmable. In this mode it must be specified in the
CNTS register after how many edges the interrupt has to be raised.

A value of 0 in CNTS means that after one edge an interrupt is raised and a value of 1
means that after two edges an interrupt is raised, and so on.

The edges to be counted can be selected by the bit fields DSL and ISL of register
TIM[i]_CH[x]_CTRL.

With each triggered interrupt, the registers GPR0O and GPR1 are updated according to bits
EGPRO_SEL, EGPR1_SEL,GPRO_SEL and GPR1_SEL.

If the register ECNT produces an overflow during the measurement, the bit ECNTOFL is set
inside the register TIM[i]_CH[x]_IRQ_NOTIFY and interrupt TIM_ECNTOFL[x]_IRQ is
raised depending on corresponding interrupt enable condition.

The TIM Input Prescaler Mode does not depend on the bit field CLK_SEL of register
TIM[i]_CHI[x]_CTRL.
External capture TIM Input Prescaler Mode (TIPM)

If external capture is enabled, the external capture events are counted instead of the input
signal edges.

Operation is done depending on the external capture signal, DSL, ISL bit and the input
signal value defined in next table.

Table 90. External capture TIPM operation

Input signal

F OUTx External capture ISL DSL Action description

if CNT == CNTS then

do capture; issue NEWVAL_IRQ; CNT=0
- Rising edge 1 - else

CNT++

endif

- 0 1 - No

if CNT == CNTS then

do capture; issue NEWVAL_IRQ; CNT=0
1 Rising edge 0 1 else

CNT++

endif

0 - 0 1 No

DocID025070 Rev 1 139/558




Timer Input Module (TIM)

RMO0361

10.4.2.5

Table 90. External capture TIPM operation (continued)

Input signal
F_OUTx

External capture

ISL DSL

Action description

if CNT == CNTS then

do capture; issue NEWVAL_IRQ; CNT=0

Rising edge 0 0 else
CNT++
endif
1 - 0 0 No

TIM Bit Compression Mode (TBCM)

The TIM bit compression mode can be used to combine all filtered input signals of a TIM
submodule to a parallel m bit data word, which can be routed to the ARU, where m is the
number of channels available in the TIM submodule.

Since this mode uses all available input signals with its input filters, it is only available within
TIM channel 0 of each TIM submodule. Figure 31 gives an overview of the TIM bit
compression mode.

Figure 31. TIM bit compression mode
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The register CNTS of TIM channel 0 is used to configure the event that releases the
NEWVAL_IRQ and samples the input signals F_IN(0) to F_IN(m-1) in ascending order as a
parallel data word in GPRL1.

The bits 0 to m-1 of the CNTS register are used to select the REDGE_DET signals of the
TIM filters 0 to m-1 as a sampling event, and the bits 8 to (7+m) are used to select the
FEDGE_DET signals of the TIM filters 0 to m-1, respectively. If multiple events are selected,
the events are OR-combined (see also Figure 31).

EGPRO_SEL,GPRO_SEL selects the time stamp value, which is routed through the ARU.
GPR1_SEL is not applicable in TBCM mode.

If the bit ARU_EN of register TIM[i]_CHO_CTRL is set, the sampled data of register GPR1
is routed together with a time stamp of register GPRO to the ARU, whenever the
NEWVAL_IRQ is released.

In TIM Bit compression mode, the register ECNT increments with each NEWVAL_IRQ,
which means that the value of ECNT may depend on all m input signals. Consequently, the
LSB of ECNT does not reflect the actual level of the input signal TIM_INO.

If the register ECNT produces an overflow during the measurement, the bit ECNTOFL is set
inside the register TIM[i]_CH[x]_IRQ_NOTIFY and interrupt TIM_ECNTOFL[x]_IRQ is
raised depending on corresponding interrupt enable condition.

The TIM Bit Compression Mode does not depend on the bit field CLK_SEL of register
TIM[i]_CHI[x]_CTRL.

External capture Bit Compression Mode (TBCM)

If external capture is enabled, capturing is done depending on the DSL, ISL bit and the input

signal value defined in next table.

Table 91. External capture TBCM operation

Input signal

F OUTx External capture ISL DSL Action description

Do capture; issue NEWVAL_IRQ;
CNT++

- 0 1 - No

Do capture; issue NEWVAL_IRQ;
CNT++

0 - 0 1 No

Do capture; issue NEWVAL_IRQ;
CNT++

1 - 0 0 No

- Rising edge 1 -

1 Rising edge 0 1

0 Rising edge 0 0

TIM Gated Periodic Sampling mode (TGPS)

In the TIM Gated Periodic Sampling Mode the number of CMU clock cycles which should
elapse before capturing and raising TIM[i]_NEWVAL[x]_IRQ is programmable. In this mode
it must be specified in the CNTS register after how many CMU clock cycles the interrupt has
to be raised.
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A value of 0 in TIM[i]_CH[x]_CNTS means that after one CLK_SEL edge a trigger/interrupt
is raised, and a value of 1 means that after two edges a trigger/interrupt is raised, and so on.
In the TIM[i]_CHI[x]_CNT register the elapsed cycles were incremented and compared
against TIM[i]_CH[x]_CNTS. If TIM[i]_CH[x]_CNT is greater or equal to
TIM[i]_CHI[x]_CNTS a trigger will be raised. This allows by writing a value to
TIM[i]_CHI[x]_CNTS that the actual period time can be changed on the fly.

Operation is done depending on CMU clock, DSL, ISL bit and the input signal value defined

in next table:
Table 92. TGPS operation
Input signal | Selected CMU External . .
F_OUTX clock capture ISL DSL Action description

if CNT == CNTS then
do capture; issue
NEWVAL_IRQ; CNT=0

- 1 0 1 - -
else
CNT++
endif

0 0 0 0 1 No
if CNT == CNTS then
do capture;issue
NEWVAL_IRQ; CNT=0

1 1 0 0 1
else
CNT++
endif

0 0 - 0 1 No
if CNT == CNTS then
do capture;issue
NEWVAL_IRQ; CNT=0

0 1 0 0 0
else
CNT++
endif

1 0 0 0 0 No

- 0 0 - - No

In this mode the TIM[i]_CH[x] _GPR1 operates as a shadow register for
TIM[I]_CHI[x]_CNTS. This would allow that the period for the next sampling period could be
specified. The update of TIM[i] _CH[x]_CNTS will only take place once on a trigger if the
TIM[i]_CHI[x]_GPR1 was written by the CPU. This means that the captured value from the
previous trigger can be read by the CPU from TIM[i]_CH[x]_GPR1 and afterwards the new
sampling period for the next sampling period (the one after the actual sampling period)

could be written.

With each triggered interrupt, the registers GPRO and GPRL1 are updated according to bits
GPRO_SEL, GPR1_SEL, EGPRO_SEL and EGPR1_SEL.
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10.4.2.6.1

3

When selecting ECNT as a source for the capture registers, GPRx will show the edge count
and the input signal value at point of capture. Selecting GPRO_SEL ='11"'and
EGPRO_SEL ="'0"for TIM channel 0 all 8 TIM input signals will be captured to GPRO[7:0].

In the TGPS Mode the bit field CLK_SEL of register TIM[i]_CH[x]_CTRL will define the
selected CMU clock which will be used.

The behavior of the ECNT counter is configurable by ECNT_RESET. If set to 1 on each
interrupt (period expired) the ECNT will be reset. Otherwise it operates in wrap around
mode.

If the register ECNT produces an overflow during the measurement, the bit ECNTOFL is set
inside the register TIM[i]_CH[x]_IRQ_NOTIFY and interrupt TIM_ECNTOFL[x]_IRQ is
raised depending on corresponding interrupt enable condition.

External capture TIM Gated Periodic Sampling Mode (TGPS)

If external capture is enabled, the external capture events will capture the GPRX, reset the
counter CNT and issue a NEWVAL_IRQ.

Operation is done depending on the CMU clock, external capture signal, DSL, ISL bit and
the input signal value defined in next table.

Table 93. External capture TGPS operation

Input signal | Selected CMU External . o
F_OUTX clock capture ISL DSL Action description
if CNT == CNTS then
do capture; issue
NEWVAL_IRQ; CNT=0
- 1 0 1 -
else
CNT++
endif
0 0 0 0 1 No
if CNT == CNTS then
do capture; issue
NEWVAL_IRQ; CNT=0
1 1 0 0 1
else
CNT++
endif
0 0 - 0 1 No
if CNT == CNTS then
do capture; issue
NEWVAL_IRQ; CNT=0
0 1 0 0 0 -
else
CNT++
endif
1 0 0 0 0 No
- 0 0 - - No
) ) Rising edge ) ) do capture; issue
g edg NEWVAL_IRQ; CNT =0
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10.5 MAP submodule interface

The GTM-IP provides one dedicated TIM submodule TIMO where channels zero (0) to five
(5) are connected to the MAP submodule described in Chapter 15: TIMO input mapping
module (MAP). There, the TIMO submodule channels provide the input signal level together
with the actual filter value and the annotated time stamp for the edge together in a 49-bit
wide signal to the MAP submodule. This 49-bit wide data signal is marked as valid with a

separate valid signal tim0_map_dval[x] (x: 0...5).

Table 94. TIMO 49-bit output data to MAP

tim0_map_data[x](48) Signal level bit from tim0_ch[x]

Actual filter value TIMO_CH[x]_FLT_RE/

tim0_map_data[x](47:24) TIMO_CHIx]_FLT_FE if corresponding channel x bit field
FLT_MODE_RE/ FLT_MODE_FE is 1 else 0 is assigned.

tim0_map_data[x](23:0)

Time stamp value selected by TBUO_SEL, GRPO_SEL,
EGPRO_SEL, CNTS_SEL of channel x if bit field TIM_EN= 1

tim0_map_dval[x] Mark tim0_map_data[x] valid for one clock cycle

Note: With TIM_EN=1 the MAP interface starts operation, it is not depending on the setting of the

bit fields TIM_MODE, ISL, DSL.

Note: While the MAP interface is in use the following guidelines have to be fulfilled, otherwise

inconsistent filter values can be transferred.

Change TIMO_CH[x]_FLT_RE only between occurrence of rising and falling edge.
Change TIMO_CH[x]_FLT_FE only between occurrence of falling and rising edge.

10.6 TIM interrupt signals

TIM provides 6 interrupt lines per channel. These interrupts are shown below.

Table 95. TIM interrupt signals

Signal Description
TIM[iI]_NEWVAL[x]_IRQ New measurement value detected by SMU of channel x (x: 0...m-1)
TIM[i]_ECNTOFL[x]_IRQ ECNT counter overflow of channel x (x: 0...m-1)
TIM[i]_CNTOFLI[x]_IRQ SMU CNT counter overflow of channel x (x: 0...m-1)

TIM[]_GPROFIX]_IRQ has arrived at input pin of channel x (x: 0...m-1)

GPRO and GPR1 data overflow, old data was not read out before new data

TIM[i]_TODET[x]_IRQ Time out reached for input signal of channel x (x: 0...m-1)

TIM[i]_GLITCHDET_IRQ A glitch was detected by the TIM filter of channel x (x: 0...m-1)

10.7 TIM configuration registers overview

TIM contains following configuration registers.
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Table 96. TIM configuration registers

Register name Description Detail in section
TIM[i]_CHI[x]_CTRL, i>0 channel x (x:0...m-1) control Section 10.8.1
TIMO_CHIx]_CTRL channel x (x:1...m-1) control Section 10.8.2

TIM[i]_CH[x]_ECTRL

channel x (x:0...

m-1) extended control

Section 10.8.20

TIM[i]_CH[x]_FLT_RE

channel x (x:0...

m-1) filter parameter 0

Section 10.8.3

TIM[i]_CH[x]_FLT_FE

channel x (x:0...

m-1) filter parameter 1

Section 10.8.4

TIM[i]_CH[x]_TDUV

channel x (x:0...

m-1) TDU control.

Section 10.8.17

TIM[i]_CH[x]_TDUC channel x (x:0...m-1) TDU counter. Section 10.8.18
TIM[i]_CH[x]_GPRO channel x (x:0...m-1) general purpose 0 Section 10.8.6
TIM[i]_CHI[x]_GPR1 channel x (x:0...m-1) general purpose 1 Section 10.8.7
TIM[i]_CH[x]_CNT channel x (x:0...m-1) SMU counter Section 10.8.8

TIM[i]_CH[x]_ECNT

channel x (x:0...

m-1) SMU edge counter

Section 10.8.19

TIM[i]_CH[x]_CNTS

channel x (x:0...

m-1) SMU shadow counter

Section 10.8.9

TIM[i]_CH[x]_IRQ_NOTIFY

channel x (x:0...

m-1) interrupt notification

Section 10.8.10

TIM[i]_CHIx]_IRQ_EN

channel x (x:0...

m-1) interrupt enable

Section 10.8.11

TIM[i]_CH[x]_EIRQ_EN

channel x (x:0...

m-1) error interrupt enable

Section 10.8.16

TIM[i]_CHIx]_IRQ_FORCINT

channel x (x:0...

m-1) software interrupt force

Section 10.8.12

TIM[i]_CHIx]_IRQ_MODE

IRQ mode configuration register (x=0...m-1)

Section 10.8.13

TIM[i]_RST TIM global software reset Section 10.8.14
TIM[i_IN_SRC TIM AUX IN source selection Section 10.8.15
10.8 TIM configuration registers description
10.8.1 Register TIM[i]_CH[x]_CTRL (x:0...m-1) (i=1...n)
Address offset: |see Appendix B Initial value: 0x0000_0000
0‘1 234 5‘6|7 8|9 [10[11]12 13‘14 15(16[1718]19 20|21 22|23 2425|2627 28‘29|30 31
—1 Wi, |w= (¢] [
ha gga | E|:'°‘|$'L”l &Izg m| o m Blalz a =
. 1= » ¥iaglelagls| (WYl |a]9? @ no|lzlE|lwls o w
Bit SEEZ | '_O'_Oéz "I|</></’</)' | Olmb—jlm s |
o |alal8 X Ol=|9|2|9| & |5|L|=|2|E| g |2|2|2|0 | =
AR e e e e - I T R L R =
il bl Clg|r|g|a] 2 | |w i
w
Mode Z|Z|2|2| 2 |%2|Z|Z|R|R| 2 |E|E|2|2|2| B |  |R|R|R|E] & |Z
28]
Initial value 00 |[0f0]|O 000 ojojo|o|0]| 00 ofo 0| o0 00 [ofofofo 000 0
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Table 97. TIM[i]_CH[x]_CTRL field description

Bit Description

TIM_EN: TIM channel x (x:0...7) enable
0 = Channel disabled
1 = Channel enabled

31 Note: Enabling of the channel resets the registers ECNT, TIM[i]_CH[X]_CNT,
TIM[i]_CHI[x]_GPRO, and TIM[i]_CHI[x]_GPR1 to their reset values.

Note: After finishing the action in one-shot mode the TIM_EN bit is cleared automatically.
Otherwise, the bit must be cleared manually.

TIM_MODE: TIM channel x (x:0...7) mode
000 = PWM Measurement Mode (TPWM)
001 = Pulse Integration Mode (TPIM)

010 = Input Event Mode (TIEM)

011 = Input Prescaler Mode (TIPM)

100 = Bit Compression Mode (TBCM)

101 = Gated Periodic Sampling Mode (TGPS)

Note: The Bit Compression Mode is only available in TIM channel 0. If this mode is selected in
any other channels, the TIM_MODE = 000 (TPWM mode) is used instead. However, the

[28:30] register TIM_MODE is read with value 100.

Note: If an undefined value is written to the TIM_MODE register, the hardware switches
automatically to TIM_MODE = 000 (TPWM mode).

Note: The TIM_MODE register should not be changed while the TIM channel is enabled.

Note: If the TIM channel is enabled and operating in TPWM or TPIM mode after the first valid
edge defined by DSL has occurred, a reconfiguration of DSL,ISL,TIM_MODE will not
change the channel behavior. Reading these bit fields after reconfiguration will show the
newly configured settings but the initial channel behavior will not change. Only a
disabling of the TIM channel by setting TIM_EN= 0 and re enabling with TIM_EN= 1 will
change the channel operation mode.

OSM: One-shot mode

o7 0 = Continuous operation mode

1 = One-shot mode
Note: After finishing the action in one-shot mode the TIM_EN bit is cleared automatically.

CICTRL: Channel Input Control.

26 0 = use signal TIM_IN(x) as input for channel x
1 = use signal TIM_IN(x-1) as input for channel x (or TIM_IN(m-1) if x is 0)

CICTRL: Channel Input Control.
25 0 = use signal TIM_IN(x) as input for channel x
1 = use signal TIM_IN(x-1) as input for channel x (or TIM_IN(m-1) if x is 0)

Reserved
Note: Read as zero, should be written as zero.

24

3
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Table 97. TIM[i]_CH[x]_CTRL field description (continued)

Bit

Description

[22:23]

GPRO_SEL: Selection for GPRO register
If EGPRO_SEL =0:

00 = use TBU_TSO0 as input

01 = use TBU_TS1 as input

10 = use TBU_TS2 as input

11 = use CNTS as input; if TGPS mode in channel = 0 is selected use TIM Filter F_OUT as
input

If EGPRO_SEL =1:

00 = use ECNT as input

01 = reserved

10 = reserved

11 = reserved

Note: If a reserved value is written to the EGPRO_SEL, GPRO_SEL bit fields, the hardware will
use TBU_TSO0 input.

[20:21]

GPR1_SEL: Selection for GPR1 register
If EGPR1_SEL =0:

00 = use TBU_TSO as input

01 = use TBU_TS1 as input

10 = use TBU_TS2 as input

11 = use CNT as input

If EGPR1_SEL =1:

00 = use ECNT as input

01 = reserved

10 = reserved

11 = reserved

Note: In TBCM mode EGPR1_SEL, GPR1_SEL are ignored TIM Filter F_OUT is used as input

Note: If a reserved value is written to the EGPR1_SEL, GPR1_SEL bit fields, the hardware will
use TBU_TSO input.

19

CNTS_SEL: Selection for CNTS register

0 = use CNT register as input

1 =use TBU_TSO as input

Note: The functionality of the CNTS_SEL is disabled in the modes TIPM and TBCM.

18

DSL: Signal level control
0 = Measurement starts with falling edge (low level measurement)
1 = Measurement starts with rising edge (high level measurement)

17

ISL: Ignore signal level

0 = use DSL bit for selecting active signal level

1 =ignore DSL and treat both edges as active edge

Note: This bit is only applicable in Input Event mode (TIEM)

16

ECNT_RESET: Enables resetting the ECNT counter in periodic sampling mode
0 = ECNT counter operating in wrap around mode
1 = ECNT counter is reset with periodic sampling

3
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Table 97. TIM[i]_CH[x]_CTRL field description (continued)

Bit Description

FLT_EN: Filter enable for channel x (x:0...7)
0 = Filter disabled and internal states are reset
15 1 = Filter enabled

Note: If the filter is disabled all filter related units (including CSU) are bypassed, which means
that the signal F_IN is directly routed to signal F_OUT.

FLT_CNT_FRQ: Filter counter frequency select
00 = FLT_CNT counts with CMU_CLKO
[13:14] 01 = FLT_CNT counts with CMU_CLK1
10 = FLT_CNT counts with CMU_CLK®6
11 = FLT_CNT counts with CMU_CLK7

EXT_CAP_EN: Enables external capture mode. The selected TIM mode is only sensitive to
external capture pulses the input event changes are ignored.

0 = External capture disabled
1 = External capture enabled

12

FLT_MODE_RE: Filter mode for rising edge.
11 0 = Immediate edge propagation mode
1 = individual de-glitch mode

FLT_CTR_RE: Filter counter mode for rising edge.

0 = Up/down counter

1 = Hold counter

Note: This bit is only applicable in Individual Deglitch Time Mode

10

FLT_MODE_FE: Filter mode for falling edge.
9 0 = Immediate edge propagation mode
1 = Individual de-glitch mode

FLT_CTR_FE: Filter counter mode for falling edge.
8 0 = Up/down counter
1 = Hold counter

CLK_SEL: CMU clock source select for channel.
000 = CMU_CLKO selected
001 = CMU_CLKT1 selected
010 = CMU_CLK?2 selected
[5:7] 011 = CMU_CLKS selected
100 = CMU_CLK4 selected
101 = CMU_CLKS5 selected
110 = CMU_CLK®6 selected
111 = CMU_CLK?7 selected

FR_ECNT_OFL: Extended Edge counter overflow behavior
4 0 = Overflow will be signaled on ECNT bit width = 8
1 = Overflow will be signaled on EECNT bit width (full range)

EGPRO_SEL: Extension of GPRO_SEL bit field.
Details described in GPRO_SEL bit field.

3
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Table 97. TIM[i]_CH[x]_CTRL field description (continued)

Bit Description

2 EGPR1_SEL: Extension of GPR1_SEL bit field.
Details described in GPR1_SEL bit field.
TOCTRL: Timeout control
00 = Timeout feature disabled

3 11 = Timeout feature enabled for both edges

01 = Timeout feature enabled for rising edge only
10 = Timeout feature enabled for falling edge only

10.8.2 Register TIMO_CH[x] _CTRL (x:0...m-1)

Address offset: |see Appendix B Initial value: 0x0000_0000
0 ‘1 2345 ‘ 6|7 8|9 |10[11]12 13‘14 15|16 (17|18 19 20|21 22|23 2425|2627 28‘29|30 31
—l L L (¢] [
w w P4
B gg"é 4 LL|:'°:|E'LUIE z% o| m ol vl Y 2 o z
. K | Q| ! ® xialelale| & (LY a9 9 O |olX|uls o i
Bit 5 Izlglz [ ElolElo|lS]| = e 2| 2|n| = o |JE|S D = [
x| e|o ~ O = O O o = N21a = x x ) o (@] | =
° %D 3 5"_||_'f||—' l_li'i zZl 5 g 'n_no'i;‘ = =
|
68 g dREEHEREE ;
w
Mode z |zlzlz| = |2|z|z|zlz| = |z=|z|z|z|z| 2 | = zlz|z| =z |z
¥ |x|lx|x [i'q gn:n:n:n:n:n:n:n:n:n:n: Yy |¥|x||o i 14
Initial value 00 |ofo|o| o000 [o|ojofo|o]| 00 0 o| oo | 00 oo 000 |0
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Table 98. TIMO_CH[x]_CTRL field description

Bit Description

TIM_EN: TIM channel x (x:0...m-1) enable
0 = Channel disabled
1 = Channel enabled

31 Note: Enabling of the channel resets the registers ECNT, TIM[i]_CH[X]_CNT,
TIM[i]_CHI[x]_GPRO, and TIM[i]_CHI[x]_GPR1 to their reset values.

Note: After finishing the action in one-shot mode the TIM_EN bit is cleared automatically.
Otherwise, the bit must be cleared manually.

TIM_MODE: TIM channel x (x:0...m-1) mode

000 = PWM Measurement Mode (TPWM)

001 = Pulse Integration Mode (TPIM)

010 = Input Event Mode (TIEM)

011 = Input Prescaler Mode (TIPM)

100 = Bit Compression Mode (TBCM)

101 = Gated Periodic Sampling Mode (TGPS)

Note: The Bit Compression Mode is only available in TIM channel 0. If this mode is selected in
[28:30] any other channels, the TIM_MODE = 000 (TPWM mode) is used instead. However, the
register TIM_MODE is read with value 100.

Note: If an undefined value is written to the TIM_MODE register, the hardware switches
automatically to TIM_MODE = 000 (TPWM mode).

Note: The TIM_MODE register should not be changed while the TIM channel is enabled.

Note: If the TIM channel is enabled and operating in TPWM or TPIM mode after the first valid
edge defined by DSL has occurred, a reconfiguration of DSL,ISL, TIM_MODE will not
change the channel behavior. Reading these bit fields after reconfiguration will show the
newly configured settings but the initial channel behavior will not change. Only a
disabling of the TIM channel by setting TIM_EN= 0 will stop the channel operation.

OSM: One-shot mode

0 = Continuous operation mode

1 = One-shot mode

Note: After finishing the action in one-shot mode the TIM_EN bit is cleared automatically.

ARU_EN: GPRO and GPR1 register values routed to ARU
26 0 = Registers content not routed
1 = Registers content routed

CICTRL: Channel Input Control.
25 0 = Use signal TIM_IN(x) as input for channel x
1 = Use signal TIM_IN(x-1) as input for channel x (or TIM_IN(m-1) if x is 0)

TBUO_SEL: TBU_TSO bits input select for TIMO_CH[x]_GPRz (z: 0, 1)
24 0 = Use TBU_TS0(23.0) to store in TIMO_CH[x]_GPRO/TIMO_CH[x]_GPR1
1= Use TBU_TS0(26.3) to store in TIMO_CH[x]_GPRO/TIMO_CH[x]_GPR1.

27

3
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Table 98. TIMO_CH[x]_CTRL field description (continued)

Bit

Description

[22:23]

GPRO_SEL: Selection for GPRO register
If EGPRO_SEL =0:

00 = use TBU_TSO0 as input

01 = use TBU_TS1 as input

10 = use TBU_TS2 as input

11 = use CNTS as input; if TGPS mode in channel = 0 is selected use TIM Filter F_OUT as
input

If EGPRO_SEL =1:

00 = use ECNT as input

01 = reserved

10 = reserved

11 = reserved

Note: If a reserved value is written to the EGPRO_SEL, GPRO_SEL bit fields, the hardware will
use TBU_TSO0 input.

[20:21]

GPR1_SEL: Selection for GPR1 register
If EGPR1_SEL =0:

00 = use TBU_TSO as input

01 = use TBU_TS1 as input

10 = use TBU_TS2 as input

11 = use CNT as input

If EGPR1_SEL =1:

00 = use ECNT as input

01 = reserved

10 = reserved

11 = reserved

Note: In TBCM mode EGPR1_SEL, GPR1_SEL are ignored TIM Filter F_OUT is used as input

Note: If a reserved value is written to the EGPR1_SEL, GPR1_SEL bit fields, the hardware will
use TBU_TSO input.

19

CNTS_SEL: Selection for CNTS register

0 = use CNT register as input

1 =use TBU_TSO as input

Note: The functionality of the CNTS_SEL is disabled in the modes TIPM and TBCM.

18

DSL: Signal level control
0 = Measurement starts with falling edge (low level measurement)
1 = Measurement starts with rising edge (high level measurement)

17

ISL: Ignore signal level

0 = use DSL bit for selecting active signal level

1 =ignore DSL and treat both edges as active edge

Note: This bit is only applicable in Input Event mode (TIEM)

16

ECNT_RESET: Enables resetting the ECNT counter in periodic sampling mode
0 = ECNT counter operating in wrap around mode
1 = ECNT counter is reset with periodic sampling

3
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Table 98. TIMO_CH[x]_CTRL field description (continued)

Bit Description

FLT_EN: Filter enable for channel x (x:0...m-1)
0 = Filter disabled and internal states are reset
15 1 = Filter enabled

Note: If the filter is disabled all filter related units (including CSU) are bypassed, which means
that the signal F_IN is directly routed to signal F_OUT.

FLT_CNT_FRQ: Filter counter frequency select
00 = FLT_CNT counts with CMU_CLKO
[13:14] 01 = FLT_CNT counts with CMU_CLK1
10 = FLT_CNT counts with CMU_CLK®6
11 = FLT_CNT counts with CMU_CLK7

EXT_CAP_EN: Enables external capture mode. The selected TIM mode is only sensitive to
external capture pulses the input event changes are ignored.

0 = External capture disabled
1 = External capture enabled

12

FLT_MODE_RE: Filter mode for rising edge.
11 0 = Immediate edge propagation mode
1 = individual de-glitch mode

FLT_CTR_RE: Filter counter mode for rising edge.

0 = Up/down counter

1 = Hold counter

Note: This bit is only applicable in Individual deglitch time mode

10

FLT_MODE_FE: Filter mode for falling edge.
9 0 = Immediate edge propagation mode
1 = Individual de-glitch mode

FLT_CTR_FE: Filter counter mode for falling edge.

0 = Up/down counter

1 = Hold counter

Note: This bit is only applicable in Individual deglitch time mode

CLK_SEL: CMU clock source select for channel.
000 = CMU_CLKO selected
001 = CMU_CLKT1 selected
010 = CMU_CLK?2 selected
[5:7] 011 = CMU_CLKS selected
100 = CMU_CLK4 selected
101 = CMU_CLKS5 selected
110 = CMU_CLK®6 selected
111 = CMU_CLK?7 selected

FR_ECNT_OFL: Extended Edge counter overflow behavior
4 0 = Overflow will be signaled on ECNT bit width = 8
1 = Overflow will be signaled on EECNT bit width (full range)

EGPRO_SEL: Extension of GPRO_SEL bit field.
Details described in GPRO_SEL bit field.

3
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Table 98. TIMO_CH[x]_CTRL field description (continued)

Bit Description

EGPR1_SEL: Extension of GPR1_SEL bit field.
Details described in GPR1_SEL bit field.

TOCTRL: Timeout control

00 = Timeout feature disabled

11 = Timeout feature enabled for both edges

01 = Timeout feature enabled for rising edge only
10 = Timeout feature enabled for falling edge only

[0:1]

10.8.3 Register TIM[i]_CH[x]_FLT_RE (x:0...m-1)

Address offset: |see Appendix B Initial value:

0x0000_0000

0 ‘1 ‘2 ‘3 ‘4 ‘5 ‘6 |7 8 |9 ‘10|11‘12|13‘14|15

16|17‘18|19‘20|21‘22|23

24‘25‘26‘27‘28‘29|30‘31

Bit Reserved FLT_RE

Mode R RW

Initial value 0x00

0x000000

Table 99. TIM[i]_CH[x]_FLT_RE field description

Bit Description

FLT_RE: Filter parameter for rising edge.
[8:31]

Individual deglitch time mode = deglitch time for rising edge.

Note: This register has different meanings in the various filter modes.
Immediate edge propagation mode = acceptance time for rising edge

Reserved: reserved

0:7
[0:7] Note: Read as zero, should be written as zero

10.8.4 Register TIM[i] _CH[x]_FLT_FE (x:0...m-1)

Address offset: |see Appendix B Initial value:

0x0000_0000

0 ‘ 1 ‘ 2 ‘ 3 ‘ 4 ‘ 5 ‘ 6 | 7|8 | 9 ‘1o|11 ‘12|13‘14|15 16|17‘18|19‘20|21‘22|23 24‘25‘26‘27‘28‘29|30‘31
Bit Reserved FLT_FE
Mode R RW
Initial value 0x00 0x000000
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Table 100. TIM[i]_CH[x]_FLT_FE field description

Bit Description
FLT_FE: Filter parameter for falling edge.
[8:31] Note: This register has different meanings in the various filter modes.
' Immediate edge propagation mode = acceptance time for falling edge
Individual deglitch time mode = deglitch time for falling edge.
[07] Reserved: reserved
' Note: Read as zero, should be written as zero

10.8.5 Register TIM[i] _CH[x]_TDU (x:0...m-1)
Functionality is replaced by register TIM[i]_CH[x]_TDUV, TIM[i]_CH[x]_TDUC and bit field
TOCTRL in Register TIM[i]_CH[x]_CTRL
10.8.6 Register TIM[i] _CH[x]_GPRO (x:0...m-1)
Address offset: |see Appendix B Initial value: 0x0000_0000
0 ‘ 1 ‘ 2 ‘ 3 ‘ 4 ‘ 5 ‘ 6 | 7|8 | 9 ‘10|11 ‘12|13‘14|15 16|17‘18|19‘20|21‘22|23 24‘25‘26‘27‘28‘29|30‘31
Bit ECNT GPRO
Mode R R
Initial value 0x00 0x000000
Table 101. TIM[i]_CH[x]_GPRO field description
Bit Description
GPRO: Input signal characteristic parameter 0.
8:31] Note: The content of this register has different meaning for the TIM channels modes. The
' content directly depends on the bit fields EGPRO_SEL, GPRO_SEL of register
TIM[i]_CH[x]_CTRL.

ECNT: Edge counter.

Note: The ECNT counts every incoming filtered edge (rising and falling). The counter value is
uneven in case of detected rising, and even in case of detected falling edge. Thus, the

[0:7] input signal level is part of the counter and can be obtained by bit 0 of ECNT.

Note: The ECNT register is reset to its initial value when the channel is enabled. Please note,
that bit 0 depends on the input level coming from the filter unit and defines the reset
value immediately.

10.8.7 Register TIM[i]_CH[x]_GPR1 (x:0...m-1)

Address offset:

see Appendix B

Initial value:

0x0000_0000

0‘1‘2‘3‘4‘5‘6|7

8|9 ‘10|11‘12|13‘14|15

16|17‘18|19‘20|21‘22|23

24‘25‘26‘27‘28‘29|30‘31

Bit ECNT GPR1

Mode R RPw

Initial value 0x00 0x000000
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Table 102. TIM[i]_CH[x]_GPRL1 field description

Bit

Description

[8:31]

GPR1: Input signal characteristic parameter 1.

Note: The content of this register has different meaning for the TIM channels modes. The
content directly depends on the bit fields EGPR1_SEL, GPR1_SEL of register
TIM[i]_CH[x]_CTRL.

Note: In TBCM mode EGPR1_SEL, GPR1_SEL are ignored; TIM Filter F_OUT is used as
input, Bits GPR1(23:8) = 0.

Note: The content of this register can only be written in TIM channel mode TGPS.

[0:7]

ECNT: Edge counter.

Note: The ECNT counts every incoming filtered edge (rising and falling). The counter value is
uneven in case of detected rising, and even in case of detected falling edge. Thus, the
input signal level is part of the counter and can be obtained by bit 0 of ECNT.

Note: The ECNT register is reset to its initial value when the channel is enabled. Please note,
that bit 0 depends on the input level coming from the filter unit and defines the reset
value immediately.

10.8.8

Register TIM[i]_CH[x]_CNT (x:0...m-1)

Address offset:

see Appendix B

Initial value:

0x0000_0000

0 ‘1 ‘2 ‘3 ‘4 ‘5‘ 6| 7

8 |9 ‘10|11‘12|13‘14|15

16|17‘18|19‘20|21‘22|23

24‘25‘26‘27‘28‘29|30‘31

Bit Reserved CNT
Mode R R
Initial value 0x00 0x000000
Table 103. TIM[i]_CH[x]_CNT field description
Bit Description
CNT: Actual SMU counter value
Note: The meaning of this value depends on the configured mode:
[8:31] TPWM = actual duration of PWM signal.
' TPIM = actual duration of all pulses (sum of pulses).
TIEM = actual number of received edges.
TIPM = actual number of received edges.
[07] Reserved: reserved
' Note: Read as zero, should be written as zero
10.8.9 Register TIM[i]_CH[x]_CNTS (x:0...m-1)

Address offset:

see Appendix B

Initial value:

0x0000_0000

0 ‘1 ‘2 ‘3 ‘4 ‘5‘ 6| 7

8 |9 ‘10|11‘12|13‘14|15

16|17‘18|19‘20|21‘22|23

24‘25‘26‘27‘28‘29|30‘31

Bit ECNT CNTS
Mode R RPw
Initial value 0x00 0x000000
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Table 104. TIM[i]_CH[x]_CNTS field description

Bit

Description

[8:31]

CNTS: Counter shadow register.

Note: The content of this register has different meaning for the TIM channels modes. The
content depends directly on the bit field CNTS_SEL of register TIM[i]_CH[x]_CTRL.

Note: The register TIM[i]_CH[x]_CNTS is only writable in TIPM,TBCM and TGPS mode.

[0:7]

ECNT: edge counter.

Note: The ECNT counts every incoming filtered edge (rising and falling). The counter value is
uneven in case of detected rising, and even in case of detected falling edge. Thus, the
input signal level is part of the counter and can be obtained by bit 0 of ECNT.

Note: The ECNT register is reset to its initial value when the channel is enabled. Please note,

that bit 0 depends on the input level coming from the filter unit and defines the reset
value immediately.

10.8.10 Register TIM[i]_CH[x] _IRQ_NOTIFY (x:0...m-1)

Address offset: |see Appendix B Initial value: 0x0000_0000
0 ‘ 1 ‘ 2 ‘ 3 ‘ 4 ‘ 5 ‘ 6 | 7 ‘ 8 | 9 ‘10|11 ‘12|13‘14|15 16|17‘18|19‘20|21‘22|23 24‘25 26|27 (28(29(30|31
[
AREHEE
Bit Reserved S5lal8lele §
ElO|lalz|Z|m
S|F|lo|o|Q]=z
o
Mode R 313131883
rior|ov| x| x|lx
Initial value 0x0000000 o|lo|o|o|o|o
Table 105. TIM[i]_CH[x]_IRQ_NOTIFY field description
Bit Description
NEWVAL: New measurement value detected by in channel x (x:0...m-1)
0 = No event was occurred
31 1 = NEWVAL was occurred on the TIM channel
Note: This bit will be cleared on a CPU write access of value '1'. A read access leaves the bit
unchanged.
30 ECNTOFL: ECNT counter overflow of channel x, (x:0...m-1). see bit 31.
29 CNTOFL: SMU CNT counter overflow of channel x, (x:0...m-1). see bit 31.
28 GPROFL: GPRO and GPR1data overflow, old data not read out before new data has arrived
at input pin, (x:0...m-1). see bit 31.
27 TODET: Timeout reached for input signal of channel x, (x:0...m-1). see bit 31.
GLITCHDET: Glitch detected on channel x, (x:0...m-1).
0 = no glitch detected for last edge
26 1 = glitch detected for last edge
Note: This bit will be cleared on a CPU write access of value '1'. A read access leaves the bit
unchanged.
[0:25] Reserved: reserved
' Note: Read as zero, should be written as zero
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10.8.11 Register TIM[i]_CH[x]_IRQ_EN (x:0...m-1)

Address offset: |see Appendix B Initial value: 0x0000_0000
0 ‘ 1 ‘ 2 ‘ 3 ‘ 4 ‘ 5 ‘ 6 | 7 ‘ 8 | 9 ‘10|11 ‘12|13‘14|15 16|17‘18|19‘20|21‘22|23 24‘25 26|27(28(29(30|31
& z
g i E| E| o E|
[ g
SIgIg|g|z g
Bit Reserved vl Y L L P
olF|D | |%|<
I|4lo|o|e|=
O 8 r|lElZ|2
= oz w
S|F|lo|C|Qz
o
Mode R AHHEEEE
Initial value 0x0000000 olo|lo|o|o|o
Table 106. TIM[i]_CH[x]_IRQ_EN field description
Bit Description
NEWVAL_IRQ_EN: TIM_NEWVALx_IRQ interrupt enable
31 0 = Disable interrupt, interrupt is not visible outside GTM-IP
1 = Enable interrupt, interrupt is visible outside GTM-IP
30 ECNTOFL_IRQ_EN: TIM_ECNTOFLx_IRQ interrupt enable, see bit 31.
29 CNTOFL_IRQ_EN: TIM_CNTOFLx_IRQ interrupt enable, see bit 31.
28 GPROFL_IRQ_EN: TIM_GPROFL_IRQ interrupt enable, see bit 31.
27 TODET_IRQ_EN: TIM_TODETx_IRQ interrupt enable, see bit 31.
26 GLITCHDET_IRQ_EN: TIM_GLITCHDETx_IRQ interrupt enable, see bit 31.
Reserved.
[0:25] .
Note: Read as zero, should be written as zero
10.8.12 Register TIM[i]_CH[x]_IRQ_FORCINT (x:0...m-1)
Address offset: |see Appendix B Initial value: 0x0000_0000
0 ‘ 1 ‘ 2 ‘ 3 ‘ 4 ‘ 5 ‘ 6 | 7 ‘ 8 | 9 ‘10|11 ‘12|13‘14|15 16|17‘18|19‘20|21‘22|23 24‘25 26|27 (28(29(30|31
'_
w —
25|55 |52
. olg|lElE|Z|=
Bit Reserved E P % 5 3 u
[ORNG) Hoont ) Al
| [CHNY} olO
AEEEEE
Mode R Z|2|Z|%|Z|Z
Initial value 0x0000000 olo|o|o|o|o
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Table 107. TIM[i]_CH[x]_IRQ_FORCINT field description

Bit

Description

TRG_NEWVAL: Trigger NEWVAL bit in TIM_CHx_IRQ_NOTIFY register by software
0 = No interrupt triggering

31 1 = Assert corresponding field in TIM[i]_CH[x]_IRQ_NOTIFY register

Note: This bit is cleared automatically after write.

Note: This bit is write protected by bit RF_PROT of register GTM_CTRL

Note: Read as zero, should be written as zero

30 TRG_ECNTOFL: Trigger ECNTOFL bit in TIM_CHx_IRQ_NOTIFY register by software, see bit 31.

29 TRG_CNTOFL: Trigger CNTOFL bit in TIM_CHx_IRQ_NOTIFY register by software, see bit 31.

28 TRG_GPROFL: Trigger GPROFL bit in TIM_CHI[x]_IRQ_NOTIFY register by software, see bit 31.

27 TRG_TODET: Trigger TODET bit in TIM_CHx_IRQ_NOTIFY register by software, see bit 31.

26 ;RG_GLITCHDET: Trigger GLITCHDET bit in TIM_CHx_IRQ_NOTIFY register by software, see bit
[0:25] Reserved: reserved

10.8.13 Register TIM[i]_CH[x]_IRQ_MODE (x:0...m-1)

Address offset: |see Appendix B Initial value: 0x0000_000X
0 ‘ 1 ‘ 2 ‘ 3 ‘ 4 ‘ 5 ‘ 6 | 7 ‘ 8 | 9 ‘10|11 ‘12|13‘14|15 16|17‘18|19‘20|21‘22|23 24‘25‘26‘27‘28‘29 30‘31
5
Bit Reserved =)
g
4
Mode R RW
Initial value 0x00000000 XX
Table 108. TIM[i]_CH[x]_IRQ_MODE field description
Bit Description
IRQ_MODE: IRQ mode selection
00 = Level mode
01 = Pulse mode
30:31
[ ] 10 = Pulse-Notify mode
11 = Single-Pulse mode
Note: The interrupt modes are described in Section 2.5: GTM-IP interrupt concept.
[0:29] Reserved: reserved
' Note: Read as zero, should be written as zero
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10.8.14 Register TIM[i]_RST

Address offset: |see Appendix B Initial value: 0x0000_0000
0 | 1 ‘2 ‘ 3 | 4 ‘ 5 ‘ 6 ‘ 7 ‘ 8 | 9 |1o‘11‘12‘13‘14|15 16‘17‘18‘19|20|21‘22‘23 2425|2627 (28|29 (30|31
NO|IWV ISV |N| =D
55/5|5|5|5(3|5
Bit Reserved o] ) )t
NNV |AN|N
rrire|r| |
SEBBRBEBEEE
Mode R clelw|le|z|z|2le
Initial value 0x000000 ojlojo|ofo|of0]O

Table 109. TIM[i]_RST field description

Bit Description

RST_CHO: Software reset of channel 0
0 = No action
31 1 = Reset channel 0

Note: This bit is cleared automatically after write by CPU. The channel registers are set to their
reset values and channel operation is stopped immediately.

30 RST_CHZ1: Software reset of channel 1, see bit 31.
29 RST_CH2: Software reset of channel 2, see bit 31.
28 RST_CH3: Software reset of channel 3, see bit 31.
27 RST_CH4: Software reset of channel 4, see bit 31.
26 RST_CHS5: Software reset of channel 5, see bit 31.
25 RST_CH6: Software reset of channel 6, see bit 31.

RST_CH7: Software reset of channel 7, see bit 31.

24 Note: Please note, that the RST field width of this register depends on the number of

implemented channels m within this submodule. This register description represents a
register layout for m = 8.

Reserved.

[0-23] Note: Read as zero, should be written as zero

10.8.15 Register TIM[i]_IN_SRC

Address offset: |see Appendix B Initial value: 0x0000_0000
o|1 2‘3 4|5 6‘7 8‘9 10‘11 12‘13 14‘15 16‘17 18‘19 20‘21 22‘23 24‘25 26‘27 28‘29 30‘31
N~ © v <t s N -~ o
| N~ | © | [Te} | <t | ™ | o | ~ | o
Bit a 21' a 2.' a 2" a 2" a 21' a 2.' a 2.' 8 21'
[e) [e) o ) ) [e) ) )
s > s > s > s > s > s > s > s >
Mode RW [ RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW
Initial value 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00
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Table 110. TIM[i]_IN_SRC field description

Bit

Description

[30:31]

VAL_O: Value to be fed to Channel 0 multicore encoding is used (VALx(1) defines the state of
the signal)

00 = State is 0 (ignore write access)

01 = Change of state to 0

10 = Change of state to 1

11 = State is 1 (ignore write access). The function depends on the combination of VAL_x(1) and

MODE_x(1), see MODE_0 description

Note: Any read access to a VAL_X, bit field will always result in a value 00 or 11 indicating current
state. A modification of the state is only performed with the values 01 and 10. Writing the
values 00 and 11 is always ignored.

[28:29]

MODE_0: Input source to Channel 0

Multicore encoding is used (MODE_x(1) defines the state of the signal).

00 = State is 0 (ignore write access)

01 = Change state to 0

10 = Change state to 1

11 = State is 1 (ignore write access)

Function table:

Mode_x(1)=0, VAL_x(1)=0: the input signal defined by the CICTRL bit field of the TIM channel

is used as input source

Mode_x(1)=0, VAL_x(1)=1: the TIM_AUX_IN signal of the TIM channel is used as input source

Mode_x(1)=1, VAL_x(1)=x: the state of VAL_x(1) defines the input level of the TIM channel

Note: Any read access to a MODE_x, bit field will always result in a value 00 or 11 indicating
current state. A modification of the state is only performed with the values 01 and 10.
Writing the values 00 and 11 is always ignored.

[26:27]

VAL _1: Value to be fed to Channel 1, see bits [30:31].

[24:25]

MODE_1: Input source to Channel 1, see bits [28:29].

[22:23]

VAL _2: Value to be fed to Channel 2, see bits [30:31].

[20:21]

MODE_2: Input source to Channel 2, see bits [28:29]

[16:17]

MODE_3: Input source to Channel 3, see bits [30:31].

[14:15]

VAL _4: Value to be fed to Channel 4, see bits [28:29].

[12:13]

MODE_4: Input source to Channel 4, see bits [30:31].

[10:11]

VAL _5: Value to be fed to Channel 5, see bits [28:29].

[8:9]

MODE_5: Input source to Channel 5, see bits [30:31].

[6:7]

VAL _6: Value to be fed to Channel 6, see bits [28:29].

[4:5]

MODE_6: Input source to Channel 6, see bits [30:31].

[2:3]

VAL _7: Value to be fed to Channel 7, see bits [28:29].

[0:1]

MODE_7: Input source to Channel 7, see bits [30:31].
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10.8.16  Register TIM[i]_CH[x]_EIRQ_EN (x:0...m-1)

Address offset: |see Appendix B Initial value: 0x0000_0000
0 | 1 ‘2 ‘ 3 | 4 ‘ 5 ‘ 6 ‘ 7 ‘ 8 | 9 |1o‘11 ‘12‘13‘14|15 16‘17‘18‘19|20|21‘22‘23 24‘25 26(27(28(29(30|31
& =
o & E| E| o E|
! g
5|2 2|E e
Bit Reserved EI ) el
ol Tl 5 2
I|alQ|olg|2
Olo XlE|Z|S
ElC|a|z|6|W
6 o|o|nlz
Mode R AHHEHARE
Initial value 0x0000000 olo|lo|o|o|o
Table 111. TIM[i]_CH[x]_EIRQ_EN field description
Bit Description
NEWVAL_EIRQ_EN: TIM_NEWVALx_EIRQ error interrupt enable
31 0 = Disable error interrupt, error interrupt is not visible outside GTM-IP
1 = Enable error interrupt, error interrupt is visible outside GTM-IP
30 ECNTOFL_EIRQ_EN: TIM_ECNTOFLx_IRQ interrupt enable, see bit 31.
29 CNTOFL_EIRQ_EN: TIM_CNTOFLx_IRQ interrupt enable, see bit 31.
28 GPROFL_EIRQ_EN: TIM_GPROFL_IRQ interrupt enable, see bit 31.
27 TODET_EIRQ_EN: TIM_TODETx_IRQ interrupt enable, see bit 31.
26 GLITCHDET_EIRQ_EN: TIM_GLITCHDETX_IRQ interrupt enable, see bit 31.
Reserved.
[0:25] .
Note: Read as zero, should be written as zero
10.8.17 Register TIM[i] _CH[x]_TDUV (x:0...m-1)
Address offset: |see Appendix B Initial value: 0x0000_0000

o

1 ‘2 ‘ 3|4 ‘ 5 ‘ 6 ‘ 7 ‘ 8 | 9 |10‘11‘12‘13‘14|15 16‘17‘18‘19|20|21‘22‘23 24‘25‘26‘27‘28‘29|30‘31

he}

[

. >
Bit § TCS Reserved TOV

4
Mode R RwW RW
Initial value 0 000 0x0000 0x00

Table 112. TIM[i]_CHI[x]_TDUV field description

Bit Description
[24:31] TOV: Time out duration for channel x (x:0...m-1).
Reserved.
[4:23]

Note: Read as zero, should be written as zero
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Table 112. TIM[i]_CHI[x]_TDUV field description (continued)

Bit

Description

[1:3]

TCS: Timeout Clock selection
000 = CMU_CLKO selected
001 = CMU_CLK1 selected
010 = CMU_CLK?2 selected
011 = CMU_CLKS selected
100 = CMU_CLK4 selected
101 = CMU_CLKS5 selected
110 = CMU_CLK®6 selected
111 = CMU_CLK?7 selected

Reserved.
Note: Read as zero, should be written as zero

10.8.18

Register TIM[i]_CH[x]_TDUC (x:0...m-1)

Address offset: |see Appendix B Initial value: 0x0000_0000
0 | 1 ‘2 ‘ 3 | 4 ‘ 5 ‘ 6 ‘ 7 ‘ 8 | 9 |1o‘11 ‘12‘13‘14|15 16‘17‘18‘19|20|21‘22‘23 24‘25‘26‘27‘28‘29|30‘31
Bit Reserved TO_CNT
Mode R R
Initial value 0x000000 0x00
Table 113. TIM[i]_CHI[x]_TDUC field description
Bit Description
[24:31] TO_CNT: Current timeout value for channel x (x:0...m-1).
Reserved.
[0:23] .
Note: Read as zero, should be written as zero
10.8.19 Register TIM[i] _CH[x] _ECNT (x:0...m-1)

Address offset:

see Appendix B

Initial value:

0x0000_0000

16‘17‘18‘19|20|21‘22‘23

24‘25‘26‘27‘28‘29|30‘31

0|1‘2‘3|4‘5‘6‘7‘8|9|10‘11‘12‘13‘14|15
el

o =
; 2
Bit ] 5
[0) w
24
Mode R R
Initial value 0x0000 0x0000
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Table 114. TIM[i]_CH[x]_ECNT field description

Bit Description

ECNT: Edge counter

[16:31] Note: If TIM channel is disabled the content of ECNT gets frozen. A read will auto clear the bits

' [15:1]. Further read accesses to ECNT will show on Bit 0 the actual input signal value of
the channel.

Reserved.

[0:15] .
Note: Read as zero, should be written as zero

10.8.20 Register TIM[i]_CH[x]_ECTRL (x:0...m-1)

Address offset: |see Appendix B Initial value: 0x0000_0000
0 | 1 ‘2 ‘ 3 | 4 ‘ 5 ‘ 6 ‘ 7 ‘ 8 | 9 |1o‘11 ‘12‘13‘14|15 16‘17‘18‘19|20|21‘22‘23 24‘25‘26‘27‘28 29|3o‘31
&£
3 @
Bit 5 g
e I
o =
x
w
Mode R RW
Initial value 0x00000000 000
Table 115. TIM[i]_CHI[x]_ECTRL field description
Bit Description
EXT_CAP_SRC: Defines selected source for triggering the EXT_CAPTURE functionality.
000 = NEW_VAL_IRQ of following channel selected
001 = AUX_IN selected
010 = CNTOFL_IRQ of following channel selected
[29:31] 011 and CICTRL = 1: use signal TIM_IN(x) as input for channel x
' 011 and CICTRL = 0: use signal TIM_IN(x-1) as input for channel x (or TIM_IN(m-1) if x is 0)
100 = ECNTOFL_IRQ of following channel selected
101 =TODET_IRQ of following channel selected
110 = GLITCHDET_IRQ of following channel selected
111 = GPROFL_IRQ of following channel selected
Reserved.
[0:28] v

Note: Read as zero, should be written as zero
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11.1
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Timer Output Module (TOM)

Overview

The Timer Output Module (TOM) offers up to 16 independent channels (index x) to generate
simple PWM signals at each output pin TOM[i]_CHI[x]_OUT.

Additionally, at TOM output TOM[i]_CH15_OUT a pulse count modulated signal can be
generated.

The architecture of the TOM submodule is depicted in Figure 32.
Indices and their range as used inside this chapter are:

y=0,1

z=0...7
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Figure 32. TOM block diagram
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11.2

11.2.1

11.2.2

Note:

166/558

The two submodules TGCO and TGC1 are global channel control units that control the
enabling/disabling of the channels and their outputs as well as the update of their period and
duty cycle register.

The module TOM receives two (three) timestamps values TBU_TS0, TBU_TS1 (and
TBU_TS2) in order to realize synchronized output behavior on behalf of a common time
base.

The 5 dedicated clock line inputs CMU_FXCLK are providing divided clocks that can be
selected to clock the output pins.

TOM global channel control (TGCO, TGC1)

Overview

There exist two global channel control units (TGCO and TGC1) to drive a number of
individual TOM channels synchronously by external or internal events.

Each TGC]Jy] can drive up to eight TOM channels where TGCO controls TOM channels 0 to
7 and TGC1 controls TOM channels 8 to 15.
The TOM submodule supports four different kinds of signaling mechanisms:

e  Global enable/disable mechanism for each TOM channel with control register
TOMIi]_TGC[y]_ENDIS_CTRL and status register TOM[i]_TGC[y]_ENDIS_STAT

e  Global output enable mechanism for each TOM channel with control register
TOM[i]_TGC[y]_OUTEN_CTRL and status register TOM[i]_TGC[y] OUTEN_STAT

e  Global force update mechanism for each TOM channel with control register
TOMIi]_TGC[y]_FUPD_CTRL

e Update enable of the register CM0, CM1 and CLK_SRC for each TOM channel with
the control bit field UPEN_CTRL[z] of TOM[i]_TGC[y]_GLB_CTRL

TGC subunit

Each of the first three individual mechanisms (enable/disable of the channel, output enable
and force update) can be driven by three different trigger sources.

The three trigger sources are:

e  The host CPU (bit HOST_TRIG of register TOM[i]_TGC[y]_GLB_CTRL)

e The TBU time stamp (signal TBU_TSO0, TBU_TS1, TBU_TS2 if available)

e The internal trigger signal TRIG (bunch of trigger signals TRIG_[x])

The trigger signal is only active for one configured CMU clock period.

As a consequence, if the configured CMU clock period of the channel generating the trigger
TRIG_[X] is smaller than the CMU clock period of triggered channel, the triggered channel

may not recognize the trigger signal TRIG_[X].

Thus, it is recommended to configure all channels connected via the triggerTRIG_[x] to the
same CMU clock period.

The first way is to trigger the control mechanism by a direct register write access via host
CPU (bit HOST_TRIG of register TOM[i]_TGC[y]_GLB_CTRL).

3
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3

The second way is provided by a compare match trigger on behalf of a specified time base
coming from the module TBU (selected by bits TBU_SEL ) and the time stamp compare
value defined in the bit field ACT_TB of register TOM[i]_TGC[y]_ACT_TB.

Note, a signed compare of ACT_TB and selected TBU_TS[x] with x=0,1,2 is performed.

The third possibility is the input TRIG (set of trigger signals TRIG_[x]) coming from the TOM
channels 0 to 7/8 to 15.

The corresponding trigger signal TRIG_[x] coming from channel [x] can be masked by the
register TOM[i]_TGC[y]_INT_TRIG.

To enable or disable each individual TOM channel, the registers
TOMIi]_TGCJ[y]_ENDIS_CTRL and/or TOMJ[i]_TGC[y]_ENDIS_STAT have to be used.

The register TOM[i]_TGC|[y]_ENDIS_STAT controls directly the signal ENDIS. A write
access to this register is possible.

The register TOM[i]_TGC[y]_ENDIS_CTRL is a shadow register that overwrites the value
of register TOM[i]_TGCJ[y]_ENDIS_STAT if one of the three trigger conditions matches.
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Figure 33. TOM global channel control mechanism
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The output of the individual TOM channels can be controlled using the register
TOM[i]_TGC[y]_OUTEN_CTRL and TOM[i]_TGC[y]_OUTEN_STAT.
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3

The register TOM[i]_TGC[y]_OUTEN_STAT controls directly the signal OUTEN. A write
access to this register is possible.

The register TOM[i]_TGC[y]_OUTEN_CTRL is a shadow register that overwrites the value
of register TOM[i]_TGC[y]_OUTEN_STAT if one of the three trigger conditions matches.

If a TOM channel is disabled by the register TOM[i]_TGC[y]_OUTEN_STAT, the actual
value of the channel output at TOM_CH[x]_OUT is defined by the signal level bit (SL)
defined in the channel control register TOM[i]_CH[x]_CTRL.

If the output is enabled, the output at TOM_CHJ[x]_OUT depends on value of FlipFlop
SOUR.

The register TOM[i]_TGC|[y]_FUPD_CTRL defines which of the TOM channels receive a
FORCE_UPDATE event if the trigger signal CTRL_TRIG is raised.

The register bits UPEN_CTRL[Zz] defines for which TOM channel the update of the working
register CMO, CM1 and CLK_SRC by the corresponding shadow register SR0O, SR1 and
CLK_SRC_SR is enabled. If update is enabled, the register CMO, CM1 and CLK_SRC will
be updated on reset of counter register CNO (see Figure 34 and Figure 35).

TOM channel (TOM_CH][x])

Each individual TOM channel comprises a Counter Compare Unit 0 (CCUO0), a Counter
Compare Unit 1 (CCU1) and the Signal Output Generation Unit (SOU). The architecture is
depicted in Figure 34 for channels 0 to 7 and in Figure 35 for channels 8 to 15.

All the channels have a common architecture with the following particularities:

e Channels 0 to 7 are connected to the Sensor Pattern Evaluation (SPE), see
Chapter 17: Sensor Pattern Evaluation (SPE)

e  Channel 15 has the Pulse Count Modulation (PCM) functionality
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Figure 34. TOM channel 0...7 architecture
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Figure 35. TOM channel 8...14 architecture
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Figure 36. TOM channel 15 architecture for PCM generation
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The CCUO contains a counter CNO which is clocked with one of the selected input
frequencies (CMU_FXCLK) provided from outside of the submodule.
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3

Depending on configuration bits RST_CCUO of register TOM[i]_CH[x]_CTRL the counter
can be reset either when the counter value is equal to the compare value CMO or when
signaled by the TOM][i] trigger signal TRIG_[x-1] of the preceding channel [x-1] (which can
also be the last channel of preceding instance TOM][i-1]).

When the counter register CNO is greater than or equal to the register CMO, the subunit
CCUO triggers the SOU subunit and the succeeding TOM submodule channel (signal
TRIG_CCUO0).

In the subunit CCU1 the counter register CNO is compared with the value of register CML1. If
CNO is greater than or equal to CM1 the subunit CCU1 triggers the SOU subunit (signal
TRIG_CCU1).

If counter register CNO of channel x is reset by its own CCUO unit (i.e. the compare match of
CNO >= CMO configured by RST_CCUO = 0), following statements are valid:

e  The configuration of CM1 = 0 represents 0 % duty cycle at the output

e  The configuration of CM1 >= CMO represents 100 % duty cycle

e If both registers are configured to 0 (CMO = CM1 = 0), the output is 0 % duty cycle

e IfCMO =0, 0 % duty cycle is generated independent of CM1

If the counter register CNO of channel x is reset by the trigger signal coming from another

channel or the assigned TIM module (configured by RST_CCUO = 1), following statements
are valid:

e  CMO defines the edge to SL value, CM1 defines the edge to ISL value
e |f CMO = CML1, the outputis 100 % SL (CMO has higher priority)
e If CMO = 0, the output stays at its last value (CNO stops counting)

The hardware ensures that for both 0 % and 100 % duty cycle no glitch occurs at the output
of the TOM channel.

The SOU subunit is responsible for output signal generation. On a trigger TRIG_CCUO from
subunit CCUOQ or TRIG_CCU1 from subunit CCU1 a SR-FlipFlop of subunit SOU is either
set or reset. If it is set or reset depends on the configuration bit SL of the control register
TOM[i]_CHI[x]_CTRL. The initial signal output level for the channel is the reverse value of
the bit SL.

Figure 39 clarifies the PWM output behavior with respect to the SL bit definition.

The output level on the TOM channel output pin TOM[i]_CHI[x]_OUT is captured in bit OL of
register TOM[i]_CHI[x]_STAT.

Duty cycle, period and selected counter clock frequency update
mechanisms

The two action registers CM0O and CM1 can be reloaded with the content of the shadow
registers SRO and SR1. The register CLK_SRC that determines the clock frequency of the
counter register CNO can be reloaded with its shadow register CLK_SRC_SR (bit field in
register TOM[i]_CH[x]_CTRL)

The update of the register CM0O, CM1 and CLK_SRC with the content of its shadow register
is done when the reset of the counter register CNO is requested (via signal RESET). This
reset of CNO is done if the comparison of CNO greater than or equal to CMO is true or when
the reset is triggered by another TOM channel [x-1] via the signal TRIG_[x-1].

For TOMO channel 0 TRIG_[-1] is '0' hard coded.
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With the update of the register CLK_SRC at the end of a period a new counter CNO clock
frequency can easily be adjusted.

An update of duty cycle, period and counter CNO clock frequency becoming effective
synchronously with start of a new period can easily be reached by performing following

steps:

1. Disable the update of the action register with the content of the corresponding shadow
register by setting the channel specific configuration bit UPEN_CTRL[z] of register
TOMIi]_TGC[y]_GLB_CTRL to'0".

2.  Write new desired values to SR0O, SR1, CLK_SRC_SR
3. Enable update of the action register by setting the channel specific configuration bit

UPEN_CTRL[Zz] of register TOM[i]_TGC[y]_GLB_CTRL to'1".

11.3.11

Synchronous update of duty cycle only

A synchronous update of only the duty cycle can be done by simply writing the desired new
value to register SR1 without preceding disable of the update mechanism (as described in
the chapter above). The new duty cycle is then applied in the period following the period
where the update of register SR1 was done.

Figure 37. Synchronous update of duty cycle

CM0=120, CM1=60,

update SR1 to 80
@ CNO0=30:

update SR1 to 80
@ CNO=70:

update SR1 to 40
@ CNO0=30:

update SR1 to 40
@ CNO0=70:

update SR1 to 20
@ CNO0=30:

no update 4(

—_— — —_— —

—_— T T

] !

upcliate | |
| \ [ \

updlate | |

! | \ |

update | |

S ;

updlate | |

| [ |

updlate | |

E— — |

174/558

DoclD025070 Rev 1

S74




RMO0361

Timer Output Module (TOM)

11.3.1.1.1 Asynchronous update of duty cycle only

To update the duty cycle independently from the start of a new period (asynchronous
update), the desired new value can be written directly to the CM1 register. In this case it is
recommended to additionally either disable the synchronous update mechanism as a whole
(i.e. clearing bits UPEN_CTRL[Z] of corresponding channel [x] in register
TOM[i]_TGX[y]_GLB_CTRL) or updating SR1 with the same value as CM1 before writing
to CM1.

Depending on the point of time of the update of CML1 in relation to the actual value of CNO
and CM1, the new duty cycle is applied in the current period or the following period (see
Figure 38). In any case the creation of glitches is avoided. The new duty cycle may jitter
from update to update by a maximum of one period (given by CMO). However, the period
remains unchanged.

Figure 38. Asynchronous update of duty cycle
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11.3.2

3

TOM continuous mode

In continuous mode the TOM channel starts incrementing the counter register CNO once it is
enabled by setting the corresponding bits in register TOM[i]_TGC[y]_ENDIS_STAT (refer to
Section 11.2.2: TGC subunit for details of enabling a TOM channel).

The signal level of the generated output signal can be configured with the configuration bit
SL of the channel configuration register TOM[i]_CH[x]_CTRL.
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If the counter CNO is reset from CMO back to zero, the first edge of a period is generated at
TOM][i]_CHI[x]_OUT.

The second edge of the period is generated if CNO has reached CM1.

Every time the counter CNO has reached the value of CMO it is reset back to zero and
proceeds with incrementing.

Figure 39. PWM output with respect to configuration bit SL in continuous mode

SL=0:
TOM_CH[x]_ OUT

SL=1:
TOM_CH[x]_OUT —

write a |
value !
to CNO ¢

enable GAPGMS00231
channel

_

l«——period——»/

11.3.3

176/558

TOM one shot mode

In One-shot mode, the TOM channel generates one pulse with a signal level specified by
the configuration bit SL in the channel [x] configuration register TOM[i] _CH[x]_CTRL.

First the channel has to be enabled by setting the corresponding
TOM[i]_TGCJ[y]_ENDIS_STAT value and the one-shot mode has to be enabled by setting
bit OSM in register TOM[i]_CH[x]_CTRL.

In one-shot mode the counter CNO will not be incremented once the channel is enabled.

A write access to the register CNO triggers the start of pulse generation (i.e. the increment of
the counter register CNO).

If SPE mode of TOM([i] channel 2 is enabled (set bit SPEM of register TOM[i]_CH2_CTRL),
also the trigger signal SPE[i]_NIPD can trigger the reset of register CNO to zero and a start
of the pulse generation.

The new value of CNO determines the start delay of the first edge. The delay time of the first
edge is given by (CM0-CNO) multiplied with period defined by current value of CLK_SRC.

If the counter CNO is reset from CMO back to zero, the first edge at TOM[i]_CH[x]_OUT is
generated.

To avoid an update of CMx register with content of SRx register at this point in time, the
automatic update should be disabled by setting UPEN_CTRL[x] = 00 (in register
TOM[i]_CH[x]_CTRL)

The second edge is generated if CNO is greater than or equal to CM1 (i.e. CNO was
incremented until it has reached CM1 or CNO is greater than CM1 after an update of CM1).
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If the counter CNO has reached the value of CMO a second time, the counter stops.

Figure 40. PWM output with respect to configuration bit SL in one-shot mode: trigger
by writing to CNO
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11.3.4

3

Further output of single periods can be started by a write access to register CNO.

If CNO is already incrementing (i.e. started by writing to CNO a value CNOstart < CMO0), the
effect of a second write to CNO depends on the phase of CNO:

e phase 1: CNO never reached the CMO value
e phase 2: CNO reached CMO a first time but is lower than CM1
e phase 3: CNO reached CMO a first time and is greater than or equal to CM1

In phase 1: writing the CNO counter with a {CNOnew < CM1} while {CNOold < CM1} leads to
a lengthening of the pulse. The CNO counter stops when it reaches CMO.

In phase 2: writing to incrementing counter CNO a value CNOnew < CM1 while CNOold is
below CM1 leads to a lengthening of the pulse. The counter CNO stops if is reaches CMO.

In phase 3: writing to incrementing counter CNO a value CNOnew while CNOold is already
greater than or equal to CM1 leads to an immediate restart of a single pulse generation
inclusive the initial delay defined by CMO - CNOnew.

Pulse count modulation

At the output TOM[i]_CH15_OUT a pulse count modulated signal can be generated instead
of the simple PWM output signal.

Figure 36 outlines the circuit for pulse count modulation.
The PCM mode is enabled by setting bit BITREV to 1.

With the configuration bit BITREV = 1 a bit-reversing of the counter output CNO is
configured. In this case the bits LSB and MSB are swapped, the bits LSB+1 and MSB-1 are
swapped, the bits LSB+2 and MSB-2 are swapped and so on.

The effect of bit-reversing of the CNO register value is shown in the Figure 41.
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Figure 41. Bit reversing of counter CNO output
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In the PCM mode the counter register CNO is incremented by every clock tick depending on
the configured CMU clock (CMU_FXCLK).

The output of counter register CNO is first bit-reversed and than compared with the
configured register value CM1.

If the bit-reversed value of register CNO is greater than CM1, the SR-FlipFlop of submodule
SOU is set (depending on configuration register SL) otherwise the SR-FlipFlop is reset. This
generates at the output TOM[i]_CH15 OUT a pulse count modulated signal.

In PCM mode the CMO register always - in which the period is defined - normally has to be
set to its maximum value OxFFFF.

In this mode the interrupt CCU1TC (see register ATOM[i]_CH[x]_IRQ_NOTIFY) is set
every time if bit reverse value of CNO is greater than or equal to CM1 which may be multiple
times during one period. Therefore, from an application point of view it is not useful to
enable this interrupt.

TOM BLDC support

The TOM submodule offers in combination with the SPE submodule a BLDC support. To
drive a BLDC engine TOM channels 0 to 7 can be used.

The BLDC support can be configured by setting the SPEM bit inside the
TOMIi]_CHJz]_CTRL register. When this bit is set the TOM channel output is controlled
through the SPE_OUT(z) signal coming from the SPE submodule (see Figure 34). Please
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refer to Chapter 17: Sensor Pattern Evaluation (SPE) for a detailed description of the SPE
submodule.

The TOM[i]_CH2 can be used together with the SPE module to trigger a delayed update of
the SPE_OUT_CTRL register after new input pattern detected by SPE (signaled by
SPEJi]_NIPD). This feature is configured on TOM[i]_CH2 by setting SPEM = 1 and

OSM = 1. For details please refer to chapter of SPE submodule description.

11.5 TOM gated counter mode

Each TOM-SPE module combination provides also the feature of a gated counter mode.

This is reached by using the FSOI input of a TIM module to gate the clock of a CCUO

submodule.

To configure this mode, registers of module SPE should be set as follows:

e The SPE should be enabled (bit SPE_EN = 1)

e All three TIM inputs should be disabled (SIEO = SIE1 = SIE2 = 0)

e  SPE[i]_OUT_CTRL should be set to 00005555h (set SPE_OUT() to '0")

¢ Mode FSOM should be enabled (FSOM = 1)

e Setin bit field FSOL bit ¢ if channel ¢ of module TOM is chosen for gated counter mode

Additionally in module TOM

e The SPE mode should be disabled (SPEM = 0)

e  The gated counter mode should be enabled (GCM = 1)

As a result of this configuration, the counter CNO in submodule CCUO of TOM channel ¢

counts as long as input FSOl is '0'".
11.6 TOM interrupt signals

The following table describes TOM interrupt signals.

Table 116. TOM interrupt signals
Signal Description

TOM_CCUOTCx_IRQ CCUO trigger condition interrupt for channel x

TOM_CCU1TCx_IRQ CCU1 trigger condition interrupt for channel x
11.7 TOM configuration registers overview

Table 117. TOM configuration registers overview
Register name Description Details in section

TOM[i]_TGCO_GLB_CTRL TGCO global control reg Section 11.8.1
TOM[i]_TGCO_ENDIS_CTRL TGCO enable/disable control reg Section 11.8.2
TOMI[i]_TGCO_ENDIS_STAT TGCO enable/disable status reg Section 11.8.3
TOM[i]_TGCO_ACT_TB TGCO action time base register Section 11.8.4

S74
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Table 117.

TOM configuration registers overview (continued)

Register name

Description

Details in section

TOMI[i]_TGCO_OUTEN_CTRL

TGCO output enable control reg

Section 11.8.5

TOMI[i]_TGCO_OUTEN_STAT

TGCO output enable status reg

Section 11.8.6

TOMI[i]_TGCO_FUPD_CTRL

TGCO force update control reg

Section 11.8.7

TOM[i]_TGCO_INT_TRIG

TGCO internal trigger control

Section 11.8.8

TOM[i]_TGC1_GLB_CTRL

TGC1 global control register

Section 11.8.9

TOM[i]_TGC1_ENDIS_CTRL

TGC1 enable/disable control reg

Section 11.8.10

TOM[]_TGC1_ENDIS_STAT

TGC1 enable/disable status reg

Section 11.8.11

TOM[i]_TGC1_ACT_TB

TGC1 action time base register

Section 11.8.12

TOMI[]_TGC1_OUTEN_CTRL

TGC1 output enable control reg

Section 11.8.13

TOM[i]_TGC1_OUTEN_STAT

TGC1 output enable status reg

Section 11.8.14

TOM[i]_TGC1_FUPD_CTRL

TGC1 force update control reg

Section 11.8.15

TOM[i]_TGC1_INT_TRIG

TGCH1 internal trigger control

Section 11.8.16

TOMIi]_CH[x]_CTRL

TOM Channel x control register (x = 0...14)

Section 11.8.17

TOMI[i]_CH15_CTRL

TOM Channel 15 control reg

Section 11.8.18

TOMI[i]_CH[x]_CNO

TOM Channel x CCUO counter register (x = 0...15)

Section 11.8.19

TOMI[i]_CH[x]_CMO

TOM Channel x CCUO compare register (x = 0...15)

Section 11.8.20

TOMIi]_CH[x]_SR0

TOM Channel x CCUO compare shadow register (x =
0...15)

Section 11.8.21

TOM(i]_CH[x]_CM1

TOM Channel x CCU1 compare register (x = 0...15)

Section 11.8.22

TOMI[i]_CHI[x]_SR1

TOM Channel x CCU1 compare shadow register (x =
0...15)

Section 11.8.23

TOMIi]_CH[x]_STAT

TOM channel status (x = 0...15)

Section 11.8.24

TOMIi]_CH[x]_IRQ_NOTIFY

TOM channel x interrupt notification register (x = 0...15)

Section 11.8.25

TOMIi]_CH[x]_IRQ_EN

TOM channel x interrupt enable register (x = 0...15)

Section 11.8.26

TOM(i]_CH[x]_IRQ_FORCINT

TOM channel x software interrupt generation (x = 0...15)

Section 11.8.27

TOMIi]_CH[x]_IRQ_MODE

IRQ mode configuration register (x = 0...15)

Section 11.8.28
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11.8 TOM configuration registers description

11.8.1 Register TOM[i]_TGCO_GLB_CTRL

Address offset:

see Appendix B Initial value: 0x0000_0000
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Table 118. TOM[i]_TGCO_GLB_CTRL field description

Bit

Description

31

HOST_TRIG: trigger request signal (see TGCO, TGC1) to update the register ENDIS_STAT
and OUTEN_STAT

0 = no trigger request
1 = set trigger request
Note: this flag is reset automatically after triggering the update

[24:30]

Reserved
Note: Read as zero, should be written as zero.

23

RST_CHO: Software reset of channel 0
0 = No action
1 = Reset channel

Note: This bit is cleared automatically after write by CPU. The channel registers are set to their
reset values and channel operation is stopped immediately. The S-R FlipFlop SOUR is
setto'1".

22

RST_CH1: Software reset of channel 1
See bit 23

21

RST_CH2: Software reset of channel 2
See bit 23

20

RST_CH3: Software reset of channel 3
See bit 23

19

RST_CHA4: Software reset of channel 4
See bit 23

18

RST_CH5: Software reset of channel 5
See bit 23

17

RST_CH6: Software reset of channel 6
See bit 23

16

RST_CH7: Software reset of channel 7
See bit 23

3
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Table 118. TOM[i]_TGCO_GLB_CTRL field description (continued)

Bit Description

UPEN_CTRLO: TOM channel 0 enable update of register CMO, CM1 and CLK_SRC from
SRO0, SR1 and CLK_SRC_SR.

Write of following double bit values is possible:
00 = don’t care, bits 1:0 will not be changed

01 = update disabled: is read as 00 (see below)
10 = update enabled: is read as 11 (see below)
11 = don’t care, bits 1:0 will not be changed
Read of following double values means:

00 = channel disabled

11 = channel enabled

[14:15]

UPEN_CTRLZ2: TOM channel 2 enable update of register CM0, CM1 and CLK_SRC

[10:11] See bits [14:15]

UPEN_CTRL3: TOM channel 3 enable update of register CM0, CM1 and CLK_SRC

[8:9] See bits [14:15]

UPEN_CTRL4: TOM channel 4 enable update of register CM0, CM1 and CLK_SRC

[6:7] See bits [14:15]

UPEN_CTRL5: TOM channel 5 enable update of register CM0, CM1 and CLK_SRC

[4:3] See bits [14:15]

UPEN_CTRL6: TOM channel 6 enable update of register CM0, CM1 and CLK_SRC

[2:3] See bits [14:15]

UPEN_CTRL7: TOM channel 7 enable update of register CM0, CM1 and CLK_SRC

[0:11 See bits [14:15]

11.8.2  Register TOM[i]_TGCO_ENDIS_CTRL

Address offset: |see Appendix B Initial value: 0x0000_0000

0 ‘ 1 ‘ 2 | 3 ‘ 4 | 5 ‘ 6 | 7 ‘ 8 ‘ 9 ‘10‘11 ‘12‘13‘14‘15 16‘17 18‘19 20‘21 22‘23 24‘25 26|27 28|29 30|31

~ © [te} < o N ~— o

. - - - - - - -

° ['4 ['4 ['4 4 4 x 4 ['4

@ = = = = = = = =

Bi c (@] (@] (@] o o o (@] (@]
it o) I I I I I I I I

2 () (2} () 2} 2} 2} ) )

[v4 [a] [a] [a] [m] [m] [m] [m] a

Z Z Z P4 P4 P4 P4 Z

w w w w w w L w

Mode R RW | RW | RW | RW | RW | RW | RW | RwW
Initial value 0x0000 00 00 00 00 00 00 00 00
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Table 119. TOM[i]_TGCO_ENDIS_CTRL field description

Bit

Description

[30:31]

ENDIS_CTRLO: TOM channel 0 enable/disable update value.

If a TOM channel is disabled, the counter CNO is stopped and the FlipFlop SOUR is set to the
inverse value of control bit SL. On an enable event, the counter CNO starts counting from its
current value.

Write of following double bit values is possible:

00 = don’t care, bits 1:0 of register ENDIS_STAT will not be changed on an update trigger
01 = disable channel on an update trigger

10 = enable channel on an update trigger

11 = don’t change bits 1:0 of this register

Note: If the channel is disabled (ENDIS[0]=0) or the output is disabled (OUTEN[0]=0), the TOM
channel 0 output TOM_OUTIO0] is the inverted value of bit SL.

[28:29]

ENDIS_CTRL1: TOM channel 1 enable/disable update value.
See bits [30:31]

[26:27]

ENDIS_CTRL2: TOM channel 2 enable/disable update value.
See bits [30:31]

[24:25]

ENDIS_CTRL3: TOM channel 3 enable/disable update value.
See bits [30:31]

[22:23]

ENDIS_CTRL4: TOM channel 4 enable/disable update value.
See bits [30:31]

[20:21]

ENDIS_CTRLS5: TOM channel 5 enable/disable update value.
See bits [30:31]

[18:19]

ENDIS_CTRL6: TOM channel 6 enable/disable update value.
See bits [30:31]

[16:17]

ENDIS_CTRL7: TOM channel 7 enable/disable update value.
See bits [30:31]

[0:15]

Reserved
Note: Read as zero, should be written as zero.

11.8.3  Register TOM[i]_TGCO_ENDIS_STAT

Address offset:

see Appendix B Initial value: 0x0000_0000

0 | 1 | 2 ‘ 3 ‘ 4 | 5 ‘ 6 ‘ 7 | 8 ‘ 9 ‘10‘11 ‘12|13‘14‘15 16‘17 18‘19 20|21 22‘23 24‘25 26|27 28‘29 30‘31
= = e P e [ s e
3 2 S 2| 2 2 S R
Bit s @, @, @, @, o, o, @, o,
@ 0 () %) (%] 0 () (%) 0
& =) =) a a =) =) a =)
4 4 b4 zZ zZ 4 b4 zZ
w w L w w w L w
Mode R RW | RW | RW | RW | RW | RW | RW | RW
Initial value 0x0000 00 00 00 00 00 00 00 00
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Table 120. TOM[i]_TGCO_ENDIS_STAT field description

Bit

Description

[30:31]

ENDIS_STATO: TOM channel 0 enable/disable

If a TOM channel is disabled, the counter CNO is stopped and the FlipFlop SOUR is set to the
inverse value of control bit SL. On an enable event, the counter CNO starts counting from its
current value.

Write of following double bit values is possible:
00 = don'’t care, bits 1:0 will not be changed

01 = channel disabled: is read as 00 (see below)
10 = channel enabled: is read as 11 (see below)
11 = don’t care, bits 1:0 will not be changed
Read of following double values means:

00 = channel disable

11 = channel enable

[28:29]

ENDIS_STAT1: TOM channel 1 enable/disable
See bits [30:31]

[26:27]

ENDIS_STAT2: TOM channel 2 enable/disable
See bits [30:31]

[24:25]

ENDIS_STAT3: TOM channel 3 enable/disable
See bits [30:31]

[22:23]

ENDIS_STAT4: TOM channel 4 enable/disable
See bits [30:31]

[20:21]

ENDIS_STAT5: TOM channel 5 enable/disable
See bits [30:31]

[18:19]

ENDIS_STAT6: TOM channel 6 enable/disable
See bits [30:31]

[16:17]

ENDIS_STAT7: TOM channel 7 enable/disable
See bits [30:31]

[0:15]

Reserved
Note: Read as zero, should be written as zero.

11.8.4  Register TOM[i]_ TGCO ACT_ TB

Address offset: |see Appendix B Initial value: 0x0000_0000
o‘1‘2|3‘4 5‘6 7 8‘9‘10‘11‘12‘13‘14‘15 16‘17|18‘19|20‘21‘22‘23 24‘25‘26|27‘28|29‘30|31
Bit é él :’;I §|
Mode R RW i RW
w
Initial value 00000 00 |0 0x00_0000
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Table 121. TOM[i]_TGCO_ACT_TB field description

Bit Description
ACT_TB: specifies the signed compare value with selected signal TBU_TS][x], x=0...2. If
[8:31] selected TBU_.TS[x].value isin thg inter\{al [ACT_TB-QO7FFFFFh,AQT_TB] the eventis in the
past and the trigger is generated immediately. Otherwise the event is in the future and the
trigger is generated if selected TBU_TS[x] is equal to ACT_TB.
TB_TRIG: Set trigger request
0 = no trigger request
7 1 = set trigger request
Note: This flag is reset automatically if the selected time base unit (TBU_TSO0 or TBU_TS1 or
TBU_TS2 if present) has reached the value ACT_TB and the update of the register were
triggered.
TBU_SEL: Selection of time base used for comparison
00 = TBU_TSO selected
01 = TBU_TS1 selected
[5:6] 10 = TBU_TS2 selected
11 = same as 00
Note: The bit combination “10” is only applicable if the TBU of the device contains three time
base channels. Otherwise, this bit combination is also reserved. Please refer to GTM
Architecture block diagram on page 3 to determine the number of channels for TBU of
this device.
[0:4] Reserved

Note: Read as zero, should be written as zero.

11.85  Register TOM[i]_TGCO_OUTEN_CTRL

Address offset:

see Appendix B Initial value: 0x0000_0000

0 ‘ 1 ‘ 2 | 3 ‘ 4 | 5 ‘ 6 | 7 ‘ 8 ‘ 9 ‘10‘11 ‘12‘13‘14‘15 16‘17 18‘19 20‘21 22‘23 24‘25 26|27 28|29 30|31
~ © [te} <t [sp} N -~ o
) - - ) ) - ) -
- 4 4 4 [h'4 4 [h'4 [hq ['4
@ = = = = = = = =
. b (@] (@] (@] (@] (@] (@] O O
Bit o | | | I I I | |
7 Z Z Z P4 Z P4 P4 Z
[0 w w w L L L L w
14 = = = = = = = =
2 2 2 2 2 2 2 2
o) o) o) o) o) o) ) fe)
Mode R RW | RW | RW | RW | RW | RW | RW | RwW
Initial value 0x0000 00 00 00 00 00 00 00 00
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Table 122. TOM[i]_TGCO_OUTEN_CTRL field description

Bit Description
OUTEN_CTRLO: Output TOM_OUT(0) enable/disable update value
Write of following double bit values is possible:
00 = don’t care, bits 1:0 of register OUTEN_STAT will not be changed on an update trigger
. 01 = disable channel output on an update trigger
[30:31] )
10 = enable channel output on an update trigger
11 = don’t change bits 1:0 of this register
Note: If the channel is disabled (ENDIS[0]=0) or the output is disabled (OUTEN[0]=0), the TOM
channel 0 output TOM_OUTIO0] is the inverted value of bit SL.
[28:29] OUTEN_CTRLZ1: Output TOM_OUT(1)enable/disable update value
' See bits [30:31]
[26:27] OUTEN_CTRL2: Output TOM_OUT(2)enable/disable update value
' See bits [30:31]
[24:25] OUTEN_CTRL3: Output TOM_OUT(3)enable/disable update value
' See bits [30:31]
[22:23] OUTEN_CTRL4: Output TOM_OUT(4)enable/disable update value
' See bits [30:31]
[20:21] OUTEN_CTRLS5: Output TOM_OUT(5)enable/disable update value
' See bits [30:31]
[18:19] OUTEN_CTRLG6: Output TOM_OUT(6)enable/disable update value
' See bits [30:31]
[16:17] OUTEN_CTRL7: Output TOM_OUT(7)enable/disable update value
' See bits [30:31]
[0:15] Reserved

Note: Read as zero, should be written as zero.

11.8.6  Register TOM[i]_TGCO_OUTEN_STAT

Address offset:

see Appendix B Initial value: 0x0000_0000

0 ‘ 1 ‘ 2 | 3 ‘ 4 | 5 ‘ 6 | 7 ‘ 8 ‘ 9 ‘10‘11 ‘12‘13‘14‘15 16‘17 18‘19 20‘21 22‘23 24‘25 26|27 28|29 30|31
= e e s e [ s 2
3 S S < < < < <
; c @, @, @, @, ?, @, @, @,
Bit o z z z z z z z z
[0] w w w w w w w w
14 = = = = = = = =
2 2 2 =) 2 =) =) 2
o) o) o) o) o) o) ) o)
Mode R RW | RW | RW | RW | RW | RW | RW | RwW
Initial value 0x0000 00 00 00 00 00 00 00 00
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Table 123. TOM[i]_TGCO_OUTEN_STAT field description

Bit Description

OUTEN_STATO: Control/status of output TOM_OUT(0)
Write of following double bit values is possible:

00 = don’t care, bits 1:0 will not be changed

01 = channel disabled: is read as 00 (see below)
[30:31] 10 = channel enabled: is read as 11 (see below)

11 = don’t care, bits 1:0 will not be changed

Read of following double values means:

00 = channel disable

11 = channel enable

OUTEN_STAT1: Control/status of output TOM_OUT(1)

28:29

[28:29] See bits [30:31]

[26:27] OUTEN_STAT2: Control/status of output TOM_OUT(2)
’ See bits [30:31]

[24:25] OUTEN_STAT3: Control/status of output TOM_OUT(3)
' See bits 1:0

[22:23] OUTEN_STAT4: Control/status of output TOM_OUT(4)
’ See bits [30:31]

[20:21] OUTEN_STATS5: Control/status of output TOM_OUT(S)
’ See bits [30:31]

[18:19] OUTEN_STAT®6: Control/status of output TOM_OUT(6)
’ See bits [30:31]

[16:17] OUTEN_STAT7: Control/status of output TOM_OUT(7)
’ See bits [30:31]

[0:15] Reserved

Note: Read as zero, should be written as zero.

11.8.7  Register TOM[i]_TGCO_FUPD_CTRL

Address offset: |see Appendix B Initial value: 0x0000_0000

0‘1 2|3 4|5 6|7 8‘9 10‘11 12‘13 14‘15 16‘17 18‘19 20‘21 22‘23 24‘25 26|27 28|29 30|31

slelelzlelelzlelalelalslalalals

. © ©, © © © © © © = = = = = = = =

Bit S S S S S S S s , o, ©, 9 9 9 o, o,

O O (@) (@) (@] (@] (@) O [a] o o o a o [m] [a)

= = = = = = = = o o o o o o o o

() () 1) 1) ) ) ) () o] ) o) -} -} -} -} o)

14 14 [id [id 14 14 14 4 T8 T8 [T [T T8 s [l o

Mode RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW

Initial value 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00
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Table 124. TOM[i]_TGCO_FUPD_CTRL field description

Bit Description
FUPD_CTRLO: Force update of TOM channel 0 operation registers
Write of following double bit values is possible:
00 = don’t care, bits 1:0 will not be changed
01 = force update disabled: is read as 00 (see below)
[30:31] 10 = force update enabled: is read as 11 (see below)
11 = don’t care, bits 1:0 will not be changed
Read of following double values means:
00 = force update disabled
11 = force channel enabled
[28:29] FUPD_CTRL1: Force update of TOM channel 1 operation registers
’ See bits [30:31]
26:27] FUPD_CTRLZ2: Force update of TOM channel 2 operation registers
’ See bits [30:31]
[24:25] FUPD_CTRL3: Force update of TOM channel 3 operation registers
' See bits [30:31]
[22:23] FUPD_CTRLA4: Force update of TOM channel 4 operation registers
' See bits [30:31]
[20:21] FUPD_CTRLS5: Force update of TOM channel 5 operation registers
' See bits [30:31]
[18:19] FUPD_CTRLG6: Force update of TOM channel 6 operation registers
' See bits [30:31]
[16:17] FUPD_CTRLY: Force update of TOM channel 7 operation registers
' See bits [30:31]
RSTCNO_CHO: Reset CNO of channel 0 on force update event
Write of following double bit values is possible:
00 = don’t care, bits 1:0 will not be changed
01 = CNO is not reset on forced update: is read as 00 (see below)
[14:15] 10 = CNO is reset on forced update: is read as 11 (see below)
11 = don’t care, bits 1:0 will not be changed
Read of following double values means:
00 = CNO is not reset on forced update
11 = CNO is reset on forced update
[12:13] RSTCNO_CH1: Reset CNO of channel 1 on force update event
' See bits [14:15]
[10:11] RSTCNO_CH2: Reset CNO of channel 2 on force update event
' See bits [14:15]
[8:9] RSTCNO_CHS3: Reset CNO of channel 3 on force update event
' See bits [14:15]
[6:7] RSTCNO_CH4: Reset CNO of channel 4 on force update event
' See bits [14:15]
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Table 124. TOM[i]_TGCO_FUPD_CTRL field description (continued)

Bit Description

[4:5] RSTCNO_CH5: Reset CNO of channel 5 on force update event
' See bits [14:15]

23] RSTCNO_CH®6: Reset CNO of channel 6 on force update event

See bits [14:15]

RSTCNO_CH?7: Reset CNO of channel 7 on force update event

[0:11 See bits [14:15]

11.8.8 Register TOM[i]_TGCO_INT_TRIG

Address offset: |see Appendix B Initial value: 0x0000_0000
0 ‘ 1 ‘ 2 | 3 ‘ 4 | 5 ‘ 6 | 7 ‘ 8 ‘ 9 ‘10‘11 ‘12‘13‘14‘15 16‘17 18‘19 20‘21 22‘23 24‘25 26|27 28|29 30|31
N~ © [Te} < [92] o -~ o
® Qo Qo Qo S Q Qo Q Q
. 2 [hq [h'4 [h'4 [h'4 [h'4 [h'4 [hq [h'4
Bit o = = = = = = = =
Q = = = = = = = [
o z z z z z z z z
Mode R RW | RW | RW | RW | RW | RW | RW | RwW
Initial value 0x0000 00 00 00 00 00 00 00 00

Table 125. TOMJ[i]_TGCO_INT_TRIG field description

Bit Description

INT_TRIGO: Select input signal TRIG_O as a trigger source

Write of following double bit values is possible:

00 = don’t care, bits 1:0 will not be changed

[30:31] 01 = internal trigger from channel 0 (TRIG_0) not used: is read as 00 (see below)

10 = internal trigger from channel 0 (TRIG_0) used: is read as 11 (see below)

11 =Read of following double values means:

00 = internal trigger from channel 0 (TRIG_O) not used

11 = internal trigger from channel 0 (TRIG_0) used don’t care, bits 1:0 will not be changed

[28:29] INT_TRIG1: Select input signal TRIG_1 as a trigger source
' See bits [30:31]

[26:27] INT_TRIG2: Select input signal TRIG_2 as a trigger source
' See bits [30:31]

[24:25] INT_TRIG3: Select input signal TRIG_3 as a trigger source
' See bits [30:31]

[22:23] INT_TRIG4: Select input signal TRIG_4 as a trigger source
' See bits [30:31]

[20:21] INT_TRIGS: Select input signal TRIG_5 as a trigger source
' See bits [30:31]

[18:19] INT_TRIG6: Select input signal TRIG_6 as a trigger source
' See bits [30:31]

S74
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Table 125. TOM[i]_TGCO_INT_TRIG field description (continued)

Bit Description
[16:17] INT_TRIG7: Select input signal TRIG_7 as a trigger source
' See bits [30:31]
[0:15] Reserved

Note: Read as zero, should be written as zero.

11.8.9

11.8.10

11.8.11

11.8.12

11.8.13

11.8.14

11.8.15

11.8.16

190/558

Register TOM[i]_TGC1_GLB_CTRL

Controls channel 8 to 15

For description see Section 11.8.1: Register TOM[i]_ TGCO0_GLB_CTRL

Register TOM[i] TGC1l ENDIS CTRL

Controls channel 8 to 15

For description see Section 11.8.2: Register TOM[i]_TGCO_ENDIS_CTRL

Register TOM[i]_TGC1_ENDIS_STAT

Controls channel 8 to 15

For description see Section 11.8.3: Register TOM[i]_TGCO_ENDIS_STAT

Register TOM[i]_TGC1_ACT_TB

Controls channel 8 to 15

For description see Section 11.8.4: Register TOM[i]_TGCO_ACT_TB

Register TOM[i]_TGC1 OUTEN_CTRL

Controls channel 8 to 15

For description see Section 11.8.5: Register TOM[i]_TGCO0_OUTEN_CTRL

Register TOM[i]_TGC1_OUTEN_STAT

Controls channel 8 to 15

For description see Section 11.8.6: Register TOM[i]_TGCO_OUTEN_STAT

Register TOM[i]_TGC1_FUPD_CTRL

Controls channel 8 to 15

For description see Section 11.8.7: Register TOM[i]_ TGCO0_FUPD_CTRL

Register TOM[i]_TGC1_INT_TRIG

Controls channel 8 to 15

For description see Section 11.8.8: Register TOM[i]_TGCO_INT_TRIG
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11.8.17

Register TOM[i]_CH[x]_CTRL (x:0...14)

Address offset:

see Appendix B

Initial value: 0x0000_0X00

0 ‘1 2(3|4|5|6|7]|8 ‘ 9 ‘10 1 12‘13‘14‘15 16 17|18‘19 20 21‘22‘23 24‘25‘26|27‘28|29‘30|31
o ©
3 <|3|.|3|5] 3 |3 3 o 3
. s
Bit s [2|85|2[5|8] & |9 5 € | 2
2] [0) (7] O 0| = %] - 172} 17}
Q 0nlao ol g Q b o] ><I o]
14 14 x| = 14 @ 4 x 14
(@]
Mode x |E|2|x|E|x|E x 2 x 2 2 x
Initial value 0x0o ([0|0|o|O0]|OfO 000 0 00000 000 X 0x000

Table 126. TOMJi]_CHI[x]_CTRL field description

Bit

Description

[21:31]

Reserved
Note: Read as zero, should be written as zero.

20

SL: Signal level for duty cycle

0 = Low signal level

1 = High signal level

If the output is disabled, the output TOM_OUT]x] is set to inverse value of SL.

Note: : Reset value depends on the hardware configuration chosen by silicon vendor.

[17:19]

CLK_SRC_SR: Clock source select for channel

The register CLK_SRC is updated with the value of CLK_SRC_SR together with the update of
register CMO and CM1.

The input of the FX clock divider depends on the value of FXCLK_SEL (see CMU).
000 = CMU_FXCLK(O) selected: clock selected by FXCLK_SEL

001 = CMU_FXCLK(1) selected: clock selected by FXCLK_SEL/ 2”4

010 = CMU_FXCLK(2) selected: clock selected by FXCLK_SEL/ 28

011 = CMU_FXCLK(3) selected: clock selected by FXCLK_SEL/ 2212

100 = CMU_FXCLK(4) selected: clock selected by FXCLK_SEL/ 2216

101 = no CMU_FXCLK selected, clock of channel stopped

110 = no CMU_FXCLK selected, clock of channel stopped

111 = no CMU_FXCLK selected, clock of channel stopped

Note: If clock of channel is stopped (i.e. CLK_SRC = 101/110/111), the channel can only be
restarted by resetting CLK_SRC_SR to a value of 000 to 100 and forcing an update via
the force update mechanism.

[12:16]

Reserved
Note: Read as zero, should be written as zero.

11

RST_CCUO: Reset source of CCUO

0 = Reset counter register CNO to 0 on matching comparison CMO

1 = Reset counter register CNO to 0 on trigger TRIG_[x-1]

Note: On TOM channel 2 SPEM=1 has special meaning.

If SPEM = 1, the signal SPE_NIPD triggers the reset of CNO independent of RST_CNO.

[8:10]

Reserved
Note: Read as zero, should be written as zero.

3
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Table 126. TOM[i]_CH[x]_CTRL field description (continued)

Bit Description
TRIGOUT: Trigger output selection (output signal TRIG_[x]) of module TOM_CH]Ix]
7 0=TRIG_[x] is TRIG_[x-1]
1=TRIG_[x] is TRIG_CCUO
6 Reserved
Note: Read as zero, should be written as zero.
OSM: One-shot mode. In this mode the counter CNO counts for only one period. The length of
period is defined by CMO. A write access to the register CNO triggers the start of counting.
5 .
0 = One-shot mode disabled
1 = One-shot mode enabled
4 Reserved
Note: Read as zero, should be written as zero.
SPEM: SPE mode enable for channel.
0 = SPE mode disabled
1 = SPE mode enabled
3 Note: The SPE mode is only implemented for TOM instances connected to a SPE module and
only for channels 0 to 7.
Note: On TOM channel 2 SPEM=1 has special meaning.
If SPEM = 1, the signal SPE_NIPD triggers the reset of CNO.
If SPEM = 1 and OSM=1,the signal SPE_NIPD triggers the start of single pulse generation
GCM: Gated Counter Mode enable
0 = Gated Counter mode disabled
2 1 = Gated Counter mode enabled
Note: The Gated Counter mode is only available for TOM instances connected to a SPE
module and only for channels 0 to 7.
[0:1] Reserved
’ Note: Read as zero, should be written as zero.

11.8.18 Register TOM[i]_CH15_CTRL

Address offset: |see Appendix B Initial value: 0x0000_0X00
0‘1‘2|3 4|5(6|7 8‘9‘10 1 12‘13‘14‘15 16 17|18‘19 20 21‘22‘23 24‘25‘26|27‘28|29‘30|31
o &
hel o= gl S hel hel
@ > oD 1) @ | @
; s o= 8 s Q 2
Bit 9] L K7 E 8 E O| 9] @x ) @
171 E|Q|al|l= 73 = 171 2] 7]
o] o Q| Q b o] xl o]
@ |- 14 ¥ o < [v4
[3)
R|R R R
Mode R wlwlRlw R W R RW W R
Initial value 0x0 o|o|o]o 000 0 00000 000 X 0x000
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Table 127. TOM[i]_CH15_CTRL field description

Bit

Description

[21:31]

Reserved
Note: Read as zero, should be written as zero.

20

SL: Signal level for duty cycle

0 = Low signal level

1 = High signal level

If the output is disabled, the output ATOM_OUTI[Xx] is set to inverse value of SL.
Note: Reset value depends on the hardware configuration chosen by silicon vendor.

[17:19]

CLK_SRC_SR: Clock source select for channel

The register CLK_SRC is updated with the value of CLK_SRC_SR together with the update of
register CMO and CM1.

The input of the FX clock divider depends on the value of FXCLK_SEL (see CMU).
000 = CMU_FXCLK(0) selected: clock selected by FXCLK_SEL

001 = CMU_FXCLK(1) selected: clock selected by FXCLK_SEL/ 224

010 = CMU_FXCLK(2) selected: clock selected by FXCLK_SEL/ 28

011 = CMU_FXCLK(3) selected: clock selected by FXCLK_SEL/ 2412

100 = CMU_FXCLK(4) selected: clock selected by FXCLK_SEL/ 216

101 = no CMU_FXCLK selected, clock of channel stopped

110 = no CMU_FXCLK selected, clock of channel stopped

111 = no CMU_FXCLK selected, clock of channel stopped

Note: If clock of channel is stopped (i.e. CLK_SRC = 101/110/111), the channel can only be
restarted by resetting CLK_SRC_SR to a value of 000 to 100 and forcing an update via
the force update mechanism.

[12:16]

Reserved
Note: Read as zero, should be written as zero.

1"

RST_CCUO: Reset source of CCUOQ
0 = Reset counter register CNO to 0 on matching comparison CMO0
1 = Reset counter register CNO to 0 on trigger TRIG_14

[8:10]

Reserved
Note: Read as zero, should be written as zero.

TRIGOUT: Trigger output selection (output signal TRIG_15) of module TOM_CH15
0=TRIG_15is TRIG_14
1=TRIG_15is TRIG_CCUO

Reserved
Note: Read as zero, should be written as zero.

OSM: One-shot mode. In this mode the counter CNO counts for only one period. The length of
period is defined by CMO. A write access to the register CNO triggers the start of counting.

0 = One-shot mode disabled
1 = One-shot mode enabled

BITREV: Bit-reversing of output of counter register CNO. This bit enables the PCM mode of
channel 15

[0:3]

Reserved
Note: Read as zero, should be written as zero.

3
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11.8.19 Register TOM[i]_CH[x]_CNO (x:0...15)
Address offset: |see Appendix B Initial value: 0x0000_0000
0 ‘ 1 ‘ 2 | 3 ‘ 4 | 5 ‘ 6 | 7 ‘ 8 ‘ 9 ‘10‘11 ‘12‘13‘14‘15 16‘17|18‘19|20‘21‘22‘23 24‘25‘26|27‘28|29‘30|31
Bit Reserved CNO
Mode R RW
Initial value 0x0000 0x0000
Table 128. TOMJi]_CHI[x]_CNO field description
Bit Description
CNO: TOM CCUO counter register
[16:31] This counter is stopped if the TOM channel is disabled and not reset on an enable event of
TOM channel.
[0:15] Reserved
' Note: Read as zero, should be written as zero.
11.8.20 Register TOM[i]_CH[x]_CMO (x:0...15)
Address offset: |see Appendix B Initial value: 0x0000_0000
0 ‘ 1 ‘ 2 | 3 ‘ 4 | 5 ‘ 6 | 7 ‘ 8 ‘ 9 ‘10‘11 ‘12‘13‘14‘15 16‘17|18‘19|20‘21‘22‘23 24‘25‘26|27‘28|29‘30|31
Bit Reserved CMO
Mode R RW
Initial value 0x0000 0x0000
Table 129. TOM[i]_CH[x]_CMO field description
Bit Description
[16:31] CNO: TOM CCUO counter register
’ Setting CMO < CM1 configures a duty cycle of 100 %.
[0:15] Reserved
’ Note: Read as zero, should be written as zero.
11.8.21

Register TOM[i]_CH[x]_SRO (x:0...15)

Address offset:

see Appendix B

Initial value:

0x0000_0000

0 ‘1 ‘2 |3 ‘4 |5 ‘6 |7 ‘8 ‘9 ‘10‘11‘12‘13‘14‘15 1

6‘17|18‘19|20‘21‘22‘23

24‘25‘26|27‘28|29‘30|31

Bit Reserved SRO

Mode R RW

Initial value 0x0000 0x0000
194/558
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Table 130. TOM[i]_CH[x]_SRO field description
Bit Description
[16:31] SRO: TOM channel x shadow register SRO for update of compare register CMO.
[0:15] Reserved

Note: Read as zero, should be written as zero.

11.8.22 Register TOM[i]_CH[x]_CM1 (x:0...15)

Address offset: |see Appendix B Initial value: 0x0000_0000
0 ‘ 1 ‘ 2 | 3 ‘ 4 | 5 ‘ 6 | 7 ‘ 8 ‘ 9 ‘10‘11 ‘12‘13‘14‘15 16‘17|18‘19|20‘21‘22‘23 24‘25‘26|27‘28|29‘30|31
Bit Reserved CM1
Mode R RW
Initial value 0x0000 0x0000

Table 131. TOMJi]_CHI[x]_CML1 field description

Bit Description
[16:31] CM1: TOM CCU1 compare register
' Setting CM1 = 0 configures a duty cycle of 0% independent of the configured value of CMO.
Reserved
[0:15]

Note: Read as zero, should be written as zero.

11.8.23 Register TOM[i]_CH[x]_SR1 (x:0...15)

Address offset: |see Appendix B Initial value: 0x0000_0000
0 ‘ 1 ‘ 2 | 3 ‘ 4 | 5 ‘ 6 | 7 ‘ 8 ‘ 9 ‘10‘11 ‘12‘13‘14‘15 16‘17|18‘19|20‘21‘22‘23 24‘25‘26|27‘28|29‘30|31
g
Bit é x
Mode x 2
. 5] 8
Initial value S S
3 3
Table 132. TOM[i]_CH[x]_SR1 field description
Bit Description
[16:31] SR1: TOM channel x shadow register SR1 for update of compare register CM1
[0:15] Reserved
’ Note: Read as zero, should be written as zero.

3
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11.8.24 Register TOM[i] _CH[x]_STAT (x:0...15)

Address offset: |see Appendix B Initial value: 0x0000_0000

0 ‘ 1 ‘ 2 | 3 ‘ 4 | 5 ‘ 6 | 7 ‘ 8 ‘ 9 ‘10‘11 ‘12‘13‘14‘15 16‘17|18‘19|20‘21‘22‘23 24‘25‘26|27‘28|29‘30 31
Bit Reserved ?
Mode R R
Initial value 0x0000000 x

Table 133. TOMJi]_CHI[x]_STAT field description

Bit Description

OL: Output level of output TOM_OUT(x)

31 Note: Reset value is the inverted value of SL bit which depends on the hardware configuration
chosen by silicon vendor.

Reserved

[0:30] Note: Read as zero, should be written as zero.

11.8.25 Register TOM[i]_CH[x]_IRQ_NOTIFY (x:0...15)

Address offset: |see Appendix B Initial value: 0x0000_0000
0 ‘ 1 ‘ 2 | 3 ‘ 4 | 5 ‘ 6 | 7 ‘ 8 ‘ 9 ‘10‘11 ‘12‘13‘14‘15 16‘17|18‘19|20‘21‘22‘23 24‘25‘26|27‘28|29 3031
[ORNe]
. | =
Bit Reserved 518
[GRNG]
[GR NS
R|[R
Mode R clc
W[ w
Initial value 0x0000000 oo

Table 134. TOM[i]_CH[x]_IRQ_NOTIFY field description

Bit Description

CCUOTC: CCUO Trigger condition interrupt for channel x
0 = No interrupt occurred
31 1 = The condition CNO >= CMO0 was detected.

The notification of the interrupt is only triggered one time after reaching the condition CNO >=
CMO. To re-trigger the notification first the condition CNO < CMO has to be occurred.

CCU1TC: CCU1 Trigger condition interrupt for channel x
0 = No interrupt occurred
30 1 = The condition CNO >= CM1 was detected.

The notification of the interrupt is only triggered one time after reaching the condition CNO >=
CMA1. To re-trigger the notification first the condition CNO < CM1 has to be occurred

Reserved

[0:29] .
Note: Read as zero, should be written as zero.

3
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11.8.26 Register TOM[i]_CH[x]_IRQ_EN (x:0...15)

Address offset: |see Appendix B Initial value: 0x0000_0000
0 ‘ 1 ‘ 2 | 3 ‘ 4 | 5 ‘ 6 | 7 ‘ 8 ‘ 9 ‘10‘11 ‘12‘13‘14‘15 16‘17|18‘19|20‘21‘22‘23 24‘25‘26|27‘28|29 3031
Z|Z
I-“I LIJI
g2
Bit Reserved o'lo
==
- |o
212
0|0
O|0
R|R
Mode R w|w
Initial value 0x0000000 oo
Table 135. TOM[i]_CHI[x]_IRQ_EN field description
Bit Description
CCUOTC_IRQ_EN: TOM_CCUOTC_IRQ interrupt enable
31 0 = Disable interrupt, interrupt is not visible outside GTM-IP
1 = Enable interrupt, interrupt is visible outside GTM-IP
30 CCUITC_IRQ_EN: TOM_CCU1TC_IRQ interrupt enable
see bit 31
Reserved
[0:29] v _
Note: Read as zero, should be written as zero.
11.8.27 Register TOM[i]_CH[x]_IRQ_FORCINT (x:0...15)
Address offset: |see Appendix B Initial value: 0x0000_0000
0 ‘ 1 ‘ 2 | 3 ‘ 4 | 5 ‘ 6 | 7 ‘ 8 ‘ 9 ‘10‘11 ‘12‘13‘14‘15 16‘17|18‘19|20‘21‘22‘23 24‘25‘26|27‘28|29 30 (31
oo
O|0
=
513
Bit Reserved 918
oo
x|
|~
R|R
Mode R AlA
W[ w
Initial value 0x0000000 oo
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Table 136. TOM[i]_CH[x]_IRQ_FORCINT field description

Bit Description

TRG_CCUOQTCO: Trigger TOM_CCUOTCO_IRQ interrupt by software

0 = No interrupt triggering

31 1 = Assert CCUOTCO_IRQ interrupt for one clock cycle

Note: This bit is cleared automatically after write.

Note: This bit is write protected by bit RF_PROT of register GTM_CTRL

TRG_CCULTCO: Trigger TOM_CCU1TCO_IRQ interrupt by software

0 = No interrupt triggering

30 1 = Assert CCU1TCO_IRQ interrupt for one clock cycle

Note: This bit is cleared automatically after write.

Note: This bit is write protected by bit RF_PROT of register GTM_CTRL

Reserved

[0-29] Note: Read as zero, should be written as zero.

11.8.28  Register TOM[i]_CH[x]_IRQ_MODE (x:0...15)

Address offset: |see Appendix B Initial value: 0x0000_000X
0 ‘ 1 ‘ 2 | 3 ‘ 4 | 5 ‘ 6 | 7 ‘ 8 ‘ 9 ‘10‘11 ‘12‘13‘14‘15 16‘17|18‘19|20‘21‘22‘23 24‘25‘26|27‘28|29 3o|31
IRQ_
Bit Reserved MOD
E
Mode R RW
Initial value 0x00000000 XX

Table 137. TOM[i]_CH[x]_IRQ_MODE field description

Bit Description

IRQ_MODE: IRQ mode selection
00 = Level mode
01 = Pulse mode

131

[30:31] 10 = Pulse-Notify mode
11 = Single-Pulse mode
Note: The interrupt modes are described in Section 2.5: GTM-IP interrupt concept.
Reserved

[0:29] .
Note: Read as zero, should be written as zero.
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12 ARU-connected Timer Output Module (ATOM)
12.1 Overview
The ARU-connected Timer Output Module (ATOM) is able to generate complex output
signals without CPU interaction thanks to its connectivity to the ARU. Typically, output signal
characteristics are provided over the ARU connection through submodules connected to
ARU like e.g. the MCS, DPLL or PSM. Each ATOM submodule contains eight output
channels which can operate independently from each other in several configurable
operation modes. A block diagram of the ATOM submodule is depicted in Figure 42.
Figure 42. ATOM block diagram
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The architecture of the ATOM submodule is similar to the TOM submodule, but there are
some differences. First, the ATOM integrates only eight output channels. Hence, there
exists one ATOM Global Control subunit (AGC) for the ATOM channels. The ATOM is
connected to the ARU and can set up individual read requests from the ARU and write
requests to the ARU. Furthermore, the ATOM channels are able to generate signals on
behalf of time stamps and the ATOM channels are able to generate a serial output signal on
behalf of an internal shift register.
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12.1.1
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Each ATOM channel provides four modes of operation:
e  ATOM Signal Output Mode Immediate (SOMI)

e ATOM Signal Output Mode Compare (SOMC)

e ATOM Signal Output Mode PWM (SOMP)

e  ATOM Signal Output Mode Serial (SOMS)

These modes are described in more detail in Section 12.3: ATOM channel modes.

The ATOM channels’ operation registers (e.g. counter, compare registers) are 24-bit wide.
Moreover, the input clocks for the ATOM channels come from the configurable CMU_CLKXx
signals of the CMU submodule. This gives the freedom to select a programmable input
clock for the ATOM channel counters. The ATOM channel is able to generate a serial bit
stream, which is shifted out at the ATOM[i]_CH[x]_OUT output. When configured in this
serial shift mode (SOMS) the selected CMU clock defines the shift frequency.

Each ATOM channel provides the so called operation and shadow register sets. With this
architecture it is possible to work with the operation register set, while the shadow register
set can be reloaded with new parameters over CPU and/or ARU.

When update via ARU is selected, it is possible to configure if both shadow registers are
updated via ARU or only one of the shadow registers is updated for SOMP mode.

On the other hand, the shadow registers can be used to provide data to the ARU when one
or both of the compare units inside an ATOM channel match. This feature is only applicable
in SOMC mode.

As in TOM channels it is possible to reload the content of the ATOM channels operation
registers with the content of the corresponding shadow registers and change the clock input
signal for the counter register simultaneously.

In addition to the feature that the CPU can select another CMU_CLKXx during operation (i.e.
updating the shadow register bit field CLK_SRC_SR of the ATOM[i]_CH[x]_CTRL register),
the selection can also be changed via the ARU. Then, for the clock source update, the ACBI
register bits of the ATOM[i]_CHI[x]_STAT register are used as a shadow register for the new
clock source.

In general, the behavior of the compare units CCUO and CCU1 and the output signal
behavior are controlled with the ACB bit field inside the ATOM[i]_CH[x]_CTRL register
when the ARU connection is disabled and the behavior is controlled via ARU through the
ACBI bit field of the ATOM[i]_CH[x]_STAT register, when the ARU is enabled.

Since the ATOM is connected to the ARU, the shadow registers of an ATOM channel can be
reloaded via the ARU connection or via CPU over its AEI interface. When loaded via the
ARU interface, the shadow registers act as a buffer between the ARU and the channel
operation registers. Thus, a new parameter set for a PWM can be reloaded via ARU into the
shadow registers, while the operation registers work on the actual parameter set.

ATOM Global Control (AGC)

Synchronous start and stop of more than one output channel is possible with the AGC
subunit. This subunit has the same functionality as the TGC subunit of the TOM submodule.
For a description of the AGC subunit functionality, please refer therefore to Section 11.2:
TOM global channel control (TGCO, TGC1).

3
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12.1.2

12.2

3

ATOM channel mode overview

Each ATOM channel offers the following different operation modes:

1.

In ATOM Signal Output Mode Immediate (SOMI), the ATOM channels generate an
output signal immediately after receiving an ARU word according to the two signal level
output bits of the ARU word received through the ACBI bit field. Due to the fact, that the
ARU destination channels are served in a round robin order, the output signal can jitter
in this mode with a jitter of the ARU round trip time.

In ATOM Signal Output Mode Compare (SOMC), the ATOM channel generates an
output signal on behalf of time stamps that are located in the ATOM operation registers.
These time stamps are compared with the time stamps, the TBU generates. The ATOM
is able to receive new time stamps either by CPU or via the ARU. The new time stamps
are directly loaded into the channels operation register. The shadow registers are used
as capture registers for two time base values, when a compare match of the channels
operation registers occurs.

In ATOM Signal Output Mode PWM (SOMP), the ATOM channel is able to generate
simple and complex PWM output signals like the TOM submodule by comparing its
operation registers with a submodule internal counter. In difference to the TOM, the
ATOM shadow registers can be reloaded by the CPU and by the ARU in the
background, while the channel operates on the operation registers.

In ATOM Signal Output Mode Serial (SOMS), the ATOM channel generates a serial
output bit stream on behalf of a shift register. The number of bits shifted and the shift
direction is configurable. The shift frequency is determined by one of the CMU_CLKXx
clock signals. Please refer to Section 12.3.4: ATOM Signal Output Mode Serial (SOMS)
for further details.

ATOM channel architecture

Each ATOM channel is able to generate output signals according to four operation modes.
The architecture of the ATOM channels is similar to the architecture of the TOM channels.
The general architecture of an ATOM channel is depicted in Figure 43.
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12.2.1 ATOM channel architecture
Figure 43. ATOM channel architecture
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3

For all ATOM channels the operation registers (CNO, CMO and CM1) and the shadow
registers (SRO and SR1) are 24-bit wide. The comparators inside CCUO and CCU1 provide
a selectable signed greater/equal or less/equal comparison to compare against the GTM
time bases TBU_TS0 and TBU_TS1. If there is a third time base TBU_TS2 implemented
inside the GTM, this time base can also be selected inside the ATOM channel with the
TB12_SEL bit inside the ATOM[i]_CH[x]_CTRL register for comparison. Please refer
Chapter 9: Time Base Unit (TBU) for further details. For an overview of the implemented
TBU submodule version please refer to Figure 1: GTM-IP_103 architecture block diagram.
The CCUO and CCU1 units have different tasks for the different ATOM channel modes.

The signed compare is used to detect time base overflows and to guarantee, that a compare
match event can be set up for the future even when the time base will first overflow and then
reach the compare value. Please note, that for a correct behavior of this signed compare,
the new compare value must not be specified larger/smaller than half of the range of the
total time base value (Ox7FFFFF).

In SOMC mode, the two compare units CCUx can be used in combination to each other.
When used in combination, the trigger lines TRIG_CCUO and TRIG_CCU1 can be used to
enable/disable the other compare unit on a match event. Please refer to Section 12.3.2:
ATOM Signal Output Mode Compare (SOMC) for further details.

The Signal Output Unit (SOU) generates the output signal for each ATOM channel. This
output signal level depends on the ATOM channel mode and on the SL bit of the
ATOM][i]_CH[x]_CTRL register in combination with the two control bits. These two control
bits ACB(1) and ACB(0) can either be received via CPU in the ACB register field of the
ATOM][i]_CH[x]_CTRL register or via ARU in the ACBI bit field of the
ATOMIi]_CH[x]_STAT register.

The SL bit in the ATOM[i]_CH[x]_CTRL register defines in all modes the operational
behaviour of the ATOM channel.

When the channel and its output are disabled, the output signal level of the channel is the
inverse of the SL bit.

In SOMI and SOMC modes the output signal level depends on the SL, ACB0O and ACB1
bits. In SOMP mode the output signal level depends on the two trigger signals TRIG_CCUO
and TRIG_CCUL1 since theses two triggers define the PWM timing characteristics and the
SL bit defines the level of the duty cycle. In SOMS mode the output signal level is defined by
the bit pattern that has to be shifted out by the ATOM channel. The bit pattern is located
inside the CM1 register.

The ARU Communication Interface (ACI) subunit is responsible for requesting data routed
through ARU to the ATOM channel in SOMI, SOMP and SOMS modes, and additionally for
providing data to the ARU in SOMC mode.

In SOMC mode the ACI shadow registers have a different behaviour and are used as output
buffer registers for data send to ARU.

ARU communication interface (ACI)

The ATOM channels have an ARU Communication Interface (ACI) subunit. This subunit is
responsible for data exchange from and to the ARU. This is done with the two implemented
registers SRO, SR1, and the ACBI and ACBO bit fields that are part of the
ATOM][i]_CH[x]_STAT register. The ACI architecture is shown in Figure 44.

If the ARU_EN bit is set inside the ATOM[i]_CH[x]_CTRL register, the ATOM channel is
enabled by setting the enable bits inside the ATOM[i]_AGC_ENDIS_STAT register and the
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CPU hasn't written data not equal to zero into the CM0, CM1, SRO, SR1 register, the ATOM
channel will first request data from the ARU before the signal generation starts in SOMP,
SOMS and SOMC mode.

Note: If in SOMP mode there is data inside the CMO or SRO register not equal to '0' the channel
counter CNO will start counting immediately, regardless whether the channel has received
ARU data yet.
Note: If in SOMS mode there is data inside the CMO or SRO register not equal to '0' the channel
will start shifting immediately, regardless whether the channel has received ARU data yet.
Figure 44. ACI architecture overview
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Incoming ARU data (53-bit width signal ARU_CHXx_IN) is split into three parts by the ACI
and communicated to the ATOM channel registers. In SOMI, SOMP and SOMS modes
incoming ARU data ARU_CHXx_IN is split in a way that the lower 24 bits of the ARU data (23
downto 0) are stored in the SRO register, the upper bits (47 down to 24) are stored in the
SR1 register and the bits 52 down to 48 (CTRL_BITS) are stored in the ACBI bit field of the
register ATOM[i]_CHI[x]_STAT.

The ATOM channel has to ensure, that in a case when the channel operation registers CM0
and CM1 are updated with the SR0 and SR1 register content and an ARU transfer to these
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12.3.1

3

shadow registers happens in parallel that either the old data in both shadow registers is
transferred into the operation registers or both new values from the ARU are transferred.

In SOMC mode incoming ARU data ARU_CHx_IN is written directly to the ATOM channel
operation register in the way that the lower 24 bits (23 down to 0) are written to CMO, and
the bits 47 down to 24 are written to register CM1. The bits 52 down to 48 are stored in the
ACBI bit field of the ATOM[i]_CH[x]_STAT register and control the behavior of the compare
units and the output signal of the ATOM channel.

In SOMC mode the SRO and SR1 registers serve as capture registers for the time stamps
coming from TBU whenever a compare match event is signaled by the CCUO and/or CCU1
subunits via the CAP signal line. These two time stamps are then provided together with
actual ATOM channel status information located in the ACBO bit field to the ARU at the
dedicated ARU write address of the ATOM channel when the ARU is enabled.

The encoding of the ARU control bits in the different ATOM operation modes is described in
more detail in the following chapters.

ATOM channel modes

As described above, each ATOM channel can operate independently from each other in one
of four dedicated output modes:

e ATOM Signal Output Mode Immediate (SOMI)
e  ATOM Signal Output Mode Compare (SOMC)
e ATOM Signal Output Mode PWM (SOMP)
e  ATOM Signal Output Mode Serial (SOMS)

The Signal Output Mode PWM (SOMP) is principally the same as the output mode for the
TOM submodule except the bit reverse mode which is not included in the ATOM. In addition,
it is possible to reload the shadow registers over the ARU without the need of a CPU
interaction. The three other modes provide additional functionality for signal output control.
All operation modes are described in more detail in the following sections.

Note that in any output mode, if a channel is enabled, one-shot mode is disabled (OSM = 0;
only used in modes SOMP and SOMS) and CMO0 >= CNO, the counter CNO is incrementing
until it reaches CMO.

To avoid unintended counting of CNO after enabling a channel, it is recommended to reset a
channel (or at least CNO and CMO0) before any change on the mode bits MODE, ARU_EN
and OSM.

ATOM Signal Output Mode Immediate (SOMI)

In ATOM Signal Output Mode Immediate (SOMI), the ATOM channel generates output
signals on the ATOM[i]_CH[x]_OUT output port immediate after update of the bit ACBI(0) of
register ATOM[i]_CHI[x]_STAT or ACB(0) bit of register ATOM[i]_CH[x]_CTRL.

If ARU access is enabled by setting bit ARU_EN in register ATOM[i]_CH[x]_CTRL, the
update of the output ATOM[i]_CH[x]_OUT depends on the bit ACBI(0) of register
ATOM][i]_CH[x]_STAT received at the ACI subunit and the bit SL bit of register
ATOM][i]_CH[x]_CTRL. The remaining 48 ARU bits (47 downto 0) have no meaning in this
mode.

DocID025070 Rev 1 205/558




ARU-connected Timer Output Module (ATOM)

RMO0361

If ARU access is disabled, the update of the output ATOM[i]_CH[x]_OUT depends on the bit
ACB(0) and the bit SL of register ATOM[i]_CHI[x]_CTRL.

The initial ATOM channel port pin ATOMJi]_CH[x]_OUT signal level has to be specified by
the SL bit field of the ATOM[i]_CH[x]_CTRL register when OUTEN_CTRL register bit field
OUTEN_CTRLXx is disabled (see Section 11.8.5: Register TOM[i]_TGCO_OUTEN_CTRL)
for details.

In SOMI mode the output behavior depends on the SL bit of register ATOM[i]_CH[x]_CTRL
and the bit ACBI(0) of the ATOM[i]_CH[x]_STAT register or the bit ACBO of register
ATOMI[i]_CH[x]_CTRL.

Table 138. ATOM output level behavior in SOMI mode

ACBI(0)/ .
SL Output behavior
ACB(0)
0 0 Set output to inverse of SL (1)
0 1 Set output to SL (0)
1 0 Set output to inverse of SL (0)

Set output to SL (1)

The signal level bit ACBI(0) is transferred to the SOU subunit of the ATOM and made visible
at the output port according to the table above immediately after the data was received by
the ACI. This can introduce a jitter on the output signal since the ARU channels are served
in a time multiplexed fashion.

12.3.1.1 Register ATOM[i]_CH[x]_CTRL in SOMI mode (x: 0...7)
Address offset: |see Appendix B Initial value: 0x0000_0x00
0 ‘ 1 ‘2 | 3 ‘ 4|5|6|7]8 ‘ 9 ‘10 1 12‘13‘14 15(16 17|18‘19 20 21‘22 23 24‘25‘26 27(28(29(30(31
B 28|38 3 B ? 32 B B 3 S|&|8| w
i 2|¢|2| 2 2| & |2|&] 2 & 2 <|%|2| =
R R R R R R|R|R
Mode R wiRIwl RW W R wlR RW || R RW wlwlwl RW
Initial value 0 ojofo 0 0 0 ofo 0 x| 0 0 ofojo| o
Table 139. ATOMJi]_CH[x]_CTRL in SOMI mode field description
Bit Description
[30:31] MODE: ATOM channel mode select.
' 00: ATOM Signal Output Mode Immediate (SOMI)
29 Not used: Not used in this mode
Note: Not used in this mode.
ARU_EN: ARU Input stream enable
28 0 = ARU Input stream disabled
1 = ARU Input stream enabled
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Table 139. ATOM[i]_CH[x]_CTRL in SOMI mode field description (continued)

Bit Description
ACB(0): ACB bit 0
27 0 = Set output to inverse of SL bit
1 = Set output to SL bit
Not used: Not used in this mode
23:26
[ ] Note: Not used in this mode.
Reserved
21:22
[ ] Note: Read as zero, should be written as zero.
SL.: Initial signal level after channel is enabled
0 = Low signal level
1 = High signal level
30 Note: Reset value depends on the hardware configuration chosen by silicon vendor.
Note: After reset and if channel is disabled, the register SOUR is set to the inverse reset value
of bit SL (i.e. '1"). If the channel is disabled or the output is disabled, the output
ATOM_OUTIx] is set to inverse value of SL.
[17:19] Not used: Not used in this mode
16 Reserved
Note: Read as zero, should be written as zero.
15 Not used: Not used in this mode
Reserved
[12:14] .
Note: Read as zero, should be written as zero.
11 Not used: Not used in this mode
[8:10] Not used: Not used in this mode
7 Not used: Not used in this mode
6 Reserved
Note: Read as zero, should be written as zero.
5 Not used: Not used in this mode
Reserved
[0:4]

Note: Read as zero, should be written as zero.

12.3.2

12.3.2.1

3

ATOM Signal Output Mode Compare (SOMC)

Overview

In ATOM Signal Output Mode Compare (SOMC) the output action is performed in
dependence of the comparison between input values located in CM0 and/or CM1 registers
and the two (three) time base values TBU_TSO0 or TBU_TS1 (or TBU_TS2) provided by the
TBU. For a description of the time base generation please refer to the TBU specification in
Chapter 9: Time Base Unit (TBU). User can select, which of the two (three) time bases is to
be compared with one or both values in CM0 and CM1.

The behavior of the two compare units CCUO and CCU1 is controlled either with the bits 4
down to 2 of ACB bit field inside the ATOM[i]_CH[x]_CTRL register, when the ARU
connection is disabled or with the ACBI bit field of the ATOM[i]_CH[x]_STAT register, when
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the ARU is enabled. In this case, the ACB bit field is updated via the ARU control bits 52
down to 48.

The CCUXx trigger signals TRIG_CCUO and TRIG_CCUL1 always create edges, depending
on the predefined signal level in SL bit in combination with two control bits that can be
specified by either ARU or CPU within the aforementioned ATOM[i]_CH[x]_CTRL or
ATOM][i]_CHI[x]_STAT registers.

In SOMC mode the channel is always disabled after the specified compare match event
occurred. The shadow registers are used to store two time stamp values at the match time.
The channel can be enabled again by first reading the shadow registers, either by CPU or
ARU and by providing new data for CMx registers through CPU or ARU. For a detailed
description please refer to the Section 12.3.2.2: SOMC Mode under CPU control and
Section 12.3.2.3: SOMC mode under ARU control.

If three time bases exist for the GTM-IP there must be a preselection between TBU_TS1
and TBU_TS2 for the ATOM channel. This can be done with TB12_SEL bit in the
ATOM]Ji]_CHI[x]_CTRL register.

The comparison in CCUO/1 with time base TBU_TS1 or TBU_TS2 can be done on a
greater/equal or less/equal comparison according to the CMP_CTRL bit. This control bit has
no effect to a compare unit CCUO or CCU1 that compares against TBU_TSO0. In this case
always a greater/equal compare is done. The bit CMP_CTRL is part of the
ATOM]Ji]_CH[x]_CTRL register.

When configured in SOMC mode, the channel port pin has to be initialized to an initial signal
level. This initial level after enabling the ATOM channel is determined by the SL bit in the
ATOM][i]_CH[x]_CTRL register. If the output is disabled, the signal level is set to the inverse
level of the SL bit.

If the channel is disabled, the register SOUR is set to the SL bit in the
ATOM]Ji]_CH[x]_CTRL register.

On a compare match event the shadow registers SR0 and SR1 are used to capture the TBU
time stamp values. SRO always holds TBU_TSO0 and SR1 either holds TBU_TS1 or
TBU_TS2 depending on the TB12_SEL bit in the ATOM[i]_CH[x]_CTRL register.

Please note, that when the channel is disabled and the compare registers are written, the
compare registers CMx are loaded with the written value and the channel starts with the
comparison on behalf of this values, when the channel is enabled.

SOMC Mode under CPU control

As already mentioned above the ATOM channel can be controlled either by CPU or by ARU.
When the channel should be controlled by CPU, the ARU_EN bit inside the
ATOM][i]_CH[x]_CTRL register has to be reset.

The output of the ATOM channel is set on a compare match event depending on the ACB10
bit field in combination with the SL bit both located in the ATOM[i]_CH[x]_CTRL register.
The output behavior according to the ACB10 bit field in the control register is shown in the
following table.

3
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Table 140. ATOM output level behavior in SOMC mode

SL ACB10(5) | ACB10(4) Output behavior
No signal level change at output (exception in Table 143 mode ACB42 =
0 0 0
001)
0 0 1 Set output signal level to 1
0 1 0 Set output signal level to 0
0 1 1 Toggle output signal level (exception in Table 143 mode ACB42 = 001)
1 0 0 No signal level change at output (exception in Table 143 mode ACB42 =
001)
1 0 1 Set output signal level to 0
1 1 0 Set output signal level to 1
1 1 1 Toggle output signal level (exception in Table 143 mode ACB42 = 001)
The capture/compare strategy of the two CCUx units can be controlled with the ACB42 bit
field inside the ATOM[i]_CHI[x]_CTRL register. The meaning of these bits is shown in the
following table.
Table 141. ATOM CCUx operation in SOMC mode
ACB42(8) ACB42(7) ACB42(6) CCUx control
Serve First: Compare in CCUOQ using TBU_TSO and in parallel in
CCU1 using TBU_TS1 or TBU_TS2. Disable other CCUx on
0 0 0 compare match. Output signal level on the compare match of the
matching CCUx unit is defined by combination of SL, ACB10(5) and
ACB10(4).
Details see Table 143
Serve First: Compare in CCUO using TBU_TSO and in parallel in
CCU1 using TBU_TS1 or TBU_TS2. Disable other CCUx on
0 0 1 compare match. Output signal level on the compare match of the
matching CCUx unit is defined by combination of SL, ACB10(5) and
ACB10(4).
Details see Table 143
0 1 0 Compare in CCUOQ only, use time base TBU_TSO0. Output signal
level is defined by combination of SL, ACB10(5) and ACB10(4) bits.
Compare in CCU1 only, use time base TBU_TS1 or TBU_TS2.
0 1 1 Output signal level is defined by combination of SL, ACB10(5) and
ACB10(4) bits.
Serve Last: Compare in CCUO and then in CCU1 using TBU_TSO.
1 0 0 Output signal level when CCUO matches is defined by combination
of SL, ACB10(5) and ACB10(4). On the CCU1 match the output
level is toggled.
Serve Last: Compare in CCUO and then in CCU1 using TBU_TS1
1 0 1 or TBU_TS2. Output signal level when CCUO matches is defined by
combination of SL, ACB10(5) and ACB10(4). On the CCU1 match
the output level is toggled.

3
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Table 141. ATOM CCUx operation in SOMC mode (continued)

ACB42(8) ACBA42(7) ACB42(6) CCUx control
Serve Last: Compare in CCUO using TBU_TSO0 and then in CCU1
1 1 0 using TBU_TS1 or TBU_TS2. Output signal level when CCU1
matches is defined by combination of SL, ACB10(5) and ACB10(4).
1 1 1 Not used when ARU disabled.

The behavior of the ACBI/ACB42 bit combinations '000' and '001' is described in more
details in Table 142 and Table 143.

Table 142. ATOM channel operation in SOMC serve first when ACB42 ='000'

ACB4 | ACB3 ACB2 ACB1 ACBO sL ccuo CCUL | Pin level
match match new
0 0 0 0 0 0 1 hold
1 0 hold
1 1 hold
0 0 0 0 1 0 1 ]
1 0 1
1 1 1
0
0 0 0 1 0 0 p 0
1 0 0
1 1 0
0 0 0 1 1 0 1 toggle
1 0 toggle
1 1 toggle
0 0 0 0 0 0 1 hold
1 0 hold
1 1 hold
0 0 0 0 1 0 1 0
1 0 0
1 1 0
1
0 0 0 1 0 0 p ]
1 0 1
1 1 1
0 0 0 1 1 0 1 toggle
1 0 toggle
1 1 toggle
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Table 143. ATOM channel operation in SOMC serve first when ACB42 ='001'
ACB4 | ACB3 ACB2 ACB1 ACBO SL nfg::i ri;ii P"r‘"'j;’e'
0 0 1 0 0 0 1 hold
1 0 toggle
1 1 hold
0 0 1 0 1 0 1 0
1 0 1
1 1 0
0
0 0 1 1 0 0 1 1
1 0 0
1 1 1
0 0 1 1 1 0 1 toggle
1 0 hold
1 1 toggle
0 0 1 0 0 0 1 hold
1 0 toggle
1 1 hold
0 0 1 0 1 0 1 1
1 0 0
1 1 1
y
0 0 1 1 0 0 1 0
1 0 1
1 1 0
0 0 1 1 1 0 1 toggle
1 0 hold
1 1 toggle

3

If the ATOM channel is enabled, the CMO and/or CM1 registers and the ACB42 bit field of
the ATOM[i]_CH[x]_CTRL register can be updated by the CPU until the first match event
occurs in case of a serve last compare strategy or until the overall match event in case of
the other compare strategies.

After a compare match event that causes an update of the shadow registers SRO/SR1 and
before reading the SR0O and/or SR1 register via ARU, the update of the registers CMO
and/or CM1 is possible but has no effect.

To set up a new compare action, first the SR0 and/or SR1 register containing captured
values have to be read and then new compare values have to be written into the register
CMO and/or CML1.
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Which CMx register has to be updated depends on the compare strategy defined in the
ACBA42 bit field of the channel control register. Since the channel immediately starts with the
comparison after the CMx register was/were written, the compare strategy has to be
updated before the CMx registers are written.

For the serve last compare strategies, if the CMO and CM1 registers are updated, it can
happen that one or both compare values are already located in the past. In any way the
ATOM channel will first wait until both compare values are written, before it starts the time
base comparisons to avoid a deadlock.

The CPU can check at any time if at least one of the ATOM channels' capture compare
register contains valid data and waits for a compare event to happen. This is signaled by the
DV bit inside the ATOM[i]_CH[x]_STAT register.

For serve last compare strategies, if the DV bit is currently not set, a write to CMO or CM1
immediately sets the DV bit although the compare is only started if both values are written

In SOMC mode and CCUx control mode 'serve last' an exception exists to update the
register CMO/CML1. If in this mode the CCUO compare match event occurred, the update of
register CMO/CM1 via CPU is blocked until the CCU1 compare match event.

In the serve last mode (ACB42 ="100" or ACB42 = "101") it is possible to generate very
small spikes on the output pin by loading CM0 and CM1 with two time stamp values for
TBU_TSO, TBU_TS1 or TBU_TS2 close together. The output pin will then be set or reset
depending on the SL bit and the specified ACB10(5) and ACB10(4) bits in the ACB10 bit
field of the ATOM[i]_CH[x]_CTRL register on the first match event and the output will toggle
on the second compare event in the CCU1 compare unit.

It is important to note, that the bigger (smaller) time stamp has to be loaded into the CM1
register, since the CCUO will enable the CCU1 once it has reached its comparison time
stamp. The order of the comparison time stamps depends on the defined greater/equal or
less/equal comparison of the CCUx units.

In addition to storing the captured time stamps in the shadow registers, the ATOM channel
provides the result of the compare match event in the ACBO(4) and ACBO(3) bits of the
ATOM][i]_CH[x]_STAT register. The meaning of the bits is shown in the following table.

Table 144. ACBO(4)/(3) compare match status

ACBO(4) ACBO(3) Indication
0 1 CCUO compare match occurred
1 0 CCU1 compare match occurred

Please note, that in case of the 'serve last' compare strategy, when the SLA-bit in the
ATOM[i]_CHI[x]_CTRL register is not set, the ACBO(4) bit is always set and the ACBO(3)
bit is always reset after the compare match event occurred.

The ACBO bit field is reset, when the DV bit is set.

Depending on the capture compare unit where the time base matched the interrupt
CCUOTCx_IRQ or CCUL1TCx_IRQ is raised.

The behavior of an ATOM channel in SOMC mode under CPU control is visualized in
Figure 45.

3
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Figure 45. SOMC state diagram for channel under CPU control
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SOMC mode under ARU control

When the channel should be controlled by ARU, the ARU_EN bit inside the
ATOM]Ji]_CH[x]_CTRL register has to be set.

In case, the ATOM channel is under ARU control the content for the compare registers CMO
and CML1 as well as the update of the compare strategy can be loaded via the 53 bits ARU
word.

The ARU word bits 23 to 0 are loaded into the CMO register while the ARU word bits 47 to
24 are loaded into the CML1 register. The five ARU control bits 52 to 48 are loaded into the
ACBI bit field of the ATOM[i]_CH[x]_STAT register and control the channel compare
strategy as well as the output behavior in case of compare match events.

For the five ARU control bits 52 to 48 the bits 49 and 48 are loaded into the ACBI bits 1 and
0. The output behavior also depends on the setting of the SL bit inside of the
ATOM[i]_CHI[x]_CTRL register and is shown in the following table.

Table 145. SL, ACBI(1) and ACBI(2) effect on ATOM channel output behavior

SL ACBI(1) ACBI(0) Output behavior
0 0 0 No signal level change at output (exception in
Table 142 and Table 143 mode ACB42 = 001)
0 0 1 Set output signal level to 1
0 1 0 Set output signal level to 0
0 1 1 Toggle output signal level (exception inTable 142 and
Table 143 mode ACB42 = 001)
1 0 0 No signal level change at output (exception in
Table 142 and Table 143 mode ACB42 = 001)
1 0 1 Set output signal level to 0
1 1 0 Set output signal level to 1
1 1 1 Toggle output signal level (exception in Table 142
andTable 143 mode ACB42 = 001)

For the five ARU control bits 52 to 48 the bits 52 to 50 are loaded into the ACBI bits 4 to 2.
With these three bits the capture/compare units CCUx can be controlled as shown in the
following table:

3
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Table 146. ACBI(4:2) effect on CCUx operation

ACBI(4)

ACBI(3)

ACBI(2)

CCUx control

Serve First: Compare in CCUOQ using TBU_TSO0 and in
parallel in CCU1 using TBU_TS1 or TBU_TS2. Disable
other CCUx on compare match. Output signal level on the
compare match of the matching CCUx unit is defined by
combination of SL, ACBI(1) and ACBI(O0).

Details see Table 143

Serve First: Compare in CCUO using TBU_TSO0 and in
parallel in CCU1 using TBU_TS1 or TBU_TS2. Disable
other CCUx on compare match. Output signal level on the
compare match of the matching CCUx unit is defined by
combination of SL, ACBI(1) and ACBI(0).

Details see Table 142

Compare in CCUO only, use time base TBU_TSO0. Output
signal level is defined by combination of SL, ACBI(1) and
ACBI(0) bits.

Compare in CCU1 only, use time base TBU_TS1 or
TBU_TS2. Output signal level is defined by combination of
SL, ACBI(1) and ACBI(0) bits.

Serve Last: Compare in CCUO and then in CCU1 using
TBU_TSO0. Output signal level when CCUO matches is
defined by combination of SL, ACBI(1) and ACBI(0). On the
CCU1 match the output level is toggled.

Serve Last: Compare in CCUO and then in CCU1 using
TBU_TS1 or TBU_TS2. Output signal level when CCUQ
matches is defined by combination of SL, ACBI(1) and
ACBI(0). On the CCU1 match the output level is toggled.

Serve Last: Compare in CCUO using TBU_TSO0 and then in
CCU1 using TBU_TS1 or TBU_TS2. Output signal level
when CCU1 matches is defined by combination of SL,
ACBI(1) and ACBI(0).

Change ARU read address to ATOM_RDADDR1
DV flag is not set. Neither ACBI(1) nor ACBI(0) is evaluated.

3

It is important to note that the bit combination "111" for the ACBI(4), ACBI(3) and ACBI(2)
bits forces the channel to request new compare values from another destination read
address defined in the ATOM_RDADDRH1 bit field of the ATOM[i]_CH[x]_RDADDR register.
After data was successfully received and the compare event occurred the ATOM channel
switches back to ATOM_RDADDRO to receive the next data from there.

After the specified compare match event, the captured time stamps are stored in SR0O and
SR1 and the compare result is stored in the ACBO bit field of the ATOM[i]_CH[x]_STAT
register. The meaning of the ACBO(4) and ACBO(3) bits of the ATOM[i]_CHI[x]_STAT is
shown in the following table.
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Table 147. ACBO(4:3) compare status

ACBO(4) ACBO(3) Return value to ARU
0 1 CCUO compare match occurred
1 0 CCU1 compare match occurred

Please note, that in case of the 'serve last' compare strategy, when the SLA-bit in the
ATOM][i]_CH[x]_CTRL register is not set, the ACBO(4) bit is always set and the ACBO(3)
bit is always reset after the compare match event occurred.

The ACBO bit field is reset, when the DV bit is set.

Depending on the capture compare unit where the time base matched the interrupt
CCUOTCx_IRQ or CCULTCx_IRQ is raised.

When CCUO and CCU1 is used for comparison it is possible to generate very small spikes
on the output pin by loading CM0 and CM1 with two time stamp values for TBU_TSO,
TBU_TS1 or TBU_TS2 close together. The output pin will then be set or reset depending on
the SL bit and the specified ACBI(0) and ACBI(1) bits in the ACBI bit field of the
ATOM][i]_CH[x]_STAT register on the first match event and the output will toggle on the
second match event.

It is important to note, that the bigger (smaller) time stamp has to be loaded into the CM1
register, since the CCUO will enable the CCU1 once it has reached its comparison time
stamp. The order of the comparison time stamps depends on the defined greater/equal or
less/equal comparison of the CCUx units.

For compare strategy 'serve last' the CCUO and CCU1 compare match may occur
sequentially. During different phases of compare match the CPU access rights to register
CMO and CM1 as well as to WR_REQ bit is different. These access rights by CPU to
register CMO and CM1 and the WR_REQ are depicted in the following figure.

12.3.2.3.1 CPU access rights in case of compare strategy 'serve last'

Figure 46. CPU access rights in case of compare strategy 'serve last’

ARU read request

CCU1 match
+ SRx read
CCUO0 match SRx capture (by CPU or ARU)

CMx update by CPU possible not possible possible possible

| | but ignored |

to update CMx: yes | no | no | yes

WR_REQ: accepted not accepted not accepted accepted

| | |
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12.3.2.3.2 ARU non-blocking mode

3

When the compare registers are updated via ARU the update behaviour of the channel is
configurable with the ABM bit inside the ATOM[i]_CH[x]_CTRL register. When the ABM bit
is reset, the ATOM channel is in ARU non-blocking mode.

In this ARU non-blocking mode, data received via ARU is continuously transferred to the
registers CM0O and CM1 and the bit field ACBI of register ATOM[i]_CH[x]_STAT as long as
no specified compare match event occurs.

After a compare match event that causes an update of the shadow register SRO/SR1 and
before reading the SRO/SR1 register via CPU or ARU, the update of the registers CMO0/
CML1 via CPU or ARU is possible but has no effect.

To set up a new compare action, first the SRO/SR1 registers containing captured values
have to be read and then new compare values have to be written into the register
CMO/CML1. This can be done either by ARU or by CPU.

When the CPU does the register accesses, only one of the shadow registers has to be read.
Depending on the compare strategy, the CPU has to write one or both of the compare
registers.

In SOMC mode and CCUx control mode 'serve last' an exception exists to update the
register CMO/CML1. If in this mode the CCUO compare match event occurred, the update of
register CMO/CM1 via CPU or ARU is blocked until the CCU1 compare match event occurs.

The CPU can check at any time if the ATOM channel has received valid data from the ARU
and waits for a compare event to happen. This is signaled by the DV bit inside the
ATOM]Ii]_CHI[x]_STAT register.

The behavior of an ATOM channel in SOMC mode, when ARU is enabled and ARU blocking
mode (ABM) is disabled is shown in Figure 47.
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Figure 47. SOMC state diagram for SOMC mode, ARU enabled, ABM disabled
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12.3.2.3.3 ARU blocking mode

3

When the compare registers are updated by ARU, the ATOM channel can be configured to
receive ARU data in a blocking manner. This can be configured by setting the ABM bit in the
ATOM]Ji]_CH[x]_CTRL register.

If the ABM and ARU_EN bits are set, the (one) two compare values for CMO and/or CM1
can be provided by ARU or CPU. If the compare registers CM0 and/or CM1 are/is updated,
the ATOM channel waits for the compare match event to happen. No further data is
requested from the ARU.

When the specified compare match event happens, the shadow registers SR0O and SR1 are
updated together with the ACBO bits in the ATOM[i]_CH[x]_STAT register. The data in the
shadow registers is marked as valid for the ARU and the DV bit is reset inside the
ATOM][i]_CH[x]_CTRL register.

If the register SRO and SR1 holding the captured TBU time stamp values are read by either
the ARU or the CPU, the next write access to or update of the register CMO or CM1 via ARU
or the CPU enables the new compare match check again.

At least one of the registers SRO or SR1 has to be read, before new data is requested from
ARU.

The CPU can check at any time if the ATOM channel has received valid data from the ARU
and waits for a compare event to happen. This is signaled by a set DV bit inside the
ATOM][i]_CH[x]_STAT register.

The behavior of an ATOM channel in SOMC mode, when ARU is enabled and ARU blocking
mode is enabled is shown in Figure 48.
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Figure 48. SOMC state diagram for SOMC mode, ARU enabled and ABM enabled
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12.3.2.3.4 ATOM SOMC late update mechanism

Although the ATOM channel may be controlled by data received via the ARU, the CPU is
able to request at any time a late update of the compare register. This can be initiated by
setting the WR_REQ bit inside the ATOM[i]_CHI[x]_CTRL register. By doing this, the ATOM
will request no further data from ARU (if ARU access was enabled). The channel will in any
case continue to compare against the values stored inside the compare registers (if bit DV
was set). The CPU can now update the new compare values until the compare event
happens by writing to the shadow registers, and force the ATOM channel to update the
compare registers by writing to the force update register bits in the AGC register.

If the WR_REQ bit is set and a compare match event happens, any further access to the
shadow registers SR0O, SR1 is blocked and the force update of this channel is blocked. In
addition, the WREF bit is set in the ATOM[i]_CH[x]_STAT register. Thus, the CPU can
determine that the late update failed by reading the WRF bit.

If a compare match event already happened, the WR_REQ bit could not be set until the
channel is unlocked for a new compare match event by reading the shadow registers. In
addition, the WREF bit is set if the CPU tries to write the WR_REQ bit in that case.

If between a correct WR_REQ bit set, a correct shadow register write, and before the force
update is requested by the AGC a match event occurs on the old compare values, the WRF
bit will be set.

The WREF bit will be set in any case if the CPU tries to write to a blocked shadow register.
The WR_REQ bit and the DV bit will be reset on a compare match event.

A blocked force update mechanism will be enabled again after a read access to the register
SRO or SR1 by either the ARU or the CPU.

The ATOM SOMC late update mechanism from CPU is shown in Figure 49.

Figure 49. SOMC state diagram for late update requests by CPU
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12.3.2.4 Register ATOM[i] CH[x]_CTRL in SOMC mode (x: 0...7)

Address offset: |see Appendix B Initial value: 0x0000_0x00
0 ‘ 1 ‘2 | 3|4|5|6|7]|8 ‘ 9 ‘10 1 12‘13‘14 15(16 17|18‘19 20(21(22(23 24‘25 26‘27 28(29(30|31
-}
o - = - o o ols o ol z|lo
Bit s 2125(8] & (% 5 (/5| 2 |a5/° 2 | R |52 &
2 <|z|®|Z| B 3 2 x| 8| gla| @ g |z|g| =
o z = z z 4 B4 z x| 3 <@g
Mode «  |RIRIE|R| B |B| = |E|x| B |E|x|R| B | % |EE| %
Initial value 0 ojo|o|o0 0 0 0 oo 0 x|0]0 0 00 (0|0 00
Table 148. ATOM[i]_CH[x]_CTRL in SOMC mode field description
Bit Description
[30:31] MODE: ATOM channel mode select.
' 01: ATOM Signal Output Mode Compare (SOMC)
TB12_SEL: Select time base value TBU_TS1 or TBU_TS2.
0 = TBU_TS1 selected for comparison
29 1 = TBU_TS2 selected for comparison
Note: This bit is only applicable if three time bases are present in the GTM-IP. Otherwise, this
bit is reserved.
ARU_EN: ARU Input stream enable.
28 0 = ARU Input stream disabled
1 = ARU Input stream enabled
ACB10: Signal level control bits.
00: No signal level change at output (exception in Table 142 and Table 143 mode
ACB42=001).
[26:27] 01: Set output signal level to 1 when SL bit = 0 else output signal level to 0.
10: Set output signal level to 0 when SL bit = 0 else output signal level to 1.
11: Toggle output signal level (exception in Table 142 and Table 143 mode ACB42=001).
Note: These bits are only applicable if ARU_EN ="0".
ACB42: ATOM control bits ACB(4), ACB(3), ACB(2)
000: Compare in CCUO and CCU1 in parallel, disable the CCUx on a compare match on
either of compare units. Use TBU_TS0 in CCUO and TBU_TS1 or TBU_TS2 in CCU1.
001: Compare in CCUO and CCU1 in parallel, disable the CCUx on a compare match on
either compare units. Use TBU_TSO0 in CCUO and TBU_TS1 or TBU_TS2 in CCU1.
010: Compare in CCUO only against TBU_TSO0.
[23:25] 011: Compare in CCU1 only against TBU_TS1 or TBU_TS2.
100: Compare first in CCUO and then in CCU1. Use TBU_TSO.
101: Compare first in CCUO and then in CCU1. Use TBU_TS1 or TBU_TS2.
110: Compare first in CCUO and then in CCU1. Use TBU_TSO0 in CCUO and TBU_TS1 or
TBU_TS2in CCU1.
111: Reserved.
Note: These bits are only applicable if ARU_EN ="'0".
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Table 148. ATOM[i]_CH[x]_CTRL in SOMC mode field description (continued)
Bit Description
CMP_CTRL: CCUx compare strategy select.
0 = Greater/equal compare against TBU time base values (TBU_TS1/2 >= CMO0/1)
29 1 = Less/equal compare against TBU time base values (TBU_TS1/2 <= CMO0/1)

Note: The compare unit CCUO or CCU1 that compares against TBU_TSO0 (depending on
CCUx control mode defined by ACBI(4:2) or ACB42) always performs a greater/equal
comparison, independent of CMP_CTRL bit.

21 Reserved

Note: Read as zero, should be written as zero.

SL: Initial signal level after channel enable.

0 = Low signal level

1 = High signal level

20 Note: Reset value depends on the hardware configuration chosen by silicon vendor.

Note: If the output is disabled, the output ATOM_OUTIx] is set to inverse value of SL.

Note: If the channel and output are disabled, in MODE=01 (SOMC mode) the output register
of SOU unit is set to value of SL. If the output is enabled afterwards, the output
ATOM_OUTIx] is equal to the value of SL.

[17:19] Not used: Not used in this mode
16 Reserved

Note: Read as zero, should be written as zero.

WR_REQ: CPU write request bit

0 = No late update requested by CPU

1 = Late update requested by CPU

Note: The CPU can disable subsequent ARU read requests by the channel and can update

15 the shadow registers with new compare values, while the compare units operate on old
compare values received by former ARU accesses, if occurred.

Note: On a compare match event, the WR_REQ bit will be reset by hardware.

Note: At the point of the force update only the shadow registers SR0 and SR1 are transferred
into the CMO, CM1 registers. The output action is still defined by the ACBI bit field
described by the ARU together with the old compare values for CMO/CM1.

Reserved

[12:14] Y _
Note: Read as zero, should be written as zero.
11 Not used: Not used in this mode
[8:10] Not used: Not used in this mode
TRIGOUT: Trigger output selection (output signal TRIG_CHXx) of module ATOM_CHx.
7 0 =TRIG_[x] is TRIG_[x-1]

1=TRIG_[x] is TRIG_CCUO

3
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Table 148. ATOM[i]_CH[x]_CTRL in SOMC mode field description (continued)

Bit Description

SLA: Serve last ARU communication strategy.

0 = Capture SRx time stamps after CCUO match event not provided to ARU

1 = Capture SRx time stamps after CCUO match event provided to ARU

Please note, that setting of this bit has only effect, when ACBI(4:2) is configured for serve last

compare strategy ("100", "101", or "110").

Note: When this bit is not set, the captured time stamps in the shadow registers SRx are only
provided after the CCU1 match occurred. The ACBO(4:3) bits always return "10" in that
case.

Note: By setting this bit, the ATOM channel also provides the captured time stamps after the

6 CCUO match event to the ARU. The ACBO(4:3) bits are set to “01” in that case. After the
CCU1 match event, the time stamps are captured again in the SRx registers and
provided to the ARU. The ACBO(4:3) bits are set to “10”. When the data in the shadow
registers after the CCUO match was not consumed by an ARU destination and the CCU1
match occurs, the data in the shadow registers is overwritten by the new captured time
stamps. The ATOM channel does not request new data from the ARU when the CCUO
match values are read from an ARU destination.ture SRx time stamps after CCUO match
event provided to ARU. The ACBO(4:3) bits are set to “10”. When the data in the shadow
registers after the CCUO match was not consumed by an ARU destination and the CCU1
match occurs, the data in the shadow registers is overwritten by the new captured time
stamps. The ATOM channel does not request new data from the ARU when the CCUO
match values are read from an ARU destination.

5 Not used: Not used in this mode

ABM: ARU blocking mode

0 = ARU blocking mode disabled: ATOM reads continuously from ARU and updates CMO,

4 CM1 independent of pending compare match event

1 = ARU blocking mode enabled: after updating CM0,CM1 via ARU, no new data is read from

ARU until compare match event occurred and SR0 and/or SR1 are read.

0:3 Reserved
[0:3] Note: Read as zero, should be written as zero.
12.3.3 ATOM Signal Output Mode PWM (SOMP)
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In ATOM Signal Output Mode PWM (SOMP) the ATOM submodule channel is able to
generate complex PWM signals with different duty cycles and periods. Duty cycles and
periods can be changed synchronously and asynchronously. Synchronous change of the
duty cycle and/or period means that the duty cycle or period duration changes after the end
of the preceding period. An asynchronous change of period and/or duty cycle means that

the duration changes during the actual running PWM period.

The signal level of the pulse generated inside the period can be configured inside the
channel control register (SL bit of ATOM[i]_CH[x]_CTRL register). The initial signal output
level for the channel is the reverse pulse level defined by the SL bit. Figure 50 clarifies this

behavior.

In SOMP mode, depending on the configuration bits RST_CCUO of register

ATOM][i]_CH[x]_CTRL the counter register CNO can be reset either when the counter value
is equal to the compare value CMO or when signaled by the ATOM][i] trigger signal TRIG_[x-

1] of the preceding channel.
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In this case, if UPEN_CTRL[x] = 1, also the working register CM0, CM1 and CLK_SRC are
updated.

Figure 50. PWM output behavior with respect to the SL bit in the
ATOM[i]_CHI[x]_CTRL register
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SL=1: ATOM_OUT |

write a |
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channel GAPGMS00242

On an asynchronous update, it is guaranteed, that no spike occurs at the output port of the
channel due to a too late update of the operation registers. The behavior of the output signal
due to the different possibilities of an asynchronous update during a PWM period is shown
in Figure 51.

3
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Figure 51. PWM output behavior in case of an asynchronous update of the duty cycle
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The duration of the pulse high or low time and period is measured with the counter in
subunit CCUO. The trigger of the counter is one of the eight CMU clock signals configurable
in the channel control register ATOM[i]_CH[x]_CTRL. The register CMO0 holds the duration
of the period and the register CM1 holds the duration of the duty cycle in clock ticks of the
selected CMU clock.

If counter register CNO of channel x is reset by its own CCUO unit (i.e. the compare match of
CNO>=CMO configured by RST_CCUO = 0), the following statements are valid:

e The configuration of CM1 = 0 represents 0 % duty cycle at the output

e  The configuration of CM1 >= CMO represents 100 % duty cycle

e If both registers are configured to 0 (CMO = CM1 = 0), the output is 0 % duty cycle

e IfCMO =0, 0 % duty cycle is generated independent of CM1

If the counter register CNO of channel x is reset by the trigger signal coming from another

channel or the assigned TIM module (configured by RST_CCUOQ = 1), following statements
are valid:

e CMO defines the edge to SL value, CM1 defines the edge to !SL value

e If CMO = CM1, the output is 100 % SL (CMO has higher priority)

e If CMO = 0, the output stays at its last value (CNO stops counting)

In case the counter value CNO reaches the compare value in register CMO or the channel
receives an external update trigger via the FUPD(x) signal, a synchronous update is
performed. A synchronous update means that the registers CMO and CM1 are updated with

the content of the shadow registers SRO and SR1 and the CLK_SRC register is updated
with the value of the CLK_SRC_SR register.
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The clock source for the counter can be changed synchronously at the end of a period. If
ARU access is disabled, this is done by using the bit field CLK_SRC_SR of register
ATOM][i]_CH[x]_CTRL as shadow registers for the next CMU clock source.

If ARU access is enabled, the bits ACBI(4), ACBI(3) and ACBI(2) received via ARU and
stored in register ATOM_[i]_CHI[x]_STAT are used as shadow register for the update of the
CMU clock source register CLK_SRC.

For the synchronous update mechanism the generation of a complex PWM output
waveform is possible without CPU interaction by reloading the shadow registers SRO, SR1
and the ACBI bit field over the ACI subunit from the ARU, while the ATOM channel operates
on the CMO and CM1 registers.

This internal update mechanism is established, when the old PWM period ends. The
shadow registers are loaded into the operation registers, the counter register is reset, the
new clock source according to the CLK_SRC_SR or ACBI(4), ACBI(3) and ACBI(2) bits is
selected and the new PWM generation starts.

In parallel, the ATOM channel issues a read request to the ARU to reload the shadow
registers with new values while the ATOM channel operates on the operation registers. To
guarantee the reloading, the PWM period must not be smaller than the worst case ARU
round trip time and source for the PWM characteristic must provide the new data within this
time. Otherwise, the old PWM values are used from the shadow registers.

When updated over the ARU the user has to ensure that the new period duration is located
in the lower (bits 23 to 0) and the duty cycle duration is located in the upper (bits 47 to 24)
ARU data word and the new clock source is specified in the ARU control bits 52 to 50.

This pipelined data stream character is shown in Figure 52.

Figure 52. ARU data input stream pipeline structure for SOMP mode
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When an ARU transfer is in progress which means the ARU_RREQ is served by the ARU,
the ACI locks the update mechanism of CM0O, CM1 and CLK_SRC until the read request
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12.3.3.1
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has finished. The CCUO and CCU1 operate on the old values when the update mechanism
is locked.

The shadow registers SRO and SR1 can also be updated over the AEI bus interface. When
updated via the AEI bus the CM0 and CM1 update mechanism has to be locked via the
AGC_GLB_CTRL register with the UPENX signal in the AGC subunit. To select the new
clock source in this case, the CPU has to write to the CLK_SRC_SR bit field of the
ATOM]Ii]_CH[x]_CTRL register.

For an asynchronous update of the duty cycle and/or period the new values must be written
directly into the compare registers CM0 and/or CM1 while the counter CNO continues
counting. This update can be done only via the AEI bus interface immediately by the CPU or
by the FUPD(x) trigger signal triggered from the AGC global trigger logic. Values received
through the ARU interface are never loaded asynchronously into the operation registers
CMO and CM1. Therefore, the ATOM channel can generate a PWM signal on the output port
pin ATOM[i]_CHI[x]_OUT on behalf of the content of the CM0 and CM1 registers, while it
receives new PWM values via the ARU interface ACI in its shadow registers.

On a compare match of CNO and CMO or CM1 the output signal level of
ATOMIi]_CHI[x]_OUT is toggled according to the signal level output bit SL in the
ATOM]Ji]_CH[x]_CTRL register.

Thus, the duty cycle output level can be changed during runtime by writing the new duty
cycle level into the SL bit of the channel configuration register. The new signal level
becomes active for the next trigger CCU_TRIGX (since bit SL is written).

Since the ATOM[i]_CH][x]_OUT signal level is defined as the reverse duty cycle output level
when the ATOM channel is enabled, a PWM period can be shifted earlier by writing an initial
offset value to CNO register. By doing this, the ATOM channel first counts until CNO reaches
CMO and then it toggles the output signal at ATOM[i]_CH[x]_OUT.

SOMP one-shot mode

The ATOM channel can operate in One-shot mode when the OSM bit is set in the channel
control register. One-shot mode means that a single pulse with the pulse level defined in bit
SL is generated on the output line.

First the channel has to be enabled by setting the corresponding ENDIS_STAT value.
In One-shot mode the counter CNO will not be incremented once the channel is enabled.

A write access to the register CNO triggers the start of pulse generation (i.e. the increment of
the counter register CNO).

If the counter CNO is reset from CMO back to zero, the first edge at ATOM[i]_CHI[x]_OUT is
generated.

To avoid an update of CMx register with content of SRx register at this point in time, the
automatic update should be disabled by setting UPEN_CTRL[x] = 00 (in register
ATOM[i]_CHI[x]_CTRL)

The second edge is generated if CNO is greater than or equal to CM1 (i.e. CNO was
incremented until it has reached CM1 or CNO is greater than CM1 after an update of CM1).

If the counter CNO has reached the value of CMO a second time, the counter stops.

The new value of CNO determines the start delay of the first edge. The delay time of the first
edge is given by (CM0-CNO) multiplied with period defined by current value of CLK_SRC.

Figure 53 clarifies the pulse generation in SOMP one-shot mode.
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Figure 53. PWM output with respect to configuration bit SL in one-shot mode: trigger
by writing to CNO
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Further output of single pulses can be started by a write access to register CNO.

If CNO is already incrementing (i.e. started by writing to CNO a value CNOstart < CM0), the

affect of a second write access to CNO depends on the phase of CNO:

e phase 1: update of CNO before CNO reaches first time CMO

e phase 2: update of CNO after CNO has reached first time CMO but is less than CM1

e phase 3: update of CNO after CNO has reached first time CMO0 and CNO is greater than
or equal CM1

In phase 1: writing to counter CNO a value CNOnew < CMO leads to a shift of first edge
(generated if CNO reaches CMO first time) by the time CM0O-CNOnew.

In phase 2: writing to incrementing counter CNO a value CNOnew < CM1 while CNOold is
below CM1 leads to a lengthening of the pulse. The counter CNO stops if it reaches CMO0.

In phase 3: writing to incrementing counter CNO a value CNOnew while CNOQold is already
greater than or equal to CM1 leads to an immediate restart of a single pulse generation
inclusive the initial delay defined by CMO - CNOnew.

12.3.3.2 Register ATOM[i]_CH[x]_CTRL in SOMP mode (x: 0...7)
Address offset: |see Appendix B Initial value: 0x0000_0x00
0‘1‘2|3 4|5|6|7 8‘9‘10 1 12‘13‘14 15(16 17|18‘19 20 21‘22 23 24‘25 26|27 28(29(30|31
©
= S 2
Bit [ MEZER RS > Ql @ Sl o % %) @ > 8] S22 o
3 5|0 8|z 5 = 3 5|3 [ 3 5 < |z|B8| =
4 z | E z @ © Z|x é © z <|z
Mode o |RR|%|E] B |B| = |B|*| B |E| x| B | % |[RE|Z
Initial value 0 ofo|o]|o 0 0 0 ofo 0 x| 0 o |[o]o
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Table 149. ATOMJi]_CH[x]_CTRL in SOMP mode field description

Bit Description
[30:31] MODE: ATOM channel mode select.
' 10: ATOM Signal Output Mode PWM (SOMP)
29 Not used: Not used in this mode
ARU_EN: ARU Input stream enable
28 0 = ARU Input stream disabled
1 = ARU Input stream enabled
ADL: ARU data select for SOMP.
00: Load both ARU words into shadow registers
[26:27] 01: Load ARU low word (Bits 23...0) into shadow register SRO
' 10: Load ARU high word (Bits 47...24) into shadow register SR1
11: Reserved
Note: This bit field is only used in SOMP mode to select the ARU data source.
[23:25] Not used: Not used in this mode
[21:22] Reserved

Note: Read as zero, should be written as zero.

SL: Signal level for pulse of PWM.

0 = Low signal level

20 1 = High signal level

Note: Reset value depends on the hardware configuration chosen by silicon vendor.
If the output is disabled, the output ATOM_OUTIx] is set to inverse value of SL.

CLK_SRC_SR: Shadow register for CMU clock source register CLK_SRC
000: CMU_CLKO selected
001: CMU_CLK1 selected
010: CMU_CLK2 selected
011: CMU_CLKS selected
100: CMU_CLK4 selected
101: CMU_CLKS5 selected
110: CMU_CLK®6 selected
111: CMU_CLK?7 selected

Note: This register is a shadow register for the CMU_CLKXx select. Thus, if the CMU_CLK
source for PWM generation should be changed during operation, the old CMU_CLK has
to operate until the update of the ATOM channels internal CLK_SRC register by the
CLK_SRC_SR content is done either by an end of a period or a FORCE_UPDATE.

Note: After (channel) reset the selected CLK_SRC value is the SYS_CLK (input of Global
Clock Divider). To use one of the CMU_CLKX, it is required to perform a forced update
of CLK_SRC with the value of CLK_SRC_SR value before/with enabling the channel.

Note: These bits are only applicable if ARU_EN ="0".

[17:19]

Reserved

16
Note: Read as zero, should be written as zero.

15 Not used: Not used in this mode

Reserved

[12:14] Note: Read as zero, should be written as zero.

3
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Table 149. ATOM[i]_CH[x]_CTRL in SOMP mode field description (continued)

Bit

Description

1

RST_CCUO: Reset source of CCUO
0 = Reset counter register CNO to 0 on matching comparison with CM0O
1 = Reset counter register CNO to 0 on trigger TRIG_[x-1]

Note: If RST_CCUO0=1 and UPEN_CTRLx=1 are set, TRIG_[x-1] triggers also the update of
work register (CM0, CM1 and CLK_SRC).

[8:10]

Not used: Not used in this mode.

TRIGOUT: Trigger output selection (output signal TRIG_CHXx) of module ATOM_CHXx.
0 =TRIG_[x] is TRIG_[x-1]
1=TRIG_[x]is TRIG_CCUO

Reserved
Note: Read as zero, should be written as zero.

OSM: One-shot mode
0 = Continuous PWM generation after channel enable
1 = A single pulse is generated

Not used: Not used in this mode

[0:3]

Reserved
Note: Read as zero, should be written as zero.

12.3.4

ATOM Signal Output Mode Serial (SOMS)

In ATOM Signal Output Mode Serial (SOMS) the ATOM channel acts as a serial output shift
register where the content of the CM1 register in the CCU1 unit is shifted out whenever the
unit is triggered by the selected CMU_CLK input clock signal. The shift direction is
configurable with the ACB(0) bit inside the ATOM[i]_CH[x]_CTRL register when ARU is
disabled and the ACBI(0) bit inside the ATOM[i]_CHI[x]_STAT register when ARU is
enabled.

The data inside the CM1 register has to be aligned according to the selected shift direction
in the ACB(0)/ACBI(0) bit. This means that when a right shift is selected, that the data word
has to be aligned to bit 0 of the CM1 register and when a left shift is selected, that the data
has to be aligned to bit 23 of the CM1 register.

Figure 54. SOMS mode output generation

23 SOUR OUTEN
ISL ) | | cM1 | <I ‘ ISL
ISL 0
0 1
- 1
SOMS
ACB(0)/
ACBI(0)
GAPGMS00246
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Figure 54 shows the output generation in case of SOMS mode is selected.

In SOMS mode CCUO runs in counter/compare mode and counts the number of bits shifted
out so far. The total number of bits that should be shifted is defined as CMO. The total
number of bits that are visible at ATOM_OUT is CMO+1.

When the output is disabled the ATOM_OUT is set to the inverse SL bit definition.

When the content of the CML1 register is shifted out, the inverse signal level is shifted into

the CM1 register.

When the output is enabled while UPEN_CTRL[X] is disabled, the ATOM_OUT signal level
is defined by CM1 bit 0 or 23, depending on the shift direction defined by ACB(0) or ACBI(0)
register setting. Figure 55 should clarify the ATOM channel start-up behavior in this case for
right shift. For left shift the CM1 bit 0 in Figure 55 has to be replaced by CM1 bit 23.

Figure 55. SOMS output signal level at start-up, UPEN_CTRL[x] disabled
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If UPEN_CTRL[X] is set and the channel is enabled, the output level is defined by bit 0 or 23
of CM1 register depending on the shift direction. Figure 56 shows the output behavior in that
case.
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Figure 56. SOMS output signal level at start-up, UPEN_CTRL[x] enabled
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12.34.1

3

When the serial data to be shifted is provided via ARU the number of bits that should be
shifted has to be defined in the lower 24 bits of the ARU word (23 to 0) and the data that is
to be shifted has to be defined in the ARU bits 47 to 24 aligned according to the shift
direction. This shift direction has to be defined in the ARU word bit 48 (SLO bit).

If bit UPEN_CTRL[x] of a channel x is set, after update of CMO/CM1 register with the
content of the SRO/SR1 register, a new ARU read request is set up.

If bit UPEN_CTRL[x] of a channel x is not set, no (further) ARU read request is set up
(because the SRO/SRL1 register is never used for update) and the ATOM may stop shifting
after CNO has reached CMO. Note, that in this case also no automatic restart of shifting is
possible.

If a channel is enabled with the settings SOMS mode and ARU_EN = 1, the first received
values from ARU are stored in register SRO and SR1. If CNO and CMO are O (i.e. CNO is not
counting) and the update of channel x is enabled (UPEN_CTRL[x] = 1), an immediate
update of the register CM0O and CML1 is also done. This update of CMO and CM1 triggers the
start of shifting.

It is recommended to configure the ATOM channel in One-shot mode when the ARU_EN bit
is not set, since the ATOM channel would reload new values from the shadow registers
when CNO reaches CMO.

SOMS mode with ARU_EN =1 and OSM = 0, UPEN_CTRL[x] = 1

In case of bit ARU_EN is set and bit OSM is not set, the channel is running in the SOMS
continuous mode. Then, if the content of the CMO register equals the counter CNO, the CMO
and CML1 registers are reloaded with the SR0 and SR1 content and new values are
requested from the ARU. If the update of the shadow registers does not happen before CNO
reaches CMO the old values of SRO and SR1 are used to reload the operation registers.

In contrast to controlling the channel via AEI, the shift direction defined by ARU word bit 48
has only effect after the update of CMx operation registers from the SRx registers.
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12.3.4.2 SOMS mode with ARU_EN =1 and OSM =1, UPEN_CTRL[x] =1

In case of bit ARU_EN is set and bit OSM is set, the channel is running in the SOMS one-
shot mode. Then, if the content of the CMO register equals the counter CNO and if new
values are available in SR0 and SR1 (bit DV set), the CM0 and CM1 registers are reloaded
with the SRO and SR1 content and new values are requested from the ARU. If no new
values are available in SR0 and SR1, the register CM0 and CM1 will not be updated, the
counter CNO stops and the ATOM channel continues to request new data from ARU. A later
reception of new ARU data in SR0 and SR1 will immediately force the update of the register
CMO and CM1 and restart the counter CNO.

12.3.4.3 SOMS mode with ARU_EN =0 and OSM =0, UPEN_CTRL[x] =1

In case of bit ARU_EN is not set and bit OSM is not set, the ATOM channel updates its
CMO/CM1 register with the content of the SR0O/SR1 register and restarts shifting
immediately. The first bit of new CM1 register value will be applied at the output without any
gap to the last bit of the previous CM1 register value.

12.3.44 SOMS mode with ARU_EN =0 and OSM =1, UPEN_CTRL[x] = 1:

In case of bit ARU_EN is not set and bit OSM is set, the ATOM channel stops shifting when
CNO reaches CMO0 and no update of CMO and CML1 is performed.

Then, the shifting of the channel can be restarted again by writing a zero (0) to the CNO
register again. Please note, that the CNO register should be written with a zero since the
CNO register counts the number of bits shifted out by the ATOM channel.

The writing of a zero to CNO causes also an immediate update of CMO/CM1 register with the
content of SRO/SR1 register.
12.3.4.5 Interrupts in SOMS mode

In ATOM Signal Output Mode Serial only the interrupt CCUOTC
(ATOM[i]_CHI[x]_IRQ_NOTIFY) in case of CNO >= CMO is generated. The interrupt
CCU1TC has no meaning and is not generated.

12.3.4.6 Register ATOM[i]_CH[x]_CTRL in SOMS mode (x: 0...7)

Address offset: |see Appendix B Initial value: 0x0000_0x00
0‘1‘2|3 4|5 7 8‘9‘10 1 12‘13‘14 15(16 17|18‘19 20 21‘22 23 24‘25‘26 27128(29(30(31
&
o o Tlo o o ° o9 | o o Z|lo
. g =218 ¢ |8 £ (8|8 < |.| & ) HEIEIR=
Bit ) Slolof 3 S > [} S| o @ %) @ S SIE=1 o
7] =10l alx - - 7] | » (2] » — ——
o) o 0| o o o Q o| ® | o} o <|X|o =
x Z x|z b4 Z x Zlx 5 o b4 <|Z
(@]
Mode e |Z|E|x|E| B |E x| E || « z AHEEE
Initial value 0 o|{o|o]o 0 0 0 0|0 0 x| 0 0 ojo|o]| o
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Table 150. ATOM[i]_CH[x]_CTRL in SOMS mode

Bit

Description

[30:31]

MODE: ATOM channel mode select.
11: ATOM Signal Output Mode Serial (SOMS)

29

Not used: Not used in this mode

28

ARU_EN: ARU Input stream enable
0 = ARU Input stream disabled
1 = ARU Input stream enabled

27

ACBO: Shift direction for CM1 register

0 = Right shift of data is started from bit 0 of CM1

1 = Left shift of data is started from bit 23 of CM1

Note: The data that has to be shifted out has to be aligned inside the CM1 register according
to the defined shift direction.

Note: This bit is only applicable if ARU_EN ="'0".

Note: If the direction (ACBO) is changed the output ATOM_OUT(x] switches immediately to the
other 'first' bit of CM1 (bit 0 if ACBO = 0, bit 23 if ACBO = 1).

[23:26]

Not used: Not used in this mode

[21:22]

Reserved
Note: Read as zero, should be written as zero.

20

SL: Defines signal level when channel and output is disable

0 = High signal level

1 = Low signal level

Note: Reset value depends on the hardware configuration chosen by silicon vendor.

Note: If the output is disabled, the output ATOM_OUT[x] is set to inverse value of SL.

Note: If the output is enabled, the output ATOM_OUTIx] is set to bit 0 or 23 of CM1 register.
Note: The inverse value of SL is shifted into the CM1 register.

Note: An enable or disable of the channel x has no effect on ATOM_OUTI[x].

[17:19]

CLK_SRC: Shift frequency select for channel
000: CMU_CLKO selected
001: CMU_CLK1 selected
010: CMU_CLK?2 selected
011: CMU_CLKS selected
100: CMU_CLK4 selected
101: CMU_CLKS5 selected
110: CMU_CLK®6 selected.
111: CMU_CLK?7 selected

Note: This register is a shadow register for the CMU_CLKXx select. Thus, if the channel should
operate on another CMU_CLK then CMU_CKLO at the beginning, the different
CMU_CLK has to be specified inside this register and the CMU_CLK has to be
configured with a FORCE_UPDATE in that case before the channel operation would
start.

16

Reserved
Note: Read as zero, should be written as zero.

15

Not used: Not used in this mode

3
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Table 150. ATOMJi]_CHI[x]_CTRL in SOMS mode (continued)

Bit

Description

[12:14]

Reserved
Note: Read as zero, should be written as zero.

1

Not used: Not used in this mode

[8:10]

Not used: Not used in this mode

7

Not used: Not used in this mode

Reserved
6

Note: Read as zero, should be written as zero.

OSM: One-shot mode

5 0 = Continuous shifting is enabled

1 = Channel stops, after number of bits defined in CMO is shifted out

4 Not used: Not used in this mode

(03] Reserved

Note: Read as zero, should be written as zero.

12.4 ATOM interrupt signals
The following table describes ATOM interrupt signals.

Table 151. ATOM interrupt signals

Signal

Description

CCUOTCx_IRQ

CCUO trigger condition interrupt for channel x

CCU1TTCx_IRQ

CCU1 trigger condition interrupt for channel x

12.5 ATOM register overview

Table 152. ATOM register Address offset and initial values

Register name

Description

Details in
section

ATOM[i]_AGC_GLB_CTRL

AGC Global control register

12.6.1

ATOM[i]_AGC_ENDIS_CTRL

AGCO Enable/disable control register

12.6.2

ATOM[i]_AGC_ENDIS_STAT

AGC Enable/disable status register (represents status of
ATOM channels)

12.6.3

ATOM[i]_ AGC_ACT_TB

AGC Action time base register

12.6.4

ATOM[i]_AGC_OUTEN_CTRL

AGC Output enable control register

12.6.5

ATOM[i]_AGC_OUTEN_STAT

AGC Output enable status register

12.6.6

ATOM[i]_AGC_FUPD_CTRL

AGC Force update control register

12.6.7

ATOM[i]_AGC_INT_TRIG

AGC Internal trigger control register

12.6.8
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Table 152. ATOM register Address offset and initial values (continued)

Register name Description Detall_s n
section

ATOMI[i]_CH[x]_CTRL ATOM Channel x control register (x = 0...7) 12.6.9
ATOMI[i]_CHI[x]_STAT ATOM Channel x status register (x = 0...7) 12.6.10
ATOM([i]_CHI[x]_ RDADDR ATOM Channel x ARU read address register (x = 0...7) 12.6.11
ATOM([i]_CHI[x]_CNO ATOM Channel x CCUO counter register (x = 0...7) 12.6.12
ATOMI[i]_CH[x]_CMO0 ATOM Channel x CCUO compare register (x = 0...7) 12.6.13
ATOMIi]_CH[x]_SRO QTO;;/I Channel x CCUO compare shadow register (x = 12.6.14
ATOMIi]_CH[x]_CM1 ATOM Channel x CCU1 compare register (x = 0...7) 12.6.15
ATOMIi]_CH[x] SR1 QTC;I;/I Channel x CCU1 compare shadow register (x = 12.6.16
ATOMI[I]_CHI[x]_IRQ_NOTIFY ATOM channel x interrupt notification register (x = 0...7) 12.6.17
ATOMIi]_CH[x]_IRQ_EN ATOM channel x interrupt enable register (x = 0...7) 12.6.18
ATOMII]_CHI[x]_IRQ_FORCINT ATOM channel x software interrupt generation (x =0...7) |12.6.19
ATOMI[i]_CH[x]_IRQ_MODE IRQ mode configuration register (x = 0...7) 12.6.20
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12.6 ATOM register description

12.6.1 Register ATOM[i]_AGC_GLB_CTRL

Address offset: |see Appendix B Initial value: 0x0000_0000
0 ‘ 112 | 3|4 | 5|6 | 7|8 ‘ 9 10‘11 12‘13 14‘15 16(17(18(19|20|21|22|23 24‘25‘26|27‘28|29‘30 31
E é g E g g E ; Nflo|lw|g|[o|la|~|O o 9
= = = = i o o = I|Z|IZ|Z|Z|Z|Z|XZ 9] o
Bit :| ;| ;| ;| ;| ;| ;| :| SI SI 2I SI EI SI SI SI qi) ::I
bl W | w oD D RI2 2R 2222 & 3
5 S5 S5 S5 5 5 5 5 T
A|lA|A|A|A|A|A|A A
Mode RW | RW | RW | RW | RW | RW | RW | RW w w w R w
Initial value 00 00 00 00 00 00 00 00 |o|o0fo|o|0|O|OfO 0 0
Table 153. ATOMJ[i]_AGC_GLB_CTRL field description
Bit Description
HOST_TRIG: trigger request signal (see AGC) to update the register ENDIS_STAT and
OUTEN_STAT
31 0 = no trigger request
1 = set trigger request
Note: this flag is reset automatically after triggering the update
Reserved
[24:30] .
Note: Read as zero, should be written as zero.
RST_CHO: Software reset of channel 0
0 = No action
23 1 = Reset channel
Note: : This bit is cleared automatically after write by CPU. The channel registers are set to
their reset values and channel operation is stopped immediately. The S-R Flip-Flop
SOUR is reset to '1".
29 RST_CH1: Software reset of channel 1
See bit 23.
21 RST_CH2: Software reset of channel 2
See bit 8.
20 RST_CH3: Software reset of channel 3
See bit 23.
19 RST_CH4: Software reset of channel 4
See bit 23.
18 RST_CH5: Software reset of channel 5
See bit 23.
17 RST_CHB®6: Software reset of channel 6
See bit 23.
16 RST_CH7: Software reset of channel 7
See bit 23.
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Table 153. ATOM[i]_AGC_GLB_CTRL field description (continued)

Bit

Description

[14:15]

UPEN_CTRLO: ATOM channel 0 enable update of register CM0, CM1 and CLK_SRC from
SRO0, SR1 and CLK_SRC_SR.

Write of following double bit values is possible:
00 = don’t care, bits 1:0 will not be change

01 = update disabled: is read as 00 (see below)
10 = update enabled: is read as 11 (see below)
11 = don’t care, bits 1:0 will not be changed
Read of following double values means:

00 = channel disabled

11 = channel enabled

[12:13]

UPEN_CTRL1: ATOM channel 1 enable update of register CM0, CM1 and CLK_SRC
See bits [14:15]

[10:11]

UPEN_CTRL2: ATOM channel 2 enable update of register CM0, CM1 and CLK_SRC
See bits [14:15]

8:9]

UPEN_CTRL3: ATOM channel 3 enable update of register CM0, CM1 and CLK_SRC
See bits [14:15].

[6:7]

UPEN_CTRL4: ATOM channel 4 enable update of register CM0, CM1 and CLK_SRC
See bits [14:15]

[4:5]

UPEN_CTRL5: ATOM channel 5 enable update of register CM0, CM1 and CLK_SRC
See bits [14:15]

[2:3]

UPEN_CTRLG6: ATOM channel 6 enable update of register CM0, CM1 and CLK_SRC
See bits [14:15]

[0:1]

UPEN_CTRL7: ATOM channel 7 enable update of register CM0, CM1 and CLK_SRC
See bits [14:15]

12.6.2  ATOM[i]_AGC_ENDIS CTRL

Address offset: |see Appendix B Initial value: 0x0000_0000

0 ‘ 1 ‘ 2 | 3 ‘ 4 | 5 ‘ 6 | 7 ‘ 8 ‘ 9 ‘10‘11 ‘12‘13‘14‘15 16‘17 18‘19 20‘21 22‘23 24‘25 26|27 28|29 30|31

~ © ) < ™ N ~— o

- - - - - . - -

kel ['4 ['4 ['4 x 4 4 [h4 ['4

9] = = = [ [ = = =

Bi 2 %) %) %) %) 3) %) [3) 3)
it @ I I I I I I I I

2 0 0 0 (2] () () (%) (%)

¥ [a] [a] [a] [m] [m] [m] [m] a

Z Z Z P4 P4 Z P4 Z

w w w w w w L w

Mode R RW | RW | RW | RW | RW | RW | RW | RwW
Initial value 0x0000 00 00 00 00 00 00 00 00

3
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Table 154. ATOM[i]_AGC_ENDIS_CTRL field description

Bit

Description

[30:31]

ENDIS_CTRLO: ATOM channel 0 enable/disable update value.

If an ATOM channel is disabled, the counter CNO is stopped and the Flip-Flop SOUR is set to
the inverse value of control bit SL. On an enable event, the counter CNO starts counting from
its current value.

Write of following double bit values is possible:

00 = don’t care, bits 1:0 of register ENDIS_STAT will not be changed on an update trigger
01 = disable channel on an update trigger

10 = enable channel on an update trigger

11 = don’t change bits 1:0 of this register

Note: If the channel is disabled (ENDIS[0]=0) or the output is disabled (OUTEN][0]=0), the
ATOM channel 0 output ATOM_OUT][O0] is the inverted value of bit SL.

[28:29]

ENDIS_CTRL1: ATOM channel 1 enable/disable update value.
See bits [30:31]

[26:27]

ENDIS_CTRL2: ATOM channel 2 enable/disable update value.
See bits [30:31]

[24:25]

ENDIS_CTRL3: ATOM channel 3 enable/disable update value.
See bits [30:31]

[22:23]

ENDIS_CTRL4: ATOM channel 4 enable/disable update value.
See bits [30:31]

[20:21]

ENDIS_CTRL5: ATOM channel 5 enable/disable update value.
See bits [30:31]

[18:19]

ENDIS_CTRL6: ATOM channel 6 enable/disable update value.
See bits [30:31]

[16:17]

ENDIS_CTRL7: ATOM channel 7 enable/disable update value.
See bits [30:31]

[0:15]

Reserved
Note: Read as zero, should be written as zero.

12.6.3  ATOM[i]_AGC_ENDIS_STAT

Address offset:

see Appendix B Initial value: 0x0000_0000

0 ‘ 1 ‘ 2 | 3 ‘ 4 | 5 ‘ 6 | 7 ‘ 8 ‘ 9 ‘10‘11 ‘12‘13‘14‘15 16‘17 18‘19 20‘21 22‘23 24‘25 26|27 28|29 3031
= [ 2 P 2 [ s
B = = = = = = =
Bit 5 @, @, @, ®, o, ®, @,
@ %) %) %) %) %) %) (%}
& &) =) =) =) =) =) a
4 4 4 4 4 4 4
w w w w w w 11}
Mode R RW | RW | RW | RW | RW | RW | RW
Initial value 0x0000 00 | o0 | 00 | 00 | 00 00 | 00
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Table 155. ATOM[i]_AGC_ENDIS_STAT field description

Bit

Description

[30:31]

If an ATOM channel is disabled, the counter CNO is stopped and the Flip-Flop SOUR is set to
the inverse value of control bit SL. On an enable event, the counter CNO starts counting from
its current value.

Write of following double bit values is possible:
00 = don't care, bits [30:31] will not be changed
01 = channel disabled: is read as 00 (see below)
10 = channel enabled: is read as 11 (see below)
11 = don't care, bits [30:31] will not be changed
Read of following double values means:

00 = channel disable

11 = channel enable

[28:29]

ENDIS_STAT1: ATOM channel 1 enable/disable update value.
See bits [30:31]

[26:27]

ENDIS_STAT2: ATOM channel 2 enable/disable update value.
See bits [30:31]

[24:25]

ENDIS_STAT3: ATOM channel 3 enable/disable update value.
See bits 1:0

[22:23]

ENDIS_STAT4: ATOM channel 4 enable/disable update value.
See bits [30:31]

[20:21]

ENDIS_STATS5: ATOM channel 5 enable/disable update value.
See bits [30:31]

[18:19]

ENDIS_STAT6: ATOM channel 6 enable/disable update value.
See bits [30:31]

[16:17]

ENDIS_STAT7: ATOM channel 7 enable/disable update value.
See bits [30:31]

[0:15]

Reserved
Note: Read as zero, should be written as zero.

12.6.4  ATOM[i]_AGC _ACT TB

Address offset: |see Appendix B Initial value: 0x0000_0000
0‘1‘2‘3‘4 5‘6 7 8|9‘10|11‘12‘13‘14‘15 16‘17|18‘19|20‘21|22‘23 24‘25‘26‘27‘28‘29‘30|31
B o |9
Bit 5 2 =3 ACT_TB
g R
Mode R RW i RW
w
Initial value 00000 00 |0 0x00_0000
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Table 156. ATOM[i]_AGC_ACT_TB field description

Bit Description

ACT_TB: specifies the signed compare value with selected signal TBU_TS][x], x=0...2. If
selected TBU_TS[x] value is in the interval [ACT_TB-007FFFFFh,ACT_TB] the eventis in the
past and the trigger is generated immediately. Otherwise the event is in the future and the
trigger is generated if selected TBU_TS[x] is equal to ACT_TB.

[8:31]

TB_TRIG: Set trigger request
0 = no trigger request
7 1 = set trigger request

Note: This flag is reset automatically if the selected time base unit (TBU_TSO0 or TBU_TS1 or
TBU_TS2 if present) has reached the value ACT_TB and the update of the register were
triggered.

TBU_SEL: Selection of time base used for comparison

00 = TBU_TSO selected

01 = TBU_TS1 selected

10 = TBU_TS2 selected

[5:6] 11 = same as 00

Note: The bit combination "10" is only applicable if the TBU of the device contains three time
base channels. Otherwise, this bit combination is also reserved. Please refer to GTM

Architecture block diagram on page 3 to determine the number of channels for TBU of
this device.

Reserved

0:4
[0:4] Note: Read as zero, should be written as zero.

12.6.5  ATOM[i]_AGC_OUTEN_CTRL

Address offset: |see Appendix B Initial value: 0x0000_0000

0 ‘ 1 ‘ 2 | 3 ‘ 4 | 5 ‘ 6 | 7 ‘ 8 ‘ 9 ‘10‘11 ‘12‘13‘14‘15 16‘17 18‘19 20‘21 22‘23 24‘25 26|27 28|29 30|31

~ © [te} <t [sp} N -~ o

) - - ) ) - ) -

- 4 4 4 [h'4 4 [h'4 [hq ['4

@ = = = = = = = =

. b (@] (@] (@] (@] (@] (@] O O
Bit 5 | | | I I I | |

7 Z Z Z P4 Z P4 P4 Z

[0 w w w L L L L w

ha = = = = = = = =

2 2 2 2 2 2 2 2

o) o) o) o) o) o) ) fe)

Mode R RW | RW | RW | RW | RW | RW | RW | RwW
Initial value 0x0000 00 00 00 00 00 00 00 00
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Table 157. ATOM[i]_AGC_OUTEN_CTRL field description

Bit Description
OUTEN_CTRLO: Output ATOM_OUT(0) enable/disable update value
Write of following double bit values is possible:
00 = don't care, bits [30:31] of register OUTEN_STAT will not be changed on an update trigger
. 01 = disable channel output on an update trigger
[30:31] )
10 = enable channel output on an update trigger
11 = don't change bits [30:31] of this register
Note: If the channel is disabled (ENDIS[0]=0) or the output is disabled (OUTEN[0]=0), the TOM
channel 0 output ATOM_OUT][0] is the inverted value of bit SL.
[28:2] OUTEN_CTRLZ1: Output ATOM_OUT(1) enable/disable update value.
' See bits [30:31]
[26:27] OUTEN_CTRL2: Output ATOM_OUT(2) enable/disable update value.
' See bits [30:31]
[24:25] OUTEN_CTRL3: Output ATOM_OUT(3) enable/disable update value.
' See bits [30:31]
[22:23] OUTEN_CTRL4: Output ATOM_OUT(4) enable/disable update value.
' See bits [30:31]
[20:21] OUTEN_CTRL5: Output ATOM_OUT(5) enable/disable update value.
' See bits [30:31]
[18:19] OUTEN_CTRLG6: Output ATOM_OUT(6) enable/disable update value.
' See bits [30:31]
[16:17] OUTEN_CTRL7: Output ATOM_OUT(7) enable/disable update value.
' See bits [30:31]
[0:15] Reserved

Note: Read as zero, should be written as zero.

12.6.6  ATOM[i]_AGC_OUTEN_STAT

Address offset:

see Appendix B Initial value: 0x0000_0000

0 ‘ 1 ‘ 2 | 3 ‘ 4 | 5 ‘ 6 | 7 ‘ 8 ‘ 9 ‘10‘11 ‘12‘13‘14‘15 16‘17 18‘19 20‘21 22‘23 24‘25 26|27 28|29 30|31
= e e s e [ s 2
3 S S < < < < <
; c @, @, @, @, ?, @, @, @,
Bit o z z z z z z z z
[0] w w w w w w w w
14 = = = = = = = =
2 2 2 =) 2 =) =) 2
o) o) o) o) o) o) ) o)
Mode R RW | RW | RW | RW | RW | RW | RW | RwW
Initial value 0x0000 00 00 00 00 00 00 00 00
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Table 158. ATOM[i]_AGC_OUTEN_STAT field description

Bit

Description

[30:31]

OUTEN_STATO: Control/status of output ATOM_OUT(0)
Write of following double bit values is possible:

00 = don't care, bits 1:0 will not be changed

01 = channel disabled: is read as 00 (see below)

10 = channel enabled: is read as 11 (see below)

11 = don't care, bits 1:0 will not be changed

Read of following double values means:

00 = channel disable
11 = channel enable

[28:29]

OUTEN_STAT1: Control/status of output ATOM_OUT(1)

See bits [30:31]

[26:27]

OUTEN_STAT2: Control/status of output ATOM_OUT(2)

See bits [30:31]

[24:25]

OUTEN_STATS3: Control/status of output ATOM_OUT(3)

See bits [30:31]

[22:23]

OUTEN_STAT4: Control/status of output ATOM_OUT(4)

See bits [30:31]

[20:21]

OUTEN_STATS: Control/status of output ATOM_OUT(5)

See bits [30:31]

[18:19]

OUTEN_STAT®6: Control/status of output ATOM_OUT(6)

See bits [30:31]

[16:17]

OUTEN_STATT7: Control/status of output ATOM_OUT(7)

See bits [30:31]

[0:15]

Reserved

Note: Read as zero, should be written as zero.

12.6.7

ATOM[i]_AGC_FUPD_CTRL

Address offset:

see Appendix B

Initial value:

0x0000_0000

0‘1

2|3 4|5

[}

~

©

10‘11 12‘13 14‘15 16‘17 18‘19 20‘21

22‘23

24 ‘25

26|27

28|29 30|31

Bit

RSTCNO_CH7

H6

RSTCNO_C
RSTCNO_CH5
RSTCNO_CH4 —

RSTCNO_CH3 —

RSTCNO_CH2
RSTCNO_CH1
UPEN_CTRLO
FUPD_CTRL7
FUPD_CTRL6
FUPD_CTRL5

FUPD_CTRL4

FUPD_CTRL3

FUPD_CTRL2

FUPD_CTRL1
FUPD_CTRLO

Mode

X
=

Pl
=
&
&

X
=

X
=
X
=
X
=
Pl
=
Pl
=
Pl
=

Pl
=

Pl
=

z

&
X
=

Initial value

o
o

o
o
o
o
o
o

o
o

o
o
o
o
o
o
o
o
o
o
o
o

o
o

o
o

o
o

o
o
o
o
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Table 159. ATOM[i]_AGC_FUPD_CTRL field description
Bit Description
FUPD_CTRLO: Force update of ATOM channel 0 operation registers
Write of following double bit values is possible:
00 = don’t care, bits [30:31] will not be changed
01 = force update disabled: is read as 00 (see below)
[30:31] 10 = force update enabled: is read as 11 (see below)
11 = don’t care, bits [30:31] will not be changed
Read of following double values means:
00 = force update disabled
11 = force channel enabled
[28:29] FUPD_CTRL1: Force update of ATOM channel 1 operation registers
' See bits [30:31]
26:27] FUPD_CTRLZ2: Force update of ATOM channel 2 operation registers
' See bits [30:31]
[24:25] FUPD_CTRL3: Force update of ATOM channel 3 operation registers
' See bits [30:31]
[22:23] FUPD_CTRLA4: Force update of ATOM channel 4 operation registers
' See bits [30:31]
[20:21] FUPD_CTRLS5: Force update of ATOM channel 5 operation registers
' See bits [30:31]
[18:19] FUPD_CTRLG6: Force update of ATOM channel 6 operation registers
' See bits [30:31]
[16:17] FUPD_CTRLY: Force update of ATOM channel 7 operation registers
' See bits [30:31]
17 RST_CH6: Software reset of channel 6
See bit 23.
16 RST_CH7: Software reset of channel 7
See bit 23.
RSTCNO_CHO: Reset CNO of channel 0 on force update event
Write of following double bit values is possible:
00 = don't care, bits [30:31] will not be changed
01 = CNO is not reset on forced update: is read as 00 (see below)
[14:15] 10 = CNO is reset on forced update: is read as 11 (see below)
11 = don't care, bits [30:31] will not be changed
Read of following double values means:
00 = CNO is not reset on forced update
11 = CNO is reset on forced update
[12:13] RSTCNO_CH1: Reset CNO of channel 1 on force update event

See bits [14:15]

[10:11]

RSTCNO_CH2: Reset CNO of channel 2 on force update event
See bits [14:15]

S74
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Table 159. ATOMJ[i]_AGC_FUPD_CTRL field description (continued)

Bit Description
[8:9] RSTCNO_CHS3: Reset CNO of channel 3 on force update event
' See bits [14:15]
[6:7] RSTCNO_CH4: Reset CNO of channel 4 on force update event
' See bits [14:15]
[4:5] RSTCNO_CH5: Reset CNO of channel 5 on force update event
' See bits [14:15]
23] RSTCNO_CH®6: Reset CNO of channel 6 on force update event
' See bits [14:15]
[0:1] RSTCNO_CH?7: Reset CNO of channel 7 on force update event
' See bits [14:15]

12.6.8  ATOM[i]_AGC_INT_TRIG

Address offset:

see Appendix B Initial value: 0x0000_0000

0 ‘ 1 ‘2 | 3 ‘ 4 | 5 ‘ 6 | 7 ‘ 8 ‘ 9 ‘10‘11‘12‘13‘14‘15 16‘17 18‘19 20‘21 22‘23 24‘25 26|27 28|29 30|31

Bit

G7
5
4
3
2

Reserved
INT_TRI
INT_TRIG6
INT_TRIG
INT_TRIG
INT_TRIG
INT_TRIG

1
GO

INT_TRIG
INT_TRI

Mode

Pyl
Pl
=
Pl
=
Py
=
Py
=
Py
=
Py
=

P
=
P
=

Initial value

0x0000 00 00 00 00 00 00

Table 160. ATOM[i]_AGC_INT_TRIG field description

Bit

Description

[30:31]

INT_TRIGO: Select input signal TRIG_O as a trigger source

Write of following double bit values is possible:

00 = don't care, bits [30:31] will not be changed

01 = internal trigger from channel 0 (TRIG_0) not used: is read as 00 (see below)
10 = internal trigger from channel 0 (TRIG_0) used: is read as 11 (see below)

11 = don't care, bits 1:0 will not be changed

Read of following double values means:

00 = internal trigger from channel 0 (TRIG_0) not used

11 = internal trigger from channel 0 (TRIG_0) used

[28:29]

INT_TRIG1: Select input signal TRIG_1 as a trigger source
See bits [30:31]

[26:27]

INT_TRIG2: Select input signal TRIG_2 as a trigger source
See bits [30:31]

[24:25]

INT_TRIG3: Select input signal TRIG_3 as a trigger source
See bits [30:31]

[22:23]

INT_TRIG4: Select input signal TRIG_4 as a trigger source
See bits [30:31]
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Table 160. ATOMJ[i]_AGC_INT_TRIG field description (continued)

Bit Description

[20:21] INT_TRIGS: Select input signal TRIG_5 as a trigger source
' See bits [30:31]

[18:19] INT_TRIGG6: Select input signal TRIG_6 as a trigger source
' See bits [30:31]

[16:17] INT_TRIG7: Select input signal TRIG_7 as a trigger source
' See bits [30:31]

[0:15] Reserved

Note: Read as zero, should be written as zero.

12.6.9

Register ATOM[i]_CH[x]_CTRL (x: 0...7)

Address offset: |see Appendix B Initial value: 0x0000_0X00
0‘1‘2|3 45|67 8‘9‘10 11 12‘13‘14 15|16 17|18‘19 20(21|22(23 24‘25‘26|27 28(29|30(31
o = - 8 - olo % - E:' =
| Z | W
. : s|=s|<la] = [8] = |¥[2] ¢ |4]2|6 @ wlol &
Bit o] o D@ @ @ | @ alol™ o Sl 6
7] <|O|n|= 1] I—l 1] x| @ » ol < -
o) g o} 5 o} g & xl & = % ol =
@ = 12 2 x 5 o =
(@]
R|R|R R R R R R|R
Mode R wlwlwlw R W R wlR RW 1w IR w RW wlwl RW
Initial value 0x0 ojo|o]|o 0 0 0 ofo 0 x|0]o0 0 00| 00

Table 161. ATOM[i]_CH[x]_CTRL field description

Bit

Description

[30:31]

MODE: ATOM channel mode select.

00: ATOM Signal Output Mode Immediate (SOMI)
01: ATOM Signal Output Mode Compare (SOMC)
10: ATOM Signal Output Mode PWM (SOMP)

11: ATOM Signal Output Mode Serial (SOMS)

29

TB12_SEL: Select time base value TBU_TS1 or TBU_TS2.
0 = TBU_TS1 selected for comparison

1 = TBU_TS2 selected for comparison

Note: This bit is only applicable in SOMC mode.

28

ARU_EN: ARU Input stream enable.
0 = ARU Input stream disabled
1 = ARU Input stream enabled

[23:27]

ACB: ATOM Mode control bits.

Note: These bits have different meaning in the different ATOM channel modes. Please refer to
the mode description sections.

Note: These bits are only applicable when ARU_EN ="'0".

3
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Table 161. ATOMJi]_CH[x]_CTRL field description (continued)

Bit Description

CMP_CTRL: CCUx compare strategy select.
0 = Greater/equal compare against TBU time base values (TBU_TSx >= CMx)

22
1 = Less/equal compare against TBU time base values (TBU_TSx <= CMXx)
Note: This bit is only applicable in SOMC mode

21 Reserved

Note: Read as zero, should be written as zero.

SL: Initial signal level.

0 = Low signal level

1 = High signal level

Note: Reset value depends on the hardware configuration chosen by silicon vendor.

Note: If the output is disabled, the output ATOM_OUT[x] is set to inverse SL independent of
the ATOM channel mode.

Note: In SOMP, SOMI, SOMS mode, if the channel is disabled, the internal register SOUR

20 inside ATOM sub unit SOU is set to inverse value of SL. By enabling the channel the
register SOUR is not changed. Thus, if the output is enabled afterwards, the output
ATOM_OUTIx] is the inverse value of SL.

Note: In SOMC mode, if the channel is disabled, the internal register SOUR inside ATOM sub
unit SOU is set to value of SL. By enabling the channel the register SOUR is not
changed. Thus, if the output is enabled and the channel is disabled, the output
ATOM_OUT[x] is the value of SL.

Note: In SOMS mode, this bit is only applicable when the channel and its output are disabled.

CLK_SRC/CLK_SRC_SR: actual CMU clock source (SOMS)/ shadow register for CMU clock
source (SOMP).

000: CMU_CLKO selected

001: CMU_CLK1 selected

010: CMU_CLK2 selected

011: CMU_CLKS selected

100: CMU_CLK4 selected

101: CMU_CLKS5 selected

[17:19] 110: CMU_CLKE® selected

111: CMU_CLKY selected

Note: This register is a shadow register for the CMU_CLKXx select. Thus, if the CMU_CLK
source for PWM generation should be changed during operation, the old CMU_CLK has
to operate until the update of the ATOM channels internal CLK_SRC register by the
CLK_SRC_SR content is done either by an end of a period or a FORCE_UPDATE.

Note: After (channel) reset the selected CLK_SRC value is the SYS_CLK (input of Global
Clock Divider). To use in SOMP mode one of the CMU_CLKYX, it is required to perform a
forced update of CLK_SRC with the value of CLK_SRC_SR value before/with enabling

the channel.
16 Reserved
Note: Read as zero, should be written as zero.
15 WR_REQ: CPU Write request bit for late compare register update.
Note: This bit is only applicable in SOMC mode.
[12:14] Reserved

Note: Read as zero, should be written as zero.

3

248/558 DocID025070 Rev 1




RMO0361

ARU-connected Timer Output Module (ATOM)

Table 161. ATOMJi]_CH[x]_CTRL field description (continued)

Bit

Description

1

RST_CCUO: Reset source of CCUO
0 = Reset counter register CNO to 0 on matching comparison with CM0O
1 = Reset counter register CNO to 0 on trigger TRIG_[x-1]

Note: If RST_CCUO0=1 and UPEN_CTRLx=1 are set, TRIG_[x-1] triggers also the update of
work register (CM0, CM1 and CLK_SRC).

Note: This bit is only applicable in SOMP mode.

[8:10]

Reserved
Note: Read as zero, should be written as zero.

TRIGOUT: Trigger output selection (output signal TRIG_CHx) of module ATOM_CHx.
0 = TRIG_[x[ is TRIG_[x-1]
1=TRIG_[x] is TRIG_CCUO

SLA: Serve last ARU communication strategy

0 = Capture SRx time stamps after CCUO match event not provided to ARU

1 = Capture SRx time stamps after CCUO match event provided to ARU

Note: This bit is only applicable in SOMC mode.

Note: Please note, that setting of this bit has only effect, when ACBI(4:2) is configured for
serve last compare strategy (“100”, “101”, or “110”).

Note: When this bit is not set, the captured time stamps in the shadow registers SRx are only
provided after the CCU1 match occurred. The ACBO(4:3) bits always return "10" in that
case.

Note: By setting this bit, the ATOM channel also provides the captured time stamps after the
CCUO match event to the ARU. The ACBO(4:3) bits are set to “01” in that case. After the
CCU1 match event, the time stamps are captured again in the SRx registers and
provided to the ARU. The ACBO(4:3) bits are set to “10”. When the data in the shadow
registers after the CCUO match was not consumed by an ARU destination and the CCU1
match occurs, the data in the shadow registers is overwritten by the new captured time
stamps. The ATOM channel does not request new data from the ARU when the CCUO
match values are read from an ARU destination.

OSM: One-shot mode

0 = Continuous PWM generation after channel enable

1 = A single pulse is generated

Note: this bit is only applicable in SOMP and SOMS modes.

ABM: ARU blocking mode

0 = ARU blocking mode disabled: ATOM reads continuously from ARU and updates CMO,
CM1 independent of pending compare match event

1 = ARU blocking mode enabled: after updating CM0,CM1 via ARU, no new data is read from
ARU until compare match event is occurred.

Note: This bit is only applicable in SOMC mode.

[0:3]

Reserved: Read as zero, should be written as zero
Note: Read as zero, should be written as zero.
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12.6.10 Register ATOM[i]_CH[x]_STAT (x: 0...7)

Address offset: |see Appendix B Initial value: 0x0000_000X
0 ‘ 1 ‘ 2|3 ‘ 4 | 5 ‘ 6 | 7|89 [10[11 ‘12‘13‘14‘15 16‘17|18‘19|20‘21‘22‘23 24‘25‘26|27‘28|29‘30 31
k3 o Tl 3
; e a s> @ 2 _.
R
Mode R R R|{C|R R R R
w
Initial value 0 0 0olo0]o0 0x00 0 X
Table 162. ATOM[i]_CHI[x]_STAT field description
Bit Description
OL: Actual output signal level of ATOM_CHx_OUT.
0 = Actual output signal level is low
31 1 = Actual output signal level is high
Note: Reset value is the inverted value of bit SL which depends on the hardware configuration
chosen by silicon vendor.
Reserved
[16:30] .
Note: Read as zero, should be written as zero.
ACBI: ATOM Mode control bits received through ARU.
[11:15] Note: This register serves as a mirror for the five ARU control bits received through the ARU
interface. The bits are valid, when the DV bit is set..
DV: Valid ARU Data stored in compare registers.
0 = No valid data was received by ARU
10 1 = Valid data received by ARU and stored in CMO and/or CM1
Note: This bitis only applicable in SOMC mode. The CPU can determine the status of the ARU
transfers with this bit. After the compare event occurred, the bit is reset by hardware.
WRF: Write request of CPU failed for late update.
0 = Late update was successful, CCUx units wait for comparison.
9 1 = Late update failed.
The bit WRF can be reset by writing a 1 to it.
Note: This bit is only applicable in SOMC mode.
8 Reserved
Note: Read as zero, should be written as zero.
ACBO: ATOM Internal status bits.
ACBOJ3] = 1: CCUO Compare match occurred
3:7] ACBOJ[4] = 1: CCU1 Compare match occurred
' Note: These bits are only set in SOMC mode.
Note: ACBO is reset to 0b00000 on an update of register CMO or CM1 (via ARU or CPU)
Note: In SOMC mode these bits are sent as ARU control bits 52...48
[0:2] Reserved
' Note: Read as zero, should be written as zero.
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12.6.11 Register ATOM[i]_CH[x]_RDADDR (x: 0...7)
Address offset: |see Appendix B Initial value: Ox01FE_O1FE
0 ‘ 1 ‘ 2 | 3 ‘ 4 | 5 ‘ 6|7 ‘ 8 ‘ 9 ‘10‘11 ‘12‘13‘14‘15 16‘17|18‘19|20‘21‘22 23 24‘25‘26|27‘28|29‘30|31
. X . 2
Bit S 8 S 8
g 2 g 3
22 © 22 [
Mode R RPw R RPw
Initial value 0x00 OX1FE 0x00 OX1FE
Table 163. ATOMJ[i]_CH[x]_RDADDR field description
Bit Description
RDADDRO: ARU Read address 0.
Note: This read address is used by the ATOM channel to receive data from ARU immediately
[23:31] after the channel and ARU access is enabled (see ATOM[i]_CH[x]_CTRL register for
details).
Note: This bit field is only writable if channel is disabled.
Reserved
16:22
[16:22] Note: Read as zero, should be written as zero.
RDADDR1: ARU Read address 1.
Note: The ATOM channel switches to this read address, when requested in the ARU control
745 bits 52 to 48 with the pattern "111--". The channel switches back to the RDADDRO after
[7:15] one ARU data package was received on RDADDR1.
Note: This read address is only applicable in SOMC mode.
Note: This bit field is only writable if channel is disabled.
[0:6] Reserved
) Note: Read as zero, should be written as zero.
12.6.12 Register ATOM[i]_CH[x]_CNO (x: 0...7)

Address offset:

see Appendix B

Initial value:

0x0000_0000

0 |1 |2 ‘3 ‘4 |5 ‘6 ‘7

8‘ 9‘10‘11‘12|13‘14‘15

16‘17‘18‘19‘20|21‘22‘23

24‘25‘26|27‘28‘29‘30‘31

Bit Reserved CNO
Mode R RW
Initial value 0x00 0x000000

Table 164. ATOMJ[i]_CH[x]_CNO field description

Bit Description
[8:31] CNO: ATOM CCUQO counter register.
Reserved
[0:7]

Note: Read as zero, should be written as zero.
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12.6.13 Register ATOM[i]_CH[x]_CMO (x: 0...7)
Address offset: |see Appendix B Initial value: 0x0000_0000
0 ‘ 1 ‘ 2 | 3 ‘ 4 | 5 ‘ 6 | 7|8 ‘ 9 ‘10‘11 ‘12‘13‘14‘15 16‘17|18‘19|20‘21‘22‘23 24‘25‘26|27‘28|29‘30|31
Bit Reserved CMO
Mode R RW
Initial value 0x00 0x000000
Table 165. ATOMJi]_CH[x]_CMO field description
Bit Description
[8:31] CMO: ATOM CCUO compare register.
Reserved
[0:7] Note: Read as zero, should be written as zero.
' Note: This register is write protected in SOMC mode and returns AEl_STATUS="10' on write
access, when in serve last compare strategy the first match of CCUO occurred
12.6.14 Register ATOM[i]_CHI[x]_SRO (x: 0...7)
Address offset: |see Appendix B Initial value: 0x0000_0000
0 ‘ 1 ‘ 2 | 3 ‘ 4 | 5 ‘ 6 | 7|8 ‘ 9 ‘10‘11 ‘12‘13‘14‘15 16‘17|18‘19|20‘21‘22‘23 24‘25‘26|27‘28|29‘30|31
Bit Reserved SRO
Mode R RW
Initial value 0x00 0x000000
Table 166. ATOM[i]_CH[x]_SRO field description
Bit Description
SRO: ATOM channel x shadow register SRO.
[8:31] Note: The SRO register is used as shadow register for CMO in SOMP and SOMS modes and
is used as capture register for time base TBU_TS0 in SOMC mode.
07] Reserved
' Note: Read as zero, should be written as zero.
12.6.15

Register ATOM[i]_CH[x]_CM1 (x: 0...7)

Address offset:

see Appendix B

Initial value:

0x0000_0000

0 ‘1 ‘2 |3 ‘4 |5 ‘6 |7

8‘ 9‘10‘11‘12‘13‘14‘15

16‘17|18‘19|20‘21‘22‘23

24‘25‘26|27‘28|29‘30|31

Bit Reserved cM1

Mode R RW

Initial value 0x00 0x000000
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Table 167. ATOM[i]_CHI[x]_CML1 field description

Bit Description
[8:31] CM1: ATOM CCU1 compare register.
Reserved
[0:7] Note: Read as zero, should be written as zero.
’ Note: This register is write protected in SOMC mode and returns AEl_STATUS="10' on write
access, when in serve last compare strategy the first match of CCUO occurred.
12.6.16 Register ATOM[i]_CH[x]_SR1 (x: 0...7)

Address offset:

see Appendix B

Initial value:

0x0000_0000

0‘1‘2|3‘4|5‘6|7

8 ‘ 9 ‘10‘11‘12‘13‘14‘15

16‘17|18‘19|20‘21‘22‘23

24‘25‘26|27‘28|29‘30|31

Bit Reserved SR1
Mode R RW
Initial value 0x00 0x000000
Table 168. ATOMJi]_CHI[x]_SR1 field description
Bit Description
SR1: ATOM channel x shadow register SRO.
(8:31] Note: The SR1 register is used as shadow register for CM1 in SOMP and SOMS modes and
' is used as capture register for time base TBU_TS1 or TBU_TS2 (when selected in
ATOM[i]_CH[x]_CTRL register) in SOMC mode.
[07] Reserved
’ Note: Read as zero, should be written as zero.
12.6.17 Register ATOM[i]_CH[x]_IRQ_NOTIFY (x:0...7)
Address offset: |see Appendix B Initial value: 0x0000_0000
0 ‘ 1 ‘ 2 | 3 ‘ 4 | 5 ‘ 6 | 7 ‘ 8 ‘ 9 ‘10‘11 ‘12‘13‘14‘15 16‘17|18‘19|20‘21‘22‘23 24‘25‘26|27‘28|29 3031
3 oo
Q ==
Bit g 5|3
& 3|3
R|[R
Mode R clc
w(w
Initial value 0x0000000 oo
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Table 169. ATOM[i]_CHI[x]_IRQ_NOTIFY field description

Bit

Description

31

CCUOTC: CCUO Trigger condition interrupt for channel x.
0 = No interrupt occurred.
1 = CCUO Trigger condition interrupt was raised by ATOM channel x.

Note: This bit will be cleared on a CPU write access of value '1'. A read access leaves the bit
unchanged.

30

CCUI1TC: CCU1 Trigger condition interrupt for channel x.
See bit 31.

[0:29]

Reserved
Note: Read as zero, should be written as zero.

12.6.18 Register ATOM[i]_CHI[x]_IRQ_EN (x:0...7)

Address offset: |see Appendix B Initial value: 0x0000_0000
0 ‘ 1 ‘ 2 | 3 ‘ 4 | 5 ‘ 6 | 7 ‘ 8 ‘ 9 ‘10‘11 ‘12‘13‘14‘15 16‘17|18‘19|20‘21‘22‘23 24‘25‘26|27‘28|29 3031
Z|Z
I-IJI I'ul
. g AR
Bit o o'l o
& £l
) o]
[ORN®)
[GR NS
R|R
Mode R wlw
Initial value 0x0000000 0o
Table 170. ATOMJi]_CH[x]_IRQ_EN field description
Bit Description
CCUOTC_IRQ_EN: ATOM_CCUOTC_IRQ interrupt enable.
31 0 = Disable interrupt, interrupt is not visible outside GTM-IP.
1 = Enable interrupt, interrupt is visible outside GTM-IP.
30 CCUITC_IRQ_EN: ATOM_CCU1TC_IRQ interrupt enable.
See bit 31.
Reserved
[0:29] v _
Note: Read as zero, should be written as zero.
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12.6.19 Register ATOM[i]_CH[x]_IRQ_FORCINT (x:0...7)

Address offset: |see Appendix B Initial value: 0x0000_0000
0 ‘ 1 ‘ 2 | 3 ‘ 4 | 5 ‘ 6 | 7 ‘ 8 ‘ 9 ‘10‘11 ‘12‘13‘14‘15 16‘17|18‘19|20‘21‘22‘23 24‘25‘26|27‘28|29 3031
2le
o - | ©
| : 3|3
Bit § O| O|
¢ 4k
|-
R|R
Mode R AlA
w | w
Initial value 0x0000000 oo
Table 171. ATOM[i]_CHI[x]_IRQ_FORCINT field description
Bit Description
TRG_CCUOQTC: Trigger ATOM_CCUOTC_IRQ interrupt by software.
0 = No interrupt triggering.
31 1 = Assert CCUOTC_IRQ interrupt for one clock cycle.
Note: This bit is cleared automatically after write.
Note: This bit is write protected by bit RF_PROT of register GTM_CTRL
TRG_CCULTC: Trigger ATOM_CCU1TC_IRQ interrupt by software
0 = No interrupt triggering.
30 1 = Assert CCU1TC_IRQ interrupt for one clock cycle.
Note: This bit is cleared automatically after write.
Note: This bit is write protected by bit RF_PROT of register GTM_CTRL
Reserved
[0:29] v _
Note: Read as zero, should be written as zero.
12.6.20 Register ATOM[i]_CHI[x]_IRQ_MODE (x:0...7)
Address offset: |see Appendix B Initial value: 0x0000_000
0 ‘ 1 ‘ 2 | 3 ‘ 4 | 5 ‘ 6 | 7 ‘ 8 ‘ 9 ‘10‘11 ‘12‘13‘14‘15 16‘17|18‘19|20‘21‘22‘23 24‘25‘26|27‘28|29 3o|31
w
3 a
Bit 5 =
& g
Mode R RW
Initial value 0x00000000 XX

3
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Table 172. ATOMJi]_CH[x]_IRQ_MODE field description

Bit Description

IRQ_MODE: IRQ mode selection
00 = Level mode
01 = Pulse mode

30:31

[ ] 10 = Pulse-Notify mode
11 = Single-Pulse mode
Note: The interrupt modes are described in Section 2.5: GTM-IP interrupt concept.
Reserved

[0:29] .
Note: Read as zero, should be written as zero.
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Multi Channel Sequencer (MCS)

Overview

The Multi Channel Sequencer (MCS) submodule is a generic data processing module that
is connected to the ARU. One of its major applications is to calculate complex output
sequences that may depend on the time base values of the TBU and are processed in
combination with the ATOM sub module. Other applications can use the MCS sub module to
perform extended data processing of input data resulting from the TIM sub module.
Moreover, some applications may process data provided by the CPU within the MCS sub
module, and the calculated results are sent to the outputs using the ATOM sub modules.

Architecture

Figure 57 gives an overview of the MCS architecture.
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Figure 57. MCS architecture
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The MCS sub module mainly embeds a single data path with five pipeline stages, consisting
of a simple 24-bit Arithmetic Logic Unit (ALU), several decoders, and a connection to two
RAM pages located outside of the MCS sub module.

The data path of the MCS is shared by eight so called MCS-channels, whereas each MCS-
channel executes a dedicated micro-program that is stored inside the RAM pages
connected to the MCS sub module. The execution of the different MCS-channels is

controlled by a central task scheduler.

Both RAM pages may contain arbitrary sized code and data sections that are accessible by
all MCS-channels and the CPU via AEI. The addresses for accessing the RAM pages via
AEI can be found in Section 22.3: References.
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The MCS sub module supports a memory layout of up to 212 memory locations each 32 bit
wide leading to a maximum byte wise address range from 0 to 214-1.

This address space of the MCS is divided into two seamless memory pages.

Memory page 0 begins from address 0 and ranges to address MP0-4 and memory page 1
ranges from MPO to MP1-4.

The parameters MP0O and MP1 are defined externally by the memory configuration sub
module MCFG of Chapter 14: Memory Configuration (MCFG).

Depending on the silicon vendor configuration, the connected RAM pages are initialized
with zeros in the case of an MCS module reset.

If an ECC Error occurs while an MCS-channel reads data from a memory module, the
corresponding MCS-channel is disabled and the ERR bit in register STA is raised.

An MCS-channel can also be considered as an individual task of a processor that is
scheduled at a specific point in time.

A more detailed description of the scheduling can be found in Section 13.1.2: Scheduling.

Moreover, each MCS-channel has a dedicated ARU interface for communication with other
ARU connected modules, an Instruction Register (IR), a Program Counter Register (PC), a
Status Register (STA), an ARU Control Bit Register (ACB), a Memory High Byte Register
(MHB) and a Register Bank with eight 24-bit general purpose registers (RO, R1,...R7).

All the registers, mentioned above, are only visible within its dedicated MCS-channel and
thus the MCS-channels cannot exchange data using registers.

An exception is the common 16-bit wide trigger register that can be accessed by all MCS
channels in order to trigger other MCS-channels located in the same sub module. STRG is
used to set bits and CTRG is used to clear bits in the trigger register.

To enable triggering of MCS-channels by CPU, it can set bits in the common trigger register
by writing to MCS[i]_STRG and clear bits by writing to MCSJi]_CTRG.

Whenever data has to be exchanged between different MCS-channels, the connected RAM
pages, which are accessible by all MCS-channels, must be used.

However, since the data registers are writable by the Host CPU, an MCS channel may also
exchange data with the CPU using its data registers.

The main actions of the different pipeline stages are as follows.

Pipeline stage 0 performs a setup of address, input data, and control signals for the next
RAM access of a specific MCS-channel.

The actual RAM access of a specific MCS-channel is executed in pipeline stage 1 and 2,
assuming an external connection of a synchronous RAM with a latency of one clock cycle.

The RAM priority decoder arbitrates RAM accesses that are requested by the CPU via AEI
and by the active MCS-channel. If both, CPU and an MCS-channel request a memory
access to the same memory module the MCS-channel is prioritized.

Pipeline stage 3 performs pre-decoding of instruction and data resulting from the RAM.
Finally, in pipeline stage 4 the current instruction is executed.

Since the internal registers of the MCS can be updated by different sources (MCS write
access, AE| write access, ARU read access) a write conflict occurs if more than one source
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wants to write to the same register. In this case the result of the register is unpredictable.
However, the software should setup its application in a way that such conflicts do not occur.

One exception is the common trigger register which may be written by multiple sources
(different MCS channels and AEI) in order to enable fast triggering of different MCS
channels. Typically, the software should setup its application in a manner that different
sources should not write the same bits in the trigger register.

Scheduling

The MCS sub module provides two different scheduling schemes: round-robin schedule and
accelerated schedule.

The scheduling scheme can be selected by the SCHED bit field in the global MCSJ[i]_CTRL
register.

The round-robin order scheduling assigns all MCS-channels an equal amount of time slices.

In addition, the scheduler also assigns one time slice to the CPU, in order to guarantee at
least one memory access by the CPU within each round-trip cycle.

Figure 58 shows the round-robin scheduling with 8 MCS-channels (Cg to C;) that are
scheduled together with a single CPU access.

Scheduling

Figure 58. Scheduling
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The figure also shows which MCS-channel is activated in specific pipeline stage at a
specific point in time.

The execution time of an MCS-channel in a specific pipeline stage is always one clock
cycle.

The index t marks all instruction parts of the corresponding MCS-channels belonging to the
same round-trip cycle.

Consequently, a single cycle instruction of an MCS-channel requires an effective execution
time of 9 clock cycles, ignoring the five clock cycles of pipeline latency.

3
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To improve memory bandwidth between CPU and MCS memory, the time slices of any
suspended MCS-channel is also granted to the CPU.

An MCS-channel can be suspended due to the following reasons:

e An MCS-channel is executing a blocking read or write request to an ARU connected
sub module (instruction ARD, AWR, ARDI, AWRI)

e  An MCS-channel waits on a register match event (instruction WURM), in order to wait
on a desired register value (e.g. trigger event from another MCS channel)

. An MCS-channel is disabled

The round-robin scheduling leads to a deterministic round trip time for the whole sub
module, however it may waste clock cycles by scheduling MCS-channels that are not able
to run at a specific point in time assuming that there is no high CPU bandwidth required.

The second scheduling mode, the accelerated scheduling mode, improves the
computational performance of the MCS by skipping suspended MCS-channels (and
channels that are currently in stage 0, 1, 2, or 3) during scheduling.

Whenever the scheduler detects an MCS-channel that is suspended or not in the last
pipeline stage, it is selecting another non-suspended MCS-channel.

Considering the timing of Figure 58 in conjunction with the accelerated scheduling scheme,
a single cycle instruction of an MCS-channel requires an effective execution time between 5
and 9 clock cycles, depending on the number of suspended MCS-channels.

In summary, the round-robin scheduling mode grants time slices of suspended MCS-
channels to the CPU and the accelerated scheduling mode grants time slices of suspended
MCS-channels to non-suspended MCS-channels.

Instruction set

This section describes the entire instruction set of the MCS sub module.

After the introduction of the different instruction formats in Section 13.2.1: Instruction format,
the individual instructions are described in Section 13.2.2.1: MOVL instruction to
Section 13.2.7: Other instructions.

In general, each instruction is 32 bit wide but the duration of each instruction varies between
several instruction cycles. An instruction cycle is defined as the time in system clock cycles
that rest between two consecutive instructions of a channel.

As already described in Section 13.2.1: Instruction format, the number of required clock
cycles for a single instruction cycle can vary in the range of 5 to 9 clock cycles, depending
on the number suspended MCS-channels, when the accelerated scheduling scheme is
selected inside the MCS[i]_CTRL register. In the round robin scheduling scheme, each
single cycle instruction takes exactly 9 clock cycles.

Before the instruction formats and the actual instructions are described, some commonly
used terms, abbreviations and expressions are introduced:

OREG: The operation register set OREG = {R0, R1, R2,..., R7, STA, ACB, CTRG, STRG,
TBU_TSO0, TBU_TS1, TBU_TS2, MHB} includes all MCS accessible internal registers, as
well as the global time bases TBU_TSO0, TBU_TS1, and TBU_TS2 that are provided by the
sub module TBU.

AREG: The ARU register set AREG = {R0, R1, R2,..., R7, ZERO} includes the all registers
that can be written by incoming ARU transfers (ARD, ARDI, NARD, and NARDI
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instructions). These registers include all eight general purpose registers. The dummy
register ZERO may be used to discard an incoming 24-bit ARU word.

LIT4: The set LIT4 ={0,1,...,15} is an unsigned 4-bit literal.

LIT16: The set LIT16 = {0,1,...,2"6-1} is an unsigned 16-bit literal.

LIT24: The set LIT24 = {0,1,..., 224-1} is an unsigned 24-bit literal.

BIT SELECTION: The expression VAR]i] represents the i-th bit of a variable VAR.

BIT RANGE SELECTION: The expression VAR[m:n] represents the bit slice of variable
VAR that is ranging from bit n to bit m.

MEMORY ADRESSING: The expression MEM(X) represents the 32-bit value at address X
of the memory.

Address X ranges between 0 and 2'4-4, whereas X must be an integral multiple of 4.

The expression MEM(X)[m:n] represents the bit slice ranging from bit n to m of the 32-bit
word at memory location X.

ARU ADRESSING: In the case of ARU reading, the expression ARU(X) represents the
53-bit ARU word of ARU channel at address X.

The read address X ranges between 0 and 291,

In the case of ARU writing, the expression ARU(X) represents a 53-bit ARU word that is
written to an ARU channel indexed by the index X.

The index X selects a single ARU write channel from the pool of the MCS sub module's
allocated ARU write channels.

An MCS sub module has 24 ARU write channels, indexed by values 0 to 23.

The expression ARU(X)[m:n] represents the bit slice ranging from bit n to m of the 53-bit
ARU word.
Instruction format

The first instruction format, called literal instruction format, embeds a primary 4-bit opcode
OPCO, a 24-bit literal value C e LIT24, and a 4-bit value A, which may be an element of set
OREG or AREG, depending on the actual instruction.

Figure 59 shows the bit alignment of the literal instruction format.

Literal instruction format

Figure 59. Literal instruction format

31 28 27 24 23 0
OPCO| A C
(4bit) | (4bit) (24bit)
GAPGMS00251

The literal instruction format is primarily used for instructions that are accessing a 24 bit
literal and a single 24 bit register as operands.
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In the following subsections the binary codes of a 24-bit literal instruction is defined as
"xxxxaaaacccccccccccccccccccceccc”, whereas the digits 'x' encode the field OPCO, the
digits 'a' encode the operand field A, and the digits 'c' encode the 24-bit literal field C.

If an instruction ignores several bits of field, the bits are defined as '-' in its code.

The second instruction format, called double operand instruction format, embeds a 4 bit
primary opcode OPCO, a 4-bit secondary opcode OPC1, a 16-bit literal C € LIT16 and two
4-bit values A and B, which may be an element of set OREG, AREG, or LIT4 depending on
the actual instruction.

Figure 60 shows the bit alignment of the double operand instruction format.

Double operand instruction format

Figure 60. Double operand instruction format

31 28 27 24 23 20 19 16 15 0
oPco| A B | opc1 C
(4bit) | (4bit)| (4bit) | (4bit) (16bit)

GAPGMS00252

The double operand instruction format is primarily used for instructions that are accessing
two operands stored in the 24-bit registers.

In the following subsections the binary codes of a 16-bit literal instruction is defined as
"xxxxaaaabbbbyyyyccccccececececceec”, whereas the digits 'x' encode the bit field OPCO, 'y'
the digits of field OPC2, the digits 'a' encode the operand field A, the digits 'b' the operand
field B, and the digits 'c' encode the 16-bit literal field C.

If an instruction ignores several bits of field, the bits are defined as '-' in its code.

If the instruction decoder detects an invalid combination of the fields opcode OPCO and
OPCH1, the corresponding MCS-channel is disabled and the ERR bit in the register STA is
set.

Data transfer instructions

MOVL instruction

Syntax: MOVL A, C

Operation: A« C

Status: Z

Duration: 1 instruction cycle

Code: 0001aaaacccccccccccccccccccceeee

Description: Transfer literal value C (C e LIT24) to register A (A € OREG).

The zero bit Z of status register STA is set, if the transferred value is zero, otherwise the
zero bit is cleared.

The program counter PC is incremented by the value 4.
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MOV instruction

Syntax: MOV A, B

Operation: A« B

Status: Z

Duration: 1 instruction cycle

Code: 1010aaaabbbb0000----------------

Description: Transfer value B (B € OREG) to register A (A € OREG).

The zero bit Z of status register STA is set, if the transferred value is zero, otherwise the
zero bit is cleared.

The program counter PC is incremented by the value 4.

MRD instruction

Syntax: MRD A, C

Operation: A < MEM(C[13:0])[23:0];
MHB « MEM(C[13:0])[31:24]

Status: Z

Duration: 2 instruction cycles

Code: 1010aaaa----0001--cccecececceeccee

Description: Transfer the lower 24 bits of memory content at address C (C € LIT16) to
register A (A € OREG).

The upper 8 bits of the memory content at address C are transferred to MHB register.

The zero bit Z of status register STA is set, if the lower 24 bits of the transferred value are
zero, otherwise the zero bit is cleared.

If the MHB register is selected as destination register A (A € OREG), the bits 0 to 7 of the
referred memory location are transferred to MHB.

The program counter PC is incremented by the value 4.

MWR instruction

Syntax: MWR A, C

Operation: MEM(C[13:0])[23:0] < A;
MEM(C[13:0])[31:24] « MHB

Status: -

Duration: 2 instruction cycles

Code: 1010aaaa----0010--cccceeecceeece

Description: Transfer 24 bit value of register A (A € OREG) together with the MHB register
to the memory location at address C (C < LIT16).

The 24 bit value of register A is stored in the lower significant bits (bit 0 to 23) of the memory
location.
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The MHB register is stored in bits 24 to 31 of the referred memory location.

The program counter PC is incremented by the value 4.

MWR24 instruction

Syntax: MWR24 A, C

Operation: MEM(C[13:0])[23:0] < A
Status: -

Duration: 3 instruction cycles

Code: 1010aaaa----0111--ccccceccccececeee

Description: Transfer 24 bit value of register A (A € OREG) to memory at address C (C e
LIT16).

The 24 bit value of register A is stored in the lower significant bits (bit 0 to 23) of the memory
location and the bits 24 to 31 are left unchanged.

The program counter PC is incremented by the value 4.

It should be noted that this operation is not an atomic instruction.

MRDI instruction

Syntax: MRDI A, B

Operation: A « MEM(B[13:0])[23:0]
MHB « MEM(B[13:0])[31:24]

Status: Z

Duration: 2 instruction cycles

Code: 1010aaaabbbb0011----------------

Description: Transfer the lower 24 bits of a memory location to register A (A € OREG)
using indirect addressing.

The upper 8 bits of the memory location are transferred to MHB register.

The memory location where to read from is defined by the bits 0 to 13 of register B (B <
OREG).

The 24 bit value is received from the lower significant bits (bit O to 23) of the memory
location.

The zero bit Z of status register STA is set, if the lower 24 bit of the transferred value is zero,
otherwise the zero bit is cleared.

If the MHB register is selected as destination register A (A € OREG), the bits 0 to 7 of the
referred memory location are transferred to MHB.

The program counter PC is incremented by the value 4.
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MWRI instruction

Syntax: MWRI A, B

Operation: MEM(B[13:0])[23:0] < A;
MEM(B[13:0])[31:24] < MHB

Status: -

Duration: 2 instruction cycles

Code: 1010aaaabbbb0100----------------

Description: Transfer 24 bit value of register A (A € OREG) to the 24 least significant bits of
to the memory using indirect addressing.

The memory location where to write to is defined by the bits 0 to 13 of register B (B <
OREG).

The 24 bit value is stored in the lower significant bits (bit 0 to 23) of the memory location and
the MHB register is stored in bits 24 to 31.

The program counter PC is incremented by the value 4.

MWRI24 instruction

Syntax: MWRI24 A, B

Operation: MEM(B[13:0])[23:0] < A;

Status: -

Duration: 3 instruction cycles

Code: 1010aaaabbbb1000----------------

Description: Transfer 24 bit value of A (A € OREG) to memory using indirect addressing.

The memory location where to write to is defined by the bits 0 to 15 of register B (B <
OREG).

The 24 bit value is stored in the lower significant bits (bit 0 to 23) of the memory location and
the bits 24 to 31 are left unchanged.

The program counter PC is incremented by the value 4.

It should be noted that this operation is not an atomic instruction.

POP instruction

Syntax: POP A

Operation: A « MEM(R7[13:0])[23:0];
R7 < R7 - 4;

SP_CNT « SP_CNT - 1
MHB <« MEM(R7[13:0])[31:24];

Status: Z, EN
Duration: 2 instruction cycles
Code: 1010aaaa----0101----------------

3

DoclD025070 Rev 1




RM0361 Multi Channel Sequencer (MCS)

Description: Transfer the lower significant bits (bit O to 23) from the top of stack to register
A (A € OREQG), followed by decrementing the stack pointer register R7 with the value 4.

The upper 8 bits (bit 24 to 31) from the top of the stack are transferred to register MHB.

If the MHB register is selected as destination register A (A € OREG), the bits 0 to 7 from the
top of the stack are transferred to MHB.

The memory location for the top of the stack is identified by the bits 0 to 13 of the stack
pointer register R7.

The zero bit Z of status register STA is set, if the lower 24 bit of the transferred value is zero,
otherwise the zero bit is cleared.

The program counter PC is incremented by the value 4.
The SP_CNT bit field inside the MCS[i]_CH[x]_CTRL register is decremented.
If an underflow on the SP_CNT bit field occurs, the STK_ERRJ[i]_IRQ is raised.
If an underflow on the SP_CNT bit field occurs and the bit HLT_SP_OFL of register
MCS[i]_CTRL is set, the current MCS-channel is disabled by clearing the EN bit of STA.
13.2.2.10 PUSH instruction
Syntax: PUSH A
Operation: R7 <~ R7 + 4;
SP_CNT « SP_CNT + 1;
MEM(R7[13:0])[23:0] < A;

MEM(R7[13:0])[31:24] « MHB
Status: EN
Duration: 2 instruction cycles
Code: 1010aaaa----0110----------------

Description: Increment the stack pointer register R7 with the value 4, followed by
transferring a 24 bit value of operand A (A € OREG) together with a MHB register to the
new top of the stack. The 24 bit value of A is stored in the bits 0 to 23 of the memory
location.

The content of the MHB register is stored in the bit 24 to 31 of the memory location.

The memory location for the top of the stack is addressed by the bits 0 to 13 of the stack
pointer register.

The program counter PC is incremented by the value 4.
The SP_CNT bit field inside the MCSJ[i]_CH[x]_CTRL register is incremented.
If an overflow on the SP_CNT bit field occurs, the STK_ERR[i]_IRQ is raised.

If an overflow on the SP_CNT bit field occurs and the bit HLT_SP_OFL of register
MCSJi]_CTRL is set, the current MCS-channel is disabled by clearing the EN bit of STA.

If an overflow on the SP_CNT bit field occurs and the bit HLT_SP_OFL of register
MCS[i]_CTRL is set, the memory write operation for the A and MHB is discarded.

3
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ARU instructions

ARD instruction

Syntax: ARD A, B, C

Operation: A « ARU(CI8:0])[23:0];
B « ARU(CI[8:0])[47:24];
ACBJ[4:0] « ARU(C[8:0])[52:48]

Status: CAT
Duration: suspends current MCS-channel
Code: 1011aaaabbbb0000------- cceceeccccee

Description: Perform a blocking read access to the ARU and transfer both 24 bit values
received at the ARU port to the registers A and B (A € AREG, B € AREG), whereas A holds
the lower 24 bit ARU word and B holds the upper 24 bit ARU word.

If A and B refer to the same register, only the upper 24 bit ARU word is stored and the lower
24 bit ARU word is discard.

If any transferred 24 bit value from the ARU should not stored in a register, the dummy
register ZERO e AREG can be selected in A or B to discard the corresponding ARU data.
Actually, all address values of A and B that exceed the range 0 to 7 discard the
corresponding ARU data.

The received ARU control bits are stored in the register ACB.

The lower significant bits of the literal C (C € LIT16) define the ARU address where to read
from.

At the beginning of the instruction execution the CAT bit in the register STA is always
cleared. After the execution of the instruction the CAT bit is updated in order to show if the
instruction finished successfully (CAT = 0) or it was canceled by the CPU (CAT = 1).

The program counter PC is incremented by the value 4.

ARDI instruction
Syntax: ARDI A, B
Operation: A < ARU(R6[8:0])[23:0];

B <~ ARU(RG6I[8:0])[47:24];

ACBJ4:0] « ARU(R6[8:0])[52:48]
Status: CAT
Duration: suspends current MCS-channel
Code: 1011aaaabbbb0100----------------

Description: Perform a blocking read access to the ARU and transfer both 24 bit values
received at the ARU port to the registers A and B (A € AREG, B € AREG), whereas A holds
the lower 24 bit ARU word and B holds the upper 24 bit ARU word.

If A and B refer to the same register, only the upper 24 bit ARU word is stored and the lower
24 bit ARU word is discarded.
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If any transferred 24 bit value from the ARU should not stored in a register, the dummy
register ZERO e AREG can be selected in A or B to discard the corresponding ARU data.
Actually, all address values of A and B that exceed the range 0 to 7 discard the
corresponding ARU data.

The received ARU control bits are stored in the register ACB.

The read address is obtained from the bits 0 to 8 of the channels register R6.

At the beginning of the instruction execution the CAT bit in the register STA is always
cleared. After the execution of the instruction the CAT bit is updated in order to show if the
instruction finished successfully (CAT = 0) or it was cancelled by the CPU (CAT =1).

The program counter PC is incremented by the value 4.

13.2.3.3 AWR instruction
Syntax: AWR A, B, C
Operation: ARU(C[4:0])[23:0] « A;

ARU(C[4:0])[47:24] < B;

ARU(C[4:0])[52:48] «<— ACB[4:0];
Status: CAT
Duration: suspends current MCS-channel
Code: 1011aaaabbbb0001----------- cccee
Description: Perform a blocking write access to the ARU and transfer two 24 bit values to
the ARU port using the registers A and B (A € OREG, B € OREG), whereas A holds the
lower 24 bit ARU word and B holds the upper 24 bit ARU word.
The ARU control bits to be sent are taken from the register ACB.
The lower significant bits (bit O to bit 4) of the literal C (C e LIT16) define an index into the
pool of ARU write address that is used for writing data.
Each MCS sub module has a pool of several write addresses that can be shared between
all MCS-channels arbitrarily.
At the beginning of the instruction execution the CAT bit in the register STA is always
cleared. After the execution of the instruction the CAT bit is updated in order to show if the
instruction finished successfully (CAT = 0) or it was cancelled by the CPU (CAT = 1).
The program counter PC is incremented by the value 4.

13.2.3.4 AWRIinstruction

3

Syntax: AWRI A, B

Operation: ARU(R6[4:0])[23:0] < A;
ARU(R6[4:0])[47:24] < B;
ARU(R6[4:0])[52:48] < ACB[4:0];

Status: CAT

Duration: suspends current MCS-channel

Code: 1011aaaabbbb0101----------------
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Description: Perform a blocking write access to the ARU and transfer two 24 bit values to
the ARU port using the registers A and B (A € OREG, B € OREG), whereas A holds the
lower 24 bit ARU word and B holds the upper 24 bit ARU word.

The ARU control bits to be sent are taken from the register ACB.

The bits 0 to 4 of the register R6 define an index into the pool of ARU write address that is
used for writing data.

Each MCS sub module has a pool of several write addresses that can be shared between
all MCS-channels arbitrarily.

At the beginning of the instruction execution the CAT bit in the register STA is always
cleared. After the execution of the instruction the CAT bit is updated in order to show if the
instruction finished successfully (CAT = 0) or it was cancelled by the CPU (CAT =1).

The program counter PC is incremented by the value 4.

NARD instruction
Syntax: NARD A, B, C
Operation: A «<— ARU(C[8:0])[23:0];
B « ARU(C[8:0])[47:24];
ACBJ4:0] « ARU(C[8:0])[52:48]
Status: SAT
Duration: suspends current MCS-channel for a maximum of one ARU round trip cycle
Code: 1011aaaabbbb0010------- cceeceece

Description: Perform a non-blocking read access to the ARU trying to transfer both 24 bit
values received at the ARU port to the registers A and B (A € AREG, B € AREG), whereas
A holds the lower 24 bit ARU word, B holds the upper 24 bit ARU word, and the ACB
register holds the received ARU control bits.

The lower significant bits of the literal C (C € LIT16) define the ARU address where to read
from.

If the transfer finishes successfully, the bit SAT of the register STA is set and the transferred
values are stored in the registers A, B, and ACB.

If the transfer fails due to missing data at requested source, the bit SAT of the register STA
is cleared and registers A, B, and ACB are not changed.

If A and B refer to the same register, only the upper 24 bit ARU word is stored and the lower
24 bit ARU word is discard.

If any transferred 24 bit value from the ARU should not stored in a register, the dummy
register ZERO € AREG can be selected in A or B to discard the corresponding ARU data.
Actually, all address values of A and B that exceed the range 0 to 7 discard the
corresponding ARU data.

The program counter PC is incremented by the value 4.

3
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13.2.3.6 NARDI instruction
Syntax: NARDI A, B
Operation: A < ARU(R6[8:0])[23:0];
B <« ARU(R6[8:0])[47:24];
ACBI[4:0] + ARU(R6[8:0])[52:48]
Status: SAT
Duration: suspends current MCS-channel for a maximum of one ARU round trip cycle
Code: 1011aaaabbbb0011----------------
Description: Perform a non-blocking read access to the ARU trying to transfer both 24 bit
values received at the ARU port to the registers A and B (A € AREG, B € AREG), whereas
A holds the lower 24 bit ARU word, B holds the upper 24 bit ARU word, and the ACB
register holds the received ARU control bits.
The read address is obtained from the bits 0 to 8 of the channels register R6.
If the transfer finishes successfully, the bit SAT of the register STA is set and the transferred
values are stored in the registers A, B, and ACB.
If the transfer fails due to missing data at requested source, the bit SAT of the register STA
is cleared and registers A, B, and ACB are not changed.
If A and B refer to the same register, only the upper 24 bit ARU word is stored and the lower
24 bit ARU word is discard.
If any transferred 24 bit value from the ARU should not stored in a register, the dummy
register ZERO e AREG can be selected in A or B to discard the corresponding ARU data.
Actually, all address values of A and B that exceed the range 0 to 7 discard the
corresponding ARU data.
The program counter PC is incremented by the value 4.
13.24 Arithmetic logic instructions
13.2.4.1 ADDL instruction

3

Syntax: ADDL A, C

Operation: A« A+C

Status: Z, CY, N, V

Duration: 1 instruction cycle

Code: 0010aaaacccccccccccccccccccceeee

Description: Perform addition operation of a register A (A € OREG) with a 24 bit literal
value C (C e LIT24) and store the result in register A.

The zero bit Z of status register STA is set, if the calculated value is zero, otherwise the zero
bit is cleared.

The carry bit CY of status register STA is set, if an unsigned overflow/underflow occurred
during addition, otherwise the bit is cleared. An unsigned overflow has occurred, when the
result of the operation cannot be represented in the interval [0; 224—1], assuming that both
operands A and C are unsigned values within the interval [0; 224-1].
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The overflow bit V of status register STA is set, if a signed overflow/underflow occurred
during addition, otherwise the bit is cleared. A signed overflow/underflow has occurred,
when the result of the operation cannot be represented in the interval [-223; 223-1],

assuming that both operands A and C are signed values within the interval [-223; 223-1].

The negative bit N of status register STA equals the most significant bit of the operation
result, in order to determine if a calculated signed result is negative (N=1) or positive (N=0),
assuming that no overflow/underflow occurred.

The program counter PC is incremented by the value 4.

ADD instruction

Syntax: ADD A, B

Operation: A« A+ B

Status: Z, CY, N, V

Duration: 1 instruction cycle

Code: 1100aaaabbbb0000----------------

Description: Perform addition operation of a register A (A € OREG) with an operand B (B <
OREG) and store the result in register A.

The zero bit Z of status register STA is set, if the calculated value is zero, otherwise the zero
bit is cleared.

The carry bit CY of status register STA is set, if an unsigned overflow occurred during
addition, otherwise the bit is cleared. An unsigned overflow has occurred, when the result of
the operation cannot be represented in the interval [0; 224—1], assuming that both operands
A and B are unsigned values within the interval [0; 224-1].

The overflow bit V of status register STA is set, if a signed overflow/underflow occurred
during addition, otherwise the bit is cleared. A signed overflow/underflow has occurred,
when the result of the operation cannot be represented in the interval [-223; 223-1],

assuming that both operands A and B are signed values within the interval [-223; 223-1].

The negative bit N of status register STA equals the most significant bit of the operation
result, in order to determine if a calculated signed result is negative (N=1) or positive (N=0),
assuming that no overflow/underflow occurred.

The program counter PC is incremented by the value 4.

SUBL instruction

Syntax: SUBL A, C

Operation: A« A-C

Status: Z, CY, N, V

Duration: 1 instruction cycle

Code: 0011aaaaccccccccccccccccccceeeee

Description: Perform subtraction operation of a register A (A € OREG) with a 24 bit literal
value C (C € LIT24) and store the result in register A.

The zero bit Z of status register STA is set, if the calculated value is zero, otherwise the zero
bit is cleared.
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The carry bit CY of status register STA is set, if an unsigned underflow occurred during
subtraction, otherwise the bit is cleared. An unsigned underflow has occurred, when the
result of the operation cannot be represented in the interval [0; 224-1], assuming that both
operands A and C are unsigned values within the interval [0; 224-1].

The overflow bit V of status register STA is set, if a signed overflow/underflow occurred
during subtraction, otherwise the bit is cleared. A signed overflow/underflow has occurred,
when the result of the operation cannot be represented in the interval [-223; 223-1],
assuming that both operands A and C are signed values within the interval [-223; 223-1].

The negative bit N of status register STA equals the most significant bit of the operation
result, in order to determine if a calculated signed result is negative (N=1) or positive (N=0),
assuming that no overflow/underflow occurred.

The program counter PC is incremented by the value 4.

SUB instruction

Syntax: SUB A, B

Operation: A« A-B

Status: Z, CY, N, V

Duration: 1 instruction cycle

Code: 1100aaaabbbb0001----------------

Description: Perform subtraction operation of a register A (A € OREG) with an operand B
(B € OREG) and store the result in register A.

The zero bit Z of status register STA is set, if the calculated value is zero, otherwise the zero
bit is cleared.

The carry bit CY of status register STA is set, if an unsigned underflow occurred during
subtraction, otherwise the bit is cleared. An unsigned underflow has occurred, when the
result of the operation cannot be represented in the interval [0; 224—1], assuming that both
operands A and B are unsigned values within the interval [0; 224-1].

The overflow bit V of status register STA is set, if a signed overflow/underflow occurred
during subtraction, otherwise the bit is cleared. A signed overflow/underflow has occurred,
when the result of the operation cannot be represented in the interval [-223; 223-1],
assuming that both operands A and B are signed values within the interval [-223; 223-1].

The negative bit N of status register STA equals the most significant bit of the operation
result, in order to determine if a calculated signed result is negative (N=1) or positive (N=0),
assuming that no overflow/underflow occurred.

The program counter PC is incremented by the value 4.

NEG instruction

Syntax: NEG A, B

Operation: A« -B

Status: Z, N, V

Duration: 1 instruction cycle

Code: 1100aaaabbbb0010----------------
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Description: Perform negation operation (2's Complement) with an operand B (B € OREG)
and store the result in a register A (A € OREG).

The zero bit Z of status register STA is set, if the calculated value is zero, otherwise the zero
bit is cleared.

The overflow bit V of status register STA is set, if a signed overflow/underflow occurred
during subtraction, otherwise the bit is cleared. A signed overflow/underflow has occurred,
when the result of the operation cannot be represented in the interval [-223; 223-1],
assuming that both operands A and B are signed values within the interval [-223; 223-1].

The negative bit N of status register STA equals the most significant bit of the operation
result, in order to determine if a calculated signed result is negative (N=1) or positive (N=0),
assuming that no overflow/underflow occurred.

The program counter PC is incremented by the value 4.

ANDL instruction

Syntax: ANDL A, C

Operation: A<~ AAND C

Status: Z

Duration: 1 instruction cycle

Code: 0100aaaacccccccccccccccccccceeee

Description: Perform bitwise AND conjunction of a register A (A € OREG) with a 24 bit
literal value C (C € LIT24) and store the result in register A.

The zero bit Z of status register STA is set, if the calculated value is zero, otherwise the zero
bit is cleared.

The program counter PC is incremented by the value 4.

AND instruction

Syntax: AND A, B

Operation: A< AAND B

Status: Z

Duration: 1 instruction cycle

Code: 1100aaaabbbb0011----------------

Description: Perform bitwise AND conjunction of a register A (A € OREG) with an operand
B (B € OREG) and store the result in register A.

The zero bit Z of status register STA is set, if the calculated value is zero, otherwise the zero
bit is cleared.

The program counter PC is incremented by the value 4.

ORL instruction
Syntax: ORL A, C
Operation: A« AORC

3
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Status: Z
Duration: 1 instruction cycle
Code: 0101aaaaccccccccctcCccCcCcCcCceee

Description: Perform bitwise OR conjunction of a register A (A € OREG) with a 24 bit literal
value C (C e LIT24) and store the result in register A.

The zero bit Z of status register STA is set, if the calculated value is zero, otherwise the zero
bit is cleared.

The program counter PC is incremented by the value 4.

OR instruction

Syntax: OR A, B

Operation: A« AORB

Status: Z

Duration: 1 instruction cycle

Code: 1100aaaabbbb0100----------------

Description: Perform bitwise OR conjunction of a register A (A € OREG) with an operand B
(B € OREG) and store the result in register A.

The zero bit Z of status register STA is set, if the calculated value is zero, otherwise the zero
bit is cleared.

The program counter PC is incremented by the value 4.

XORL instruction

Syntax: XORL A, C

Operation: A« AXORC

Status: Z

Duration: 1 instruction cycle

Code: 0110aaaaccccccccccccccCccccCeeee

Description: Perform bitwise XOR conjunction of a register A (A € OREG) with a 24 bit
literal value C (C e LIT24) and store the result in register A.

The zero bit Z of status register STA is set, if the calculated value is zero, otherwise the zero
bit is cleared.

The program counter PC is incremented by the value 4.

XOR instruction

Syntax: XOR A, B

Operation: A« AXORB

Status: Z

Duration: 1 instruction cycle

Code: 1100aaaabbbb0101----------------
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Description: Perform bitwise XOR conjunction of a register A (A € OREG) with an operand
B (B € OREG) and store the result in register A.

The zero bit Z of status register STA is set, if the calculated value is zero, otherwise the zero
bit is cleared.

The program counter PC is incremented by the value 4.

SHR instruction
Syntax: SHR A, C
Operation: A« A>>C

Status: Z, CY
Duration: 1 instruction cycle
Code: 1100aaaa----0110----------- cccce

Description: Perform right shift operation C (C e LIT16) times of register A (A € OREG),
whereas C must be in the range [0; 24]. The most significant bits that are shifted into A are
cleared.

The zero bit Z of status register STA is set, if the calculated value is zero, otherwise the zero
bit is cleared.

The carry bit CY of status register STA is updated to the last LSB that is shifted out of the
register.

The program counter PC is incremented by the value 4.

SHL instruction

Syntax: SHL A, C

Operation: A« A<<C

Status: Z, CY

Duration: 1 instruction cycle

Code: 1100aaaa----0111----------- cceee

Description: Perform left shift operation C (C € LIT16) times of register A (A € OREG),
whereas C must be in the range [0; 24]. The lower significant bits that are shifted into A are
cleared.

The zero bit Z of status register STA is set, if the calculated value is zero, otherwise the zero
bit is cleared.

The carry bit CY of status register STA is updated to the last MSB that is shifted out of the
register.

The program counter PC is incremented by the value 4.
Test instructions

ATUL instruction
Syntax: ATUL A, C
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Operation: A-C

Status: Z, CY

Duration: 1 instruction cycle

Code: 0111aaaaccccccccccecccceccceeeee

Description: Arithmetic Test with an unsigned operand A (A € OREG) and an unsigned 24
bit literal value C (C € LIT24).

The carry bit CY of status register STA is set if unsigned operand A is less than unsigned
literal C.

Otherwise, the carry bit CY of status register STA is cleared if unsigned operand A is greater
than or equal to unsigned literal C.

The zero bit Z of status register STA is set, if A equals to C.
Otherwise, the zero bit Z of status register STA is cleared, if A is unequal to C.

The program counter PC is incremented by the value 4.

ATU instruction

Syntax: ATU A, B

Operation: A-B

Status: Z, CY

Duration: 1 instruction cycle

Code: 1101aaaabbbb0000----------------

Description: Arithmetic Test with an unsigned operand A (A € OREG) and an unsigned
operand B (B € OREG).

The carry bit CY of status register STA is set if unsigned operand A is less than unsigned
operand B.

Otherwise, the carry bit CY of status register STA is cleared if unsigned operand A is greater
than or equal to unsigned operand B.

The zero bit Z of status register STA is set, if A equals to B.
Otherwise, the zero bit Z of status register STA is cleared, if A is unequal to B.

The program counter PC is incremented by the value 4.

ATSL instruction

Syntax: ATSL A, C

Operation: A-C

Status: Z, CY

Duration: 1 instruction cycle

Code: 1000aaaacccccccccccCccccCcccceee

Description: Arithmetic Test with a signed operand A (A € OREG) and a signed 24 bit literal
value C (C € LIT24).
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The carry bit CY of status register STA is set if signed operand A is less than signed literal
C.

Otherwise, the carry bit CY of status register STA is cleared if signed operand A is greater
than or equal to signed literal C.

The zero bit Z of status register STA is set, if A equals to C.
Otherwise, the zero bit Z of status register STA is cleared, if A is unequal to C.

The program counter PC is incremented by the value 4.

ATS instruction

Syntax: ATS A, B

Operation: A-B

Status: Z, CY

Duration: 1 instruction cycle

Code: 1101aaaabbbb0001----------------

Description: Arithmetic Test with a signed operand A (A € OREG) and a signed operand B
(B € OREG).

The carry bit CY of status register STA is set if signed operand A is less than signed
operand B.

Otherwise, the carry bit CY of status register STA is cleared if signed operand A is greater
than or equal to signed operand B.

The zero bit Z of status register STA is set, if A equals to B.
Otherwise, the zero bit Z of status register STA is cleared, if A is unequal to B.

The program counter PC is incremented by the value 4.

BTL instruction

Syntax: BTLA, C

Operation: AAND C

Status: Z

Duration: 1 instruction cycle

Code: 1001aaaaccccccceccccccccccccceee

Description: Bit test of an operand A (A € OREG) with a 24 bit literal bit mask C (C e
LIT24).

The bit test is performed by applying a bitwise logical AND operation with operand A and the
bit mask C without storing the result.

The zero bit Z of status register STA is set, if the calculated value is zero, otherwise the zero
bit is cleared.

The program counter PC is incremented by the value 4.

3
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BT instruction

Syntax: BT A, B

Operation: A AND B

Status: Z

Duration: 1 instruction cycle

Code: 1101aaaabbbb0010----------------

Description: Bit test of an operand A (A € OREG) with an operand B (B € OREG), whereas
usually one of the operands is a register holding a bit mask.

The bit test is performed by applying a bitwise logical AND operation with register A and
register B without storing the result.

The zero bit Z of status register STA is set, if the calculated value is zero, otherwise the zero
bit is cleared.

The program counter PC is incremented by the value 4.
Control flow instructions

JMP instruction

Syntax: JMP C

Operation: PC « C[13:0]

Status: -

Duration: 1 instruction cycle

Code: 1110-------- 0000--ccceceecceccee

Description: Execute unconditional jump to the memory location C (C < LIT16).

The program counter PC is loaded with literal C.

JBS instruction

Syntax: JBS A, B, C

Operation: PC « C[13:0] if A[B] is set

Status: -

Duration: 1 instruction cycle

Code: 1110aaaabbbb0001--ccccecececceecece

Description: Execute conditional jump to the memory location C (C € LIT16).

The program counter PC is loaded with literal C, if the bit at position B (B € LIT4) of operand
A (A € OREQG) is set.

Otherwise, if the bit is cleared, the program counter PC is incremented by the value 4.
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JBC instruction

Syntax: JBCA, B, C

Operation: PC « C[13:0] if A[B] is cleared

Status: -

Duration: 1 instruction cycle

Code: 1110aaaabbbb0010--ccccececececeeccce

Description: Execute conditional jump to the memory location C (C € LIT16).

The program counter PC is loaded with literal C, if the bit at position B (B € LIT4) of operand
A (A € OREQG) is cleared.

Otherwise, if the bit is set, the program counter PC is incremented by the value 4.

CALL instruction
Syntax: CALL C
Operation: R7 <~ R7 + 4;
MEM(R7[15:0])[15:0] « PC + 4;
PC « C[13:0];
SP_CNT « SP_CNT + 1
Status: EN
Duration: 2 instruction cycles
Code: 1110-------- 0011--ccceeceeccecce
Description: Call subprogram at memory location C (C € LIT16).
The stack pointer register R7 is incremented by the value 4.

The memory location for the top of the stack is identified by the bits 0 to 15 of the stack
pointer register.

After the stack pointer is incremented, the incremented value of the PC is transferred to the
top of the stack.

The program counter PC is loaded with literal C.
The SP_CNT bit field inside the MCSJ[i]_CH[x]_CTRL register is incremented.
If an overflow on the SP_CNT bit field occurs, the STK_ERR[i]_IRQ is raised.

If an overflow on the SP_CNT bit field occurs and the bit HLT_SP_OFL of register
MCS[i]_CTRL is set, the channel current MCS-channel is disabled by clearing the EN bit of
STA.

If an overflow on the SP_CNT bit field occurs and the bit HLT_SP_OFL of register
MCS[i]_CTRL is set, the memory write operation of the incremented PC is discarded.

3
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13.2.6.5 RET instruction
Syntax: RET
Operation: PC <« MEM(R7[15:0])[15:0];
R7 <~ R7 - 4;
SP_CNT « SP_CNT - 1
Status: EN
Duration: 2 instruction cycles
Code: 1110 0100
Description: Return from subprogram.
The program counter PC is loaded with current value on the top of the stack.
Finally, the stack pointer register R7 is decremented by the value 4.
The memory location for the top of the stack is identified by the bits 0 to 15 of the stack
pointer register.
The SP_CNT bit field inside the MCS[i]_CH[x]_CTRL register is decremented.
If an underflow on the SP_CNT bit field occurs, the STK_ERRJ[i]_IRQ is raised.
If an underflow on the SP_CNT bit field occurs and the bit HLT_SP_OFL of register
MCSJi]_CTRL is set, the channel current MCS-channel is disabled by clearing the EN bit of
STA.
13.2.7 Other instructions
13.2.7.1 WURM instruction

3

Syntax: WURMAB C

Operation: Wait until register match

Status: CWT

Duration: suspends current MCS-channel
Code: 1111aaaabbbb0000cccccceccccceceee

Description: Suspend current MCS-channel until the following register match condition
occurs:

A = (B AND MASK)

whereas A € OREG, B € OREG, AND is a bitwise AND operation with bitmask MASK. The
bits 16 to 23 of MASK are set to true and the bits 0 to 15 are copied from the instructions
literal C € LIT16.

If the match condition is true at the beginning of the instruction execution, the instruction
does not suspend the channel and the program counter PC is incremented by the value 4.

This instruction can be used to wait for one or more trigger events generated by other MCS-
channels or the CPU. In this case register B is the trigger register STRG, A is a general
purpose register holding the bits with the trigger condition to wait for and C is the bitmask
that enables trigger bits of interest.
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The trigger bits can be set by other MCS channels with a write access (e.g. using a MOVL
instruction) to the STRG register or the CPU with a write access to the MCSJi]_STRG
register.

The trigger bits are not cleared automatically by hardware after resuming an MCS-channel,
but they have to be cleared explicitly with a write access to the register CTRG by the MCS-
channel or with a write access to the register MCS[i]_CTRG by the CPU.

Please note that more than one channel can wait for the same trigger bit to continue.

The instruction can also be used to wait on a specific time/angle event provided by the TBU.
In this case register B is the interesting TBU register TBU_TS0, TBU_TS1, or TBU_TS2,
register A is a general purpose register holding the value to wait for and bit mask C should
be set to OXFFFF.

At the beginning of the instruction execution the CWT bit in the register STA is always
cleared. After the execution of the instruction the CWT bit is updated in order to show if the
instruction finished successfully (CWT = 0) or it was canceled by the CPU (CWT = 1).

If the CWT bit is set simultaneously with the occurrence of the register match condition, the
register match condition has the higher priority resulting in a cleared CWT bit.

The program counter PC is incremented by the value 4, when the trigger bit is set and the
channel continues its operation.

NOP instruction

Syntax: NOP

Operation: -

Status: -

Duration: 1 instruction cycle

Code: 0000

Description: No operation is performed.

The program counter PC is incremented by the value 4.

MCS internal registers

This section describes MCS internal registers which are partly only accessible by the
corresponding MCS-channel itself and partly global to all channels. Please see Table 173
for clarification.

These registers can be directly accessed with the entire MCS instruction set, e.g. using the
ORL instruction to set a specific bit.
MCS internal registers overview

The table describes the MCS internal registers. Only parts of this register set can be
accessed by the CPU.
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Table 173. MCS internal registers

Register name Description Details in section
General purpose register x (x: 0...7),
R 13.3.2
[ MCS Task internal register.
Status register
STA 13.3.3
MCS Task internal register.
ARU Control Bit register
ACB 13.3.4
MCS Task internal register.
Clear Trigger Bits register
CTRG 13.3.5
MCS Global register from task view.
Set Trigger Bits register
STRG 13.3.6
MCS Global register from task view.
TBU Timestamp TS0 register
TBU_TSO 13.3.7
- MCS Global register from task view.
TBU Timestamp TS1 register
TBU_TS1 13.3.8
- MCS Global register from task view.
TBU Timestamp TS2 register
TBU_TS2 13.3.9
- MCS Global register from task view.
Memory High Byte register
MHB 13.3.10
MCS Task internal register.
13.3.2 General purpose register R[x] (x:0...7)
Address offset: |0x0 + x Initial value: 0x000000
0 ‘ 1 ‘ 2 | 3 ‘ 4 | 5 ‘ 6 | 708 ‘ 9 ‘10‘11 ‘12‘13‘14‘15 16‘17|18‘19|20‘21‘22‘23 24‘25‘26|27‘28|29‘30|31
Bit n/a DATA
Mode RW
Initial value 0x0000_00
Table 174. R[x] (x:0...7) field description
Bit Description
[8:31] DATA: data field of general purpose register.
n/a
Note: Register R6 used also as index/address register for indirect ARU addressing
[0:7] instructions.
Note: Register R7 is also used as stack pointer register, if stack operations are used in the
MCS micro program.

3
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13.3.3 Register STA

Address offset: Initial value: 0x000000
0 ‘ 1 ‘ 2 | 3 ‘ 4 | 5 ‘ 6 | 7108 ‘ 9 ‘10‘11‘12 13‘14‘15 16‘17|18‘19|20 21(22|23(24|25|26|27|28(29|30|31
Bit g ; ‘% ? |<TZ§'<TZZ>N>'58::OZ
c % %I é a5 ol [y}
RIR|R[R
Mode R R R RIRIRIRIRIRIRIA|WIww
w
Initial value 0x0000 000 0x00 olo|o|oflo|o|oflo|O]|O]O
Table 175. STA field description
Bit Description
EN: Enable current MCS-channel.
31 0: Disable current MCS-channel.

1: Enable current MCS-channel.

IRQ: Trigger IRQ.

0: No triggered IRQ signal.

1: Trigger IRQ signal.

Note: An MCS-channel triggers an IRQ by writing value 1 to bit IRQ. Writing a value 0 to this
bit does not cancel the IRQ, and thus has no effect.

30 Note: An MCS-channel can read the IRQ bit in order to determine the current state of the IRQ
handling. The MCS-channel reads a value 1 if an IRQ was released but not cleared by
CPU. If an MCS-channel reads a value 0 no IRQ was released or it has been cleared by
CPU.

Note: The IRQ bit can only be cleared by CPU, by writing a 1 to the corresponding
MCSJi]_CHI[x]_NOTIFY register (see Section 13.4.4: Register MCSJi]_CHI[x]_R[y]
(x:0...7,y:0...5, 7)).

ERR: Set Error Signal.

0: No Error occurred.

1: Error occurred.

Note: The ERR signal of an MCS-channel reflects Error status that may be caused by one of
the following conditions:

MCS-channel program sets the ERR signal by writing to this bit

ECC RAM Error occurred while accessing the connected RAM pages (also disables

MCS channel by clearing bit EN)

Decoding an instruction with an invalid opcode (also disables MCS-channel by clearing
29 bit EN)

Note: If the GTM includes a MON sub module, the ERR signal is always captured by this
module.

Note: An MCS-channel releases an error signal by writing value 1 to bit ERR. Writing a value
0 to this bit does not cancel the error signal, and thus has no effect.

Note: An MCS-channel can read the ERR bit in order to determine the current state of the error
signal. The MCS-channel reads a value 1 if an ERR occurred previously, but not cleared
by CPU. If an MCS-channel reads a value 0 no error was set or it has been cleared by
CPU.

Note: The ERR bit can only be cleared by CPU, by writing a 1 to the MCSJ[i]_ERR register (see
Section 13.4.16: Register MCSJ[i]_ERR).
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Table 175. STA field description (continued)

Bit

Description

28

MCA: MON Activity signaling for MCS channel.
0: No activity signaled to sub module MON.
1: Activity signaled to sub module MON.

Note: When this bit is set the corresponding channel in the MON sub module register
MON_ACTIVITY is set (see Section 20.8.2: Register MON_ACTIVITY_O. This bit is
automatically cleared after writing it by the MCS channel program.

27

CY: Carry bit.

The carry bit is updated by several arithmetic and logic instructions. In arithmetic operations,
the carry bit indicates an unsigned under/overflow.

26

Z: Zero bit.

The zero bit is updated by several arithmetic, logic and data transfer instructions to indicate a
result of zero.

25

V: Overflow bit

The overflow bit is updated by arithmetic instructions in order to indicate a signed
under/overflow.

24

N: Negative bit.
The negative bit is updated by arithmetic instructions in order to indicate a negative result.

23

CAT: Cancel ARU transfer bit.
0: Last ARU transfer was not canceled.
1: CPU canceled last ARU transfer.

Note: This bit is updated after each ARU transfer and it should be evaluated immediately after
the ARU instruction. Otherwise, the CPU could set the bit leading to a bad status
information in the MCS program.

22

CWT: Cancel WURM instruction bit.
0: Last WURM instruction was not canceled.
1: CPU canceled last WURM instruction of channel.

Note: This bit is updated after each WURM instruction and it should be evaluated immediately
after the WURM instruction. Otherwise, the CPU could set the bit leading to a bad status
information in the MCS program.

21

SAT: Successful ARU transfer bit.
0: Non-blocking ARU transfer failed due to missing data.
1: Non-blocking ARU transfer finished successfully.

[16:20]

Reserved: Read as zero, should be written as zero.

[8:12]

Reserved: Read as zero, should be written as zero.

[0:7]

n/a

Note: If both, the CPU and the MCS-channel are writing to the same register at the clock cycle,
the value of the CPU is written to the register and the value of the MCS-channel is
discarding.

Note:

3

Writing to bits of the register STA with instructions that do implicitly a read-modify-write
operation (e.g. "ANDL STA, OXFFFFFE" or "OR STA, R0Q") is dangerous, since writing back
the possibly modified content of the read access (which reflects status information) may
cause undesirable results. A secure way for writing to bits of the register STA is to use
instructions that do not read the content of STA (e.g. "MOVL STA, 0x0 or MOV STA, R1").
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13.3.4 Register ACB

Address offset: |0x9 Initial value: 0x01FEOO
0 ‘ 1 ‘ 2 | 3 ‘ 4 | 5 ‘ 6 | 7108 ‘ 9 ‘10‘11 ‘12‘13‘14‘15 16‘17|18‘19|20‘21‘22‘23 24‘25‘26 2728293031
§ (|l |o
Bt € 818/58(8
8 |z|<|<|<
Mode x Z121212|2
o
Initial value § olo|o|o|o
3
Table 176. ACB field description
Bit Description
ACBO: ARU Control bit 0.
31 Note: This bit is updated by each ARU read access and its value is sent to ARU by each ARU
write access on bit 48 of the ARU word.
ACB1: ARU Control bit 1.
30 Note: This bit is updated by each ARU read access and its value is sent to ARU by each ARU
write access on bit 49 of the ARU word
ACB2: ARU Control bit 2.
29 Note: This bit is updated by each ARU read access and its value is sent to ARU by each ARU
write access on bit 50 of the ARU word
ACB3: ARU Control bit 3.
28 Note: This bit is updated by each ARU read access and its value is sent to ARU by each ARU
write access on bit 51 of the ARU word
ACB4: ARU Control bit 4.
27 Note: This bit is updated by each ARU read access and its value is sent to ARU by each ARU
write access on bit 52 of the ARU word
[8:26] Reserved: Read as zero, should be written as zero.
[8:12] Reserved: Read as zero, should be written as zero.
[0:7] n/a

13.3.5 Register CTRG

Address offset: [0xA Initial value: 0x000000
0‘1‘2|3‘4|5‘6|7 8‘9‘10‘11‘12‘13‘14‘15 16(17[18|19|20(21|22|23|24|25|26|27|28 (29|30 |31
c : AHHEEHEEEEEEEEEE
Bit =2 o olo|lololo|o
- 3 glegie e x EEEEEEEEEE
Mode o z|2|2|2|2|2|2|2|2|2|2|2|2|2|2|2
o
S
Initial value S o|lo|o|lo|o|o|o|o|o|o|o|o|o|o|o|o
=
o
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Table 177. CTRG field description

Bit

Description

31

TRGO: trigger bit 0.
0: READ: trigger bit is cleared / WRITE: do nothing
1: READ: trigger bit is set / WRITE: clear trigger bit

30

TRGL1.: trigger bit 1.
0: READ: trigger bit is cleared / WRITE: do nothing
1: READ: trigger bit is set / WRITE: clear trigger bit

29

TRG2: trigger bit 2.
0: READ: trigger bit is cleared / WRITE: do nothing
1: READ: trigger bit is set / WRITE: clear trigger bit

28

TRG3: trigger bit 3.
0: READ: trigger bit is cleared / WRITE: do nothing
1: READ: trigger bit is set / WRITE: clear trigger bit

27

TRG4: trigger bit 4.
0: READ: trigger bit is cleared / WRITE: do nothing
1: READ: trigger bit is set / WRITE: clear trigger bit

26

TRG5: trigger bit 5.
0: READ: trigger bit is cleared / WRITE: do nothing
1: READ: trigger bit is set / WRITE: clear trigger bit

25

TRGG: trigger bit 6.
0: READ: trigger bit is cleared / WRITE: do nothing
1: READ: trigger bit is set / WRITE: clear trigger bit

24

TRG7: trigger bit 7.
0: READ: trigger bit is cleared / WRITE: do nothing
1: READ: trigger bit is set / WRITE: clear trigger bit

23

TRGS: trigger bit 8.
0: READ: trigger bit is cleared / WRITE: do nothing
1: READ: trigger bit is set / WRITE: clear trigger bit

22

TRG9: trigger bit 9.
0: READ: trigger bit is cleared / WRITE: do nothing
1: READ: trigger bit is set / WRITE: clear trigger bit

21

TRG10: trigger bit 10.
0: READ: trigger bit is cleared / WRITE: do nothing
1: READ: trigger bit is set / WRITE: clear trigger bit

20

TRG11: trigger bit 11.
0: READ: trigger bit is cleared / WRITE: do nothing
1: READ: trigger bit is set / WRITE: clear trigger bit

19

TRG12: trigger bit 12.
0: READ: trigger bit is cleared / WRITE: do nothing
1: READ: trigger bit is set / WRITE: clear trigger bit

3
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Table 177. CTRG field description (continued)

Bit

Description

18

TRG13: trigger bit 13.
0: READ: trigger bit is cleared / WRITE: do nothing
1: READ: trigger bit is set / WRITE: clear trigger bit

17

TRG14: trigger bit 14.
0: READ: trigger bit is cleared / WRITE: do nothing
1: READ: trigger bit is set / WRITE: clear trigger bit

16

TRG15: trigger bit 15.

0: READ: trigger bit is cleared / WRITE: do nothing

1: READ: trigger bit is set / WRITE: clear trigger bit

Note: The trigger bits TRGx (x = 0...15) are accessible by all MCS channels as well as the
CPU. Setting a trigger bit can be performed with the STRG register, in the case of an
MCS-channel or the MCSJ[i]_STRG register in the case of the CPU. Clearing a trigger bit
can be performed with the CTRG register, in the case of an MCS-channel or the
MCSJi]_CTRG register in the case of the CPU.

Trigger bits can be used for signalizing specific events to MCS-channels or the CPU. An

MCS-channel suspended with a WURM instruction can be resumed by setting the appropriate

trigger bit.

[8:15]

Reserved: Read as zero, should be written as zero.

[0:7]

n/a

13.3.6 Register STRG

Address offset: |0xB Initial value: 0x000000
0‘1‘2|3‘4|5‘6|7 8‘9‘10‘11‘12‘13‘14‘15 16(17(18(19|20|21|22|23|24|25|26|27 |28 |29 |30 |31
- o g AEEHEEEEEEREEEEEE
ot s i 22|22 |22 | e | E || |
Mode o Z|2|2|2|Z|2|R|2|2|2|R|R|Z|R|R|R
g
Initial value S olo|o|o|o|o|o|o|o|o|o|o|lo|o|o|o
5
Table 178. STRG field description
Bit Description
TRGO: trigger bit 0.
31 0: READ: trigger bit is cleared / WRITE: do nothing
1: READ: trigger bit is set / WRITE: set trigger bit
TRG1.: trigger bit 1.
30 0: READ: trigger bit is cleared / WRITE: do nothing
1: READ: trigger bit is set / WRITE: set trigger bit
TRG2: trigger bit 2.
29 0: READ: trigger bit is cleared / WRITE: do nothing
1: READ: trigger bit is set / WRITE: set trigger bit
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Table 178. STRG field description (continued)

Bit

Description

28

TRG3: trigger bit 3.
0: READ: trigger bit is cleared / WRITE: do nothing
1: READ: trigger bit is set / WRITE: set trigger bit

27

TRG4: trigger bit 4.
0: READ: trigger bit is cleared / WRITE: do nothing
1: READ: trigger bit is set / WRITE: set trigger bit

26

TRGS: trigger bit 5.
0: READ: trigger bit is cleared / WRITE: do nothing
1: READ: trigger bit is set / WRITE: set trigger bit

25

TRGG: trigger bit 6.
0: READ: trigger bit is cleared / WRITE: do nothing
1: READ: trigger bit is set / WRITE: set trigger bit

24

TRG7: trigger bit 7.
0: READ: trigger bit is cleared / WRITE: do nothing
1: READ: trigger bit is set / WRITE: set trigger bit

23

TRGS: trigger bit 8.
0: READ: trigger bit is cleared / WRITE: do nothing
1: READ: trigger bit is set / WRITE: set trigger bit

22

TRG9: trigger bit 9.
0: READ: trigger bit is cleared / WRITE: do nothing
1: READ: trigger bit is set / WRITE: set trigger bit

21

TRG10: trigger bit 10.
0: READ: trigger bit is cleared / WRITE: do nothing
1: READ: trigger bit is set / WRITE: set trigger bit

20

TRG11: trigger bit 11.
0: READ: trigger bit is cleared / WRITE: do nothing
1: READ: trigger bit is set / WRITE: set trigger bit

19

TRG12: trigger bit 12.
0: READ: trigger bit is cleared / WRITE: do nothing
1: READ: trigger bit is set / WRITE: set trigger bit

18

TRG13: trigger bit 13.
0: READ: trigger bit is cleared / WRITE: do nothing
1: READ: trigger bit is set / WRITE: set trigger bit

17

TRG14: trigger bit 14.
0: READ: trigger bit is cleared / WRITE: do nothing
1: READ: trigger bit is set / WRITE: set trigger bit

3
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Table 178. STRG field description (continued)

Bit Description

TRG15: trigger bit 15.
0: READ: trigger bit is cleared / WRITE: do nothing
1: READ: trigger bit is set / WRITE: set trigger bit

Note: The trigger bits TRGx (x = 0...15) are accessible by all MCS channels as well as the
CPU. Setting a trigger bit can be performed with the STRG register, in the case of an
MCS-channel or the MCSJi]_STRG register in the case of the CPU. Clearing a trigger bit
can be performed with the CTRG register, in the case of an MCS-channel or the
MCS][i]_CTRG register in the case of the CPU.

Trigger bits can be used for signalizing specific events to MCS-channels or the CPU. An

MCS-channel suspended with a WURM instruction can be resumed by setting the appropriate
trigger bit.

16

[8:15] Reserved: Read as zero, should be written as zero.
[0:7] n/a

13.3.7 Register TBU_TSO

Address offset: |0xC Initial value: OXXXXXXX
0 ‘ 1 ‘ 2 | 3 ‘ 4 | 5 ‘ 6 | 708 ‘ 9 ‘10‘11 ‘12‘13‘14‘15 16‘17|18‘19|20‘21‘22‘23 24‘25‘26|27‘28|29‘30|31
Bit n/a TS
Mode R
Initial value OXXXXXXX

Table 179. TBU_TSO field description

Bit Description
[8:31] TS: Current TBU time stamp 0.
n/a
[0:7] Note: Any write access to a time base register discards the written data. A write access to a
' time base register may be used to destroy an unused 24-bit data word of an ARU read
transfer.

13.3.8 Register TBU_TS1

Address offset: |0xD Initial value: OXXXXXXX
0 ‘ 1 ‘ 2 | 3 ‘ 4 | 5 ‘ 6 | 718 ‘ 9 ‘10‘11 ‘12‘13‘14‘15 16‘17|18‘19|20‘21‘22‘23 24‘25‘26|27‘28|29‘30|31
Bit n/a TS
Mode R
Initial value OXXXXXXX
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Table 180. TBU_TS1 field description

Bit Description
[8:31] TS: Current TBU time stamp 1.
n/a
[0:7] Note: Any write access to a time base register discards the written data. A write access to a
' time base register may be used to destroy an unused 24-bit data word of an ARU read
transfer.

13.3.9 Register TBU_TS2
Address offset: |0xD Initial value: OXXXXXXX
0 ‘ 1 ‘ 2 | 3 ‘ 4 | 5 ‘ 6 | 7|8 ‘ 9 ‘10‘11 ‘12‘13‘14‘15 16‘17|18‘19|20‘21‘22‘23 24‘25‘26|27‘28|29‘30|31
Bit n/a TS
Mode R
Initial value OXXXXXXX
Table 181. TBU_TS2 field description
Bit Description
[8:31] TS: Current TBU time stamp 2.
n/a
[0:7] Note: Any write access to a time base register discards the written data. A write access to a
' time base register may be used to destroy an unused 24-bit data word of an ARU read
transfer.
13.3.10 Register MHB
Address offset: |OxF Initial value: 0x000000
0 ‘ 1 ‘ 2 | 3 ‘ 4 | 5 ‘ 6 | 7|8 ‘ 9 ‘10‘11 ‘12‘13‘14‘15 16‘17|18‘19|20‘21‘22‘23 24‘25‘26|27‘28|29‘30|31
Bit n/a Reserved DATA
Mode R RW
Initial value 0x000000 0x000000
Table 182. MHB field description
Bit Description
[24:31] DATA: High Byte of a memory transfer.
[8:23] Reserved: Read as zero, should be written as zero.
[0:7] n/a
13.4

MCS configuration registers

This section describes the configuration registers of the MCS sub module.

S74
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These registers can only be accessed by the CPU using AEI, but not within the MCS-
channel using MCS instructions.

13.4.1 MCS configuration registers overview

The table describes the MCS registers that are visible and accessible by the CPU.

Table 183. MCS registers

Register name Description Details in section
MCS][i]_CHI[x]_CTRL MCS Channel control register (x: 0...7) 13.4.2
MCSJ[i]_CHI[x]_ACB MCS Channel ACB register (x: 0...7) 13.4.6
MCS]Ji]_CHI[x]_PC MCS Channel Program counter register (x: 0...7) 13.4.3
MCSJ[i]_CHIx]_R[y] MCS Channel GPRXx registers (x: 0...7; y: 0...7) 13.4.4
MCS][i]_CHI[x]_IRQ_NOTIFY MCS Channel x interrupt notification register (x: 0...7) 13.4.7
MCS[i]_CHI[x]_IRQ_EN MCS Channel x interrupt enable register (x: 0...7) 13.4.8
MCS[i]_CH[x]_IRQ_FORCINT (I;/IC7S) Channel x software interrupt generation register (x: 13.4.9
MCSJ[i]_CHI[x]_IRQ_MODE IRQ mode configuration register (x=0...7) 13.4.10
MCSJi]_CH[x]_EIRQ_EN MCS Channel x error interrupt enable register (x: 0...7) |13.4.11
MCSJi]_CTRL MCS Control register 13.4.12
MCSJi]_CTRG MCS Clear trigger control register 13.4.13
MCSJi]_STRG MCS Set trigger control register 13.4.14
MCS[i]_RST MCS Channel reset register 13.4.15
MCS[i]_ERR MCS Error register 13.4.16
13.4.2 Register MCS[i]_CH[x]_CTRL (x:0...7)

Address offset: |see Appendix B Initial value: 0x00000000
0 ‘ 1 ‘ 2 | 3 ‘ 4 | 5 ‘ 6 | 7 ‘ 8 ‘ 9 ‘10‘11‘12 13‘14‘15 16‘17|18‘19|20 21|22|23|24 (25|26 |27 (2829|3031
k3 E B B
. 2 3 2 ElE|e s|lzle|lg|=
Bit % %| é e % Sz|>|N|S é «lx &
Mode x x 4 n:n:n:n:ncn:ucn:ucn:gi.
it g S g
Initial value g =4 = o|o|lo|o|o|lo|o|o|o|o|o
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Table 184. MCSJi]_CH[x]_CTRL (x:0...7) field description
Bit Description
EN: Enable MCS-channel
0: Disable current MCS-channel.
1: Enable current MCS-channel.
Note: Enabling or disabling of an MCS-channel is synchronized to the ending of an instruction
31 and thus it may take several clock cycles, e.g. active memory transfers or pending
WURM transfers have to be finished before disabling the MCS-channel. The internal
state of a channel can be obtained by reading the bit EN.
Note: In order to disable an MCS channel reliably the EN bit should be cleared followed by
setting the CAT and CWT bit in order to cancel any pending WURM or ARU instructions.
Note: The EN bit is write protected during RAM reset phase.
IRQ: Interrupt state.
30 0: No interrupt pending in MCS-channel x.
1: Interrupt is pending in MCS-channel x.
Note: This bit is read only and it mirrors the internal IRQ state
ERR: Error state.
29 0: No error signal pending in MCS-channel x.
1: Error signal is pending in MCS-channel x.
Note: This bit is read only and it mirrors the internal error state.
28 Reserved: Read as zero, should be written as zero.
27 CY: Carry bit state.
Note: : This bit is read only and it mirrors the internal carry flag CY.
2% Z: Zero bit state.
Note: This bit is read only and it mirrors the internal zero flag Z.
25 V: Overflow bit state.
Note: This bit is read only and it mirrors the internal carry flag V.
o4 N: Negative bit state.
Note: This bit is read only and it mirrors the internal zero flag N..
23 CAT: Cancel ARU transfer state.
Note: This bit is read only and it mirrors the internal cancel ARU transfer status flag CAT.
29 CWT: Cancel WURM instruction state.
Note: This bit is read only and it mirrors the internal cancel WURM instruction status flag CWT.
SAT: Successful ARU transfer bit.
21 0: Non-blocking ARU transfer failed due to missing data.
1: Non-blocking ARU transfer finished successfully
[16:20] Reserved: Read as zero, should be written as zero.
SP_CNT: Stack pointer counter value.
[13:15] Actual stack depth of channel. The bit field is incremented on behalf of a CALL or PUSH
’ instruction and decremented on behalf of a RET or POP instruction. The MCS channel
STK_ERR_IRQ is raised, when an overflow or underflow is detected on this bit field
[0:12] Reserved: Read as zero, should be written as zero.
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13.4.3 Register MCSJi]_CH[x]_PC (x:0...7)
Address offset: |see Appendix B Initial value: 0x00000000 + 4*x
0 ‘ 1 ‘ 2 | 3 ‘ 4 | 5 ‘ 6 | 7 ‘ 8 ‘ 9 ‘10‘11 ‘12‘13‘14‘15 16‘17 18‘19|20‘21‘22‘23 24‘25‘26|27‘28|29‘30|31
Bit Reserved PC
Mode R RPw
Initial value 0x000 0x000000+4*x
Table 185. MCSJi]_CHI[x]_PC (x:0...7) field description
Bit Description
PC: Current Program Counter.
[18:31] Note: The program counter is only writable if the corresponding MCS-channel is disabled. The
bits 0 and 1 are always written as zeros.

[0:17] Reserved: Read as zero, should be written as zero.
13.4.4 Register MCSJ[i]_CH[x]_R[y] (x:0...7,y:0...5, 7)
Address offset: |see Appendix B Initial value: 0x00000000

0 ‘ 1 | 2 | 3 ‘ 4 | 5 ‘ 6 | 708 | 9 |10|11|12|13|14‘15 16‘17|18‘19|20|21|22|23 24|25|26|27‘28|29‘30|31
Bit Reserved DATA
Mode R RW
Initial value 0x00 0x000000
Table 186. MCSJ[i]_CH[x]_R[y] (x:0...7, y:0...5, 7) field description
Bit Description
[8:31] DATA: Data of MCS general purpose register R[y].
Reserved: Read as zero, should be written as zero.
[0:7] Note: This register is the same as described in Section 13.3.2: General purpose register R[x]
(x:0...7)
13.4.5 Register MCS[i] CH[x]_R6

Address offset:

see Appendix B

Initial value:

0x00000000

0 ‘1 ‘2 |3 ‘4 |5 ‘6 |7

8‘ 9‘10‘11‘12‘13‘14‘15

16‘17|18‘19|20‘21‘22‘23

24‘25‘26|27‘28|29‘30|31

Bit Reserved DATA

Mode R RPw

Initial value 0x00 0x000000
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Table 187. MCSJ[i]_CHJ[x]_RE6 field description

Bit Description

[8:31 DATA: Data of MCS general purpose register R[y].

Reserved: Read as zero, should be written as zero.

0:7
[0:71 Note: This register is write protected during an active ARDI or NARDI instruction.

13.4.6 Register MCSJi]_CH[x]_ACB (x:0...7)

Address offset: |see Appendix B Initial value: 0x00000000
0 ‘ 1 ‘2 | 3 ‘ 4 | 5 ‘ 6 | 7 ‘ 8 ‘ 9 ‘10‘11‘12‘13‘14‘15 16‘17|18‘19|20‘21‘22‘23 24‘25‘26 27|28(29 (30|31
el
0>J | V| N[O
Bit 5 Qlo|o|o|d
] o|lolo|alo
3 | <|<|<|<
[v4
Mode x r|le|e|e|x
o
' o
Initial value S o|lo|o|o|o
x
o

Table 188. MCSJi]_CHI[x]_ACB (x:0...7) field description

Bit Description
31 ACBO: ARU Control bit 0.
Note: This bit is read only and it mirrors the internal state.
30 ACB1: ARU Control bit 1.
Note: This bit is read only and it mirrors the internal state.
29 ACB2: ARU Control bit 2.
Note: This bit is read only and it mirrors the internal state.
28 ACB3: ARU Control bit 3.
Note: This bit is read only and it mirrors the internal state.
o7 ACB4: ARU Control bit 4.
Note: This bit is read only and it mirrors the internal state.
[0:26] Reserved: Read as zero, should be written as zero.

3
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13.4.7  Register MCS[i]_CH[x]_IRQ_NOTIFY (x:0...7)

Address offset:

see Appendix B Initial value: 0x0000_0000

0 ‘ 1 ‘2 | 3 ‘ 4 | 5 ‘ 6 | 7 ‘ 8 ‘ 9 ‘10‘11‘12‘13‘14‘15 16‘17|18‘19|20‘21‘22‘23 24‘25‘26|27‘28

N
©
w
o
w
=

Bit

MCS_IRQ

Reserved

Mode

RCw | STK_ERR_IRQ
W

RCw [ MEM_ERR_IRQ

R
RC

Initial value

0x00000000
0
0
0

Table 189. MCS[i]_CH[x]_IRQ_NOTIFY (x:0...7) field description

Bit

Description

31

MCS_IRQ: Interrupt request by MCS-channel x.

0 =No IRQ released

1 = IRQ released by MCS-channel

Note: This bit will be cleared on a CPU write access with a value '1'. A read access leaves the
bit unchanged.

Note: By writing a '1' to this register, the IRQ flag in the MCS channel status register STA is
cleared.

30

STK_ERR_IRQ: Stack counter overflow/underflow of channel x.
0 = No IRQ released
1 = A stack counter overflow or underflow occurred

Note: This bit will be cleared on a CPU write access with a value '1'. A read access leaves the
bit unchanged.

29

MEM_ERR_IRQ: Memory access out of range in channel x.

0 = No IRQ released

1 = MCS-channel request a memory location out of range.

Note: This bit will be cleared on a CPU write access with a value '1'. A read access leaves the
bit unchanged.

Note: In the case of a memory overflow, any read or write access to the RAM is always
blocked. The read data is unpredictable.

Note: It should be noted that in the case of a memory overflow, the MCS channel will continue.
Thus it is recommended that the CPU immediately stops the MCS channel.

[0:28]

Reserved: Read as zero, should be written as zero.
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13.4.8 Register MCSJ[i]_CH[x]_IRQ_EN (x:0...7)

Address offset: |see Appendix B Initial value: 0x00000000
0 ‘ 1 ‘ 2 | 3 ‘ 4 | 5 ‘ 6 | 7 ‘ 8 ‘ 9 ‘10‘11 ‘12‘13‘14‘15 16‘17|18‘19|20‘21‘22‘23 24‘25‘26|27‘28 293031
Z|z
2151z
3 T\E| g
Bit 5 oo &
3 o |
o I'ul I'“| 8
3|x(=
S| »
Mode x AEE
o
3
Initial value 3 ololo
R
o
Table 190. MCS[i]_CH[x]_IRQ_EN (x:0...7) field description
Bit Description
MCS_IRQ_EN: MCS channel x MCS_IRQ interrupt enable
31 0 = Disable interrupt
1 = Enable interrupt
STK_ERR_IRQ_EN: MCS channel x STK_ERR_IRQ interrupt enable
30 0 = Disable interrupt
1 = Enable interrupt
MEM_ERR_IRQ_EN: MCS channel x MEM_ERR_IRQ interrupt enable
29 0 = Disable interrupt
1 = Enable interrupt
[0:28] Reserved: Read as zero, should be written as zero.
13.4.9  Register MCS[i]_CH[x]_IRQ_FORCINT (x:0...7)
Address offset: |see Appendix B Initial value: 0x00000000
0 ‘ 1 ‘ 2 | 3 ‘ 4 | 5 ‘ 6 | 7 ‘ 8 ‘ 9 ‘10‘11 ‘12‘13‘14‘15 16‘17|18‘19|20‘21‘22‘23 24‘25‘26|27‘28 293031
Slgo
2| o|2
K AN
. 2 w9
Bit @ s |8
o) w |~ |
“ §| ?) %2
0|9~
=
z(zz
Mode @ MEE
g
Initial value S o|lo|o
5
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Table 191. MCS[i]_CH[x]_IRQ_FORCINT (x:0...7) field description

Bit

Description

31

TRG_MCS_IRQ: Trigger IRQ bit in MCS_CH_[x]_IRQ_NOTIFY register by software
0 = No interrupt triggering

1 = Assert corresponding field in MCSJi]_CH[x]_IRQ_NOTIFY register

Note: This bit is cleared automatically after write.

Note: This bit is write protected by bit RF_PROT of register GTM_CTRL

30

0 = No interrupt triggering

1 = Assert corresponding field in MCSJi]_CH[x]_IRQ_NOTIFY register
Note: This bit is cleared automatically after write.

Note: This bit is write protected by bit RF_PROT of register GTM_CTRL

TRG_STK_ERR_IRQ: Trigger IRQ bit in MCS_CH_[x]_IRQ_NOTIFY register by software

29

0 = No interrupt triggering

1 = Assert corresponding field in MCSJi]_CH[x]_IRQ_NOTIFY register
Note: This bit is cleared automatically after write.

Note: This bit is write protected by bit RF_PROT of register GTM_CTRL

TRG_MEM_ERR_IRQ: Trigger IRQ bitin MCS_CH_[x]_IRQ_NOTIFY register by software

[0:28]

Reserved: Read as zero, should be written as zero.

13.4.10

Register MCSJ[i]_CH[x]_IRQ_MODE (x:0...7)

Address offset: |see Appendix B Initial value: 0x0000_000X

0 ‘ 1 ‘2 | 3 ‘ 4 | 5 ‘ 6 | 7 ‘ 8 ‘ 9 ‘10‘11‘12‘13‘14‘15 16‘17|18‘19|20‘21‘22‘23 24‘25‘26|27‘28|29 30|31

Bit

Reserved

DE

Mode

RW |IRQ_MO

Initial value

0x00000000| R

XX

Table 192. MCSJ[i]_CH[x]_IRQ_MODE (x:0...7) field description

Bit

Description

[30:31]

IRQ_MODE: IRQ mode selection

00 = Level mode

01 = Pulse mode

10 = Pulse-Notify mode

11 = Single-Pulse mode

Note: The interrupt modes are described in Section 2.5: GTM-IP interrupt concept.

[0:29]

Reserved
Note: Read as zero, should be written as zero.
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13.4.11 Register MCS[i]_CHI[x]_EIRQ_EN (x:0...7)

Address offset: |see Appendix B Initial value: 0x0000_0000
0 ‘ 1 ‘ 2 | 3 ‘ 4 | 5 ‘ 6 | 7 ‘ 8 ‘ 9 ‘10‘11 ‘12‘13‘14‘15 16‘17|18‘19|20‘21‘22‘23 24‘25‘26|27‘28 293031
Z |z
I-ul I'u| P4
Clg|w
o X|x |
: 2 w || &
Blt % n:l ﬂfl ]
g £ %o
| I'“| (@]
2x|=
S| »w
Mode x Z|2
o
3
Initial value 8 ololo
g
Table 193. MCSJi]_CHI[x]_EIRQ_EN (x:0...7) field description
Bit Description
MCS_EIRQ_EN: MCS channel x MCS_EIRQ error interrupt enable
31 0 = Disable error interrupt
1 = Enable error interrupt
STK_ERR_EIRQ_EN: MCS channel x STK_ERR_IRQ error interrupt enable
30 0 = Disable error interrupt
1 = Enable error interrupt
MEM_ERR_EIRQ_EN: MCS channel x MEM_ERR_EIRQ error interrupt enable
29 0 = Disable error interrupt
1 = Enable error interrupt
[0:28] Reserved: Read as zero, should be written as zero.

13.4.12 Register MCS[i]_CTRL

Address offset: |see Appendix B Initial value: 0x000X_0000
0 ‘ 1 ‘ 2 | 3 ‘ 4 | 5 ‘ 6 | 7 ‘ 8 ‘ 9 ‘10‘11 ‘12‘13‘14 15 16‘17|18‘19|20‘21‘22‘23 24‘25‘26|27‘28|29 30|31
T
g 2 g 3
Bit 5 ! 5 oz
@ = ] 1 Q
2 P o 5@
I
z
Mode @ & © z|z
3 3
Initial value =1 x =1 olo
x X
o o
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Table 194. MCS[i]_CTRL field description

Bit Description

SCHED: MCS submodule scheduling scheme
31 0 = Accelerated scheduling scheme.
1 = Round-Robin scheduling scheme.

HLT_SP_OFL: Halt on stack pointer overflow.
30 0 = No halt on MCS-channel stack pointer counter over/underflow.
1 = MCS-channel is disabled if a stack pointer counter over/underflow occurs

[16:29] Reserved: Read as zero, should be written as zero.

RAM_RST: RAM reset bit.

0 = READ: no RAM reset is active / WRITE : do nothing.

1 = READ: MCS currently resets RAM content / WRITE : trigger RAM reset.

Note: The RAM reset initializes the memory content with zeros. RAM access and enabling of
MCS channels is disabled during active RAM reset.

15 Note: This bit is only writable if the bit RF_PROT in register GTM_CTRL is cleared and all

MCS-channels are disabled.

Note: The actual reset values of this bit depends on the silicon vendor configuration. The reset
value is 1, if the RAM reset is performed together with the sub module reset, otherwise
the reset value is 0. If the reset value is 1, the reset value is changed to 0 by hardware,
when the RAM reset finished.

[0:14] Reserved: Read as zero, should be written as zero.

13.4.13 Register MCS[i]_CTRG

Address offset: |see Appendix B Initial value: 0x0000_0000
0‘1‘2|3‘4|5‘6|7‘8‘9‘10‘11‘12‘13‘14‘15 16|17 (18|19|20|21|22|23 |24 | 25|26 |27 |28 29|30 |31
- 2 AHEEEEEREEREEEEE
ot 3 2|22 |22 |2 | |E || E | R |E |
g
Initial value S o|lo|o|lo|o|o|lo|o|o|o|o|o|o|o|o|o
&
Table 195. MCSJ[i]_CTRG field description
Bit Description
TRGO: trigger bit 0.
31 0: READ: trigger bit is cleared / WRITE: do nothing
1: READ: trigger bit is set / WRITE: clear trigger bit
TRGL1.: trigger bit 1.
30 0: READ: trigger bit is cleared / WRITE: do nothing
1: READ: trigger bit is set / WRITE: clear trigger bit
TRG2: trigger bit 2.
29 0: READ: trigger bit is cleared / WRITE: do nothing
1: READ: trigger bit is set / WRITE: clear trigger bit
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Table 195. MCSJ[i]_CTRG field description (continued)

Bit

Description

28

TRG3: trigger bit 3.
0: READ: trigger bit is cleared / WRITE: do nothing
1: READ: trigger bit is set / WRITE: clear trigger bit

27

TRG4: trigger bit 4.
0: READ: trigger bit is cleared / WRITE: do nothing
1: READ: trigger bit is set / WRITE: clear trigger bit

26

TRGS: trigger bit 5.
0: READ: trigger bit is cleared / WRITE: do nothing
1: READ: trigger bit is set / WRITE: clear trigger bit

25

TRGG: trigger bit 6.
0: READ: trigger bit is cleared / WRITE: do nothing
1: READ: trigger bit is set / WRITE: clear trigger bit

24

TRG7: trigger bit 7.
0: READ: trigger bit is cleared / WRITE: do nothing
1: READ: trigger bit is set / WRITE: clear trigger bit

23

TRGS: trigger bit 8.
0: READ: trigger bit is cleared / WRITE: do nothing
1: READ: trigger bit is set / WRITE: clear trigger bit

22

TRG9: trigger bit 9.
0: READ: trigger bit is cleared / WRITE: do nothing
1: READ: trigger bit is set / WRITE: clear trigger bit

21

TRG10: trigger bit 10.
0: READ: trigger bit is cleared / WRITE: do nothing
1: READ: trigger bit is set / WRITE: clear trigger bit

20

TRG11: trigger bit 11.
0: READ: trigger bit is cleared / WRITE: do nothing
1: READ: trigger bit is set / WRITE: clear trigger bit

19

TRG12: trigger bit 12.
0: READ: trigger bit is cleared / WRITE: do nothing
1: READ: trigger bit is set / WRITE: clear trigger bit

18

TRG13: trigger bit 13.
0: READ: trigger bit is cleared / WRITE: do nothing
1: READ: trigger bit is set / WRITE: clear trigger bit

17

TRG14: trigger bit 14.
0: READ: trigger bit is cleared / WRITE: do nothing
1: READ: trigger bit is set / WRITE: clear trigger bit

3

DoclD025070 Rev 1

301/558




Multi Channel Sequencer (MCS) RM0361

Table 195. MCSJ[i]_CTRG field description (continued)

Bit Description

TRG15: trigger bit 15.

0: READ: trigger bit is cleared / WRITE: do nothing

1: READ: trigger bit is set / WRITE: clear trigger bit

Note: The trigger bits TRGx (x = 0...15) are accessible by all MCS channels as well as the
CPU. Setting a trigger bit can be performed with the STRG register, in the case of an
MCS-channel or the MCSJi]_STRG register in the case of the CPU. Clearing a trigger bit

16 can be performed with the CTRG register, in the case of an MCS-channel or the
MCS[i]_CTRG register in the case of the CPU.

Note: Trigger bits can be used for signalizing specific events to MCS-channels or the CPU. An
MCS-channel suspended with a WURM instruction can be resumed by setting the
appropriate trigger bit.

Note: A write access to MCSJ[i]_CTRG may take up to 13 clock cycles, since the write access
is scheduled to the next CPU time slot determined by the MCS scheduler.

[0:15] Reserved: Read as zero, should be written as zero.

13.4.14 Register MCS[i]_STRG

Address offset:

see Appendix B Initial value: 0x0000_0000

0‘1‘2|3‘4|5‘6|7‘8‘9‘10‘11‘12‘13‘14‘15

-
(o2}

17118 (19

N
o
N
e
N
N
N
w

24125(26|27|28

N
©
w
o
w
=

Bit

Mode

RW| TRG15
RW| TRG14
RW| TRG13
RW| TRG12
RW| TRG11
RW| TRG10
RW| TRG9
RW| TRG8
RW| TRG7
RW| TRG6
RW| TRG5
RW| TRG4
RW| TRG3
RW| TRG2
RW| TRG1
RW| TRGO

Initial value

0x000000| R |Reserved

Table 196. MCSJ[i]_STRG field description

Bit

Description

31

TRGO: trigger bit 0.
0: READ: trigger bit is cleared / WRITE: do nothing
1: READ: trigger bit is set / WRITE: set trigger bit

30

TRGL1.: trigger bit 1.
0: READ: trigger bit is cleared / WRITE: do nothing
1: READ: trigger bit is set / WRITE: set trigger bit

29

TRG2: trigger bit 2.
0: READ: trigger bit is cleared / WRITE: do nothing
1: READ: trigger bit is set / WRITE: set trigger bit

28

TRG3: trigger bit 3.
0: READ: trigger bit is cleared / WRITE: do nothing
1: READ: trigger bit is set / WRITE: set trigger bit

27

TRG4: trigger bit 4.
0: READ: trigger bit is cleared / WRITE: do nothing
1: READ: trigger bit is set / WRITE: set trigger bit
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Table 196. MCSJ[i]_STRG field description (continued)

Bit

Description

26

TRGS: trigger bit 5.
0: READ: trigger bit is cleared / WRITE: do nothing
1: READ: trigger bit is set / WRITE: set trigger bit

25

TRGE6: trigger bit 6.
0: READ: trigger bit is cleared / WRITE: do nothing
1: READ: trigger bit is set / WRITE: set trigger bit

24

TRG7: trigger bit 7.
0: READ: trigger bit is cleared / WRITE: do nothing
1: READ: trigger bit is set / WRITE: set trigger bit

23

TRGS: trigger bit 8.
0: READ: trigger bit is cleared / WRITE: do nothing
1: READ: trigger bit is set / WRITE: set trigger bit

22

TRG9: trigger bit 9.
0: READ: trigger bit is cleared / WRITE: do nothing
1: READ: trigger bit is set / WRITE: set trigger bit

21

TRG10: trigger bit 10.
0: READ: trigger bit is cleared / WRITE: do nothing
1: READ: trigger bit is set / WRITE: set trigger bit

20

TRG11: trigger bit 11.
0: READ: trigger bit is cleared / WRITE: do nothing
1: READ: trigger bit is set / WRITE: set trigger bit

19

TRG12: trigger bit 12.
0: READ: trigger bit is cleared / WRITE: do nothing
1: READ: trigger bit is set / WRITE: set trigger bit

18

TRG13: trigger bit 13.
0: READ: trigger bit is cleared / WRITE: do nothing
1: READ: trigger bit is set / WRITE: set trigger bit

17

TRG14: trigger bit 14.
0: READ: trigger bit is cleared / WRITE: do nothing
1: READ: trigger bit is set / WRITE: set trigger bit

3

DoclD025070 Rev 1

303/558




Multi Channel Sequencer (MCS)

RMO0361

Table 196. MCSJ[i]_STRG field description (continued)

Bit Description

TRG15: trigger bit 15.

0: READ: trigger bit is cleared / WRITE: do nothing

1: READ: trigger bit is set / WRITE: set trigger bit

Note: The trigger bits TRGx (x = 0...15) are accessible by all MCS channels as well as the
CPU. Setting a trigger bit can be performed with the STRG register, in the case of an
MCS-channel or the MCSJi]_STRG register in the case of the CPU. Clearing a trigger bit

16 can be performed with the CTRG register, in the case of an MCS-channel or the
MCS[i]_CTRG register in the case of the CPU.

Note: Trigger bits can be used for signalizing specific events to MCS-channels or the CPU. An
MCS-channel suspended with a WURM instruction can be resumed by setting the
appropriate trigger bit.

Note: A write access to MCS[i]_STRG may take up to 13 clock cycles, since the write access
is scheduled to the next CPU time slot determined by the MCS scheduler.

[0:15] |Reserved: Read as zero, should be written as zero.

13.4.15 Register MCSJi]_RST

Address offset: |see Appendix B Initial value: 0x0000_0000
0‘1‘2|3‘4|5‘6|7 8|9(10(11[12]13|14|15(16|17[18|19|20(21|22|23|24|25|26|27|28 (29|30 |31
he}
4 Nlolw st |o|lNl—lolN|o|w|t|w|a|-|lo|~M|lo|lv|lst|o|a|~]|o
i c ElElElElE|lE|lElE|E|E|E|IEIE|IE|IEIEIEIE|IEIEIE|IE|EIE
o i 55|3|3|3|3|5|5|5|5|5|5|5|5|5|5|2|2|2|2|2|2|2|2
zlz{zlz]zzlz]z
Mode o Z|2|2|2|2|2|2|2|2|2|2|2|2|2|8|2|8|2|8|8|32|8|2|3
S
Initial value 8 o|lo|o|o|lo|lo|lo|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o
E
Table 197. MCS[i]_RST field description
Bit Description
RSTO: Software reset of channel 0
31 0 = No action
1 = Reset channel
RST1: Software reset of channel 1
30 0 = No action
1 = Reset channel
RST2: Software reset of channel 2
29 0 = No action
1 = Reset channel
RST3: Software reset of channel 3
28 0 = No action
1 = Reset channel
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Table 197. MCS[i]_RST field description (continued)
Bit Description
RST4: Software reset of channel 4
27 0 = No action
1 = Reset channel
RST5: Software reset of channel 5
26 0 = No action
1 = Reset channel
RST6: Software reset of channel 6
25 0 = No action
1 = Reset channel
RST7: Software reset of channel 7
0 = No action
1 = Reset channel
Note: The RSTx (x = 0...7) bits is cleared automatically after write access of CPU. All channel
24 related registers are set to their reset values and channel operation is stopped
immediately. The reset action RSTx has a higher priority than setting the bits CWTx or
CATx (x =0...7).
Note: Channel related registers are all registers MCS[i]_CHIx]_*, all MCS internal registers
accessible by the corresponding channel, with exception of the common trigger register
(accessed by CTRG/STRG).
CATO: Cancel ARU transfer for channel 0.
23 0 = Do nothing.
1 = Cancel any pending ARU read or write transfer
CAT1: Cancel ARU transfer for channel 1.
22 0 = Do nothing.
1 = Cancel any pending ARU read or write transfer
CAT2: Cancel ARU transfer for channel 2.
21 0 = Do nothing.
1 = Cancel any pending ARU read or write transfer
CAT3: Cancel ARU transfer for channel 3.
20 0 = Do nothing.
1 = Cancel any pending ARU read or write transfer
CAT4: Cancel ARU transfer for channel 4.
19 0 = Do nothing.
1 = Cancel any pending ARU read or write transfer
CATS5: Cancel ARU transfer for channel 5.
18 0 = Do nothing.
1 = Cancel any pending ARU read or write transfer
CAT6: Cancel ARU transfer for channel 6.
17 0 = Do nothing.

1 = Cancel any pending ARU read or write transfer

3
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Table 197. MCS[i]_RST field description (continued)

Bit Description
CAT7: Cancel ARU transfer for channel 7.
0 = Do nothing.
1 = Cancel any pending ARU read or write transfer.

16 Note: The CATx (x = 0...7) bit inside the STA register of the corresponding MCS-channel is set
and any pending ARU read or write request is canceled. The MCS-channel resumes
with the instruction after the ARU transfer instruction.

Note: The CATx (x =0...7) bitis cleared by the corresponding MCS channel, when the channel
reaches an ARU read or write instruction.
CWTO: Cancel WURM instruction for channel 0.

15 0 = Do nothing.

1 = Cancel any pending WURM instruction.
CWT1: Cancel WURM instruction for channel 1.

14 0 = Do nothing.

1 = Cancel any pending WURM instruction.
CWT2: Cancel WURM instruction for channel 2.

13 0 = Do nothing.

1 = Cancel any pending WURM instruction.
CWT3: Cancel WURM instruction for channel 3.

12 0 = Do nothing.

1 = Cancel any pending WURM instruction.
CWT4: Cancel WURM instruction for channel 4.

11 0 = Do nothing.

1 = Cancel any pending WURM instruction.
CWTS5: Cancel WURM instruction for channel 5.

10 0 = Do nothing.

1 = Cancel any pending WURM instruction.
CWT6: Cancel WURM instruction for channel 6.

9 0 = Do nothing.

1 = Cancel any pending WURM instruction.
CWT7: Cancel WURM instruction for channel 7.
0 = Do nothing.

1 = Cancel any pending WURM instruction.

8 Note: The CWTx (x = 0...7) bit inside the STA register of the corresponding MCS-channel is
set and any pending WURM instruction is cancelled. The MCS-channel resumes with
the instruction after the WURM instruction.

Note: The CWTx (x = 0...7) bit is cleared by the corresponding MCS channel, when the
channel reaches a WURM instruction.
[0:7] Reserved: Read as zero, should be written as zero.
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13.4.16 Register MCS[i]_ERR

Address offset: |see Appendix B Initial value: 0x00000000
0 ‘ 1 ‘ 2 | 3 ‘ 4 | 5 ‘ 6 | 7 ‘ 8 ‘ 9 ‘10‘11 ‘12‘13‘14‘15 16‘17|18‘19|20‘21‘22‘23 24(25(26(27(28(29|30|31
? Nl T[N —= | O
Bit g ArAEAEIE RN
& wiw|wiw|w|w|w|w
Mod n: 3131813|3(8|8|3
ode X |||l ||x
o
Initial value % o|lo|o|o|o|o|o|o
o
Table 198. MCSJi]_ERR field description
Bit Description
ERRO: Error State of MCS-channel 0.
31 0: No error signal.
1: Error signal is pending.
ERRZ1: Error State of MCS-channel 1.
30 0: No error signal.
1: Error signal is pending.
ERR2: Error State of MCS-channel 2.
29 0: No error signal.
1: Error signal is pending.
ERR3: Error State of MCS-channel 3.
28 0: No error signal.
1: Error signal is pending.
ERRA4: Error State of MCS-channel 4.
27 0: No error signal.
1: Error signal is pending.
ERRS5: Error State of MCS-channel 5.
26 0: No error signal.
1: Error signal is pending.
ERRG6: Error State of MCS-channel 6.
25 0: No error signal.
1: Error signal is pending.
ERR7: Error State of MCS-channel 7.
0: No error signal.
1: Error signal is pending.

24 Note: The CPU can read the ERRx (x = 0...7) bits in order to determine the current error state
of the corresponding MCS-channel x. The error state is also evaluated by the sub
module MON, if this module is available.

Note: Writing a value 1 to this bit resets the corresponding error state and resets the channel
internal ERR bit in the STA and channel CTRL registers.
[0:23] Reserved: Read as zero, should be written as zero.

3
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Memory Configuration (MCFG)

Overview

The Memory Configuration submodule (MCFG) is an infrastructure module that organizes
physical memory blocks and maps them to the instances of Multi Channel Sequencer
(MCS) submodules.

The default configuration maps a memory of size 1 K*32 bit = 4 KB to MCS memory page 0
and a memory of size 0.5 K*32 bit = 2 KB to MCS memory page 1.

In order to support different memory sizes for different MCS instances, the MCFG module
provides two additional layout configurations for reorganization of memory pages between
neighbouring MCS modules. Figure 61 shows all layout configurations.

The layout configuration SWAP is swapping the 2 KB memory page of the current MCS
instance with the 4KB memory page of the successive MCS instance. Thus, the memory of
the current MCS module is increased by 2KB but the memory of the successor is decreased
by 2 KB.

The layout configuration BORROW is borrowing the 4 KB memory page of the successive
MCS instance for the current instance. Thus, the memory of the current MCS module is
increased by 4 KB but the memory of the successor is decreased by 4 KB.

It should be noted that the successor of the last MCS instance is the first MCS instance
MCSO0.

The actual size of the memory pages for an MCS instance depends on the layout
configuration for the current instance MCS]Ji] and the layout configuration of the preceding
memory instance MCSJi-1].

Table 199 summarizes the layout parameters MPO and MP1 for MCS instance MCSJi].

The addressing of memory page 0 ranges from 0 to MP0-4 and the addressing of memory
page 1 ranges from MPO to MP1-4.

Besides these software related Layout configurations, the MCFG submodule has an
additional input port MCS_RAM1_EN_ADDR_MSB which is routed to the top level of the
GTM-IP.

The above mentioned behaviour of the MCFG submodule is applied if this port is connected
to a constant logic level of zero (0).

If a constant logic level of one (1) is applied to this port, the MCFG submodule assumes that
a memory of size 1 K*32 bit = 4 KB is also mapped to MCS memory page 1.

In this case the memory layout configurations of the MCFG submodule change as shown in
Figure 62 and the memory layout parameters are modified according to Table 200.

This document assumes that the GTM implementation embeds 7 MCS instances. However,
the actual number of implemented MCS instances can be obtained from Section 22.3:
References.

3
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Figure 61. Memory layout configurations (MCS_RAM1_EN_ADDR_MSB = 0)

DEFAULT SWAP BORROW
4KB 4KB 4KB
Configuration
for instance 2KB
MCSJi] 4KB 4KB
2KB
2KB 2KB
Configuration 4KB
for instance 2KB
MCS[i+1] 2KB
GAPGMS00253

Table 199. Memory layout parameters (MCS_RAM1_EN_ADDR_MSB = 0)

Memory layout configuration of preceding MCS
instance MCSJi-1]
DEFAULT SWAP BORROW
MPO 0x1000 0x800 0x0
DEFAULT

_ MP1 0x1800 0x1000 0x800
S92 MPO 0x1000 0x800 0x0
® s SWAP
5 o MP1 0x2000 0x1800 0x1000
o O
c E MPO 0x1000 0x800 0x0
O n
=
S0
20
=
g S BORROW
£ E MP1 0x2800 0x2000 0x1800
e 3
2 —

o
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Figure 62. Memory layout configurations (MCS_RAM1_EN_ADDR_MSB =1)

DEFAULT SWAP BORROW
4KB 4KB 4KB
Configuration
for instance
MCSJi] 4KB 4KB 4KB
4KB
Configuration 4KB 4KB 4KB
for instance
MCSJi+1]
4KB 4KB
GAPGMS00254

Table 200. Memory layout parameters (MCS_RAM1_EN_ADDR_MSB =1)

Memory layout configuration of preceding MCS
instance MCSJi-1]
DEFAULT SWAP BORROW
MPO 0x1000 0x1000 0x0
DEFAULT

— MP1 0x2000 0x2000 0x1000
.E 8 MPO 0x1000 0x1000 0x0
TS SWAP
5o MP1 0x2000 0x2000 0x1000
o O
e Lcs MPO 0x1000 0x1000 0x0
& ¢
RO
20
T3
25 BORROW
£ = MP1 0x3000 0x3000 0x2000
T3
E L

o

14.2 MCFG configuration registers
This section describes the configuration registers of the MCFG submodule.
Table 201. MCFG configuration registers
Register name Description Details in section
MCFG_CTRL Memory layout configuration. 14.3
310/558 DoclD025070 Rev 1 Kys
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14.3 Register MCFG_CTRL

Address offset:

see Appendix B Initial value:

0x00000000

0‘1 ‘2|3‘4|5‘6|7‘8‘9‘10‘11‘12‘13‘14‘15 16‘17 18‘19 20‘21

22‘23

24‘25 26|27

28|29 30|31

Bit

M6
5

M4

3
M2

MO

Mode

RW| ME

RW| MEM
RW| ME

RW| MEM1

RW| ME

Initial value

0
0

0x000000| R |Reserved
RW| ME
RW| ME

00

0
0

00

00

Table 202. MCFG_CTRL field description

Bit

Description

[30:31]

MEMO: Configure Memory pages for MCS-instance MCSO.
00: DEFAULT configuration

01: SWAP configuration

10: BORROW configuration

11: DEFAULT configuration

[28:29]

MEM1: Configure Memory pages for MCS-instance MCS1.
00: DEFAULT configuration

01: SWAP configuration

10: BORROW configuration

11: DEFAULT configuration

[26:27]

MEM2: Configure Memory pages for MCS-instance MCS2.
00: DEFAULT configuration

01: SWAP configuration

10: BORROW configuration

11: DEFAULT configuration

[24:25]

MEM3: Configure Memory pages for MCS-instance MCS3.
00: DEFAULT configuration

01: SWAP configuration

10: BORROW configuration

11: DEFAULT configuration

[22:23]

MEM4: Configure Memory pages for MCS-instance MCS4.
00: DEFAULT configuration

01: SWAP configuration

10: BORROW configuration

11: DEFAULT configuration

[20:21]

MEMB5: Configure Memory pages for MCS-instance MCS5.
00: DEFAULT configuration

01: SWAP configuration

10: BORROW configuration

11: DEFAULT configuration

3
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Table 202. MCFG_CTRL field description (continued)

Bit Description
MEMBG6: Configure Memory pages for MCS-instance MCS6.
00: DEFAULT configuration
[18:19] 01: SWAP configuration
10: BORROW configuration
11: DEFAULT configuration
[0:17] Reserved: Read as zero, should be written as zero.

Note:

312/558

It should be noted that the actual GTM-IP implementation may embed less than 7 MCS
instances (see Section 22.3: References). In this case this register only implements the
register bits for available MCS instances.
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15

15.1

1511

TIMO input mapping module (MAP)

Overview

The MAP submodule generates the two input signals TRIGGER and STATE for the
submodule DPLL by evaluating the output signals of the channel 0 up to channel 5 of
submodule TIMO. By using the TIM as input submodule, the filtering of the input signals can
be done inside the TIM channels themselves. The MAP submodule architecture is depicted
in Figure 63.

MAP submodule architecture

Figure 63. MAP submodule architecture
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GAPGMS00255

3

Generally, the MAP submodule can route the channel signals coming from TIMO in three
ways. First, it is possible to route the whole 49 bits of data coming from channel 0 of module
TIMO (TIMO_CHO) to the TRIGGER signal which is then provided to the DPLL together with
the T_VALID signal.
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Second, the MAP module can route one of the five signals coming from the module TIMO
(i.e. the signals coming from channel 1 up to channel 5) to the output signal STATE which is
then provided to the module DPLL together with the S_VALID signal.

Third, the TRIGGER, T_VALID, STATE and S_VALID signals can be generated out of the
TIM Signal Preprocessing (TSPP) subunits. This is done in combination with the Sensor
Pattern Evaluation (SPE) submodule described in Chapter 17: Sensor Pattern Evaluation
(SPE).

There, the signal TRIGGER is generated in subunit TSPPO out of the TIMO signals coming
from channel 0 up to 2.

The signal STATE is generated in subunit TSPP1 out of the TIM signals coming from
channel 3 up to channel 5.

This is only be done, when the TSSPx subunits are enabled and when the SPEx_NIPD
signal is raised by the SPE submodule. The SPEx_NIPD_NUM signal encodes, which of the
3 TIMx_CHy input signals has been changed. The SPEx_DIR signal is routed through the
TSPPx subunit and implements the T_DIR or S_DIR signal.

A third method to provide a direction signal to DPLL is to use TIMO channel 6 input
(TIMO_ING) and to route it instead of the DIR signal coming from TSSOPO to the MAP
output T_DIR (set TSEL=0)

TIM signal preprocessing (TSPP)

The TSPP combines the three 49 bit input streams coming from the TIMO submodule and
generates one combined 49 bit output stream TSPPO. The input stream combination is
done in the unit Bit Stream Combination (BSC). The architecture of the TSPP is shown in
Figure 64.

3
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15.2.1 TIM signal preprocessing (TSPP) subunit architecture

Figure 64. TIM signal preprocessing (TSPP) subunit architecture

TIMO_CHx(48) BSC
Ll
TIMO_CHy(48) o m
TIMO_CHz(48) \'/
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TIMO_CHx(47:0) 48 0 49, TSPPO
TIMO_CHy(47:0) 48 48

TIMO_CHz(47:0) 48

SEL

SPEX_NIPD_NUM 2

SPEX_NIPD

SPEX_DIR

A J

DIR

GAPGMS00256

15.2.2 Bit stream combination

The BSC subunit is used to xor-combine the three most significant bits TIMO_CHx(48),
TIMO_CHy(48) and TIMO_CHz(48) of the TIMO inputs. The xor-combined signal is merged
with the remaining 48 bits of one of the three input signals TIMO_CHXx(47...0),
TIMO_CHy(47...0) or TIMO_CHz(47...0) the TSPPO signal. The selection is done with the
SPEX_NIPD_NUM input signal coming from the SPE submodule. The action, when the 49
bits are transferred to the TSPPO and the T_VALID or S_VALID signal is raised is
determined by the SPEx_NIPD signal coming from the SPE submodule. The TSPPO output
signal generation is shown in the example in Figure 65.

3
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15.2.2.1

TSPP signal generation for signal TSPPO

Figure 65. TSPP signal generation for signal TSPPO
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15.3

316/558

The SPEx_NIPD_NUM input signal determines, which data is routed to the TSPPO signal.
At the first edge of TIMO_CHx(48) the new data X11 and X12 are routed to TSPPO(47:0).
The values X11 and X12 are the two 24 bit values coming from the TIM input channel
TIMO_CHx. The next edge is at time t4 on signal TIMO_CHy(48). Therefore, at time t4 the
TSPPO(48) signal level changes and the TSPPO(47:0) is set to Y11 and Y12 and so forth.

MAP register overview

The following table gives an overview about the MAP registers.

Table 203. MAP registers

Register name Description Detal!s n
section
MAP_CTRL MAP control register 154.1
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15.4 MAP register description

15.4.1 Register MAP_CTRL

Address offset: |see Appendix B Initial value: 0x0000_0000
112(3]4 | 5

o

~
o]
-
o
-
o

12|13

-
E
N
]

16‘17|18‘19|20‘21‘22‘23 24‘25‘26 2

<

28|29‘30 31

o |=m| TSPP1_I1V

o|==| TsPP1_iov

o|==|TsPrPo v

o | = x| TSPPO_IOV

© | =™ | TSPP1_EN

o | == | TSPPO_EN

Bit

Reserved
Reserved
Reserved
Reserved
Reserved
LSEL
SSL
TSEL

o | =3 | TSPP1_I2V

Mode

Py
Py
Py
Py
Py

RwW

=2
=2

o | ==X |TSPP1_DLD| @
© | =M | TSPPO_I2V | ©
o | =@ | TSPPO_DLD

Initial value 0 0 0 000

Table 204. MAP_CTRL field description

Bit Description

TSEL: TRIGGER signal output select.
0 = TIMO_CHO selected as TRIGGER output signal.

TIMO_ING (TIMO channel 6 input) is used as direction signal T_DIR.
1 = TSPPO_TSPPO selected as TRIGGER output signal.

SSL: STATE signal output select.

000: TIMO_CH1 selected as STATE output signal.

001: TIMO_CHZ2 selected as STATE output signal.

010: TIMO_CH3 selected as STATE output signal.
[28:30] 011: TIMO_CH4 selected as STATE output signal.

100: TIMO_CHS5 selected as STATE output signal.

101: TSPP1_TSPPO selected as STATE output signal.
110: same as '000'

111: same as '000'

31

LSEL: TIMO_ING input level selection
27 0 = TIMO_ING input level '0' encodes TRIGGER in forward direction.
1 =TIMO_ING input level '1' encodes TRIGGER in forward direction.

Reserved

[16:26] Note: Read as zero, should be written as zero.

TSPPO_EN: Enable of TSPPO subunit.
15 0 = TSPPO disabled.
1 =TSPPO enabled.

TSPPO_DLD: DIR level definition bit.
14 0 = SPEx_DIR signal is routed through as it is.
1 = SPEx_DIR signal is inverted.

Reserved
Note: Read as zero, should be written as zero.

TSPPO_I0V: Disable of TSPPO TIMO_CHx(48) input line.
11 0 = Input line enabled.
1 = Input line disabled; input for TSPPO is set to zero (0).

[12:13]
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Table 204. MAP_CTRL field description (continued)

Bit Description
TSPPO_I1V: Disable of TSPPO TIMO_CHy(48) input line.
10 0 = Input line enabled.
1 = Input line disabled; input for TSPPO is set to zero (0).
TSPPO_I2V: Disable of TSPPO TIMO_CHz(48) input line.
9 0 = Input line enabled.
1 = Input line disabled; input for TSPPO is set to zero (0).
8 Reserved
Note: Read as zero, should be written as zero.
TSPP1_EN: Enable of TSPP1 subunit.
7 0 = TSPP1 disabled.
1 =TSPP1 enabled.
TSPP1 DLD: DIR level definition bit.
6 0 = SPEx_DIR signal is routed through as it is.
1 = SPEx_DIR signal is inverted.
[4:5] Reserved
' Note: Read as zero, should be written as zero.
TSPP1_l0V: Disable of TSPP1 TIMO_CHx(48) input line.
3 0 = Input line enabled.
1 = Input line disabled; input for TSPP1 is set to zero (0).
TSPP1_|1V: Disable of TSPP1 TIMO_CHy(48) input line.
2 0 = Input line enabled.
1 = Input line disabled; input for TSPP1 is set to zero (0).
TSPP1_I12V: Disable of TSPP1 TIMO_CHz(48) input line.
1 0 = Input line enabled.
1 = Input line disabled; input for TSPP1 is set to zero (0).
Reserved
0 %

Note: Read as zero, should be written as zero.

318/558

DoclD025070 Rev 1

3




RMO0361

Digital PLL module (DPLL)

16

16.1

16.2

3

Digital PLL module (DPLL)

Overview

The digital PLL (DPLL) submodule is used for frequency multiplication. The purpose of this
module is to get a higher precision of position or value information also in the case of
applications with rapidly changing input frequencies. There are two input signals TRIGGER
and STATE for which periodic events are processed. The time period between two valid
events is called an increment. Each increment is divided into a given number of sub
increments pulses called SUB_INC. The resolution of the generated pulses is restricted by
the period of the CMU_CLKO clock or the TS_CLK respectively (see Chapter 8: Clock
Management Unit (CMU) and Chapter 9: Time Base Unit (TBU)). The input signals
TRIGGER and STATE can have the meaning of position information of linear or angle
motions, mass flow values, temperature, pressure or level of liquids.

The DPLL can reduce the load of a CPU by handling repeated or periodic standard tasks.

The DPLL is able to perform the following tasks:

. Prediction of the duration of the current increment in Section 16.6: Prediction of the
current increment duration

e  Generation of SUB_INC1,2 pulses for up to 2 position counters in normal or emergency
mode (see Section 16.8.3: Sub pulse generation for SMC=0)

e Synchronization of the actual position under CPU control (see Section 16.8.6.2:
Synchronization description)

e Possibility of seamless switch to emergency mode and back under CPU control, see
configuration register DPLL_CTRL_O0 at Section 16.11

e  Prediction of position and time related events in Section 16.7

Requirements and demarcation

The two input signals TRIGGER and STATE can be sensor signals from the same device or
from two independent devices. When they come from the same device the TRIGGER input
is typically a more frequent signal and STATE is a less frequent signal. In such a case the
STATE signal can support an emergency mode, when no TRIGGER signal is available.
There are also applications supported when STATE and TRIGGER are independent signals
from different devices. Both input signals are combined with a validation signal T_VALID or
S_VALID respectively, which shows the appearance of new data and must result in a data
fetch and a start of the correspondent state machine to perform the calculations (see
explanation below).

When STATE is a redundant signal of the same device only the TRIGGER input is used to
generate the SUB_INC1 pulses in normal mode. There is a configuration possible, called
emergency mode, for which the SUB_INC1 pulses are generated using the STATE input
signal.

The decision to switch in the emergency mode and back is made outside the DPLL. The
CPU must switch the configuration bit RMO (reference mode) in the DPLL_CTRL_O register
(see Section 16.11). Because a switch in emergency mode can appear suddenly, the
information of the last increment durations of the STATE input up to FULL_SCALE should
be stored always as a precaution.
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The filtering as well as the combination or choice of the input signals is made in the TIM
submodule (see Chapter 10: Timer Input Module (TIM)) by use of a configurable filter
algorithm for each slope and signal as well as in the MAP module (see Chapter 15: TIMO
input mapping module (MAP)) the right TRIGGER or STATE signal is selected by a
multiplexer or in the SPE module (see Chapter 18: Interrupt Concentrator Module (ICM))
different signals are combined to a TRIGGER or STATE signal by using an anti-valence
operation.

The filter delay value of the signal is transmitted from the TIM module in the FT part of the
corresponding signal, because the delay conditions of the signals can change during
application.

The filter delays depend also on the filter algorithms used. Only the effective filter delay can
be considered in the DPLL.

In order to provide the timing conditions to the DPLL the input trigger signals should have a
time stamp (and optional in addition a filter value and a signal level value, as stated above)
with an appropriate resolution. The resolution of the time stamps can be either the same
resolution as the input time base TBU_TSO0 (see Figure 67: DPLL block diagram) or 8 times
higher, selected by configuration bits in the DPLL_CTRL_1 register (see Section 16.11.2).
The time base TBU_TSO is used to predict events in the future, called actions.

At the SUB_INCx outputs a predefined number of pulses between each active slope of the
TRIGGER/STATE signal is generated, when the correspondent pulse generator is enabled
by the enable bits SGEx=1 in the DPLL_CTRL_1 register (see Section 16.11.2).

Different strategies can be used to correct a wrong pulse number.

The FULL_SCALE range is divided into a fix number of nominal increments. Nominal
increments do have the same size. The number of nominal increments in HALF_SCALE is
specified in the DPLL_CTRL_O register (see Section 16.11).

For synchronization purposes some TRIGGER/STATE input signals can be suppressed
depending on the current position. Therefore an increment as duration between two valid
input events can be either a nominal increment or it can consist of more than one nominal
increment.

While a true nominal increment starts with a valid event a virtual increment (of always
nominal size) is an increment which starts with a missing event. Each increment which
represents a gap (e.g. for synchronization purposes) consists of exactly one true nominal
increment and at least one virtual increment, each of them having the same nominal
duration (see Figure 66).

16.3 Input signal courses

Typical input signal courses are shown in the figure below.

3
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Figure 66. Trigger inputs with valid high-low space
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16.4 Block and interface description

The block description of the DPLL is shown in the following figure.

3
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Figure 67. DPLL block diagram
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Table 205 summarizes the interface signals of the DPLL shown by the block diagram above.

Table 205. Interface description of DPLL

Name Width 110 Description Comment
Normal signal for triggering DPLL by
positions/values One bit signal value (SV), 24 bits filter
TRIGGER 49 | |Bit(48)= TRIGGER_S delay value info and 24 bits time
Bits(47:24)= TRIGGER_FT stamp, filtered in different modes.

Bits(23:0)= TRIGGER_TS

Announces the arrival of a new

T_VALID 1 | The values of TRIGGER are valid TRIGGER value

Assistance signal for synchronization | Rgplacement of signal TRIGGER for

STATE 49 | STATE(48)= STATE_S emergency situations, or signal from
STATE(47:24)= STATE_FT an independent device; bits like
STATE(23:0)= STATE_TS above, corresponding
S_VALID 1 | | The values of STATE are valid Announces the arrival of a new

STATE value

3
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Table 205. Interface description of DPLL (continued)
Name Width 110 Description Comment
Position minus time request data, Data valu'es for calculation of actual
delivered by ARU on request for up to ACTION_S’ (t1h)e values are (rze)guested
24 requests PMTR_RR; by AE'\i',_1 X and t(J:AIPPI\Z'(I?R ; \7 ser‘wﬁd
SV_i=PMTR_D(52:48): ACB bits, request is snown by —V Whic
. . signals that valid PMTR data arrived
directly written to the correspondent ) . .
PMTR_D 53 | DPLL ACB i registers and they are written immediately after
— - 9 . that to the corresponding RAM
PSA[i]=PMTR_D(47:24): position value regions and registers;
for action , The DLA(i] values must have the
DLA[i]=PMTR_D(23:0) time delay same resolution as the TBU_TS0
value for action input. -
When valid: PMTR_D overwrites data
Signals a valid PMTR_D value, that in the PSAJi] and DLA[i] registers,
PMTR_V 1 | . . .
means data is delivered on request also when the corresponding
ACT_N[i]® bit =1;
adcresace: domand daa by seting | COUMer value of ARU
ARU_CA 9 I | PMTR_RR=1 when enabled by Seh'eds P'VI'LR—d'EA and PMTR_RR
AENi=1") and CAIP=0(2) when a valid address
PMTR_RA 9 O |Read address of PMTR access Reflects ID_PMTR i according to the
selected channel address
Read request of PMTR access; Reflects the value of the
PMTR_RR 1 O |suppressed for CAIPi=1 (see corresponding AENi(") bit while the
DPLL_STATUS register) correspondent bit CAIPi=0()
Output of a time stamp, a position and
a control signal for a calculated action;
SV_i=ACT_D(52:48): ACB bits, directly
written from the correspondent : ; :
, ' U Future time stamp with the resolution
ACT D 53 0 P'\f'T'T—tD ds'gn?t',s’ ACT—Dgg Azé‘? b the | 25 TBU_TS0 input, additional position
caleu a. € _p03| |o.n vaiue [i] for information and additional control bits;
the action in relation to TBU_TS1 or 2
) and ACT_D(23:0) is the time stamp
value TSAC]i] for the action in relation
to TBU_TS0 )
For a valid action address: ACT_V
reflects the shadow value of
ACT_N[i]®
(ACT_N[i] is 1 when new PMTR
ACT_D value is available and valid; values are available and the shadow
ACT_V 1 (0] ) : .

- blocking read access register is updated, when a
calculation of the actual PMTR values
was done);
reset after reading of the ACT_D
values

ACT RA 9 | ACTION read address: Aeress bits for selection of all 24
action channels

ACT_RR 1 | Read request of selected action The action data is demanded from an
other module
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Table 205. Interface description of DPLL (continued)

Name Width 110 Description Comment
IRQ 27 O | Interrupt request output Interrupts of DPLL;
SUB_INC1 1 O | Pulse output for TRIGGER input filter | S|P-Position increment provided
continuously
Pulse output for STATE input filter Sub-position increment provided
SUB_INC2 1 O |(when TRIGGER and STATE are used P P
. : continuously
for 2 independent devices)
Pulse output for time base unit 1 in S
: . Sub-position increment related to
SUB_INC1c 1 O |compensation mode (can stop in .
. TRIGGER input
automatic end mode)
. oA Sub-position increment related to
Pulse outpgt for time base unit '2 in STATE input (when TRIGGER and
SUB_INC2c 1 O | compensation mode (can stop in )
. STATE are used for 2 independent
automatic end mode) .
devices)
Used for generation of the time
TS_CLK 1 | Time stamp clock stamps; this clock is used to generate
the SUB_INC1,2 pulses
Used for rapid pulse correction of
CMU_CLKO 1 | CMU clock 0 SUB_INC1,2
SYS_CLK 1 | System clock High frequency clock
Low active;
; After Reset he DPLL is available only
RESET_N 1 | Asynchronous reset signal
- 4 ! 9 after performing the RAM reset
procedures by the DPLL hardware.
LOW_RES=0: TBU_TSO(DPLL)=
lower 24 Bits of TBU_TSO(TBU);
Low resolution of TBU_TSO selected; |LOW_RES=1: TBU_TSO(DPLL)=
LOW_RES 1 I shows witch of the 27 bits of TBU_TSO0 | higher 24 Bits of TBU_TSO0(TBU);
are connected to the DPLL In the case LOW_RES=1 the
TSO0_HRT and/or TSO_HRS bits can
be set ®)
Actual time stamp from TBU; is needed . . . .
TBU_TSO 24 | to decide, if a calculated action is 24 b!t time input, with a resolution of
. the time stamp clock
already in the past
Actual position/value stamp 1; for . . . .
TBU_TS1 24 | calculation of position stamps i?tﬁg %cﬁévﬁl\l’g;puh‘ls\t\gtsh aresolution
(TRIGGER/STATE) —IN-1P
Actual position/value stamp 2; to be Ditto for SUB_INC2
TBU_TS2 24 | implemented for an additional for calculation of position stamps
independent position (STATE) for SMC®=RMO®)=1
Direction of TRIGGER input values T . .
_ Direction information from multiple
(TDIR=0 does mean a forward . (5)—
TDIR 1 | . _ sensors valid only for SMC"/=1 or
direction and TDIR=1 a backward (5)—
L IDDS™/=1
direction)
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Table 205. Interface description of DPLL (continued)

Name Width 110 Description Comment
Direction of STATE input values
SDIR 1 | (SDIR=0 does mean a forward Direction information from multiple
direction and SDIR=1 a backward sensors valid only for smc®)=1
direction)
Count direction of TBU_CH1_BASE;
Directon nformation of SUBINGT | 4 e Cee e v
DIR1 1 O | (count forwards for DIR1=0 and ponding
_ TRIGGER slope and after
backwards for DIR1=1) . - -
incrementing/decrementing of the
address pointer
Count direction of TBU_CH2_BASE;
Direction nformation of SUB_INCZ | 10 SR EREE 0T T v
DIR2 1 O |(count forwards for DIR2=0 and ponding

STATE slope and after
incrementing/decrementing of the
address pointer

backwards for DIR2=1)

o0 k0N =

16.5

16.5.1

16.5.2

3

See DPLL_CTRL_x register, x=2,3,4; see Section 16.11.3, Section 16.11.4 and Section 16.11.5.
See DPLL_STATUS register; see Section 16.11.30.

See DPLL_ACT_STA register; see Section 16.11.7.

See DPLL input signal description; see Section 16.11.1.

See DPLL_CTRL_1 register; see Section 16.11.2.

See DPLL_CTRL_O register; see Section 16.1.

DPLL architecture

Purpose of the module

The DPLL generates a predefined number of incremental signal pulses within the period
between two events of an input TRIGGER or STATE signal, when the corresponding pulse
generator is enabled. The resolution of the pulses is restricted by the frequency of the time
stamp clock (TS_CLK). Changes in the period length of the predicted time period of the
current increment will result in a change of the pulse frequency in order to get the same
number of pulses. This adoption can be performed by DPLL hardware, software or with
support of DPLL hardware in different modes.

The major scope of a DPLL is to do a prediction of the current period between two
TRIGGER and/or STATE signal edges. Disturbances and systematic failures must be
considered as well as changes of increment durations caused by acceleration and
deceleration of the supervised process. Therefore, a good estimation can be done using
some measuring values from the past. When a process takes a steady and differentiable
course not only the current increment but also some more increments for the future can be
predicted.

Explanation of the prediction methodology

As already shown in Section 16.1 the DPLL has to perform different tasks. The basic
function for all these tasks is the prediction of the current increment which is based on a
relation between increments in the past. Because the relation between two succeeding
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intervals at a fixed position remains also valid in the case of acceleration or deceleration the
prediction of the duration of the current time interval is done by a similarity transformation.
Having a good estimation of the current time interval, all the other tasks can be done easily
by calculations explained in Section 16.6.

Clock topology

All registers are read using the system clock SYS_CLK. The SUB_INC1,2 pulses generated
have in the normal case the highest frequency not higher than CMU_CLKO or the half of
TS_CLK respectively. For individual pulses the frequency can be doubled. All operations
can be performed using the system clock.

Clock generation

The clock is generated outside the DPLL.

Typical frequencies

For the system clock a reasonable clock frequency should be applied to give the DPLL
module sufficient computational power to calculate all needed values (prediction of next
increment, actions) in time. The typical system clock frequency is in the range from 40 MHz
up to 150 MHz.

Time stamps and systematic corrections

The time stamps for the input signals TRIGGER and STATE have 24 bits each. These bits
represent the value of the 24-bit free running counter running with a clock frequency
selected by the configuration of the TBU. Using a typical frequency of 20 MHz the time
stamp represents a relative value of time with a resolution of 50 ns.

The input signals have to be filtered. The filter is not part of the DPLL. The time stamps can
have a delay caused by the filter algorithm used. There are delayed and undelayed filter
algorithms available and the delay value can depend on a time or a position value.

Systematic deviations of TRIGGER inputs can be corrected by a profile, which also
considers systematic missing TRIGGERs. The increments containing missing TRIGGERS
are divided into the corresponding number of nominal increments whereas the duration of a
nominal increment is the greatest divider of all increment durations.

For each increment this number of enclosed nominal increments is stored in a profile as NT
value for TRIGGER. When the increment is a nominal increment the NT value is 1.

For the TRIGGER input the value NT is stored in the ADT_T field in RAM region 2c.

In the case of AMT()= 1 the ADT_T[i] values in the RAM region 2c must also contain the
adapting information for the TRIGGER signal, which considers for each increment a
systematic physical deviation PD from the perfect increment value with a resolution
according to the chosen value of MLT+1, which describes the number of SUB_INC1 pulses
for a nominal increment.

The value PD for the TRIGGER describes the amount of missing or surplus pulses with a
13-hit signed integer value, to be added to MLT+1 directly. The correction value is in this

c. Adapt Mode for Trigger, see DPLL_CTRL_O register; see Section 16.11.1.

3
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way also applicable in the case of missing TRIGGER inputs for the synchronization gaps. In
this case the amount of provided SUB_INC1 pulses for a nominal increment (MLT+1) is
multiplied by NT first before the PD value is added.

The NT value of the current increment is stored in the variable SYN_T (see NUTC register in
Section 16.11.14).

In the case of RMO¥ = 1 for SMC(®)=0 (emergency mode) the time stamp of STATE is used
to generate the output signal SUB_INC1.

More inaccuracy should be accepted in emergency mode because usually there are only
fewer events available for FULL_SCALE according to the value SNU(©).

For the STATE signal the systematic deviations of the increments can be corrected in the
same way as for TRIGGER by profile and adaptation information as described below.

Systematic deviations of STATE inputs can be corrected by a profile, which also considers
systematic missing STATE events. The increments containing missing STATEs are divided
into the corresponding number of nominal increments whereas the duration of a nominal
increment is the greatest divider of all increment durations.

For each increment this number of enclosed nominal increments is stored in a profile as NS
value for STATE. When the increment is a nominal increment the NS value is 1.

For the STATE input the value NS is stored in the ADT_S field in RAM region 1c3.

In the case of AMS(® = 1 the ADT_S]i] values in the RAM region 1¢3 must contain the
adapting information for the STATE signal, which considers for each increment a systematic
physical deviation PD_S from the perfect increment value with a resolution according to the
chosen value of MLS1, which describes the number of SUB_INC1 pulses for a nominal
increment (see below).

The number of pulses SUB_INC1 for a nominal STATE increment in emergency mode (for

SMC=0) is given by the value of MLS1= (MLT + 1)* (TNU + 1) /(SNU + 1) in order to get the
same number of pulses in FULL_SCALE for normal and emergency mode. This value has

to be configured by the CPU.

The value PD_S for the STATE describes the amount of missing or surplus pulses with a 16-
bit signed integer value, to be added to MLS1 directly. The correction value is in this way
also applicable in the case of missing STATE inputs for the synchronization gaps. In this
case the amount of provided SUB_INC1 pulses for a nominal increment MLS1 is multiplied
by NS first before the PD_S value is added.

The current NS value is stored in the variable SYN_S (see NUSC register in
Section 16.11.15).

DPLL architecture overview

As shown in Figure 67 the DPLL can process different input signals. The signal TRIGGER is
the normal input signal which gives the detailed information of the supervised process. It
can be for instance the information of water or other liquid level representing the volume of
the liquid, where each millimeter increasing results in a TRIGGER signal generation. In
order to get a predefined filling level, without overflow also the inertia of the system must be

d. See DPLL_CTRL_O register; see Section 16.11.1.
e. See DPLL_CTRL_1 register; see Section 16.11.2
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taken into account. Hence, some delay for closing the inlet valve and also the remaining
water amount in the pipe must be considered in order to start the closing action earlier as
the filling level will be reached.

A second input signal STATE sends an additional (redundant) information for instance at
some centimeters and because of intervals with different distances it also gives information
about the system state with the direction of the water flow (in or out), while the TRIGGER
signal must not contain information concerning the flow direction. In some applications the
inactive slope of TRIGGER can be utilized to transmit the information on the current
direction. In the case of faults in the TRIGGER signal the STATE signal is to be processed in
order to reach the desired value nevertheless, maybe with some loss of accuracy.

The measuring scale can have some systematic failures, because not all millimeter or
centimeter distances measured mean the same value. This could be due to changes in the
thickness of the measuring cylinder or the inaccurate position of the marks. These
systematic failures are well known by the system and for improvement of the prediction the
signals ADT_T and ADT_S for the correction of the systematic failures of TRIGGER and
STATE respectively are stored in the internal RAM.

The input signals TRIGGER and STATE are represented as a time stamp signal each, which
is stored in the 24 bit TS-part of the corresponding signal.

Information concerning the delay of this signal by filtering of disturbances is stored in the 24
bit FT-part of the signal.

In order to establish the relation of time stamps to the actual time the TBU_TSO(f) value is
also provided showing the actual time value used for prediction of actions in the future.

After reaching the desired water level the water is filled in a bottle by draining. After that the
water filling is repeated. The water level at draining is observed by the same sensor signals
(the same number of TRIGGER pulses), but the duration of the draining could be different
from the filling time. Both times together form the FULL_SCALE region, while one of them is
a HALF_SCALE region, which can differ in time but not in the number of pulses, especially
for TRIGGER.

For synchronization purposes some TRIGGER marks can be omitted in order to set the
system to a proper synchronization value (maybe before the upper filling value is reached).

In emergency situations, when the TRIGGER signals are missed the STATE signal is used
instead.

The PMTR_i(f) signals announce the request for a position minus time calculation for up to
32 events.

All events can be activated enabling the 32 AENi(© bits. Each of these bits are managed by
the routing engine for a read access. The corresponding read request is generated by the
AENI bit while CAIPx is zero. CAIP1 and CAIP2 are two bits of the DPLL_STATUS register
for 12 actions each with the meaning “calculation of actions in progress”, scheduled by the
state machine (see Section 16.2: Requirements and demarcation).

When such a request is serviced by the ARU (in the case CAIPx=0) the values for position
and time are written in the corresponding RAM 1a region (0x0200... 0x025C for the position
value and 0x0260... 0x02BC for the delay value), the control bits for the corresponding

f. See DPLL input signal description; see Section 16.1.
g. See DPLL_CTRL_x register, x=2,3,4; see Section 16.11.3, Section 16.11.4 and Section 16.11.5.
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action are set accordingly. When a new PMTR value arrives, an old value is overwritten
without notice and the shadow bit of ACT_N[i] is cleared while the ACT_N([i] (new action) bit
in the DPLL_ACT_STA register is set. The ACT_N]i] is cleared, when the currently
calculated action value is in the past. Overwriting of old information is possible without data
inconsistency because the read request to ARU is suppressed during action calculations by
the CAIP1,2 bits. In this way always the last possible PMTR value is used consistently.

DPLL architecture description

The DPLL block diagram (see Figure 67) will now be explained in detail in combination with
some example configurations of the control registers. There are different configuration bits
available which can adopt the DPLL to the use case (see Section 16.11).

Let for example in HALF_SCALE the TRIGGER number TNU(M be 0x3B (which is for
TNU+1 = 60 decimal that does mean 120 events in FULL_SCALE) and the number of
SUB_INC1 pulses between two TRIGGERs MLTM) be 0x257 (this means 600 pulses per
TRIGGER event). Than the FULL_SCALE region can be divided into 72000 parts each of
them associated with its own SUB_INC1 pulse. For a run through FULL_SCALE all 72000
pulses should appear but maybe with a different pulse frequency between two TRIGGER
events. For this example after each 600 pulses at the SUB_INC1 output the next TRIGGER
event is to be expected with the corresponding new time stamp.

Missing SUB_INC1 pulses due to acceleration have to be taken into account within the next
increment. Not one pulse has to be missed or added because of calculation inaccuracy in
average for a sufficient number of FULL_SCALE periods. This means that not one pulse is
sent in addition and all missing pulses are to be caught up on afterwards.

For the systematic arrangement of TRIGGER inputs the profile, as already mentioned in
Section 16.5.6, is stored in the RAM region 2c (see Section 16.12.3). In this field the relative
position of gaps can be stored in the NT value and also physical deviations in the PD value.

For the consideration of systematic missing TRIGGERs the actual NT value of the profile is
stored in the SYN_T bits of the NUTC register (see Section 16.11.14).

In normal mode the physical deviation values PD in the ADT_T field could be used to
balance the local systematic inaccuracy of the TRIGGER signal. The value of PD (see
Section 16.12.3) is the pulse difference in the corresponding increment and does mean the
number of sub pulses to be added to the nominal number of pulses. PD is a signed integer
value using 13 bits: up to +/-4096 pulses can be added for each increment.

The NT value of the profile ADT_T has the value 1, when a nominal increment is assumed.
An integer number greater than 1 shows the number of nominal increments to be
considered for a gap. For the actual increment after synchronization the corresponding NT
value is stored in SYN_T of the NUTC register.

Using the STATE input there are similar configuration bits available (see Section 16.11).

Let for example in HALF_SCALE the STATE number SNU be 0xB (which is for SNU+1

=12 decimal and while SYSF() =0 that does mean 24 events in FULL_SCALE). In order to
get the same number of SUB_INC1 pulses for FULL_SCALE as above for TRIGGERSs the
value (MLT+1)=600 is divided by 2*(SNU+1)=24 and multiplied with 2*(TNU+1)=120. The

h. See DPLL_CTRL_O register; see Section 16.11.1.
i. see DPLL_CTRL_O register; see Section 16.11.1
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result 3000 must be stored in MLS1 by the CPU (see Memory DPLL_MLS1: Calculated
number of sub-pulses between two STATE events for SMC=0).

For the systematic arrangement of STATE inputs the profile (as already mentioned in
Section 16.5.6 is stored in the RAM region 1c3 (see Section 16.11.94). In this field the
relative position of gaps can be stored in the NS value and also physical deviations in the
PD_S value.

For the consideration of systematic missing TRIGGERs the actual NS value of the profile is
stored in the SYN_S bits of the NUSC register (see Section 16.11.15).

In emergency mode the physical deviation values PD_S in the ADT_S field could be used to
balance the local systematic inaccuracy of the STATE signal. The value of PD_S (see
Section 16.11.94) is the pulse difference in the corresponding increment and does mean the
number of sub pulses to be added to the nominal number of pulses. PD_S is a signed
integer value using 16 bits: up to +/-32768 pulses can be added for each increment.

The NS value of the profile ADT_S has the value 1, when a nominal increment is assumed.
An integer number greater than 1 shows the number of nominal increments to be
considered for a gap. For the actual increment after synchronization the corresponding NS
value is stored in SYN_S of the NUSC register.

16.5.9 Block diagrams of time stamp processing.

Figure 68. Time stamp processing for TRIGGER
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As shown in the block diagram above the time stamp difference of two succeeding input
events is calculated. For the prediction of the current increment duration such values from
the past are used. For this purpose the measured and calculated values of the last

3
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FULL_SCALE period are stored in the RAM. For the TRIGGER input there are 4 different
RAM parts in the RAM region 2:

e 2a: stores the reciprocals of each nominal increment duration RDT_T

e  2b: stores the time stamps of each valid input event TSF_T

e  2c:is used for the profile ADT_T and

e  2d: for the nominal increment durations DT_T

Because the prediction is based on the relations of increments in the past this relation can
be calculated easily by the multiplication of increment duration values with the reciprocal
value of an other increment. In order not to be forced to distinguish between gaps and
"normal" increment durations also for gaps only the nominal duration and the correspondent

reciprocal values are stored in the RAM field. This is possible by consideration of the NT
value in the profile: the measured increment duration is divided by NT.

Figure 69. Time stamp processing for STATE
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For the STATE input there are also 4 different RAM parts in the RAM region 1c:
e 1c1: stores the reciprocals of each nominal increment duration RDT_S

e 1c2: stores the time stamps of each valid input event TSF_S

e 1c3:is used for the profile ADT_S and

e  1c4: for the nominal increment durations DT_S.

The calculations are performed similar as for the TRIGGER input. The NS value in the
profile shows the appearance of a gap.
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Register and RAM address overview

The address map of the DPLL is divided into register and memory regions as defined in
Table 206. The addresses from 0x0000 to 0xO0FC are reserved for registers, from 0x0100
to 0xO1FC are reserved for action registers to serve the ARU at immediately read request.

The RAM is divided into 3 independently accessible parts 1a, 1b+c and 2.

The part 1a from 0x0200 to 0x037C is used for PMTR values got from ARU and
intermediate calculation values; there is no write access from the CPU possible, while the
DPLL is enabled.

The RAM 1b part from 0x0400 to 0xO5FC is reserved for RAM variables and the RAM part
1¢ from 0x0600 to Ox09FC is used for the STATE signal values.

The RAM region 2 from 0x4000 to Ox7FFC is reserved for the TRIGGER signal values.
RAM region 1a has a size of 288 bytes, Ram 1b+c uses 1,125 Kbytes while RAM region 2 is
configurable from 1,5 to 12 Kbytes, depending on the number of TRIGGER events in
FULL_SCALE. The AOSV_2 register, see Section 16.11.9, is used to determine the
beginning of each part.

The Table 206 gives the DPLL address map overview.

Register and RAM address map

Registers are used to control the DPLL and to show its status. Also parameters are stored in
registers when useful. The table below shows the addresses for status and control registers
as well as values stored in additional registers. The register meaning explained in the
register overview (Section 16.10) while the bit positions of the status and control registers
are described in detail in Section 16.11.

Time stamps for TRIGGER and STATE can have either the same resolution as the
TBU_TSO input or 8 times higher. This is configured in the DPLL_CTRL_1 register (see
Section 16.11.2). While the TBU_TSO0 is used for action predictions the higher resolution of
TRIGGER and STATE inputs can be used for a more accurate pulse generation.

The time stamp fields of TRIGGER and STATE are stored in the corresponding RAM
regions in such a way, that for a gap also entries for the virtual increments are provided. This
is due to the necessity to calculate time differences between a given number of (real and
virtual) input events independent of a gap. Therefore the gap is extended in the RAM fields
2b and 1c2.

For all other RAM regions in RAM 2 and RAM 1c the gap is considered as one increment.

For the access to the RAM fields there must be address pointers. When the device starts all
address pointers have a zero value and the first measured and calculated values are stored
in the beginning of the corresponding RAM field.

Because the position of the device is usually unknown at the beginning no profile
information can be used. The profile regions must have their own address pointers which
are set by the CPU as soon as the position is known. By setting the appropriate value to the
address pointer APT_2c of the TRIGGER profile or APS_1c¢3 of the STATE profile
respectively the synchronization bits in the DPLL_STATUS register SYT or SYS are set
respectively. From now on the gap information can be used.

Because the time stamp fields are extended at the gaps there must be additional address
pointers for these regions: APT_2b for TRIGGER time stamps and APS_1c¢2 for STATE time
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stamps. These address pointers must be incremented by NT or NS respectively when a gap
appears.

Table 206. Register and RAM address map
Address Address Value Byte # Content Indication Region | RAM size
range start | range end | number
0x0000 0x0FC 64 256 Register used/reserved 0 No RAM
0x100 0x1FC 64 192 | ACTION registers D're"t/;g%d from 0 No RAM
CPU R/Pw access .
! | 1awith | RAM part
0x0200 0X03FC 128 384 PMTR values \whenDPLL disabled; | = = | "4, 384
RAM 1a ARU has highest
- ports bytes
priority
RAM part
. R and monitored W 1b+c:
0x0400 0x05FC 128 384 Variables RAM 1b access by the CPU 1b 1125
Kbytes
0X0600 0X09FC 256 | 768 STATE data | R and monitored Wi -y o
access by the CPU
0x0600 O0X06FC 64 192 RDT_Sfi] STATE reciprocal | 4 4
values
0x0700 0x07FC 64 192 TSF_SJi] STATE TS values 1c2
. adapt values of
0x0800 0x08FC 64 192 ADT_SJi] STATE 1c3
0x0900 0x09FC 64 192 DT_SJi] nom. STATE inc 1c4
. RAM part
0x47FC to 512to | 1536 to R and monitored W ]
0x4000 0x7FFC 4006 | 12088 | 'NIGGERdata access of CPU 2 21510
12 Kbytes
0x41FC to 12810 | 384to . TRIGGER reciprocal
0x4000 4FFC 1024 | 3072 RDT_TI values 2a
0x4200 to 0x43FC to 128to | 384 to .
5000 SFFG 1024 3072 TSF_TJi] TRIGGER TS values| 2b
0x4400 to 0x45FC to 128to | 384 to . Adapt values of
6000 6FFC 1024 | 3072 ADT_TI TRIGGER 2¢
0x4600 to 0x47FC to 128to | 384 to DT_T[i Nom. TRIGGER 2d
7000 7FFC 1024 3072 - increments

16.5.10.2 RAM Region 1

RAM region 1 has a size of 1,5 Kbytes and is used to store variables and parameters as well
as the measured and calculated values for increments of STATE. The RAM 1 region is
divided into two independent accessible RAM parts (a and b+c) with own ports. The address
information is shown in the table above and the detailed description is performed in the
following chapters. The RAM 1a is used to store the PMTR values got from ARU and in
addition some intermediate calculation results of actions. RAM region 1b is used for
variables needed for the prediction of increments, while RAM 1c is used to store time

3
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stamps, profile and durations for all the STATE inputs of the last FULL_SCALE region. All
variables and values of RAM 1b+c part use a data width of up to 24 bits.

The RAM is to be initialized by the DPLL after HW-reset. All RAM cells must have a zero
value after performing the initialize procedure. This is performed when setting The Init. RAM
bit in the DPLL_RAM _INI register. The DPLL is only available after finishing this procedure.
The initialization progress is shown in the status bits of the same register.

e RAMregion la: used for storage of PMTR values got from ARU; read and write
access by the CPU is only possible, when the DPLL is disabled. The CPU Address
range: 0x0200 — Ox03FC

e RAMregion 1b: usable for intermediate calculations and auxiliary values, data width of
3 bytes used for 24 bit values;

— A write access to this region results in an interrupt to the CPU, when enabled.
— Address range: 0x0400 — 0x05FC

e RAMregion 1c: Values of all STATE increments in FULL_SCALE, data width of 3
bytes used for 24 bit values;

— A write access to this region results in an interrupt to the CPU, when enabled.
—  Address range: 0x0600 — 0x09FC

In RAM region 1c there is a difference in the amount of data. While for the RAM regions 1¢1,
1¢3 and 1c4 there are 2*(SNU+1-SYN_NS) entries for SYSF=0 or 2*(SNU+1) -SYN_NS
entries for SYSF=1, for the RAM region 1c2 there are 2*(SNU+1) entries (see
DPLL_CTRL_0 and DPLL_CTRL_1 registers). For the latter also the virtual events are
considered, that means the gap is divided into equidistant parts each having the same
position share as increments without a gap. For that reason the CPU must extend the stored
TSF_SJi] values in the RAM region 1c2 before the APS_1c3 is written. The write access to
APS_1c3 sets the SYS bit in the DPLL_Status register in order to show the end of the
synchronization process. Only when the SYS bit is set the PMTR values can consider more
then the last increment duration for the action prediction by setting NUSE (Number of Used
State Events, see Section 16.11.15) to a corresponding value.

RAM regions 1b and 1c have a common port.

3
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Figure 70. Address pointers for RAM regions 1c
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The address pointers for RAM region 1c are shown in the diagram above. While the address
pointer APS points to the RAM regions 1¢c1 and 1c4, the address pointer APS_1¢2 points to
the time stamp field in the region 1c2. This is necessary, because in the time stamp field the
gaps are extended to the number of nominal increments (see explanation above and also to
the synchronization procedure explained in Section 16.8.6.2: Synchronization description).

The address pointer APS_1c3 is set by the CPU when the position is known and therefore
the relation to the other address pointers is calculated. This setting of the profile address
pointer synchronizes the RAM fields to one another. The synchronization is shown in the
DPLL_STATUS register (see Section 16.11.30) by the SYS bit.

RAM Region 2

The RAM region 2 has a configurable size of 1,5 to 12 Kbytes and is used to store
measured and calculated values for increments of TRIGGER. The address information is
explained in Section 16.10 while the meaning is explained in this chapter.

As there can be up to 512 TRIGGER events in half scale, the fields 2a, b ¢ and d must have
up to 1024 storage places each. For 3 Bytes word size this does mean up to 12 k Byte of
RAM region 2.

In order to save RAM size for configurations with less TRIGGER events the RAM is
configurable by the offset switch Register OSW (0x001C) and the Address offset value
register of RAM region 2 AOSV_2 (0x0020). The RAM is to be initialized by the DPLL after
HW-reset. All RAM cells must have a zero value after performing the initialize procedure.
The DPLL is only available after finishing this procedure.

In RAM region 2 there is a difference in the amount of data. While for the RAM regions 2a,
2c and 2d there are 2*(TNU+1-SYN_NT) entries, for the RAM region 2b there are
2*(TNU+1) entries (see DPLL_CTRL_O0 and _1 registers). For the latter also the virtual
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events are considered, that means the gap is divided into equidistant parts each having the
same position share as increments without a gap. For that reason the CPU must extend the
stored TSF_T]i] values in the RAM region 2b before the APT_2c is written.

The write access to APT_2c sets the SYT bit in the DPLL_Status register in order to show
the end of the synchronization process. Only when the SYT bit is set the PMTR values can
consider more than the last increment duration for the action prediction by setting NUTE to a
value greater than one.

Figure 71. Address pointers for RAM region 2
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The address pointers for RAM region 2 are shown in the diagram above. While the address
pointer APT points to the RAM regions 2a and 2d, the address pointer APT_2b points to the
time stamp field in the region 2b. This is necessary, because in the time stamp field the gaps
are extended to the number of nominal increments (see explanation above and also to the
synchronization procedure explained in Section 16.8.6.2: Synchronization description).

The address pointer APT_2c is set by the CPU when the position is known and therefore the
relation to the other address pointers is calculated. This setting of the TRIGGER profile
address pointer synchronizes the RAM fields to one another. The synchronization is shown
in the DPLL_STATUS register (see Section 16.11.30) by the SYT bit.

3
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16.6.1

16.6.1.1

16.6.1.2

16.6.2

16.6.2.1

3

Prediction of the current increment duration

The use of increments in the past

Past values to be considered for the prediction of TRIGGER

In order to take into account values of increments for TRIGGERs in the past, the NUTE
value (Number of Used Trigger Events, see Section 16.11.14) is configured to determine the
number of past values. In addition the VTN has a value according to the number of virtual
increments in the NUTE region. Because gaps come in to the NUTE region or leave it the
VTN value must be updated by the CPU until NUTE is set to HALF_SCALE or
FULL_SCALE. For the RAM regions 2a and 2d the value NUTE-VTN is to be considered
while for the RAM region 2b only the NUTE value is to be considered. This is due to the fact
that the time stamp entries in a gap are extended to the number of nhominal increments, but
not to the duration entries.

Past values to be considered for the prediction of STATE

In order to take into account values of increments for STATE in the past, the NUSE (Number
of Used State Events, see Section 16.11.15) value is configured to determine the number of
past values. In addition the VSN has a value according to the number of virtual increments
in the NUSE region. Because gaps come in to the NUSE region or leave it the VSN value
must be updated by the CPU until NUSE is set to HALF_SCALE or FULL_SCALE. For the
RAM regions 1c1 and 1c4 in the past the value NUSE-VSN is to be considered while for the
RAM region 1¢2 only the NUSE value is to be considered. This is due to the fact that time
stamp entries in a gap are extended to the number of nominal increments, but not to the
duration entries.

Increment prediction in normal mode forwards (DIR1=0)

For the prediction of increments and actions in normal mode the values are calculated as
described in the following equations.

Please note, that the ascending order of calculation must be hold in order not to lose results
still needed. It is important for TRIGGER values to calculate and store in the RAM region 2
all values according to equations up to Equation 43 before Equation 48, Equation 49,
Equation 50, Equation 51, Equation 52 and Equation 53, while the last one overwrites
DT_TI[i] when NUTE (see Section 16.11.14) is set to the FULL_SCALE range. Because the
old value of DT_TJi] is also needed for Equations 21 and 22 to calculate the current
increment (nominal value) and equations 30 to 32 this value is stored temporarily at
DT_T_ACT as shown by equations 1 to 4 or Equation 5 respectively until all prediction
calculations are done and after that equation Equation 48, Equation 49, Equation 50,
Equation 51, Equation 52 and Equation 53 updates DT_TI[i]: update DT _T[i] after
calculations of Equation 43. For p = APT calculates in normal mode.

When using filter information of TRIGGER_FT, selected by IDT=1, it must be distinguished
by IFP, if this filter information is time or position related.

In order to enable the automatic resolution corrections of Equation 2 (case a) the filter unit in
TIM module must operate using the time stamp clock.

Equations 1to 4 to calculate TRIGGER time stamps

For calculation of time stamps use the filter delay information
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Equation 1
TS_T =TRIGGER_TS (unchanged for IDT = 0)

Equation 2
TS_T=TS_T-FTV_Tx (for IDT=1 and IFP=0)
with
FTV_Tx=FTV_T/8 (for LOW_RES =1and TSO_HRT =0) (Equation 2: case a)
FTV_Tx=FTV_T (for LOW_RES =0 or TSO_HRT =1) (Equation 2: case b)
and
Equation 3

TS_T=TS_T-FTV_T *CDT_TX/NMB_T)_old® for (IDT = 1 and IFP = 1)

This can be also calculated using the value of ADD_IN_CALN:

Equation 4

TS T=TS T-FTV_T*(1/ADD_IN_CALN_old®) for (IDT = 1 and IFP = 1)
CDT_TX is the predicted duration of the last TRIGGER increment and NMB_T the
calculated number of SUB_INC1 events in the last increment, because the new calculations
are done by equations Equation 10 and Equation 72 for the current increment after that.
Therefore in Equation 4 the value ADD_IN of the last increment is used (see Equation 75).

SYN_T_old is the number of TRIGGER events including missing TRIGGERSs as specified in
the NUTC register for the last increment, with the initial value of 1.

For storage of time stamps in the RAM see also Equation 48 and following after calculation
of actions, in Equation 48 to update the time stamp values for TRIGGER .

Equation 5to calculate DT_T_ACT (nominal value)

Equation 5
DT_T_ACT =(TS_T-TS_T_OLD)/SYN_T_old

For the case SYT = 0 (still no synchronization to the profile) the values SYN_T and
SYN_T_old are still assumed as having the value 1.

Equation 6 to calculate RDT_T_ACT (nominal value)

Equation 6
RDT_T_ACT =1/DT_T_ACT

j. Consider values, calculated for the last increment; position related filter values are only considered up to at

least 1 ms time between two TRIGGER events.The reciprocal value is stored using a 32 bit fractional part,
while only the 24 lower bits are used - for explanation see note 3) at DPLL_CTRL_O register (see

Section 16.11.1: Register DPLL_CTRL_O Control register 0). The value of 1/ADD_IN_CALN_old or
(CDT_TX/NMB_T)_old is set to OXFFFFFF in the case of an overflow.
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Equation 7 to calculate QDT_T_ACT

Relation of the recent last two increment values for APT = p in forward direction (DIR1 = 0)

Equation 7
QDT_T_ACT =DT_T_ACT * RDT_T[p-1]

QDT_T_ACT as well as QDT _T[i] have a 24-bit value using a 6-bit integer part and a 18-bit
fractional part.

QDT_T_ACT uses a 6-bit integer part and a 18-bit fractional part.

Equation 8 to calculate the error of last prediction

When q = NUTE-VTN considers for the error calculation only the last valid prediction values
for DIR1 = 0:

Calculate the error of the last prediction when using only RDT_T_FS1, DT_T[p-q] and
DT_T[p-1] for the prediction of DT_T[p]:

Equation 8
EDT_T =DT_T_ACT-(DT_T[p-1]* QDT_T[p-q])
with
QDT _T[p-q] = DT_T[p-q] * RDT_T[p-g-1] for FST =0 (Equation 8 case a)
QDT _T[p-q] = DT_T[p-q] * RDT_T_FS1 for FST =1 (Equation 8 case b)
and FST has the meaning: NUTE=FULL_SCALE (see NUTC register)

while

QDT_T_ACT as well as QDT_T[i] have a 24-bit value using a 6-bit integer part and a 18-bit
fractional part.

QDT _T[p-q] uses a 6-bit integer part and a 18-bit fractional part.

Equation 9 to calculate the weighted average error
For SYT = 1 calculate:

Equation 9

MEDT_T:= (EDT_T + MEDT_T)/2
Equations 10 and equation 11 to calculate the current increment value
Nominal increment value:
Equation 10

CDT_TX _nom = (DT_T_ACT + MEDT_T) * QDT_T[p-q+1]
with:

QDT _T[p-q+1] = DT_T[p-g+1] * RDT_T[p-q] (for g > 1) (Equation 10 case a)
and for g = 1 use Equation 7

while
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QDT_T_ACT as well as QDT_T[i] have a 24-bit value using a 6-bit integer part and a 18-bit
fractional part.

And the expected duration to the next TRIGGER event:

Equation 11
CDT_TX=CDT_TX _nom *SYN_T

QDT _T[p-g+1] uses a 6-bit integer part and a 18-bit fractional part.

In the case of an overflow in Equation 10 or Equation 11 set the value to OXFFFFFF and the
corresponding CTO bit in the DPLL_STATUS register. In the case of negative values set
CDT_TX to 0x0 without any effect to the CTO bit.

Increment prediction in emergency mode forwards (DIR2=0)

Please note, that the ascending order of calculations for STATE and storage of the values in
the RAM region 1¢ must be hold in order not to lose results still needed. The same
considerations as done for DT_T_ACT are valid for DT_S_ACT (Equation 55, Equation 56,
Equation 57, Equation 58, and Equation 59): update TD_S]i] only after calculations of
equation Equation 44.

When using filter information of STATE_FT, selected by IDS=1, it must be distinguished by
IFP, if this filter information is time or position related.

In order to enable the automatic resolution corrections of Equation 13 (case a) the filter unit
in TIM must operate using the time stamp clock.

Equations 12 to 15 to calculate STATE time stamps

For calculation of time stamps use the filter delay information and use p = APS while

DIR2 = 0:

Equation 12
TS_S = STATE_TS (for IDS = 0, received unchanged value)

Equation 13
TS S=TS_S-FTV_Sx (for IDS =1 and IFP = 0)
with
FTV_Sx =FTV_S/8 (for LOW_RES =1 and TSO_HRS = 0) (Equation 13 case a)
FTV_Sx=FTV_S (for LOW_RES =00r TSO_HRS =1) (Equation 13 case b)
and
Equation 14

TS S=TS_S-FTV_S*CDT_SX/NMB_S) old®)  (for IDS =1 and IFP = 1)

k. Consider values, calculated for the last increment; position related filter values are only considered up to at
least 1 ms time between two STATE events. The reciprocal value is stored using a 32 bit fractional part, while
only the 24 lower bits are used - for explanation see note 3) at DPLL_CTRL_O register Section 16.11.1. The
value of 1/ADD_IN_CALE_old or (CDT_SX/NMB_S)_old is set to OXFFFFFF in the case of an overflow.
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This can be also calculated using the value of ADD_IN_CALE:
Equation 15

TS S=TS_S-FTV_S *(1/ADD_IN_CALE) old®)  (for IDS = 1 and IFP = 1)
with

see also the Equation 43 (case a and case b) at Section 16.6.2 for TRIGGER.

Note: CDT_SX is the predicted duration of the last STATE increment and NMB_S the calculated
number of SUB_INC1 events in the last increment, because the new calculations are done
by Equation 29 and Equation 73 respectively for the current increment after that. Therefore
in Equation 15 the value ADD_IN of the last increment is used (see Equation 77).
SYN_S_old is the number of increments including missing STATESs as specified in the
NUSC register for the last increment with the initial value of 1. The update to the RAM
region 1c4 is done after all related calculations (see Equation 59 -after Equation 43- for this
reason).

16.6.3.2 Equation 16 to calculate DT_S_ACT (nominal value)

Equation 16
DT_S_ACT=(TS_S-TS_S_OLD)/SYN_S_old
For the case SYS=0 (still no synchronization to the profile) the values SYN_S and
SYN_S old are still assumed as having the value 1.
16.6.3.3 Equation 17 to calculate RDT_S_ACT (nominal value)
Equation 17
RDT_S_ACT =1/DT_S_ACT
16.6.3.4 Equation 18 to calculate QDT_S_ACT
For APS = p in forward direction (DIR2 = 0)
Equation 18
QDT_S_ACT =DT_S_ACT * RDT_S[p-1]
QDT_S_ACT as well as QDT_S][i] have a 24 bit value using a 6 bit integer part and a 18 bit
fractional part.
Note: QDT_S_ACT uses a 6 bit integer part and a 18 bit fractional part.
16.6.3.5 Equation 19 to calculate the error of last prediction

3

With g = NUSE-VSN when using QDT_S[p-q] and DT_S[p-1] for the prediction of DT_S|[p]

Equation 19
EDT_S =DT_S_ACT - (DT_S[p-1] * QDT_S][p-q])

and with
QDT_S[p-q] = DT_S[p-q] * RDT_S[p-g-1] for FSS=0 (Equation 19 case a)
QDT_S|[p-q] =DT_S[p-q] *RDT_S_FS1 for FSS=1 (Equation 19 case b)
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and FSS has the meaning: NUSE=FULL_SCALE (see NUSC register)

QDT_S_ACT as well as QDT_SJi] have a 24-bit value using a 6-bit integer part and a 18-bit
fractional part.

QDT_S[p-q] uses a 6-bit integer part and a 18-bit fractional part.

Equation 20 to calculate the weighted average error
For SYS = 1 calculate:

Equation 20
MEDT_S:= (EDT_S + MEDT_S)/2

Equations 21 and 22 to calculate the current increment (nominal value)

Equation 21
CDT_SX nom = (DT_S_ACT + MEDT_S) * QDT_S[p-q+1]

with
QDT_S[p-q+1] = DT_S[p-q+1] * RDT_S[p-q] (for g>1) (Equation 21 case a)
see Equation 18 for q =1

while

QDT_S_ACT as well as QDT_S]i] have a 24 bit value using a 6 bit integer part and a 18 bit
fractional part.

And the expected duration to the next STATE event:

Equation 22
CDT_SX=CDT_SX nom*SYN_S
QDT_S[p-g+1] uses a 6 bit integer part and a 18 bit fractional part.

In the case of an overflow in equations Equation 21 or Equation 22 set the value to
OXFFFFFF and the corresponding CSO bit in the DPLL_STATUS register. In the case of
negative values set CDT_SX to 0x0 without any effect to the CSO bit.

All 5 steps above (Equation 12 to Equation 21) are only needed in emergency mode. For the
normal mode the calculations of Equation 12, Equation 18 and Equation 19 (case a and
case b) are done solely in order to get the values needed for a sudden switch to emergency
mode.

Increment prediction in normal mode backwards (DIR1=1)

Equations 23 to calculate QDT_T_ACT backwards

Equation 23
QDT_T_ACT =DT_T_ACT * RDT_T[p+1]

QDT_T_ACT as well as QDT _T[i] have a 24 bit value using a 6 bit integer part and a 18 bit
fractional part.
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Equation 24 to calculate of the error of last prediction

When g = NUTE-VTN and DIR1=1 using only QT_T[p+q] and DT_T[p+1] for the prediction
of DT_T[p]

Equation 24
EDT_T=DT_T_ACT-(DT_T[p+1]*QDT_T[p+q]

with
QDT _T[p+q] = DT_T[p+q] * RDT_T[p+qg+1] for FST=0 (Equation 24 case a)
QDT _T[p+q] =DT_T[p+q] *RDT_T_FS1 for FST=1 (Equation 24 case b)

and FST has the meaning: NUTE=FULL_SCALE (see NUTC register)

QDT_T_ACT as well as QDT _T[i] have a 24 bit value using a 6 bit integer part and a 18 bit
fractional part.

Equation 9 to calculate the weighted average error

For SYT = 1 calculate:
MEDT_T:= (EDT_T + MEDT_T)/2 (see Equation 9)

Equation 25 to calculate the current increment value

Equation 25
CDT_TX nom = (DT_T_ACT + MEDT_T)* QDT_T[p+g-1]
with
QDT _T[p+g-1] = DT_T[p+g-1] * RDT_T[p+q] (for g>1) (Equation 25 case a)
for g=1 use Equation 7 (Equation 25 case b)
while

QDT_T_ACT as well as QDT_T[i] have a 24 bit value using a 6 bit integer part and a 18 bit
fractional part

and the expected duration to the next TRIGGER event

Equation 26
CDT_TX=CDT_TX _nom *SYN_T

In the case of an overflow in equations Equation 25 or Equation 11 set the value to
OxFFFFFF and the corresponding CTO bit in the DPLL_STATUS register. In the case of
negative values set CDT_TX(_nom) to 0x0.

Increment prediction in emergency mode backwards (DIR2=1)

Equation 27 to calculate QDT_S_ACT backwards

Equation 27
QDT_S_ACT =DT_S_ACT * RDT_S[p+1]
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QDT_S_ACT as well as QDT_S][i] have a 24 bit value using a 6 bit integer part and a 18 bit
fractional part.

Equation 28 to calculate the error of the last prediction
While g = NUSE-VSN, use only QDT_S[p+q] and DT_S[p+1] for the prediction of DT_S|p]

Equation 28
EDT_S=DT_S_ACT - (DT_S[p+1] * QDT_S[p+q])

with
QDT_S[p-q] = DT_S[p+q] * RDT_S[p+qg+1] for FSS=0 (Equation 28 case a)
QDT_S|[p-q] = DT_T[p+q] *RDT_S_FS1 for FSS=1 (Equation 28 case b)

and FSS has the meaning: NUSE=FULL_SCALE (see NUSC register)

QDT_S_ACT as well as QDT_S]i] have a 24 bit value using a 6 bit integer part and a 18 bit
fractional part.

Equation to calculate the weighted average error

See Equation 20 in Section 16.6.3.6: Equation 20 to calculate the weighted average error

Equations 29 to calculate the current increment value

Equation 29
CDT_SX _nom= (DT_S_ACT + MEDT_S)* QDT_S[p+g-1]
with
QDT_S[p+g-1] = DT_S[p+g-1] * RDT_S[p+q] (for g>1) (Equation 29 case a)
for g=1 use Equation 18. (Equation 29 case b)
while

QDT_S_ACT as well as QDT_S][i] have a 24 bit value using a 6 bit integer part and a 18 bit
fractional part.

And calculate the expected duration to the next STATE event
CDT_SX=CDT_SX _nom *SYN_S (see Equation 22)

In the case of an overflow in equations Equation 29 or Equation 22 set the value to
OXxFFFFFF and the corresponding CSO bit in the DPLL_STATUS register. In the case of
negative values set CDT_SX(_nom) to 0xO0.

All 5 steps above (Equation 12 to Equation 29) are only needed in emergency mode. For the
normal mode the calculations of equations Equation 12, Equation 18 and Equation 19
(case a and case b) are done solely in order to get the values needed for a sudden switch
to emergency mode.

Calculations for actions

As already shown for the calculation of the current interval by equations Equation 1 to
Equation 29 for the prediction of actions a similar calculation is to be done, as shown by the
equations Equation 30 to Equation 44. The calculation of actions is also needed when the
DPLL is used for synchronous motor control applications (SMC=1, see DPLL_CTRL_1
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register). For action prediction purposes the measured time periods of the past (one
FULL_SCALE back, when the corresponding NUTE or NUSE values are set properly by the
CPU) are used. The calculation can be explained by the following assumptions, which are
considerably simple.

Take the corresponding increments for prediction in the past and put the sum of it in relation
to the increment (DT_T[k], DT_SIk], with k >= 0, which is represented by the time stamp
difference) which is exactly one FULL_SCALE period in the past (equations in

Section 16.7.1 and Section 16.7.2 or Section 16.7.3 and Section 16.7.4 respectively). Make
a prediction for the coming sum of increments using the current measured increment
(DT_T_ACT or DT_S_ACT respectively, that means Equation 5 or Equation 16 respectively)
and add a weighted average error (Equation 8 and Equation 9 or Equation 19 and Equation
20 respectively, calculated for one increment prediction) before multiplication with the
relation of equations in Section 16.7.1 and Section 16.7.2 or Section 16.7.3 and

Section 16.7.4 respectively in order to get the result as described by Equation 34 or
Equation 44 respectively.

In order to avoid division operations instead of the increment (DT_T[k], DT_S[k], with k > 0)
in the past its reciprocal value (RDT_TI[k], RDT_S[k], with k > 0) is used, which is stored also
in RAM. For the calculation of actions perform always a new refined calculation as long as

the resulting time stamp is not in the past. In the other case the tsac/psac values
(time/position stamp of action calculated) is set to the time/position stamp of the last input
event (TRIGGER/STATE), the ACT_N{[i] bit in the DPLL_ACT_STA register is reset, while
the corresponding ACT_N([i] bit in the DPLL_ACT_STA_shadow register is set. Each new
PMTR_i value will set this ACT_N{i] bit again and reset the correspondent shadow bit until a
new calculation is performed.

Action updates at highest speed

Up to 32 action values can be calculated. For the shortest increment durations (23,4 ys) not
all of them can be updated with each valid input event. Please notice the following
conditions and parameters for an estimation of possible results.

All time estimation values are given for a system clock frequency of 100 MHz and the
assumption, that the calculation of the DPLL is not impeded by a remote read or write
access to the DPLL RAMs. Each RAM access is to be considered by an additional delay of
about 40 ns (t,emote RAM access 10 be precised later). When using a different system clock
frequency the calculation duration is extended accordingly.

1. Typical time needed for basic operations (RAM update, pointer calculation and
SUB_INC generation for normal, emergency mode or one PMSM:
thasic 0 = 9.9 us.

2. Typical time needed basic operations (RAM update, pointer calculation and SUB_INC
generation for two PMSMs:
tbasic_1 =11.0 MS.

3. Typical time needed to calculate one action
taction_i = 3.7 Us.

Please notice that the above mentioned values are observed worst case values, when the
two state machines of TRIGGER and STATE are both in operation.

These values allow the calculation of at least 3 action values for each input event for all
specified increment durations. The complete time needed for the basic operation, n action
calculations and k remote RAM access operations can be calculated as follows
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t<:omplete = tbasic_0/1 + n*taction_i + k*tremote_RAM_access-

Typical applications
Normal and emergency mode

For a typical application with the shortest increment duration of 100 ys in normal or
emergency mode the calculation of up to 24 action values can be performed for each valid
input event.

One PMSM

For one PMSM and a typical shortest increment time of 39 s there is the calculation of up
to 7 action values possible for each input event.

Two PMSMs with restricted action calculations

When only one PMSM uses the action calculation service an the shortest increment
duration is 39 s, there can up to 7 actions served for each valid input event.

Two PMSMs with unrestricted action calculations

When 2 PMSMs are used and both use the action calculation service at a minimal
increment duration of 39 us there are up to 7 action calculations possible for each of the two
engines - that means up to 14 action calculations per increment in average.

Action calculations for TRIGGER forwards

Valid for RMO = 0 or for SMC = 1 with
e p=APT 2b

o t=APT

e m = NAJ] (part w)

e mb = NAJi](part b)/1024

e NUTE-VIN=q

e NUTE=n

Equation 30 to calculate the time prediction for an action

For DIR1=0 and g>m calculate:

Equation 30

PDT_TIi] = (TSF_T[p+m-n] - TSF_T[p-n] + mb * DT_Tx[t-q+1]) * RDT_T[t-q]
with

DT_Tx[t-g+1] = DT_T[t-q+1] for TSO_HRT=0 (Equation 30 case a)
or

DT_Tx[t-g+1] = DT_T[t-q+11/8 for TSO_HRT=1 (Equation 30 case b)
and while the multiplication with mb does mean the fractional part of NA[i].

For SMC=0 and RMO=0 calculate for DIR1=0 all 32 actions in forward direction, if
requested; in the case SMC=1 calculate up to 16 actions 0 to 15 depending on the
TRIGGER input.

3

DoclD025070 Rev 1




RM0361 Digital PLL module (DPLL)
16.7.1.2 Equation 31 to calculate the time prediction for an action
For SYT =1, NUTE = 2*(TNU+1), g>m and DIR1=0 Equation 31 is equal to
Equation 31
PDT_TI[i] = (TSF_T[p+m] - TSF_T[p]+ mb* DT_Tx[t-q+1]) * RDT_TI[t]
with
DT_Tx[t-g+1] = DT_T[t-g+1] for TSO_HRT=0 (see Equation 30 case a)
or
DT _Tx[t-g+1] = DT_T[t-q+1]/8 for TSO_HRT=1 (see Equation 30 case b)
16.7.1.3 Equation 32 to calculate the time prediction for an action
For DIR1 =0, NUTE-VTN =q, q (< or =) m, n>1 and t=APT:
Equation 32
PDT_TI[i] = (m+mb)*DT_Tx[t-g+1] * RDT_T][t-q]
with
DT_Tx[t-g+1] = DT_T[t-g+1] for TSO_HRT=0 (see Equation 30 case a)
or
DT_Tx[t-g+1] = DT_T[t-q+1]/8 for TSO_HRT=1 (see Equation 30 case b)
Note: Make the calculations above before updating the TSF_T]i] values according to equations 48
to 51.
16.7.1.4 Equation 33 to calculate the time prediction for an action
For n = 1 (this is always valid for SYT = 0)
Equation 33
PDT_T[i] = (m+mb)* DT_T_ax* RDT_T[t-1]
with
DT T ax=DT_T_ACT for TSO_HRT=0 (Equation 33 case a)
or
DT T ax=DT_T_ACT/8 for TSO_HRT=1 (Equation 33 case b)
Note: For the relevant last increment add the fractional part of DT_T_ACT as described in NA[I].
16.7.1.5 Equation 34 to calculate the duration value until action
Equation 34
DTAJi] = (DT_T_ACT + MEDT_T)* PDT_TIi]
Note: All 5 steps in equations Equation 30 to Equation 34 are only calculated in normal mode.

3
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Action calculations for TRIGGER backwards

Valid for RMO = 0 or for SMC = 1 with

] p= APT_2b

o t=APT

e m = NAJi] (part w)

e mb = NAJi](part b)/1024

e q=NUTE-VTN and

e n=NUTE

For SMC=0 and RMO=0 calculate for DIR1=1 all 32 actions in backward direction for

special purposes; in the case SMC=1 calculate up to 16 actions 0 to 15 depending on the
TRIGGER input.

Equation 35 to calculate the time prediction for an action

For DIR1 =1 and q > m calculate:

Equation 35

PDT_T[i] = (TSF_T[p-m+n] - TSF_T[p+n] + mb * DT_Tx[t+g-1]) * RDT_T[t+q]
with

DT_Tx[t+g-1] = DT_TJ[t+g-1] for TSO_HRT=0 (Equation 35 case a)
or

DT_Tx[t+g-1] = DT_T[t+qg-1]/8 for TSO_HRT=1 (Equation 35 case b)

Equation 36 to calculate the time prediction for an action

For SYT =1 and NUTE = 2*(TNU+1), g>m, VTN = 2*SYN_NT and hence
NUTE-VTN =2 *(TNU + 1 - SYN_NT) for DIR1 = 1 this is equal to

Equation 36

PDT_TI[i] = (TSF_T[p-m] - TSF_T[p]+ mb* DT_Tx[t+g-1]) * RDT_TI[t]
with

DT _Tx[t+g-1] = DT_T[t+g-1] for TSO_HRT=0 (see Equation 35 case a)
or

DT_Tx[t+g-1] = DT_T[t+q-11/8 for TSO_HRT=1 (see Equation 35 case b)

Make the calculations above before updating the TSF_T]i] values according to equations 48
to 51.
Equation 37 to calculate the time prediction for an action
For NUTE-VTN = q, g < m the following equation is valid for n > 1 and t = APT:
Equation 37
PDT_TI[i] = (m+mb)*DT_Tx[t+g-1] * RDT_T[t+q]
with
DT _Tx[t+g-1] = DT_T[t+g-1] for TSO_HRT=0 (see Equation 35 case a)
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or
DT_Tx[t+g-1] = DT_T[t+qg-1]/8 for TSO_HRT=1 (see Equation 35 case b)

Equation 38 to calculate the time prediction for an action
For n = 1 (this is always valid for SYT = 0)

Equation 38

PDT_T[i] = (m+mb)* DT_T ax * RDT_TJ[t+1]
with

DT T ax=DT_T_ACT for TSO_HRT=0 (see Equation 33 case a)
or

DT T ax=DT_T_ACT/8 for TSO_HRT=1 (see Equation 33 case b)

For the relevant last increment add the fractional part of DT_T_ACT as described in NA[i].

Equation 34 to calculate the duration value for an action
DTA[i] = (DT_T_ACT + MEDT_T)* PDT_TJi]

Use the results of equations Equation 1, Equation 5, Equation 8 and Equation 9 for the
above calculation.

All 5 steps in equations 30 to 34 are only calculated in normal mode or when SMC=1.

Action calculations for STATE forwards

Valid for RMO=1 with

e p=APS_1c2

e t=APS

e m = NAJi](part w)

e mb = NAJi](part b)/1024

e NUSE-VSN=qgqand NUSE=n>m

For SMC = 0 and RMO = 1 calculate for DIR2=0 all 32 actions in forward direction, if

requested; in the case SMC = 1 and RMO = 1 calculate up to 16 actions 16 to 31 depending
on the STATE input.

Equation 39 to calculate the time prediction for an action

For DIR2 = 0 and q > m calculate:

Equation 39

PDT_SJi] = (TSF_S[p+m-n] - TSF_S[p-n] + mb* DT_Sx[t-q+1] * RDT_SJt-q]
with

DT_Sx[t-g+1]= DT_SJ[t-q+1] for TSO_HRS=0 (Equation 39 case a)
or

DT_Sx[t-q+1] = DT_SJ[t-gq+1]/8 for TSO0_HRS=1 (Equation 39 case b)
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16.7.3.2 Equation 40 to calculate the time prediction for an action
For SYS =1 and NUSE = 2*(SNU+1), g > m, SYSF =0, VSN = 2*SYN_NS and hence
NUSE-VSN = 2*(SNU+1-SYN_NS) Equation 39 is equal to

Equation 40
PDT_SJi] = (TSF_S[p+m] - TSF_S[p]+ mb*DT_Sx[t-q+1]) * RDT_SJ{t]
with
DT_Sx[t-q+1] = DT_SJ[t-q+1] for TSO_HRS =0 (see Equation 39 case a)

or
DT_Sx[t-q+1] = DT_SJt-q+1]/8 for TSO_HRS =1 (see Equation 39 case b)

16.7.3.3 Equation 41 to calculate the time prediction for an action
For NUSE-VTN=qg,g<mandn>1:

Equation 41
PDT_SJi] = (m+mb)*DT_Sx[t-q+1] * RDT_SJ[t-q]
with
DT _Sx[t-q+1] = DT_S[t-g+1] for TSO_HRS =0 (see Equation 39 case a)

or
DT_Sx[t-q+1] = DT_SJt-q+1]/8 for TSO_HRS =1 (see Equation 39 case b)

16.7.3.4  Equation 42 to calculate the time prediction for an action

Forn=1
Equation 42
PDT_SJi] = (m+mb)* DT_S_ax * RDT_SJ[t-1]
with
DT _S ax=DT_S_ACT for TSO_HRS=0 (Equation 42 case a)
or
DT_S ax=DT_S_ACT/8 for TSO_HRS=1 (Equation 42 case b)

16.7.3.5 Equation 43 to calculate the duration value for an action

Equation 43
DTA[i] = (DT_S_ACT + MEDT_S)* PDT_SJi]
Use the results of Equation 18, Equation 19 and Equation 20 for the above calculation.

Note: All 5 steps of equations Equation 39 to Equation 43 are only calculated in emergency mode
or for SMC=1 in combination with RMO=1.

3
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Action calculations for STATE backwards
Valid for RMO=1 with

e p=APS 1c2

e t=APS

e m = NAJi](part w)

e mb = NA[i](part b)/1024

e NUSE-VSN =qand NUSE =n

For SMC = 0 and RMO = 1 calculate for DIR1 = 1 all 32 actions in backwards mode for
special purposes; in the case SMC = 1 and RMO = 1 calculate up to 16 actions 16 to 31
depending on the STATE input.

Equation 44 to calculate the time prediction for an action
For (DIR2 =1 (SMC = 1) or DIR1 =1 (SMC = 0)) and g > m calculate

Equation 44

PDT_SJi] = (TSF_S[p-m+n] - TSF_S[p+n] + mb* DT_Sx[p+g-1]) * RDT_SJ[t+q]
with

DT_Sx[p+g-1] = DT_S[p+g-1] for TSO_HRS =0 (Equation 44 case a)
or

DT_Sx[p+g-1] = DT_S[p+qg-1]/8 for TSO_HRS =1  (Equation 44 case b)

Equation 45 to calculate the time prediction for an action
For SYS =1, NUSE = 2*(SNU+1), g > m, SYSF = 0, VSN = 2*SYN_NS and hence
NUSE-VSN = 2*(SNU+1-SYN_NS) Equation 44 is equal to

Equation 45

PDT_SJi] = (TSF_S[p-m] - TSF_S[p]+ mb* DT_Sx[p+g-1]) * RDT_S]t]
with

DT_Sx[p+qg-1]= DT_S[p+g-1] for TSO_HRS=0 (see Equation 44 case a)
or

DT_Sx[p+g-1] = DT_S[p+qg-1]/8 for TSO_HRS=1 (see Equation 44 case b)

Equation 46 to calculate the time prediction for an action
For NUSE-VSN=q,q<m,NUSE =nandn>1:

Equation 46
PDT_SJ[i] = m*DT_Sx[t+g-1] * RDT_SJt+q]
with
DT _Sx[p+g-1] = DT_S[t+g-1] for TSO_HRS =0 (see Equation 44 case a)
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or
DT_Sx[p+g-1] = DT_SJt+g-1]/8 for TSO_HRS =1 (see Equation 44 case b)

Equation 47 to calculate the time prediction for an action

Forn=1
Equation 47
PDT_SJi] = (m+mb)* DT_S_ax * RDT_SJt+1]
with
DT _S ax=DT_S_ACT for TSO_HRS=0 (see Equation 42 case a)
or
DT_S ax=DT_S_ACT/8 for TSO_HRS=1 (see Equation 42 case b)

Equation 43 to calculate the duration value until action
DTA[i] = (DT_S_ACT + MEDT_S)* PDT_SJi] (see Equation 43)
Use the results of Equation 18, Equation 19 and Equation 20 for the above calculation

All 5 steps of equations Equation 39 to Equation 43 are only calculated in emergency mode
or for SMC = 1 in combination with RMO = 1.

Update of RAM in normal and emergency mode

After considering the calculations for up to all 24 actions according to equations in sections
16.7.1 and 16.7.2 or 16.7.3 and 16.7.4 andEquation 34, only when going back to state 1 or
21 (because of a new TRIGGER or STATE event, that means when no further PMTR values
are to be considered) set time stamp values and durations of increments in the RAM.

Equation 48 to update the time stamp values for TRIGGER

Equation 48
TSF_T[s] =TS _Tx

Using the following equations for the determination of TS_Tx

For TSO_HRT = 0:
TS Tx=TS_ T (Equation 48 case a)
DT T ax=DT_T_ACT (see Equation 33 case a)

For TSO_HRT = 1:

TS_Tx(20:0)=TS_T/8 (Equation 48 case b)
TS_Tx(23:21)=TBU_TSO0_T(23:21) (Equation 48 case c),

for TBU_TSO0_T(20:0) > TS_Tx(20:0)
TS Tx(23:21)=TBU_TS0_T(23:21) -1 (Equation 48 case d),

for TBU_TSO0_T(20:0) < TS_Tx(20:0)
DT_T ax=DT_T_ACT/8 (see Equation 33 case b)

3
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The combination of values LOW_RES=0 and TSO_HRT=1 is not possible.

Store the time stamp values in the time stamp field according to the address pointer
APT_2b = s, but make this update only after the calculation of actions (see Section 16.7)
because the old TSF_T][i] values are still needed for these calculations. Please note that the
address pointer after a gap is still incremented by SYN_T_old in that case (see state
machine step 1 in Section 16.8.6).

Equation 49-Equation 51 to extend the time stamp values for TRIGGER in
forward direction
When SYT =1and SYN_T old=r>1and DIR1=0

Equation 49
TSF_T[s-1] = TSF_T[s] -DT_T_ax

Equation 50
TSF_T[s-2] = TSF_T[s-1] -DT_T_ax
until
Equation 51
TSF_T[s- r+1] = TSF_T[s- r+2] -DT_T_ax
after the incrementation of the pointer APT_2b by SYN_T_old

Equation 49-Equation 51 for backward direction
When SYT =1 and SYN_T_old =r>1 and DIR1 = 1

Equation 49
TSF_T[s+1] = TSF_T[s] -DT_T_ax

Equation 50
TSF_T[s+2] = TSF_T[s+1] -DT_T_ax

until

Equation 51
TSF_T[s+r-1] = TSF_T[s+r-2] -DT_T_ax
after the decrementation of the pointer APT_2b by SYN_T_old

Equation 52 and Equation 53 to update the RAM after calculation

Equation 52
DT T[p]=DT_T_ACT

save old reciprocal value from RAM before overwriting:
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Equation 53
RDT_T_FS1=RDT_T[p]

after that store new value in RAM

Equation 54
RDT_T[p] = RDT_T_ACT

Store increment duration and reciprocal value in RAM region 2 in normal mode after
calculation of actions only when a new valid TRIGGER slope is detected and in emergency
mode directly after calculation of DT_T_ACT or RDT_T_ACT respectively.

Equation 55 to update the time stamp values for STATE

Equation 55
TSF_S[s]=TS_Sx

Using the following equations for the determination of TS_Sx

For TSO_HRS = 0:
TS Sx=TS_S (Equation 55)
DT S ax=DT_S ACT (see Equation 42 case a)

For TSO_HRS = 1:

TS _Sx(20:0)=TS_S/8 (Equation 55 case a)

TS_Sx(23:21) = TBU_TS0_S(23:21) (Equation 55 case b),
for TBU_TS0_S(20:0) > or = TS_Sx(20:0)

TS_Sx(23:21) = TBU_TS0_S(23:21) -1 (Equation 55 case c),
for TBU_TS0_S(20:0) < TS_Sx(20:0)

DT S ax=DT_S_ACT/8 (see Equation 42 case b)

The combination of values LOW_RES=0 and TSO_HRS=1 is not possible.

Store the time stamp value in the time stamp field according to the address pointer
APS_1c2=s, but make this update only after the calculation of actions (Equation 40 or
Equation 45, if applicable) because the old TSF_S]Ji] values are still needed for these
calculations. Please note, that the address pointer after a gap is still incremented by
SYN_S old in that case (see state machine step 21 in Section 16.8.6: Scheduling of the
calculation).

Equation 56- Equation 58 to extend the time stamp values for STATE
When SYS =1 and SYN_S_old =r > 1 and DIR2 = 0 or DIR1 = 0 respectively calculate

Equation 56
TSF_S[s-1] = TSF_S][s] - DT_S_ax

Equation 57
TSF_S[s-2] = TSF_S[s-1]- DT_S_ax

until

3
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Equation 58
TSF_S[s-r+1] = TSF_S[s- r+2] - DT_S_ax
after incrementation of the pointer APS_2b by SYN_S old

16.7.5.10 Equation 56-Equation 58 for backward direction
When SYS =1 and SYN_S old = r>1 and DIR2 = 1 or DIR1 = 1 respectively calculate

16.7.5.11 Equation 56
TSF_S[s+1] = TSF_S[s] - DT_S_ax

16.7.5.12 Equation 57
TSF_S[s+2] = TSF_S[s+1] - DT_S_ax

until

16.7.5.13 Equation 58
TSF_S[s+r-1] = TSF_S[s+r-2] - DT_S_ax
after the incrementation of the pointer APS_1c2 by SYN_S old

16.7.5.14 Equation 59 to Equation 61 to update the RAM after calculation

Equation 59
DT_S[p] =DT_S_ACT

save old reciprocal value from RAM before overwriting:

Equation 60
RDT_S_FS1=RDT_SIp]

after that store new value in RAM

Equation 61
RDT_S[p] = RDT_S_ACT

when a new valid STATE slope is detected in emergency mode or in normal mode
(SMC=RMO=0) directly after calculation of the values above.

Store increment duration and reciprocal value in RAM region 1c in emergency mode after
calculation of actions only when a new valid STATE slope is detected and in normal mode
directly after calculation of DT_S_ACT or RDT_S_ACT respectively.

3
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Time and position stamps for actions in normal mode

Equations 62 (cases a, case b and case c) to calculate the action time stamp

Equation 62
TSAC]Ii] = DTA][i] - DLA[i] + TS_Tx (Equation 62 case a),
(for DTA[i] > DLA[i] and DTA[i] - DLA[i] < 0x800000)
TSAC[i]= TS_Tx (Equation 62 case b)
(for DTA[i] < DLA[I])
TSACIi] = OX7FFFFF + TS_Tx (Equation 62 case c),

(for DTA[i] > DLA[i] and DTA[i] - DLA[i] > Ox7FFFFF)
For TS_Tx see Equation 48 to update the time stamp values for TRIGGER and following.

The calculation is done after the calculation of the current expected duration value
according to Equation 34 at Equation 34 to calculate the duration value for an action. The
time stamp of the action can be calculated as shown above in Equation 62 using the delay
value of the action and the current time stamp.

Equation 63 and 64 to calculate the position stamp forwards
For DIR1=0and TSO_HRT =0:

Equation 63

PSACIi] = PSAJi] - (DLA[J*RCDT_TX_NOM)*(MLT+1)
with

RCDT_TX_NOM=RCDT_TX*SYN_T (Equation 63 case a)
and

RCDT_TX=1/CDT_TX (Equation 63 case b)

For DIR1 =0and TSO_HRT = 1:

Equation 64

PSACIi] = PSA]Ji] - (8*DLA[]*RCDT_TX_NOM)*(MLT+1)
with

RCDT_TX NOM=RCDT_TX*SYN_T (see Equation 63 case a)
and

RCDT_TX=1/CDT_TX (see Equation 63 case b)

Replace (MLT+1) in Equation 63 and Equation 64 by MLS1 for SMC=1.

Use the calculated value of Equation 63 (case b) also for the generation of SUB_INCi and
serve the action by transmission of TSACJi] and PSAC]i] to ACT_D _i.

The action is to be updated for each new TRIGGER event until the calculated time stamp is
in the past. In this case use the time stamp of the last input event instead of the calculated
value and the calculated position stamp of the actual increment as target position value. Set
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the corresponding shadow bit in the DPLL_ACT_STA register. Because of the blocking read
operation the ACT_D values can be read only once.

Equations 65 and 66 to calculate the position stamp backwards
For DIR1=1 and TSO_HRT=0:

Equation 65

PSACIi] = PSAJi] + (DLA[]*RCDT_TX_NOM)*(MLT+1)
with

RCDT_TX _NOM=RCDT_TX*SYN_T (see Equation 63 case a)
and

RCDT_TX=1/CDT_TX (see Equation 63 case b)

For DIR1=1 and TSO_HRT=1:

Equation 66

PSACIi] = PSAJi] + (8*DLA[]*RCDT_TX_NOM)*(MLT+1)
with

RCDT_TX NOM=RCDT_TX*SYN_T (see Equation 63 case a)
and

RCDT_TX=1/CDT_TX (see Equation 63 case b)

Replace (MLT+1) in Equation 65 and Equation 66 by MLS1 for SMC=1

Use the calculated value of Equation 63 (case b) also for the generation of SUB_INCi and
serve the action by transmission of TSACJi] and PSAC]i] to ACT_D_i

The action is to be updated for each new TRIGGER event until the calculated time stamp is
in the past.In this case use the time stamp of the last input event instead of the calculated
value and the calculated position stamp of the actual increment as target position value. Set
the corresponding shadow bit in the DPLL_ACT_STA register. Because of the blocking read
operation the ACT_D values can be read only once.

The use of the RAM

The RAM is used to store the data of the last FULL_SCALE period. The use of single port
RAMs is recommended. The data width of the RAM is usual 3 bytes, but could be extended
to 4 bytes in future applications. There are 3 different RAMs, each with separate access
ports. the RAM 1a is used to store the position minus time requests, got from the ARU. No
CPU access is possible to this RAM during operation (when the DPLL is enabled).

Ram 1b is used for configuration parameters and variables needed for calculations. Within
RAM 1c the values of the STATE events are stored. RAM 1b and RAM 1¢ do have a
common access port and are also marked as RAM 1bc in order to clarify this fact.

RAM 2 is used for values of the TRIGGER events.

Because of the access of the DPLL internal state machine at the one side and the CPU at
the other side the access priority has to be controlled for both RAMs 1bc and 2. The access
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priority is defined as stated below. The CPU access procedure via AE-interface goes in a
wait state (waiting for data valid) while it needs a colliding RAM access during serving a
corresponding state machine RAM access. In order not to provoke unexpected behavior of
the algorithms the writing of the CPU to the RAM regions 1b, 1c or 2 will be monitored and
results in interrupt requests when enabled.

CPU access is specified at follows:

1. CPU has the highest priority for a single read/write access. The DPLL algorithm is
stalled during external bus RAM accesses.

2. After serving the CPU access to the RAM the DPLL gets the highest RAM access
priority for 8 clock cycles. Afterwards continue with 1.

The RAM address space has to be implemented in the address space of the CPU.
Time and position stamps for actions in Emergency Mode

Equations 67 (case a, case b and case c) to calculate the action time stamp

Equation 67
TSACIi] = DTA][i] - DLAJi] + TS_Sx (Equation 67 case a),
for DTA[i] > DLA[i] and DTAJi] - DLA[i] < 0x800000
TSAC[i] = TS_Sx (Equation 67 case b),
for DTA[i] < DLA[i]
TSAC]i] = OX7FFFFF + TS_Sx (Equation 67 case c),

for DTA[i] > DLA[i] and DTA(i] - DLA[i] > Ox7FFFFF

For TS_Sx see Equation 42 and following in Equation 55 to update the time stamp values
for STATE.

The calculation is done after the calculation of the current expected duration value
according to Equation 43 at Section 16.7.3.5: Equation 43 to calculate the duration value for
an action. The time stamp of the action can be calculated as shown inEquation 67 using the
delay value of the action and the current time stamp.

Equation 68 and Equation 69 to calculate the position stamp forwards
For DIR2=0 or DIR1=0 respectively and TS0 _HRS=0:

Equation 68

PSACIi] = PSA][i] - (DLA[i]*RCDT_SX_NOM)*MLS1
with

RCDT_SX_NOM= RCDT_SX * SYN_S (Equation 68 case a)
and

RCDT_SX= 1/CDT_SX (Equation 68 case b)

For DIR2=0 or DIR1=0 respectively and TS0 _HRS=1:

Equation 69
PSACIi] = PSA[i] - (8*DLA[i]*RCDT_SX_NOM)*MLS1

3
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with
RCDT_SX_NOM=RCDT_SX * SYN_S (see Equation 68 case a)

and
RCDT_SX= 1/CDT_SX (see Equation 68 case b)

Replace MLS1 in Equation 68 and Equation 69 by MLS2 for (SMC=1 and RMO=1)

Use the calculated value of Equation 68 (case b) also for the generation of SUB_INCi. and
serve the action by transmission of TSACJi] and PSAC]i] to ACT_D.

The action is to be updated for each new STATE event until the event is in the past. In this
case use the time stamp of the last input event instead of the calculated value and the
calculated position stamp of the actual increment as target position value. Set the
corresponding shadow bit in the DPLL_ACT_STA register. Because of the blocking read
operation the ACT_D values can be read only once.

Equation 70 and Equation 71 to calculate the position stamp backwards
For DIR2=1 or DIR1=1 respectively and TSO_HRS=0:

Equation 70

PSACIi] = PSAJi] + (DLA[]*RCDT_SX_NOM)*MLS1
with

RCDT_SX_NOM=RCDT_SX * SYN_S (see Equation 68 case a)
and

RCDT_SX= 1/CDT_SX (see Equation 68 case b)

For DIR2=1 or DIR1=1 respectively and TSO_HRS=1:

Equation 71

PSACIi] = PSA[i] + (8*DLAJi]*RCDT_SX_NOM)*MLS1
with

RCDT_SX_NOM=RCDT_SX * SYN_S (see Equation 68 case a)
and

RCDT_SX= 1/CDT_SX (see Equation 68 case b)

Replace MLS1 in Equation 70 and Equation 71 by MLS2 for (SMC = 1 and RMO = 1).

Use the calculated value of Equation 68 (case b) also for the generation of SUB_INCi. and
serve the action by transmission of TSACJi] and PSAC]i] to ACT_D.

The action is to be updated for each new STATE event until the event is in the past.In this
case use the time stamp of the last input event instead of the calculated value and the
calculated position stamp of the actual increment as target position value. Set the
corresponding shadow bit in the DPLL_ACT _STA register. Because of the blocking read
operation the ACT_D values can be read only once.
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Signal processing

Time stamp processing

Signal processing does mean the computation of the time stamps in order to calculate at
which time the outputs have to appear. For such purposes the time stamp values have to be
stored in the RAM and by calculating the difference between old and new values the
duration of the last time interval is determined simply. This difference should be also stored
in the RAM in order to see the changes between the intervals by changing the conditions
and the speed of the observed process.

Count and compare unit

The count and compare unit processes all input signals taking into account the configuration
values. It uses a state machine and provides the output signals as described above.

Sub pulse generation for SMC=0

Equation 72 to calculate the number of pulses to be sent in normal mode
using the automatic end mode condition

For RMO =0, SMC =0 and DMO =0

Equation 72
NMB_T = (MLT+1)*SYN_T + MP + PD_store + MPVAL1
with:
e PD_store = ADT_T[12:0], prefetched during last increment
e SYN_T =ADT_T[18:16], prefetched during last increment
e MPVAL1 = pulse correction value for PCM1_SHADOW_TRIGGER=1
while:
e the value for PD_store is zero for AMT=0
and
e the value of MP is zero for COA=0

In order to get a higher resolution for higher speed a generator for the sub-pulses is chosen
using an adder. All missing pulses MP are considered using Equation 72 and are
determined by counting the number of pulses of the last increment. The value SYN_T is
stored from the last increment using NT of the ADT_T][i] value at RAM region 2c.

Equation 73-Equation 74 to calculate the number of pulses to be sent in
emergency mode using the automatic end mode condition for SMC=0

For RMO=1, SMC=0 and DMO=0;

the value for PD_S_store is zero for AMS=0

Equation 73
NMB_S = MLS1 *SYN_S+ MP + PD_S_store

with

3
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Equation 74

MLS1= (MLT+1) * (TNU+1) / (SNU+1)
. PD_S_store = ADT_S[15:0], prefetched during the last increment
e SYN_S =ADT_S[21:16], prefetched during the last increment
e MPVAL1 = pulse correction value for PCM1_SHADOW_STATE=1
while the value for PD_S_store is zero for AMS=0
and the value of MP is zero for COA=0

Please note, that these calculations above in Equation 72 and Equation 73 are only valid for
an automatic end mode (DMO = 0).

For calculation of the number of generated pulses a value of 0.5 is added as shown in
Equation 75 or Equation 77 respectively in order to compensate rounding down errors at the
succeeding arithmetic operations. Because in automatic end mode the number of pulses is
limited by INC_CNT1, it is guaranteed, that the right number of pulses is generated and in
the same way missing pulses are caught up for the next increment.

Equation 75 to calculate ADD_IN in normal mode for SMC=0
In normal mode (for RMO=0) calculate, in the case LOW_RES=TS0_HRT

Equation 75
ADD_IN_CALN= (NMB_T+0.5) *RCDT_TX

with

RCDT_TX is the 232 time value of the quotient in Equation 63 (case b) (see
Section 16.7.6.3: Equations 65 and 66 to calculate the position stamp backwards).

In normal mode (for RMO=0) calculate, in the case LOW_RES=1 and TS0_HRT=0
ADD_IN_CALN= (NMB_T+0.5) *(RCDT_TX /8) (Equation 75 case a)

with

RCDT_TX is the 232 time value of the quotient in Equation 63 (case b) (see
Section 16.7.6.3: Equations 65 and 66 to calculate the position stamp backwards).

For RMO=0 and SMC=0:

Equation 76
ADD_IN_CAL1 =ADD_IN_CALN

LOW_RES=0 and TSO_HRT=1 is not possible. For such a configuration the RCT bit in the
DPLL_STATUS register is set together with the ERR bit.

In the automatic end mode (DMO=0) missing pulses should be sent to the input RPCUx
(rapid pulse catch up on) in Figure 72 to be caught up on with CMU_CLKO (for COA=0).

When normal and rapid pulses are generated simultaneously, the SUB_INCx frequency is
doubled at this moment in order to count two pulses at the TBU_CHx_BASE register. In
order to make the frequency doubling possible, the CMU_CLKO should be having a
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frequency which does not exceed half the frequency of TS_CLK. In addition the ADD_IN
value should never exceed the value 0x800000. This limitation is only necessary for DMO=0
and COA=0 (see DPLL_CTRL_1 register).

For the normal mode replace ADD_IN of the ADDER (see Figure 72) by ADD_IN_CALA1
(when calculated, DLM=0) or ADD_IN_LD1 (when provided by the CPU, DLM=1).

The sub-pulse generation in this case is done by the following calculations using a 24 bit
adder with a carry out ¢, and the following inputs:

e ADD_IN
e The second input is the output of the adder, stored one time stamp clock before

In order not to complicate the calculation procedure use a multiplier with a sufficient bit width
at the output and use the corresponding shifted output bits.

Enabling of the compensated output for pulses

The ¢t of the adder influences directly the SUB_INC1 output of the DPLL (see Figure 72).
The compensated output SUB_INCxc is in automatic end mode only enabled by EN_Cxc
when INC_CNTx >0.

Equations 77 to calculate ADD_IN in emergency mode for SMC=0
In emergency mode (RMO=1) calculate, in the case LOW_RES=TS0_HRS

Equation 77
ADD_IN_CALE= (NMB_S+0.5)* RCDT_SX

while

RCDT_SX is the 232 time value of the quotient in Equation 68 (case b) (see
Section 16.7.8.2: Equation 68 and Equation 69 to calculate the position stamp forwards).

In emergency mode (RMO=1) calculate, in the case LOW_RES=1 and TSO_HRS=0
ADD_IN_CALE= (NMB_S+0.5)* RCDT_SX /8 (Equation 77 case a)

while

RCDT_SXis the 232 time value of the quotient in Equation 68 (see Section 16.7.8.2:
Equation 68 and Equation 69 to calculate the position stamp forwards).

For RMO=1 and SMC=0:
ADD_IN_CAL1 = ADD_IN_CALE (Equation 77 case b)

LOW_RES=0 and TS0_HRS=1 is not possible. For such a configuration the RCS bit in the
DPLL_STATUS register is set together with the ERR bit.

In the automatic end mode (DMO=0) missing pulses should be sent to the input RPCUx
(rapid pulse catch up on) in Figure 72, to be caught up on with CMU_CLKO (for COA=0).

When normal and rapid pulses are generated simultaneously, the SUB_INCx frequency is
doubled at this moment in order to count two pulses at the TBU_CHx_BASE register. In
order to make the frequency doubling possible, the CMU_CLKO should be having a
frequency which does not exceed half the frequency of the system clock. In addition the
ADD _IN value should never exceed the value 0x800000 when the TS_CLK frequency
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exceeds half the frequency of the system clock. This limitation is only necessary for DMO=0
and COA=0 (see DPLL_CTRL_1 register).

For the emergency mode replace ADD_IN of the ADDER (see Figure 72) by ADD_IN_CALA1
(when calculated, DLM=0) or ADD_IN_LD1 (when provided by the CPU, DLM=1).

The sub-pulse generation in this case is done by the following calculations using a 24-bit
adder with a carry out ¢, and the following inputs:

e ADD_IN
e The second input is the output of the adder, stored one time stamp clock before.

In order not to complicate the calculation procedure use a multiplier with a sufficient bit width
at the output and use the corresponding shifted output bits.

Figure 72. Adder for generation of SUB_INCx by the carry cout
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The SUB_INC generation by the circuit above has the advantage, that the resolution for
higher speed values is better as for a simple down counter.

After RESET and after EN_Cxg=0 the flip-flops (FFs) should have a zero value. EN_Cxg
has to be zero until reliable ADD_IN values are available and the pulse generation starts.
This is controlled by the configuration bits SGE1,2 in the DPLL_CONTROL_1 register. The
calculated values for the increment prediction using Equation 10 case a, Equation 25

case al6.6.4.4, Equation 21 case a or Equation 29 case a respectively are valid only when
at least NUTE>1 TRIGGER values or at least NUSE>1 STATE values are available. For
NUTE =1 or NUSE=1 respectively the equations Equation 75 (see Section 16.8.3.3:
Equation 75 to calculate ADD_IN in normal mode for SMC=0) and Equation 77 use the
actual increment value subtracted by the weighted average error.

The generation of SUB_INC1 pulses depends on the configuration of the DPLL.

In automatic end mode the counter INC_CNT1 resets the enable signal EN_C1 when the
number of pulses desired is reached. In this case only the uncompensated output
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SUB_INC1 remains active in order to provide pulses for the input filter unit. In the case of
acceleration missing pulses can be determined at the next TRIGGER/STATE event in
normal/emergency mode easily. For the correction strategy COA = 0 those missing pulses
are sent out with CMU_CLKO frequency as soon they are determined. During this time
period the EN_Cxg remains cleared. After calculation or providing of a new ADD_IN value
the FFs are enabled by EN_Cxg. In this way no pulse is lost. The new pulses are sent out
afterwards, when INC_CNT1 is set to the desired value, maybe by adding MLT+1 or MLS1
respectively for the new TRIGGER/STATE event.

Because the used DIV procedure of the algorithms results only in integer values, a
systematic failure could appear. The pulse generation at SUB_INC1 will stop in automatic
end mode when the INC_CNT1 register reaches zero or all remaining pulses at a new
increment will be considered in the next calculation. In this way the lost of pulses can be
avoided.

When a new TRIGGER/STATE appears the value of SYN_T*(MLT+1) or SYN_S*MLS1
respectively is added to INC_CNT1, when SGE1=1. Therefore for FULL_SCALE
2*(TNU+1)*(MLT+1) pulses SUB_INC1 generated, when INC_CNT1 reaches the zero
value. The generation of SUB_INC1 pulses has to be done as fast as possible. The
calculations for the ADD_IN value must be done first. Therefore all values needed for
calculation are to be fetched in a forecast.

Sub pulse generation for SMC=1

Necessity of two pulse generators

The Adder of Figure 72 must be implemented twice in the case of SMC=1: one for
SUB_INC1 controlled by the TRIGGER input and (while RMO=1) one for SUB_INC2,
controlled by the STATE input. In the case described in the chapter above for SMC=0 only
one Adder is used to generate SUB_INC1 controlled by the TRIGGER in normal mode or by
STATE in emergency mode.

Equation 78 to calculate the number of pulses to be sent for the first device
using the automatic end mode condition

For SMC=1 and DMO=0

Equation 78
NMB_T = MLS1*SYN_T + MP + PD_store + MPVALA1
with
e PD_store = ADT_T[12:0], prefetched during last increment
e SYN_T=ADT_T[18:16], prefetched during last increment
e MPVAL1 = pulse correction value for PCM1_SHADOW_TRIGGER=1

while the value for PD_store is zero for AMT=0
and

for COA=0 use zero instead of the value of MP

Equation 79 to calculate the number of pulses to be sent for the second
device using the automatic end mode condition

for RMO=1, SMC=1 and DMO=0
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Equation 79
NMB_S = MLS2 *SYN_S+ MP + PD_S_store + MPVAL2
with
. PD_S_store = ADT_S[15:0], prefetched during last increment
e SYN_S =ADT_S[21:16], prefetched during last increment
e MPVAL2 = pulse correction value for PCM2_SHADOW_STATE=1

while the value for PD_S_store is zero for AMS=0
and
for COA=0 use zero instead of the value of MP

Please note, that these calculations above in equations Equation 78 and Equation 79 are
only valid for an automatic end mode (DMO = 0). In addition the number of generated
pulses is added by 0.5 as shown in Equation 80 or Equation 81 respectively in order to
compensate rounding down errors at the succeeding division operation. Because in
automatic end mode the number of pulses is limited by INC_CNTXx it is guaranteed, that the
right number of pulses is generated and in the same way missing pulses are made up for
the next increment.

Equation 80 to calculate ADD_IN for the first device for SMC=1

The sub-pulse generation in this case is done by the following calculations using a 24 bit
adder with a carry out ¢, and the following inputs:

e ADD_IN
e The second input is the (delayed) output of the adder, stored with each time stamp
clock.

Replace ADD_IN by ADD_IN_CAL1 (when calculated, DLM1=0) or ADD_IN_LD1 (when
provided by the CPU, DLM1=1) respectively while:

For SMC=1 and LOW_RES=TS0_HRT

Equation 80
ADD_IN_CAL1= (NMB_T+0.5) * RCDT_TX

When RCDT_TX is the 232 time value of the quotient in Equation 63 (case b) of
Section 16.7.6.2: Equation 63 and 64 to calculate the position stamp forwards

For SMC=1,LOW_RES= 1 and TSO_HRT=0
ADD_IN_CAL1= (NMB_T+0.5) * (RCDT_TX/8) (Equation 80 case a)

When RCDT_TX is the 232 time value of the quotient in Equation 63 (case b) of
Section 16.7.6.3: Equations 65 and 66 to calculate the position stamp backwards.

In order not to complicate the calculation procedure use a multiplier with a sufficient bit width
at the output and use the corresponding shifted output bits.

ADD_IN_CAL1 is a 24-bit integer value. The CDT_TX is the expected duration of current
TRIGGER increment.
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The ¢t of the adder influences directly the SUB_INC1 output of the DPLL (see Figure 72).
The SUB_INC1 output is in automatic end mode only enabled by EN_C1 when
INC_CNT1 >0.

Equation 81 to calculate ADD_IN for the second device for SMC=1

Replace ADD_IN by ADD_IN_CAL2 (when calculated, DLM2=0) or ADD_IN_LD2 (when
provided by the CPU, DLM2=1) respectively while:

for SMC=1, RMO=1 and LOW_RES=TS0_HRS:

Equation 81
ADD_IN_CAL2= (NMB_S+0.5)* RCDT_SX

When RCDT_SX is the 232 time value of the quotient in Equation 68 (case b) of
Section 16.7.8.2: Equation 68 and Equation 69 to calculate the position stamp forwards

for SMC=1, RMO=1, LOW_RES=1 and TS0_HRS=0:
ADD_IN_CAL2= (NMB_S+0.5)* (RCDT_SX /8) (Equation 81 case a)

When RCDT_SX is the 232 time value of the quotient in Equation 68 (case b).

In order not to complicate the calculation procedure use a multiplier with a sufficient bit width
at the output and use the corresponding shifted output bits.

The ¢t of the adder2 influences directly the SUB_INC2 output of the DPLL (see Figure 72:
Adder for generation of SUB_INCx by the carry cout).

The SUB_INC2 output is in automatic end mode only enabled by EN_C2 when
INC_CNT2 >0.

After RESET and after EN_Cxc=0 (after stopping in automatic end mode) the flip-flops (FFs)
have a zero value and also EN_Cxg has to be zero until reliable ADD_IN values are
available and the pulse generation starts. The calculated values for the increment prediction
using Equation 10 (case a) (see Equations 10 and equation 11 to calculate the current
increment value on page 339), Equation 25 (case a) (see Equation 25 to calculate the
current increment value on page 343), Equation 21 (case a) (see Equations 21 and 22 to
calculate the current increment (nominal value) on page 342) or Equation 29 (case a) (see
Equations 29 to calculate the current increment value) respectively are valid only when
NUTE>1 or NUSE>1 respectively. For NUTE=1 or NUSE=1 respectively the Equation 80
(see Equation 80 to calculate ADD_IN for the first device for SMC=1Please note, that these
calculations above in equations Equation 78 and Equation 79 are only valid for an automatic
end mode (DMO = 0). In addition the number of generated pulses is added by 0.5 as shown
in Equation 80 or Equation 81 respectively in order to compensate rounding down errors at
the succeeding division operation. Because in automatic end mode the number of pulses is
limited by INC_CNTX it is guaranteed, that the right number of pulses is generated and in
the same way missing pulses are made up for the next increment. ) and Equation 81 (see
Section 16.8.4.5: Equation 81 to calculate ADD_IN for the second device for SMC=1) use
the actual increment value subtracted by the weighted average error.

The generation of SUB_INCx pulses depends on the configuration of the DPLL.

In automatic end mode the counter INC_CNTXx resets the enable signal EN_Cxcu when the
number of pulses desired is reached. In this case only the uncompensated outputs
SUB_INCx remain active in order to provide pulses for the input filter units. A new
TRIGGER or STATE input respectively can reset the FFs and also ADD_IN, especially when
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EN_Cxc was zero before. In the case of acceleration missing pulses can be determined at
the next TRIGGER/STATE event easily. For the correction strategy COA = 0 those missing
pulses are sent out with CMU_CLKO frequency as soon they are determined. After that the
pulse counter INC_CNTx should be always zero and the new pulses are sent out
afterwards, when INC_CNTx is set to the desired value by adding MLS1 or MLS2 for the
new TRIGGER or STATE event respectively.

Because the used DIV procedure of the algorithms results only in integer values, a
systematic failure could appear. The pulse generation will stop when the INC_CNTx register
reaches zero or all remaining pulses at a new increment will be considered in the next
calculation. In this way the lost of pulses can be avoided.

When a new TRIGGER appears the value of SYN_T*MLS1 is added to INC_CNT1.
Therefore for FULL_SCALE 2*(TNU+1)*MLS1 pulses SUB_INC1 generated, when
INC_CNT1 reaches the zero value. The generation of SUB_INC1 pulses has to be done as
fast as possible.

When a new STATE appears the value of SYN_S*MLS2 is added to INC_CNT2. Therefore
for FULL_SCALE 2*(SNU+1)*MLS2 pulses SUB_INC2 generated, when INC_CNT2
reaches the zero value. The generation of SUB_INC2 pulses has to be done as fast as
possible.

Calculation of the accurate position values

All appearing TRIGGER and STATE signals do have a time stamp and a position stamp
assigned after the input filter procedure. For the calculation of the exact time stamp the filter
values are considered in the calculations of Equations 1 to 4 (see Section 16.6.2.1:
Equations 1 to 4 to calculate TRIGGER time stamps) or Equation 12 to 16(see

Section 16.6.3.1: Equations 12 to 15 to calculate STATE time stamps) respectively. A
corresponding calculation is to be performed for the calculation of position values.

The PSTC and PSSC values can be corrected by the CPU, when needed.
After reset, while FTD=0 and no active TRIGGER slope is detected:

Equation 82

PSTC =0 (Equation 82 case a)
Calculate the new Position value for each valid TRIGGER event:

PSTC=PSTC_old + NMB_T_TAR_OLD (Equation 82 case b)
when FTD=1 and SGE1=1
with

e PSTC oldis the last PSTC value and
e NMB_T old is the number of pulses which are calculated

and provided for sending out in the last increment.
After reset, while FSD=0 and no active STATE slope is detected:

Equation 83
PSSC=0 (Equation 83 case a)
Calculate the new Position value for each STATE event:
PSSC=PSSC old + NMB_S TAR_OLD (Equation 83 case b)
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when FSD=1 and SGE1=1 (SMC=0) or SGE2=1 (SMC=1)

respectively with
e PSSC_oldis the last PSSC value and
e NMB_S oldis the number of pulses which are calculated

and provided for sending out in the last increment.

Scheduling of the calculation

After enabling the DPLL with each valid TRIGGER or STATE event respectively a cycle of
operations is performed to calculate all the results shown in detail in the table below. A state
machine controls this procedure and consists of two parts, the first is triggered by a valid
slope of the signal TRIGGER, begins at step 1 and ends at step 20 (in normal mode and for
SMC=1). The second state machine is controlled by a valid slope of the signal STATE,
begins at step 21 and ends at step 40 (in emergency mode and also for SMC=RMO=1).
Depending on the mode used all 20 steps are executed or already after 2 steps the jump
into the initial state is performed, as shown in the state machine descriptions below. For
each new extended cycle (without this jump) all prediction values for actions in the case
SMC=0 are calculated once more (with maybe improved accuracy because of better
parameters) and all pending decisions are made using these new values when transmitted
to the decision device.

In Table 207 the steps of the state machine are described. Please note, that the elaboration
of the steps depends on the configuration bits described in the comments. The steps 4 to 17
are only calculated in normal mode (in the state machine explanation below marked yellow
inSection 16.2: Requirements and demarcation), but steps 24 to 37 are only calculated in
emergency mode (in the state machine explanation below marked cyan inSection 16.2:
Requirements and demarcation) when SMC=0.

3
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16.8.6.1  State machine partitioning for normal and emergency mode

Figure 73. State machine partitioning for normal and emergency mode
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16.8.6.2 Synchronization description
TRIGGER:

The APT (address pointer for duration and reciprocal duration values of TRIGGER
increments) is initially set to zero and incremented with each valid TRIGGER event.
Therefore data are stored in the RAM beginning from the first available value. The actual
duration of the last increment is stored at DT_T_ACT. For the prediction of the next
increment it is assumed, that the same value is valid as long as NUTE is one.

A missing TRIGGER is assumed, when at least after TOV* DT_T_ACT no valid TRIGGER
event appears.

The data of equations Equation 52 and Equation 54 are written in the corresponding RAM
regions and APT is incremented accordingly up to 2*TNU-2*SYN_NT+1.

The APT_2b (address pointer for the time stamp field of TRIGGER) is initially set to zero
and incremented with each valid TRIGGER event. When no gap is detected because of the
incomplete synchronization process at the beginning, for all TRIGGER events the time
stamp values are written in the RAM up to 2*(TNU+1) entries, although only 2*(TNU+1-

3
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SYN_NT) events in FULL_SCALE appear. When the current position is detected, the
synchronization procedure can be performed as described below:

Before the CPU sets the APT_2c address pointer in order to synchronize to the profile, it
writes the corresponding increment value for the necessary extension of the RAM region 2b
value APT_2b_ext into the register APT_2b_sync and sets the status bit APT_2c_status.
This value can be e.g. 2*SYN_NT, when all gaps in FULL_SCALE already passed the input
data stream of TRIGGER, or less then this value, when up to now e.g. only a single gap is to
be considered in the data stream stored already in the RAM region 2b. The number of virtual
increments to be considered depends on the number of inputs already got. After writing
APT_2c by the CPU, with the next TRIGGER event the APT_2b address pointer is
incremented (as usual) and then the additional offset value APT_2b_ext is added to it once
(while APT_2b_status=1 and for forward direction). For that reason the APT_2b_status bit is
reset after it. The old APT_2b value before adding the offset is stored in the APT_2b_old
register as information for the CPU where to start the extension procedure. In the following
the CPU fills in the time stamp field around the APT_2b_old position taking into account the
corresponding number of virtual entries stored in the APT_2b_ext value and the
corresponding NT values in the profile. The extension procedure ends when all gaps
considered in the APT_2b_ext value are treated once. In the consequence all storage
locations of RAM region 2b up to now do have the corresponding entries. Future gaps are
treated by the DPLL.

For a backward direction the APT_2c_ext value is subtracted accordingly.

When the CPU writes the APT_2c¢ address pointer the SYT bit is set simultaneously. For
SYT=1 in normal mode (SMC=0) the LOCK1 bit is set with the system clock, when the right
number of increments between two synchronization gaps is detected by the DPLL. An
unexpected missing TRIGGER or an additional TRIGGER between two synchronization
gaps does reset the LOCK1 bit in normal mode. In that case the CPU must correct the
SUB_INC pulse number and maybe correct the APT_2c pointer. For this purpose the LL1I
interrupt can be used.

When SYT is set the calculations of Equation 1 to 16.6.2.7Equations 10 and equation 11 to
calculate the current increment value are performed accordingly and the values are stored
in (and distributed to) the right RAM positions.

This includes the multiple time stamp storage by the DPLL for a gap according to equations
49 -51 forwards (Section 16.7.5.2: Equation 49-Equation 51 to extend the time stamp values
for TRIGGER in forward direction) or backwards (Section 16.7.5.3: Equation 49-Equation 51
for backward direction). The APT_2b pointer is for that reason incremented or decremented
before this operation considering the virtual increments in addition.

Please note, that for the APT and APT_2c pointers the gap is considered as a single
increment.

STATE:

The APS (address pointer for duration and reciprocal duration values of STATE) is initially
set to zero and incremented with each valid STATE event. Therefore data are stored in the
RAM field beginning at the first location. The actual duration of the last increment is stored
at DT_S_ACT. For the prediction of the next increment it is assumed, that the same value is
valid as long as NUSE is one.

A missing STATE is assumed, when at least after TOV_S* DT_S_ACT no valid STATE
event appears.
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The data of equations Equation 59 to Equation 61 is written in the corresponding RAM
regions and APS is incremented accordingly up to 2*SNU-2*SYN_NS+1 (for SYSF=0).

The APS_1c2 (address pointer for the time stamp field of STATE) is initially set to zero and
incremented with each valid STATE event. When no gap is detected because of the
incomplete synchronization process at the beginning, for all STATE events the time stamp
values are written in the RAM up to 2*(SNU+1) entries, although (e.g. for SYSF=0) only
2*(SNU+1-SYN_NS) events in FULL_SCALE appear. When the current position is
detected, the synchronization procedure can be performed as described below:

Before the CPU sets the APS_1¢3 address pointer in order to synchronize to the profile, it
writes the corresponding increment value APS_1c2_ext for the necessary extension of the
RAM region 1c2 into the register DPLL_APS_SYNC and sets the APS_1c2_status bit there.
This value can be e.g. 2*SYN_NS (for SYSF=0) or SYN_NS (for SYSF=1), when all gaps in
FULL_SCALE already passed the input data stream of STATE. Also less then this value can
be considered, when up to now only a single gap is to be considered in the data stream
stored already in the RAM region 1c2. The number of increments to be considered depends
on the number of inputs already got. After writing APS_1¢3 by the CPU, with the next valid
STATE slope the APS_1c2 address pointer is incremented (as usual) and then the
additional offset value APS_1c2_ext is added to it once (while APS_1¢2_status=1 and
forward direction). For that reason the APS_1c¢2_status bit is reset after it. The old APS_1c2
value is stored in the APS_1c2_old register as information for the CPU where to start the
extension procedure. In the following the CPU extends the time stamp field beginning from
the APS_1c¢2_old position taking into account the corresponding number of virtual entries
according to the APS_1c2_ext value and also the correspondent NS values in the profile.
The extension procedure ends when all gaps considered in the APS_1c2_ext value are
treated once. In the consequence all storage locations of RAM region 1¢2 up to now do
have the corresponding entries. Future gaps are treated by the DPLL.

For a backward direction the APS_1c2_ext value is subtracted accordingly.

When the CPU writes the APS_1c3 address pointer the SYS bit is set simultaneously. For
SYS=1 in emergency mode (SMC=0 and DMO=1) the LOCK1 bit is set with the system
clock, when the right number of increments between two synchronization gaps is detected
by the DPLL. An unexpected missing STATE or an additional STATE between two
synchronization gaps does reset the LOCK1 bit in emergency mode. In that case the CPU
must correct the SUB_INC1 pulse number and maybe correct the APS_1¢3 pointer. For this
purpose the LL1l interrupt can be used.

When SYS is set the calculations of equations 10 to 22 are performed accordingly and the
values are stored in (and distributed to) the right RAM positions.

This includes the multiple time stamp storage by the DPLL for a gap according to Equation
56- Equation 58 (forwards) or Equation 62- Equation 64 (backwards). The APS_1c2 pointer
is for that reason incremented or decremented before this operation considering the virtual
increments in addition.

Please note, that for the APS and APS_2c pointers the gap is considered as a single
increment.

SMC=1:

For SMC=1 it is assumed, that the starting position is known by measuring the characteristic
of the device. In this way the APT and APT_2c as well the APS and APS_1c3 values are set
properly, maybe with an unknown repetition rate. When no gap is to be considered for
TRIGGER or STATE signals the APT_2b and APS_1c2 address pointers are set equal to
APT or APS respectively. It is assumed, that all missing TRIGGERs and missing STATEs
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can be also considered from the beginning, when a valid profile with the corresponding
adapt values is written in the RAM regions 1¢3 and 2c respectively. In that case the TSF_T]i]
and TSF_S[i] must be extended by the DPLL according to the profile. . Thus the SYT and
SYS bits could be set from the beginning and the LOCK1 and LOCK2 bits are set after
recognition of the corresponding gaps accordingly. When no gap exists (SYN_NT=0 or
SYN_NS=0), the LOCK bits are set immediately. The CPU can correct the APT_2c and
APS_1c3 pointer according to the recognized repetition rate later once more without the
loss of Lock1,2.

Operation for direction change in normal and emergency mode (SMC=0)

When for SMC=0 in normal mode a backwards condition is detected for the TRIGGER input
signal (e.g. when THMI is not violated), the LOCK1 bit in the DPLL_STATUS register is
reset, the NUTE value in NUTC register is set to 1 (the same for NUSE in NUSC). The
address pointers APT_2c as described below (and after that decremented for each following
valid slope of TRIGGER as long as the DIR1 bit shows the backward direction).

Please notice, that in the case of the change of the direction the ITN and ISN bit in the
DPLL_STATUS register are reset.

For this transition to the backward direction no change of address pointer APT and APT_2b
is necessary.

Profile update for TRIGGER when changing direction

The profile address pointer APT_2c is changed step by step in order to update the profile

information in SYN_T, SYN_T old and PD_store:

e Decrement APT 2c, load SYN_T

e Decrement APT_2c, load SYN_T

e Decrement APT_2c, load SYN_T, PD_store, update SYN_T_old

e Decrement APT_2c, make calculations, load SYN_T and PD_store, update
SYN_T_old and PD_store_old and wait for a new TRIGGER event.

The update of SYN_T_old and the loading of PD_store can be performed in all steps above.
The value of APT_2b needs not to be corrected. For a direction change from backwards to
forwards make the same corrections by incrementing APT_2c.

Make calculations does mean: the operation of the state machine starts with the calculations
of NMB_T and INC_CNT1 using the actual APT_2c address pointer value, see
Section 16.2: Requirements and demarcation.

The TBU_TB1 value is to be corrected by the number of pulses sent out in the wrong
direction mode during the last and current increment. This correction is done by sending out
SUB_INC1 pulses for decrementing TBU_TB1 (while DIR1=1).

Save inc_cnt1 value at direction change to inc_cnt1_save.

Calculate the new inc_cnt1 value as follows:

1. Stop sending pulses and save inc_cnt1 at the moment of direction change as
inc_cnt1_save.

2. Setinc_cnt1 to the target value of the last increment
nmb_t tar_old

3. Add the target number of trigger which were calculated for the current increment when
this value was already added to inc_cnt1 before the direction change is detected
+nmb_t tar
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4. Subtract the value of still not sent pulses (remaining value at inc_cnt1_save)
-inc_cntl _save

5. Calculate the new target pulses to be sent considering the new values of SYN_T and
PD_store and add them:

+nmb_t_tar_new

This does mean the following equation:
inc_cntl =nmb_t tar old + nmb_t_tar
-inc_cntl_save + nmb_t tar_new

All pulses summarized at inc_cnt1 are sent out by the maximum possible frequency,
because no speed information is available for the first increment after changing the
direction. Please notice that no pulse correction using PCM1 of DPLL_CTRL1 is possible
during direction change.

When PSTC was incremented/decremented at the active slope and after that the direction
change was detected at the same input event, correct PSTC once by

-nmb_t_tar_old when changed to backwards
+nmb_t_tar_old when changed to forwards

in order to compensate the former operation. When the direction information is known
before an intended change of PSTC, do not change them.

Store the new calculated value nmb_t_tar_new at nmb_t_tar for the correct calculation of
PSTC at the next input event.

Consequences for STATE

With the next valid STATE event the direction information is already given. The profile
pointer APS_1c3 is to be corrected by a two times decrement in order to point to the profile
of the next following increment. From now on it is decremented with each STATE event
while DIR1=1. The SYN_S and PD_S_store values must be updated accordingly, including
SYN_S old and PD_S_store old.

Because the right direction is already known when an input event appears, make the
following corrections:

e Decrement APS_1c3, load SYN_S and PD_S_store, update SYN_S old and
PD_ S store_old

e Decrement APS_1c3, make calculations, load SYN_S and PD_S_store, update
SYN_S old and PD_S_store _old and wait for a new STATE event.

The update of SYN_S_old and the loading of PD_S_store can be performed in all steps
above. The value of APS_1c2 needs not to be corrected.

When a new STATE event occurs, all address pointers are decremented accordingly as long
as DIR1=1.

In emergency mode the pulses are corrected as follows:
Save inc_cnt1 value at direction change to inc_cnt1_save.

Calculate the new inc_cnt1 value as follows:
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1. Stop sending pulses and save inc_cnt1 at the moment of direction change as
inc_cnt1_save.

2. Setinc_cnt1 to the target value of the current increment
nmb_s_tar

Please notice, that differently from the normal mode, nmb_s_tar is to be used instead of
nmb_s_tar_old, because direction information in emergency mode is only given from the
TRIGGER input and occurs independent of a STATE event.

That means: the calculations at the last STATE event were done for the correct former
direction. In addition still no pulse calculations are performed for the current increment,
because the direction change is known at the moment of the recent STATE event. Later
direction changes are considered at the next STATE event.
3. Do not add the calculated number of state pulses because no new STATE event
occurred.
4. Subtract the value of still not sent target pulses (remaining value at inc_cnt1_save)
-inc_cntl_save
5. Add the new calculated target pulses for the current increment
+nmb_s _tar new

when for the calculation all new conditions of PD_S_store and SYN_S are considered.
inc_cntl=nmb_s tar _old -inc_cntl save + nmb_s_tar new

All pulses summarized at inc_cnt1 are sent out by the maximum possible frequency,
because no speed information is available for the first increment after changing the
direction. Please notice that no pulse correction using PCM1 of DPLL_CTRL1 is possible
during direction change.

Do not change PSSC and suppress incrementing/decrementing of PSSC at the event
directly following to the direction change information.

Store the new calculated value nmb_s_tar_new at nmb_s_tar for the correct calculation of
PSTC at the next input event.

Repeated change to forward direction for TRIGGER

The DIR1 bit remains set as long as the THMI value remains none violated for the following
TRIGGER events and is reset when for an invalid TRIGGER slope the THMI is violated.

Resetting the DIR1 to 0 results (after repeated reset of LOCK1, ITN, ISN) the opposite
correction of the profile address pointer considered.

This does mean two increment operations of the address pointer APS_1c3 including the
update of SYN_S and PD_S_store with the automatic update of SYN_S old and
PD_S_store_old for STATE and

four increment operations of the address pointer APT_2c¢ including the update of SYN_T
and PD_store with the automatic update of SYN_T_old and PD_store_old for TRIGGER.

The correction of TBU_CH1 is done by sending out the correction pulses with the highest
possible frequency at SUB_INC1 while DIR1=0. The number of pulses is calculated as
shown above.

Consequences for STATE

see corrections above. After that the address pointers are incremented again with each
following valid STATE event as long as DIR1=0.
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Operation for direction change for TRIGGER (SMC=1)

When for SMC=1 a backwards condition is detected for the TRIGGER input signal (TDIR=1,
resulting in DIR1=1), the LOCK1 bit in the DPLL_STATUS register is reset, the NUTE value
in NUTC register is set to 1. The address pointers APT and APT_2c as well as APT_2b are
decremented for each valid slope of TRIGGER as long as the DIR1 bit shows the backward
direction.

Please notice, that in the case of the change of the direction the ITN bit in the
DPLL_STATUS register is reset.

Profile update for TRIGGER

Make the same update steps for the profile address pointer as shown in Section 16.8.6.3:

Operation for direction change in normal and emergency mode (SMC=0) Operation for

direction change in normal and emergency mode (SMC=0): decrement APT_2c for 2 times

with the update of the SYN_T and PD_store values at each step with an automatic update of

SYN_T old and PD_store_old:

e Decrement APT_2c, load SYN_T, PD_store, update SYN_T_old

e Decrement APT_2c, make calculations, load SYN_T and PD_store, update
SYN_T_old and PD_store_old and wait for a new TRIGGER event.

In the normal case no correction of wrong pulses sent is necessary, because the direction
change is detected by the pattern immediately.

Nevertheless a correction is necessary as shown below. In the other case: see treatment of
pulses TBU_CH1_BASE in normal mode at Section 16.8.6.3: Operation for direction
change in normal and emergency mode (SMC=0) Operation for direction change in normal
and emergency mode (SMC=0).

Save inc_cntx value at direction change to inc_cnt1_save.

Calculate the new inc_cnt1 value as follows:

1. Clearinc_cnt1

2. Setinc_cnt1 to the target value of the last increment
nmb_t tar

Please notice, that differently from the normal mode, nmb_t_tar is to be used instead
of nmb_t_tar_old, because the direction information is known before the calculation
takes place.

3. Do not add the calculated number of trigger pulses because it is not calculated yet
before the direction change information is known.

4. Subtract the value of still not sent pulses (remaining value at inc_cnt1_save)
-inc_cntl_save

5. Add the new calculated target pulses for the current increment
+nmb_t_tar_new

when for the calculation all new conditions of PD_S_store and SYN_S are considered.
inc_cntl =nmb_t tar_old -inc_cntl_save + nmb_t_tar_new

All pulses summarized at inc_cnt1 are sent out by the maximum possible frequency,
because no speed information is available for the first increment after changing the
direction. Please notice that no pulse correction using PCM1 of DPLL_CTRL1 is possible
during direction change.

Suppress changing of PSTC for the TRIGGER event when a direction change is detected.
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Store the new calculated value nmb_t_tar_new at nmb_t_tar for the correct calculation of
PSTC at the next input event.

Repeated change to forward direction for TRIGGER

The DIR1 bit remains set as long as the TDIR bit is set for the following TRIGGER events
and is reset when for a valid TRIGGER slope the TDIR is zero.

Resetting the DIR1 to 0 results (after repeated reset of LOCK1 and ITN) the opposite
correction of the address pointer use.

This does mean two increment operations of the address pointer including the update of
SYN_T and PD_store.

A complex correction of TBU_CH1_BASE and INC_CNT1 is in the normal case not
necessary, when all increments are equal (SYN_NT=0) and no adapt information is used. In
this case only the MLS1 value is added to INC_CNT1 in order to back count the value for
the last increment. In the other case: see treatment of pulses TBU_CH1_BASE and
ICN_CNT1 in normal mode at Section 16.8.6.3: Operation for direction change in normal
and emergency mode (SMC=0).

Operation for direction change for STATE (SMC=1)

When for SMC=1 a backwards condition is detected for the STATE input signal (SDIR=1,
resulting in DIR2=1), the LOCK2 bit in the DPLL_STATUS register is reset, the NUSE value
in NUSC register is set to 1 and the address pointers APS and APS_1¢3 fand APS_1c2
are decremented for each valid slope of STATE as long as the DIR2 bit shows the backward
direction.

Please notice, that in case the direction changes, the ISN bit in the DPLL_STATUS register
is reset.

For this transition to the backward direction no change of address pointer APS and
APS_1c2 is necessary.

Profile update for STATE

Make the same update steps for the profile address pointer as shown in Section 16.8.6.3:
Operation for direction change in normal and emergency mode (SMC=0) Operation for
direction change in normal and emergency mode (SMC=0): decrement APS_1c3 for 2 times
with the update of the SYN_S, SYN_S old, PD_S store and PD_S_store_old values at
each step:

e Decrement APT_1c3, load SYN_S, PD_S_store, update SYN_S old

e Decrement APT_1c3, make calculations, load SYN_S and PD_S_store, update
SYN_S old and PD_S_store _old and wait for a new STATE event.

A complex correction of TBU_CH2_BASE and INC_CNT2 is in the normal case not
necessary, when all increments are equal (SYN_NS = 0) and no adapt information is used.
In this case only the MLS2 value is added to INC_CNT2 in order to back count the value for
the last increment. In the other case: see treatment of pulses TBU_CH1_BASE and
ICN_CNT1 in normal mode at Section 16.8.6.3: Operation for direction change in normal
and emergency mode (SMC=0).

For the second PMSM the pulses are corrected as follows:
Save inc_cnt2 value at direction change to inc_cnt2_save.

Calculate the new inc_cnt2 value as follows:

3
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1.  Clearinc_cnt2
2. Setinc_cnt2 to the target value of the last increment
nmb_s_tar
Please notice, that differently from the normal mode, nmb_s_tar is to be used instead
of nmb_s_tar_old, because no new calculation is performed so far.

3. Do not add the calculated number of state pulses because it is not calculated yet
before the direction change information is known.

4. Subtract the value of still not sent pulses (remaining value at inc_cnt2_save)
-inc_cnt2_save

5. Add the new calculated target pulses for the current increment
+nmb_s _tar new

when for the calculation all new conditions of PD_S_store and SYN_S are considered.

inc_cnt2=nmb_s tar_old -inc_cnt2 _save + nmb_s_tar new

All pulses summarized at inc_cnt2 are sent out by the maximum possible frequency,
because no speed information is available for the first increment after changing the
direction. Please notice that no pulse correction using PCM2 of DPLL_CTRL1 is possible
during direction change.

Do not change PSSC for a STATE event when a direction change is detected.

Store the new calculated value nmb_s_tar_new at nmb_s_tar for the correct calculation of
PSTC at the next input event.

Repeated change to forward direction for STATE

The DIR2 bit remains set as long as the SDIR bit is set for the following STATE events and
is reset when for a valid STATE slope SDIR is zero.

Resetting the DIR2 to 0 results (after repeated reset of LOCK2 and FSD) in the opposite
correction of the address pointer use.

After a last decrementing of all address pointers the APS_1c3 is incremented 2 times with a
repeated update of SYN_S, SYN_S old and PD_S_store after each increment.

DPLL reaction in the case of non plausible input signals

When the DPLL is synchronized concerning the TRIGGER signal by setting the FTD, SYT
and LOCK1 bits in the DPLL_STATUS register, the number of valid TRIGGER events
between the gaps is to be checked continuously.

When additional events appear while a gap is expected, the LOCK1 bit is reset and the ITN
bit in the DPLL_STATUS register is set.

When an unexpected gap appears (missing TRIGGERS), the NUTE value in the NUTC
register is set to 1, the LOCK1 bit is reset and the ITN bit in the DPLL_STATUS register is
set. The address pointers are incremented with the next valid TRIGGER slope accordingly.

When the TRIGGER locking range TLR is violated(), the state machine 1 will remain in state
1 and the address pointer APT, APT_2b and APT_2c will remain unchanged until the CPU

I.  The TOR Bit in the DPLL_STATUS register is set, when the time to the next active TRIGGER slope exceeds
the value of the last nominal TRIGGER duration multiplied with the value of the TLR register (see 16.11.76 ). In
this case also the TORI interrupt is generated, when enabled.
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sets the APT_2c accordingly. In this case also the NUTE value in the NUTC register is set to
1. The DPLL stops the generation of the SUB_INC1 pulses and will perform no other actions
- remaining in step1 of the first state machine (see Section 16.2).

When in the following the direction DIR1 changes as described in the chapters above the
ITN bit in the DPLL_STATUS register is reset, the use of the address pointers APT_2c is
switched and the pulse correction takes place as described above.

In all other cases the CPU can interact to leave the instable state. This can be done by
setting the APT_2c address pointer which results in a reset of the ITN bit. In the following
NUTE can also be set to higher values.

When the DPLL is synchronized concerning the STATE signal by setting the FSD, SYS and
LOCK1 (for SMC=0) or LOCK2 (for SMC=1) bits in the DPLL_STATUS register, the number
of valid STATE events between the gaps is to be checked continuously.

When additional events appear while a gap is expected or while an unexpected missing
STATE event appears, the LOCK1,2 bit is reset and the ISN bit in the DPLL_STATUS
register is set.

When an unexpected gap appears for RMO=SMC=1 (missing STATEs for synchronous
motor control), the NUSE value in the NUSC register is set to 1, the LOCK2 bit is reset and
the ISN bit in the DPLL_STATUS register is set. The address pointers are incremented with
the next valid STATE slope accordingly.

When the STATE locking range SLR is violated™), the state machine 2 will remain in state
21 and the address pointer APS, APS_1c2 and APS_1c3 will remain unchanged until the
CPU sets the APS_1c3 accordingly. In this case also the NUSE value in the NUSC register
is set to 1. The DPLL stops the generation of the SUB_INC1,2 pulses respectively and will
perform no other actions - remaining in step21 of the second state machine (see

Section 16.2).

In this case also the SORI interrupt is generated, when enabled.

When in the following the direction DIR2 changes as described in the chapters above the
ISN bit in the DPLL_STATUS register is reset, the use of the address pointers APS_1c3 is
switched and the pulse correction takes place as described above. In all other cases the
CPU must interact to leave the instable state. This can be done by setting the APS_1c3
address pointers which results in a reset of the ISN bit. In the following NUSE can also be
set to higher values.

m. The SOR Bit in the DPLL_STATUS register is set, when the time to the next active STATE slope exceeds the
value of the last nominal STATE duration multiplied with the value of the SLR register (see 16.11.77 ).
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Table 207. State description of the state machine

Step Description Comments
For each inactive TRIGGER slope:
generate the TISI interrupt; calculate the time stamp
difference AT to the last valid event, store this value at
THVAL;
when THMI >0 is violated (AT < THMI):
generate TINI interrupt, For SMC=0;
set DIRT =_O (forwards) . set DIR1 always after inc./ decr. the
set BWD1 = 0 (see DPLL_STATUS register) address pointers APT, APT x:
else (only for THMI >0): ) -
Always set DIR1 = 1 (backwards); gotosstep 1;
for set BWD1 = 1 (see DPLL_STATUS register) stop output of SUB_INC1 and correct
pulses after changing DIR1 after incr./
DEN=1 | after changing the direction correct the pulses WP sent with | ecr. of APS x
wrong Fjirection ir?formalti_on ar.1d sgnd the pulges for the set DIR2 alw;ys after incr./decr. the
actual increment in addition with highest possible frequency: address pointers APS, APS, x:
WP=NMB_T-DPLL_INC_CNT1; -
correct INC_CNT1 by addition of 2*WP before sending the go tostep 1
correction pulses;
check THMA, when THMA is violated, generate the TAXI
interrupt; go to step 1
For each inactive STATE slope:
set DIR2 = DIR1
set DIR1 = BWD1 = TDIR,
set DIR2 = BWD2 = SDIR;
for each change of TDIR go to step 1 after performing the
following calculations:
correct INC_CNT1
correct the pulses (WP, see above) sent with wrong direction
information and send the pulses for the actual increment in
addition with highest possible frequency. for SMC=L1:
always for ) set the direction bits always after
DEN=1 |For each change of SDIR go to step 21 after performing the | /decr. the corresponding address

following calculations:

update of SYN_S, PD_S_store according to

Section 16.8.6.3: Operation for direction change in normal
and emergency mode (SMC=0) Operation for direction
change in normal and emergency mode (SMC=0)

correct INC_CNT1,2

correct the pulses sent with wrong direction information and
send the pulses for the actual increment in addition with
highest possible frequency.

pointers;

3
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Table 207. State description of the state machine (continued)

Step Description Comments
When DEN = 0 or TEN=0:
stay in step 1 until DEN=1, TEN=1 and at least one valid
TRIGGER has been detected (FTD=1);
the following steps are performed always (not necessarily in
step 1, but also in steps 18 to 20 (when waiting for new
PMTR values to be calculated): compare TRIGGER_S with
TSL (valid slope);
When no valid TRIGGER appears
and when TS_T_CHECK time is reached:
— send missing TRIGGER INT, also when a Gap is expected
according to the profile; set MT=1 (missing TRIGGER bit)
in the DPLL_STATUS register; do not leave the active
step, until a valid TRIGGER appears.
When a valid TRIGGER appears check PVT
— When the PVT value is violated:
generate the PWI interrupt, ignore the TRIGGER input and
wait for the next valid TRIGGER slope (ignore each invalid | Depending on TSL, TEN, DEN the
slope); do not store any value leaving of step one is done with the
— - When the PVT value is fulfilled: next TRIGGER input;
_srtlglr(e; 21; I::L/Jear!t;;osition stamp at PSTM (value at the Note: itgg;v:;::fg ta;i:jnﬁggrgg;cy
) i . event appears in order to make a
updatg the RAM region 2 by Equation 2, Equatlo_n 5 and switch back to normal mode
Equation 6 (see Section 16.7.5: Update of RAM in normal possible:

1 and emergency mode) _old - values are values valid at
store the actual INC_CNT1 value at MP1 as missing the last but one valid TRIGGER
pulses (instead of calculation in step 5) event:
store all relevant configuration bits X of the for the whole table: use always
DPLL_CTRL(0,1) Registers in shadow registers and MLS1 instead of (MLT+1) for the
consider them for all corresponding calculations of steps 2 to case SMC=1;

20 accordingly; the relevant bits are explained in the dir_crement does mean:
registers itself increment for DIR1=0
generate the TASI interrupt; decrement for DIR1=1
for FTD=0:
— set PSTC=PSTM
— set FTD (first TRIGGER detected)
— do not change PSTC,APT, APT_2b
— for (RMO=0 or SMC=1) and SGE1=1: increment
INC_CNT1 by (MLT+1)(V) +MPVAL1(2)
— send SUB_INC1 pulses with highest possible frequency
when SGE1=1
for SYT=0 and FTD =1:
dir_crement APT and APT_2b by one;
dir_crement for SGE1_delay® = 1 and TOR=0 PSTC by
NMB_T_TAR®)
for (RMO=0 or SMC=1) and SGE1 =1, TOR = 0: increment
INC_CNT1 by (MLT+1)(") +MPVAL1(@)
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Table 207. State description of the state machine (continued)
Step Description Comments

1
(continued)

for SYT=1 and TOR=0:

— dir_crement APT, APT_2c, dir_crement APT_2b by
SYN_T old

— dir_crement for SGE1_delay® = 1 PSTC by
NMB_T_TAR®)

— for (RMO =0 or SMC = 1) and SGE1 = 1: increment
INC_CNT1 by SYN_T*MLT+1)("+ PD_store® +
MPVAL1(2)

PD_store is 0 for AMT=0
within the DPLL_STATUS register:
— set LOCK1 bit accordingly;

Calculate TS_T according to equations 1 and 2;
calculate DT T ACT=TS T-TS_T OLD

2
calculate RDT_T_ACT
calculate QDT_TX according toEquation 7
Send CDTl interrupt when NTI_CNT is zero or decrement Note: There are different behaviors of
NTI_CNT when not zero; RM and HW-IP: For the HW-IP
3 calculate EDT_T and MEDT_T according to equations the values of SYN_T and
Equation 8 and Equation 9 PD_store are not updated until a
for (RMO = 1 and SMC = 0): update SYN_T, PD_store and new valid TRIGGER slope
go back to step 1 oceurs.
4 i)flculate CDT_TX according to Equation 10 and Equation for RMO=0 or SMC=1:
calculate missing pulses:
2/|I;)1€; INC_CNT1 (at the moment of a valid TRIGGER for RMO=0 or SMC=1:
5 calculate taraet pulses: add MPVAL1 only for PCM=1 and reset
geipaises: PCM1 after that;
NMB_T_TAR = (MLT+1)("*SYN_T + PD_store + MPVAL1
(instead of PD_store use zero in the case AMT=0)
6 sent MP with highest possible frequency and set for RMO=0 or SMC=1, DMO=0 and
NMB_T =NMB_T_TAR COA=0
calculate the number of pulses to be sent - —
for RMO=0 or SMC=1
7 NMB_T = NMB_T_TAR + MP (see Equation 72 or Equation l;)I:/I oo dorC onet
78 respectively) =van -
for RMO=0 or SMC=1
8 NMB_T = SYN_T*CNT_NUM_1 '
- - - - DMO=1
Note: There are different behaviors of
RM and HW-IP: For the HW-IP
9 update SYN_T and PD_store; the values of SYN_T and

PD_store are not updated until a
new valid TRIGGER slope
occurs.

3
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Table 207. State description of the state machine (continued)

Step

Description

Comments

10

calculate ADD_IN_CAL1 according to Equation 75 and
Equation 76 or Equation 81 and store this value in RAM

use ADD_IN_CAL1 as ADD_IN value for the case DLM =0

use ADD_IN_LD1 as ADD_|IN for the case DLM = 1, but do
this update immediately (without waiting for this step 10);

for DMO = DLM=0 and EN_C1u = 0:
reset the FlipFlops in the SUB_INC1 generator;
start sending SUB_INC1;

for RMO=0 or SMC=1

for DLM=0

for DLM=1

11

calculate
TS_T CHECK=TS_T+DT_T_ACT *(TOV);

for RMO=0 or SMC=1;

12

automatic setting of actions masking bits in the
DPLL_STATUS register:

for SMC = 0: set CAIP1 = CAIP2 =1
for SMC = 1: set only CAIP1 =1

steps 12 to 16 are not valid for the
combination: (SMC=0 and RMO=1)

13

for all correspondent actions with ACT_N[i]=1 calculate:
NA[i] = (PSA[i] - PSTC)/(MLT+1)(") for forward direction with
w= integer part and

b = remainder of the division (fractional part);

for backward direction use

NA[i] = (PSTC - PSA[i])/(MLT+1)(")

and consider in both cases the time base overflow in order
to get a positive difference

actions 0...11 for SMC=1

actions 0...23 for SMC=0
depending on ACT_N[i] in
DPLL_ACT_STA register;

14

calculate PDT_T[i] and DTAJi] for up to 24 action values
according to equations 30 toEquation 34;

actions 0...11 for SMC=1
actions 0...23 for SMC=0

15

calculate TSAC]i] according to Equation 62 and PSAC]i]
according toEquation 63

actions 0...11 for SMC=1
actions 0...23 for SMC=0

16

automatic resetting of actions masking bits in the
DPLL_STATUS register:

for SMC=0: set CAIP1=CAIP2=0
for SMC=1: set only CAIP1=0;

set the corresponding ACT_N[i] bits in the DPLL_ACT_STA
register

Set ACT_N(i] for all enabled actions
concerned:

0...11 for SMC=1
0...23 for SMC=0

17

check the relation of the last increment to its predecessor
according to the profile and taking into account TOV: set the
ITN status bit and reset the corresponding LOCK bit, when
not plausible;

go to step 18, when no valid TRIGGER appears
for all following steps 18 to 20:

go immediately back to step 1, when a valid TRIGGER
event occurs, interrupt all calculations there and reset
all CAIP in that case;

when going back to step 1:
store TS_T in RAM 2b according to APT_2b;
update RAM 2a and RAM 2d

for all conditions
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Table 207. State description of the state machine (continued)

Step Description Comments
wait for a new PMTR value; go immediately to step 1 and update
18 set the corresponding CAIPx values and go to step 19 in that |the RAM according to step 17 when a
case valid TRIGGER event occurs

go immediately to step 1 and update
the RAM according to step 17 when a
valid TRIGGER event occurs

make the requested action calculation according to new

19 PMTR values

go immediately to step 1 and update
20 reset CAIPx and go back to step 18 the RAM according to step 17 when a
valid TRIGGER event occurs

3
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Table 207. State description of the state machine (continued)

Step

Description

Comments

21

When DEN = 0 or SEN=0:

stay in step 1 until DEN=1, SEN=1 and at least one valid

STATE has been detected (FSD=1);

the following steps are performed always (not necessarily in

step 21, but also in steps 38 to 40 (when waiting for new

PMTR values to be calculated):

compare STATE_S with SSL (valid slope); for each invalid

slope: generate a SIS interrupt;

— send missing STATE INT when TS_S_CHECK time is
reached and set MS=1 (missing STATE bits) in that case;
do not leave step 21 while no valid STATE appears.

When a valid STATE appears:

store the actual position stamp at PSSM (value at the

STATE event)

update RAM by Equation 12 to Equation 17 (see

Section 16.7.5: Update of RAM in normal and emergency

mode);

store the actual INC_CNT1/2 at MP1/MP2 respectively as

missing pulses (instead of calculations in step 25)

store all relevant configuration bits X of the

DPLL_CTRL(0,1) Registers in shadow registers and

consider them for all corresponding calculations of steps 22

to 37 accordingly; the relevant bits are explained in the

registers itself

for FSD=0:

set PSSC=PSSM

set FSD (first STATE detected)

do not increment PSSC

for (RMO=1 and SMC=0) and SGE1=1: increment

INC_CNT1 by MLS1+MPVAL1(®)

for (RMO=1 and SMC=1) and SGE2=1: increment

INC_CNT2 by MLS2+MPVAL2(®)

for SYS=0, FSD =1 and SOR=0:

dir_crement PSSC by NMB_S_TAR() for (SMC=0 and
SGE1_delay® = 1) or (SMC=1 and SGE2_delay(® = 1)
increment INC_CNT1 by MLS1+MPVAL1®) (for SMC=0,
SGE1=1 and RMO=1);

increment INC_CNT2 by MLS2+MPVAL2®) (for SMC=1,
SGE2=1 and RMO=1);

dir_crement APS and APS_1c3

Depending on SSL, SEN, DEN the
leaving of step 21 one is done with the
next STATE input;

for the steps 22-37: for SMC=1 replace:
MLS1 by MLS2,

LOCK1 by LOCK2;

SUB_INC1 by SUB_INC2;
CNT_NUM_1 by CNT_NUM_2;
MPVAL1 by MPVALZ2;

EN_C1u by EN_C2u;

dir_crement does mean:
increment for DIR2=0
decrement for DIR2=1

or DIR1 respectively
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Digital PLL module (DPLL)

Table 207. State description of the state machine (continued)

Step Description Comments
for SYS=1 and SOR=0:
dir_crement APS and APS_1c3
dir_crement APS_1c2 by SYN_S old
for RMO=1 and SMC=0: for SGE1_delay® =1
dir_crement PSSC by NMB_S_TAR(7); for SGE1=1
21 increment INC_CNT1 by SYN_S*MLS1 + PD_S_store +

(continued)

MPVAL1®)

for RMO=1 and SMC=1: for SGE2_delay® =1
dir_crement PSSC by NMB_S_TAR(");  for SGE2=1
increment INC_CNT2 by SYN_S*MLS2 + PD_S_store(19)
+MPVAL2(®)

within the DPLL_STATUS register:

set LOCK1 or 2 bit accordingly;

calculate TS_S according to equations 1 and 2;
calculate DT_S ACT=TS_S-TS_S OLD

22
calculate RDT_S_ACT
calculate QDT_SX
send CDSI interrupt; Note: There are different behaviors of
calculate EDT_S and MEDT_S according to Equation 19 RM and HW-IP: For the HW-IP
and Equation 20 the values of SYN_S and
23 for RMO=0: PD_S_store are not updated until
go back to step 21 for RMO=0 and update SYN_S and anew valid STATE slope occurs.
PD_S_store using the current ADT_S]i] values in that case;
24 E:;Is:i?;i SET_SX according to equation Equation 21 and only for RMO=1
only for RMO=1
calculate missing pulses
- for TBU_CH1: MP1 = INC_CNT1(valid STATE slope) for SMC=0
- for TBU_CH2: MP2 = INC_CNT2(valid STATE slope) _Ort ) ‘fMPVAU f
calculate target number of pulses: 'Fr,]él\e/ﬁ =8 use zero for
25 NMB_S_TAR = MLS1*SYN_S + PD_S_store +MPVALA1 (for _
SMC=0) for SMC=1
NMB_S TAR =MLS2*SYN_S + PD_S_store + MPVAL2 (for | nStead of MPVAL2 use zero for
SMC=1) PCM2=0;
(instead of PD_S_store use zero in the case AMS=0)
add MPVAL1/2 once to INC_CNT1/2
and reset PCM1/2 after that
2 sent MPx with highest possible frequency and set only for RMO=1,
NMB_S = NMB_S_TAR DMO=0 and COA=0
7 ;zlcc;)lilate number of pulses to be sent according to Equation only for RMO=1,
NMB_S = NMB_S_TAR + MPx DMO=0 and COA=1
28 NMB_S = SYN_S*CNT_NUM_1 (SMC=0) only for RMO=1,

NMB_S = SYN_S*CNT_NUM_2 (SMC=1)

DMO=1
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Table 207. State description of the state machine (continued)

Step Description Comments
Note: There are different behaviors of
RM and HW-IP: For the HW-IP
29 update SYN_S and PD_S_store; the values of SYN_S and
PD_S_store are not updated until
a new valid STATE slope occurs.
calculate ADD_IN_CAL2 according to Equation 77 (case a)
and Equation 77 (case b) or Equation 81 respectively and
store this value in RAM only for RMO=1
use ADD_IN_CAL2 as ADD_IN value for the case DLM=0
30 use ADD_IN_LD2 as ADD_|IN for the case DLM=1, but do
this update immediately (without waiting for this step 30); for DLM=0
for RMO=1, DMO=DLM=0 and EN_C1u=0 (EN_C1u=0):
reset the FlipFlops in the SUB_INC1 or SUB_INC2 for DLM=1
generator respectively;
start sending SUB_INC1 / SUB_INC2;
calculate
31 TS S CHECK=TS S+ only for RMO=1;
DT_S _ACT * (TOV_S);
automatic setting of actions masking bits in the
32 DPLL_STATUS register: for RMO=1
CAIP1 and CAIP2 for SMC=0 or RMD=
only CAIP2 for SMC=1
for all actions with ACT_N][i]=0 calculate:
NAJi] = (PSA[i] - PSSC)/MLS1
for forward direction with
= int rt and
w=n eg.er part an e . for SMC=0: 24 actions,
b = remainder of the division (fractional part) )
. . for SMC=1: 12 actions;
33 for backward direction use depending on ACT Nl in
NAi] = (PSSC - PSA[I/(MLST) DPLL_ACT_STA register
and consider in both cases the time base overflow in order
to get a positive difference
use MLS2 as divider in the case of SMC=1
Iculate PDT_SJi] and DTA([i] f to 24 acti | only for RMO=1,
34 calculate PDT_S{] an [i] for up to 24 action values for SMC=0 actions 0...23
according to equations 39 to 42 and Equation 43; )
for SMC=1 actions 12...23
calculate TSAC]i] according toEquation 67 and PSACIi] for the relevant actions (see above) and
35 . . ~
according to Equation 68 RMO=1
automatic reset of the actions masking bit CAIP in the
DPLL_STATUS register: for the relevant actions (see above) and
36 CAIP1=CAIP2=0 for SMC=0 and RMO=1
only CAIP2=0 for SMC=1 Set ACT_N[i] and reset ACT_WRi for
set the corresponding ACT_N([i] bits in the DPLL_ACT_STA |all enabled actions
register
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Table 207. State description of the state machine (continued)

Step Description Comments

check the duration of the last increment to its predecessor
according to the profile and taking into account TOV_S: set
the ISN status bit and reset the corresponding LOCK bit,
when not plausible;

go to step 38, when no valid STATE appears

for all following steps 38 to 40:

37 go immediately back to step 21, when a valid STATE for all conditions

event occurs, interrupt all calculations there and reset
all CAIPx in that case;

when going back to step 21:
store TS_S in RAM 1¢2 according to APS_1c2;
update RAM 1c1 and RAM 1c4

wait for a new PMTR value; go immediately to step 21 and update
38 set the corresponding CAIPx values and go to step 39 in that |the RAM according to step 37 when a
case valid STATE event occurs

go immediately to step 21 and update
the RAM according to step 37 when a
valid STATE event occurs

make the requested action calculation according to new

39 PMTR values

go immediately to step 21 and update
40 reset CAIP and go back to step 38 the RAM according to step 37 when a
valid STATE event occurs

Replace (MLT+1) by MLS1 for SMC=1.

Add MPVAL1 once to INC_CNT1, that means only when PCM1=1.

SGE1_delay is the value of SGE1 delayed by one valid TRIGGER event.

NMB_T_TAR is the target value of NMB_T of the last increment (see step 5 ff.).

PD_store = 0 for AMT=0 (see DPLL_CTRL_O register).

Add MPVAL1 or MPVAL2 only once, that means as long as PCM1 or PCM2 is set respectively.
Target number of pulses of the last increment (see step 25 ff.)

SGE1_delay is the value of SGE1 delayed by one valid STATE event.

SGE2_delay is the value of SGE2 delayed by one valid STATE event.

10. PD_S_store = 0 for AMS=0 (see DPLL_CTRL_O register).

© ©® N o o b~ DN =

16.9 DPLL interrupt signals

The DPLL provides 27 interrupt lines. These interrupts are shown below.

Table 208. DPLL interrupt signals

Signal Description
DPLL_SORI_IRQ STATE is out of range
DPLL_TORI_IRQ TRIGGER is out of range
DPLL_CDSI_IRQ STATE duration calculated for last increment
DPLL_CDTI_IRQ TRIGGER duration calculated for last increment
DPLL_TE4_IRQ TRIGGER event interrupt 4 request(!)
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RMO0361

Table 208. DPLL interrupt signals (continued)

Signal Description
DPLL_TE3_IRQ TRIGGER event interrupt 3 request(")
DPLL_TE2_IRQ TRIGGER event interrupt 2 request(!)
DPLL_TE1_IRQ TRIGGER event interrupt 1 requestm
DPLL_TEO_IRQ TRIGGER event interrupt O requestm
DPLL LL2 IRQ Lost of lock interrupt for SUB_INC2 request
DPLL_GL2_IRQ Get of lock interrupt for SUB_INC2 request
DPLL_E_IRQ Error interrupt request
DPLL_LL1_IRQ Lost of lock interrupt for SUB_INC1 request
DPLL_GL1_IRQ Get of lock interrupt for SUB_INC1 request
DPLL_W1_IRQ Write access to RAM region 1b or 1c interrupt request
DPLL_W2_IRQ Write access to RAM region 2 interrupt request
DPLL_PW_IRQ Plausibility window violation interrupt of TRIGGER request
DPLL_TAS_IRQ TRIGGER active slope while NTI_CNT is zero interrupt request
DPLL_SAS_IRQ STATE active slope interrupt request
DPLL_MT_IRQ Missing TRIGGER interrupt request
DPLL_MS_IRQ Missing STATE interrupt request
DPLL_TIS_IRQ TRIGGER inactive slope interrupt request
DPLL_SIS_IRQ STATE inactive slope interrupt request
DPLL_TAX_IRQ TRIGGER maximum hold time violation interrupt request
DPLL_TIN_IRQ TRIGGER minimum hold time violation interrupt request
DPLL_PE_IRQ DPLL enable interrupt request
DPLL_PD_IRQ DPLL disable interrupt request

1. See TINT value in the corresponding ADT_T[i] section of RAM region 2; see Section 16.12.3: Memory DPLL_ADT_TIi]:
Adapt and Profile Values of the TRIGGER Increments in FULL_SCALE

Note: TEi_IRQ depends on the TINT value in ADT_T[i](“) and is only active when SYTO =1,

n. see RAM region 2 explanations; see Section 16.12: DPLL RAM region 2 value description

0. see DPLL STATUS register; see Section 16.11.30: DPLL_STATUS
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RM0361 Digital PLL module (DPLL)
16.10 DPLL register overview
The registers available and the size of RAM region 2 depends on the GTM-IP
implementation, refer to the Appendix B of your version (see Section 22.3: References).
Table 209. DPLL register overview
Detai!s in Name Description Init value
section
16.11.1 DPLL_CTRL_O Control Register 0 0x003B_BA57
16.11.2 DPLL_CTRL_1 Control Register 1 0xB000_0000
16.11.3 DPLL_CTRL_2 Control Register 2 (actions 0-7 enable) 0x0000_0000
16.11.4 DPLL_CTRL_3 Control Register 3 (actions 8-15 enable) 0x0000_0000
16.11.5 DPLL_CTRL_4 Control Register 4 (actions 16-23 enable) 0x0000_0000
16.11.6 |DPLL_CTRL_5(" Control Register 5 (actions 24-31 enable) 0x0000_0000
16117 |DPLL_ACT STA Q&E’?Vyrzgﬁ‘;‘:;RegiSter with connected 0x0000_0000
16.11.8 DPLL_OSW Offset and switch old/new address register 0x0000_0200
16.11.9 DPLL_AOSV_2 Address offset register for APT in RAM region 2 | 0x1810_0800
16.11.10 |DPLL_APT Actual RAM pointer to RAM regions 2a, b and d | 0x0000_0000
16.11.11 |DPLL_APS Actual RAM pointer to regions 1c1, 1c2 and 1c4 | 0x0000_0000
16.11.12 |[DPLL_APT_2C Actual RAM pointer to RAM region 2¢ 0x0000_0000
16.11.13 |DPLL_APS_1C3 Actual RAM pointer to RAM region 1¢3 0x0000_0000
16.11.14 |DPLL_NUTC ’C“;gtl’aet:;:;?fne;; ;FE'T?\I%Eﬁ es"%tj\:‘?;d for | ox0001_2001
Number of recent STATE events used for
16.11.15 |DPLL_NUSC calculations (e.g. mod 2*(SNU +1-SYN_NS) for | 0x0000_2081
SYSF=0)
16.11.16 |DPLL_NTI_CNT Number of active TRIGGER events to interrupt | 0x0000_0000
16.11.17 |DPLL_IRQ_NOTIFY Interrupt notification register 0x0000_0000
16.11.18 |DPLL_IRQ_EN Interrupt enable register 0x0000_0000
16.11.19 |DPLL_IRQ_FORCINT Interrupt force register 0x0000_0000
16.11.20 |DPLL_IRQ_MODE Interrupt mode register 0x0000_0000
16.11.21 |DPLL_EIRQ_EN Error interrupt enable register 0x0000_0000
16.11.22 |INC_CNT1 ggfﬂﬂf;ﬂ%gﬂiig ;ELJQCHLBASE tobe 14,0000 0000
Counter for pulses for TBU_CH2_BASE to be
16.11.23 |[INC_CNT2 sent in automatic end mode when 0x0000_0000
SMC=RMO=1
16.11.24 |DPLL_APT_SYNC old RAM pointer and offset value for TRIGGER | 0x0000_0000
16.11.25 |DPLL_APS_SYNC old RAM pointer and offset value for STATE 0x0000_0000
16.11.26 |TBU TSO T TBU_CHO_BASE value at last TRIGGER event | 0x0000_0000
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Digital PLL module (DPLL) RMO0361
Table 209. DPLL register overview (continued)
Detall_s n Name Description Init value
section

16.11.27 |TBU_TSO0_S TBU_CHO_BASE value at last STATE event 0x0000_0000
16.11.28 |ADD_IN_LD1 direct load input value for SUB_INC1 0x0000_0000
16.11.29 |ADD_IN_LD2 direct load input value for SUB_INC2 0x0000_0000
16.11.30 |[DPLL_STATUS Status Register 0x0000_0000
16.11.31 DPLL_ID_PMTR_O-31(2) ?8%t)ID information for input signals PMT_0-31 0x0000_01FE
16.11.32 E;Pcla‘léﬁ(;TRL—O—SHADOW—TR shadow register of DPLL_CTRL_O 0x0000_0257
16.11.33 K'IF')IE_ L_CTRL_0_SHADOW_ST shadow register of DPLL_CTRL_0 0x0000_0000
16.11.34 ::();PCIB'E§CTRL—1—SHADOW—TR shadow register of DPLL_CTRL_1 0x0000_0000
16.11.35 QTPELL—CTRLJ—SHADOW—ST shadow register of DPLL_CTRL_1 0x0000_0000
16.11.36 |DPLL_RAM_INI initialization control and status for RAMs 0x0000_0000

1. This register is only available for device 4.
2. The registers DPLL_ID_PMTR 24-31 are only available for device 4.

Table 210. RAM region 1 map description

Name

Description

Address offset in relation to
DPLL start address

RAM region la

384 bytes for 128 words of 24 Bits; this RAM is only
accessible for DEN=0

0x0200 - 0x03FC

PSAO - PSA31(1)

0..31)@

ACTION_i Position/Value action request Register (i =

0x0200 - 0x027C (device 4)
0x0200 - 0x025C (device 1-3)
See 16.11.37

DLAO - DLA31(")

ACTION_i time to react before PSAi (i = 0...31)

0x0280 - 0x02FC (device 4)
0x0260 - 0x02BC (device 1-3)
See 16.11.38

NAO - NA31(")

# of TRIGGER/STATE increments to ACTION_i (i = 0...31)

0x0300 - 0x037C (device 4)
0x02C0 - 0x031C (device 1-3)
See Memory DPLL_NAI]:
Calculated Number of
TRIGGER/STATE Increments
to Action i, (RAM1a,
i=0...31)16.11.39

DTAO - DTA31("

calculated relative time to ACTION_i (i = 0...31)

0x0380 - 0x03FC (device 4)
0x0320 - 0x037C (device 1-3)
See 16.11.40
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RM0361 Digital PLL module (DPLL)
Table 210. RAM region 1 map description (continued)
Name Description Address offsetin relation to
P DPLL start address
0x0400-
RAM Region 1b 0x05FC
Note: The following registers for variables are located in RAM
Region 1b, read access by AEI via bus interface 288 bytes for 96 words of 24
possible, writing results in an interrupt; Bits
data width of 3 Bytes used for 24 bit values
TRIGGER signal information stored
0x0400/
TS T Actual signal TRIGGER time stamp register TRIGGER_TS 0x0404
See 16.11.41 and 16.11.42
Previ ignal TRIGGER ti t ist 0x0404/
revious signa ime stamp register
TS_T_OLD TRIGGER_TS_old 0x0400
See 16.11.41 and 16.11.42
Note: The switch of the LSB address bits is performed using | 0x0400...
the SWON register at 0x0020 0x0404
See 16.11.41 and 16.11.42
4
FTV. T Actual signal TRIGGER filter value 0x0408
See 16.11.43
do not use 0x040C
STATE signal information stored
0x0410/
TS_S Actual signal STATE time stamp register STATE_TS 0x0414
See 16.11.44 and 16.11.45
0x0414/
TS_S _OLD Previous signal STATE time stamp register STATE_TS_old 0x0410
See 16.11.44 and 16.11.45
Note: The switch of the LSB address bits is performed using | 0x0410...
the SWON register at 0x0020. 0x0414
See 16.11.44 and 16.11.45
0x0418
FTV_S Actual signal STATE filter value X
See 16.11.46
do not use 0x041C
42
THMI TRIGGER hold time min value 0x0420
See 16.11.47
424
THMA TRIGGER hold time max value 0x0
See 16.11.48
THVAL measured last pulse time from valid to invalid TRIGGER 0x0428
slope Seel6.11.49
do not use 0x042C

3

DoclD025070 Rev 1

391/558




Digital PLL module (DPLL)

RMO0361

Table 210. RAM region 1 map description (continued)

Address offset in relation to

Name Description DPLL start address
TOV Time out value of TRIGGER, according to the last nominal 0x0430
increment for a missing TRIGGER See 16.11.50
TOV S Time out value of STATE, according to the last nominal 0x0434
- increment a missing STATE See 16.11.51
ADD IN_CAL1 calculated ADD _IN value for SUB_INC1 generation 0x0438
- " - -1 See 16.11.52
ADD IN_CAL2 calculated ADD _IN value for SUB_INC2 generation 0x043C
- " - —N-e g See 16.11.53
MPVAL1 missing pulses to be added/subtracted directly to SUB_INC1 | 0x0440
and INC_CNT1 once See 16.11.54
MPVAL2 missing pulses to be added/subtracted directly to SUB_INC2 | 0x0444
and INC_CNT2 once See 16.11.55
NMB_T_TAR target number of TRIGGER pulses 0x0448
—- argetnu pu See 16.11.56
NMB_T_TAR_OLD |target number of TRIGGER pulses 0x044C
- IAR argetnu pu See 16.11.57
0x0450
f STATE pul
NMB_S_TAR target number of S pulses See 16.11.58
NMB_S_TAR_OLD |target number of STATE pulses 0x0454
-S> AR argetnu pu See 16.11.59
do not use 0x0458... 0x045C
RCDT_TX reciprocal value of expected increment duration (T) 0x0460
- P P See 16.11.60
RCDT_SX reciprocal value of expected increment duration (S) 0x0464
- eciprocat valu P ! See 16.11.61
reciprocal value of the expected nominal increment duration | 0x0468
RCDT_TX _NOM
CDT_TX_NO (M See 16.11.62
reciprocal value of the expected nominal increment duration | 0x046C
RCDT_SX_NOM
CDT_SX_NO (S) See 16.11.63
RDT_T_ACT tual reciprocal value of TRIGGER 0x0470
V
—- acluatrecip . See 16.11.64
RDT_S_ACT tual reciprocal value of STATE 0x0474
\'
—>- acluatrecip ! See 16.11.65
DT T ACT Duration of last TRIGGER increment 0x0478
—- uration o See 16.11.66
DT_S_ACT Duration of last STATE increment 0x047C
|
—>- . See 16.11.67
Calculated immediate values (equations 1 to 22)
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Digital PLL module (DPLL)

Table 210. RAM region 1 map description (continued)

Address offset in relation to

Name Description DPLL start address
0x0480
EDT_T Absolute error of prediction for last TRIGGER increment X
See 16.11.68
MEDT T Average absolute error of prediction up to the last TRIGGER | 0x0484
- increment See 16.11.69
0x0488
EDT_S absolute error of prediction for last STATE increment X
See 16.11.70
MEDT S Average absolute error of prediction up to the last STATE 0x048C
- increment See 16.11.71
4
CDT_TX Expected duration of current TRIGGER increment 0x0490
See 16.11.72
0x0494
CDT_SX Expected duration of current STATE increment X
See 16.11.73
i i i 4
CDT TX NOM Ex.pected norplnal (.juratlon.of current TRIGGER increment | 0x0498
- = (without consideration of missing events) See 16.11.74
i i i 4
CDT SX NOM Ex.pected norplnal (.juratlon.of current STATE increment 0x049C
- = (without consideration of missing events) See 16.11.75
TLR TRIGGER locking range value; the TOR bit in the 0x04A0
DPLL_STATUS register is set when violated See 16.11.76
0x04A4
SLR STATE locking range value; the SOR bit is set when violated X
See 16.11.77
Relations of the sum of prediction increments to the
reference increment in the past (see equations in sections
16.7.1-16.7.2 or 16.7.3-16.7.4 for calculation)
0x0500...
PDT_[i]® predicted time to ACTION_[i]® 0x057C
See 16.11.78
do not use 0x0580 - 0x05BC
MLS1 Calculated number of sub-pulses between two STATE events | 0x05C0
(to be set by CPU) See 16.11.79
MLS?2 Calculated number of sub-pulses between two STATE events | 0x05C4
(to be set by CPU) for the use when SMC=RMO=1 See 16.11.80
number of sub-pulses of SUB_INC1 in continuous mode, 0x05C8
CNT_NUM_1
updated by the host only See 16.11.81
- i i 0x05CC
CNT_NUM_2 number of sub-pulses of SUB_INC2 in continuous mode, X
updated by the host only See 16.11.82
0x05D0
PVT Plausibility value of next active TRIGGER slope X
See 16.11.83
do not use 0x05D4...
0x05DC
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Table 210. RAM region 1 map description (continued)

Address offset in relation to

Name Description DPLL start address
0x05E0
PSTC Accurate calculated position stamp of last TRIGGER input; X
See 16.11.84
0x05E4
PSSC Accurate calculated position stamp of last STATE input; X
See 16.11.85
0x05E8/
PSTM Measured position stamp at last valid TRIGGER input 0x05EC
See 16.11.86 and 16.11.87
0x05EC/
PSTM_OLD Measured position stamp at last but one valid TRIGGER input | 0X05E8
See 16.11.86 and 16.11.87
0x05F0/
PSSM Measured position stamp at last valid STATE input 0x05F4
See 16.11.88 and 16.11.89
0x05F4/
PSSM_OLD Measured position stamp at last but one valid STATE input 0x05F0
See 16.11.88 and 16.11.89
Number of pulses of current increment in normal mode for 0x05F8
NMB_ T SUB_INC1(see Equation 72 or for SMC=1 equation Equation See 16.11.90
78 respectively) ee 10.1L.
Number of pulses of current increment in emergency mod for 0x05FC
NMB_S SUB_INC1 (see equation Equation 73) or in the case SMC=1 See 16.11.91
for SUB_INC2 (see Equation 79) ee 10.1L.
0x0600 —
RAM Region 1c 0x09FC
See 16.11.92
Note: The following registers for the signal STATE are located
in RAM Region 1c, read access by AEI via bus interface | 0,75 Kbytes for 256 words of
possible, writing results in an interrupt; 24 Bits
data width of 3 Bytes used for 24 bit values
Reciprocal values of the corresponding successive
11 increments RDT_S]Ji] (see Equation 13 and Equation 16); the
values are calculated using the recent NUSE increments (see
NUSC register at address 0x0038)
0x0600
RDT_SO RDT_SO
- - See 16.11.92
0x0604
RDT_S1 RDT_S1
- - See 16.11.92
up to 2*(SNU+1)-SYN_NS valid entries
0x06FC
RDT_S6 RDT
563 563 See 16.11.92
1c2 Time stamp field for STATE events
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Table 210. RAM region 1 map description (continued)

Address offset in relation to

Name Description DPLL start address
0x0700
TSF TSF
SF_s0 SF_s0 See 16.11.93
0x0704
TSF_S1 TSF_S1
SF_S SF_S See 16.11.93
up to 2*(SNU+1) valid entries
0x07FC
TSF TSF_S6
SF_S63 SF_S63 See 16.11.93
Adapt values for the current STATE increment; time
1c3 stamp values bits 24-27 in addition to the corresponding
24 bit value of TSF_Sx above, stored in bits 23:20 of
ADT_SJi];
0x0800
ADT_SO ADT_SO
- - See 16.11.94
0x0808
ADT_S1 ADT_S1
- - See 16.11.94
up to 2*(SNU+1)-SYN_NS valid entries
F
ADT_S63 ADT_S63 Ox08FC
- - See 16.11.94
Uncorrected last increment value of STATE (DT_S) for
1c4d FULL_SCALE; measuring data of increments without
corrections used for the CPU to generate ADT_S values
DT_S0 DT_S0 0x0900
See 16.11.95
DT_S1 DT_S1 0x0904
See 16.11.95
up to 2*(SNU+1)-SYN_NS valid entries
0x09FC
DT S63 DT_S63 X
See 16.11.95

1. The values PSA24-31, DLA24-31, NA24-31 and DTA24-31 in RAM 1a are only available for device 4.
2. The registers DPLL_TSAC24-31, DPLL_PSAC24-31 and DPLL_ACB_6-7 are only available for device 4.
3. The values PDT_24 to PDT_31 in RAM1b are only available for device 4.
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Table 211. Register region EXT map description
Address offset
IrIIDEIlaL“s(,)tgrtto Name Description Init value
address
OX0EQO - extension of register region in order
OXOF1C Register Region EXT to allow up to 32 action calculations
(device 4)
0x0EOQO - culated action t f
0X0E7C DPLL_TSACO-TSAC31(") calculated action time stamps for OX007F FFFF
See 16.11.96 actions 0...31
e Iculated acti ition st fi
OXOEFC DPLL_PSACO-PSAC31(") calculated action position stamps for OX007F_FFFF
See 16.11.97 actions 0...31
F
g);z fg 11.98 DPLL_ACB_ 0 control bits for actions 0...3 0x0000_0000
0x0F04
S);e 16.11.98 DPLL_ACB_1 control bits for actions 4...7 0x0000_0000
0x0F08
S);e 16.11.98 DPLL_ACB_2 control bits for actions 8...11 0x0000_0000
g);Zngll 98 DPLL_ACB_3 control bits for actions 12...15 0x0000_0000
g);ZFgg 11.98 DPLL_ACB_4 control bits for actions 16...19 0x0000_0000
0x0F14
S);e 16.11.98 DPLL_ACB_5 control bits for actions 20...23 0x0000_0000
0x0F18
S);e 16.11.98 DPLL_ACB_6(") control bits for actions 24...27 0x0000_0000
0xOF1C
S);ele 11.98 DPLL_ACB_7(") control bits for actions 28...31 0x0000_0000

1.
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Table 212. RAM region 2 map description

Address
Name Description offset in relation to
DPLL start address
0x4000 —
0x4800...

RAM Region 2 OX7FFC ,
depending on device
chosen
See 16.12

Note: The following registers for the signal TRIGGER

are located in RAM region 2, read access by AEI
via bus interface possible, write access results in
an interrupt, when enabled; data width of 3 bytes
used for 24 bit values.
The RAM field part contains up to 1024 values .
and all are configurable for 128, 256, 512 or 1024 | S8 from 1,5 Kbytes to 12
- ; Kbytes configurable for
values in order to select the RAM size needed. word sizes of 24 Bits
The maximum available RAM size depends on
the device as shown below:
device 1: 512 words a 24 bits
device 2: 1024 words a 24 bits
device 3: 2048 words a 24 bits
device 4: 4096 words a 24 bits
Region 2a Reciprocal values of the corresponding successive
increments RDT_T[i] (see equations 7, 8 (case a and AOSV_2a values are
case b)); addresses after shift left
’ by 8
Address offsets are given by the AOSV_2a Y
RDT_TO
RDT_TO AOSV_2a
See 16.12.1
RDT_T1
RDT_T1 +4
See 16.12.1
... 2*(TNU+1-SYN_NT) valid entries
RDT_T1023
RDT_T1023 +4092
See 16.12.1
Region 2b Time stamp field for all TRIGGER events in
FULL_SCALE; 24 bit time stamp values
TSF_TO
TSF_TO AOSV_2b
See 16.12.2
TSF_T1
TSF_T1 +4
See 16.12.2

... 2*(TNU+1) valid entries
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Table 212. RAM region 2 map description
Address
Name Description offset in relation to
DPLL start address
TSF_T1023
TSF_T1023 +4092
See 16.12.2
Region 2c ADT_T values to correct the measured TRIGGER
signal values; time stamp values bits 24-27 in addition
to the 24 bit value of TSF_TX, stored in the bits 23:20 of
ADT_T[i]
ADT_TO
ADT_TO AOSV_2c
See 16.12.3
ADT_T1
ADT_T1 +4
See 16.12.3
... 2*(TNU+1-SYN_NT) valid entries
ADT_T1023
ADT_T1023 +4092
See 16.12.3
Region 2d Uncorrected last increment values of TRIGGER
(DT_T); measuring raw data of increments
DT_TO
DT_TO AOSV_2d
See 16.12.4
DT _T1
DT_T1 +4
See 16.12.4
... 2*(TNU+1-SYN_NT) valid entries
DT_T1023
DT_T1023 +4092
See 16.12.4
16.11 DPLL register and Memory description
Description of Registers beginning from Register DPLL_CTRL_O.
Description of RAM Regions beginning from RAM 1a (see below):
bits 31 down to 24 in each RAM region are not implemented and therefore always read as
zero (reserved). Other bits which are declared as reserved are not protected against writing.
Reserved address regions are not protected against writing.
Description of memory region RAM 1a beginning from Memory PSA(i]:
the RAM Region 1a is writable only for DEN=0 (see DPLL_CTRL _1 register).
Description of memory region RAM1b beginning from Memory TS _T.
Description of memory region RAM1c beginning from Memory RDT_S.
Description of register region EXT beginning from Register DPLL_TSACIi]:
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this is an extension of the normal register region above in order to allow up to 32 action
calculations (device 4).

Description of memory region RAM 2 beginning from Memory RDT_T.

16.11.1 Register DPLL_CTRL_O Control register 0

Address offset: |see Appendix B Initial value: 0x003B_BAS57
ol1|2|3|4|5]|6 7‘8‘9‘10‘11‘12‘13‘14‘15 16‘17|18‘19|20 21 22‘23 24‘25‘26|27‘28|29‘30|31
. Olz|Z|-|wn|lE|X -] 2 o 5
Bl HEEEEIEE Z 5 |t 2
2 2
Mode Z|Z|2|2|2||Z g g z z
, g ~ uy\_’
Initial value olo|o|o|o|o|o 3 % o Q
3 © S

Table 213. DPLL_CTRL_O field description

Bit

Description

[22:31]

MLT multiplier for TRIGGER; MLT+1 is number of SUB_INC1 pulses between two
TRIGGER events in normal mode (1...1024);

For emergency mode the number of SUB_INC1 pulses between two STATE events is

calculated by the CPU using the formula MLS1=(MLT+1)* (TNU+1) / (SNU+1) in order to get

the same number of SUB_INC1 pulses for FULL_SCALE. This value is stored in RAM at

0x05C0. Change of MLT by the CPU must result in the corresponding change of MLS1 by the

CPU for SMC=0.

Note: The number of MLT events is the binary value plus 1. The value MLT+1 is replaced by
MLS1 in the case of SMC=1 (see DPLL_CTRL_1 register) for all relevant calculations.

21

IFp(1) (2)3), Input filter position; value contains position or time related information.

0 = TRIGGER_FT and STATE_FT mean time related values, that means the number of time
stamp clocks

1 = TRIGGER_FT and STATE_FT mean position related values, that means the number of
SUB_INC1 (or SUB_INC2 in the case SMC=1) pulses respectively

[16:20]

SNU®: STATE number; SNU+1 is number of nominal STATE events in HALF_SCALE

(1...32).

Note: The number of nominal STATE events is the binary value plus 1. This value can only be
written when the DPLL is disabled.

[7:15]

TNU®™: TRIGGER number; TNU+1 is number of nominal TRIGGER events in HALF_SCALE

(1...512).

Note: The number of nominal TRIGGER events is the binary value plus 1. This value can only
be written when the DPLL is disabled.

AMS(2): Adapt mode STATE; Use of adaptation information of STATE.
0 =No adaptation information is used for STATE

1 =Immediate adapting mode; the values ADT_S]i] are considered to calculate SUB_INC1
pulses in emergency mode (SMC=0) or SUB_INC2 pulses for SMC=1

AMT (1 Adapt mode TRIGGER; Use of adaptation information of TRIGGER.

0 =No adaptation information for TRIGGER is used
1 =Immediate adapting mode; the values ADT_T][i] are considered to calculate the SUB_INC1
pulses in normal mode and for SMC=1

3
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Table 213. DPLL_CTRL_O field description

Bit Description
IDS @: Input delay STATE; Use of input delay information transmitted in FT part of the
STATE signal.

4 0 =Delay information is not used

1 =Up to 24 bits of the FT part contain the delay value of the input signal, concerning the
corresponding edge

IDT (): Input delay TRIGGER; use of input delay information transmitted in FT part of the
TRIGGER signal.

3 0 =Delay information is not used

1 =Up to 24 bits of the FT part contain the delay value of the input signal, concerning the
corresponding edge

SEN: STATE enable.

2 0 =STATE signal is not enabled (no signal considered)

1 =STATE signal is enabled

TEN: TRIGGER enable.
1 0 =TRIGGER signal is not enabled (no signal considered)
1 =TRIGGER signal is enabled

RMO( (): Reference mode; selection of the relevant the input signal for generation of
SUB_INCH.

0 =Normal mode; the signal TRIGGER is used to generate the SUB_INC1 signals
1 =Emergency mode for SMC=0; signal STATE is used to generate the SUB_INC1 signals;

Double synchronous mode for SMC=1: signal TRIGGER is used to generate the
SUB_INC1 signals and STATE is used to generate the SUB_INC2 signals

Note: for SMC=0: TRIGGER and STATE are prepared to calculate SUB_INC1. The RMO bit
gives a decision only, which of them is used.

0 For changing from normal mode to emergency mode at the following TRIGGER slope

(according to the RMO value in the shadow register)“) the PSSC value is calculated by

PSSC = PSSM + correction_value (forward direction) or PSSC = PSSM - correction

value (backward direction) with the correction_value = inc_cnt1 - nmb_t.

For changing from emergency mode to normal mode at the following STATE slope

(according to the RMO value in the shadow register)(z) the PSTC value is calculated by

PSTC = PSTM + correction_value (forward direction) or PSTC = PSTM - correction

value (backward direction) with the correction_value = inc_cnt1 - nmb_s.

In the case of no further TRIGGER or STATE events appearing the CPU has to perform

the corrections above accordingly.

Stored in an independent shadow register for a valid TRIGGER event and for DEN = 1.
2. Stored in an independent shadow register for a valid STATE event and for DEN = 1.

For IFP=1 the time between two valid TRIGGER or STATE events must be always greater than 2,34 ms and the value x of
MLT, MLS1 or MLS2 must be chosen so that the number of time stamp pulses between two SUB_INC events must be less
than 65536. This is fulfilled when x is greater than 256.

4. The time between two valid STATE or TRIGGER events must be always greater than 23,4 ys; in addition the TS_CLK and
the resolution must be chosen so that for each nominal increment the time stamps at the beginning and the end of the
increment differ at least in the value of 257.

3
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16.11.2 Register DPLL_CTRL_1 Control Register 1

Address offset: |see Appendix B Initial value: 0xB000_0000
0‘1 2|3 4156|789 10‘11‘12‘13‘14‘15 16‘17|18‘19|20 21|22|23(24(25|26|27|28|29(30 |31
| & £
. O|lT|T|% || z z Sig|d|s|s|aul=lglelz|o
Bit a » |= %) I I = = Elo|lald]s
IR z z 213|8|8|3|8|=|2|2|5|3
F |- 0 N
2 2 21222223 2 2 z|lz(z|z(z|zz|2 2 ==z
Mode & AR AR & g Zle|z|z|z|z||le|| |z
Initial value g g o|lo|o|o g g § § o|lo|lo|lo|o|lo|o|o|o|o|o

Table 214. DPLL_CTRL_1 field description

Bit

Description

31

DMO( @): DPLL mode select.

0 =Automatic end mode; if the number of pulses for a increment is reached, no further pulse is
generated until the next valid TRIGGER/STATE is received; in the case of getting a new valid
TRIGGER/STATE before the defined number of pulses is reached, the pulse frequency is
changed according to the conditions described below (COA)

1 =Continuous mode; in this mode a difference between the predefined number of pulses and
the actual number of generated pulses can influence the pulse frequency by writing a
corresponding pulse number into CNT_NUM_1 or CNT_NUM_2 respectively in RAM region
1b.

30

DEN: DPLL enable.

0 =The DPLL is not enabled; Disabling the DPLL will result in a reset state of the

DPLL_STATUS register which remains in this state until DEN=1. No DPLL related interrupt

will be generated in that case.

1 =The DPLL is enabled;

Note: The bits 31 down to 0 of the DPLL_STATUS register are cleared, when the DPLL is
disabled. Some bits of the control registers can be set only when DEN=0. The protected
bits in the DPLL_CTRL_1 register can not be written when simultaneously DEN is set to
1.

29

IDDS: Input direction detection strategy in the case of SMC=0

0 =The input direction is detected comparing the THMI value with the duration between valid

and invalid slope of TRIGGER.

1 =The input direction is detected using TDIR input signal also in the case SMC=0.

Note: This bit can only be written when the DPLL is disabled and be fixed to zero, when not
needed for an implementation. Independent of the value of IDDS is the direction
information for TRIGGER in the case SMC=0 always considered at the moment when
the invalid slope appears.

28

coA" @) correction strategy in automatic end mode (DMO=0).

0 =The pulse frequency of the CMU_CLKO will be used to make up for missing pulses from
last increment; the output of the calculated new pulses will start after resetting the FFs in the
pulse generation unit. The frequency of CMU_CLKO should not exceed half the frequency of
the system clock (see Figure 72).

1 =missing pulses of the last increment are distributed evenly to the next increment,
calculations are done when the next valid input event appears. The number of missing sub-
pulses will be determined by the pulse counter difference between the last two valid
TRIGGER/STATE events respectively; the FFs in the pulse generation unit are not reset
before sending new pulses.

Note: For SMC=RMO=1: COA is used for SUB_INC1 and SUB_INC2.

3

DocID025070 Rev 1 401/558




Digital PLL module (DPLL) RMO0361

Table 214. DPLL_CTRL_1 field description (continued)

Bit Description
PIT™"): Plausibility value PVT to next valid TRIGGER is time related

27 0 =the plausibility value is position related (PVT contains the number of SUB_INC1 pulses)
1 =the plausibility value is time related (the PVT value is to be multiplied with the duration of
the last increment DT_T_ACT and divided by 1024)
SGE1(") @: SUB_INC1 generator enable.

26 0 =The SUB_INC1 generator is not enabled
1 =The SUB_INC1 generator is enabled
pLM1 () @): Direct Load Mode for SUB_INC1 generation
0 =the DPLL uses the calculated ADD_IN_CAL value for the SUB_INC1 generation

25 1 =the ADD_IN_LD value is used for the SUB_INC1 generation and is provided by the CPU;
the value remains valid until the CPU writes a new one; the calculated ADD_IN values are
stored as ADD_IN_CAL in the RAM at different locations for normal and emergency mode
pPcM1(M ) @): pylse Correction Mode for SUB_INC1 generation.

24 0 =the DPLL does not use the correction value stored in MPVAL1
1 =the DPLL uses the correction value stored in MPVAL1 in normal and emergency mode
SGE2(2): SUB_INC2 generator enable.

23 0 =The SUB_INC2 generator is not enabled
1 =The SUB_INC2 generator is enabled
DLM2 @): Direct Load Mode for SUB_INC2 generation
0 =the DPLL uses the calculated ADD_IN_CAL value for the SUB_INC2 generation

22 1 =the ADD_IN_LD value is used for the SUB_INC2 generation and is provided by the CPU;
the value remains valid until the CPU writes a new one; the calculated ADD_IN values are
stored as ADD_IN_CAL in the RAM at different locations for normal and emergency mode
PCM2@)3): Pulse Correction Mode for SUB_INC2 generation.

21 0 =the DPLL does not use the correction value stored in MPVAL2
1 =the DPLL uses the correction value stored in MPVAL2
SYN_NS: Synchronization number of STATE; summarized number of virtual increments in
HALF_SCALE sum of all systematic missing STATE events in HALF_SCALE (for SYSF=0) or
FULL SCALE (for SYSF=1) ; the SYN_NS missing STATES can be divided up to an arbitrary
number of blocks. The pattern of events and missing events in FULL_SCALE is shown in
RAM region 1c3 as value NS in addition to the adapt values. The number of stored

[16:20] increments in FULL_SCALE must be equal to 2*(SNU+1-SYN_NS) for SYSF=0 or
2*(SNU+1)-SYN_NS for SYSF=1. This pattern is written by the CPU beginning from a fixed
reference point (maybe beginning of the FULL_SCALE region). The relation to the actual
increment is established by setting of the profile RAM pointer APS_1c3 in an appropriate
relation to the RAM pointer APS of the actual increment by the CPU.
Note: This value can only be written when the DPLL is disabled.
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Table 214. DPLL_CTRL_1 field description (continued)

Bit Description
SYN_NT: Synchronization number of TRIGGER; summarized number of virtual increments in
HALF_SCALE sum of all systematic missing TRIGGER events in HALF_SCALE; the
SYN_NT missing TRIGGER can be divided up to an arbitrary number of blocks. The pattern
of events and missing events in FULL_SCALE is shown in RAM region 2c as value NT in
addition to the adapt values. The number of stored increments in FULL_SCALE must be

[10:15] equal to 2*(TNU-SYN_NT). This pattern is written by the CPU beginning from a fixed

reference point (maybe beginning of the FULL_SCALE region). The relation to the actual
increment is established by setting of the profile RAM pointer APT_2c in an appropriate
relation to the RAM pointer APT of the actual increment by the CPU.
Note: This value can only be written when the DPLL is disabled.
LCD: Locking condition definition
0 =locking condition definition is one times missing TRIGGERSs as expected by the profile in
HALF_SCALE (one gap)

9 1 =locking condition definition is n-1 times missing TRIGGERSs as expected by the profile in
HALF_SCALE (one additional tooth)
Note: This bit can only be written when the DPLL is disabled and be fixed to zero, when not

needed for an implementation.

SWR: Software reset
resets all register and internal states of the DPLL

8 0 =no software reset enabled
1 =software reset enabled
Setting the SWR bit results only in a software reset when the DPLL is not enabled (DEN=0).
SYSF: SYN_NS for FULL_SCALE
the value SYN_NS does mean the sum of all systematic missing STATE events in
HALF_SCALE (for SYSF=0) or FULL SCALE (for SYSF=1)

7 0 =the SYN_NS value is valid for HALF_SCALE
1 =the SYN_NS value is valid for FULL_SCALE
Note: This value can only be written when the DPLL is disabled.
TSO0_HRS: Time stamp high resolution STATE
0 =the resolution of the used DPLL input TBU_TSO bits is equal to the STATE input time

6 stamp resolution
1 =the STATE input time stamps have a 8 times higher resolution as the TBU_TSO0 DPLL input
Note: This bit can only be written when the DPLL is disabled.
TSO_HRT: Time stamp high resolution TRIGGER
0 =the resolution of the used DPLL input TBU_TSO bits is equal to the TRIGGER input time

5 stamp resolution
1 =the TRIGGER input time stamps have a 8 times higher resolution as the TBU_TSO0 input
Note: This bit can only be written when the DPLL is disabled.
SMC: Synchronous Motor Control
0 =TRIGGER and STATE inputs are used for a control different to SMC

4 1 =the TRIGGER input reflects a combined sensor signal for SMC and in the case of RMO=1

also STATE reflects a different combined sensor signal
Note: : This bit can only be written when the DPLL is disabled.
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Table 214. DPLL_CTRL_1 field description (continued)

Bit Description

SSL: STATE slope select; Definition of active slope for signal STATE each active slope is an
event defined by SNU. Set by DEN=0 only.

00:No slope of STATE will be used; this value makes only sense in normal mode

01:Low high slope will be used as active slope, only inputs with a signal value of “1” will be
[2:3] considered

10:High low slope will be used as active slope, only inputs with a signal value of “0” will be
considered

11:Both slopes will be used as active slopes
Note: This bit can only be written when the DPLL is disabled.

TSL: TRIGGER slope select; Definition of active slope for signal TRIGGER each active slope
is an event defined by TNU. Set by DEN=0 only.

00:No slope of TRIGGER will be used; this value makes only sense in emergency mode

01:Low high slope will be used as active slope, only inputs with a signal value of “1” will be
[0:1] considered

10:High low slope will be used as active slope, only inputs with a signal value of “0” will be
considered

11:Both slopes will be used as active slopes
Note: This bit can only be written when the DPLL is disabled.

1. Stored in an independent shadow register for a valid TRIGGER event and for DEN = 1.
2. Stored in an independent shadow register for a valid STATE event and for DEN = 1.

3. Bitis cleared, when transmitted to shadow register.

16.11.3 Register DPLL_CTRL_2 Action Enable Register)

Address offset: |see Appendix B Initial value: 0x0000_0000
0 ‘ 1 ‘2 | 3 ‘ 4 | 5 ‘ 6 | 7|89 |10[11[12[13[14|15[16[17|18]19]20|21|22|23 24‘25‘26|27‘28|29‘30|31
el el
. z g|lald|d|8|alal|a|z|g|2|2(2|2|z|2 c
Bit
SHHHHHEEEEEEEEEE
Mode n: 212(2|12|12|2|212|2|18|18|8|8|E|2|& «
rirj|jr|r|l¥|¥|¥|¥||X¥|X|X|X|x|n
Initial value % olo|o|o|o|o|o|o|o|o|o|o|o|o|o]|e %
o o
Table 215. DPLL_CTRL_2 field description
Bit Description
Reserved
[24:31] .
Note: Read as zero, should be written as zero.
AENO(": ACTION_0 enable.
23 0= the corresponding action is not enable
1= the corresponding action is enabled
- AEN1 (): ACTION_1 enable.
See bit 23
o1 AEN2 () ACTION_2 enable.
See bit 23
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Table 215. DPLL_CTRL_2 field description

Bit Description
20 AEN3: ACTION_3 enable.
See bit 23
19 AEN4 () ACTION_4 enable.
See bit 23
18 AENS5 () ACTION_5 enable.
See bit 23
17 AENS6 (): ACTION_6 enable.
See bit 23
16 AEN7 (): ACTION_7 enable.
See bit 23
WADO: Write control bit of Action_0.
15 0= the corresponding AENIi bit is not writeable
1= the corresponding AENIi bit is writeable
14 WAD?2: Write control bit of Action_2.
See bit 15
13 WAD3: Write control bit of Action_3.
See bit 15
12 WADA4: Write control bit of Action_4.
See bit 15
1" WADDS5: Write control bit of Action_5.
See bit 15
10 WADG: Write control bit of Action_6.
See bit 15
9 WAD?7: Write control bit of Action_7.
See bit 15
WADS8: Write control bit of Action_8.
8 See bit 15
Note: For writing WADiI =1 only the corresponding the AENX bits are written. The AENi bits
remain unchanged when the corresponding WADI=0.
Reserved
[0:7]

Note: Read as zero, should be written as zero.

1. This bit can only be written when the correspondent WAD: Bit is set. It can be set for debug purposes by CPU also, when
DPLL is disabled. The enable bit becomes active only when the DPLL is in operation (DEN=1).
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16.11.4 Register DPLL_CTRL_3 Action Enable Register
Address offset: |see Appendix B Initial value: 0x0000_0000
0 ‘ 1 ‘2 | 3 ‘ 4 | 5 ‘ 6 | 718]9[10|11]12[13[14|15[16[17|18]19[20|21|22|23 24‘25‘26|27‘28|29‘30|31
3 olrleldlz|elglalelz|e|ac(elo|e g
Bit aolalalal|lala ZISIZIZ3Zz132|2|2
& HMEEEEEHHEEEEEEEE 8
Mode © 2121212|2|12|2|2|8|2|8|8|2|&|&|& «
r||le||||||d|ed||d|||X|x
Initial value § o|lo|o|o|o|o|o|o|o|o|o|o|o|o|o|o %
o o
Table 216. DPLL_CTRL_3 field description
Bit Description
Reserved
24:31
[24:31] Note: Read as zero, should be written as zero.
AENS("): ACTION_8 enable.
23 0= the corresponding action is not enabled
1= the corresponding action is enabled
- AEN9 (): ACTION_9 enable.
See bit 23
o1 AEN10 (: ACTION_10 enable.
See bit 23
20 AEN11: ACTION_11 enable.
See bit 23
19 AEN12 (: ACTION_12 enable.
See bit 23
18 AEN13 (: ACTION_13 enable.
See bit 23
17 AEN14 (: ACTION_14 enable.
See bit 23
16 AEN15 (: ACTION_15 enable.
See bit 23
WADS8: Write control bit of Action_8.
15 0= the corresponding AENi bit is not writable
1= the corresponding AENi bit is writable
14 WAD?9: Write control bit of Action_9.
See bit 15
13 WAD10: Write control bit of Action_10.
See bit 15
12 WAD11: Write control bit of Action_11.
See bit 15
1" WAD12: Write control bit of Action_12.
See bit 15
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Table 216. DPLL_CTRL_3 field description (continued)

Bit Description
10 WAD13: Write control bit of Action_13.
See bit 15
9 WAD14: Write control bit of Action_14.
See bit 15
WAD15: Write control bit of Action_15.
8 See bit 15
Note: For writing WADi =1 only the corresponding the AENX bits are written. The AENi bits
remain unchanged when the corresponding WADI=0.
Reserved
[0:7]

Note: Read as zero, should be written as zero.

1. This bit can only be written when the correspondent WAD: Bit is set. It can be set for debug purposes by CPU also, when
DPLL is disabled. The enable bit becomes active only when the DPLL is in operation (DEN=1).

16.11.5 Register DPLL_CTRL_4 Action Enable Register)

Address offset: |see Appendix B Initial value: 0x0000_0000
0 ‘ 1 ‘2 | 3 ‘ 4 | 5 ‘ 6 | 7]18]9[10|11]12[13|14|15[16|17|18]19|20|21|22|23 24‘25‘26|27‘28|29‘30|31
8 DNV T ([Q|D[O N[O N[ |||~ ]|© 8
. b N RN RN N A N R A R I RN I R I A = e 2
Bit 9] alg|jalaljga|jg|lalgaljz|z|z|z|(z|z|z|z2 @
HHHEEHHEEEEEEEEE
Mode © 2121212|2|12|2|2|8|2|8|8|2|&|&|& «
r||le||||||d|ed||d||K|X|x
Initial value % o|lo|lo|o|o|lo|o|o|o|o|o|lo|o|o|o]|o %
o o
Table 217. DPLL_CTRL_4 field description
Bit Description
Reserved
24:31
[ ] Note: Read as zero, should be written as zero.
AEN16("): ACTION_16 enable.
23 0= the corresponding action is not enabled
1= the corresponding action is enabled
- AEN17 (: ACTION_17 enable.
see bit 23
o1 AEN18 (: ACTION_18 enable.
see bit23
20 AEN19: ACTION_19 enable.
see bit 23
19 AEN20 (: ACTION_20 enable.
see bit 23
18 AEN21 (: ACTION_21 enable.
see bit 23
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Table 217. DPLL_CTRL_4 field description (continued)

Bit Description
17 AEN22 (: ACTION_22 enable.
see bit 23
16 AEN23(": ACTION_23 enable.
see bit 23
WAD16: Write control bit of Action_16.
15 0= the corresponding AEN:i bit is not writable
1= the corresponding AENi bit is writable
14 WAD17: Write control bit of Action_17.
see bit 15
13 WAD18: Write control bit of Action_18.
see bit 15
12 WAD19: Write control bit of Action_19.
see bit 15
1" WAD20: Write control bit of Action_20.
see bit 15
10 WAD21: Write control bit of Action_21.
see bit 15
9 WAD22: Write control bit of Action_22.
see bit 15
8 WAD23: Write control bit of Action_23.
see bit 15
[0:7] Reserved
’ Note: Read as zero, should be written as zero.

1. This bit can only be written when the correspondent WAD: Bit is set. It can be set for debug purposes by CPU also, when
DPLL is disabled. The enable bit becomes active only when the DPLL is in operation (DEN=1).

Note: For writing WADx =1 only the corresponding the AENX bits are written. The AENX bits
remain unchanged when the corresponding WADx=0.

16.11.6  Register DPLL_CTRL_5®) Action Enable Register

Address offset: |see Appendix B Initial value: 0x0000_0000
0‘1 ‘2|3‘4|5‘6|7 8|9 (10]|11(12]13|14|15|16|17|18|19|20|21|22(23 24‘25‘26|27‘28|29‘30|31
E SAENENEMMBEHEERREE E
Bit g alalalalalalalalg2|2|2|g2|2[2|Z2|E s
» <I<C (€| €€ || <€ |U|w|w|w|w|w|w|w 1]
2 S E A A A A I Ed Ed Ed Ed Ed Y &
Mode n: 2121212|2|1212|12|8|12|18|8|2|&|&|& «
rirjj||l¥|¥|¥ ||| |X|X|X|xX|
Initial value % olo|o|o|o|o|o|o|o|o|o|o|o|o|o|e %
o o

p. This register is only available for device 4.
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Table 218. DPLL_CTRL_5 field description
Bit Description
Reserved
24:31
[ ] Note: Read as zero, should be written as zero.
AEN24(): ACTION_24 enable.
23 0= the corresponding action is not enabled
1= the corresponding action is enabled
- AEN25("): ACTION_25 enable.
see bit 23
o1 AEN26 () ACTION_26 enable.
see bit 23
20 AEN27(Y): ACTION_27 enable.
see bit 23
19 AEN28 () ACTION_28 enable.
see bit 8
18 AEN29 (: ACTION_29 enable.
see bit 23
17 AEN30 (: ACTION_30 enable.
see bit 23
16 AEN31: ACTION_31 enable.
see bit 23
WAD24: Write control bit of Action_24.
15 0= the corresponding AEN:i bit is not writable
1= the corresponding AENi bit is writable
14 WAD25: Write control bit of Action_25.
see bit 15
WAD26: Write control bit of Action_26.
13 see bit 15
12 WAD?27: Write control bit of Action_27.
see bit 15
1 WAD28: Write control bit of Action_28.
see bit 15
10 WAD29: Write control bit of Action_29.
see bit 15
9 WAD30: Write control bit of Action_30.
see bit 15

3
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Table 218. DPLL_CTRL_5 field description (continued)

Bit Description
WAD31: Write control bit of Action_31.
8 see bit 15
Note: For writing WADx =1 only the corresponding the AENX bits are written. The AENi bits
remain unchanged when the corresponding WADx=0.
Reserved
[0:7]

Note: Read as zero, should be written as zero.

1. This bit can only be written when the correspondent WAD:I Bit is set. It can be set for debug purposes by CPU also, when

DPLL is disabled. The enable bit becomes active only when the DPLL is in operation (DEN=1).

Note: For writing WADXx =1 only the corresponding the AENX bits are written. The AENX bits
remain unchanged when the corresponding WADx=0.

16.11.7 DPLL_ACT_STA (ACTION status register with shadow register)

Address offset:

see Appendix B

Initial value:

0x0000_0000

0 ‘1 ‘2 |3 ‘4 |5 ‘6 |7

8‘ 9‘10‘11‘12‘13‘14‘15

16‘17|18‘19|20‘21‘22‘23

24‘25‘26|27‘28|29‘30|31

P4
o
Q
< z
Bit 5 =
3 Q
[}
2
['4
= =
Mode 2 &
o g
Initial value =] S
S S
o
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Table 219. DPLL_ACT_STA field description

Bit Description

ACT_N([i],(i=0...23): New output data values concerning to action i provided

0 =no new output data available after a recent PMT request or actual event value is in the past

or invalid

1 =new PMTR data received or calculation is to be precised by taking into account new

TRIGGER or STATE values

Note: ACT_N[i] is set (for AENi=1 and a new valid PMTR), that means when new action data
are to be calculated for the correspondent action. After each calculation of the new
actions values the ACT_N([i] bit updates the corresponding bit in the connected shadow

[8:31] register. The status of the ACT_N{i] bits in the shadow register is reflected by the

corresponding DPLL output signal ACT_V (valid bit).

Reset together with the corresponding shadow register bit for AENi=0;

reset without the corresponding shadow register bit when the calculated event is in the

past (the shadow register bit is set, when it was not set before in that case) the

corresponding shadow register bit is reset, when new PMTR data are written or when

the provided action data are read (blocking read) writeable for debugging purposes

together with the corresponding shadow register when DEN=0

Note: These bits can only be written for test purposes when the DPLL is disabled.

Reserved® or ACT_N[i]@,(i=24...31): New output data values concerning to action i
[0:7] provided
Note: Read as zero, should be written as zero.

1. Valid for devices 1-3: Read as zero, should be written as zero.
2. Valid for device 4: These bits can only be written for test purposes when the DPLL is disabled.

16.11.8 DPLL_OSW (offset and switch old/new address register)

Address offset: |see Appendix B Initial value: 0x0000_0200
0 ‘ 1 ‘ 2 | 3 ‘ 4 | 5 ‘ 6 | 7 ‘ 8 ‘ 9 ‘10‘11 ‘12‘13‘14‘15 16‘17|18‘19|20‘21 22‘23 24‘25‘26|27‘28|29 3031
. g 2 g 22
Mode x gc;. x r|x
g o
Initial value % =] g o|o
o
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Table 220. DPLL_OSW field description

Bit Description

SWON_S: Switch of new STATE; Switch bit for LSB address of STATE.

This bit is changed for each write access to TS_S/TS_S_OLD. Using this unchanged address
bit SWON_S for any access to TS_S results always in an access to TS_S_OLD. For writing to
this address the former old (TS_S_OLD_old) value is overwritten by the new one while the
SWON_S bit changes. Thus the former new one is now the old one and the next access is
after changing SWON_S directed to this place. Therefore write to TS_S first and after that

31 immediately to FTV_S and PSSM, always before a new TS_S value is to be written.
Note: After writing TS_S, FTV_S and PSSM in this order the address pointer AP with
LSB(AP)=SWON_S shows for the corresponding address to TS_S_OLD, FTV_S and
PSSM while LSB(AP)=/SWON_S results in an access to TS_S, FTV_S_old and
PSSM_OLD respectively. The value can be read only. This bit is reset when disabling
the DPLL (DEN=0).
SWON_T: Switch of new TRIGGER; Switch bit for LSB address of TRIGGER.
This bit is changed for each write access to TS_T/TS_T_OLD. Using this unchanged address
bit SWON_T for any access to TS_T results always in an access to TS_T_OLD. For writing to
this address the former old (TS_T_OLD_old) value is overwritten by the new one while the
SWON_T bit changes. Thus the former new one is now the old one and the next access is
30 after changing SWON _T directed to this place. Therefore write to TS_T first and after that
immediately to FTV_T and PSTM, always before a new TS_T value is to be written.
Note: After writing TS_T, FTV_T and PSTM in this order the address pointer AP with
LSB(AP)=SWON_T shows for the corresponding address to TS_T_OLD, FTV_T and
PSTM while LSB(AP)=/SWON_T results in an access to TS_T, FTV_T_old and
PSTM_OLD respectively. The value can be read only. This bit is reset when disabling
the DPLL (DEN=0).
[24:20] Reserved

Note: Read as zero, should be written as zero.

OSS: Offset size of RAM region 2

0x0: Offset size 128 of RAM region 2.
0x1: Offset size 256 of RAM region 2.
0x2: Offset size 5120f RAM region 2.
[22:23] 0x3: Offset size 1024 of RAM region 2.

Note: At least 128 and at most 1024 values can be stored in each of the RAM 2 regions ato d
accordingly. The value can be set only for DEN=0. The change of the OSS value results
in an automatic change of the offset values in the DPLL_AOSV_2 register.

Note: This value can only be written when the DPLL is disabled.

Reserved

21
[0:21] Note: Read as zero, should be written as zero.

3
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16.11.9 DPLL_AOSV_2 (Address offset register of RAM 2 regions)

Address offset: |see Appendix B Initial value: 0x1810_0800
0 ‘ 1 ‘ 2 | 3 ‘ 4 | 5 ‘ 6 | 7|8 ‘ 9 ‘10‘11 ‘12‘13‘14‘15 16‘17|18‘19|20‘21‘22‘23 24‘25‘26|27‘28|29‘30|31
& & & S
Bit 5I 5I 5; aI
Q o Q Qo
< < < <
Mode x (4 x x
. © o © o
Initial value " = = =
o o o o
Table 221. DPLL_AOQOSV_2 field description
Bit Description
AOSV_2a: Address offset value of the RAM 2a region.
[24:31] The value in this field is to be multiplied by 256 (shift left 8 Bits) and added with the start
' address of the RAM in order to get the start address of RAM region 2a. When the APT value
is added to this start address, the current RAM cell RDT_Tx is addressed.
AOSV_2b: Address offset value of the RAM 2b region.
[16:23] The value in this field is to be multiplied by 256 (shift left 8 Bits) and added with the start
' address of the RAM in order to get the start address of RAM region 2b. When the APT value
is added to this start address, the current RAM cell TSF_Tx is addressed.
AOSV_2c: Address offset value of the RAM 2c region.
(8:15] The value in this field is to be multiplied by 256 (shift left 8 Bits) and added with the start
' address of the RAM in order to get the start address of RAM region 2c. When the APT value
is added to this start address, the current RAM cell ADT_Tx is addressed.
AOSV_2d: Address offset value of the RAM 2d region.
The value in this field is to be multiplied by 256 (shift left 8 Bits) and added with the start
address of the RAM in order to get the start address of RAM region 2d. When the APT value
[0:7] is added to this start address, the current RAM cell DT_Tx is addressed.

Note: The offset values are needed to support a scalable RAM size of region 2 from 1,5 Kbytes
to 12 Kbytes. The values above must be in correlation with the offset size defined in the
OSW register. All offset values are set automatically in accordance to the OSS value in
the DPLL_OSW register. This value can be set only for DEN=0.

16.11.10 DPLL_APT (actual RAM pointer address for TRIGGER)

Address offset: |see Appendix B Initial value: 0x0000_0000

0 ‘ 1 ‘ 2 | 3 ‘ 4 | 5 ‘ 6 | 7|8 ‘ 9 ‘10‘11 ‘12‘13‘14‘15 16‘17 18(19 20‘21‘22‘23 24‘25‘26|27‘28|29 30 (31

o a Q2| o kel

[ N o (5]

Bit c N g E ble

2 & <|9 < z|3

4 < 2| 4

2 2 z 3

Mode x g Z|x g g\
" o 8 8

Initial value < ] o|o = o|o
o S S
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Table 222. DPLL_APT field description

Bit Description

Reserved
Note: Read as zero, should be written as zero.

WAPT: Write bit for address pointer APT, read as zero.
30 0= the APT is not writable
1=the APT is writable

APT: Address pointer TRIGGER; Actual RAM pointer address value offset for DT_T[i] and

RDT_TIi] in FULL_SCALE for 2*(TNU+1-SYN_NT) TRIGGER events.

this pointer is used for the RAM region 2 subsections 2a and 2d. The pointer APT is

incremented for each valid TRIGGER event (simultaneously with APT_2b, APT_2c) for

DIR1=0. For DIR1=1 the APT is decremented.

The APT offset value is added in the above shown bit position with the subsection Address

[20:29] offset of the corresponding RAM region

Note: The APT pointer value is directed to the RAM position, in which the data values are to
be written, which corresponds to the last increment. The APT value is not to be changed,
when the direction (shown by DIR1) changes, because it points always to a storage
place after the considered increment. Changing of DIR1 takes place always after a valid
TRIGGER event and the resulting increment/decrement.

Note: This value can only be written when the WAPT bit is set.

31

Reserved

19
Note: Read as zero, should be written as zero.

WAPT _2b: Write bit for address pointer APT_2b, read as zero.
18 0= The APT_2b is not writable
1= The APT_2b is writable

APT_2b: Address pointer TRIGGER for RAM region 2b; Actual RAM pointer address value
for TSF_TIi]

Actual RAM pointer address of TRIGGER events in FULL_SCALE for 2*(TNU+1) TRIGGER
periods; this pointer is used for the RAM region 2b. The RAM pointer is initially set to zero.
For SYT=1: The pointer APT_2b is incremented by SYN_T_old for each valid TRIGGER
event (simultaneously with APT and APT_2c) for DIR1=0 when a valid TRIGGER input

[8:17] appears. For DIR1=1 (backwards) the APT is decremented by SYN_T_old.
For SYT=0: APT_2b is incremented or decremented by 1.
In addition when the APT_2c value is written by the CPU - in order to synchronize the DPLL-
with the next valid TRIGGER event the APT_2b_ext value is added/subtracted (while
APT_2b_status is one; see DPLL_APT_SYNC register at Section 16.11.24).
Note: This value can only be written when the WAPT_2b bit is set

07] Reserved

’ Note: Read as zero, should be written as zero.
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16.11.11 DPLL_APS (actual RAM pointer address for STATE)

Address offset: |see Appendix B Initial value: 0x0000_0000
0 ‘ 1 ‘ 2 | 3 ‘ 4 | 5 ‘ 6 | 7 ‘ 8 ‘ 9 ‘10‘11 12‘13‘14‘15 16‘17 18 19|20‘21‘22‘23 24‘25‘26|27‘28|29 3031
3 3 ° 3 o|3
Bit S o o' & o %5
3 3 z 3
Mode o g g x & = *
o
Initial value S 3 ) o S olo
3 S S
Table 223. DPLL_APS field description
Bit Description
31 Reserved
Note: Read as zero, should be written as zero.
WAPS: Write bit for address pointer APS, read as zero.
30 0= the APS is not writable

1= the APS is writable

APS: Address pointer STATE; Actual RAM pointer address value for DT_S[i] and RDT_SJi]

Actual RAM pointer and synchronization position/value of STATE events in FULL_SCALE for

up to 64 STATE events but limited to 2*(SNU+1-SYN_NS) in normal and emergency mode for

SYSF=0 or to 2*(SNU+1)-SYN_NS for SYSF=1 respectively; this pointer is used for the RAM

region 1c1 and 1c4.

APS is incremented (decremented) by one for each valid STATE event and DIR2=0 DIR2=1).

. The APS offset value is added in the above shown bit position with the subsection offset of the
[24:29] .

RAM region.

Note: The APS pointer value is directed to the RAM position, in which the data values are to
be written, which correspond to the last increment. The APS value is not to be changed,
when the direction (shown by DIR2) changes, because it points always to a storage
place after the considered increment. Changing of DIR2 takes place always after a valid
STATE event and the resulting increment/decrement.

Note: This value can only be written when the WAPS bit is set.AM region.

Reserved

[19:23] .
Note: Read as zero, should be written as zero.
WAPS_1c2: Write bit for address pointer APS_1c2, read as zero.
18 0= the APS_1c2 is not writable

1=the APS_1c2 is writable

3
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Table 223. DPLL_APS field description (continued)

Bit

Description

[12:17]

APS_1c2: Address pointer STATE for RAM region 1¢2; Actual RAM pointer address value for
TSF_SJi].

Initial value: zero (0x00). Actual RAM pointer and synchronization position/value of STATE
events in FULL_SCALE for up to 64 STATE events but limited to 2*(SNU+1) in normal and
emergency mode; this pointer is used for the RAM region 1c2.

For SYS=1: APS_1c2 is incremented (decremented) by SYN_S_old for each valid STATE
event and DIR2=0 (DIR2=1).

For SYS=0: APT_1c2 is incremented or decremented by 1 respectively.

The APS_1c2 offset value is added in the above shown bit position with the subsection offset
of the RAM region.

In addition when the APS_1c¢3 value is written by the CPU - in order to synchronize the DPLL-
with the next valid STATE event the APS_1c2_ext value is added/subtracted (while
APS_1c2_status is one; see DPLL_APT_SYNC register at Section 16.11.17).

Note: This value can only be written when the WAPS_1c2 bit is set

[0:11]

Reserved
Note: Read as zero, should be written as zero.

16.11.12 DPLL_APT_2C (actual RAM pointer address for region 2c)

Address offset:

see Appendix B Initial value: 0x0000_0000

0 ‘ 1 ‘2 | 3 ‘ 4 | 5 ‘ 6 | 7 ‘ 8 ‘ 9 ‘10‘11‘12‘13‘14‘15 16‘17|18‘19 20‘21‘22‘23 24‘25‘26|27‘28|29 30|31

Bit

Mode

R |Reserved

Initial value

00

0x00000| R [Reserved
0x000 |RW/| APT_2c

416/558
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Table 224. DPLL_APT_2C field description

Bit

Description

[30:31]

Reserved
Note: Read as zero, should be written as zero.

[20:29]

APT_2c: Address pointer TRIGGER for RAM region 2c; Actual RAM pointer address value for
ADT_TTi].

Actual RAM pointer address value of TRIGGER adapt events in FULL_SCALE for 2*(TNU+1-
SYN_NT) TRIGGER periods depending on the size of the used RAM 2; this pointer is used for
the RAM region 2 for the subsection 2c only. The RAM pointer is initially set to zero. The
APT_2c value is set by the CPU when the synchronization condition was detected. Within the
RAM region 2c initially the conditions for synchronization gaps and adapt values are stored by
the CPU.

[0:19]

Reserved

Note: Read as zero, should be written as zero.

Note: The APT_2c pointer values are directed to the RAM position of the profile element in
RAM region 2c, which correspond to the current increment. For DIR1=0 (DIR1=1) the
pointers APT_2c_x are incremented (decremented) by one simultaneously with APT.
For SMC=0 the change of DIR1 takes place always after a valid TRIGGER event (by
evaluation of the invalid slope) and the resulting increment/decrement. In the case
SMC=1 the direction change is known before the input event is processed.

The correction of the APT_2c pointer differs: for SMC=0 correct 4 times and for SMC=1
correct only 2 times.

The APT_2c_x offset value is added in the above shown bit position with the subsection
Address offset of the corresponding RAM region.

16.11.13 DPLL_APS 1C3 (actual RAM pointer address for RAM region 1c3)

Address offset: |see Appendix B Initial value: 0x0000_0000
0 ‘ 1 ‘ 2 | 3 ‘ 4 | 5 ‘ 6 | 7 ‘ 8 ‘ 9 ‘10‘11 ‘12‘13‘14‘15 16‘17|18‘19|20‘21‘22‘23 24‘25‘26|27‘28|29 30|31

© [sp] ©
g g ¢

Bit o o o
[0] o [0}
14 << 14

Mode [ 2 x
o
o

"™ o o

Initial value S > S
?< o
o

Table 225. DPLL_APS _1C3 field description

Bit Description
Reserved
[30:31] v _
Note: Read as zero, should be written as zero.
APS_1c3: Address pointer STATE for RAM region 1c3; Actual RAM pointer address value for
ADT_SJi]
Initial value: zero (0x00). Actual RAM pointer and synchronization position/value of STATE
[24:29] events in FULL_SCALE for up to 64 STATE events but limited to 2*(SNU+1-SYN_NS) in

normal and emergency mode for SYSF=0 or to 2*(SNU+1)-SYN_NS for SYSF=1
respectively; this pointer is used for the RAM region 1¢c3. The RAM pointer is set by the CPU
accordingly, when the synchronization condition was detected.

3
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Table 225. DPLL_APS_1C3 field description (continued)

Bit

Description

[0:23]

Reserved
Note: Read as zero, should be written as zero.

Note: The APS_1c3 pointer value is directed to the RAM position of the profile element in RAM
region 1c2, which corresponds to the current increment. When changing the direction
DIR1 or DIR2 respectively, this is always known before a valid STATE event is
processed. This is because of the pattern recognition in SPE (for PMSM) or because of
the direction change recognition by TRIGGER. This direction change results in an
automatic increment (forwards) or decrement (backwards) when the input event occurs
in addition with a 2 times correction.
The APS_1c3_x offset value is added in the above shown bit position with the
subsection Address offset of the corresponding RAM region.

16.11.14 DPLL_NUTC (number of recent TRIGGER events used for calculations)

Address offset: |see Appendix B Initial value: 0x0001_2001
0|12 3‘4|5‘6 7‘8‘9‘10‘11‘12 13‘14‘15 16‘17|18 19|20 21 22‘23 24‘25‘26|27‘28|29‘30|31
z|Z|& 2 3 - 3
. > | | > i1}
Bit Elel2| ¢ £ " z | & |b >
222 & s n & z
zz]z 2 = 2 z z
Mode A EE & E | & | |8 &
o -
Initial value olo|o g g S = 8 |o §

Table 226. DPLL_NUTC field description

Bit

Description

[22:31]

NUTE: Number of recent TRIGGER events used for SUB_INC1 and action calculations
modulo 2*(TNUmax+1).

NUTE: number of last nominal increments to be considered for the calculations.
No gap is considered in that case for this value, but in the VTN value (see below):

This register is set by the CPU, but reset automatically to “1” by a change of direction or lost of
LOCK. Each other value can be set by the CPU, maybe Full_SCALE, HALF_SCALE or parts
of them. The relation values QDT_Tx are calculated using NUTE values in the past with its
maximum value of 2*(TNU +1). The value zero does mean 211 values in the past.

Note: This value can only be written when the WNUT bit is set.

21

FST: FULL_SCALE of TRIGGER,; this value is to be set, when NUTE is set to FULL_SCALE
0= the NUTE value is less then FULL_SCALE

1= the NUTE value is equal to FULL_SCALE

Note: This value can only be written when the WNUT bit is set.

[19:20]

Reserved
Note: Read as zero, should be written as zero.

[16:18]

SYN_T: number of real and virtual events to be considered for the current increment.

This value reflects the NT value of the last valid increment, stored in ADT_T[i]; to be updated
after all calculations in step 17 of Table 207.

Note: This value can only be written when the WSYN bit in this register is set.
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Table 226. DPLL_NUTC field description (continued)

Bit Description

SYN_T_old: number of real and virtual events to be considered for the last increment.
[13:15] This value reflect§ the NT valu<=T .Of the last but one valid increment, stored in ADT_T[i]; is
updated automatically when writing SYN_T
Note: This value is updated by the SYN_T value when the WSYN bit in this register is set.
VTN: Virtual TRIGGER number; number of virtual increments in the current NUTE region
This value reflects the number of virtual increments in the current NUTE region; for NUTE=1
this value is zero, when the CPU sets NUTE to a value > 1, it must also set VTN to the
correspondent value; for NUTE is set to FULL_SCALE including NUTE = zero (211 modulo
211) the VTN is to be set to 2* SYN_NT.
[7:12] The VTN value is subtracted from_ the NUTE value in order to ggt the corresponding APT
value for the past; the VTN value is not used for the APT_2b pointer.
VTN is to be updated by the CPU when a new gap is to be considered for NUTE or a gap is
leaving the NUTE region; for this purpose the TINT values in the profile can be used to
generate an interrupt for the CPU at the corresponding positions; no further update of VTN is
necessary when NUTE is set to FULL_SCALE
Note: This value can only be written when the WVTN bit is set.
[3:6] Reserved

Note: Read as zero, should be written as zero.
WNUT: write control bit for NUTE; read as zero.

2 0= the NUTE value is not writable
1=the NUTE value is writable
WSYN: write control bit for SYN_T and SYN_T_old; read as zero.

1 0= the SYN_T value is not writable
1=the SYN_T value is writable
WVTN: write control bit for VTN; read as zero.

0 0= the VTN value is not writable

1=the VTN value is writable

16.11.15 DPLL_NUSC (number of recent STATE events used for calculations)

Address offset: |see Appendix B Initial value: 0x0000_2081
0|1]2 3‘4|5‘6 7‘8‘9‘10‘11‘12 13‘14‘15 16‘17|18 19|2o‘21‘22‘23 24|25 26|27‘28|29‘30|31
°
; AFIE § z ol % o 7]
Bit 2oz g 2 2 z @ 8
P4
=== e z P z
zzz z 3 2 z 2
Mode HEH g g g g 2
. o o — — —
Initial value olo|o & g 2 % o 2
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Table 227. DPLL_NUSC field description

Bit Description
NUSE: Number of recent STATE events used for SUB_INCx calculations modulo
2*(SNUmax+1).
No gap is considered in that case for this value, but in the VSN value (see below):

[26:31] This register is set by the CPU but reset automatically to “1” by a change of direction or lost of
LOCK. Each other value can be set by the CPU, maybe Full_SCALE, HALF_SCALE or parts
of them. The relation values QDT_Sx are calculated using NUSE values in the past with its
maximum value of 2*SNU+1.

Note: This value can only be written when the WNUS bit is set.

FSS: FULL_SCALE of STATE; this value is to be set, when NUSE is set to FULL_SCALE
25 0= the NUSE value is less then FULL_SCALE

1= the NUSE value is equal to FULL_SCALE

Note: This value can only be written when the WNUS bit is set.

SYN_S: number of real and virtual events to be considered for the current increment.

[19:24] This value reflet?ts thg NS value of the last valid increment, stored in ADT_S]i]; to be updated
after all calculations in step 37 of Table 207.

Note: This value can only be written when the WSYN bit in this register is set.
SYN_S old: number of real and virtual events to be considered for the last increment.

[13:18] This value reﬂect§ the NS valug pf the last but one valid increment, stored in ADT_Si]; is
updated automatically when writing SYN_S
Note: This value is updated by the SYN_S value when the WSYN bit in this register is set.
VSN: virtual STATE number; number of virtual state increments in the current NUSE region.
This value reflects the number of virtual increments in the current NUSE region; for NUSE=1
this value is zero, when the CPU sets NUSE to a value > 1 or zero(27 modulo 27), it must also
set VSN to the correspondent value;

[7:12] the VSN value is subtracted from .the NUSE value in order to get .the corresponding APS
value for the past; the VSN value is not used for the APS_1c2 pointer.
VSN is to be updated by the CPU when a new gap is to be considered for NUSE or a gap is
leaving the NUSE region; for this purpose the SASI interrupt can be used; no further update of
VSN is necessary when NUSE is set to FULL_SCALE
Note: This value can only be written when the WVSN bit is set.
[3:6] Reserved
Note: Read as zero, should be written as zero.
WNUS: write control bit for NUSE; read as zero.
2 0= the NUSE value is not writable
1= the NUSE value is writable
WSYN: write control bit for SYN_S and SYN_S_old; read as zero.
1 0= the SYN_S value is not writable
1= the SYN_S value is writable
WVSN: write control bit for VSN; read as zero.
0 0= the VSN value is not writable

1=the VSN value is writable
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16.11.16 DPLL_NTI_CNT (number of active TRIGGER events to interrupt)

Address offset: |see Appendix B Initial value: 0x0000_0000
0 ‘ 1 ‘ 2 | 3 ‘ 4 | 5 ‘ 6 | 7 ‘ 8 ‘ 9 ‘10‘11 ‘12‘13‘14‘15 16‘17|18‘19|20‘21 22‘23 24‘25‘26|27‘28|29‘30|31
3 [
o b4
; =
Bit o (j
[0} =
o P4
Mode x 2
o
. ] =
Initial value S S
< S
x
o

Table 228. DPLL_NTI_CNT field description

Bit Description

NTI_CNT: Number of TRIGGERSs to interrupt; Number of active TRIGGER events to the next
DPLL_CDTI interrupt.

[22:31] This value shows the remaining TRIGGER events until an active TRIGGER slope results in a
DPLL_CDTI interrupt;

the value is to be count down for each valid TRIGGER event.

Reserved

[0-21] Note: Read as zero, should be written as zero.

16.11.17 DPLL_IRQ_NOTIFY (interrupt register DPLL_IRQ_NOTIFY)

Address offset: |see Appendix B Initial value: 0x0000_0000
0‘1‘2|3 4(5|6|7|8|9[10[11]12]13|14|15|16|17|18(19|20|21|22|23|24|25|26|27|28|29 |30 |31
el
o N _
; c olz|z|o|le|ls|s|al=sls|glalol=l=lzlslslalalclazslglagxisl==
Bt AR REEHEEBHEEEEBEEE
1
z(z(3(3/3[3(3/3(3|3|3(3|3/3|3|3|3|3|3|3|333/33|2|3z3
Mode x S|IC|IC|C|IS|S|S|S|S|IS|S|S|C|O|S|S|S|S|8|8|8|8|8|8|8|8|8|C
ririrjr|lglr|l¥|¥|¥|¥ ||| |K|X||X||X|K|KX|KX|K|K|K|X|X|X
Initial value g olo|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|lo|o
Table 229. DPLL_IRQ_NOTIFY field description
Bit Description
PDI: DPLL disable interrupt; announces the switch off of the DEN bit.
0 =The DPLL disable interrupt is not requested
31 1 =The DPLL disable interrupt is requested
Note: This event is combined with the PEI interrupt to the common PDI + PEI interrupt line
number 1.
PEI: DPLL enable interrupt; announces the switch on of the DEN bit.
0 =The DPLL disable interrupt is not requested
30 1 =The DPLL disable interrupt is requested
Note: This event is combined with the PDI interrupt to the common PDI + PEI interrupt line
number 1.
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Table 229. DPLL_IRQ_NOTIFY field description (continued)

Bit

Description

29

TINI: TRIGGER minimum hold time violation interrupt (dt <= THMI > 0).
0 =No violation of minimum hold time of TRIGGER is detected
1 =A violation of minimum hold time of TRIGGER is detected

28

TAXI: TRIGGER maximum hold time violation interrupt (dt > THMA > 0).
0 =No violation of maximum hold time of TRIGGER is detected
1 =A violation of maximum hold time of TRIGGER is detected

27

SISI: STATE inactive slope interrupt.
0 =No inactive slope of STATE is detected
1 =An inactive slope of STATE is detected

26

TISI: TRIGGER inactive slope interrupt.
0 =No inactive slope of TRIGGER is detected
1 =An inactive slope of TRIGGER is detected

25

MSI: Missing STATE interrupt.
0 =The missing STATE interrupt is not requested
1 =The missing STATE interrupt is requested

24

MTI: Missing TRIGGER interrupt.
0 =The missing TRIGGER interrupt is not requested
1 =The missing TRIGGER interrupt is requested

23

SASI: STATE active slope interrupt.
0 =No active slope of STATE is detected
1 =An active slope of STATE is detected

22

TASI: TRIGGER active slope interrupt.
0 =No active slope of TRIGGER is detected
1 =An active slope of TRIGGER is detected

21

PWI: Plausibility window (PVT) violation interrupt of TRIGGER.
0 =The plausibility window is not violated
1 =The plausibility window is violated

20

W2l: RAM write access to RAM region 2 interrupt.
0 =The RAM write access interrupt is not requested
1 =The RAM write access interrupt is requested

19

W1I: Write access to RAM region 1b or 1c interrupt.
0 =The RAM write access interrupt is not requested
1 =The RAM write access interrupt is requested

18

GL1I: Get of lock interrupt, for SUB_INCA1.
0 =The lock getting interrupt is not requested
1 =The lock getting interrupt is requested

17

LL1I: Lost of lock interrupt for SUB_INC1.
0 =The lock lose interrupt is not requested
1 =The lock lose interrupt is requested
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Table 229. DPLL_IRQ_NOTIFY field description (continued)

Bit

Description

16

El: Error interrupt (see status register bit 0).
0 =The error interrupt is not requested
1 =The error interrupt is requested

15

GL2I: Get of lock interrupt, for SUB_INC2.
0 =The lock getting interrupt is not requested
1 =The lock getting interrupt is requested

14

LL2I: Lost of lock interrupt for SUB_INC2.
0 =The lock lose interrupt is not requested
1 =The lock lose interrupt is requested

13

TEOI: TRIGGER event interrupt 0.
0 =No Interrupt on TRIGGER event 0 requested
1 =Interrupt on TRIGGER event 0 requested

12

TE1l: TRIGGER event interrupt 1.
0 =No Interrupt on TRIGGER event 1 requested
1 =Interrupt on TRIGGER event 1 requested

1

TE2I: TRIGGER event interrupt 2.
0 =No Interrupt on TRIGGER event 2 requested
1 =Interrupt on TRIGGER event 2 requested

10

TE3I: TRIGGER event interrupt 3.
0 =No Interrupt on TRIGGER event 3 requested
1 =Interrupt on TRIGGER event 3 requested

TE4Il: TRIGGER event interrupt 4.
0 =No Interrupt on TRIGGER event 4 requested
1 =Interrupt on TRIGGER event 4 requested

CDTI: Calculation of TRIGGER duration done, only while NTI_CNT is zero.
0 =No Interrupt on calculated TRIGGER duration requested or NTI_CNT is not zero
1 =Interrupt on calculated TRIGGER duration requested while NTI_CNT is zero

CDSI: Calculation of STATE duration done
0 =No Interrupt on calculated STATE duration requested
1 =Interrupt on calculated STATE duration requested

TORI: TRIGGER out of range interrupt
0 =TRIGGER is not out of range
1 =TRIGGER is out of range, the TOR bit in the DPLL_STATUS register is set to 1

SORI: STATE out of range
0 =STATE is not out of range
1 =STATE is out of range, the SOR bit in the DPLL_STATUS register is set to 1

3
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Table 229. DPLL_IRQ_NOTIFY field description (continued)
Bit Description
DCGI: Direction change interrupt
4 0 =No direction change of TRIGGER is detected
1 =Direction change of TRIGGER is detected
Note: The interrupt occurs at line number 0.
[0:3] Reserved
’ Note: Read as zero, should be written as zero.
16.11.18 DPLL_IRQ_EN (DPLL Interrupt enable register DPLL_IRQ_EN)
Address offset: |see Appendix B Initial value: 0x0000_0000
0‘1‘2|3 4|5(6|7|8|9(10[11(12]13]14|15|16|17|18|19]|20|21|22|23|24|25|26|27|28|29|30|31
- G|&| &5 8 od|5)5 58 G|z & i &% 5 &3, &5 g & & & G|
(9]

Bit c %%%%EI%EI%EI%E%g'%%%E&’EI%EEE%%%%E
2 6EE(7)|:___‘:__I_:I;I:‘:I_I_I_a_l_l_l_l__I_|_|
8|3l e|8|a|E|B(E|E|E|3E|T|c|3|5|E|E|2|5|5|2|2|8|%|E|E|R

Mode R EEEEEEEEEEEEEEEEEEEEEEEEEEEE

Initial value 2 o|lo|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o

Table 230. DPLL_IRQ_EN field description
Bit Description
PDI_IRQ_EN: DPLL disable interrupt enable, when switch off of the DEN bit.
31 0 =The DPLL disable interrupt is not enabled
1 =The DPLL disable interrupt is enabled
PEI_IRQ_EN: DPLL enable interrupt enable, when switch on of the DEN bit.
30 0 =The DPLL enable interrupt is not enabled
1 =The DPLL enable interrupt is enabled
TINI_IRQ_EN: TRIGGER minimum hold time violation interrupt enable bit.
29 0 =Minimum hold time violation of TRIGGER interrupt is not enabled
1 =The minimum hold time violation of TRIGGER interrupt is enabled
TAXI_IRQ_EN: TRIGGER maximum hold time violation interrupt enable bit.
28 0 =Maximum hold time violation of TRIGGER interrupt is not enabled
1 =The maximum hold time violation of TRIGGER interrupt is enabled
SISI_IRQ_EN: STATE inactive slope interrupt enable bit.
27 0 =The interrupt at the inactive slope of STATE is not enabled
1 =The interrupt at the inactive slope of STATE is enabled
TISI_IRQ_EN: TRIGGER inactive slope interrupt enable bit.
26 0 =The interrupt at the inactive slope of TRIGGER is not enabled
1 =The interrupt at the inactive slope of TRIGGER is enabled
MSI_IRQ_EN: Missing STATE interrupt enable.
25 0 =The missing STATE interrupt is not enabled
1 =The missing STATE interrupt is enabled
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Table 230. DPLL_IRQ_EN field description (continued)

Bit

Description

24

MTI_IRQ_EN: Missing TRIGGER interrupt enable.
0 =The missing TRIGGER interrupt is not enabled
1 =The missing TRIGGER interrupt is enabled

23

SASI_IRQ_EN: STATE active slope interrupt enable.
0 =The active slope STATE interrupt is not enabled.
1 =The active slope STATE interrupt is enabled

22

TASI_IRQ_EN: TRIGGER active slope interrupt enable.
0 =The active slope TRIGGER interrupt is not enabled
1 =The active slope TRIGGER interrupt is enabled

21

PWI_IRQ_EN: Plausibility window (PVT) violation interrupt of TRIGGER enable.

0 =The plausibility violation interrupt is not enabled
1 =The plausibility violation interrupt is enabled

20

W2I_IRQ_EN: RAM write access to RAM region 2 interrupt enable.

0 =The RAM write access interrupt is not enabled
1 =The RAM write access interrupt is enabled

19

W1Il_IRQ_EN: Write access to RAM region 1b or 1c interrupt.
0 =The RAM write access interrupt is not enabled
1 =The RAM write access interrupt is enabled.

18

GL1I_IRQ_EN: Get of lock interrupt enable, when lock arises.

0 =The lock getting interrupt is not enabled
1 =The lock getting interrupt is enabled

17

LL1I_IRQ_EN: Lost of lock interrupt enable.
0 =The lock lose interrupt is not enabled
1 =The lock lose interrupt is enabled

16

EI_IRQ_EN: Error interrupt enable (see status register).
0 =The error interrupt is not enabled
1 =The error interrupt is enabled

15

GL2I_IRQ_EN: Get of lock interrupt enable for SUB_INC2.
0 =The lock getting interrupt is not requested
1 =The lock getting interrupt is requested

14

LL2I_IRQ_EN: Lost of lock interrupt enable for SUB_INC2.
0 =The lock lose interrupt is not requested
1 =The lock lose interrupt is requested

13

TEOI_IRQ_EN: TRIGGER event interrupt O enable.
0 =No Interrupt on TRIGGER event 0 enabled
1 =Interrupt on TRIGGER event 0 enabled

12

TE1l_IRQ_EN: TRIGGER event interrupt 1 enable.
0 =No Interrupt on TRIGGER event 1 enabled
1 =Interrupt on TRIGGER event 1 enabled
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Table 230. DPLL_IRQ_EN field description (continued)

Bit

Description

1

TE2I_IRQ_EN: TRIGGER event interrupt 2 enable.
0 =No Interrupt on TRIGGER event 2 enabled
1 =Interrupt on TRIGGER event 2 enabled

10

TE3I_IRQ_EN: TRIGGER event interrupt 3 enable.
0 =No Interrupt on TRIGGER event 3 enabled
1 =Interrupt on TRIGGER event 3 enabled

TE4l_IRQ_EN: TRIGGER event interrupt 4 enable.
0 =No Interrupt on TRIGGER event 4 enabled
1 =Interrupt on TRIGGER event 4 enabled

CDTI_IRQ_EN: Enable interrupt when calculation of TRIGGER duration done
0 =No Interrupt on calculated TRIGGER duration enabled
1 =Interrupt on calculated TRIGGER duration enabled

CDSI_IRQ_EN: Enable interrupt when calculation of TRIGGER duration done
0 =No Interrupt on calculated STATE duration enabled
1 =Interrupt on calculated STATE duration enabled

TORI: TRIGGER out of range interrupt
0 =No Interrupt when TRIGGER is out of range enabled
1 =Interrupt when TRIGGER is out of range enabled

SORI: STATE out of range
0 =No Interrupt when STATE is out of range enabled
1 =Interrupt when STATE is out of range enabled

DCGil: Direction change interrupt
0 =No Interrupt when a direction change of TRIGGER is detected
1 =Interrupt when a direction change of TRIGGER is detected

[0:3]

Reserved
Note: Read as zero, should be written as zero.

16.11.19 DPLL_IRQ_FORCINT (force interrupt register)

Address offset: |see Appendix B Initial value: 0x0000_0000
0‘1‘2|3 4|15(6[7]8|9|10(11(12[{13|14|15|16|17(18(19]20|21|22|23(24(25(26|27|28|29|30 |31
ge] olglz|g|E|F|8|T|Z(8|5|5|z|=|S|s|lalz|g|2|e|a|a|a|X|2|o|a
o olo|o|a|lo|w|w|w|w|w|fa|ld|m|a|d <|<L|5 2|22 S
Bit 5 09 =160, (:I gl gl gl gl ;I 3 o ;I 3 il il gl (:' @9 p il '(;I 8| g| gl o'l o
@ olo|lololo X O
e ¥l le|le|e| eg|x x ¥ ¥|x X x| e lc x| lx
® Ele|EiE B EEEEERFIERIFIFIEIEIFIF|FIFIEIRIFIF
Mode x 21212|212|2|12|2|2|2|12\12|2\2|2\12|2|2|2|2|2|2|2|2/2|2\2|2
AR AR A A AR A A AR AR A A AR A A AR A A AR AR A AR AR A A AR A A
Initial value 2 olo|lo|o|o|o|o|lo|o|o|o|o|o|lo|o|o|o|o|o|o|lo|o|o|o|o|o|lo|o
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Table 231. DPLL_IRQ_FORCINT field description

Bit Description
TRG_PDI: Force Interrupt PDI
0= the corresponding interrupt is not forced
31 1= the corresponding interrupt is forced for one clock
Note: This bit is cleared automatically after write.
Note: This bit is write protected by bit RF_PROT of register GTM_CTRL
30 TRG_PEI: Force Interrupt PEI
see bit 31
29 TRG_TINI: Force Interrupt TINI
see bit 31
TRG_TAXI: Force Interrupt TAXI
28 "
see bit 31
o7 TRG_SISI: Force Interrupt SISI
see bit 31
26 TRG_TISI: Force Interrupt TISI
see bit 31
25 TRG_MSI: Force Interrupt MSI
see bit 31
o4 TRG_MTI: Force Interrupt MTI
see bit 31
23 TRG_SASI: Force Interrupt SASI
see bit 31
29 TRG_TASI: Force Interrupt TASI
see bit 31
21 TRG_PWI: Force Interrupt PWI
see bit 31
20 TRG_W2I: Force Interrupt W2IF
see bit 31
19 TRG_W!1I: Force Interrupt W1l
see bit 31
18 TRG_GL1I: Force Interrupt GL1I
see bit 31
17 TRG_LL1I: Force Interrupt LL1I
see bit 31
16 TRG_EI: Force Interrupt El
see bit 31
15 TRG_GL2I: Force Interrupt GL2I
see bit 31
14 TRG_LL2I: Force Interrupt LL2I
see bit 31
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Table 231. DPLL_IRQ_FORCINT field description (continued)

Bit Description
TRG_TEQI: Force Interrupt TEOI
13 -
see bit 31
TRG_TELI: Force Interrupt TE1I
12 .
see bit 31
1" TRG_TEZ2I: Force Interrupt TE2I
see bit 31
TRG_TE3I: Force Interrupt TE3I
10 .
see bit 31
9 TRG_TEA4I: Force Interrupt TE4I
see bit 31
8 TRG_CDTI: Force Interrupt CDTI
see bit 31
7 TRG_CDSI: Force Interrupt CDSI
see bit 31
6 TRG_TORI: Force Interrupt TORI
see bit 31
5 TRG_SORI: Force Interrupt SORI
see bit 31
4 TRG_DCGI: Force interrupt DCGI
see bit 31
03] Reserved
’ Note: Read as zero, should be written as zero.
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16.11.20 DPLL_IRQ_MODE

Address offset: |see Appendix B Initial value: 0x0000_0000
0 ‘ 1 ‘ 2 | 3 ‘ 4 | 5 ‘ 6 | 7 ‘ 8 ‘ 9 ‘10‘11 ‘12‘13‘14‘15 16‘17|18‘19|20‘21‘22‘23 24‘25‘26|27‘28|29 30|31
w
3 fa)
Bit g =
& g
Mode x E
]
- 3
Initial value S
]
3
Table 232. DPLL_IRQ_MODE field description
Bit Description
IRQ_MODE: IRQ mode selection
00 = Level mode
01 = Pulse mode
30:31
[ ] 10 = Pulse-Notify mode
11 = Single-Pulse mode
Note: The interrupt modes are described in Section 2.5.
Reserved
[0:29] .
Note: Read as zero, should be written as zero.
16.11.21 DPLL_EIRQ_EN (DPLL Error interrupt enable register)
Address offset:|see Appendix B Initial value: 0x0000_0000
0‘1‘2|3 4|5(6[7|8|9(10[11(12]13]14|15|16|17|18|19]|20|21|22|23|24 |25|26|27|28|29|30|31
|
- :oo|glglg|e|glg|g|elelglg|gl lglglg|gglg|glggldlg |2l gldle
! § ]| e ] e m| m| ml ml m| m| m|%m| EI EI EI m| mI ) ml E| m| ml E' ml m| ml
4 olz|z|a|E|F |zl =|=|s|sls|a|g|Ela|o|a 22| a
S|3|2|5|5|E BB R B33 28|55 |8 |35 |2 2|5 8 F|ER
Mode « |R|2|Z|Z|R|R|E|E|R|R|R|E|E|R|R|Z|E|R|R|R|E|E|R|R|R|R|E|R
Initial value g o|lo|lo|o|o|o|o|o|o|o|o|o|o|o|o|o|o|lo|o|o|o|o|o|o|o|o|o|o
Table 233. DPLL_EIRQ_EN field description
Bit Description
PDI_EIRQ_EN: DPLL disable interrupt enable, when switch off of the DEN bit.
31 0 =The DPLL disable interrupt is not enabled
1 =The DPLL disable interrupt is enabled
PEI_EIRQ_EN: DPLL enable interrupt enable, when switch on of the DEN bit.
30 0 =The DPLL enable interrupt is not enabled
1 =The DPLL enable interrupt is enabled
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Table 233. DPLL_EIRQ_EN field description (continued)

Bit

Description

29

TINI_EIRQ_EN: TRIGGER minimum hold time violation interrupt enable bit.
0 =Minimum hold time violation of TRIGGER interrupt is not enabled
1 =The minimum hold time violation of TRIGGER interrupt is enabled

28

TAXI_EIRQ_EN: TRIGGER maximum hold time violation interrupt enable bit.
0 =Maximum hold time violation of TRIGGER interrupt is not enabled
1 =The maximum hold time violation of TRIGGER interrupt is enabled

27

SISI_EIRQ_EN: STATE inactive slope interrupt enable bit.
0 =The interrupt at the inactive slope of STATE is not enabled
1 =The interrupt at the inactive slope of STATE is enabled

26

TISI_EIRQ_EN: TRIGGER inactive slope interrupt enable bit.
0 =The interrupt at the inactive slope of TRIGGER is not enabled
1 =The interrupt at the inactive slope of TRIGGER is enabled

25

MSI_EIRQ_EN: Missing STATE interrupt enable.
0 =The missing STATE interrupt is not enabled
1 =The missing STATE interrupt is enabled

24

MTI_EIRQ_EN: Missing TRIGGER interrupt enable.
0 =The missing TRIGGER interrupt is not enabled
1 =The missing TRIGGER interrupt is enabled

23

SASI_EIRQ_EN: STATE active slope interrupt enable.
0 =The active slope STATE interrupt is not enabled.
1 =The active slope STATE interrupt is enabled

22

TASI_EIRQ_EN: TRIGGER active slope interrupt enable.
0 =The active slope TRIGGER interrupt is not enabled
1 =The active slope TRIGGER interrupt is enabled

21

PWI_EIRQ_EN: Plausibility window (PVT) violation interrupt of TRIGGER enable.
0 =The plausibility violation interrupt is not enabled
1 =The plausibility violation interrupt is enabled

20

W2I_EIRQ_EN: RAM write access to RAM region 2 interrupt enable.
0 =The RAM write access interrupt is not enabled
1 =The RAM write access interrupt is enabled

19

W1Il_EIRQ_EN: Write access to RAM region 1b or 1c interrupt.
0 =The RAM write access interrupt is not enabled
1 =The RAM write access interrupt is enabled.

18

GL1I_EIRQ_EN: Get of lock interrupt enable, when lock arises.
0 =The lock getting interrupt is not enabled
1 =The lock getting interrupt is enabled

17

LL1I_EIRQ_EN: Lost of lock interrupt enable.
0 =The lock lose interrupt is not enabled
1 =The lock lose interrupt is enabled
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Table 233. DPLL_EIRQ_EN field description (continued)

Bit

Description

16

El_EIRQ_EN: Error interrupt enable (see status register).
0 =The error interrupt is not enabled
1 =The error interrupt is enabled

15

GL2I_EIRQ_EN: Get of lock interrupt enable for SUB_INC2.
0 =The lock getting interrupt is not requested
1 =The lock getting interrupt is requested

14

LL2I_EIRQ_EN: Lost of lock interrupt enable for SUB_INC2.
0 =The lock lose interrupt is not requested
1 =The lock lose interrupt is requested

13

TEOI_EIRQ_EN: TRIGGER event interrupt 0 enable.
0 =No Interrupt on TRIGGER event 0 enabled
1 =Interrupt on TRIGGER event 0 enabled

12

TE1l_EIRQ_EN: TRIGGER event interrupt 1 enable.
0 =No Interrupt on TRIGGER event 1 enabled
1 =Interrupt on TRIGGER event 1 enabled

1

TE2I_EIRQ_EN: TRIGGER event interrupt 2 enable.
0 =No Interrupt on TRIGGER event 2 enabled
1 =Interrupt on TRIGGER event 2 enabled

10

TE3I_EIRQ_EN: TRIGGER event interrupt 3 enable.
0 =No Interrupt on TRIGGER event 3 enabled
1 =Interrupt on TRIGGER event 3 enabled

TE4I_EIRQ_EN: TRIGGER event interrupt 4 enable.
0 =No Interrupt on TRIGGER event 4 enabled
1 =Interrupt on TRIGGER event 4 enabled

CDTI_EIRQ_EN: Enable interrupt when calculation of TRIGGER duration done
0 =No Interrupt on calculated TRIGGER duration enabled
1 =Interrupt on calculated TRIGGER duration enabled

CDSI_EIRQ_EN: Enable interrupt when calculation of TRIGGER duration done
0 =No Interrupt on calculated STATE duration enabled
1 =Interrupt on calculated STATE duration enabled

TORI: TRIGGER out of range interrupt
0 =No Interrupt when TRIGGER is out of range enabled
1 =Interrupt when TRIGGER is out of range enabled

SORI: STATE out of range
0 =No Interrupt when STATE is out of range enabled
1 =Interrupt when STATE is out of range enabled

DCGil: Direction change interrupt
0 =No Interrupt when a direction change of TRIGGER is detected
1 =Interrupt when a direction change of TRIGGER is detected

[0:3]

Reserved
Note: Read as zero, should be written as zero.
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16.11.22 DPLL_INC_CNT1 (counter value of sent SUB_INC1 pulses)

Address offset:

see Appendix B Initial value: 0x0000_0000

0 ‘ 1 ‘2 | 3 ‘ 4 | 5 ‘ 6 | 718 ‘ 9 ‘10‘11‘12‘13‘14‘15 16‘17|18‘19|20‘21‘22‘23 24‘25‘26|27‘28|29‘30|31

Bit

1

Reserved

Mode

R

Initial value

0x00

0x000000 [ RPw | INC_CNT

Table 234. DPLL_INC_CNTL1 field description

Bit

Description

[8:31]

INC_CNT1: Actual number of pulses to be still sent out at the current increment until the next
valid input signal in automatic end mode;

Automatic addition of the number of demanded pulses

MLT/MLS1 when getting a valid TRIGGER/STATE input in

normal or emergency mode respectively when SGE1=1;

writable only for test purposes when DEN=0

In the case of a change of the direction the wrong number of pulses are corrected twice:

Add the difference between NMB_T and INC_CNT1 twice to INC_CNT1 before sending out
the correction pulses.

Note: This value can only be written when the DPLL is disabled.

[0:7]

Reserved
Note: Read as zero, should be written as zero.
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16.11.23 DPLL_INC_CNTZ2 (INC_CNT2 (for SMC=1 and RMO=1))

Address offset: |see Appendix B Initial value: 0x0000_0000
0 ‘ 1 ‘ 2 | 3 ‘ 4 | 5 ‘ 6 | 708 ‘ 9 ‘10‘11 ‘12‘13‘14‘15 16‘17|18‘19|20‘21‘22‘23 24‘25‘26|27‘28|29‘30|31

Bit [ OI
& 2
Mode x g
4
o
o
ayr (=3 o
Initial value R 3
o (=)
3

Table 235. DPLL_INC_CNT2 field description

Bit Description

valid input signal in automatic end mode;

[8:31] writable only for test purposes when DEN=0

the correction pulses.
Note: This value can only be written when the DPLL is disabled.

INC_CNT2: Actual number of pulses to be still sent out at the current increment until the next

Automatic addition of the number of demanded pulses MLS2 when getting a valid
TRIGGER/STATE input in normal or emergency mode respectively when SGE2=1;

In the case of a change of the direction the wrong number of pulses are corrected twice:
Add the difference between NMB_S and INC_CNT2 twice to INC_CNT2 before sending out

Reserved

0:7
[0:7] Note: Read as zero, should be written as zero.

16.11.24 DPLL_APT_SYNC (TSF offset at synchronization time)

Address offset: |see Appendix B Initial value: 0x0000_0000

0 ‘ 1 ‘ 2 | 3 ‘ 4 | 5 ‘ 6 | 718 ‘ 9 ‘10‘11 ‘12‘13‘14‘15 16‘17 18‘19|20‘21‘22‘23 24|25 26|27‘28|29‘30|31

he) 3 -

° K o © >

GE.) _QI g k7 _OI

Bit @ N, 5] g N

] ' 7] ~N |

4 E & ! &

< o <

<

Mode 14 E x© E E

e =] S 3

Initial value < S o o S

<o S} IS
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Table 236. DPLL_APT_SYNC field description

Bit

Description

[26:31]

APT_2b_ext: Address pointer 2b extension; this offset value determines, by which value the
APT_2b is changed at the synchronization time; set by CPU before the synchronization is
performed.

This offset value is the number of virtual increments to be inserted in the TSF for an imminent
intended synchronization; the CPU sets its value depending on the gaps until the
synchronization time taking into account the considered NUTE value to be set and including
the next future increment (when SYN_T_old is still 1). When the synchronization takes place,
this value is to be added to the APT_2b address pointer (for forward direction, DIR1=0) and
the APT_2b_status bit is cleared after it. For backward direction subtract APT_2b_ext
accordingly. This correction is done after updating the RAM TSF with the last TS_T value.

Note: When the synchronization is intended and the NUTE value is to be set to FULL_SCALE
after it, the APT_2b_ext value must be setto 2*SYN_NT in order to be able to fill all gaps
in the extended TSF_T with the corresponding values by the CPU.When still not all
values for FULL_SCALE are available, the APT_2b_ext value considers only a share
according to the corresponding NUTE value to be set after the synchronization.

25

APT_2b_status: Address pointer 2b status; set by CPU before the synchronization is
performed. The value is cleared when the APT_2b_old value is written.

0 = APT_2b_ext is not to be considered.
1 =APT_2b_ext has to be considered for time stamp field extension.

[18:24]

Reserved
Note: Read as zero, should be written as zero.

[8:17]

APT_2b_old: Address pointer TRIGGER for RAM region 2b at synchronization time; this
value is set by the current APT_2b value when the synchronization takes place for the first
valid TRIGGER event after writing APT_2c but before adding the offset value APT_2b_ext
(that means: when APT_2b_status=1).

Address pointer APT_2b value at the moment of synchronization, before the offset value is
added, that means the pointer with this value points to the last value before the additional
inserted gap

[0:7]

Reserved
Note: Read as zero, should be written as zero.

16.11.25 DPLL_APS_SYNC (TSF offset at synchronization time)

Address offset: |see Appendix B Initial value: 0x0000_0000
0 ‘ 1 ‘ 2 | 3 ‘ 4 | 5 ‘ 6 | 7 ‘ 8 ‘ 9 ‘10‘11 12‘13‘14‘15 16‘17 18‘19|20‘21‘22‘23 24|25 26|27‘28|29‘30|31

3
e =2 —
3 _oI 3 3 6|

(2]
. > o > | o
Bit @ 2 @ q °
3 o 2 - ®
@ o o o' o

o
< e <
Mode x 2 x Z z
. 1= o o
Initial value S S o o 2
3 S S

434/558

3

DoclD025070 Rev 1




RMO0361

Digital PLL module (DPLL)

Table 237. DPLL_APS_SYNC field description

Bit

Description

[26:31]

APS_1c2_ext: Address pointer 1c2 extension; this offset value determines, by which value
the APS_1c2 is changed at the synchronization time; set by CPU before the synchronization
is performed.

This offset value is the number of virtual increments to be inserted in the TSF for an imminent

intended synchronization; the CPU sets its value depending on the gaps until the

synchronization time taking into account the considered NUSE value to be set and including
the next future increment (when SYN_S_old is still 1). When the synchronization takes place,
this value is to be added to the APS_1c2 address pointer (for forward direction, DIR2=0) and
the APT_1c2_status bit is cleared after it. For backward direction subtract APS_1c2_ext
accordingly.

Note: When the synchronization is intended and the NUSE value is to be set to FULL_SCALE
after it, the APS_1c2_ext value must be setto SYN_NS (for SYSF=1) or 2*SYN_NS (for
SYSF=0) in order to be able to fill all gaps in the extended TSF_S with the corresponding
values by the CPU.

When still not all values for FULL_SCALE are available, the APS_1c2_ext value
considers only a share according to the NUSE value to be set after the synchronization.

25

APS_1c2_status: Address pointer 1c2 status; set by CPU before the synchronization is
performed. The value is cleared automatically when the APS_1c2_old value is written.

0 = APS_1c2_extis not to be considered.
1= APS_1c2_ext has to be considered for time stamp field extension.

[18:24]

Reserved
Note: Read as zero, should be written as zero.

[12:17]

APS_1c2_old: Address pointer STATE for RAM region 1c2 at synchronization time; this value
is set by the current APS_1c2 value when the synchronization takes place for the first valid
STATE event after writing APS_1¢3 but before adding the offset value APS_1c2_ext (that
means: when APS_1c2_status=1).

Address pointer APS_1c2 value at the moment of synchronization, before the offset value is
added, that means the pointer with this value points to the last value before the additional
inserted gap

[0:11]

Reserved
Note: Read as zero, should be written as zero.

16.11.26 TBU_TSO_T

Address offset:

see Appendix B Initial value: 0x0000_0000

0 ‘ 1 ‘2 | 3 ‘ 4 | 5 ‘ 6 | 718 ‘ 9 ‘10‘11‘12‘13‘14‘15 16‘17|18‘19|20‘21‘22‘23 24‘25‘26|27‘28|29‘30|31

Bit Reserved TBU_TSO_T
Mode R RPw
Initial value 0x00 0x000000
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Table 238. TBU_TSO_T field description

Bit Description
TBU_TSO_T: value of TBU_TSO at the last TRIGGER event;
[8:31] for each T_VALID the value of TBU_TSO is stored in this register;
' the register is writable only for test purposes when DEN=0.
Note: This value can only be written when the DPLL is disabled.
07] Reserved
' Note: Read as zero, should be written as zero.

16.11.27 TBU_TSO_S

Address offset:

see Appendix B Initial value: 0x0000_0000

0 ‘ 1 ‘ 2 | 3 ‘ 4 | 5 ‘ 6 | 7108 ‘ 9 ‘10‘11 ‘12‘13‘14‘15 16‘17|18‘19|20‘21‘22‘23 24‘25‘26|27‘28|29‘30|31
Bit Reserved TBU_TSO_S
Mode R RPw
Initial value 0x00 0x000000

Table 239. TBU_TSO_S field description

Bit Description
TBU_TSO0_S: value of TBU_TSO at the last STATE event;
[8:31] for each S_VALID the value of TBU_TSO is stored in this register;
' the register is writable only for test purposes when DEN=0.
Note: This value can only be written when the DPLL is disabled.
[07] Reserved

Note: Read as zero, should be written as zero.

16.11.28 ADD_IN_LD1

Address offset:

see Appendix B Initial value: 0x0000_0000
0 ‘ 1 ‘ 2 | 3 ‘ 4 | 5 ‘ 6 | 708 ‘ 9 ‘10‘11 ‘12‘13‘14‘15 16‘17|18‘19|20‘21‘22‘23 24‘25‘26|27‘28|29‘30|31
Bit Reserved ADD_IN_LD1
Mode R RW
Initial value 0x00 0x000000
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Table 240. ADD_IN_LD1 field description

Bit

Description

[8:31]

ADD_IN_LD_1: Input value for SUB_INC1 generation, given by CPU. This value can be used

in normal and emergency mode (SMC=0) as well as for SMC=1.

Note: The value is loaded by the CPU but used by the DPLL only for DLM1=1 (see
DPLL_CTRL_1 register). When switching DLM1 to 1, the value in the register is used for
the SUB_INC1 generation beginning from the next valid TRIGGER or STATE event
respectively independently if new values are written by the CPU or not.

Note: When a new value is written the output frequency changes according to the given value
beginning immediately from the moment of writing. Do not wait for performing step 10 in
the state machine for ADD_IN calculations.

Note: If the ADD_IN_LD1 value is zero all pulses are sent with the highest possible frequency.

[0:7]

Reserved
Note: Read as zero, should be written as zero.

16.11.29 ADD_IN_LD2

Address offset: |see Appendix B Initial value: 0x0000_0000
0 ‘ 1 ‘ 2 | 3 ‘ 4 | 5 ‘ 6 | 7|8 ‘ 9 ‘10‘11 ‘12‘13‘14‘15 16‘17|18‘19|20‘21‘22‘23 24‘25‘26|27‘28|29‘30|31
Bit Reserved ADD_IN_LD2
Mode R RW
Initial value 0x00 0x000000

Table 241. ADD_IN_LD2 field description

Bit

Description

8:31]

ADD_IN_LD_2: Input value for SUB_INC2 generation, given by CPU. This value can be used

for SMC=1 while RMO=1.

Note: The value is loaded by the CPU but used by the DPLL only for DLM2=1 (see
DPLL_CTRL_1 register). When switching DLM2 to 1, the value in the register is used for
the SUB_INC2 generation beginning from the next valid STATE event independently if
new values are written by the CPU or not.

Note: When a new value is written the output frequency changes according to the given value
beginning immediately from the moment of writing. Do not wait for performing step 30 in
the state machine for ADD _IN calculations.

Note: If the ADD_IN_LD2 value is zero all pulses are sent with the highest possible frequency.

[0:7]

Reserved
Note: Read as zero, should be written as zero.

3

DocID025070 Rev 1 437/558




Digital PLL module (DPLL) RMO0361

16.11.30 DPLL_STATUS

Address offset: |see Appendix B Initial value: 0x0000_0000
0|1|2|3|4|5|6|7|8|9|10[11[12[13[14[15[16[17[18]19|20|21|22|23|24|25|26|27|28|29|30|31
n:§oo|—cn§§58 Eg'—w¥§% x mmn—moogog

. ZzlZzialx|>|3 = @

Bit EI8|E|2|a|x|8|3|5|5|5|2|5|2|8|8|2| § |2]2|°|3|%|2|2|2|8|5/8|8|]

- e S| ¢ |8 © (4

Mode v lo|v|oe|oe|oe|x vle|le|le|e|e|elele] « |8]888|8|c|e|x|d|d|c|d

¥le|le|le|la x|x 4
o
Table 242. DPLL_STATUS field description
Bit Description
31 Reserved
Note: Read as zero, should be written as zero.
CSO: Calculated STATE duration overflow; Bit is set when Equation 21 or Equation 22 lead to
30 an overflow
0 =No overflow at Equation 21 or Equation 22
1 =overflow at Equation 21 or Equation 22
29 Reserved
Note: Read as zero, should be written as zero.
CTO: Calculated TRIGGER duration overflow; Bit is set when Equation 10 or Equation 11
lead to an overflow
28 0 =No overflow at equation Equation 10 or Equation 11
1 =overflow at equation Equation 10 or Equation 11
Note: When one of the above bits is set the corresponding register contains the maximum
value OxFFFFFF.
CRO: Calculated Reciprocal value overflow; Bit is set when the calculation of RDT_T_actual
or RDT_S_actual leads to an overflow
0 =No overflow at any reciprocal calculation
1 =overflow for at least one reciprocal calculation
27 Note: An overflow in calculation of reciprocal values can occur, when the condition of Note 4
to the DPLL_CTRL_O register is violated (see 16.11.1). Such an overflow can occur
according to the calculations in Equation 6 or Equation 17.
The overflow is detected when after the calculation and shifting left 32 bits at least one
of the bits 31 to 24 is not zero. In that case the corresponding register is set to OXFFFFFF.
RCS: Resolution conflict STATE.
26 0 =No resolution conflict detected
1 =the TSO_HRT value is set to 1 while LOW_RES=0
RCT: Resolution conflict TRIGGER.
25 0 =No resolution conflict detected
1 =the TSO_HRS value is set to 1 while LOW_RES=0
PSE: Prediction space configuration error
o4 0 =No prediction space error detected
1 =Configured offset value of RAM2 is too small in order to store all TNU+1 values twice in
FULL_SCALE
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Table 242. DPLL_STATUS field description (continued)

Bit

Description

23

SORM: STATE out of range
0 =all STATE signal events appear within SLR interval or a direction change was detected
1 =at least one STATE signal event is out of SLR

22

MS: Missing STATE detected.
0 =No missing STATE detected or a new valid STATE slope occurred
1 =At least one missing STATE detected after the last valid slope

21

TOR®@: TRIGGER out of range
0 =all TRIGGER signal events appear within TLR interval or a direction change was detected
1 =at least one TRIGGER signal event is out of TLR

20

MT: Missing TRIGGER detected.
0 =No missing TRIGGER detected or a new valid TRIGGER slope occurred
1 =At least one missing TRIGGER detected after the last valid slope

19

RAM2_ERR: DPLL internal access to not configured RAM2 memory space
0 = No access to not configured RAM2 memory space
1 = access to not configured RAM2 memory space

[17:18]

Reserved
Note: Read as zero, should be written as zero.

16

LOW_RES: low resolution of TBU_TSO is used for DPLL input; this value reflects the input
signal LOW_RES

0 =the lower 24 Bits of TBU_TSO0 are used as input for the DPLL
1 =the higher 24 Bits of TBU_TSO0 are used as input for the DPLL

15

CSVS: Current signal value STATE
0 =the last STATE_S value was 0
1 =the last STATE_S value was 1

14

CSVT: Current signal value TRIGGER
0 =the last TRIGGER _S value was 0
1 =the last TRIGGER _S value was 1

13

CAIP2: Calculation of actions 12 to 23 in progress (2nd part)
0 =currently no action calculation, new data requests possible
1 =action calculation in progress, no new data requests possible

12

CAIP1: Calculation of actions 0 to 11 in progress (1st part)
0 =currently no action calculation, new data requests possible
1 =action calculation in progress, no new data requests possible

1

ISN: Increment number of STATE is not plausible; Bit is set when the number of STATES is
different to profile

0 =the number of STATE events between synchronization gaps is plausible, a direction change
is detected or the APS_1c3 pointer is written

1 =after setting LOCK1 in emergency mode (SMC=0 and RMO=1) or LOCK2 for SMC=RMO=1
missing or additional STATE signals detected; bit is cleared when a direction change is
detected or the APS_1c3 is written
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Table 242. DPLL_STATUS field description (continued)

Bit

Description

10

ITN: Increment number of TRIGGER is not plausible; Bit is set when the number of

TRIGGERS is different to profile

0 =the number of TRIGGER events between synchronization gaps is plausible, a direction
change is detected or the address pointer APT_2c is written

1 =after setting LOCK1 in normal mode (for SMC=0 or SMC=1) or in emergency mode (only
for SMC=0) for missing or additional TRIGGER signals detected; bit is cleared when a
direction change is detected or the APT_2c is written

BWD2: Backwards drive of SUB_INC2
0 =forward direction
1 =backward direction

BWD1: Backwards drive of SUB_INC1
Note: see bit 9

Reserved
Note: Read as zero, should be written as zero.

LOCK2: DPLL Lock status concerning SUB_INC2
0 =The DPLL is not locked concerning STATE for SMC=1
1 =The DPLL is locked concerning STATE for SMC=1
Note: Locking of SUB_INC2 appears
for RMO=SMC=1: Bit is set, when SYS is set and the number of events between two
missing STATEs is as expected by the SYN_S values.
Note: LOCK2 is set
for SMC=RMO=1:
for a valid STATE event when SYS is set and SYN_NS=0
or when SYS is set and the profile stored in the ADS_Ti field matches once between two

gaps.

LOCK2 is reset: for SMC=RMO=1

— when the number of corresponding events between two STATE gaps is unexpected,
— when an unexpected missing STATE event occurs

— when the corresponding input signal STATE is out of locking range SLR

SYS: Synchronization condition of STATE fixed.
This bit is set when the CPU writes to the APS_1c3 address pointer.

SYT: Synchronization condition of TRIGGER fixed.
This bit is set when the CPU writes to the APT_2c address pointer.

FSD: First STATE detected.

0 =Still no valid STATE event was detected after enabling DPLL

1 =At least one valid STATE event was detected after enabling DPLL

Note: No change of FSD for switching from normal to emergency mode or vice versa.

FTD: First TRIGGER detected.

0 =No valid TRIGGER event was detected after enabling DPLL

1 =At least one valid TRIGGER event was detected after enabling DPLL

Note: No change of FTD for switching from normal to emergency mode or vice versa.
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Table 242. DPLL_STATUS field description (continued)
Bit Description
LOCK1: DPLL Lock status concerning SUB_INC1
0 =The DPLL is not locked for TRIGGER
(while SMC=RMO=0 or SMC=1)
or for STATE (while SMC=0 and RMO=1)
1 =The DPLL is locked for TRIGGER
(while SMC=RMO=0 or SMC=1)
or for STATE (while SMC=0 and RMO=1)
Note: LOCK1 is set:
- in normal mode (for RMO=SMC=0): Bit is set for a valid TRIGGER event when SYT is set
and the number of events between two gaps is as expected by the profile (NT values in the
ADT_TIi] field) or when SYN_NT=0 and SYT=1.

1 - in emergency mode (for RMO=1 and SMC=0): Bit is set for a valid STATE event, when SYS
is set and the received event are in correspondence to the profile (NS values in the ADT_SJi]
field) for at least two expected missing STATE events or when SYN_NS=0.
- for SMC=1: Bit is set for a valid TRIGGER even when SYT is set and SYN_NT=0 or when
SYT is set and the profile stored in the ADT_T[i] field matches once between two gaps.
LOCKT1 is reset: for RMO=0 (RMO=1) while SMC=0

or for SMC=1

- when the number of corresponding events between two TRIGGER(STATE) gaps is
unexpected,
- when an unexpected corresponding missing TRIGGER(STATE) event occurs,
- when the corresponding input signal TRIGGER (STATE) is out of locking range TLR (SLR),
- when a corresponding direction change is detected
ERR: Error during configuration or operation resulting in unexpected values.

0 0 =when all bits in position 8 to 0 and 10 and 12 are zero

1 =when at least one bit in position 8 to 0 or 10 or 12 is one

1. The SOR bit is set, when the time to the next active STATE slope exceeds the value of the last nominal STATE duration
multiplied with the value of the SLR register (see chapter ) and is reset, when at the current or last valid input event a
direction change was detected. The SYS bit is not influenced by setting the SOR bit.

2. The TOR bit is set, when the time to the next active TRIGGER slope exceeds the value of the last nominal TRIGGER
duration multiplied with the value of the TLR register (see chapter ) and is reset, when at the current or last valid input event
a direction change was detected. The SYT bit is not influenced by setting the TOR bit
The DPLL_STATUS register is reset, when the DPLL is disabled (switching DEN from 1 to 0).
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16.11.31 DPLL_ID_PMTR_x (ID information for input signal PMTR_Xx
(x=0...31))@

Address offset: |see Appendix B Initial value: 0x0000_O1FE
0 ‘ 1 ‘ 2 | 3 ‘ 4 | 5 ‘ 6 | 7 ‘ 8 ‘ 9 ‘10‘11 ‘12‘13‘14‘15 16‘17|18‘19|20‘21‘22 23 24‘25‘26|27‘28|29‘30|31
Bit Reserved ID_PMTR_x
Mode R RPw
Initial value 0x000000 0x01FE

Table 243. DPLL_ID_PMTR_x field description

Bit Description
[23:31] ID_PMTR_x: ID information to the input signal PMTR_x from the ARU.
' Note: This value can only be written when the DPLL is disabled.
[0:22] Reserved

Note: Read as zero, should be written as zero.

16.11.32 DPLL_CTRL_O_SHADOW_TRIGGER: Shadow Register of
DPLL_CTRL_O controlled by a valid TRIGGER Slope

Address offset: |see Appendix B Initial value: 0x0000_0257
0 1‘2 3|45 6|7‘8‘9‘10‘11‘12‘13‘14‘15 16‘17|18‘19|20 21 22‘23 24‘25‘26|27‘28|29‘30|31
Rl Fe) el
9 5 )
. Q| 2 |K|2lk 2 a8 5
Bit Z| 8 |2|8| 2 L =
© g ©
Mode vl v |¢|e|lx x x x
(= N~
s (=] )
Initial value o| 8 |o|o|o S o §
3 S

Table 244. DPLL_CTRL_0_SHADOW_TRIGGER field description

Bit Description
[22:31] MLT): multiplier for TRIGGER; MLT+1 is number of SUB_INC1 pulses between two
’ TRIGGER events in normal mode (1...1024);
21 IFP™): Input filter position; value contains position or time related information.
Reserved
[6:20] .
Note: Read as zero, should be written as zero.
5 AMTM): Adapt mode TRIGGER; Use of adaptation information of TRIGGER.
4 Reserved
Note: Read as zero, should be written as zero.
3 DT ™ Input delay TRIGGER,; use of input delay information transmitted in FT part of the
TRIGGER signal.

q. The registers DPLL_ID_PMTR_24-31 are only available for device 4.

3
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Table 244. DPLL_CTRL_0_SHADOW_TRIGGER field description (continued)
Bit Description
[1:2] Reserved '
Note: Read as zero, should be written as zero.
0 RMO(": Reference mode; selection of the relevant the input signal for generation of

SUB_INCH.

1. The registers DPLL_ID_PMTR_24-31 are only available for device 4.

Note:

Only the values characterized by Note 1 are stored for a valid TRIGGER slope. All other

values remain 0. When DEN=0 the relevant bit values of the original register DPLL_CTRL_O
are transferred without any input event at the next system clock. This results in the above
reset value.

16.11.33

DPLL_CTRL_0 SHADOW_STATE: Shadow Register of DPLL_CTRL_0

controlled by a valid STATE Slope

Address offset:

see Appendix B

Initial value: 0x0000_0000

0

[}
N
=

1‘2|3 4 7‘8‘9‘10‘11‘12‘13‘14‘15 16‘17|18‘19|20 22‘23 24‘25‘26|27‘28|29‘30|31

Bit

RMO

IDS
reserved | o
IFP

AMS

Mode

R [Reserved

Initial value

000
0
0
0

R
R
R
0x0000| R |Reserved
R
0x000 | R |Reserved

Table 245. DPLL_CTRL_0_SHADOW_STATE field description

Bit Description
[22:31] Reserved
’ Note: Read as zero, should be written as zero.
21 IFP): Input filter position; value contains position or time related information.
5 Reserved
Note: Read as zero, should be written as zero.
4 AMS @: Adapt mode STATE; Use of adaptation information of STATE.
5 Reserved
Note: Read as zero, should be written as zero.
4 IDS @: Input delay STATE; Use of input delay information transmitted in FT part of the STATE
signal.
[1:3] Reserved
' Note: Read as zero, should be written as zero.
0 RMO (): Reference mode; selection of the relevant the input signal for generation of

SUB_INCH.

1. This value is stored for a valid STATE slope. All other values remain 0. When DEN=0 the relevant bit values of the original
register DPLL_CTRL_O are transferred without any input event at the next system clock
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16.11.34 DPLL_CTRL_1 SHADOW_TRIGGER: Shadow Register of
DPLL_CTRL_1 controlled by a valid TRIGGER Slope
Address offset: |see Appendix B Initial value: 0x0000_0000
0 ‘ 1 | 2 | 3 ‘ 4 | 5 ‘ 6 | 7 | 8 | 9 |10|11|12|13|14‘15 16‘17|18‘19|20|21|22|23 24|25|26(27|28(29 30|31
i e S|(S|W < § o
B 2l3|18=|8] § |3
14 14
Mode x rle|e|le|le| @ |x
Initial value fl olo|o|lolo| & |o

Table 246. DPLL_CTRL_1_SHADOW_TRIGGER field description

Bit Description
31 DMO (): DPLL mode select.
Reserved
29:30
[ ] Note: Read as zero, should be written as zero.
28 coA(M: Correction strategy in automatic end mode (DMO=0).
27 PITM: Plausibility value PVT to next valid TRIGGER is time related
26 SGE1(": SUB_INC1 generator enable.
25 DLM1("): Direct Load Mode for SUB_INC1 generation
24 PcM1"): Pulse Correction Mode for SUB_INC1 generation.
[0:3] Reserved

Note: Read as zero, should be written as zero.

1. This value is stored for a valid TRIGGER slope. All other values remain 0. When DEN=0 the relevant bit values of the
original register DPLL_CTRL_1 are transferred without any input event at the next system clock.

16.11.35

DPLL_CTRL_1 _SHADOW_STATE: DPLL Shadow Register of
DPLL_CTRL_1 controlled by a valid STATE Slope

Address offset: |see Appendix B Initial value: 0x0000_0000
0 ‘ 1 ‘2 | 3 ‘ 4 | 5 ‘ 6 | 7 ‘ 8 ‘ 9 ‘10‘11‘12‘13‘14‘15 16‘17|18‘19|20 21|22|23 (24 |25|26|27|28]|29|30 |31
2 o o kS kS
. SIS\ nlzl< b o
Bit ! 2l=8lZ2|1Z2|Y|&6|o| & |=
z £a|3|2|a|?|g|o| g |5
) 04 04
Mode x loe|e|le|le|le|le|le| @ |x
o
" S
Initial value S o|lo|o|o|o|o|o|lo| 8 |e
3
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Table 247. DPLL_CTRL_1_SHADOW_STATE field description

Bit Description
31 DMOM: DPLL mode select.
Reserved
[29:30] Note: Read as zero, should be written as zero.
28 coA(M: Correction strategy in automatic end mode (DMO=0).
97 Reserved
Note: Read as zero, should be written as zero.
26 SGE1(": SUB_INC1 generator enable.
25 DLM1"): Direct Load Mode for SUB_INC1 generation
24 PcM1"): Pulse Correction Mode for SUB_INC1 generation.
23 SGE2("): SUB_INC2 generator enable.
22 DLM2("): Direct Load Mode for SUB_INC2 generation
21 PcMm2(): Pulse Correction Mode for SUB_INC2 generation.

[0:20]

HALF_SCALE

SYN_NS: Synchronization number of STATE; summarized number of virtual increments in

1. This value is stored for a valid STATE slope. All other values remain 0. When DEN=0 the relevant bit values of the original

register DPLL_CTRL_1 are transferred without any input event at the next system clock.

16.11.36 DPLL_RAM_INI: DPLL RAM Initialization control register

Address offset: |see Appendix B Initial value: 0x0000_0000
0 ‘ 1 ‘ 2 | 3 ‘ 4 | 5 ‘ 6 | 7 ‘ 8 ‘ 9 ‘10‘11 ‘12‘13‘14‘15 16‘17|18‘19|20‘21‘22‘23 24‘25‘26 2728|2930 |31
o =|o
g HERIEIE
E z|¢|%|2|2
Mode x E(;: vle|le|le
o
8I
Initial value S o|lo|o|o|o
8
3
Table 248. DPLL_RAM_INI field description
Bit Description
INIT_1A: RAM region 1a initialization in progress
31 0 =No initialization of considered RAM region in progress
1 =Initialization of considered RAM region in progress
INIT_1B: RAM region 1b initialization in progress
30 .
see bit 31
29 INIT_2: RAM region 2 initialization in progress
see bit 31
28 Reserved
Note: Read as zero, should be written as zero.
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Table 248. DPLL_RAM_INI field description (continued)

Bit

Description

27

(DEN=0).

register.

INIT_RAM: RAM regions 1a, 1b and 2 are to be initialized.
0 =Do not start initialization of all RAM regions

1 =Start initialization of all RAM regions
Note: Setting the INIT_RAM bit results only in a RAM reset when the DPLL is not enabled

Note: Depending on the vendor configuration the connected RAM regions are initialized to
zero in the case of a module HW reset or for setting the RST bit in the GTM_RST

Note: In the case of no RAM initialization it must be ensured that all relevant parameters are
configured correctly. Otherwise there is no guarantee to get a predictable behavior.

[0:26]

Reserved

Note: Read as zero, should be written as zero.

16.11.37 DPLL_PSA]Ji]: Position request for Action i, (RAM1a, i=0...31)

Address offset:

see Appendix B

Initial value:

0x0000_0000

0 ‘1 ‘2 |3 ‘4 |5 ‘6 |7

8‘ 9‘10‘11‘12‘13‘14‘15

16‘17|18‘19|20‘21‘22‘23

24‘25‘26|27‘28|29‘30|31

Bit Reserved PSA
Mode R RPw
Initial value 0x00 0x000000

Table 249. DPLL_PSA]Ji] field description

Bit Description
[8:31] PSA: Position information of a desired action (i=0...31)(").

' Note: This value can only be written when the DPLL is disabled.
[07] Reserved

Note: Read as zero, should be written as zero.

1. The PSA values for actions 24...31 are only available for device 4.

16.11.38 Memory DPLL_DLAJ[i]: Time to React for Action i, (RAM1a, i=0...31)

Address offset:

see Appendix B

Initial value:

0x0000_0000

31‘30‘29|28‘27|26‘2S|24

23‘22‘21‘20‘19‘18‘17‘16

15‘14|13‘12|11‘1o‘ 9 ‘ 8

7‘6‘5|4‘3|2‘1|0

Bit Reserved DLA
Mode R RPw
Initial value 0x00 0x000000
446/558 DocID025070 Rev 1 ‘Yl




RMO0361

Digital PLL module (DPLL)

Table 250. Memory DPLL_DLA]Ji] field description

Bit Description
DLA: Time to react before the corresponding position value of a desired action is reached
8:31 (x=0...31 )(1). In the case of LOW_RES=1 (see Table 205) this delay value must be also given
[8:31] as low resolution value.
Note: This value can only be written when the DPLL is disabled.
07] Reserved
' Note: Read as zero, should be written as zero.

1. The DLA values for actions 24...31 are only available for device 4.

16.11.39 Memory DPLL_NA[i]: Calculated Number of TRIGGER/STATE
Increments to Action i, (RAM1a, i=0...31)

Address offset: |see Appendix B Initial value: 0x0000_0000
0 ‘ 1 ‘ 2 | 3 ‘ 4 | 5 ‘ 6 | 708 ‘ 9 ‘10‘11 12‘13‘14‘15 16‘17|18‘19|20‘21 22‘23 24‘25‘26|27‘28|29‘30|31
Bit Reserved Reserved DW DB
Mode R RPw RPw RPw
Initial value 0x00 0x0 0x000 0x000
Table 251. Memory DPLL_NA]Ji] field description
Bit Description
[22:31] DB: number of events to Action_i (fractional part, i=0...31(1)).
' Note: This value can only be written when the DPLL is disabled.
DW: number of events to Action_i (integer part, i=O...31(1)).
[12:21] Note: Use the maximum value for DW=0x3FF in the case of a calculated value which exceeds
’ the represent able value.
Note: This value can only be written when the DPLL is disabled.
[8:11] Reserved
' Note: Read as zero, should be written as zero.
Reserved
[0:7]

Note: Read as zero, should be written as zero.

1. The NA values for actions 24...31 are only available for device 4.
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16.11.40 Memory DPLL_DTA]Ji]: Calculated Relative Time to Action i, (RAM1a,

i=0...31)
Address offset: |see Appendix B Initial value: 0x0000_0000
0 ‘ 1 ‘ 2 | 3 ‘ 4 | 5 ‘ 6 | 7108 ‘ 9 ‘10‘11 ‘12‘13‘14‘15 16‘17|18‘19|20‘21‘22‘23 24‘25‘26|27‘28|29‘30|31
Bit Reserved DTA
Mode R RPw
Initial value 0x00 0x000000

Table 252. Memory DPLL_DTA]Ji] field description

Bit Description

DTA: calculated relative time to ACTION_i (i=0...31)(")

8:31] Note: This value can only be written when the DPLL is disabled. The DTA value is a positive
' integer value. When calculations using Equation 34 or Equation 43 result in a negative
value, it is replaced by zero.

Reserved

0:7
[0:7] Note: Read as zero, should be written as zero.

1. The DTA values for actions 24...31 are only available for device 4.

16.11.41 Memory DPLL_TS T: Actual TRIGGER time stamp value register

Address offset: |see Appendix B Initial value: 0x0000_0000
0 ‘ 1 ‘ 2 | 3 ‘ 4 | 5 ‘ 6 | 7|8 ‘ 9 ‘10‘11 ‘12‘13‘14‘15 16‘17|18‘19|20‘21‘22‘23 24‘25‘26|27‘28|29‘30|31
Bit Reserved TRIGGER_TS
Mode R RW
Initial value 0x00 0x000000

Table 253. memory DPLL_TS_T field description

Bit Description

TRIGGER_TS: Time stamp value of the last valid TRIGGER input.
[8:31] measured TRIGGER time stamp

Note: The LSB address is determined using the SWON_T value in the OSW register (see
Section 16.11.8).

Reserved

0:7
[0:7] Note: Read as zero, should be written as zero.

3
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16.11.42 Memory DPLL_TS T _OLD: previous TRIGGER time stamp value

register
Address offset: |see Appendix B Initial value: 0x0000_0000
0 ‘ 1 ‘ 2 | 3 ‘ 4 | 5 ‘ 6 | 7108 ‘ 9 ‘10‘11 ‘12‘13‘14‘15 16‘17|18‘19|20‘21‘22‘23 24‘25‘26|27‘28|29‘30|31
Bit Reserved TRIGGER_TS_OLD
Mode R RW
Initial value 0x00 0x0000

Table 254. Memory DPLL_TS_T_OLD field description

Bit

Description
TRIGGER_TS_OLD: Time stamp value of the last but one valid TRIGGER input.
[8:31] previous measured TRIGGER time stamp
' Note: The LSB address is determined using the SWON_T value in the OSW register (see
Section 16.11.8).
Reserved
[0:7] v

Note: Read as zero, should be written as zero.

16.11.43 Memory DPLL_FTV_T: Actual TRIGGER filter value register

Address offset: |see Appendix B Initial value: 0x0000_0000
0 ‘ 1 ‘ 2 | 3 ‘ 4 | 5 ‘ 6 | 708 ‘ 9 ‘10‘11 ‘12‘13‘14‘15 16‘17|18‘19|20‘21‘22‘23 24‘25‘26|27‘28|29‘30|31
Bit Reserved TRIGGER_FT
Mode R RW
Initial value 0x00 0x0000

Table 255. Memory DPLL_FTV_T field description

Bit Description
TRIGGER_FT: Filter value of the last valid TRIGGER input.
[8:31] transmitted filter value
' Note: The LSB address is determined using the SWON_T value in the OSW register (see
Section 16.11.8).
[07] Reserved

Note: Read as zero, should be written as zero.
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16.11.44 Memory DPLL_TS_S: Actual STATE time stamp register

Address offset: |see Appendix B Initial value: 0x0000_0000
0 ‘ 1 ‘ 2 | 3 ‘ 4 | 5 ‘ 6 | 708 ‘ 9 ‘10‘11 ‘12‘13‘14‘15 16‘17|18‘19|20‘21‘22‘23 24‘25‘26|27‘28|29‘30|31
Bit Reserved STATE_TS
Mode R RW
Initial value 0x00 0x000000

Table 256. Memory DPLL_TS_S field description

Bit Description

STATE_TS: Time stamp value of the last valid STATE input.

[8:31] Note: The LSB address is determined using the SWON_S value in the OSW register (see
Section 16.11.8).

Reserved

7
[0:7] Note: Read as zero, should be written as zero.

16.11.45 Memory DPLL_TS S _OLD: previous STATE time stamp register

Address offset: |see Appendix B Initial value: 0x0000_0000
0 ‘ 1 ‘ 2 | 3 ‘ 4 | 5 ‘ 6 | 7108 ‘ 9 ‘10‘11 ‘12‘13‘14‘15 16‘17|18‘19|20‘21‘22‘23 24‘25‘26|27‘28|29‘30|31
Bit Reserved STATE_TS_OLD
Mode R RW
Initial value 0x00 0x000000

Table 257. Memory DPLL_TS_S_OLD field description

Bit Description

STATE_TS_OLD: Time stamp value of the last valid STATE input.

[8:31] Note: The LSB address is determined using the SWON_S value in the OSW register (see
Section 16.11.8).

Reserved

0:7
[0:7] Note: Read as zero, should be written as zero.
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16.11.46 Memory DPLL_FTV_S: Actual STATE filter value

Address offset: |see Appendix B Initial value: 0x0000_0000
0 ‘ 1 ‘ 2 | 3 ‘ 4 | 5 ‘ 6 | 7|8 ‘ 9 ‘10‘11 ‘12‘13‘14‘15 16‘17|18‘19|20‘21‘22‘23 24‘25‘26|27‘28|29‘30|31
Bit Reserved STATE_FT
Mode R RW
Initial value 0x00 0x0000

Table 258. Memory DPLL_FTV_S field description

Note: Read as zero, should be written as zero.

Bit Description
STATE_FT: Filter value of the last valid STATE input.
[8:31] transmitted filter value
Note: The LSB address is determined using the SWON register (see Section 16.11.8).
Reserved
[0:7]

16.11.47 Memory DPLL_THMI: TRIGGER hold time min value

Address offset:

see Appendix B

Initial value:

0x0000_0000

0 ‘1 ‘2 |3 ‘4 |5 ‘6 |7

8‘ 9‘10‘11‘12‘13‘14‘15

16‘17|18‘19|20‘21‘22‘23

24‘25‘26|27‘28|29‘30|31

Bit Reserved Reserved THMI
Mode R RW RW
Initial value 0x00 0x00 0x0000

Table 259. Memory DPLL_THMI field description

Bit Description
THMI: minimal time between active and inactive TRIGGER slope (uint16); the time value
corresponds to the time stamp clock counts: this does mean the clock selected for the
TBU_CHO_BASE (see TBU_CHO_CTRL register)
[16:31] set min value; generate the TINI interrupt in the case of a violation for THMI>0.
Note: Typical retention time values after a valid slope can be e.g. between 45 ys (forwards)
and 90 ps (backwards). When THMI is zero, consider always a THMI violation
(forwards).
[8:15] Reserved
' Note: Read as zero, should be written as zero.
Reserved
[0:7]

Note: Read as zero, should be written as zero.
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16.11.48 Memory DPLL_THMA: TRIGGER hold time max value

Address offset: |see Appendix B Initial value: 0x0000_0000
0 ‘ 1 ‘ 2 | 3 ‘ 4 | 5 ‘ 6 | 708 ‘ 9 ‘10‘11 ‘12‘13‘14‘15 16‘17|18‘19|20‘21‘22‘23 24‘25‘26|27‘28|29‘30|31
Bit Reserved Reserved THMA
Mode R RW RW
Initial value 0x00 0x00 0x0000

Table 260. Memory DPLL_THMA field description

Bit Description

THMA: maximal time between active and inactive TRIGGER slope (uint16); the time value
16:31 corresponds to the time stamp clock counts: this does mean the clock selected for the
[16:31] TBU_CHO_BASE (see TBU_CHO_CTRL register)

max value to be set; generate the TAX interrupt in the case of a violation for THMA>O0.

[8:15] Reserved
’ Note: Read as zero, should be written as zero.
[07] Reserved

Note: Read as zero, should be written as zero.

16.11.49 Memory DPLL_THVAL: Measured TRIGGER hold time value

Address offset: |see Appendix B Initial value: 0x0000_0000
0 ‘ 1 ‘ 2 | 3 ‘ 4 | 5 ‘ 6 | 7|8 ‘ 9 ‘10‘11 ‘12‘13‘14‘15 16‘17|18‘19|20‘21‘22‘23 24‘25‘26|27‘28|29‘30|31
Bit Reserved Reserved THVAL
Mode R RW RW
Initial value 0x00 0x00 0x0000

Table 261. Memory DPLL_THVAL field description

Bit Description

THVAL: measured time from the last valid slope to the next inactive TRIGGER slope in time
[16:31] stamp clock counts: this does mean the clock selected for the TBU_CHO_BASE (uint16);
measured value

[8:15] Reserved
’ Note: Read as zero, should be written as zero.
[07] Reserved
) Note: Read as zero, should be written as zero.
Note: In the case of LOW_RES=1 and TBU_HRT=0 the difference between the time stamps of

valid and invalid slope is multiplied by 8. The register contains this value.
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16.11.50 Memory DPLL_TOV: Time Out Value of Active TRIGGER Slope (for
missing TRIGGER generation)

Address offset:

see Appendix B

Initial value:

0x0000_0000

0 ‘ 1 ‘ 2 | 3 ‘ 4 | 5 ‘ 6 | 7108 ‘ 9 ‘10‘11 ‘12‘13‘14‘15 16‘17|18‘19|20‘21 22‘23 24‘25‘26|27‘28|29‘30|31
Bit Reserved Reserved DW DB
Mode R RW RW RW
Initial value 0x00 0x00 0x000

Table 262. Memory DPLL_TOV field description

Bit Description
[22:31] DB: Decision value (fractional part) for missing TRIGGER interrupt.
DW: Decision value (integer part) for missing TRIGGER interrupt.
TOV(15:0) is to be multiplied with the duration of the last increment and divided by 1024 in
order to get the timeout time value for a missing TRIGGER event.
Note: For the case of LOW_RES=1 (see DPLL_STATUS register) consider for the calculation
of the time out value the following cases:
[16:21] LOW_RES=1 and DPLL_CTRL_1/TS0_HRT=1:
multiply the TBU_TSO value by 8
LOW_RES=1 and DPLL_CTRL_1/TS0_HRT=0:
multiply the TBU_TSO0 value by
multiply the estimated time point value (using TS_T, dt_t ACT and TOV) by 8
LOW_RES=0 and DPLL_CTRL_1/TS0_HRT=0:
use TBU_TSO0 and the estimated time point value unchanged.
[8:15] Reserved
' Note: Read as zero, should be written as zero.
Reserved
[0:7]

Note: Read as zero, should be written as zero.
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16.11.51 Memory DPLL_TOV_S: Time Out Value of Active STATE Slope (for
missing STATE generation)

Address offset: |see Appendix B Initial value: 0x0000_0000
0 ‘ 1 ‘ 2 | 3 ‘ 4 | 5 ‘ 6 | 7|8 ‘ 9 ‘10‘11 ‘12‘13‘14‘15 16‘17|18‘19|20‘21 22‘23 24‘25‘26|27‘28|29‘30|31
Bit Reserved Reserved DW DB
Mode R RW RW RW
Initial value 0x00 0x00 0x00 0x000
Table 263. Memory DPLL_TOV_S field description
Bit Description
[22:31] DB: Decision value (fractional part) for missing STATE interrupt.
DW: Decision value (integer part) for missing STATE interrupt.
TOV_S ([16:31]) is to be multiplied with the duration of the last increment and divided by 1024
in order to get the timeout time value for a missing STATE event.
Note: For the case of LOW_RES=1 (see DPLL_STATUS register) consider for the calculation
of the time out value the following cases:
[16:21] LOW_RES=1 and DPLL_CTRL_1/TS0_HRS=1:
multiply the TBU_TSO value by 8
LOW_RES=1 and DPLL_CTRL_1/TS0_HRS=0:
multiply the TBU_TSO value by 8
multiply the estimated time point value (using TS_T, dt_ s ACT and TOV_S) by 8
LOW_RES=0 and DPLL_CTRL_1/TS0_HRS=0
use TBU_TSO0 and the estimated time point value unchanged.
[8:15] Reserved
’ Note: Read as zero, should be written as zero.
07] Reserved
) Note: Read as zero, should be written as zero.
454/558 DoclD025070 Rev 1 Kys




RMO0361

Digital PLL module (DPLL)

16.11.52 Memory DPLL_ADD _IN_CALZ1: Calculated ADD_IN Value for SUB_INC1
Generation

Address offset:

see Appendix B

Initial value:

0x0000_0000

0 ‘1 ‘2 |3 ‘4 |5 ‘6 |7

8‘ 9‘10‘11‘12‘13‘14‘15

16‘17|18‘19|20‘21‘22‘23

24‘25‘26|27‘28|29‘30|31

Bit Reserved ADD_IN_CAL1
Mode R RW
Initial value 0x00 0x000000

Table 264. Memory DPLL_ADD_IN_CAL1 field description

Bit

Note: Read as zero, should be written as zero.

Description

ADD_IN_CAL_1: Calculated input value for SUB_INC1 generation, calculated by the DPLL.
calculated value

[8:31] The update of the ADD_IN value by the new calculated value ADD_IN_CAL1 is suppressed
for one increment when an unexpected missing TRIGGER (SMC=1 or RMO=0) or an
unexpected STATE (RMO=1 and SMC=0) is detected.
Reserved

[0:7]

16.11.53 Memory DPLL_ADD_IN_CALZ2: Calculated ADD_IN value for SUB_INC2
generation

Address offset:

see Appendix B

Initial value:

0x0000_0000

0 ‘1 ‘2 |3 ‘4 |5 ‘6 |7

8‘ 9‘10‘11‘12‘13‘14‘15

16‘17|18‘19|20‘21‘22‘23

24‘25‘26|27‘28|29‘30|31

Bit Reserved ADD_IN_CAL2
Mode R RW
Initial value 0x00 0x000000

Table 265. Memory DPLL_ADD_IN_CAL2 field description

Bit Description

ADD_IN_CAL_2: Input value for SUB_INC2 generation, calculated by the DPLL for
SMC=RMO=1.

[8:31] calculated value
The update of the ADD_IN value by the calculated value ADD_IN_CAL2 is suppressed for
one increment when an unexpected missing STATE (RMO=SMC=1) is detected.
Reserved

[0:7]

Note: Read as zero, should be written as zero.
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16.11.54 Memory DPLL_MPVALL: Missing pulses to be added or subtracted

directly
Address offset: |see Appendix B Initial value: 0x0000_0000
0 ‘ 1 ‘ 2 | 3 ‘ 4 | 5 ‘ 6 | 708 ‘ 9 ‘10‘11 ‘12‘13‘14‘15 16‘17|18‘19|20‘21‘22‘23 24‘25‘26|27‘28|29‘30|31

Bit Reserved SIX1 MPVAL1

Mode R RW RW

Initial value 0x00 0x00 0x0000

Table 266. Memory DPLL_MPVAL1 field description
Bit Description
MPVAL1: missing pulses for direct correction of SUB_INC1 pulses by the CPU (sint16);
[16:31] used only for RMO=0 or SMC=1 for the case PCM1=1. Add MPVAL1 once to INC_CNT1 and
reset PCM1 after applying once
SIX1: sign extension for MPVAL1
[8:15] 0x00 =MPVAL1 is a positive number
' OxFF =MPVAL1 is a negative number
Note: All bits must be written to either all zeros or all ones.
[07] Reserved
’ Note: Read as zero, should be written as zero.

Note: Do not provide negative values which exceed the amount of NT*(MLT+1) or MLS1
respectively; when considered negative PD values the sum of both should not exceed the
amount of NT*(MLT+1) or MLS1 respectively.

16.11.55 Memory DPLL_MPVALZ2: Missing pulses to be added or subtracted

directly

Address offset:

see Appendix B

Initial value:

0x0000_0000

O‘1‘2|3‘4|5‘6|7

8 ‘ 9 ‘10‘11‘12‘13‘14‘15

16‘17|18‘19|20‘21‘22‘23

24‘25‘26|27‘28|29‘30|31

Bit

Reserved SIX2 MPVAL2
Mode R RW RW
Initial value 0x00 0x00 0x0000
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Table 267. Memory DPLL_MPVAL2 field description

Bit Description
MPVAL2: missing pulses for direct correction of SUB_INC2 pulses by the CPU (sint16);
used only for SMC=RMO=1 for the case PCM2=1. Add MPVAL2 once to INC_CNT2 and
[16:31] reset PCM2 after applying once
Note: Do not provide negative values which exceed the amount of MLS2; when considered
negative PD_S values the sum of both should not exceed the amount of MLS2.
SIX2: sign extension for MPVAL2
[8:15] 0x00 =MPVALZ2 is a positive number
' OxFF =MPVAL2 is a negative number
Note: All bits must be written to either all zeros or all ones.
[07] Reserved
’ Note: Read as zero, should be written as zero.

16.11.56 Memory DPLL_NMB_T_ TAR: target number of pulses to be sent in
normal mode

Address offset:

see Appendix B

Initial value:

0x0000_0000

0 ‘1 ‘2 |3 ‘4 |5 ‘6 |7

8‘ 9‘10‘11‘12‘13‘14‘15

16‘17|18‘19|20‘21‘22‘23

24‘25‘26|27‘28|29‘30|31

Bit Reserved Reserved NMB_T_TAR
Mode R RW RW
Initial value 0x00 0x00 0x0000

Table 268. Memory DPLL_NMB_T_TAR field description

Bit Description
NMB_T_TAR: Target Number of pulses for TRIGGER; Calculated number of pulses in normal
mode for the current TRIGGER increment without missing pulses.
[16:31] calculated target pulse number
Note: The LSB address is determined using the SWON_S value in the OSW register (see
Section 16.11.8).
[8:15] Reserved
' Note: Read as zero, should be written as zero.
Reserved
[0:7]

Note: Read as zero, should be written as zero.

16.11.57 Memory DPLL_NMB_T_TAR_OLD: Last but one Target Number of
Pulses to be Sent in Normal Mode

Address offset: |see Appendix B Initial value: 0x0000_0000
0 ‘ 1 ‘ 2 | 3 ‘ 4 | 5 ‘ 6 | 718 ‘ 9 ‘10‘11 ‘12‘13‘14‘15 16‘17|18‘19|20‘21‘22‘23 24‘25‘26|27‘28|29‘30|31
Bit Reserved Reserved NMB_T_TAR_OLD
Mode R RW RW
Initial value 0x00 0x00 0x0000
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Table 269. Memory DPLL_NMB_T_TAR_OLD field description

Bit Description

NMB_T_TAR_OLD: Target Number of pulses for TRIGGER; Calculated number of pulses in
normal mode for the current TRIGGER increment without missing pulses.

[16:31] calculated target pulse number

Note: The LSB address is determined using the SWON_S value in the OSW register (see
Section 16.11.8).

[8:15] Reserved
’ Note: Read as zero, should be written as zero.
07] Reserved

Note: Read as zero, should be written as zero.

16.11.58 Memory DPLL_NMB_S_ TAR: Target Number of Pulses to be Sent in
Emergency Mode

Address offset: |see Appendix B Initial value: 0x0000_0000
0 ‘ 1 ‘ 2 | 3 ‘ 4 | 5 ‘ 6 | 7|8 ‘ 9 ‘10‘11 12‘13‘14‘15 16‘17|18‘19|20‘21‘22‘23 24‘25‘26|27‘28|29‘30|31
Bit Reserved Reserved NMB_S_TAR
Mode R RW RW
Initial value 0x00 0x0 0x00000

Table 270. Memory DPLL_NMB_S_TAR field description

Bit Description

NMB_S_TAR: Target Number of pulses for STATE; Calculated number of pulses in
emergency mode for the current STATE increment without missing pulses.

[12:31] calculated target pulse number

Note: The LSB address is determined using the SWON_S value in the OSW register (see
Section 16.11.8).

[8:11] Reserved
' Note: Read as zero, should be written as zero.
Reserved
[0:7]

Note: Read as zero, should be written as zero.

16.11.59 Memory DPLL_NMB_S_TAR_OLD: Target number of pulses to be sent
in emergency mode

Address offset: |see Appendix B Initial value: 0x0000_0000
0 ‘ 1 ‘ 2 | 3 ‘ 4 | 5 ‘ 6 | 7|8 ‘ 9 ‘10‘11 12‘13‘14‘15 16‘17|18‘19|20‘21‘22‘23 24‘25‘26|27‘28|29‘30|31
Bit Reserved Reserved NMB_S_TAR_OLD
Mode R RW RW
Initial value 0x00 0x0 0x00000
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Table 271. Memory DPLL_NMB_S_TAR_OLD field description

Bit Description

NMB_S_TAR_OLD: Target Number of pulses for STATE; Calculated number of pulses in
emergency mode for the current STATE increment without missing pulses.

[12:31] calculated target pulse number

Note: The LSB address is determined using the SWON_S value in the OSW register (see
Section 16.11.8: DPLL_OSW (offset and switch old/new address register)).

Reserved

[8:11] Note: Read as zero, should be written as zero.

Reserved

0:7
[0:7] Note: Read as zero, should be written as zero.

16.11.60 Memory DPLL_RCDT_TX: Reciprocal value of the expected increment
duration of TRIGGER

Address offset: |see Appendix B Initial value: 0x0000_0000
0 ‘ 1 ‘ 2 | 3 ‘ 4 | 5 ‘ 6 | 708 ‘ 9 ‘10‘11 ‘12‘13‘14‘15 16‘17|18‘19|20‘21‘22‘23 24‘25‘26|27‘28|29‘30|31
Bit Reserved RCDT_TX
Mode R RW
Initial value 0x00 0x000000

Table 272. Memory DPLL_RCDT_TX field description

Bit Description

RCDT_TX: Reciprocal value of expected increment duration *232 while only the lower 24 bits
[8:31] are used.

Calculated value; when an overflow occurs in calculation the value is set to OXFFFFFF.

Reserved

0:7
[0:7] Note: Read as zero, should be written as zero.

16.11.61 Memory DPLL_RCDT_SX: Reciprocal value of the expected increment
duration of STATE

Address offset: |see Appendix B Initial value: 0x0000_0000
0 ‘ 1 ‘ 2 | 3 ‘ 4 | 5 ‘ 6 | 7|8 ‘ 9 ‘10‘11 ‘12‘13‘14‘15 16‘17|18‘19|20‘21‘22‘23 24‘25‘26|27‘28|29‘30|31
Bit Reserved RCDT_SX
Mode R RW
Initial value 0x00 0x000000
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Table 273. Memory DPLL_RCDT_SX field description

Bit Description

RCDT_SX: Reciprocal value of expected increment duration *232 while only the lower 24 bits
[8:31] are used.

Calculated value; when an overflow occurs in calculation the value is set to OXFFFFFF.

Reserved

0:7
[0:7] Note: Read as zero, should be written as zero.

16.11.62 Memory DPLL_RCDT_TX_NOM: Reciprocal Value of the Expected
Nominal Increment Duration of TRIGGER

Address offset: |see Appendix B Initial value: 0x0000_0000
0 ‘ 1 ‘ 2 | 3 ‘ 4 | 5 ‘ 6 | 7108 ‘ 9 ‘10‘11 ‘12‘13‘14‘15 16‘17|18‘19|20‘21‘22‘23 24‘25‘26|27‘28|29‘30|31
Bit Reserved RCDT_TX_NOM
Mode R RW
Initial value 0x00 0x000000

Table 274. Memory DPLL_RCDT_TX_NOM field description

Bit Description

RCDT_TX_NOM: Reciprocal value of nominal increment duration *232 while only the lower 24
[8:31] bits are used.

Calculated value; when an overflow occurs in calculation the value is set to OXFFFFFF.

Reserved

0:7
[0:7] Note: Read as zero, should be written as zero.

16.11.63 Memory DPLL_RCDT_SX_NOM: Reciprocal Value of the Expected
Nominal Increment Duration of STATE

Address offset: |see Appendix B Initial value: 0x0000_0000
0 ‘ 1 ‘ 2 | 3 ‘ 4 | 5 ‘ 6 | 7108 ‘ 9 ‘10‘11 ‘12‘13‘14‘15 16‘17|18‘19|20‘21‘22‘23 24‘25‘26|27‘28|29‘30|31
Bit Reserved RCDT_SX_NOM
Mode R RW
Initial value 0x00 0x000000

Table 275. Memory DPLL_RCDT_SX_ NOM field description

Bit Description

RCDT_SX_NOM: Reciprocal value of nominal increment duration *232 while only the lower 24
[8:31] bits are used.

calculated value; when an overflow occurs in calculation the value is set to OXFFFFFF.

Reserved

0:7
[0:7] Note: Read as zero, should be written as zero.
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Note: RCDT_TX_NOM and RCDT_SX_NOM are calculated by the values RCDT_TX and
RCDT_SX to be multiplied with SYN_T or SYN_S respectively.

16.11.64 Memory DPLL_RDT_T_ACT: Reciprocal Value of the Last Increment of

TRIGGER
Address offset: |see Appendix B Initial value: 0x0000_0000
0 ‘ 1 ‘ 2 | 3 ‘ 4 | 5 ‘ 6 | 7|8 ‘ 9 ‘10‘11 ‘12‘13‘14‘15 16‘17|18‘19|20‘21‘22‘23 24‘25‘26|27‘28|29‘30|31
Bit Reserved RDT_T_ACT
Mode R RW
Initial value 0x00 0x000000

Table 276. Memory DPLL_RDT_T_ACT field description

Bit Description

RDT_T_actual: Reciprocal value of last TRIGGER increment *232 only the lower 24 bits are
used; the LSB is rounded up when the next truncated bit is 1.

8:31

[ ] calculated value; when an overflow occurs in calculation the value is set to OxFFFFFF and the
CRO bit in the DPLL_STATUS register is set (see Section 16.11.30).
Reserved

[0:7] v

Note: Read as zero, should be written as zero.

16.11.65 Memory DPLL_RDT_S_ACT: Reciprocal Value of the Last Increment of

STATE
Address offset: |see Appendix B Initial value: 0x0000_0000
0 ‘ 1 ‘ 2 | 3 ‘ 4 | 5 ‘ 6 | 708 ‘ 9 ‘10‘11 ‘12‘13‘14‘15 16‘17|18‘19|20‘21‘22‘23 24‘25‘26|27‘28|29‘30|31
Bit Reserved RDT_S_ACT
Mode R RW
Initial value 0x00 0x000000

Table 277. Memory DPLL_RDT_S_ACT field description

Bit Description

RDT_S_ACT: Reciprocal value of last STATE increment 232, only the lower 24 bits are used;
the LSB is rounded up when the next truncated bit is 1.

8:31

[8:31] calculated value; when an overflow occurs in calculation the value is set to OXFFFFFF and the
CRO bit in the DPLL_STATUS register is set (see Section 16.11.30).
Reserved

[0:7]

Note: Read as zero, should be written as zero.
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16.11.66 DT_T_ACT (duration of the last TRIGGER increment (DT_T_ACT))

Address offset: |see Appendix B Initial value: 0x0000_0000
0 ‘ 1 ‘ 2 | 3 ‘ 4 | 5 ‘ 6 | 7|8 ‘ 9 ‘10‘11 ‘12‘13‘14‘15 16‘17|18‘19|20‘21‘22‘23 24‘25‘26|27‘28|29‘30|31
Bit Reserved DT_T_ACT
Mode R RW
Initial value 0x00 0x000000
Table 278. Memory DPLL_DT_T_ACT field description
Bit Description
DT_T_ACT: Calculated duration of the last TRIGGER increment.
[8:31] calculated duration of the last increment;
' Value will be written into the corresponding RAM field, when all calculations for the considered
increment are done and APT is valid.
[07] Reserved
' Note: Read as zero, should be written as zero.

16.11.67 Memory DPLL_DT_S_ACT: Duration of the last STATE increment

Address offset: |see Appendix B Initial value: 0x0000_0000
0 ‘ 1 ‘ 2 | 3 ‘ 4 | 5 ‘ 6 | 7|8 ‘ 9 ‘10‘11 ‘12‘13‘14‘15 16‘17|18‘19|20‘21‘22‘23 24‘25‘26|27‘28|29‘30|31
Bit Reserved DT_S_ACT
Mode R RW
Initial value 0x00 0x000000
Table 279. Memory DPLL_DT_S_ACT field description
Bit Description
DT_S_ACT: Calculated duration of the last STATE increment.
[8:31] Calculated increment duration
' Value will be written into the corresponding RAM field, when all calculations for the considered
increment are done and APS is valid.
[07] Reserved
’ Note: Read as zero, should be written as zero.

16.11.68 Memory DPLL_EDT_T: Difference of Prediction to Actual Value of the
Last TRIGGER Increment

Address offset:

see Appendix B

Initial value:

0x0000_0000

0 ‘1 ‘2 |3 ‘4 |5 ‘6 |7

8‘ 9‘10‘11‘12‘13‘14‘15

16‘17|18‘19|20‘21‘22‘23

24‘25‘26|27‘28|29‘30|31

Bit

Reserved EDT_T
Mode R RW
Initial value 0x00 0x000000
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Table 280. Memory DPLL_EDT_T field description

Bit Description
EDT_T: Signed difference between actual value and a simple prediction of the last TRIGGER
[8:31] increment: sint24
calculated error value
07] Reserved
’ Note: Read as zero, should be written as zero.

16.11.69 Memory DPLL_MEDT_T: Weighted difference of prediction errors of
TRIGGER)

Address offset:

see Appendix B

Initial value:

0x0000_0000

0 ‘1 ‘2 |3 ‘4 |5 ‘6 |7

8‘ 9‘10‘11‘12‘13‘14‘15

16‘17|18‘19|20‘21‘22‘23

24‘25‘26|27‘28|29‘30|31

Bit Reserved MEDT_T
Mode R RW
Initial value 0x00 0x000000

Table 281. Memory DPLL_MEDT _T field description

Bit Description
MEDT _T: Signed middle weighted difference between actual value and prediction of the last
TRIGGER increments: sint24; only calculated for SYT=1
[8:31] calculated medium error value, see Section 16.6.2.6: Equation 9 to calculate the weighted
’ average error.
The value is calculated only after synchronization (SYT=1) and the update is suppressed for
one increment when an unexpected missing TRIGGER is detected.
07] Reserved

Note: Read as zero, should be written as zero.

16.11.70 Memory DPLL_EDT_S: Difference of prediction to actual value of the
last STATE increment)

Address offset:

see Appendix B

Initial value:

0x0000_0000

0 ‘1 ‘2 |3 ‘4 |5 ‘6 |7

8‘ 9‘10‘11‘12‘13‘14‘15

16‘17|18‘19|20‘21‘22‘23

24‘25‘26|27‘28|29‘30|31

Bit Reserved EDT_S
Mode R RW
Initial value 0x00 0x000000
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Table 282. Memory DPLL_EDT_S field description

Bit Description
EDT_S: Signed difference between actual value and prediction of the last STATE increment:
[8:31] sint24
’ calculated error value, see Section 16.6.2.5: Equation 8 to calculate the error of last
prediction.
07] Reserved

Note: Read as zero, should be written as zero.

16.11.71 Memory DPLL_MEDT_S: Weighted difference of prediction errors of

STATE)
Address offset: |see Appendix B Initial value: 0x0000_0000
0 ‘ 1 ‘ 2 | 3 ‘ 4 | 5 ‘ 6 | 708 ‘ 9 ‘10‘11 ‘12‘13‘14‘15 16‘17|18‘19|20‘21‘22‘23 24‘25‘26|27‘28|29‘30|31
Bit Reserved MEDT_S
Mode R RW
Initial value 0x00 0x000000

Table 283. Memory DPLL_MEDT_S field description

Bit Description

MEDT_S: Signed middle weighted difference between actual value and prediction of the last
STATE increments: sint24; only calculated for SYS=1

[8:31] calculated medium error value, see Section 16.6.2.6: Equation 9 to calculate the weighted
’ average error.

The value is calculated only after synchronization (SYS=1) and the update is suppressed for
one increment when an unexpected missing STATE is detected.

Reserved

7
[0:7] Note: Read as zero, should be written as zero.

16.11.72 Memory DPLL_CDT_TX: Prediction of the actual TRIGGER increment

duration)
Address offset: |see Appendix B Initial value: 0x0000_0000
0 ‘ 1 ‘ 2 | 3 ‘ 4 | 5 ‘ 6 | 7108 ‘ 9 ‘10‘11 ‘12‘13‘14‘15 16‘17|18‘19|20‘21‘22‘23 24‘25‘26|27‘28|29‘30|31
Bit Reserved CDT_TX
Mode R RW
Initial value 0x00 0x000000
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Table 284. Memory DPLL_CDT_TX field description

Bit Description
[8:31] CDT_TX: Calculated duration of the current TRIGGER increment.
' calculated value
0:7] Reserved
’ Note: Read as zero, should be written as zero.

16.11.73 Memory DPLL_CDT_SX: Prediction of the actual STATE increment

duration
Address offset: |see Appendix B Initial value: 0x0000_0000
0 ‘ 1 ‘ 2 | 3 ‘ 4 | 5 ‘ 6 | 708 ‘ 9 ‘10‘11 ‘12‘13‘14‘15 16‘17|18‘19|20‘21‘22‘23 24‘25‘26|27‘28|29‘30|31
Bit Reserved CDT_SX
Mode R RW
Initial value 0x00 0x000000

Table 285. Memory DPLL_CDT_SX field description

Bit Description

[8:31] CDT_SX: Calculated duration of the current STATE increment.
' calculated value

[0:7] Reserved

Note: Read as zero, should be written as zero.

16.11.74 Memory DPLL_CDT_TX_NOM: Prediction of the nominal TRIGGER

increment duration

Address offset: |see Appendix B Initial value: 0x0000_0000
0 ‘ 1 ‘ 2 | 3 ‘ 4 | 5 ‘ 6 | 708 ‘ 9 ‘10‘11 ‘12‘13‘14‘15 16‘17|18‘19|20‘21‘22‘23 24‘25‘26|27‘28|29‘30|31
Bit Reserved CDT_TX_NOM
Mode R RW
Initial value 0x00 0x000000

Table 286. Memory DPLL_CDT_TX_NOM field description

Bit Description

[8:31] CDT_TX_NOM: Calculated duration of the current nominal TRIGGER event.
' calculated value

[0:7] Reserved

Note: Read as zero, should be written as zero.
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16.11.75 Memory DPLL_CDT_SX_NOM: Prediction of the nominal STATE

increment duration

Address offset:

see Appendix B Initial value: 0x0000_0000

0 ‘ 1 ‘ 2 | 3 ‘ 4 | 5 ‘ 6 | 718 ‘ 9 ‘10‘11 ‘12‘13‘14‘15 16‘17|18‘19|20‘21‘22‘23 24‘25‘26|27‘28|29‘30|31
Bit Reserved CDT_SX_NOM
Mode R RW
Initial value 0x00 0x000000

Table 287. Memory DPLL_CDT_SX_ NOM field description

Bit Description

[8:31] CDT_SX_NOM: Calculated duration of the current t nominal STATE event.
' calculated value

[07] Reserved

Note: Read as zero, should be written as zero.

16.11.76 Memory DPLL_TLR: TRIGGER locking range

Address offset: |see Appendix B Initial value: 0x00000000
0 ‘ 1 ‘ 2 | 3 ‘ 4 | 5 ‘ 6 | 718 ‘ 9 ‘10‘11 ‘12‘13‘14‘15 16‘17|18‘19|20‘21‘22‘23 24‘25‘26|27‘28|29‘30|31
Bit Reserved Reserved TLR
Mode R RW RW
Initial value 0x00 0x0000 0x00
Table 288. Memory DPLL_TLR field description
Bit Description
TLR: Value is to be multiplied with the last nominal TRIGGER duration in order to get the
[24:31] range for the next TRIGGER event without setting TOR in the DPLL_STATUS register
’ multiply value with the last nominal increment duration and check violation; when TLR=0 don't
perform the check
Reserved
[8:23] .
Note: Read as zero, should be written as zero.
[07] Reserved
’ Note: Read as zero, should be written as zero.
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16.11.77 Memory DPLL_SLR: STATE locking range

Address offset: |see Appendix B Initial value: 0x00000000
0 ‘ 1 ‘ 2 | 3 ‘ 4 | 5 ‘ 6 | 7|8 ‘ 9 ‘10‘11 ‘12‘13‘14‘15 16‘17|18‘19|20‘21‘22‘23 24‘25‘26|27‘28|29‘30|31
Bit Reserved Reserved SLR
Mode R RW RW
Initial value 0x00 0x0000 0x00

Table 289. Memory DPLL_SLR field description

Bit Description
SLR: Value is to be multiplied with the last nominal STATE duration in order to get the range
[24:31] for the next STATE event without setting SOR bit in the DPLL_STATUS register
' multiply value with the last nominal increment duration and check violation; when SLR=0 don't
perform the check.
[8:23] Reserved
’ Note: Read as zero, should be written as zero.
[07] Reserved

Note: Read as zero, should be written as zero.

16.11.78 Memory DPLL_PDT [i]: Projected increment sum relations for

Action_]i]
Address offset: |see Appendix B Initial value: 0x0000_0000
0 ‘ 1 ‘ 2 | 3 ‘ 4 | 5 ‘ 6 | 7|8 ‘ 9 ‘10‘11 ‘12‘13‘14‘15 16‘17 18‘19|20‘21‘22‘23 24‘25‘26|27‘28|29‘30|31
Bit Reserved DW DB
Mode R RW RW
Initial value 0x00 0x000 0x0000

Table 290. Memory DPLL_PDT_Ji] field description

Bit Description
[18:31] DB: Fractional part of relation between TRIGGER or STATE increments.
DW: Integer part of relation between TRIGGER or STATE increments.
[8:17] Definition of relation values between TRIGGER or STATE increments PDT_]i] according to
’ equations 30 to 33 or equations 39 to 47 (i = O...31)(1)
Note: The PDT_i values for actions 24...31 are only available for device 4.
Reserved
[0:7] v

Note: Read as zero, should be written as zero.

1. The PDT_i values for actions 24...31 are only available for device 4.

3

DoclD025070 Rev 1

467/558




Digital PLL module (DPLL)

RMO0361

16.11.79 Memory DPLL_MLS1: Calculated number of sub-pulses between two
STATE events for SMC=0

Address offset: |see Appendix B

Initial value: 0x0000_0000

0 ‘ 1 ‘2 | 3 ‘ 4 | 5 ‘ 6 | 718 ‘ 9 ‘10‘11‘12‘13 14‘15 16‘17|18‘19|20‘21‘22‘23 24‘25‘26|27‘28|29‘30|31

Bit Reserved Reserved MLS1
Mode R RW RW
Initial value 0x00 0x00 0x0000_0

Table 291. Memory DPLL_MLSL1 field description

Bit

Description

[14:31]

MLS1: number of pulses between two STATE events (to be set and updated by the CPU).
For SMC=0 the value of MLS1 is calculated once by the CPU for fixed values in the
DPLL_CTRL_O register by the formula MLS1 = (MLT+1)*(TNU+1)/(SNU+1)) and set
accordingly

FOR SMC=1 the value of MLS1 represents the number of pulses between two TRIGGER
events (to be set and updated by the CPU)

[8:13]

Reserved
Note: Read as zero, should be written as zero.

[0:7]

Reserved
Note: Read as zero, should be written as zero.

16.11.80 Memory DPLL_MLS2: Calculated number of sub-pulses between two
STATE events for SMC=1 and RMO=1

Address offset: |see Appendix B Initial value: 0x0000_0000
0 ‘ 1 ‘ 2 | 3 ‘ 4 | 5 ‘ 6 | 7|8 ‘ 9 ‘10‘11 ‘12‘13 14‘15 16‘17|18‘19|20‘21‘22‘23 24‘25‘26|27‘28|29‘30|31
Bit Reserved Reserved MLS2
Mode R RW RW
Initial value 0x00 0x00 0x0000_0
Table 292. Memory DPLL_MLS2 field description
Bit Description
MLS2: number of pulses between two STATE events (to be set and updated by the CPU).
[14:31] Using adapt information and the missing STATE event information SYN_S, this value can be
corrected for each increment automatically.
[8:13] Reserved
' Note: Read as zero, should be written as zero.
07] Reserved
' Note: Read as zero, should be written as zero.
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16.11.81 Memory DPLL_CNT_NUM_1: Counter for number of SUB_INC1 pulses

Address offset:

see Appendix B

Initial value:

0x0000_0000

0 ‘1 ‘2 |3 ‘4 |5 ‘6 |7

8‘ 9‘10‘11‘12‘13‘14‘15

16‘17|18‘19|20‘21‘22‘23

24‘25‘26|27‘28|29‘30|31

Bit Reserved CNT_NUM_1
Mode R RW
Initial value 0x00 0x000000

Table 293. Memory DPLL_CNT_NUM_1 field description

Note: Read as zero, should be written as zero.

Bit Description
CNT_NUM_1: Counter for number of SUB_INC1 pulses; Number of pulses in continuous
8:31 mode for a nominal increment in normal and emergency mode for SUB_INC1, given and
[8:31] updated by CPU only.
Count value for continuous mode
[07] Reserved

16.11.82 Memory DPLL_CNT_NUM_2

Address offset:

see Appendix B

Initial value:

0x0000_0000

0 ‘1 ‘2 |3 ‘4 |5 ‘6 |7

8‘ 9‘10‘11‘12‘13‘14‘15

16‘17|18‘19|20‘21‘22‘23

24‘25‘26|27‘28|29‘30|31

Bit Reserved CNT_NUM_2
Mode R RW
Initial value 0x00 0x000000

Table 294. Memory DPLL_CNT_NUM_2 field description

Bit Description
CNT_NUM_2: Counter for number of SUB_INC2 pulses; Number of pulses in continuous
8:31 mode for a nominal increment in normal and emergency mode for SUB_INC2, given and
[8:31] updated by CPU only.
Count value for continuous mode
[07] Reserved

Note: Read as zero, should be written as zero.

16.11.83 Memory DPLL_PVT: Plausibility value of next TRIGGER slope

Address offset:

see Appendix B

Initial value:

0x0000_0000

0 ‘1 ‘2 |3 ‘4 |5 ‘6 |7

8‘ 9‘10‘11‘12‘13‘14‘15

16‘17|18‘19|20‘21‘22‘23

24‘25‘26|27‘28|29‘30|31

Bit Reserved PVT
Mode R RW
Initial value 0x00 0x000000
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Table 295. Memory DPLL_PVT field description

Bit Description

PVT: Plausibility value of next valid TRIGGER slope.

The meaning of the value depends on the value of the PIT value in the DPLL_CTRL_1
register.

For PIT=0: the number of SUB_INC1 pulses to be waited for until a next valid TRIGGER
event is accepted.

8:31] For PIT=1: PVT is to be multiplied with the last nominal increment time DT_T_ACT and

divided by 1024 and reduced to a 24 bit value in order to get the time to be waited for until the

next valid TRIGGER event is accepted. The wait time must be exceeded for a valid slope.

Note: When a valid TRIGGER slope is detected while the wait condition is not fulfilled the
interrupt PWI is generated. Please note, that the SGE1 must be set, when PIT=0in order
to provide the necessary SUB_INC1 pulses for checking. After an unexpected missing
TRIGGER the plausibility check is suppressed for the following increment.

Reserved

0:7
[0:71 Note: Read as zero, should be written as zero.

16.11.84 Memory DPLL_PSTC: Actual calculated position stamp of TRIGGER

Address offset: |see Appendix B Initial value: 0x0000_0000
0 ‘ 1 ‘ 2 | 3 ‘ 4 | 5 ‘ 6 | 7|8 ‘ 9 ‘10‘11 ‘12‘13‘14‘15 16‘17|18‘19|20‘21‘22‘23 24‘25‘26|27‘28|29‘30|31
Bit Reserved PSTC
Mode R RW
Initial value 0x00 0x000000

Table 296. Memory DPLL_PSTC field description

Bit Description

PSTC: calculated position stamp of last TRIGGER input;

value is set by the DPLL and can be updated by the CPU when filter values are to be
considered for the exact position

(see DPLL_STATUS and DPLL_CTRL registers for explanation of the status and control bits
used). For each valid slope of TRIGGER in normal mode

when FTD=0: PSTC is set from actual position value, for the first valid TRIGGER event (no
filter delay considered) the CPU must update the value once, taking into account the filter
value when FTD=1: PSTC is incremented at each TRIGGER event by

SMC=0: (MLT+1)*(SYN_T) +PD; while PD=0 for AMT=0
SMC=1: (MLS1)*(SYN_T) +PD; while PD=0 for AMT=0
Reserved

Note: Read as zero, should be written as zero.

[8:31]

[0:7]

3
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16.11.85 Memory DPLL_PSSC: Actual calculated position stamp of STATE

Address offset:

see Appendix B

Initial value:

0x0000_0000

0 ‘1 ‘2 |3 ‘4 |5 ‘6 |7

8‘ 9‘10‘11‘12‘13‘14‘15

16‘17|18‘19|20‘21‘22‘23

24‘25‘26|27‘28|29‘30|31

Bit Reserved PSSC
Mode R RW
Initial value 0x00 0x000000

Table 297. Memory DPLL_PSSC field description

Bit

Description

8:31]

PSSC: calculated position stamp for the last STATE input;

first value is set by the DPLL and can be updated by the CPU when the filter delay is to be
considered. For each valid slope of STATE in emergency mode

when FSD=0: PSSC is set from actual position value (no filter delay considered), the CPU
must update the value once, taking into account the filter value when FSD=1: at each valid
slope of STATE (PD_S_store=0 for AMS=0):

SMC=0: add MLS1*(SYN_S) + PD_S_store;
SMC=1: add MLS2*(SYN_S) + PD_S_store;

[0:7]

Reserved

Note: Read as zero, should be written as zero.

16.11.86 Memory DPLL_PSTM: Measured position stamp at last TRIGGER input

Address offset:

see Appendix B

Initial value:

0x0000_0000

0 ‘1 ‘2 |3 ‘4 |5 ‘6 |7

8‘ 9‘10‘11‘12‘13‘14‘15

16‘17|18‘19|20‘21‘22‘23

24‘25‘26|27‘28|29‘30|31

Bit Reserved PSTM
Mode R RW
Initial value 0x00 0x000000
Table 298. Memory DPLL_PSTM field description
Bit Description
PSTM: Position stamp of TRIGGER, measured; Measured position stamp of last valid
[8:31] TRIGGER input.
' Store the value TBU_TS1 when a valid TRIGGER event occurs. The value of PSTM is invalid
for (RMO=1 and SMC=0).
[07] Reserved
’ Note: Read as zero, should be written as zero.
Note:

3

The LSB address is determined using the SWON_T value in the OSW register (see

Section 16.11.8).
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16.11.87 Memory DPLL_PSTM_OLD: Measured position stamp at last but one
TRIGGER input

Address offset: |see Appendix B Initial value: 0x0000_0000
0 ‘ 1 ‘ 2 | 3 ‘ 4 | 5 ‘ 6 | 708 ‘ 9 ‘10‘11 ‘12‘13‘14‘15 16‘17|18‘19|20‘21‘22‘23 24‘25‘26|27‘28|29‘30|31
Bit Reserved PSTM_OLD
Mode R RW
Initial value 0x00 0x000000
Note: The LSB address is determined using the SWON_T value in the OSW register (see

Section 16.11.8).

Table 299. Memory DPLL_PSTM_OLD field description

Bit Description

PSTM_OLD: Last but one position stamp of TRIGGER, measured; Measured position stamp
[8:31] of last but one valid TRIGGER input.

last PSTM value: see explanation of PSTM

Reserved

0:7
[0:7] Note: Read as zero, should be written as zero.

16.11.88 Memory DPLL_SSM: Measured position stamp at last STATE input

Address offset: |see Appendix B Initial value: 0x0000_0000
0 ‘ 1 ‘ 2 | 3 ‘ 4 | 5 ‘ 6 | 7|8 ‘ 9 ‘10‘11 ‘12‘13‘14‘15 16‘17|18‘19|20‘21‘22‘23 24‘25‘26|27‘28|29‘30|31
Bit Reserved PSSM
Mode R RW
Initial value 0x00 0x000000

Table 300. Memory DPLL_SSM field description

Bit Description

PSSM: Position stamp of STATE, measured; Measured position stamp of last valid STATE

[8:31] input.

Store the value TBU_TS1 or TBU_TS2 respectively at the moment when a valid STATE event
occurs. The value of PSSM is invalid for (RMO=0 and SMC=0).

Reserved

0:7
[0:7] Note: Read as zero, should be written as zero.

Note: The LSB address is determined using the SWON_S value in the OSW register (see
Section 16.11.8).
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16.11.89 Memory DPLL_PSSM_OLD: Measured position stamp at last but one
STATE input

Address offset:

see Appendix B

Initial value:

0x0000_0000

0‘1‘2|3‘4|5‘6|7

8 ‘ 9 ‘10‘11‘12‘13‘14‘15

16‘17|18‘19|20‘21‘22‘23

24‘25‘26|27‘28|29‘30|31

Bit

Reserved PSSM_OLD
Mode R RW
Initial value 0x00 0x000000
Table 301. Memory DPLL_PSSM_OLD field description
Bit Description
PSSM_OLD: Last but one position stamp of STATE, measured; Measured position stamp of
[8:31] last but one valid STATE input.
last PSSM value: see explanation of PSSM
[07] Reserved
' Note: Read as zero, should be written as zero.
Note:

Section 16.11.8).

The LSB address is determined using the SWON_S value in the OSW register (see

16.11.90 Memory NMB_T: Number of pulses to be sent in normal mode

Address offset: |see Appendix B Initial value: 0x0000_0000
0 ‘ 1 ‘ 2 | 3 ‘ 4 | 5 ‘ 6 | 7|8 ‘ 9 ‘10‘11 ‘12‘13‘14‘15 16‘17|18‘19|20‘21‘22‘23 24‘25‘26|27‘28|29‘30|31
Bit Reserved Reserved NMB_T
Mode R RW RW
Initial value 0x00 0x00 0x0000
Table 302. Memory DPLL_NMB_T field description
Bit Description
NMB_T: Number of pulses for TRIGGER; Calculated number of pulses in normal mode for the
[16:31] current TRIGGER increment.
calculated pulse number
[8:15] Reserved
' Note: Read as zero, should be written as zero.
Reserved
[0:7]

Note: Read as zero, should be written as zero.

3

DoclD025070 Rev

1

473/558




Digital PLL module (DPLL) RMO0361

16.11.91 Memory DPLL_NMB_S: Number of pulses to be sent in emergency

mode
Address offset: |see Appendix B Initial value: 0x0000_0000
0 ‘ 1 ‘ 2 | 3 ‘ 4 | 5 ‘ 6 | 708 ‘ 9 ‘10‘11 12‘13‘14‘15 16‘17|18‘19|20‘21‘22‘23 24‘25‘26|27‘28|29‘30|31
Bit Reserved Reserved NMB_S
Mode R RW RW
Initial value 0x00 0x0 0x00000

Table 303. Memory DPLL_NMB_S field description

Bit Description

NMB_S: Number of pulses for STATE; Calculated number of pulses in emergency mode for
[12:31] the current STATE increment.

calculated pulse number

Reserved

[8:11] Note: Read as zero, should be written as zero.

Reserved

0:7
[0:7] Note: Read as zero, should be written as zero.

16.11.92 Memory DPLL_RDT_SJi]: Reciprocal Values of the Nominal STATE
Increment Durations in FULL_SCALE

Address offset: |see Appendix B Initial value: 0x0000_0000
0 ‘ 1 ‘ 2 | 3 ‘ 4 | 5 ‘ 6 | 708 ‘ 9 ‘10‘11 ‘12‘13‘14‘15 16‘17|18‘19|20‘21‘22‘23 24‘25‘26|27‘28|29‘30|31
Bit Reserved RDT_S
Mode R RW
Initial value 0x00 0x000000

Table 304. Memory DPLL_RDT_SJi] field description

Bit Description

RDT_S: Reciprocal difference time of TRIGGER; nominal reciprocal value of the number of
time stamp clocks measured in the corresponding increment *232 while only the lower 24 bits
are used;

[8:31] no gap considered. The LSB is rounded up when the next truncated bit is 1.
Note: There are 2*(SNU+1-SYN_NS) entries for SYSF=0 or 2*(SNU+1)-SYN_NS entries for
SYSF=1 respectively.
[07] Reserved
' Note: Read as zero, should be written as zero.
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16.11.93 Memory DPLL_TSF_SJi]: Time Stamp Values of the Nominal STATE
Events in FULL_SCALE

Address offset:

see Appendix B

Initial value:

0x0000_0000

0‘1‘2|3‘4|5‘6|7

8 ‘ 9 ‘10‘11‘12‘13‘14‘15

16‘17|18‘19|20‘21‘22‘23

24‘25‘26|27‘28|29‘30|31

Bit Reserved TSF_S
Mode R RW
Initial value 0x00 0x000000

Table 305. Memory DPLL_TSF_SJi] field description

Bit Description

[8:31] TSF_S: Time stamp field of STATE; Time stamp value of each valid STATE event.
' Note: There are 2* (SNU+1) entries.

07] Reserved

Note: Read as zero, should be written as zero.

16.11.94 Memory DPLL_ADT_SJi]: Adapt and Profile Values of the STATE
Increments in FULL_SCALE)

Address offset: |see Appendix B Initial value: 0x0000_0000
0 ‘ 1 ‘ 2 | 3 ‘ 4 | 5 ‘ 6 | 708 ‘ 9 10‘11 ‘12‘13‘14‘15 16‘17|18‘19|20‘21‘22‘23 24‘25‘26|27‘28|29‘30|31
. Reser
Bit Reserved ved NS PD_S
Mode R RW RW RW
Initial value 0x00 0x0 000 0x0000

Table 306. Memory DPLL_ADT_SJi] field description

Bit Description
PD_S: Physical deviation of STATE; Adapt values for each STATE incrementin FULL_SCALE
[16:31] (sint16);
This value represents the number of pulses to be added to the correspondent increment.
NS: Number of STATEs; number of nominal STATE parts in the corresponding increment.
[10:19] Note: There are 2*(SNU+1-SYN_NS) entries for SYSF=0 or 2*(SNU+1)-SYN_NS entries for
SYSF=1 respectively.
Reserved
[8:9] .
Note: Must be written to zero.
Reserved
[0:7]

Note: Read as zero, should be written as zero.
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16.11.95 Memory DPLL_DT_SJ[i]: Nominal STATE Increment Durations in
FULL_SCALE

Address offset:

see Appendix B

Initial value:

0x0000_0000

0 ‘1 ‘2 |3 ‘4 |5 ‘6 |7

8‘ 9‘10‘11‘12‘13‘14‘15

16‘17|18‘19|20‘21‘22‘23

24‘25‘26|27‘28|29‘30|31

Bit Reserved DT_S
Mode R RW
Initial value 0x00 0x000000

Table 307. Memory DPLL_DT_SJi] field description

Bit

Description
DT_S: Difference time of STATE; nominal increment duration values for each STATE
[8:31] increment in FULL_SCALE (considering no gap).
' Note: There are 2*(SNU+1-SYN_NS) entries for SYSF=0 or 2*(SNU+1)-SYN_NS entries for
SYSF=1 respectively.
[07] Reserved

Note: Read as zero, should be written as zero.

16.11.96 DPLL_TSAC]i] register: Calculated time value to start Action i register

Address offset:

see Appendix B

Initial value:

0x007F_FFFF

0 ‘1 ‘2 |3 ‘4 |5 ‘6 |7

8‘ 9‘10‘11‘12‘13‘14‘15

16‘17|18‘19|20‘21‘22‘23

24‘25‘26|27‘28|29‘30|31

Bit Reserved TSAC
Mode R RPw
Initial value 0x00 Ox7FFFFF

Table 308. DPLL_TSAC]i] field description

Bit

Description
[8:31] TSAC calculated time stamp for ACTION_i (i = 0...31)(")
' Note: This value can only be written when the DPLL is disabled.
[0:7] Reserved

Note: Read as zero, should be written as zero.

1.

The DPLL_TSAC24...31 are only available for device 4.

16.11.97 DPLL_PSAC]Ii]: Calculated position value to start Action i register

Address offset:

see Appendix B Initial value: 0x007F_FFFF
0 ‘1 ‘2 |3 ‘4 |5 ‘6 |7 8 ‘9 ‘10‘11‘12‘13‘14‘15 16‘17|18‘19|20‘21‘22‘23 24‘25‘26|27‘28|29‘30|31
Bit Reserved PSAC
Mode R RPw
Initial value 0x00 Ox7FFFFF
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Table 309. DPLL_PSAC]Ji] field description

Bit Description
PSAC: Calculated position value for the start of ACTION_i in normal or emergency mode
[8:31] according to equations 63 to 66 or 68 to 71 respectively (i = 0...31)(1).
Note: This value can only be written when the DPLL is disabled.
07] Reserved
’ Note: Read as zero, should be written as zero.

1. The DPLL_PSAC24...31 are only available for device 4.

16.11.98 DPLL_ACB_j: DPLL Action control registers, j: 0...7)")

Address offset:

see Appendix B

Initial value:

0x0000_0000

0 ‘ 1 ‘ 2|3 ‘ 4 | 5 ‘ 6 | 7|8 ‘ 9 ‘10 11 ‘12‘13‘14‘15 16‘17|18 19|20‘21‘22‘23 24‘25‘26 27‘28|29‘30|31
k3 ® kS ~ k3 - 3 o
Bit ; 3 ; 3 ; 3 ; 3
e < & < e 4 8 <
Mode R RPw R RPw R RPw R RPw
Initial value 0x0 00000 0 00000 0 00000 0 00000
Table 310. DPLL_ACB_i field description
Bit Description
[27:31] ACB_0: Action Control Bits of ACTION_i, reflects ACT_DJi](52:48), i=4"
' Note: This value can only be written when the DPLL is disabled.
Reserved
24:26
[ | Note: Read as zero, should be written as zero.
[19:23] ACB_1: Action Control Bits of ACTION_(i + 1), reflects ACT_D[i+1](52:48), i=4%j
’ Note: This value can only be written when the DPLL is disabled.
Reserved
[16:18] v _
Note: Read as zero, should be written as zero.
[11:15] ACB_2: Action Control Bits of ACTION_(i + 2), reflects ACT_D[i+2](52:48), i=4%j
' Note: : This value can only be written when the DPLL is disabled.
Reserved
[8:10] v _
Note: Read as zero, should be written as zero.
3:7] ACB_3: Action Control Bits of ACTION_(i + 3), reflects ACT_DJ[i+3](52:48), i=4%j
' Note: This value can only be written when the DPLL is disabled.
[0:2] Reserved
’ Note: Read as zero, should be written as zero.
Note: The DPLL_ACB_6 and DPLL_ACB_7 register are only available for device 4.

r. The DPLL_ACB_6 and DPLL_ACB_7 register are only available for device 4.
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16.12

Note:

16.12.1

DPLL RAM region 2 value description

Bits 0 to 7 of RAM region 2 are not implemented and therefore always read as zero
(reserved). Other bits which are declared as reserved are not protected against writing.
Unused address regions are not protected against writing when implemented.

Memory DPLL_RDT _T]Ji]: Reciprocal Values of the Nominal TRIGGER
Increment Durations in FULL_SCALE

Address offset: |see Appendix B Initial value: 0x0000_0000
0 ‘ 1 ‘ 2 | 3 ‘ 4 | 5 ‘ 6 | 7|8 ‘ 9 ‘10‘11 ‘12‘13‘14‘15 16‘17|18‘19|20‘21‘22‘23 24‘25‘26|27‘28|29‘30|31
Bit Reserved RDT_T
Mode R RW
Initial value 0x00 0x000000
Table 311. Memory DPLL_RDT_T][i] field description
Bit Description
RDT_T: Reciprocal difference time of TRIGGER; 2* (TNU+1- SYN_NT) stored values nominal
reciprocal value of the number of time stamp clocks measured in the corresponding increment
8:31 (which is divided by the number of nominal increments); multiplied by *232 while only the
[8:31] lower 24 bits are used; the LSB is rounded up, when the next truncated bit is 1.
Note: There are 2* (TNU+1- SYN_NT) entries. The maximum number of entries is restricted
to a value corresponding to the OSS value in the DPLL_OSW register.
[07] Reserved
' Note: Read as zero, should be written as zero.
16.12.2 Memory DPLL_TSF_T[i]: Time Stamp Values of the Nominal TRIGGER
Increments in FULL_SCALE
Address offset: |see Appendix B Initial value: 0x0000_0000
0 ‘ 1 ‘ 2 | 3 ‘ 4 | 5 ‘ 6 | 7|8 ‘ 9 ‘10‘11 ‘12‘13‘14‘15 16‘17|18‘19|20‘21‘22‘23 24‘25‘26|27‘28|29‘30|31
Bit Reserved TSF_ T
Mode R RW
Initial value 0x00 0x000000
Table 312. Memory DPLL_TSF_TJ[i] field description
Bit Description
TSF_T: Time stamp field of valid TRIGGER slopes
[8:31] Note: There are 2* (TNU+1) entries. The maximum number of entries is restricted to a value
corresponding to the OSS value in the DPLL_OSW register.
[07] Reserved
’ Note: Read as zero, should be written as zero.
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16.12.3

Memory DPLL_ADT _T]Ji]: Adapt and Profile Values of the TRIGGER

Increments in FULL_SCALE

Address offset: |see Appendix B Initial value: 0x0000_0000
0 ‘ 1 ‘ 2 | 3 ‘ 4 | 5 ‘ 6 | 7|8 ‘ 9 ‘10‘11 ‘12 13‘14‘15 16‘17|18 19|20‘21‘22‘23 24‘25‘26|27‘28|29‘30|31
Bit Reserved Reserved NT TINT PD
Mode R RW RW RW RW
Initial value 0x00 0x00 000 000 0x0000

Table 313. Memory DPLL_ADT_T]i] field description

Bit

Description

[19:31]

PD: Physical deviation; Adapt values for each TRIGGER increment in FULL_SCALE (sint13);

the PD value does mean the number of SUB_INC1 pulses to be added to NT*(MLT+1); the
absolute value of a negative PD must not exceed NT*(MLT+1) or MLS1 respectively;

systematic missing TRIGGER events must not be considered for the value of PD.

[16:18]

TINT: TRIGGER Interrupt information;

depending on the value up to 7 different interrupts can be generated. In the current version
the 5 interrupts TEO_IRQ ... TE4_IRQ are supported by TINT="001", “010”, "011”, “100”, “101”
respectively. For the values "000", "110" and "111" no interrupt is generated and no other
reaction is performed.

The corresponding interrupt is activated, when the TINT value is read by the DPLL together
with the other values (PD, NT) according to the profile.

[13:15]

NT: Number of TRIGGERS; nhumber of nominal TRIGGER parts in the corresponding

increment.

Note: There are 2* (TNU+1- SYN_NT) entries. The maximum number of entries is restricted
to a value corresponding to the OSS value in the DPLL_OSW register.

[8:12]

Reserved
Note: Read as zero, should be written as zero.

16.12.4 Memory DPLL_DT_T[i]: Nominal TRIGGER Increment Durations in

FULL_SCALE
Address offset: |see Appendix B Initial value: 0x0000_0000
0 ‘ 1 ‘ 2 | 3 ‘ 4 | 5 ‘ 6 | 7|8 ‘ 9 ‘10‘11 ‘12‘13‘14‘15 16‘17|18‘19|20‘21‘22‘23 24‘25‘26|27‘28|29‘30|31
Bit Reserved DT T
Mode R RW
Initial value 0x00 0x000000

3

DocID025070 Rev 1 479/558




Digital PLL module (DPLL) RMO0361

Table 314. Memory DPLL_DT_TJi] field description

Bit

Description

8:31]

DT_T: Difference time of TRIGGER; increment duration values for each TRIGGER increment

in FULL_SCALE divided by the number of nominal increments (nominal value).

Note: There are 2* (TNU+1- SYN_NT) entries. The maximum number of entries is restricted
to a value corresponding to the OSS value in the DPLL_OSW register.

[0:7]

Reserved
Note: Read as zero, should be written as zero.
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17 Sensor Pattern Evaluation (SPE)

17.1 Overview

The Sensor Pattern Evaluation (SPE) submodule can be used to evaluate three hall sensor
inputs and together with the TOM submodule to support the drive of BLDC engines. Thus,
the input signals are filtered already in the connected TIM channels. In addition, the SPE
submodule can be used as an input stage to the MAP submodule if the DPLL should be
used to calculate the rotation speed of one or two electric engine(s). The integration of the
SPE submodule into the overall GTM-IP architecture concept is shown in Figure 74.
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Figure 74. SPE submodule integration concept into GTM-IP
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As mentioned above, the SPE submodule can determine a rotation direction out of the
combined TIM[i]_CHx(48), TIM[i]_CHy(48) and TIM[i]_CHz(48) signals. On this input
signals a pattern matching algorithm is applied to generate the SPEx_DIR signal on behalf
of the temporal relation between these input patterns. A possible sample pattern of the three
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input signals is shown in Figure 75. In general, the input pattern is programmable within the
SPE submodule.

Figure 75. SPE Sample input pattern for TIM[i]_CHIx,y,z](48)

100

110 101

010 001

011

GAPGMS00267

17.2

3

In Figure 75 the input signals define the pattern from the input sensors which have a 50 %
high and 50 % low phase. The pattern according to Figure 75 is as follows:

100 - 110-010-011 - 001 - 101 - 100

where the first bit (smallest circle) represents TIM[i]_CHIx](48), the second bit represents
TIM[i]_CHIy](48), and the third bit (greatest circle) represents TIM[i]_CH[z](48).

Note that the SPE module expects that with every new pattern only one of the three input
signals changes its value.

SPE submodule description

The SPE submodule can handle sensor pattern inputs. Every time that one of the input
signals TIM[i]_CHI[x](48), TIM[i]_CH][y](48) or TIM[i]_CH[z](48) changes its value, a sample
of all three input signals is made. From this sample, the encoded rotation direction and the
validity of the input pattern sequence can be detected and signaled. When a valid input
pattern is detected, the SPE submodule can control the outputs of a dedicated connected
TOM submodule. This connection is shown in Figure 76.
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Figure 76. SPE to TOM connections
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The TOMI[i]_CHI[x]_TRIG_CCUJy] and TOM[i]_CHI[x]_SOUR signal lines are used to
evaluate the current state of the TOM outputs, whereas the SPE[i]_OUT output vector is
used to control the TOM output depending on the new input pattern. The SPE[i]_OUT output
vector is defined inside the SPE submodule in a pattern definition table
SPE[i]_OUT_PAT[x]. The internal SPE submodule architecture is shown in Figure 77.
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Figure 77. SPE submodule architecture
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The SPEJi]_PAT register holds the valid input pattern for the three input signals
TIM[i]_CHIx](48), TIM[i]_CH]Jy](48) and TIM[i]_CH][z](48). The input pattern is
programmable. The valid bit shows if the programmed pattern is a valid one. Figure 77
shows the programming of the SPE[i]_PAT register for the input pattern defined in
Figure 75.
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The rotation direction is determined by the order of the valid input pattern. This rotation
direction defines if the SPE_PAT_PTR is incremented (DIR = 0) or decremented (DIR = 1).
Whenever a valid input pattern is detected, the NIPD signal is raised, the SPE_PAT_PTR is
incremented/decremented and a new output control signal SPE[i]_OUT(x) is sent to the
corresponding TOM submodule.

The TOM[i]_CH2 with i=0..3 can be used together with the SPE module to trigger a delayed
update of the SPE_OUT_CTRL register after new input pattern detected by SPE (signaled
by SPE[i]_NIPD).

To do this, the TOM[i]_CH2 has to be configured to work in one-shot mode (set bit OSM in
register TOM[i]_CH2_CTRL). The SPE mode of this channel has to be enabled, too (set bit
SPEM in register TOM[i]_CH2_CTRL). The SPE module has to be configured to update
SPE_OUT_CTRL on TOM[i]_CH2_TRIG_CCU1 (set in SPE[i]_CTRL_STAT bits
TRIG_SEL to "11'). Then, on new input detected by SPE, the signal SPEJ[i]_NIPD triggers
the start of the TOM channel 2 to generates one PWM period by resetting CNO to 0. On
second PWM edge triggered by CCU1 of TOM channel 2, the signal
TOM[i]_CH2_TRIG_CCUL1 triggers the update of SPE_OUT_CTRL.

According to Figure 77 the two input patterns “000” and “111” are not allowed combinations
and will generate a SPE[i]_PERR interrupt. These two patterns can be used to determine a
sensor input error. A SPE[i]_PERR interrupt will also be raised, if the input patterns occur in
a wrong order, e.g. if the pattern "010" does not follow the pattern "110" or "011".

The register SPE[i]_IN_PAT bit field inside the SPE[i]_CTRL_STAT register is implemented,
where the input pattern history is stored by the SPE submodule. When a SPE[i]_PERR
interrupt occurs, the CPU can detect if a sensor is broken by analyzing the bit pattern NIP
inside the SPE[i]_CTRL_STAT register. The input pattern in the SPE[i]_CTRL_STAT
register is updated whenever a valid edge is detected on one of the input lines
TIM[i]_CHIx](48), TIM[i]_CHI[y](48) or TIM[i]_CH[z](48). The pattern bit fields are then
shifted. The input pattern history generation inside the SPE[i]_CTRL_STAT register is
shown in Figure 78.

Additionally to the sensor pattern evaluation the SPE module also provides the feature of
fast shut-off for all TOM channels controlled by the SPE module. The feature is enabled by
setting bit FSOM in register SPE[i]_CTRL_STAT. The fast shut-off level itself is defined in
the bit field FSOL of register SPE[i]_CTRL_STAT. The TIM input used to trigger the fast
shut-off is either TIM channel 6 or TIM channel 7 depending on the TIM instance connected
to the SPE module. For details of connections please refer to Figure 74.

3
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Figure 78. SPE[i]_IN_PAT register representation
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The CPU can disable one of the three input signals, e.g. when a broken input sensor was
detected, by disabling the input with the three input enable bits SIE inside the
SPE[i]_CTRL_STAT register.

Whenever at least one of the input signal TIM[i]_CH[x](48), TIM[i]_CHIy](48) or
TIM[i]_CH]Iz](48) changes the SPE submodule stores the new bit pattern in an internal
register NIP (New Input Pattern). If the current input pattern in NIP is the same as in the
Previous Input Pattern (PIP) the direction of the engine changed, the SPE[i]_DCHG
interrupt is raised, the direction change is stored internally and the pattern in the PIP bit field
is filled with the AIP bit field (Actual Input Pattern) and the AIP bit field is filled with the NIP
bit field. The SPE[i]_DIR bit inside the SPE[i]_CTRL_STAT register is toggled and the
SPEJ]_DIR signal is changed.

If the SPE encounters that with the next input pattern detected new input pattern NIP the
direction change again, the input signal is categorized as bouncing and the bouncing input
signal interrupt SPEJi]_BIS is raised.

Immediately after update of register NIP, when the new detected input pattern doesn’t match
the PIP pattern (i.e. no direction change was detected), the SPE shifts the value of register
AIP to register PIP and the value of register NIP to register AIP. The SPEJ[i]_NIPD interrupt
is raised.

The number of the channel that has been changed and thus leads to the new input pattern
is encoded in the signal SPE[i]_NIPD_NUM.

If a sensor error was detected, the CPU has to define upon the pattern in the
SPE[i]_CTRL_STAT register, which input line comes from the broken sensor. The faulty
signal line has to be masked by the CPU and the SPE submodule determines the rotation
direction on behalf of the two remaining TIM[i]_CH][x] input lines.

DocID025070 Rev 1 487/558




Sensor Pattern Evaluation (SPE) RM0361

The pattern history can be determined by the CPU by reading the two bit fields AIP and PIP
of the SPEJ[i]_CTRL_STAT register. The AIP register field holds the actual detected input
pattern at TIM[i]_CH[x](48), TIM[i]_CHI[y](48) and TIM[i]_CHJz](48) and the PIP holds the
previous detected pattern.

After reset the register NIP, AIP and PIP as well as the register SPE[i]_PAT_PTR and
SPE[i]_OUT_CTRL will not contain valid startup values which would allow correct
behaviour after enabling SPE and detecting the first input patterns.

Thus, it is necessary to initialize these registers to correct values.

To do this, before enabling the SPE, the bit field NIP of register SPE[i]_CTRL_STAT can be
read and depending on this value the initialization values for the register AIP, PIP,
SPT_PAT PTR and SPE[i]_OUT_CTRL can be determined.

17.2.1 SPE revolution detection

The SPE submodule is able to detect and count the number of valid input patterns detected
at the specified input ports. This is done with a 24 bit revolution counter SPE_REV_CNT.
The counter is incremented by a value of one (1) when a new valid input pattern indicating
forward direction is detected. The counter is decremented by a value of one (1) when a new
valid input pattern indicating backward direction is detected.

In addition there exists a 24 bit SPE_REV_CMP register. The user can initialize this register
with a compare value, where an interrupt SPE[i]_RCMP is raised, when the revolution
counter equals the compare value either in forward or backward direction.

Both registers may be written by software at any time.

17.3 SPE interrupt signals

The following table describes SPE interrupt signals.

Table 315. SPE interrupt signals

Signal Description
SPE[i]_NIPD SPE new valid input pattern detected.
SPE[i]_DCHG SPE rotation direction change detected on behalf of input pattern.
SPEJ[i]_ PERR SPE invalid input pattern detected.
SPEJi]_BIS SPE bouncing input signal detected at input.
SPE[i]_RCMP SPE revolution counter compare value reached.

17.4 SPE register overview

The following table shows an overview about the SPE register set.

Table 316. SPE register overview

Register name Description Details in section
SPE[i]_CTRL_STAT SPE control status register 17.5.1
SPE[i]_PAT SPE input pattern definition register 17.5.2
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Table 316. SPE register overview (continued)

Register name Description Details in section
SPE[i]_OUT_PATI[X] SPE output definition registers (x: 0...7) 17.5.3
SPEJ[i]_OUT_CTRL SPE output control register 1754
SPE[i]_REV_CNT SPE input revolution counter 17.5.5
SPEJ[i]_REV_CMP SPE revolution counter compare value 17.5.6
SPE[i]_IRQ_NOTIFY SPE interrupt notification register 17.5.7
SPE[i]_IRQ_EN SPE interrupt enable register 17.5.8
SPE[i]_EIRQ_EN SPE error interrupt enable register 17.5.11
SPEJ[i]_IRQ_FORCINT SPE interrupt generation by software 17.5.9
SPE[i]_IRQ_MODE IRQ mode configuration register 17.5.10

17.5 SPE register description

17.5.1  Register SPE[i]_CTRL_STAT

Address offset: |see Appendix B Initial value: 0x0000_0000
0 ‘ 1 ‘2 | 3 ‘ 4 | 5 ‘ 6 | 7|89 ‘10‘11 12 13‘14‘15 16 17|18‘19 20 21‘22‘23 24125(26(27(28(29|30|31
s
° ] o N
— o [ | s|w
: 2 x x 2 = » N2
Bit 2 5l 2 |8| E |g| = (g & |B|2] ¢ |B|8|5|E
o 4 w | E
o
w
Mode : <« |z 2 2| 2 |=| = |2[Z] % |E[E|E[Z
Initial value § é § ) § ) § ) § o|lo| o |o|lo|lo|o
Table 317. SPEJ[i]_CTRL_STAT field description
Bit Description
SPE_EN: SPE Submodule enable.
31 0 = SPE disabled.
1 = SPE enabled.
SIEO: SPE Input enable for TIM_CHx(48).
0 = SPE Input is disabled.
30 1 = SPE Input is enabled.
Note: When the input is disabled, a '0’ signal is sampled for this input.
However, the bit field NIP of this register shows the true value of the input signal.
29 SIE1: SPE Input enable for TIM_CHy(48).
See bit 30.
28 SIE2: SPE Input enable for TIM_CHz(48).
See bit 30.
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Table 317. SPEJ[i]_CTRL_STAT field description (continued)

Bit

Description

[26:27]

TRIG_SEL: Select trigger input signal.
00 = SPE[i]_NIPD selected.

01 = TOM_CHO_TRIG_CCUO selected.
10 = TOM_CHO_TRIG_CCU1 selected.
11 = TOM_CH2_TRIG_CCU1 selected.

25

TIM_SEL: select TIM input signal
SPEOQ:

0 =TIMO_CHO...2
1=TIM1_CHO0...2
SPE1:
0=TIMO_CH3...5
1=TIM1_CH3...5
SPE2:
0=TIM2_CHO0...2
1 = unused
SPE3:
0=TIM2_CH3...5
1 = unused

24

FSOM: Fast Shut-Off Mode
0 = Fast Shut-Off mode disabled
1 = Fast Shut-Off mode enabled

[21:23]

SPE_PAT_PTR: Pattern selector for TOM output signals.
Actual index into the SPE[i]_OUT_PATI[x] register table.

Each register SPE[i]_OUT_PATI[x] is fixed assigned to one bit field IPx_PAT of register
SPE[i]_PAT. Thus, the pointer SPE[i]_PAT_PTR represents an index to the selected
SPE[i]_OUT_PAT[x] register as well as the actual detected input pattern IPx_PAT.

000: SPE[i]_OUT_PATO selected

20

Reserved
Note: Read as zero, should be written as zero.

[17:19]

AIP: Actual input pattern that was detected by a regular input pattern change.

16

ADIR: Actual rotation direction.
0 = Rotation direction is 0 according to SPE[i]_PAT register.
1 = Rotation direction is 1 according to SPE[i]_PAT register.

[13:15]

PIP: Previous input pattern that was detected by a regular input pattern change.

12

PDIR: Previous rotation direction.
0 = Rotation direction is 0 according to SPE[i]_PAT register.
1 = Rotation direction is 1 according to SPE[i]_PAT register.

[9:11]

NIP: New input pattern that was detected.

Note: This bit field mirrors the new input pattern. SPE internal functionality is triggered on each
change of this bit field.
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Table 317. SPEJ[i]_CTRL_STAT field description (continued)
Bit Description
8 Reserved
Note: Read as zero, should be written as zero.
[0:7] FSOL: Fast Shut-Off Level for TOM[i] channel 0 to 7

17.5.2 Register SPE[i]_PAT

Address offset: |see Appendix B Initial value: 0x0000_0000
0 | 1 |2 3|4 | 5 ‘ 6|78 ‘ 9 ‘10 1 12|13‘14 15 16‘17‘18 19 20|21‘22 23 24‘25‘26 27 28‘29‘30 31
[ = [ | = - = — = - = ] = - = -
< < < < < < < < < < < < < < < <
Bit & > & > & > & 2 & > & > & > & 2|
N~ ~ © © [Te) el < < [se [sgl N N - - o o
o 3 o o a o o o a o o o o 3 o o
Mode = || 2 || ® |B] ® || B || B || 2 |B] B |B
Initial value 000 0 000 0 000 0 000 0 000 0 000 0 000 0 000 0
Table 318. SPEJi]_PAT field description
Bit Description
IPO_VAL.: Input pattern 0 is a valid pattern.
31 0 = Pattern invalid.
1 = Pattern valid..
IPO_PAT: Input pattern 0.
Bit field defines the first input pattern of the SPE input signals.
[28:30] Bit 1 defines the TIM[i]_CHx(48) input signal.
Bit 2 defines the TIM[i]_CHy(48) input signal.
Bit 3 defines the TIM[i]_CHz(48) input signal.
27 IP1_VAL: Input pattern 1 is a valid pattern.
See bit 31.
IP1_PAT: Input pattern 1.
24:26 -
[ ] See bits [28:30].
23 IP2_VAL: Input pattern 2 is a valid pattern.
See bit 31.
IP2_PAT: Input pattern 2.
20:22 -
[ ] See bits [28:30].
19 IP3_VAL: Input pattern 3 is a valid pattern.
See bit 31.
[16:18] IP3_PAT: Input pattern 3.
See bits [28:30].
15 IP4_VAL: Input pattern 4 is a valid pattern
See bit 31.
[12:14] IP4_PAT: Input pattern 4.
See bits [28:30].
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Table 318. SPEJi]_PAT field description (continued)

Bit Description
1" IP5_VAL: Input pattern 5 is a valid pattern
See bit 31.
[8:10] |P5_PAT: Input pattern 5.
See bits [28:30].
7 IP6_VAL: Input pattern 6 is a valid pattern
See bit 31.
[4:6] IP6_PAT: Input pattern 6.
' See bits [28:30].
3 IP7_VAL: Input pattern 7 is a valid pattern
See bit 31.
[0:2] IP7_PAT: Input pattern 7.
' See bits [28:30].
Note: Only the first block of valid input patterns defines the commutator. All input patterns

following the first marked invalid input pattern are ignored.

17.5.3 Register SPEJ[i]_OUT_PAT[x] (x: 0...7)

Address offset: |see Appendix B Initial value: 0x0000_0000
0 ‘ 1 ‘ 2 | 3 ‘ 4 | 5 ‘ 6 | 7 ‘ 8 ‘ 9 ‘10‘11 ‘12‘13‘14‘15 16‘17|18‘19|20‘21‘22‘23 24‘25‘26|27‘28|29‘30|31
Bit Reserved SPE_OUT_PAT
Mode R RW
Initial value 0x0000 0x0000

Table 319. SPEJ[i]_OUT_PAT[x] (x: 0...7) field description

Bit Description

SPE_OUT_PAT: SPE output control value for TOM_CHO to TOM_CH7
SPE_OUT_PAT[n+1:n] defines output select signal of TOM[i]_CH[n]
00 = set SPE_OUT(n) to TOM_CHO_SOUR

[16:31] 01 = set SPE_OUT(n) to TOM_CH1_SOUR

10 = set SPE_OUT(n) to '0'

11 = set SPE_OUT(n) to '1'

withn =0...7

Reserved

0:15
[ ] Note: Read as zero, should be written as zero.

Note: Register SPE_OUT_PAT[x] defines the output selection for TOM][i]_CHO to TOM[i]_CH7
depending on actual input pattern IP[x]_PAT with x:0...7.

3
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17.5.4  Register SPE[i] OUT_CTRL
Address offset: |see Appendix B Initial value: 0x0000_0000
0 ‘ 1 ‘ 2 | 3 ‘ 4 | 5 ‘ 6 | 7 ‘ 8 ‘ 9 ‘10‘11 ‘12‘13‘14‘15 16‘17|18‘19|20‘21‘22‘23 24‘25‘26|27‘28|29‘30|31
Bit Reserved SPE_OUT_CTRL
Mode R RW
Initial value 0x0000 0x0000
Table 320. SPE[i]_OUT_CTRL field description
Bit Description
SPE_OUT_CTRL: SPE output control value for TOM_CHO to TOM_CH7
SPE_OUT_CTRL[n+1:n] defines output select signal of TOM_CHn
00 = set SPE_OUT(n) to TOM_CHO_SOUR
[16:31] 01 = set SPE_OUT(n) to TOM_CH1_SOUR
' 10 = set SPE_OUT(n) to '0'
11 = set SPE_OUT(n) to "1’
withn =0...7
Note: Current output control selection for SPE[i]_OUT(0...7).
[0:15] Reserved
’ Note: Read as zero, should be written as zero.
1755 Register SPE[i]_REV_CNT

Address offset:

see Appendix B

Initial value:

0x0000_0000

0 ‘1 ‘2 |3 ‘4 |5 ‘6 |7

8‘ 9‘10‘11‘12‘13‘14‘15

16‘17|18‘19|20‘21‘22‘23

24‘25‘26|27‘28|29‘30|31

Bit Reserved REV_CNT
Mode R RW
Initial value 0x0000 0x000000

Table 321. SPE[i]_REV_CNT field description

Bit Description
REV_CNT: Input signal revolution counter
[8:31] The counter is running if SPE module is enabled (bit SPE_EN).
' REV_CNT is incrementing if SPE_PAT_PTR is incrementing
REV_CNT is decrementing if SPE_PAT_PTR is decrementing
[07] Reserved

Note: Read as zero, should be written as zero.
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17.5.6  Register SPE[i]_REV_CMP

Address offset: |see Appendix B Initial value: 0x0000_0000
0 ‘ 1 ‘ 2 | 3 ‘ 4 | 5 ‘ 6 | 708 ‘ 9 ‘10‘11 ‘12‘13‘14‘15 16‘17|18‘19|20‘21‘22‘23 24‘25‘26|27‘28|29‘30|31
Bit Reserved REV_CMP
Mode R RW
Initial value 0x0000 0x000000

Table 322. SPE[i]_REV_CMP field description

Bit Description

REV_CMP: Input signal revolution counter compare value

The interrupt SPE[i]_RCMP is raised when the SPE[i]_REV_CNT value equals the

8:31] SPEJ[i]_REV_CMP register. It should be noted that SPE[i]_RCMP is only raised if an
incrementation or decremention of SPE[i]_REV_CNT is applied, due to a input signal change.

Any update of SPE[i]_REV_CNT or SPE[i]_REV_CMP via AEI does not raise an

SPEJ[i]_RCMP interrupt.

Reserved

0:7
[0:7] Note: Read as zero, should be written as zero.

17.5.7  Register SPE[i]_IRQ_NOTIFY

Address offset: |see Appendix B Initial value: 0x0000_0000
0 ‘ 1 ‘ 2 | 3 ‘ 4 | 5 ‘ 6 | 7 ‘ 8 ‘ 9 ‘10‘11 ‘12‘13‘14‘15 16‘17|18‘19|20‘21‘22‘23 24‘25‘26 27(28(29(30(31
o r|(O|n
, : 3|3 |H 5|
Bit @ I e 1
& A
n n|ln|P
R|R|[R|R|[R
Mode R cl|c|c|c|c
W W|W|[W|[ W
Initial value 0x0000000 olojo|ofoO
Table 323. SPE[i]_IRQ_NOTIFY field description
Bit Description
SPE_NIPD: New input pattern interrupt occurred.
0 = No interrupt occurred.
31 1 = New input pattern detected interrupt occurred.
Note: This bit will be cleared on a CPU write access of value '1'. A read access leaves the bit
unchanged.
30 SPE_DCHG: SPE_DIR bit changed on behalf of new input pattern.
see bit 31.
29 SPE_PERR: Wrong or invalid pattern detected at input.
see bit 31.
28 SPE_BIS: Bouncing input signal detected.
see bit 31.
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Table 323. SPEJ[i]_IRQ_NOTIFY field description (continued)
Bit Description
27 SPE_RCMP: SPE revolution counter match event.
see bit 31.
Reserved
[0:26] .
Note: Read as zero, should be written as zero.
17.5.8 Register SPE[i]_IRQ_EN
Address offset: |see Appendix B Initial value: 0x0000_0000
0 ‘ 1 ‘ 2 | 3 ‘ 4 | 5 ‘ 6 | 7 ‘ 8 ‘ 9 ‘10‘11 ‘12‘13‘14‘15 16‘17|18‘19|20‘21‘22‘23 24‘25‘26 27(28(29(30(31
NEEEE
| E EEE
Bit s S0 8|22
2 g|28 8|z
w' & | w'| ! w'
olo|a|a|l
»n n|ln|P
R|R|[R|R[R
Mode R wlwlwlwlw
Initial value 0x0000000 olojo|ofo
Table 324. SPEJ[i]_IRQ_EN field description
Bit Description
SPE_NIPD_IRQ_EN: SPE_NIPD_IRQ interrupt enable.
31 0 = Disable interrupt, interrupt is not visible outside GTM-IP.
1 = Enable interrupt, interrupt is visible outside GTM-IP.
30 SPE_DCHG_IRQ_EN: SPE_DCHG_IRQ interrupt enable.
see bit 31.
29 SPE_PERR_IRQ_EN: SPE_PERR _IRQ interrupt enable.
see bit 31.
28 SPE_BIS IRQ_EN: SPE_BIS_IRQ interrupt enable.
see bit 31.
97 SPE_RCMP_IRQ_EN: SPE_RCMP_IRQ interrupt enable.
see bit 31.
[0:26] Reserved .
Note: Read as zero, should be written as zero.
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17.5.9  Register SPE[i]_IRQ_FORCINT

Address offset: |see Appendix B Initial value: 0x0000_0000
0 ‘ 1 ‘ 2 | 3 ‘ 4 | 5 ‘ 6 | 7 ‘ 8 ‘ 9 ‘10‘11 ‘12‘13‘14‘15 16‘17|18‘19|20‘21‘22‘23 24‘25‘26 27(28(29(30(31
Slo|E|2(Q
R Olmm|Ww|fO =
[ o o|a |
. b I N w
Bit o AR
@ 5| o P9 2,
. AEHE
SR
R|R|[R|R|[R
Mode R A|lA|A|A|A
WIlW|[W[W lw
Initial value 0x0000000 olojo|ofo
Table 325. SPEJ[i]_IRQ_FORCINT field description
Bit Description
TRG_SPE_NIPD: Force interrupt of SPE_NIPD.
0 = Corresponding bit in status register will not be forced.
31 1 = Assert corresponding field in SPE_IRQ_NOTIFY register.
Note: This bit is cleared automatically after interrupt is released
Note: This bit is write protected by bit RF_PROT of register GTM_CTRL
30 TRG_SPE_DCHG: Force interrupt of SPE_DCHG.
see bit 31.
29 TRG_SPE_PERR: Force interrupt of SPE_PERR.
see bit 31.
28 TRG_SPE_BIS: Force interrupt of SPE_BIS.
see bit 31.
27 TRG_SPE_RCMP: Force interrupt of SPE_RCMP.
see bit 31.
Reserved
[0:26] .
Note: Read as zero, should be written as zero.
17.5.10 Register SPE[i]_IRQ_MODE
Address offset: |see Appendix B Initial value: 0x0000_0000
0 ‘ 1 ‘ 2 | 3 ‘ 4 | 5 ‘ 6 | 7 ‘ 8 ‘ 9 ‘10‘11 ‘12‘13‘14‘15 16‘17|18‘19|20‘21‘22‘23 24‘25‘26|27‘28|29 30|31
IRQ_
Bit Reserved MOD
E
Mode R RW
Initial value 0x00000000 00

3
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Table 326. SPE[i]_IRQ_MODE field description
Bit Description
IRQ_MODE: IRQ mode selection
00 = Level mode
01 = Pulse mode
30:31
[ ] 10 = Pulse-Notify mode
11 = Single-Pulse mode
Note: The interrupt modes are described in Section 2.5: GTM-IP interrupt concept.
Reserved
[0:29] .
Note: Read as zero, should be written as zero.
17.5.11 Register SPE[i]_EIRQ_EN
Address offset: |see Appendix B Initial value: 0x0000_0000
0 ‘ 1 ‘ 2 | 3 ‘ 4 | 5 ‘ 6 | 7 ‘ 8 ‘ 9 ‘10‘11 ‘12‘13‘14‘15 16‘17|18‘19|20‘21‘22‘23 24‘25‘26 27(28(29(30(31
- Z|d|E|2|¢g
Bit GE) I'ul % m| I'I'II m|
| : SBHHEE
© x| e |a|?F
w' & | w'| | w
olo|a|a|
%] n|on|P
Mode o 21212122
o
3
Initial value S olololol|o
K
o
Table 327. SPEJ[i]_EIRQ_EN field description
Bit Description
SPE_NIPD_EIRQ_EN: SPE_NIPD_EIRQ interrupt enable.
31 0 = Disable error interrupt, error interrupt is not visible outside GTM-IP.
1 = Enable error interrupt, error interrupt is visible outside GTM-IP.
30 SPE_DCHG_EIRQ_EN: SPE_DCHG_EIRQ error interrupt enable.
see bit 31.
29 SPE_PERR_EIRQ_EN: SPE_PERR_EIRQ error interrupt enable.
see bit 31.
28 SPE_BIS_EIRQ_EN: SPE_BIS_EIRQ error interrupt enable.
see bit 31.
97 SPE_RCMP_EIRQ_EN: SPE_RCMP_EIRQ error interrupt enable.
see bit 31.
[0:26] Reserved .
Note: Read as zero, should be written as zero.
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Interrupt Concentrator Module (ICM)

Overview

The Interrupt Concentrator Module (ICM) is used to bundle the GTM-IP interrupt lines of the
individual submodules in a reasonable manner into interrupt groups. By this bundling a
smaller amount of interrupt lines is visible at the outside of the GTM-IP.

The individual interrupts of the GTM-IP submodules and channels have to be enabled or
disabled inside the submodules and channels.

The feed through architecture of bundled interrupt lines is used for the submodules AEI,
ARU, BRC, CMP, SPE, PSM, TIM, DPLL, TOM, ATOM and MCS.

To determine the detailed interrupt source the microcontroller has to read the
submodule/channel interrupt notification register NOTIFY and serve the channel individual
interrupt.

Please note, that the interrupts are only visible inside the ICM and in consequence outside
of the GTM-IP, when the interrupt is enabled inside the submodules themselves.

Bundling

The GTM-IP submodule individual interrupt sources are connected to the ICM. There, the
individual interrupt lines are either feed through and signalled to the outside world or
bundled a second time into groups and are then signalled to the outside world.

The ICM interrupt bundling is described in the following sections.

GTM infrastructure interrupt bundling

The first interrupt group contains interrupts of the infrastructure and safety components of

the GTM. This interrupt group includes therefore interrupt lines coming from the AEI, ARU,
BRC, PSM, SPE and CMP submodules. In this interrupt group each individual channel of

the submodules has its own interrupt line to the outside world.

Thus, the active interrupt line can be used by the CPU to determine the GTM-IP submodule
channel that raised the interrupt. The interrupts are also represented in the ICM_IRQG_0
register. This register is typically not read by the CPU, but it is readable.

DPLL interrupt bundling

The DPLL Interrupt group handles the interrupts coming from the DPLL submodule of the
GTM-IP. Each of the individual DPLL interrupt lines has its own dedicated interrupt line to
the outside world. The interrupts are additionally identified in the ICM_IRQG_1 interrupt
group register. This register is typically not read out by the CPU, but it is readable.

TIM interrupt bundling

Inside this group submodules which handle GTM-IP input signals are treated. This is the
case for the TIM[i] submodules. Each TIM submodule channel is able to generate six (6)
individual interrupts if enabled inside the TIM channel. This six interrupts are bundled into
one interrupt per TIM channel connected to the ICM.
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18.2.4

18.2.5

18.2.5.1

The ICM does no further bundling. Thus, for the GTM-IP 32 interrupt lines TIM[i]_IRQ[y] are
provided for the external microcontroller. The channel responsible for the interrupt can be
determined by the raised interrupt line.

In addition, the ICM_IRQG_2 and ICM_IRQG_3 registers are mirrors for the TIM
submodule channel interrupts and typically not read out by the CPU, but it is readable.

MCS interrupt bundling

For complex signal output generation, the MCS submodules are used inside the GTM-IP.
Each of these MCS submodules has eight channels with one interrupt line. This interrupt
line is connected to the ICM submodule and is fed through directly to the outside world.

In addition the interrupt line status are shown in the ICM_IRQG_4 and ICM_IRQG_5
register. Typically, the interrupt source is determined by the corresponding interrupt line and
the ICM_IRQG_4(/_5) register is typically not read out by the CPU, but it is readable.

TOM and ATOM interrupt bundling

For the TOM and ATOM submodules, the interrupts are bundled within the ICM submodule
a second time to reduce external interrupt lines. The interrupts are OR-ed in a manner that
one GTM-IP external interrupt line represents two adjacent TOM or ATOM channel
interrupts. For TOM[i] and ATOM][i] the bundling is shown in Section 18.2.5.1: TOM and
ATOM interrupt bundling within ICM.

TOM and ATOM interrupt bundling within ICM

Table 328. TOM and ATOM interrupt bundling

TOM[i]-input IRQs
i=0...number of
TOM’'s-1

TOM-output IRQs
(OR-ed)

ATOM([i]-input IRQs
[i]=0...number of ATOM's-1

ATOM-output IRQs
(OR-ed)

TOM[i]_CHO_IRQ

TOM[]_CH1_IRQ

GTM_TOMIi]_IRQ[0]

ATOMI[i]_CHO_IRQ

ATOMI[i]_CH1_IRQ

GTM_ATOMIi]_IRQ[0]

TOM[]_CH2_IRQ

TOM][i]_CH3_IRQ

GTM_TOMIi]_IRQ[1]

ATOMI[i]_CH2_IRQ

ATOMI[i]_CH3_IRQ

GTM_ATOMIi]_IRQ[1]

TOM[i]_CH4_IRQ

TOM[i]_CH5_IRQ

GTM_TOMII]_IRQ[2]

ATOM[i]_CH4_IRQ

ATOMI]_CH5_IRQ

GTM_ATOM[i]_IRQ[2]

TOM[i]_CH6_IRQ

TOM[i]_CH7_IRQ

GTM_TOMIi]_IRQ[3]

ATOMI[i]_CH6_IRQ

ATOMI[i]_CH7_IRQ

GTM_ATOMIi]_IRQ[3]

TOM[]_CH8_IRQ

TOM[i]_CH9_IRQ

GTM_TOMIi]_IRQ[4]

TOM[i]_CH10_IRQ

TOM[i]_CH11_IRQ

GTM_TOMIi]_IRQ[5]

S74
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Table 328. TOM and ATOM interrupt bundling (continued)

TOM[i]-input IRQs

i=0...number of
TOM's-1 (OR-ed) [i]=0...number of ATOM’s-1 (OR-ed)

TOM-output IRQs ATOM[i]-input IRQs ATOM-output IRQs

TOM[i]_CH12_IRQ

TOM[i]_CH13_IRQ

GTM_TOMIi]_IRQI6]

TOM[i]_CH14_IRQ

TOM][i]_CH15_IRQ

GTM_TOMI[i]_IRQ[7]

18.2.6

18.2.7

500/558

The interrupts coming from the TOM][i] submodules are registered in the ICM_IRQG_6 /
ICM_IRQG_7/ICM_IRQG_8 register. Always two TOM's are bundled in one ICM register,
TOMO and TOM1 are bundled in ICM_IRQG_6. To identify the TOM submodule channel
where the interrupt occurred, the CPU has to read out the ICM_IRQG_6(/_7/_8) register first
before it goes to the TOM submodule channel itself.

The ICM_IRQG_6(/_7/_8) register bits are cleared automatically, when their corresponding
interrupt in the submodule channels is cleared.

The interrupts coming from the ATOM][i] submodules are registered in the ICM_IRQG_9 /
ICM_IRQG_10 /ICM_IRQG_11 register. Always four ATOM's are bundled in one ICM
register, ATOMO,ATOM1,ATOM2 and ATOM3 are bundled in ICM_IRQG_9. To identify the
ATOM submodule channel where the interrupt occurred, the CPU has to read out the
ICM_IRQG_9(/_10/_11) register first before it goes to the ATOM submodule channel itself.

The interrupts coming from the ATOM][i] submodules are registered in the ICM_IRQG_9
register. ATOMO,ATOM1 and ATOM2 are bundled in ICM_IRQG_9. To identify the ATOM
submodule channel where the interrupt occurred, the CPU has to read out the ICM_IRQG_9
register first before it goes to the ATOM submodule channel itself.

The ICM_IRQG_9(/_10/_11) register bits are cleared automatically, when their
corresponding interrupt in the submodule channels is cleared.

Module error interrupt bundling

The Module Error Interrupt group handles the error interrupts coming from the BRC, FIFO,
TIM, MCS, SPE, CMP, DPLL submodule of the GTM-IP. The Module Error interrupts are
additionally identified in the ICM_IRQG_MEI error interrupt group register. This register is
typically not read out by the CPU, but it is readable.

The ICM_IRQG_MEI register bits are cleared automatically, when their corresponding error
interrupt in the submodule is cleared.

FIFO channel error interrupt bundling

The FIFO Channel Error Interrupt group handles the error interrupts coming from the FIFO
channel of the GTM-IP. The FIFO Channel Error interrupts are additionally identified in the
ICM_IRQG_CEIO error interrupt group register. This register is typically not read out by the
CPU, but it is readable.

The ICM_IRQG_CEIO register bits are cleared automatically, when their corresponding error
interrupt in the submodule channel is cleared.
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18.2.8 TIM channel error interrupt bundling

The TIM Channel Error Interrupt group handles the error interrupts coming from the TIM
channel of the GTM-IP. The TIM Channel Error interrupts are additionally identified for the
submodules TIMO, TIM1, TIM2 and TIM3 in the ICM_IRQG_CEI1 error interrupt group
register and for the submodules TIM4, TIM5 and TIMG6 in the ICM_IRQG_CEI2 error
interrupt group register. These registers are typically not read out by the CPU, but they are
readable.

The ICM_IRQG_CEI1 and ICM_IRQG_CEI2 register bits are cleared automatically, when
their corresponding error interrupt in the submodule channel is cleared.

18.2.9 MCS channel error interrupt bundling

The MCS Channel Error Interrupt group handles the error interrupts coming from the MCS
channel of the GTM-IP. The MCS Channel Error interrupts are additionally identified for the
submodules MCSO0, MCS1, MCS2 and MCS3 in the ICM_IRQG_CEI3 error interrupt group
register and for the submodules MCS4, MCS5 and MCS6 in the ICM_IRQG_CEI4 error
interrupt group register. These registers are typically not read out by the CPU, but they are
readable.

The ICM_IRQG_CEI3 and ICM_IRQG_CEIl4 register bits are cleared automatically, when
their corresponding error interrupt in the submodule channel is cleared.

18.3 ICM interrupt signals

Following table shows the GTM-IP interrupt lines that are visible at the outside of the IP.

Table 329. ICM interrupt signals

Signal Description

GTM_AEI_IRQ AEIl shared interrupt

[0]: ARU_NEW_DATAQO interrupt
GTM_ARU_IRQI[2:0] [1]: ARU_NEW_DATA1 interrupt

[2]: ARU_ACC_ACK interrupt
GTM_BRC_IRQ BRC shared interrupt
GTM_CMP_IRQ CMP shared interrupt
GTM_SPE[i|_IRQ SPE shared interrupt (i: 0..number of SPE's-1)
GTM_PSMI[i]_IRQI[X] PSM shared interrupts (x: 0...7) (i: 0...number of PSM's-1)
GTM_DPLL_IRQ[O] DPLL_DCGI: DPLL direction change interrupt
GTM_DPLL_IRQ[1] DPLL_EDI; DPLL enable or disable interrupt
GTM_DPLL_IRQ[2] DPLL_TINI: DPLL TRIG. min. hold time (THMI) viol. detected
GTM_DPLL_IRQ[3] DPLL_TAXI: DPLL TRIG. max. hold time (THMA) viol. detected
GTM_DPLL_IRQ[4] DPLL_SISI: DPLL STATE inactive slope detected
GTM_DPLL_IRQ[5] DPLL_TISI: DPLL TRIGGER inactive slope detected
GTM_DPLL_IRQ[6] DPLL_MSI: DPLL Missing STATE interrupt
GTM_DPLL_IRQ[7] DPLL_MTI: DPLL Missing TRIGGER interrupt

‘Yl DoclD025070 Rev 1 501/558




Interrupt Concentrator Module (ICM) RM0361

Table 329. ICM interrupt signals (continued)

Signal Description
GTM_DPLL_IRQ[8] DPLL_SASI: DPLL STATE active slope detected
GTM_DPLL_IRQ[9] DPLL_TASI: DPLL TRIG. active slope detected while NTI_CNT is O
GTM_DPLL_IRQ[10] DPLL_PWI: DPLL plausibility window (PVT) viol. int. of TRIG.
GTM_DPLL_IRQ[11] DPLL_W2I: DPLL write access to RAM region 2 interrupt
GTM_DPLL_IRQ[12] DPLL_W!1I: DPLL write access to RAM region 1b or 1c int.
GTM_DPLL_IRQ[13] DPLL_GL1I: DPLL get of lock interrupt for SUB_INC1
GTM_DPLL_IRQ[14] DPLL_LL1I: DPLL lost of lock interrupt for SUB_INC1
GTM_DPLL_IRQ[15] DPLL_EI: DPLL error interrupt
GTM_DPLL_IRQ[16] DPLL_GL2I: DPLL get of lock interrupt for SUB_INC2
GTM_DPLL_IRQ[17] DPLL_LL2I: DPLL lost of lock interrupt for SUB_INC2
GTM_DPLL_IRQ[18] DPLL_TEOI: DPLL TRIGGER event interrupt 0
GTM_DPLL_IRQ[19] DPLL_TE1l: DPLL TRIGGER event interrupt 1
GTM_DPLL_IRQ[20] DPLL_TEZ2I: DPLL TRIGGER event interrupt 2
GTM_DPLL_IRQ[21] DPLL_TE3I: DPLL TRIGGER event interrupt 3
GTM_DPLL_IRQ[22] DPLL_TE4I; DPLL TRIGGER event interrupt 4
GTM_DPLL_IRQ[23] DPLL_CDTI; DPLL calculated duration interrupt for TRIGGER
GTM_DPLL_IRQ[24] DPLL_CDSI; DPLL calculated duration interrupt for STATE
GTM_DPLL_IRQ[25] DPLL_TORI; TRIGGER out of range interrupt
GTM_DPLL_IRQ[26] DPLL_SORI; STATE out of range interrupt
GTM_TIM[i_IRQ[x] TIM Shared interrupts (i: 0...number of TIM's-1) (x: 0...7)
GTM_MCSJi]_IRQIX] MCS Interrupt for channel x (x: 0...7) (i: 0...number of MCS's-1)

. TOM shared interrupts for x:0...7 = {ch0||ch1,...,ch14||ch15
GTM_TOMILIRQ[] (i: 0...number of TOi/I's-1) el e
. ATOM shared interrupts for x:0...3 = {chO0||ch1,...,ch6||ch7
GTM_ATOMI_IRQIX] (i: 0...number of ATOi/I's-1 ) ool e
GTM_ERR_IRQ GTM error interrupt
18.4 ICM configuration registers overview

ICM contains the following configuration registers:

Table 330. ICM configuration registers

Register name Description Details in section

ICM interrupt group register covering infrastructural

ICM_IRQG_0 and safety components (ARU, BRC, AEI, PSMO, 18.5.1
PSM1, MAP, CMP,SPE)
ICM_IRQG_1 ICM interrupt group register covering DPLL 18.5.2
502/558 DoclD025070 Rev 1 ‘Yl




RMO0361

Interrupt Concentrator Module (ICM)

Table 330. ICM configuration registers (continued)

Register name

Description

Details in section

ICM Interrupt group register covering TIMO, TIM1,

ICM_IRQG_2 TIM2, TIM3 18.5.3
ICM Interrupt group register covering TIM4, TIM5,
ICM_IRQG_3 TIMS6, TIM7 18.5.4
ICM_IRQG._4 ICM Interrupt group register covering MCSO0 to MCS3 1855
submodules
ICM_IRQG._5 ICM Interrupt group register covering MCS4 to MCS6 185.6
submodules
ICM Interrupt group register covering GTM-IP output
ICM_IRQG_6 submodules TOMO to TOM1 18.5.7
ICM Interrupt group register covering GTM-IP output
ICM_IRQG_7 submodules TOM2 to TOM3 1858
ICM Interrupt group register covering GTM-IP output
ICM_IRQG_8 submodules TOM4 to TOM5 18.5.9
ICM Interrupt group register covering GTM-IP output
ICM_IRQG_9 submodules ATOMO, ATOM1, ATOM2 and ATOM3 18.5.10
ICM Interrupt group register covering GTM-IP output
ICM_IRQG_10 submodules ATOM4 to ATOM7 18.5.11
ICM Interrupt group register covering GTM-IP output
S SR submodules ATOMS to ATOM11 18.5.12
ICM IRQG MEI !CM Intgrrupt group register for module error interrupt 18.5.13
- - information
ICM_IRQG_CEI0 !CM Inter'rupt group register O for channel error 18.5.14
interrupt information
ICM IRQG CEI !CM Inter.ruptgro.up register 1 for channel error 18.5.15
- - interrupt information
ICM IRQG CEI2 !CM Inten:rupt group register 2 for channel error 18516
- - interrupt information
ICM_IRQG_CEI3 !CM Inter'rupt group register 3 for channel error 18.5.17
interrupt information
ICM_IRQG_CEl4 ICM Interrupt group register 4 for channel error 18.5.18

interrupt information

3
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18.5 ICM configuration registers description

18.5.1 Register ICM_IRQG_0 (GTM infrastructure interrupt group)

Address offset: |see Appendix B Initial value: 0x0000_0000
0|1|2|3|4|5|6|7|8|9(|10[11[12[13]14[15 16‘17|18‘19|20‘21 22(23|24|25|26|27|28(29|30|31
glg
gl |x
AHEEEEEEEEEEEEEE o2l
o o | ) ] ] ] ] ] ] o e 3 g|1g|g|glglelg|8|E|E
Bit 5|5|5|5|5|5|85|5|5|5|5|5|8|85|5|5 5 o ol ] | g | DTS
] )t e et ) e ) | A EEEEEE&)S;;
S|=slz|=|==|=|=|22|2|2|2|2|2|2 @ 6|6|6|n|o|< o< (TL
DO|O|D| DD |D|D|D|D|D|D|D|D|D|D 5144
[ o W o W Iy T N I o N o Y o I N T o N o T a0 A==
||
<|<
Mode R|R|R|[R|R|R|R|R|R|R|R|R|R|R|R R R|R|R|[R|R|R|R|R|R
Initial value ofojo|ofo|o|o|jo|O|O|O|OflO|O|OfO 0x00 olojo|ofo|o|0fO|O]|O
Table 331. ICM_IRQG_O field description
Bit Description
ARU_NEW_DATAO_IRQ: ARU_NEW_DATAQ interrupt
0 = no interrupt occurred
31 1 = interrupt was raised by the corresponding submodule
Note: This bit is only set, when the interrupt is enabled in the interrupt enable register of the
corresponding submodule.
30 ARU_NEW_DATA1_IRQ: ARU_NEW_DATA1 interrupt. see bit 31.
29 ARU_ACC_ACK_IRQ: ARU_ACC_ACK interrupt. see bit 31.
28 BRC_IRQ: BRC shared submodule interrupt. see bit 31.
27 AEI_IRQ: AEI_IRQ interrupt. see bit 31.
26 CMP_IRQ: CMP shared submodule interrupt. see bit 31.
25 SPEO_IRQ: SPEO shared submodule interrupt. see bit 31
24 SPE1_IRQ: SPE1 shared submodule interrupt. see bit 31
23 SPE2_IRQ: SPE2 shared submodule interrupt. see bit 31.
22 SPE3_IRQ: SPE3 shared submodule interrupt. see bit 31.
Reserved
[16:21] .
Note: Read as zero, should be written as zero.
PSMO_CHO_IRQ: PSMO0 shared submodule channel 0 interrupt
0 = no interrupt occurred
1 = interrupt was raised by the corresponding submodule
15 Note: This bit is only set, when the interrupt is enabled in the interrupt enable register of the
corresponding submodule.
Note: When set this bit represents one of the four interrupt sources FIFO_[x]_EMPTY,
FIFO_[x]_FULL, FIFO_[x]_ LOWER_WM or FIFO_[x] UPPER_WM
14 PSMO_CH1_IRQ: PSMO shared submodule channel 1 interrupt.See bit 15.
13 PSMO_CH2_IRQ: PSMO0 shared submodule channel 2 interrupt. See bit 15.
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Table 331. ICM_IRQG_O field description (continued)

Bit Description
12 PSMO_CH3_IRQ: PSMO0 shared submodule channel 3 interrupt. See bit 15.
11 PSMO_CH4_IRQ: PSMO0 shared submodule channel 4 interrupt. See bit 15.
10 PSMO_CHS5_IRQ: PSMO0 shared submodule channel 5 interrupt. See bit 15.
9 PSMO0_CH6_IRQ: PSMO0 shared submodule channel 6 interrupt. See bit 15.
8 PSMO0_CH7_IRQ: PSMO0 shared submodule channel 7 interrupt. See bit 15.
PSM1_CHO_IRQ: PSM1 shared submodule channel 0 interrupt
0 = no interrupt occurred
1 = interrupt was raised by the corresponding submodule
7 Note: This bit is only set, when the interrupt is enabled in the interrupt enable register of the
corresponding submodule.
Note: When set this bit represents one of the four interrupt sources FIFO_[x]_EMPTY,
FIFO_[x]_FULL, FIFO_[x]_LOWER_WM or FIFO_[x]_UPPER_WM
6 PSM1 _CH1_IRQ: PSM1 shared submodule channel 1 interrupt. See bit 15.
5 PSM1_CH2_IRQ: PSM1 shared submodule channel 2 interrupt. See bit 15.
4 PSM1_CH3_IRQ: PSM1 shared submodule channel 3 interrupt. See bit 15.
3 PSM1_CH4_IRQ: PSM1 shared submodule channel 4 interrupt. See bit 15.
2 PSM1_CH5_IRQ: PSM1 shared submodule channel 5 interrupt. See bit 15.
1 PSM1_CH6_IRQ: PSM1 shared submodule channel 6 interrupt. See bit 15.
0 PSM1_CH7_IRQ: PSM1 shared submodule channel 7 interrupt. See bit 15.

18.5.2 Register ICM_IRQG_1 (DPLL interrupt group)

Address offset: |see Appendix B Initial value: 0x0000_0000
0‘1‘2|3‘45678910111213141516171819202122232425262728293031
glglglg g g
n_cln_clgln_cggggg%gg%gggggzggggggggl
9 R O R N A A o O A I L T S 1 L ™ ] T S I o Y
[ —_ —_ = = = | = = —
. 2 lxn:(/)l—vcomx—oNN_|w—‘—‘—N§c0(D|:wu)u)><za(9
Bt 2 8| 'Ql 8| 8| EI EI EI EI EI jl all f' jI (_D'| gl gl & EI §’| 3 = ':l ® '<£| ':l 4 8|
Q -
x _|_|_|_|_l_l_l_l_l—l_l_lJ_ljj—l_lej—l—lJ—l_]_,
_'_I_I_I_I_‘_I_I_‘_I_Il_]_lﬂ.ﬂ._‘_'_jﬂ.&i_l_l_ln_—'
25|5|5|5(5|5|5|5/5|5(5(5|5|5|5/5/5|5|5|5|5|5(|5(5|5|3
Mode R R|{R|R|[R|[R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R
Initial value 0x00 ojofofofofofojofO|0O]O ojojo|o|o|o|o|ofOofOofOfOfO|O|O

Table 332. ICM_IRQG_1 field description

Bit Description
DPLL_DCGI_IRQ: TRIGGER direction change detected.
0 = no interrupt occurred
31 1 = interrupt was raised by the corresponding submodule
Note: This bit is only set, when the interrupt is enabled in the interrupt enable register of the
corresponding submodule.
30 DPLL_EDI_IRQ: DPLL enable/disable interrupt. see bit 31.

3
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Table 332. ICM_IRQG_1 field description (continued)

Bit Description
29 ?1PLL_TINI_IRQ: TRIGGER minimum hold time (THMI) violation detected interrupt. see bit
o8 ?[))1PLL_TAXI_IRQ: TRIGGER maximum hold time (THMA) violation detected interrupt. see bit
27 DPLL_SISI_IRQ: STATE inactive slope detected interrupt. see bit 31.
26 DPLL_TISI_IRQ: TRIGGER inactive slope detected interrupt. see bit 31.
25 DPLL_MSI_IRQ: Missing STATE interrupt. see bit 31.
24 DPLL_MTI_IRQ: Missing TRIGGER interrupt. see bit 31.
23 DPLL_SASI_IRQ: STATE active slope detected. see bit 31.
22 DPLL_TASI _IRQ: TRIGGER active slope detected while NTI_CNT is zero. see bit 31.
21 DPLL_PWI_IRQ: Plausibility window (PVT) violation interrupt of TRIGGER. see bit 31.
20 DPLL_W2I_IRQ: Write access to RAM region 2 interrupt. see bit 31.
19 DPLL_W1I_IRQ: Write access to RAM region 1b or 1c interrupt. see bit 31.
18 DPLL_GL1I_IRQ: Get of lock interrupt for SUB_INC1. see bit 31.
17 DPLL_LL1I_IRQ: Lost of lock interrupt for SUB_INC1. see bit 31.
16 DPLL_EI_IRQ: Error interrupt. see bit 31.
15 DPLL_GL2l_IRQ: Get of lock interrupt for SUB_INC2. see bit 31.
14 DPLL_LL2I_IRQ: Lost of lock interrupt for SUB_INC2. see bit 31.
13 DPLL_TEOI_IRQ: TRIGGER event interrupt 0. see bit 31.
12 DPLL_TE1l_IRQ: TRIGGER event interrupt 1. see bit 31.
1 DPLL_TEZ2I_IRQ: TRIGGER event interrupt 2. see bit 31.
10 DPLL_TE3I_IRQ: TRIGGER event interrupt 3. see bit 31.
9 DPLL_TE4l_IRQ: TRIGGER event interrupt 4. see bit 31.
8 DPLL_CDTI_IRQ: DPLL calculated duration interrupt for trigger. see bit 31.
7 DPLL_CDSI_IRQ: DPLL calculated duration interrupt for state. see bit 31.
6 DPLL_TORI_IRQ: DPLL calculated duration interrupt for state. see bit 31.
5 DPLL_SORI_IRQ: DPLL calculated duration interrupt for state. see bit 31.
[0:4] Reserved .
Note: Read as zero, should be written as zero.
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18.5.3 Register ICM_IRQG_2 (TIM interrupt group 0)

Address offset: |see Appendix B Initial value: 0x0000_0000
0|1|2|3|4|5|6|7|8|9|10[11[12[13[14[15[16[17[18|19|20|21|22|23|24|25|26|27|28|29|30]31
glo|glglgl|gl|lglglglglglglglc|c|lc|ag|g|g|g|g|g|ag|ala|a|a|a|a|la|lg|g
ririg|l|¥|¥|¥|¥|¥| |||l |¥|¥|X || || X|X|X|K|K|K|KX|X|X|X|X
:I ;I ;l ;l :)I ;| - ;I :I ;I ;| ;I ;| ;I _ ;I :I ;| ;l ;l ;l ;I _ ;I :l ;I L‘__,I ;l :_,I ;I - ;I

Bit 5(5|5(5|5|5|5|5|5(5|5|85(5|5|85|5|5|85|5|5|85|5|5(5|5|5(5|5|5(5|5|S
ml ml col c*)l ml col ml col NI NI NI NI NI NI NI NI ‘_I ‘_I ‘_I ‘_I ‘_I ‘_I ‘_I ‘_I ol OI ol OI ol OI <:’I O|
2|2|2|2|12|2(|2|2|12|12|2|2(2(2(2|2(2(2(212|2|2|2|12|2|2|2|2|2|2|2|2
F|lF|F|F|F|F|F|F|F|F|F|F|F|F|F|F|F|F|F|F|F|F|F|F|F|F|F|F|F|F|F|F

Mode R|{R|R|[R|R|R|R|[R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R

Initial value o|lofo|o|ofo|o|OfO|O|O|O|O|O|OfO|O|O|O|O|O|O|O|O|O|O|O|OfO|O|O|O

Table 333. ICM_IRQG_2 field description
Bit Description
TIMO_CHO_IRQ: TIMO shared interrupt channel 0.
0 = no interrupt occurred
1 = interrupt was raised by the corresponding submodule
31 Note: This bit is only set, when the interrupt is enabled in the interrupt enable register of the
corresponding submodule.
Note: When set this bit represents one of the six interrupt sources NEWVALx_IRQ,
ECNTOFLx_IRQ, CNTOFLx_IRQ, GPRXOFLx_IRQ, GLITCHDETx_IRQ or TOx_IRQ.
30 TIMO_CH1_IRQ: TIMO shared interrupt channel 1. see bit 31.
29 TIMO_CH2_IRQ: TIMO shared interrupt channel 2. see bit 31.
28 TIMO_CH3_IRQ: TIMO shared interrupt channel 3. see bit 31.
27 TIMO_CH4_IRQ: TIMO shared interrupt channel 4. see bit 31.
26 TIMO_CHS5_IRQ: TIMO shared interrupt channel 5. see bit 31.
25 TIMO_CH6_IRQ: TIMO shared interrupt channel 6. see bit 31.
24 TIMO_CH7_IRQ: TIMO shared interrupt channel 7. see bit 31.
23 TIM1_CHO_IRQ: TIM1 shared interrupt channel 0. see bit 31.
22 TIM1_CH1_IRQ: TIM1 shared interrupt channel 1. see bit 31.
21 TIM1_CH2_IRQ: TIM1 shared interrupt channel 2. see bit 31.
20 TIM1_CH3_IRQ: TIM1 shared interrupt channel 3. see bit 31.
19 TIM1_CH4_IRQ: TIM1 shared interrupt channel 4. see bit 31.
18 TIM1_CH5_IRQ: TIM1 shared interrupt channel 5. see bit 31.
17 TIM1_CH6_IRQ: TIM1 shared interrupt channel 6. see bit 31.
16 TIM1_CH7_IRQ: TIM1 shared interrupt channel 7. see bit 31.
15 TIM2_CHO_IRQ: TIM2 shared interrupt channel 0. see bit 31.
14 TIM2_CH1_IRQ: TIM2 shared interrupt channel 1. see bit 31.
13 TIM2_CH2_IRQ: TIM2 shared interrupt channel 2. see bit 31.
12 TIM2_CH3_IRQ: TIM2 shared interrupt channel 3. see bit 31.
11 TIM2_CH4_IRQ: TIM2 shared interrupt channel 4. see bit 31.
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Table 333. ICM_IRQG_2 field description (continued)

o]
=

Description

RN
o

TIM2_CH5_IRQ: TIM2 shared interrupt channel 5. see bit 31.
TIM2_CH6_IRQ: TIM2 shared interrupt channel 6. see bit 31.
TIM2_CH7_IRQ: TIM2 shared interrupt channel 7. see bit 31.
TIM3_CHO_IRQ: TIM3 shared interrupt channel 0. see bit 31.
TIM3_CH1_IRQ: TIM3 shared interrupt channel 1. see bit 31.
TIM3_CH2_IRQ: TIM3 shared interrupt channel 2. see bit 31.
TIM3_CH3_IRQ: TIM3 shared interrupt channel 3. see bit 31.
TIM3_CH4_IRQ: TIM3 shared interrupt channel 4. see bit 31.
TIM3_CH5_IRQ: TIM3 shared interrupt channel 5. see bit 31.
1 TIM3_CH6_IRQ: TIM3 shared interrupt channel 6. see bit 31.
0 TIM3_CH7_IRQ: TIM3 shared interrupt channel 7. see bit 31.

Nl W| ||| N| 0| ©

18.5.4 Register ICM_IRQG_3 (TIM interrupt group 1)

Address offset: |see Appendix B Initial value: 0x0000_0000
0‘1‘2|3‘4|5‘6|7 8|9 |10|11|12|13|14|15(16|17|18|19|20|21|22 (23|24 25|26 |27 |28|29|30 |31
glolglo|glalg|lg|glg|lg|a|a|g|o|a|lglg|a|alg|la|a|g
B n_:I cEI n_:I D_:I n_:I D_:I n_:I D_:I n_:I n_:I EL{I n_:I EL{I n_:I EL{I n_:I D_:I n_:I D_:I n_:I D_:I n_:I n_:I EL{I
i e TIZIZ2E 2|22 2212122252222 |2
Bit 2 OlO0[O0]|O |0 [0]O0|OI0[O0|O|O0[0]|O|0O0[O0]O0|0[0[0|0O|0[0]|O
$ col @I col col @I col @I col I_‘_’I LOI ml LOI ml u’;l ml u’;l ﬁ_l ﬁ_l ﬁ_l ﬁ_l ﬁ_l ﬁ_l q_I vl
© =222 |2|2(2|2|2|2|2|12|2(12|12|12|2|2|12|12(12|12|12|2
F|lF|F|F|F|F|F|F|F|F|F|F|F|F|F|F|F|F|F|F|F|F|F|F
Mode R R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R[R|R
Initial value 0x00 ojlojo|lo|o|ofo|o|o|Oo|lO|O|O|lO|O|O|O|O|O|OfO|O|O]O
Table 334. ICM_IRQG_3 field description
Bit Description
TIM4_CHO_IRQ: TIM4 shared interrupt channel 0.
0 = no interrupt occurred
1 = interrupt was raised by the corresponding submodule
31 Note: This bit is only set, when the interrupt is enabled in the interrupt enable register of the
corresponding submodule.
Note: When set this bit represents one of the six interrupt sources NEWVALXx_IRQ,
ECNTOFLx_IRQ, CNTOFLx_IRQ, GPRXOFLx_IRQ, GLITCHDETx_IRQ or TOx_IRQ.
30 TIM4_CH1_IRQ: TIM4 shared interrupt channel 1. see bit 31.
29 TIM4_CH2_IRQ: TIM4 shared interrupt channel 2. see bit 31.
28 TIM4_CH3_IRQ: TIM4 shared interrupt channel 3. see bit 31.
27 TIM4_CH4_IRQ: TIM4 shared interrupt channel 4. see bit 31.
26 TIM4_CH5_IRQ: TIM4 shared interrupt channel 5. see bit 31.
25 TIM4_CH6_IRQ: TIM4 shared interrupt channel 6. see bit 31.
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Table 334. ICM_IRQG_3 field description (continued)
Bit Description
24 TIM4_CH7_IRQ: TIM4 shared interrupt channel 7. see bit 31.
23 TIM5_CHO_IRQ: TIM5 shared interrupt channel 0. see bit 31.
22 TIM5_CH1_IRQ: TIM5 shared interrupt channel 1. see bit 31.
21 TIM5_CH2_IRQ: TIM5 shared interrupt channel 2. see bit 31.
20 TIM5_CH3_IRQ: TIM5 shared interrupt channel 3. see bit 31.
19 TIM5_CH4_IRQ: TIM5 shared interrupt channel 4. see bit 31.
18 TIM5_CH5_IRQ: TIM5 shared interrupt channel 5. see bit 31.
17 TIM5_CH6_IRQ: TIM5 shared interrupt channel 6. see bit 31.
16 TIM5_CH7_IRQ: TIM5 shared interrupt channel 7. see bit 31.
15 TIM6_CHO_IRQ: TIM6 shared interrupt channel 0. see bit 31.
14 TIM6_CH1_IRQ: TIM6 shared interrupt channel 1. see bit 31.
13 TIM6_CH2_IRQ: TIM6 shared interrupt channel 2. see bit 31.
12 TIM6_CH3_IRQ: TIM6 shared interrupt channel 3. see bit 31.
11 TIM6_CH4_IRQ: TIM6 shared interrupt channel 4. see bit 31.
10 TIM6_CHS5_IRQ: TIM6 shared interrupt channel 5. see bit 31.
9 TIM6_CH6_IRQ: TIM6 shared interrupt channel 6. see bit 31.
8 TIM6_CH7_IRQ: TIM6 shared interrupt channel 7. see bit 31.
0:7] Reserved
’ Note: Read as zero, should be written as zero.

18.5.5 Register ICM_IRQG_4 (MCS Interrupt Group 0)

Address offset: |see Appendix B Initial value: 0x0000_0000
0|1]2|3|4|5|6|7]|8]9|[10|11]12]13[14]|15|16(17|18|19(20|21|22|23|24|25|26|27 (2829|3031
oglolaglolglglglaglaglaglaglglglc|clcla|la|g|ac|ag|o|a|ala|ala|a|a|alo|g
129 12y | oag | oag oo g oo oo (oo g g e oo g o v Y v v Yy vy v g g v AR A ) e g g e
'\I @I |.r>| ﬂ_I ml NI ‘_I oI '\I ‘QI ml vl ml NI FI OI '\I col |.r>| q_I :')I NI FI OI ,\I @I LOI q_l ml NI ‘_I oI

Bit 515|5|5|5|5|85|5|5|5|5|5|85|85(5|5|5|5(85(85|5|5|5|5|5|85|5|5|5|5|5|S
ml ml o’)l ml ml o’)l ml o’)l NI N| NI NI NI NI NI NI ‘_I ‘_I ‘_I ‘_I ‘_I ‘_I ‘_I ‘_I o| OI o| OI o| OI O| OI
NN AN ANDAND[(D|ANAD|INDNDAND|ADAND[AD]|NAR|ANDDAND|ND N[NNI ND[D]|AND|ND[N|N|AN|N
[CRANCANCRNORECRECRNCR NG NCHNCRNCHNCHNORNORNORNORNORNOCRECRNCR NG NCHNCHNCHNORROR NORNORNORNONNOR NG
S|S|2|2|2|2|2|2|2|2|2|2|2|2|2|2|2|3|2|3|3|3|5|5|3|5|5|5|5|2|32|=

Mode R|{R|[R|[R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R

Initial value ofojo|oflo|jo|o|jOo|O|O|O|O|lO|O|OfO|O|Of|O|O|O|O|O|O|O|O|O|O|OfO|O|O
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Table 335. ICM_IRQG_4 field description

Bit Description

MCSO0_CHO_IRQ: MCSO0 channel 0 interrupt

0 = No interrupt occurred
31 1 = Interrupt was raised by the corresponding submodule

Note: This bit is only set, when the interrupt is enabled in the interrupt enable register of the

corresponding submodule.
30 MCSO0_CH1 IRQ: MCSO0 channel 1 interrupt. see bit 31.
29 MCSO0_CH2_IRQ: MCSO0 channel 2 interrupt. see bit 31.
28 MCSO0_CH3_IRQ: MCSO0 channel 3 interrupt. see bit 31.
27 MCSO0_CH4_IRQ: MCSO0 channel 4 interrupt. see bit 31.
26 MCSO0_CH5_IRQ: MCSO0 channel 5 interrupt. see bit 31.
25 MCSO0_CH6_IRQ: MCSO0 channel 6 interrupt. see bit 31.
24 MCSO0_CH7_IRQ: MCSO0 channel 7 interrupt. see bit 31.
23 MCS1_CHO_IRQ: MCS1 channel 0 interrupt. see bit 31.
22 MCS1_CH1_IRQ: MCS1 channel 1 interrupt. see bit 31.
21 MCS1_CH2_IRQ: MCS1 channel 2 interrupt. see bit 31.
20 MCS1_CH3_IRQ: MCS1 channel 3 interrupt. see bit 31.
19 MCS1_CH4_IRQ: MCS1 channel 4 interrupt. see bit 31.
18 MCS1_CH5_IRQ: MCS1 channel 5 interrupt. see bit 31.
17 MCS1_CH6_IRQ: MCS1 channel 6 interrupt. see bit 31.
16 MCS1_CH7_IRQ: MCS1 channel 7 interrupt. see bit 31.
15 MCS2_CHO_IRQ: MCS2 channel 0 interrupt. see bit 31.
14 MCS2_CH1_IRQ: MCS2 channel 1 interrupt. see bit 31.
13 MCS2_CH2_IRQ: MCS2 channel 2 interrupt. see bit 31.
12 MCS2_CH3_IRQ: MCS2 channel 3 interrupt. see bit 31.
11 MCS2_CH4_IRQ: MCS2 channel 4 interrupt. see bit 31.
10 MCS2_CH5_IRQ: MCS2 channel 5 interrupt. see bit 31.
9 MCS2_CH6_IRQ: MCS2 channel 6 interrupt. see bit 31.
8 MCS2_CH7_IRQ: MCS2 channel 7 interrupt. see bit 31.
7 MCS3_CHO_IRQ: MCS3 channel 0 interrupt. see bit 31.
6 MCS3_CH1_IRQ: MCS3 channel 1 interrupt. see bit 31.
5 MCS3_CH2_IRQ: MCS3 channel 2 interrupt. see bit 31.
4 MCS3_CH3_IRQ: MCS3 channel 3 interrupt. see bit 31.
3 MCS3_CH4_IRQ: MCS3 channel 4 interrupt. see bit 31.
2 MCS3_CH5_IRQ: MCS3 channel 5 interrupt. see bit 31.
1 MCS3_CH6_IRQ: MCS3 channel 6 interrupt. see bit 31.
0 MCS3_CH7_IRQ: MCS3 channel 7 interrupt. see bit 31.
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18.5.6 Register ICM_IRQG_5 (MCS interrupt group 1)
Address offset: |see Appendix B Initial value: 0x0000_0000
0‘1‘2|3‘4|5‘6|7 8|9[10]11[12]13|14|15(16|17[18|19|20|21|22|23|24|25|26|27|28|29|30|31
aglalalalalalalalaclalalclalalalalalalalac|alalc|a
[V g g [y g g v g v (Y ' Y A ' A ' A o [ [ 0 [ A ' A g e
N ERAERRERE AR BREE R RRHERRE
Bit Reserved o|o|o|o|o|o|lo|o|lo|o|lo|o|lolo|o|lo|o|o|o|loc|lo|o|lo]|o
col wl col col LOI col LOI col LOI u.ol ml u.ol ml u.ol ml u.ol vl q_l vl q_l vl q_l <'_I q_l
DD ARD[AD[RAD[AD[ D[N AND| DN NN ND|AND|AND[AND[AD[AN[ND|[WN|ON|N
[CRNCRNGRNCRECRNCRNORNORNORNORNORNONNOCRNORNORNORNONNORNORNORNORNOR NORNG)
S|S|S|S|S|S|2|S|S|2|S|S|2|S|2|S|S|2|S|2|2|S|2|2
Mode R|R|R|R|R|R|R|R|R|[R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R
Initial value olofo|oflo|o|lo|O0|O|O|OfO|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O]|OfO

Table 336. ICM_IRQG_5 field description

Bit Description

MCS4_CHO_IRQ: MCS4 channel 0 interrupt

0 = no interrupt occurred
31 1 = interrupt was raised by the corresponding submodule

Note: This bit is only set, when the interrupt is enabled in the interrupt enable register of the

corresponding submodule.

30 MCS4_CH1_IRQ: MCS4 channel 1 interrupt. see bit 31.
29 MCS4_CH2_IRQ: MCS4 channel 2 interrupt. see bit 31.
28 MCS4_CH3_IRQ: MCS4 channel 3 interrupt. see bit 31.
27 MCS4_CH4_IRQ: MCS4 channel 4 interrupt. see bit 31.
26 MCS4_CH5_IRQ: MCS4 channel 5 interrupt. see bit 31.
25 MCS4_CH6_IRQ: MCS4 channel 6 interrupt. see bit 31.
24 MCS4_CH7_IRQ: MCS4 channel 7 interrupt. see bit 31.
23 MCS5_CHO_IRQ: MCS5 channel 0 interrupt. see bit 31.
22 MCS5_CH1_IRQ: MCSS5 channel 1 interrupt. see bit 31.
21 MCS5_CH2_IRQ: MCS5 channel 2 interrupt. see bit 31.
20 MCS5_CH3_IRQ: MCS5 channel 3 interrupt. see bit 31.
19 MCS5_CH4_IRQ: MCS5 channel 4 interrupt. see bit 31.
18 MCS5_CH5_IRQ: MCS5 channel 5 interrupt. see bit 31.
17 MCS5_CH6_IRQ: MCSS5 channel 6 interrupt. see bit 31.
16 MCS5_CH7_IRQ: MCS5 channel 7 interrupt. see bit 31.
15 MCS6_CHO_IRQ: MCS6 channel 0 interrupt. see bit 31.
14 MCS6_CH1 IRQ: MCS6 channel 1 interrupt. see bit 31.
13 MCS6_CH2_IRQ: MCS6 channel 2 interrupt. see bit 31.
12 MCS6_CH3_IRQ: MCS6 channel 3 interrupt. see bit 31.
1 MCS6_CH4_IRQ: MCS6 channel 4 interrupt. see bit 31.
10 MCS6_CH5_IRQ: MCS6 channel 5 interrupt. see bit 31.
9 MCS6_CH6_IRQ: MCS6 channel 6 interrupt. see bit 31.
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Table 336. ICM_IRQG_5 field description (continued)

Bit Description

8 MCS6_CH7_IRQ: MCS6 channel 7 interrupt. see bit 31.
07] Reserved

' Note: Read as zero, should be written as zero.

18.5.7 Register ICM_IRQG_6 (TOM interrupt group 0)

Address offset: |see Appendix B Initial value: 0x0000_0000
0|1|2[3|4|5|6|7|8]|9][10/11[12]13[14]15|16[17|18[19|20|21|22|23|24|25|26|27|28|29|30 |31
€€ C 2|82 Q¢ eeeeeeeEEeeeEeeeeeeeeee
ﬁl 3' QI ﬁ' “:l S’I ol o o o] < o | 21 & “F’I 3' QI ﬁl :' e' ol o & o | <! | | <] &

Mode R|R|R|R|R|R|R|[R|R|R|R|R|R|R|R|R|R|R|[R|R|R|R|R|R|R|R|R|R|R|R|R|R

Initial value ojojofo|o|ofofo|o|OofO|O|O|O|lO|O|O|O|O|O|O|O|O|O|O|O|O|OfO|O]|O|O

Table 337. ICM_IRQG_6 field description

Bit Description

TOMO_CHO_IRQ: TOMO channel 0 shared interrupt

0 = no interrupt occurred
31 1 = interrupt was raised by the corresponding submodule

Note: This bit is only set, when the interrupt is enabled in the interrupt enable register of the

corresponding submodule.
30 TOMO_CH1_IRQ: TOMO channel 1 shared interrupt. see bit 31.
29 TOMO_CH2_IRQ: TOMO channel 2 shared interrupt. see bit 31.
28 TOMO_CH3_IRQ: TOMO channel 3 shared interrupt. see bit 31.
27 TOMO_CH4_IRQ: TOMO channel 4 shared interrupt. see bit 31.
26 TOMO_CHS5_IRQ: TOMO channel 5 shared interrupt. see bit 31.
25 TOMO_CH6_IRQ: TOMO channel 6 shared interrupt. see bit 31.
24 TOMO_CH7_IRQ: TOMO channel 7 shared interrupt. see bit 31.
23 TOMO_CH8_IRQ: TOMO channel 8 shared interrupt. see bit 31.
22 TOMO_CH9_IRQ: TOMO channel 9 shared interrupt. see bit 31.
21 TOMO_CH10_IRQ: TOMO channel 10 shared interrupt. see bit 31.
20 TOMO_CH11_IRQ: TOMO channel 11 shared interrupt. see bit 31.
19 TOMO_CH12_IRQ: TOMO channel 12 shared interrupt. see bit 31.
18 TOMO_CH13_IRQ: TOMO channel 13 shared interrupt. see bit 31.
17 TOMO_CH14_IRQ: TOMO channel 14 shared interrupt. see bit 31.
16 TOMO_CH15_IRQ: TOMO channel 15 shared interrupt. see bit 31.
15 TOM1_CHO_IRQ: TOM1 channel 0 shared interrupt. see bit 31.
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Table 337. ICM_IRQG_6 field description (continued)

Bit Description

14 TOM1_CH1_IRQ: TOM1 channel 1 shared interrupt. see bit 31.
13 TOM1_CH2_IRQ: TOM1 channel 2 shared interrupt. see bit 31.
12 TOM1_CH3_IRQ: TOM1 channel 3 shared interrupt. see bit 31.
1" TOM1_CH4_IRQ: TOM1 channel 4 shared interrupt. see bit 31.
10 TOM1_CH5_IRQ: TOM1 channel 5 shared interrupt. see bit 31.

9 TOM1_CH6_IRQ: TOM1 channel 6 shared interrupt. see bit 31.

8 TOM1_CH7_IRQ: TOM1 channel 7 shared interrupt. see bit 31.

7 TOM1_CHB8_IRQ: TOM1 channel 8 shared interrupt. see bit 31.

6 TOM1_CH9_IRQ: TOM1 channel 9 shared interrupt. see bit 31.

5 TOM1_CH10 _IRQ: TOM1 channel 10 shared interrupt. see bit 31.
4 TOM1_CH11 IRQ: TOM1 channel 11 shared interrupt. see bit 31.
3 TOM1_CH12_IRQ: TOM1 channel 12 shared interrupt. see bit 31.
2 TOM1_CH13_IRQ: TOM1 channel 13 shared interrupt. see bit 31.
1 TOM1_CH14_IRQ: TOM1 channel 14 shared interrupt. see bit 31.
0 TOM1_CH15_IRQ: TOM1 channel 15 shared interrupt. see bit 31.

18.5.8 Register ICM_IRQG_7 (TOM interrupt group 1)

Address offset: |see Appendix B Initial value: 0x0000_0000
0[1]2|3|4|5|6|7|8|9][10]11[12(13]|14|15|16|17[18|19|20|21|22|23|24|25|26(27|28(29|30|31
glaglglglalg glaglgl|glalga
Al A A A A A A A A A A A A A A A AR A A A A A A Al
ﬁl 3' QI ‘o_,' ‘:' ‘9' %I %I 'j\:l gl %I Erl g| %I E| %I .,‘_)' f—’l QI ﬁl :l 53I %I %I ,:EI %I EI‘:7| §| §I %I E| %I

Bit 6665550|(')|(')|(')|(')|(')|Q|(')|(')|(')|566666(')IOI(')I(')IQI(')I(')I(')IOIQI
ol ool oo oo | 2] @ 0| 0|00 of ool ool ol ol oo oo o] o | o' | | o' | o
£12|12|2|21213/3/1313|3/5/3|3|3|3|5|15|51512|515/513|5/31818]3/8|3
OSlS|CICICICIF|FIF|IFIFIF|F|IF|IF|IF|ICICICICICICIFIFIFIFIF|IF|IFIF|IF|F

Mode R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|[R|R|R|[R|R|R|R|R|R|R|R|R

Initial value o|lojo|o|o|o|o|o|lO|O|OfO|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O

Table 338. ICM_IRQG_7 field description

Bit Description
TOM2_CHO_IRQ: TOM2 channel 0 shared interrupt
0 = No interrupt occurred
31 1 = Interrupt was raised by the corresponding submodule
Note: This bit is only set, when the interrupt is enabled in the interrupt enable register of the
corresponding submodule.
30 TOM2_CH1_IRQ: TOMZ2 channel 1 shared interrupt. see bit 31.
29 TOM2_CH2_IRQ: TOM2 channel 2 shared interrupt. see bit 31.
28 TOM2_CH3_IRQ: TOM2 channel 3 shared interrupt. see bit 31.
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Table 338. ICM_IRQG_7 field description (continued)

Bit Description

27 TOM2_CH4_IRQ: TOM2 channel 4 shared interrupt. see bit 31.
26 TOM2_CH5_IRQ: TOM2 channel 5 shared interrupt. see bit 31.
25 TOM2_CH6_IRQ: TOM2 channel 6 shared interrupt. see bit 31.
24 TOM2_CH7_IRQ: TOM2 channel 7 shared interrupt. see bit 31.
23 TOM2_CH8_IRQ: TOM2 channel 8 shared interrupt. see bit 31.
22 TOM2_CH9_IRQ: TOM2 channel 9 shared interrupt. see bit 31.
21 TOM2_CH10_IRQ: TOM2 channel 10 shared interrupt. see bit 31.
20 TOM2_CH11_IRQ: TOM2 channel 11 shared interrupt. see bit 31.
19 TOM2_CH12_IRQ: TOM2 channel 12 shared interrupt. see bit 31.
18 TOM2_CH13_IRQ: TOM2 channel 13 shared interrupt. see bit 31.
17 TOM2_CH14_IRQ: TOM2 channel 14 shared interrupt. see bit 31.
16 TOM2_CH15_IRQ: TOM2 channel 15 shared interrupt. see bit 31.
15 TOM3_CHO_IRQ: TOM3 channel 0 shared interrupt. see bit 31.
14 TOM3_CH1_IRQ: TOMS3 channel 1 shared interrupt. see bit 31.
13 TOM3_CH2_IRQ: TOMS3 channel 2 shared interrupt. see bit 31.
12 TOM3_CH3_IRQ: TOMS3 channel 3 shared interrupt. see bit 31.
1" TOM3_CH4_IRQ: TOM3 channel 4 shared interrupt. see bit 31.
10 TOM3_CH5_IRQ: TOM3 channel 5 shared interrupt. see bit 31.

9 TOM3_CH6_IRQ: TOM3 channel 6 shared interrupt. see bit 31.

8 TOM3_CH7_IRQ: TOM3 channel 7 shared interrupt. see bit 31.

7 TOM3_CHB8_IRQ: TOMS3 channel 8 shared interrupt. see bit 31.

6 TOM3_CH9_IRQ: TOMS3 channel 9 shared interrupt. see bit 31.

5 TOM3_CH10_IRQ: TOMS3 channel 10 shared interrupt. see bit 31.
4 TOM3_CH11_IRQ: TOM3 channel 11 shared interrupt. see bit 31.
3 TOM3_CH12_IRQ: TOM3 channel 12 shared interrupt. see bit 31.
2 TOM3_CH13_IRQ: TOM3 channel 13 shared interrupt. see bit 31.
1 TOM1_CH14_IRQ: TOM3 channel 14 shared interrupt. see bit 31.
0 TOM3_CH15_IRQ: TOM3 channel 15 shared interrupt. see bit 31.
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18.5.9 Register ICM_IRQG_8 (TOM interrupt group 2)

Address offset: |see Appendix B Initial value: 0x0000_0000
0|1]2|3|4|5|6|7|8]|9|10|11]12]13[14]|15|16(17|18|19(20|21|22|23|24|25|26|27 (2829|3031
% % % % % % % % % % % % % % ‘S_:I % % % % % % % % % % % % % % % ‘% %
Mode R|R|R|R|R|R|R|[R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R
Initial value ofojo|o|lo|o|o|jOo|O|O|O|O|lO|O|OfO|O|O|O|O|O|O|O|O|O|O|O|O|OfO|O|O
Table 339. ICM_IRQG_8 field description
Bit Description
TOM4_CHO_IRQ: TOM4 channel 0 shared interrupt
0 = no interrupt occurred
31 1 = interrupt was raised by the corresponding submodule
Note: This bit is only set, when the interrupt is enabled in the interrupt enable register of the
corresponding submodule.
30 TOM4_CH1_IRQ: TOM4 channel 1 shared interrupt. see bit 31.
29 TOM4_CH2_IRQ: TOM4 channel 2 shared interrupt. see bit 31.
28 TOM4_CH3_IRQ: TOM4 channel 3 shared interrupt. see bit 31.
27 TOM4_CH4_IRQ: TOM4 channel 4 shared interrupt. see bit 31.
26 TOM4_CH5_IRQ: TOM4 channel 5 shared interrupt. see bit 31.
25 TOM4_CH6_IRQ: TOM4 channel 6 shared interrupt. see bit 31.
24 TOM4_CH7_IRQ: TOM4 channel 7 shared interrupt. see bit 31.
23 TOM4_CH8_IRQ: TOM4 channel 8 shared interrupt. see bit 31.
22 TOM4_CH9_IRQ: TOM4 channel 9 shared interrupt. see bit 31.
21 TOM4_CH10_IRQ: TOM4 channel 10 shared interrupt. see bit 31.
20 TOM4_CH11_IRQ: TOM4 channel 11 shared interrupt. see bit 31.
19 TOM4_CH12_IRQ: TOM4 channel 12 shared interrupt. see bit 31.
18 TOM4_CH13_IRQ: TOM4 channel 13 shared interrupt. see bit 31.
17 TOM4_CH14_IRQ: TOM4 channel 14 shared interrupt. see bit 31.
16 TOM4_CH15_IRQ: TOM4 channel 15 shared interrupt. see bit 31.
15 TOMS5_CHO_IRQ: TOMS5 channel 0 shared interrupt. see bit 31.
14 TOMS5_CH1_IRQ: TOMS5 channel 1 shared interrupt. see bit 31.
13 TOMS5_CH2_IRQ: TOMS5 channel 2 shared interrupt. see bit 31.
12 TOM5_CH3_IRQ: TOMS channel 3 shared interrupt. see bit 31.
1 TOM5_CH4_IRQ: TOMS channel 4 shared interrupt. see bit 31.
10 TOM5_CH5_IRQ: TOMS channel 5 shared interrupt. see bit 31.
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Table 339. ICM_IRQG_8 field description (continued)

o]
=

Description

TOMS5_CH6_IRQ: TOMS5 channel 6 shared interrupt. see bit 31.
TOMS5_CH7_IRQ: TOMS5 channel 7 shared interrupt. see bit 31.
TOM5_CHB8_IRQ: TOMS channel 8 shared interrupt. see bit 31.
TOMS5_CH9 _IRQ: TOMS5 channel 9 shared interrupt. see bit 31.
TOMS5_CH10_IRQ: TOMS5 channel 10 shared interrupt. see bit 31.
TOMS5_CH11_IRQ: TOM3 channel 11 shared interrupt. see bit 31.
TOMS5_CH12_IRQ: TOM5 channel 12 shared interrupt. see bit 31.
TOMS5_CH13_IRQ: TOM5 channel 13 shared interrupt. see bit 31.
1 TOM5_CH14_IRQ: TOM5 channel 14 shared interrupt. see bit 31.
0 TOMS5_CH15_IRQ: TOMS5 channel 15 shared interrupt. see bit 31.

Nl W| O[O N| 0| ©

18.5.10 Register ICM_IRQG_9 (ATOM interrupt group 0)

Address offset: |see Appendix B Initial value: 0x0000_0000
o[1]2]|3|4|5|6|7]|8]|9][10]11[12]13|14|15|16|17[18|19|20|21|22|23|24|25|26|27|28|29|30|31
cglol|laglaolacl|lal|a|lalalalalal|la|a|c|c|a|c|lc|alalc|ala|c|al|la|ala|a|a|a
o g v [ g v o g v g g v ) (oo g Y v g el v g e g g o e vy g e e g g e
'\I @I |.r>| q_l ml NI ‘_I OI '\I @I ml <r| ml NI FI C>I '\I @I |.r>| q_I :')I NI FI OI ,\I @I LDI q_l ml NI ‘_I oI

. rfjrxjr|jrjxjx|jr|jxjfx|jr|xTfx|jx|xTfxfxT|T|T(T|T|T|T|ZT|T|T(Z|ZT|Z(Z|Z|T|XI

Bit S B DI B D B B e B T Bt B D B B Bt B e B B et R B B DI B B D B B
O Mmoo olofololN[N[fN|IN|IN[N[N|N| =[] |—|O|O|O|O|O|O|O|O
HEEEHEHEEHEHEEEHEEEHEHEEEHEEREEHEEEEEEEHEEEE
IRl |e|ele|e(e|e|e|e|ele|ele|ele|ele|e|e
|| ||| ||| ||| ||| ||| || <

Mode R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R

Initial value olofo|oflo|o|lo|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O]|O]O

Table 340. ICM_IRQG_9 field description

Bit Description

ATOMO_CHO_IRQ: ATOMO channel 0 shared interrupt
0 = no interrupt occurred
31 1 = interrupt was raised by the corresponding submodule

Note: This bit is only set, when the interrupt is enabled in the interrupt enable register of the
corresponding submodule.

30 ATOMO_CH1_IRQ: ATOMO channel 1 shared interrupt. see bit 31.
29 ATOMO_CH2_IRQ: ATOMO channel 2 shared interrupt. see bit 31.
28 ATOMO_CHS3_IRQ: ATOMO channel 3 shared interrupt. see bit 31.
27 ATOMO_CH4_IRQ: ATOMO channel 4 shared interrupt. see bit 31.
26 ATOMO_CHS5_IRQ: ATOMO channel 5 shared interrupt. see bit 31.
25 ATOMO_CH6_IRQ: ATOMO channel 6 shared interrupt. see bit 31.
24 ATOMO_CH7_IRQ: ATOMO channel 7 shared interrupt. see bit 31.
23 ATOM1_CHO_IRQ: ATOM1 channel 0 shared interrupt. see bit 31.
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Table 340. ICM_IRQG_9 field description (continued)

Bit Description

22 ATOM1_CH1_IRQ: ATOM1 channel 1 shared interrupt. see bit 31.
21 ATOM1_CH2_IRQ: ATOM1 channel 2 shared interrupt. see bit 31.
20 ATOM1_CHS3_IRQ: ATOM1 channel 3 shared interrupt. see bit 31.
19 ATOM1_CH4_IRQ: ATOM1 channel 4 shared interrupt. see bit 31.
18 ATOM1_CH5_IRQ: ATOM1 channel 5 shared interrupt. see bit 31.
17 ATOM1_CH6_IRQ: ATOM1 channel 6 shared interrupt. see bit 31.
16 ATOM1_CH7_IRQ: ATOM1 channel 7 shared interrupt. see bit 31.
15 ATOM2_CHO_IRQ: ATOM2 channel 0 shared interrupt. see bit 31.
14 ATOM2_CH1_IRQ: ATOM2 channel 1 shared interrupt. see bit 31.
13 ATOM2_CH2_IRQ: ATOMZ2 channel 2 shared interrupt. see bit 31.
12 ATOM2_CH3_IRQ: ATOMZ2 channel 3 shared interrupt. see bit 31.
11 ATOM2_CH4_IRQ: ATOMZ2 channel 4 shared interrupt. see bit 31.
10 ATOM2_CH5_IRQ: ATOMZ2 channel 5 shared interrupt. see bit 31.
9 ATOM2_CH6_IRQ: ATOM2 channel 6 shared interrupt. see bit 31.
8 ATOM2_CH7_IRQ: ATOM2 channel 7 shared interrupt. see bit 31.
7 ATOMB3_CHO_IRQ: ATOMS channel 0 shared interrupt. see bit 31.
6 ATOM3_CH1_IRQ: ATOM3 channel 1 shared interrupt. see bit 31.
5 ATOM3_CH2_IRQ: ATOM3 channel 2 shared interrupt. see bit 31.
4 ATOM3_CH3_IRQ: ATOM3 channel 3 shared interrupt. see bit 31.
3 ATOM3_CH4_IRQ: ATOM3 channel 4 shared interrupt. see bit 31.
2 ATOMB3_CHS5_IRQ: ATOMS channel 5 shared interrupt. see bit 31.
1 ATOMB3_CH6_IRQ: ATOMS3 channel 6 shared interrupt. see bit 31.
0 ATOM3_CH7_IRQ: ATOM3 channel 7 shared interrupt. see bit 31.

18.5.11 Register ICM_IRQG_10 (ATOM interrupt group 1)

Address offset: |see Appendix B Initial value: 0x0000_0000
0|1|2]|3|4|5|6]|7[8|9]|10[11[12|13|14[15|16|17|18[19]|20|21|22|23|24|25|26|27|28(29|30]31
cglol|laglaolal|lgla|lalalalalala|la|lac|la|lalclc|alala|lala|a|lala|lala|la|a|a
[0 g g [ g v o g g oA g v (4 (oo g Y v o g g g g A [ g o g g g g g g g
'\I @I |.r>| q_l cv)l NI ‘_I OI '\I @I ml <r| ml NI FI C>I '\I <o| |.r>| vl ml NI FI OI ’\I @I LoI q_l ml NI ‘_I OI

. rfrxjr|rxjx|r|xtfx|]r| (x| T|T(XT(T|XT|T(ZT|ZT|ZT|ZT|Z|ZT|Z[(Z|Z|Z[(Z|Z|T|I

Bit OlO[O|O0O[OIO0|O[O|O[O|O0O|O[O0O|O[O|O|O|IO0O|O[O0|O0[O00|O0[O0]0[0 10|00 ]|0O]|0
,\I ,\I ,\I '\I ,\I ,\I ,\I ,\I q:’I wl q:’I (.ol wl (.ol wl (.ol LOI l.ol ml l.ol ml l.ol ml l.ol vl q_l vl q_l vl q_l <'_I q_l
sSis|is|sis|=s|=|s2|22(2I212(22|1212(=2|12|2(=21=212 === |=l=|=|=(=
2RI (EI22|2(22|2|2|2|e|2|e|e|e|2|e|e|e|e|e|ele|ee|e|ele|e
<l<|<|<|<|<|<|<|<|<|<|<|<|<|<|<|<|<|<|<|<|<|<|<|<|<|<|<|<|<|<|<

Mode R|R|R|R|R|R|R|[R[R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|[R|R|R|R|R

Initial value o|lojo|o|o|o|o|o|lO|O|OfO|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O
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Table 341. ICM_IRQG_10 field description

Bit Description

ATOM4_CHO_IRQ: ATOM4 channel 0 shared interrupt

0 = no interrupt occurred
31 1 = interrupt was raised by the corresponding submodule

Note: This bit is only set, when the interrupt is enabled in the interrupt enable register of the

corresponding submodule.
30 ATOM4_CH1_IRQ: ATOM4 channel 1 shared interrupt. see bit 31.
29 ATOM4_CH2_IRQ: ATOM4 channel 2 shared interrupt. see bit 31.
28 ATOM4_CH3_IRQ: ATOM4 channel 3 shared interrupt. see bit 31.
27 ATOM4_CH4_IRQ: ATOM4 channel 4 shared interrupt. see bit 31.
26 ATOM4_CH5_IRQ: ATOM4 channel 5 shared interrupt. see bit 31.
25 ATOM4_CH6_IRQ: ATOM4 channel 6 shared interrupt. see bit 31.
24 ATOM4_CH7_IRQ: ATOM4 channel 7 shared interrupt. see bit 31.
23 ATOM5_CHO_IRQ: ATOMS5 channel 0 shared interrupt. see bit 31.
22 ATOMS5_CH1_IRQ: ATOMS5 channel 1 shared interrupt. see bit 31.
21 ATOMS5_CH2_IRQ: ATOMS5 channel 2 shared interrupt. see bit 31.
20 ATOMS5_CH3_IRQ: ATOMS5 channel 3 shared interrupt. see bit 31.
19 ATOMS5_CH4_IRQ: ATOMS channel 4 shared interrupt. see bit 31.
18 ATOMS5_CHS5_IRQ: ATOMS channel 5 shared interrupt. see bit 31.
17 ATOM5_CH6_IRQ: ATOMS5 channel 6 shared interrupt. see bit 31.
16 ATOMS5_CH7_IRQ: ATOMS5 channel 7 shared interrupt. see bit 31.
15 ATOM6_CHO_IRQ: ATOMG6 channel 0 shared interrupt. see bit 31.
14 ATOMG6_CH1_IRQ: ATOMG6 channel 1 shared interrupt. see bit 31.
13 ATOMG6_CH2_IRQ: ATOMG6 channel 2 shared interrupt. see bit 31.
12 ATOMG6_CHS3_IRQ: ATOM6 channel 3 shared interrupt. see bit 31.
1" ATOM6_CH4_IRQ: ATOMG6 channel 4 shared interrupt. see bit 31.
10 ATOM6_CH5_IRQ: ATOMG6 channel 5 shared interrupt. see bit 31.
9 ATOM6_CH6_IRQ: ATOMG6 channel 6 shared interrupt. see bit 31.
8 ATOM6_CH7_IRQ: ATOMG6 channel 7 shared interrupt. see bit 31.
7 ATOM7_CHO_IRQ: ATOMY7 channel 0 shared interrupt. see bit 31.
6 ATOM7_CH1_IRQ: ATOMY7 channel 1 shared interrupt. see bit 31.
5 ATOM7_CH2_IRQ: ATOMY7 channel 2 shared interrupt. see bit 31.
4 ATOM7_CH3_IRQ: ATOMY7 channel 3 shared interrupt. see bit 31.
3 ATOM7_CH4_IRQ: ATOMY7 channel 4 shared interrupt. see bit 31.
2 ATOM7_CHS5_IRQ: ATOMY7 channel 5 shared interrupt. see bit 31.
1 ATOM7_CH6_IRQ: ATOMY7 channel 6 shared interrupt. see bit 31.
0 ATOM7_CH7_IRQ: ATOMY7 channel 7 shared interrupt. see bit 31.
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18.5.12 Register ICM_IRQG_11 (ATOM interrupt group 2)

Address offset: |see Appendix B Initial value: 0x0000_0000
0|1]2|3|4|5|6|7|8]|9|10|11]12]13[14]|15|16(17|18|19(20|21|22|23|24|25|26|27 (2829|3031
EIIEIEIEIEEEEEEE|E2(2 2 g g g g g e e e e ele e e e g:s
S e ] e o] ) e e e e e ] o] ] ] ] ] o] e

Mode R|R|R|R|R|R|R|[R|R|R|R|R|R|R|[R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R

Initial value o|{o|ofjo|ofo|ofo|o|o|o|o|lO|OfO|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O

Table 342. ICM_IRQG_11 field description

Bit Description

ATOMS8_CHO_IRQ: ATOMS8 channel 0 shared interrupt

0 = No interrupt occurred
31 1 = Interrupt was raised by the corresponding submodule

Note: This bit is only set, when the interrupt is enabled in the interrupt enable register of the

corresponding submodule.

30 ATOMS8_CH1_IRQ: ATOMS channel 1 shared interrupt. see bit 31.
29 ATOMS8_CH2_IRQ: ATOMS8 channel 2 shared interrupt. see bit 31.
28 ATOMS8_CH3_IRQ: ATOMS8 channel 3 shared interrupt. see bit 31.
27 ATOMS8_CH4_IRQ: ATOMS8 channel 4 shared interrupt. see bit 31.
26 ATOM8_CH5_IRQ: ATOMS8 channel 5 shared interrupt. see bit 31.
25 ATOMS8_CH6_IRQ: ATOMS channel 6 shared interrupt. see bit 31.
24 ATOMS8_CH7_IRQ: ATOMS channel 7 shared interrupt. see bit 31.
23 ATOM9_CHO_IRQ: ATOM9 channel 0 shared interrupt. see bit 31.
22 ATOM9_CH1_IRQ: ATOM9 channel 1 shared interrupt. see bit 31.
21 ATOM9_CH2_IRQ: ATOM9 channel 2 shared interrupt. see bit 31.
20 ATOM9_CH3_IRQ: ATOM9 channel 3 shared interrupt. see bit 31.
19 ATOM9_CH4_IRQ: ATOM9 channel 4 shared interrupt. see bit 31.
18 ATOM9_CHS5_IRQ: ATOM9 channel 5 shared interrupt. see bit 31.
17 ATOM9_CH6_IRQ: ATOM9 channel 6 shared interrupt. see bit 31.
16 ATOM9_CH7_IRQ: ATOM9 channel 7 shared interrupt. see bit 31.
15 ATOM10_CHO_IRQ: ATOM10 channel 0 shared interrupt. see bit 31.
14 ATOM10_CH1_IRQ: ATOM10 channel 1 shared interrupt. see bit 31.
13 ATOM10_CH2_IRQ: ATOM10 channel 2 shared interrupt. see bit 31.
12 ATOM10_CH3_IRQ: ATOM10 channel 3 shared interrupt. see bit 31.
1" ATOMO010_CH4_IRQ: ATOM10 channel 4 shared interrupt. see bit 31.
10 ATOM10_CH5_IRQ: ATOM10 channel 5 shared interrupt. see bit 31.

3
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Table 342. ICM_IRQG_11 field description (continued)

o]
=

Description

ATOM10_CH6_IRQ: ATOM10 channel 6 shared interrupt. see bit 31.
ATOM10_CH7_IRQ: ATOM10 channel 7 shared interrupt. see bit 31.
ATOM11_CHO_IRQ: ATOM11 channel 0 shared interrupt. see bit 31.
ATOM11 CH1_IRQ: ATOM11 channel 1 shared interrupt. see bit 31.
ATOM11 CH2_IRQ: ATOM11 channel 2 shared interrupt. see bit 31.
ATOM11_CH3_IRQ: ATOM11 channel 3 shared interrupt. see bit 31.
ATOM11_CH4_IRQ: ATOM11 channel 4 shared interrupt. see bit 31.
ATOM11_CH5_IRQ: ATOM11 channel 5 shared interrupt. see bit 31.
1 ATOM11_CH6_IRQ: ATOM11 channel 6 shared interrupt. see bit 31.
0 ATOM11 _CH7_IRQ: ATOM11 channel 7 shared interrupt. see bit 31.

Nl W| O[O N| 0| ©

18.5.13 Register ICM_IRQG_MEI (module error interrupt)

Address offset: |see Appendix B Initial value: 0x0000_0000
0‘1‘2|3‘4|5 6|7(8]|9(10]11|12[13|14|15[16|17|18|19]|20|21|22|23|24|25|26|27|28|29|30|31
3 2I2|2|2|2|2|5|E|E|E|2|2 |2 2 g|2|g|2|2|2|2|g|E|g|g|.
Bit 2 ey v A A A e A R N A A A R Bt vl o e e e e R R e
' 2 Sldinllo|e|g]8]8|2|8(8|a8 5|2 |e|s|g|5|8]|¢|E
« 50|65 |5(6|“|2|S|2|2|2|2|2|%|F|F|F|F|F|FIF|E|E|=|o
Mode R R|R|R|R|R|R|R|R|R|R|R|R|R|R R|{R|R|R|R|R|R|R|R|R|R
Initial value 0x00 ojolo|o|ofo|O0|OfO|O|OfO|O|O|O|O|O|O|lO|O|OfO|O|O|O|O
Table 343. ICM_IRQG_MElI field description
Bit Description
GTM_EIRQ: GTM Error interrupt request
0 = no interrupt occurred
31 1 = interrupt was raised by the corresponding submodule
Note: This bit is only set, when the error interrupt is enabled in the error interrupt enable
register of the corresponding submodule.
30 BRC_EIRQ: BRC error interrupt. see bit 31.
29 FIFOO_EIRQ: FIFQOO error interrupt. see bit 31.
28 FIFO1_EIRQ: FIFO1 error interrupt. see bit 31.
27 TIMO_EIRQ: TIMO error interrupt. see bit 31.
26 TIM1_EIRQ: TIM1error interrupt. see bit 31.
25 TIM2_EIRQ: TIMZ2 error interrupt. see bit 31.
24 TIM3_EIRQ: TIM3 error interrupt. see bit 31.
23 TIM4_EIRQ: TIM4 error interrupt. see bit 31.
22 TIM5_EIRQ: TIM5 error interrupt. see bit 31.
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Table 343. ICM_IRQG_MEI field description (continued)

Bit Description

21 TIM6_EIRQ: TIM6 error interrupt. see bit 31.

20 Reserved: Read as zero, should be written as zero.
Note: Read as zero, should be written as zero

19 MCSO_EIRQ: MCSO error interrupt. see bit 31.

18 MCS1_EIRQ: MCSH1 error interrupt. see bit 31.

17 MCS2_EIRQ: MCS2 error interrupt. see bit 31.

16 MCS3_EIRQ: MCS3 error interrupt. see bit 31.

15 MCS4_EIRQ: MCS4 error interrupt. see bit 31.

14 MCS5_EIRQ: MCSS5 error interrupt. see bit 31.

13 MCS6_EIRQ: MCS6 error interrupt. see bit 31.

12 Reserved: Read as zero, should be written as zero.
Note: Read as zero, should be written as zero

1 SPEO_EIRQ: SPEQ error interrupt. see bit 31.

10 SPE1_EIRQ: SPE1 error interrupt. see bit 31.

9 SPE2_EIRQ: SPE2 error interrupt. see bit 31.

8 SPE3_EIRQ: SPES3 error interrupt. see bit 31.

7 CMP_EIRQ: CMP error interrupt. see bit 31.

6 DPLL_EIRQ: DPLL error interrupt. see bit 31.

[0:5] Reserved: Read as zero, should be written as zero.

Note: Read as zero, should be written as zero

18.5.14 Register ICM_IRQG_CEIO (channel error interrupt 0)

Address offset: |see Appendix B Initial value: 0x0000_0000
0‘1‘2|3‘4|5‘6|7‘8‘9‘10‘11‘12‘13‘14‘15161718192021 22|23|24(25|26|27|28(29|30|31
glalaglololalalo|alalglalalc|g]a
g uay vay ooy ey vy oy Ay A A A A e e e g
ko) wlw|w(w(wfwf(w/w{w|w|w|w|w,|w,]|w,|Lw
q>_) '\I Lol ml <'_I ml NI ‘_I oI '\I (ol L”I q_l ml NI ‘_I oI
Blt 21_) IrI|IZT|ZT|ZT(Z|(Z(Z|(Z|(ZT|IZ|IZ|IZ|IT|IT|I|XI
0 O[O0 [0O[0O0O]|]0]|0]|0|0|0|0|[0O[0O[0O[O
Du:) FI ‘_I FI ‘_I FI ‘_I FI ‘_I OI OI OI OI OI OI OI OI
o|lo|o|lo|o|o|lo|o|o|o|o|o|o|o|o|o
| I o W IS I T Iy W i WIS W I S O I WIS W I S T O W I T I T
C|o|o|o|o|e|o|o|o|e|o|e|e|e|o|.
Mode R R|R|R[R|R|R|[R|R|R|R|R|R|R|R|R|R
Initial value 0x0000 o|lojoflo|o|ofofo|o|oflo|O|O|O|O]O
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Table 344. ICM_IRQG_CEIO field description

Bit Description
FIFOO_CHO_EIRQ: FIFOO channel 0 error interrupt
0 = no interrupt occurred
31 1 = error interrupt was raised by the corresponding submodule
Note: This bit is only set, when the error interrupt is enabled in the error interrupt enable
register of the corresponding submodule.
30 FIFOO_CH1_EIRQ: FIFOO channel 1 shared interrupt. see bit 31.
29 FIFOO_CH2_EIRQ: FIFOO channel 2 shared interrupt. see bit 31.
28 FIFOO_CH3_EIRQ: FIFOO channel 3 shared interrupt. see bit 31.
27 FIFOO_CH4_EIRQ: FIFOO channel 4 shared interrupt. see bit 31.
26 FIFOO_CH5_EIRQ: FIFOO channel 5 shared interrupt. see bit 31.
25 FIFOO_CH6_EIRQ: FIFOO channel 6 shared interrupt. see bit 31.
24 FIFOO_CH7_EIRQ: FIFOO channel 7 shared interrupt. see bit 31.
23 FIFO1_CHO_EIRQ: FIFO1 channel 0 shared interrupt. see bit 31.
22 FIFO1_CH1_EIRQ: FIFO1 channel 1 shared interrupt. see bit 31.
21 FIFO1_CH2_EIRQ: FIFO1 channel 2 shared interrupt. see bit 31.
20 FIFO1_CH3_EIRQ: FIFO1 channel 3 shared interrupt. see bit 31.
19 FIFO1 _CH4 _EIRQ: FIFO1 channel 4 shared interrupt. see bit 31.
18 FIFO1_CH5_EIRQ: FIFO1 channel 5 shared interrupt. see bit 31.
17 FIFO1_CH6_EIRQ: FIFO1 channel 6 shared interrupt. see bit 31.
16 FIFO1_CH7_EIRQ: FIFO1 channel 7 shared interrupt. see bit 31.
[0:15] Reserved: Read as zero, should t?e written as zero.
Note: Read as zero, should be written as zero
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18.5.15 Register ICM_IRQG_CEI1 (channel error interrupt 1)

Address offset: |see Appendix B Initial value: 0x0000_0000
0|1]|2|3|4|5|6|7|8]|9]|10|11]|12|13]|14|15|16|17|18|19|20|21|22|23|24|25|26|27|28|29|30|31
oglolololo|aol|ol|o|ao|o|lal|la|la|la|lala|lalal|la|lalalalalalalalalalalala|g
||| c|c|c|c)d)|c)|d)|c)|r)r)|e)c)e)c)e e e rrrrrrer e r e
wiwiwiwiw/w/ w/ w/ w(w|/Ww/w|Ww/(w/(Ww; /(W /(W @ w.; @w:  w; /@ w.; @ /@w; @ Ww.;, @ | w; @ W, @w/(w/ @w./Lw' | Lw

. ’\I @I l.OI vl ml NI ‘_I OI '\I ol u‘)l vl ml NI ‘_I OI '\I ol u‘)l vl ml NI ‘_I OI ,\I ol LOl vl ml NI FI OI

Bit r|Irrrjxrj x| ||| || || (||| ||| || (I
O |0 |0 |o|o|o|0o|0|0|0|0|0|0|0|0|0|0|0|0|0|0|0|06|0|0|06|0|0|06|0|0|0
ml o’)l ml ml ml o’)l ml ml N| NI NI N| NI NI NI NI F| FI \—l F| ‘_I \—l FI ‘_I OI OI OI O| OI OI o| OI
Z|2|2|2|2|2|12|12|12|12|12|12|12|12|12|12|12|12|2|12|2|12|12|2|2|2|2|12|2|2|2|2
F|F|F|F|F|F|F|F|F|F|F|F|F|F|F|F|F|F|F|F|F|F|F|F|F|F|F|F|F|F|F|F

Mode R|R[R|[R|R|R|R|[R|[R|R[R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R

Initial value olo|o|o|o|o|o|o|0o|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O

Table 345. ICM_IRQG_CEI1 field description

Bit Description

TIMO_CHO_EIRQ: TIMO channel 0 error interrupt

0 = no error interrupt occurred
31 1 = error interrupt was raised by the corresponding submodule

Note: This bit is only set, when the error interrupt is enabled in the error interrupt enable

register of the corresponding submodule.

30 TIMO_CH1_EIRQ: TIMO channel 1 error interrupt. see bit 31.
29 TIMO_CH2_EIRQ: TIMO channel 2 error interrupt. see bit 31.
28 TIMO_CH3_EIRQ: TIMO channel 3 error interrupt. see bit 31.
27 TIMO_CH4_EIRQ: TIMO channel 4 error interrupt. see bit 31.
26 TIMO_CH5_EIRQ: TIMO channel 5 error interrupt. see bit 31.
25 TIMO_CH6_EIRQ: TIMO channel 6 error interrupt. see bit 31.
24 TIMO_CH7_EIRQ: TIMO channel 7 error interrupt. see bit 31.
23 TIM1_CHO_EIRQ: TIM1 channel 0 error interrupt. see bit 31.
22 TIM1_CH1_EIRQ: TIM1 channel 1 error interrupt. see bit 31.
21 TIM1_CH2_EIRQ: TIM1 channel 2 error interrupt. see bit 31.
20 TIM1_CH3_EIRQ: TIM1 channel 3 error interrupt. see bit 31.
19 TIM1_CH4_EIRQ: TIM1 channel 4 error interrupt. see bit 31.
18 TIM1_CH5_EIRQ: TIM1 channel 5 error interrupt. see bit 31.
17 TIM1_CH6_EIRQ: TIM1 channel 6 error interrupt. see bit 31.
16 TIM1_CH7_EIRQ: TIM1 channel 7 error interrupt. see bit 31.
15 TIM2_CHO_EIRQ: TIM2 channel 0 error interrupt. see bit 31.
14 TIM2_CH1_EIRQ: TIM2 channel 1 error interrupt. see bit 31.
13 TIM2_CH2_EIRQ: TIM2 channel 2 error interrupt. see bit 31.
12 TIM2_CH3_EIRQ: TIM2 channel 3 error interrupt. see bit 31.
11 TIM2_CH4_EIRQ: TIM2 channel 4 error interrupt. see bit 31.
10 TIM2_CH5_EIRQ: TIM2 channel 5 error interrupt. see bit 31.
9 TIM2_CH6_EIRQ: TIM2 channel 6 error interrupt. see bit 31.
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Table 345. ICM_IRQG_CEI1 field description (continued)

Bit Description

TIM2_CH7_EIRQ: TIM2 channel 7 error interrupt. see bit 31.
TIM3_CHO_EIRQ: TIM3 channel 0 error interrupt. see bit 31.
TIM3_CH1_EIRQ: TIM3 channel 1 error interrupt. see bit 31.
TIM3_CH2_EIRQ: TIM3 channel 2 error interrupt. see bit 31.
TIM3_CH3_EIRQ: TIM3 channel 3 error interrupt. see bit 31.
TIM3_CH4_EIRQ: TIM3 channel 4 error interrupt. see bit 31.
TIM3_CH5_EIRQ: TIM3 channel 5 error interrupt. see bit 31.
1 TIM3_CH6_EIRQ: TIM3 channel 6 error interrupt. see bit 31.
0 TIM3_CH7_EIRQ: TIM3 channel 7 error interrupt. see bit 31.

NI WAl OO|O| N| ©

18.5.16 Register ICM_IRQG_CEI2 (channel error interrupt 2)

Address offset: |see Appendix B Initial value: 0x0000_0000
0‘1‘2|3‘4|5‘6|7 8|9 |10|11|12|13|14|15|16|17 |18 (19|20 |21 |22 (23|24 25|26 |27 |28 (29|30 |31
oglaolalaglalglglglalalglalclclc|lala|a|a|a|alala|a
|| ||| ||| | ||| ||X| ||| ||xX||x
3 EI EI EI EI EI EI EI EI EI EI EI EI EI EI EI EI EI EI EI EI EI EI EI EI
. s NMNlOolV IS (VN[O IOV X[V (N|—-|OQ NV |IN|—|OD
Blt [0} i s i e i e s s i e s s e e b i e e i s i [ e s i b ) e s i s i e
$ oI OI oI OI OI OI OI OI OI oI OI oI OI oI OI oI OI OI OI OI OI OI oI OI
o o|lo|lo|lo|lo|lo|lo]|lo|lw v v w il s|s(s (S| |S[S|
Z|z|2|2|2|12(2|2(2(2(2(2(2(2(2(2(2(2(2(2(2(2|2|2
FlF|F|F|F|F|F|F|F|F|F|F|F|F|F|F|F|F|F|F|F]F|F]|F
Mode R R|{R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R
Initial value 0x00 olojo|o|o|o|o|o|O|O|O|lO|lO|lO|lO|O|O|O|O|O|O|O|O]|O
Table 346. ICM_IRQG_CEI2 field description
Bit Description
TIM4_CHO_EIRQ: TIM4 channel O error interrupt
0 = no error interrupt occurred
31 1 = error interrupt was raised by the corresponding submodule
Note: This bit is only set, when the error interrupt is enabled in the error interrupt enable
register of the corresponding submodule.
30 TIM4_CH1_EIRQ: TIM4 channel 1 error interrupt. see bit 31.
29 TIM4_CH2_EIRQ: TIM4 channel 2 error interrupt. see bit 31.
28 TIM4_CH3_EIRQ: TIM4 channel 3 error interrupt. see bit 31.
27 TIM4_CH4_EIRQ: TIM4 channel 4 error interrupt. see bit 31.
26 TIM4_CH5_EIRQ: TIM4 channel 5 error interrupt. see bit 31.
25 TIM4_CH6_EIRQ: TIM4 channel 6 error interrupt. see bit 31.
24 TIM4_CH7_EIRQ: TIM4 channel 7 error interrupt. see bit 31.
23 TIM5_CHO_EIRQ: TIM5 channel 0 error interrupt. see bit 31.
22 TIM5_CH1_EIRQ: TIM5 channel 1 error interrupt. see bit 31.
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Table 346. ICM_IRQG_CEI2 field description (continued)

Bit Description

21 TIM5_CH2_EIRQ: TIM5 channel 2 error interrupt. see bit 31.
20 TIM5_CH3_EIRQ: TIM5 channel 3 error interrupt. see bit 31.
19 TIM5_CH4_EIRQ: TIM5 channel 4 error interrupt. see bit 31.
18 TIM5_CH5_EIRQ: TIM5 channel 5 error interrupt. see bit 31.
17 TIM5_CH6_EIRQ: TIM5 channel 6 error interrupt. see bit 31.
16 TIM5_CH7_EIRQ: TIM5 channel 7 error interrupt. see bit 31.
15 TIM6_CHO_EIRQ: TIM6 channel 0 error interrupt. see bit 31.
14 TIM6_CH1_EIRQ: TIM6 channel 1 error interrupt. see bit 31.
13 TIM6_CH2_EIRQ: TIM6 channel 2 error interrupt. see bit 31.
12 TIM6_CH3_EIRQ: TIM6 channel 3 error interrupt. see bit 31.
1" TIM6_CH4 _EIRQ: TIM6 channel 4 error interrupt. see bit 31.
10 TIM6_CH5_EIRQ: TIM6 channel 5 error interrupt. see bit 31.
9 TIM6_CH6_EIRQ: TIM6 channel 6 error interrupt. see bit 31.
8 TIM6_CH7_EIRQ: TIM6 channel 7 error interrupt. see bit 31.

[07] Reserved: Read as zero, should be written as zero.

Note: Read as zero, should be written as zero

18.5.17 Register ICM_IRQG_CEI3 (channel error interrupt 3)

Address offset: |see Appendix B Initial value: 0x0000_0000
0|1]2|3|4|5|6|7|8]9|[10|11]12]13[14]|15|16(17|18|19(20|21|22|23 |24 |25|26|27 (2829|3031
aglalaglalalalalalalalclalalglalalalc|alalalalalala]la|alala|ala|a
[sag sy [yuay ooy oay oay o e e A A Ay A e e e e e e ey ey e A e A A e e e S
[N 1 O WA I O A I A I O O A O A I WA W W W Ry WA N A Iy A WA Y N I QR W}
’\I (ol |.r>| q_l ml Nl ‘_I o| ’\I wl LOI <'_I col NI ‘_I OI '\I ml |.r>| <'_I o')l NI ‘_I OI ’\I (ol L”I q_l ml N| ‘_I o|

B|t rfjrjrrxjrx|jr|xfx|jr| T T|T(T(T|XT|T(XT|XT|T|ZT|Z|ZT|Z[(Z|Z|Z(Z|Z||I
oI OI OI oI OI OI oI OI oI OI oI OI oI OI oI OI oI oI OI oI OI oI OI oI OI oI OI oI OI oI oI OI
D[ O IO ON[N|I N N[NNI N|N [T || |||l QO|OCO|OCO(OC|O|O
N[NNI AD| N[N ARAND|AD|ND[A|NRD[(ND]|ARANAND|ND[AND|ANR[(ND|AD|ND[AND]|R[ND|N|ND[N|N|[N
[CRANCRNOCRNORECRNCRNCRNGR NG NG NCHECRRORNOR NORNORNOR NG NG NGO NG NORNORNORROR NORNORNORNORNOR NG]
S|S(S|S|S|S|2|S|S|S|2|2|2|2|S|2|2|2|2|2|2|2|2|2|2|5|2|2|2|5|2|=2

Mode R|{R|R|R|R|R|R|[R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R

Initial value ojlojo|o|ofofofofo|lOoflO|lO|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O]|O]O

Table 347. ICM_IRQG_CEI3 field description

Bit Description
MCSO0_CHO_EIRQ: MCSO0 channel 0 error interrupt
0 = no error interrupt occurred
31 1 = error interrupt was raised by the corresponding submodule
Note: This bit is only set, when the error interrupt is enabled in the error interrupt enable
register of the corresponding submodule.
30 MCSO0_CH1 EIRQ: MCSO0 channel 1 error interrupt. see bit 31.
29 MCSO0_CH2_EIRQ: MCSO0 channel 2 error interrupt. see bit 31.
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Table 347. ICM_IRQG_CEI3 field description (continued)

Bit Description

28 MCSO0_CH3_EIRQ: MCSO0 channel 3 error interrupt. see bit 31.
27 MCSO0_CH4_EIRQ: MCSO0 channel 4 error interrupt. see bit 31.
26 MCSO0_CH5_EIRQ: MCSO0 channel 5 error interrupt. see bit 31.
25 MCSO0_CH6_EIRQ: MCSO0 channel 6 error interrupt. see bit 31.
24 MCSO0_CH7_EIRQ: MCSO0 channel 7 error interrupt. see bit 31.
23 MCS1_CHO_EIRQ: MCS1 channel 0 error interrupt. see bit 31.
22 MCS1_CH1_EIRQ: MCS1 channel 1 error interrupt. see bit 31.
21 MCS1_CH2_EIRQ: MCS1 channel 2 error interrupt. see bit 31.
20 MCS1_CH3_EIRQ: MCS1 channel 3 error interrupt. see bit 31.
19 MCS1 _CH4 EIRQ: MCS1 channel 4 error interrupt. see bit 31.
18 MCS1 _CH5 EIRQ: MCS1 channel 5 error interrupt. see bit 31.
17 MCS1_CH6_EIRQ: MCS1 channel 6 error interrupt. see bit 31.
16 MCS1_CH7_EIRQ: MCS1 channel 7 error interrupt. see bit 31.
15 MCS2_CHO_EIRQ: MCS2 channel 0 error interrupt. see bit 31.
14 MCS2_CH1_EIRQ: MCS2 channel 1 error interrupt. see bit 31.
13 MCS2_CH2_EIRQ: MCS2 channel 2 error interrupt. see bit 31.
12 MCS2_CH3_EIRQ: MCS2 channel 3 error interrupt. see bit 31.
11 MCS2_CH4_EIRQ: MCS2 channel 4 error interrupt. see bit 31.
10 MCS2_CH5_EIRQ: MCS2 channel 5 error interrupt. see bit 31.
9 MCS2_CH6_EIRQ: MCS2 channel 6 error interrupt. see bit 31.
8 MCS2_CH7_EIRQ: MCS2 channel 7 error interrupt. see bit 31.
7 MCS3_CHO_EIRQ: MCS3 channel 0 error interrupt. see bit 31.
6 MCS3_CH1 EIRQ: MCS3 channel 1 error interrupt. see bit 31.
5 MCS3_CH2_EIRQ: MCS3 channel 2 error interrupt. see bit 31.
4 MCS3_CH3_EIRQ: MCS3 channel 3 error interrupt. see bit 31.
3 MCS3_CH4_EIRQ: MCS3 channel 4 error interrupt. see bit 31.
2 MCS3_CH5_EIRQ: MCS3 channel 5 error interrupt. see bit 31.
1 MCS3_CH6_EIRQ: MCS3 channel 6 error interrupt. see bit 31.
0 MCS3_CH7_EIRQ: MCS3 channel 7 error interrupt. see bit 31.
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18.5.18 Register ICM_IRQG_CEI4 (channel error interrupt 4)
Address offset: |see Appendix B Initial value: 0x0000_0000
0|1|2‘3‘4|5‘6‘7 8|9 (10[11|12|13[14|15(16|17|18]|19|20|21|22|23 |24 |25|26 |27 |28|29|30 |31
oglo|gl|o|g|g|g|g|g|g|al|la|g|la|lalala|lag|lalg|lag|lglg|g
Cl|x|c|c|c|d|d)|d)|d)|r)|d|r)r)r)c) e rrere e e
ko) I.IJI LIJI LIJI LIJI LI.II LIJI LIJI LI.II I.IJI LIJI LIJI LIJI LI.II LIJI LIJI LI.II LIJI LIJI LI.II LIJI LIJI LIJI I.IJI LI.II
Bit 2 5(55|85|5|5|5|5|5(5|5|85|5|5|85|5|5|5|5|5(5|5|8 |5
& 8| 8I 8| 8| 8I 8| 8I 8I 8| 8I 8| 8| £I 8| 8I £I a| aI gl 5| aI a| 5| gl
[CRANCRNGCRNORNOCRNCRNCRECHNCHNORNORNORNORNORNCRNCHNCHNORNONNONNORNOR NOR NG
S|Z|2|2|2|2|2|2|2|2|2|2|2|2|2|2|2|2|2|2|2|2|2|=2
Mode R R|R|R[R|R|R|R|R|R|R|R|R|[R|R|R[R|R|R|[R|R|R|R|R|R
Initial value 0x00 o|lofjo|o|o|lo|o|OfO|O|O|O|O|O|O|O|O|O|O|OfO|O|O|O
Table 348. ICM_IRQG_CEI4 field description
Bit Description
MCS4_CHO_EIRQ: MCSO channel 0 error interrupt
0 = No error interrupt occurred
31 1 = Error interrupt was raised by the corresponding submodule
Note: This bit is only set, when the error interrupt is enabled in the error interrupt enable
register of the corresponding submodule.
30 MCS4_CH1_EIRQ: MCS4 channel 1 error interrupt. see bit 31.
29 MCS4_CH2_EIRQ: MCS4 channel 2 error interrupt. see bit 31.
28 MCS4_CH3_EIRQ: MCS4channel 3 error interrupt. see bit 31.
27 MCS4_CH4_EIRQ: MCS4 channel 4 error interrupt. see bit 31.
26 MCS4_CH5_ EIRQ: MCS4 channel 5 error interrupt. see bit 31.
25 MCS4_CH6_EIRQ: MCS4 channel 6 error interrupt. see bit 31.
24 MCS4_CH7_EIRQ: MCS4 channel 7 error interrupt. see bit 31.
23 MCS5_CHO_EIRQ: MCS5 channel 0 error interrupt. see bit 31.
22 MCS5_CH1_EIRQ: MCS5 channel 1 error interrupt. see bit 31.
21 MCS5_CH2_EIRQ: MCS5 channel 2 error interrupt. see bit 31.
20 MCS5_CH3_EIRQ: MCS5 channel 3 error interrupt. see bit 31.
19 MCS5_CH4_EIRQ: MCS5 channel 4 error interrupt. see bit 31.
18 MCS5_CH5_EIRQ: MCS5 channel 5 error interrupt. see bit 31.
17 MCS5_CH6_EIRQ: MCS5 channel 6 error interrupt. see bit 31.
16 MCS5_CH7_EIRQ: MCS5 channel 7 error interrupt. see bit 31.
15 MCS6_CHO_EIRQ: MCS6 channel 0 error interrupt. see bit 31.
14 MCS6_CH1 EIRQ: MCS6 channel 1 error interrupt. see bit 31.
13 MCS6_CH2_EIRQ: MCS6 channel 2 error interrupt. see bit 31.
12 MCS6_CH3_EIRQ: MCS6 channel 3 error interrupt. see bit 31.
11 MCS6_CH4_EIRQ: MCS6 channel 4 error interrupt. see bit 31.
10 MCS6_CH5_EIRQ: MCS6 channel 5 error interrupt. see bit 31.
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Table 348. ICM_IRQG_CEI4 field description (continued)

Bit Description
9 MCS6_CH6_EIRQ: MCSG6 channel 6 error interrupt. see bit 31.
8 MCS6_CH7_EIRQ: MCS6 channel 7 error interrupt. see bit 31.
[07] Reserved: Read as zero, should t?e written as zero.
Note: Read as zero, should be written as zero
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19.1

Output compare unit (CMP)

Overview

The Output Compare Unit (CMP) is designed for the use in safety relevant applications. The
main idea is to have the possibility to duplicate outputs in order to be compared in this unit.
Because of the simple EXOR function used it is necessary to ensure the total cycle accurate
output behavior of the output modules to be compared. This is given when two ATOM units
produce output signals at the same time stamp or when two TOMs have the same
configuration and start their output generation at the same time. This is possible by means
of the trigger mechanisms TRIG_x provided by the TOMs as shown in the Figure 32: TOM
block diagram. It is not necessary to compare each output channel with each other.

The CMP enables the comparison of 2x24 channels of the TOM and ATOM units
respectively and is restricted to neighbor channels. Thus, channel 0 is compared with
channel 1, channel 2 with 3 and so on until the comparison of channel 22 with channel 23.

Figure 79. Architecture of the compare unit
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19.2

19.3

19.4

530/558

Bitwise compare unit (BWC)

The bitwise compare unit compares in pairs the combinations shown in following table.

Table 349. Bitwise compare unit

TBWC/ABWC Compare TOM/ATOM | Compare TOM/ATOM
comparator number bit number one bit number two Output number
0 0 1 0
1 2 3 1
2 4 5 2
3 6 7 3
4 8 9 4
5 10 11 5
6 12 13 6
7 14 15 7
8 16 17 8
9 18 19 9
10 20 21 10
1 22 23 1

Configuration of the compare unit

Because of the restrictions described in the section above the compare unit consists of 24
anti-valence (EXOR) elements, a select register CMP_EN which selects the corresponding
comparisons and a status register CMP_IRQ_NOTIFY which shows and stores each
mismatching result, when selected.

For each with CMP_IRQ_EN enabled mismatching error an interrupt signal on CMP_IRQ is
generated.

For each with CMP_EIRQ_EN enabled mismatching error an interrupt signal on CMP_EIRQ
is generated.

Error generator

The error generator generates an error signal to be transmitted directly to the MON unit and
independently from the CMP_IRQ and CMP_EIRQ. The error is set when in the
CMP_IRQ_NOTIFY register at least one bit is set. The CMP_IRQ_NOTIFY bits are not
mask able for this purpose.

The CMP_ERR output reflects its status in the status register of the monitor unit, which is to
be polled by the CPU.

3
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19.5 CMP interrupt signal
The CMP submodule has two interrupt signals, one normal interrupt and one error interrupt.
The source of both interrupt can be determined by reading the CMP_IRQ_NOTIFY register
under consideration of CMP_IRQ_EN register and CMP_EIRQ_EN register. Each source
can be forced separately for debug purposes using the interrupt force CMP_IRQ_FORCINT
register. CMP_IRQ_MODE configures interrupt output characteristic. All interrupt modes are
described in detail in Section 2.5: GTM-IP interrupt concept.
Table 350. CMP interrupt signals
Signal Description
CMP_EIRQ Mismatching interrupt of outputs to be compared, when enabled
CMP_IRQ Mismatching interrupt of outputs to be compared, when enabled
19.6 CMP configuration registers overview
CMP contains following configuration registers.
Table 351. CMP configuration registers
Register name Description Details in section
CMP_EN Comparator enable register 19.7.1
CMP_IRQ_NOTIFY Event notification register 19.7.2
CMP_IRQ_EN Interrupt enable register 19.7.3
CMP_IRQ_FORCINT Interrupt force register 19.7.4
CMP_IRQ_MODE IRQ mode configuration register |19.7.5
CMP_EIRQ_EN Error interrupt enable register 19.7.6
19.7 CMP configuration registers description
19.7.1 Register CMP_EN
Address offset: |see Appendix B Initial value: 0x0000_0000
0‘1‘2|3‘4|5‘6|7 8|9 [10]11]12]13|14|15|16|17[18|19]|20|21|22 |23 |24 |25|26|27|28|29 |30 |31
§ %' E' E| E| E| E| E| E| E| E| E| E| ?' E' E| E| E| E| E| E| E| E| E| E|
Bit & S1o18181518(18|13|8(8|0|8(5|518(18|6(8|8|318|8|5183
2 SHEIHEEHEEHEBEHEEHEEEHEEERERHE
14 D pP|O|OOMO|O0O0M0|00 QN pA2(Q|0 Q00|00 Q00
BIR|IF|F|F|IF|IF|FIF|IF|F|F|IQ|R|<|<|<|<|<|<|<|<|<|<
Mode R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R
W W [W[W[W[W[W|wW[w[wwwwww/wwwwwww|ww
Initial value 0x00 ojojo|ofo|o|O|lO|O|O|O|O|O|O|O|O|O|OfO|O|OfO|O|O
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Table 352. CMP_EN field description

Bit Description
ABWCO_EN: Enable comparator 0 in ABWC (see Section 19.2: Bitwise compare unit (BWC))

31 0 = ABWC Comparator 0 is disabled
1 = ABWC Comparator O is enabled

30 ABWC1_EN: Enable comparator 1 in ABWC (see Section 19.2: Bitwise compare unit (BWC))
see bit 31

29 ABWC2_EN: Enable comparator 2 in ABWC (see Section 19.2: Bitwise compare unit (BWC))
see bit 31

28 ABWC3_EN: Enable comparator 3 in ABWC (see Section 19.2: Bitwise compare unit (BWC))
see bit 31

o7 ABWC4_EN: Enable comparator 4 in ABWC (see Section 19.2: Bitwise compare unit (BWC))
see bit 31

2 ABWCS5_EN: Enable comparator 5 in ABWC (see Section 19.2: Bitwise compare unit (BWC))
see bit 31

25 ABWC6_EN: Enable comparator 6 in ABWC (see Section 19.2: Bitwise compare unit (BWC))
see bit 31

o4 ABWCT7_EN: Enable comparator 7 in ABWC (see Section 19.2: Bitwise compare unit (BWC))
see bit 31

23 ABWCS8_EN: Enable comparator 8 in ABWC (see Section 19.2: Bitwise compare unit (BWC))
see bit 31

29 ABWC9_EN: Enable comparator 9 in ABWC (see Section 19.2: Bitwise compare unit (BWC))
see bit 31

21 ABWC10_EN: Enable comparator 10 in ABWC (see Section 19.2: Bitwise compare unit (BWC))
see bit 31

20 ABWC11_EN: Enable comparator 11 in ABWC (see Section 19.2: Bitwise compare unit (BWC))
see bit 31
TBWCO_EN: Enable comparator 0 in TBWC (see Section 19.2: Bitwise compare unit (BWC) )

19 0 = TBWC comparator 0 is disabled
1 = TBWC comparator 0 is enabled

18 TBWC1_EN: Enable comparator 1 in TBWC (see Section 19.2: Bitwise compare unit (BWC))
See bit 19

17 TBWC2_EN: Enable comparator 2 in TBWC (see Section 19.2: Bitwise compare unit (BWC))
See bit 19

16 TBWC3_EN: Enable comparator 3 in TBWC (see Section 19.2: Bitwise compare unit (BWC))
See bit 19

15 TBWCA4_EN: Enable comparator 4 in TBWC (see Section 19.2: Bitwise compare unit (BWC))
see bit 19

14 TBWC5_EN: Enable comparator 5 in TBWC (see Section 19.2: Bitwise compare unit (BWC))
see bit 19

13 TBWC6_EN: Enable comparator 6 in TBWC (see Section 19.2: Bitwise compare unit (BWC))
see bit 19
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Table 352. CMP_EN field description (continued)

Bit Description
12 TBWC7_EN: Enable comparator 17in TBWC (see Section 19.2: Bitwise compare unit (BWC))
see bit 19
1" TBWCBS8_EN: Enable comparator 8 in TBWC (see Section 19.2: Bitwise compare unit (BWC))
see bit 19
10 TBWC9_EN: Enable comparator 9 in TBWC (see Section 19.2: Bitwise compare unit (BWC))
see bit 19
9 TBWC10_EN: Enable comparator 10 in TBWC (see Section 19.2: Bitwise compare unit (BWC))
see bit 19
8 TBWC11_EN: Enable comparator 11 in TBWC (see Section 19.2: Bitwise compare unit (BWC))
see bit 19
0:7] Reserved: Read as zero, should be written as zero.
' Note: Read as zero, should be written as zero

19.7.2 Register CMP_IRQ_NOTIFY

Address offset: |see Appendix B Initial value: 0x0000_0000
0‘1‘2|3‘4|5‘6|7 819 10(11[12[13|14]15[16|17|18[19|20|21|22|23|24|25|26|27|28 (293031
B ciQlo|le|rn|lo|lv|[t|n|lal-|lol|Slo|lo|n]|o|lv|t|o|la|=]|o
. b OlO[Q[Q|Q|Q|Q|Q(Q[Q|9Q|9Q|0o|0 [OANCRNORNCRNCRNORNORNON NORNS)
Bit g SIS IS SIS S22 2222222222212
2 Dlonlnn|n|n|n|pn|n|n|n|nD|p|alon|n|n|o|jn(n|n|a|n
& FlR|IF|IF|F|F|F|IF|IF|IF|IF|F| | << ||| < ||| << | <
z(z(=zlz|z(zlz|lzlz(=zlz|lzlzl2lzlz2/2l2]2[2|2|2|2]z2
Mode 14 OO |S|S|S|S|S[SIO[O[O|O|0|O|0|0|8|8|8|8|0
rirjr|lr|rj¥|¥rl¥|¥|¥|x¥|¥|¥|¥|¥|¥|¥|¥|¥|¥|X¥|¥|x|x
Initial value 0x00 o|lofo|ofo|o|lo|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O]O

Table 353. CMP_IRQ_NOTIFY field description
Bit Description

ABWCO: error indication for ABWCO

0 = no error recognized on ATOM sub modules bits 0 and 1 (see Section 19.2: Bitwise
compare unit (BWC))

1 = an error was recognized on corresponding ATOM sub modules bits

Note: This bit will be cleared on a CPU write access of value '1'. A read access leaves the bit
unchanged.

ABWCL1: error indication for ABWC1. see bit 31.

see bit 31

ABWC2: error indication for ABWC2. see bit 31.
see bit 31

ABWCS: error indication for ABWC3. see bit 31.
see bit 31

ABWCA4: error indication for ABWCA4. see bit 31.
see bit 31

ABWTCS: error indication for ABWCS5. see bit 31.
see bit 31

31

30

29

28

27

26
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Table 353. CMP_IRQ_NOTIFY field description (continued)

Bit Description
25 ABWCS6: error indication for ABWCSG. see bit 31.

see bit 31
o4 ABWCTY: error indication for ABWCY. see bit 31.

see bit 31
23 ABWCS: error indication for ABWCS8. see bit 31.

see bit 31
2 ABWCO9: error indication for ABWC9. see bit 31.

see bit 31
21 ABWC10: error indication for ABWC10. see bit 31.

see bit 31
20 ABWC11: error indication for ABWC11. see bit 31.

see bit 31

TBWCO: TOM sub modules outputs bitwise comparator O error indication

0 = no error recognized on TOM sub modules bits 0 and 1 (see chapter )
19 1 = an error was recognized on corresponding TOM sub modules bits

Note: This bit will be cleared on a CPU write access of value '1'. A read access leaves the bit

unchanged.
18 TBWCL1: TOM sub modules outputs bitwise comparator 1 error indication. See bit 19.
17 TBWC2: TOM sub modules outputs bitwise comparator 2 error indication. See bit 19.
16 TBWC3: TOM sub modules outputs bitwise comparator 3 error indication. See bit 19.
15 TBWC4: TOM sub modules outputs bitwise comparator 4 error indication. See bit 19.
14 TBWCS5: TOM sub modules outputs bitwise comparator 5 error indication. See bit 19.
13 TBWC6: TOM sub modules outputs bitwise comparator 6 error indication. See bit 19.
12 TBWCT7: TOM sub modules outputs bitwise comparator 7 error indication. See bit 19.
11 TBWCS8: TOM sub modules outputs bitwise comparator 8 error indication. See bit 19.
10 TBWC9: TOM sub modules outputs bitwise comparator 9 error indication. See bit 19.
9 TBWC10: TOM sub modules outputs bitwise comparator 10 error indication. See bit 19.
8 TBWC11: TOM sub modules outputs bitwise comparator 11 error indication. See bit 19.
[07] Reserved: Read as zero, should be written as zero.
’ Note: Read as zero, should be written as zero
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19.7.3  Register CMP_IRQ_EN

Address offset: |see Appendix B Initial value: 0x0000_0000
0‘1‘2|3‘4|5‘6|7 8|9 |10|11|12|13|14|15|16 |17 |18|19|20|21|22 (23|24 25|26 |27 |28|29|3031
21€lalalalglag|glagla|glag|Q|Elelg|glaelg|elalg|g|a
||| ||| ||| |=|= ||| ||| |X|X|x|x
° et Y o e Y e ) o I
. e I A A A A A A A A B A B
Bit o o ol o i 0| <! o[ | < S =] 2] 0| 00! ] 0| 0] <] | ] | &
& Olo|O|0|0|0|Q|O|Q|0|0|0|0|0|9|0|0|0|0|0|0|0|o]|0
S22 21212212122 212122121212
DD nD DD D |(p|p|D (R |(D|D|n|D|(D|a|n|d
FlR|IF|IF|F|F|F|IF|IF|IF|F|F| | << ||| < ||| << | <
Mode z|2|2|2|2|2|2|Z|2|Z|R|E|R|E|R|E|R|E|R|B|R|B|R|R
Initial value 0x00 oflolo|o|o|lo|Oo|OfO|O|O|O|O|O|O|O|O|O|O|O|O|O|O]O
Table 354. CMP_IRQ_EN field description
Bit Description
ABWCO_EN_IRQ: enable ABWCO interrupt source for CMP_IRQ line
31 0 = interrupt source ABWCO is disabled
1 = interrupt source ABWCO is enabled
30 ABWC1_EN_IRQ: enable ABWCH1 interrupt source for CMP_IRQ line. see bit 31.
see bit 31
29 ABWC2_EN_IRQ: enable ABWC2 interrupt source for CMP_IRQ line. see bit 31.
see bit 31
28 ABWC3_EN_IRQ: enable ABWCS3 interrupt source for CMP_IRQ line. see bit 31.
see bit 31
97 ABWC4_EN_IRQ: enable ABWC4 interrupt source for CMP_IRQ line. see bit 31.
see bit 31
2% ABWC5_EN_IRQ: enable ABWC5interrupt source for CMP_IRQ line. see bit 31.
see bit 31
25 ABWC6_EN_IRQ: enable ABWCEG interrupt source for CMP_IRQ line. see bit 31.
see bit 31
o4 ABWC7_EN_IRQ: enable ABWCY interrupt source for CMP_IRQ line. see bit 31.
see bit 31
23 ABWCS8_EN_IRQ: enable ABWCS interrupt source for CMP_IRQ line. see bit 31.
see bit 31
2 ABWC9_EN_IRQ: enable ABWCS9 interrupt source for CMP_IRQ line. see bit 31.
see bit 31
21 ABWC10_EN_IRQ: enable ABWC10 interrupt source for CMP_IRQ line. see bit 31.
see bit 31
20 ABWC11_EN_IRQ: enable ABWC11 interrupt source for CMP_IRQ line. see bit 31.
See bit31
TBWCO_EN_IRQ: enable TBWCQO interrupt source for CMP_IRQ line
19 0 = interrupt source TBWCO is disabled
1 = interrupt source TBWCO is enabled
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Table 354. CMP_IRQ_EN field description (continued)

Note: Read as zero, should be written as zero

Bit Description
18 TBWC1_EN_IRQ: enable TBWCH1 interrupt source for CMP_IRQ line.
See bit 19
17 TBWC2_EN_IRQ: enable TBWC?2 interrupt source for CMP_IRQ line.
See bit 19
16 TBWC3_EN_IRQ: enable TBWCS interrupt source for CMP_IRQ line.
See bit 19
15 TBWC4_EN_IRQ: enable TBWC4 interrupt source for CMP_IRQ line.
See bit 19
14 TBWC5_EN_IRQ: enable TBWCS5 interrupt source for CMP_IRQ line.
See bit 19
13 TBWC6_EN_IRQ: enable TBWCG interrupt source for CMP_IRQ line.
See bit 19
12 TBWC7_EN_IRQ: enable TBWCY interrupt source for CMP_IRQ line.
See bit 19
1" TBWCS8_EN_IRQ: enable TBWCS interrupt source for CMP_IRQ line.
See bit 19
10 TBWC9_EN_IRQ: enable TBWC9 interrupt source for CMP_IRQ line.
See bit 19
9 TBWC10_EN_IRQ: enable TBWC10 interrupt source for CMP_IRQ line.
See bit 19
8 TBWC11_EN_IRQ: enable TBWC11 interrupt source for CMP_IRQ line.
See bit 19
07] Reserved: reserved

19.7.4  Register CMP_IRQ_FORCINT

Address offset: |see Appendix B Initial value: 0x0000_0000
0‘1‘2|3‘4|5‘6|78910111213141516171819202122232425262728293031
T |ola|ln|lolw|lt|e|alr|o|T|Q|lo|lo(n|lo|lvw[t|n|lNn]=|o
- Slololo|lo|old|o|ololo|o|olo|o|o|o|lo|o|olo|o|o|o
) S SIS 2(21212(2121212
B c mmmmmmmmmmmmmmmmmmmmmmmm
Bit g FIRIFEIEIEISIRIRIRIEIEIEIIL] < <SS < < < <<
K ololalalalololololalala|d|dolololalalalalalola
rlglele|le|ele|le|e|e|le|e|@|lEle|elele|e|elae|le|e|
ElE|F|F|F|F|F|F|IF|F|F|F|RIE|IF|F|F|F|F|F|F|F|F]|F
Mode « BHABEBBEBEEBEEEEBEEEEEBE
rle|e|e|d|e|d|d|e|d|d|e||e||ed|e|d|ed|e|ed|e|e|e
Initial value 0x00 ofojo|o|o|lO0|O|OfO|O|O|O|O|O|O|O|O|O|O|O|O|O|O]|O
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Table 355. CMP_IRQ_FORCINT field description

Bit Description
TRG_ABWCO: Trigger ABWCO bit in CMP_IRQ_NOTIFY register by software
0 = No event triggering

31 1 = Assert corresponding field in CMP_IRQ_NOTIFY register
Note: This bit is cleared automatically after write.
Note: This bit is write protected by bit RF_PROT of register GTM_CTRL

30 TRG_ABWC1.: Trigger ABWC1 bit in CMP_IRQ_NOTIFY register by software.
See bit 31

29 TRG_ABWC2: Trigger ABWC2 bit in CMP_IRQ_NOTIFY register by software.
see bit 31

28 TRG_ABWCS3: Trigger ABWC3 bit in CMP_IRQ_NOTIFY register by software.
see bit 31

o7 TRG_ABWCA4: Trigger ABWC4 bit in CMP_IRQ_NOTIFY register by software.
see bit 31

26 TRG_ABWCS: Trigger ABWC5 bit in CMP_IRQ_NOTIFY register by software.
see bit 31

25 TRG_ABWCSG: Trigger ABWC6 bit in CMP_IRQ_NOTIFY register by software.
see bit 31

o4 TRG_ABWCY7: Trigger ABWCY bit in CMP_IRQ_NOTIFY register by software.
see bit 31

23 TRG_ABWCS: Trigger ABWCS8 bit in CMP_IRQ_NOTIFY register by software.
see bit 31

29 TRG_ABWC9: Trigger ABWC9 bit in CMP_IRQ_NOTIFY register by software.
see bit 31

21 TRG_ABWC10: Trigger ABWC10 bit in CMP_IRQ_NOTIFY register by software.
see bit 31

20 TRG_ABWC11: Trigger ABWC11 bit in CMP_IRQ_NOTIFY register by software.
see bit 31
TRG_TBWCO: Trigger TBWCO bit in CMP_IRQ_NOTIFY register by software

19 0 = No event triggering
1 = Assert corresponding field in CMP_IRQ_NOTIFY register
Note: This bit is cleared automatically after write.

18 TRG_TBWC1: Trigger TBWC1 bit in CMP_IRQ_NOTIFY register by software.
See bit 19

17 TRG_TBWC2: Trigger TBWC2 bit in CMP_IRQ_NOTIFY register by software.
See bit 19

16 TRG_TBWCS3: Trigger TBWC3 bit in CMP_IRQ_NOTIFY register by software.
See bit 19

15 TRG_TBWC4: Trigger TBWC4 bit in CMP_IRQ_NOTIFY register by software.

See bit 19
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Table 355. CMP_IRQ_FORCINT field description (continued)
Bit Description
14 TRG_TBWCS: Trigger TBWC5 bit in CMP_IRQ_NOTIFY register by software.
See bit 19
13 TRG_TBWCSG: Trigger TBWCG6 bit in CMP_IRQ_NOTIFY register by software.
See bit 19
12 TRG_TBWCY7: Trigger TBWCY bit in CMP_IRQ_NOTIFY register by software.
See bit 19
11 TRG_TBWCS: Trigger TBWCS8 bit in CMP_IRQ_NOTIFY register by software.
See bit 19
10 TRG_TBWCO9: Trigger TBWC9 bit in CMP_IRQ_NOTIFY register by software.
See bit 19
9 TRG_TBWC10: Trigger TBWC10 bit in CMP_IRQ_NOTIFY register by software.
See bit 19
8 TRG_TBWC11: Trigger TBWC11 bit in CMP_IRQ_NOTIFY register by software.
See bit 19
07] Reserved: reserved
' Note: Read as zero, should be written as zero
19.7.5 Register CMP_IRQ_MODE
Address offset: |see Appendix B Initial value: 0x0000_000X
0 ‘ 1 ‘ 2 | 3 ‘ 4 | 5 ‘ 6 | 7 ‘ 8 ‘ 9 ‘10‘11 ‘12‘13‘14‘15 16‘17|18‘19|20‘21‘22‘23 24‘25‘26|27‘28|29 30|31
w
3 Q
Bit 3 2
& g
Mode R RW
Initial value 0x00000000 XX
Table 356. CMP_IRQ_MODE field description
Bit Description
IRQ_MODE: IRQ mode selection
00 = Level mode
01 = Pulse mode
131
[30:31] 10 = Pulse-Notify mode
11 = Single-Pulse mode
Note: The interrupt modes are described in section .
[0:29] Reserved: reserved
' Note: Read as zero, should be written as zero
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19.7.6  Register CMP_EIRQ_EN

Address offset: |see Appendix B Initial value: 0x0000_0000
0‘1‘2|3‘4|5‘6|7 8|9 |10|11|12|13|14|15|16 |17 |18|19|20|21|22 (23|24 25|26 |27 |28|29|3031
g g
212122(2|2/2|12|2(2|2|2|¢|€|2|2|2|2|2|g|2|22 2
B ] )] ) Y ) e ] ) ) ) ] e
. 2 Zlglzlzlzlzlz|zlz|zlzlz|&l&lzlzlzlzlz|Zz|z|2z|z|2
B|t 21"3 ‘_I ol LIJI LIJI I.IJ| LIJI I.IJ| LIJI I.IJ| LIJI LIJ| LIJI ‘_I ol LIJI LIJI LIJI I.IJI LIJI I.IJI LIJI I.IJI LIJI LIJI
& SISI8181518(181318(8|5|18|5]|5!18(18|c|8|8|8|38|3|5|8
Sz 2222222212222 (2121212121212
Dlp|b|pD DD pD|D|D D |p|D |2 |(D|D|n|D|(n|a|a|ld
BIRIF|IF|F|F|F|IF|FIF|IFIF|S|E << | |<|<|<|<|<|<|<
Mode z|2|2|2|2|2|2|2|2|Z|R|E|R|E|R|E|R|B|R|B|R|B|R|R
Initial value % o|lo|o|o|o|o|o|o|o|o|lo|o|o|o|o|o|lo|o|o|o|o|o|lo|o
o
Table 357. CMP_EIRQ_EN field description
Bit Description
ABWCO_EN_EIRQ: enable ABWCO interrupt source for CMP_EIRQ line
31 0 = interrupt source ABWCO is disabled
1 = interrupt source ABWCO is enabled
30 ABWC1_EN_EIRQ: enable ABWC1 interrupt source for CMP_EIRQ line.
see bit 31
29 ABWC2_EN_EIRQ: enable ABWC2 interrupt source for CMP_EIRQ line.
see bit 31
28 ABWC3_EN_EIRQ: enable ABWC3 interrupt source for CMP_EIRQ line.
see bit 31
o7 ABWC4_EN_EIRQ: enable ABWC4 interrupt source for CMP_EIRQ line.
see bit 31
26 ABWC5_EN_EIRQ: enable ABWCS5 interrupt source for CMP_EIRQ line.
see bit 31
25 ABWC6_EN_EIRQ: enable ABWC6 interrupt source for CMP_EIRQ line.
see bit 31
o4 ABWC7_EN_EIRQ: enable ABWC? interrupt source for CMP_EIRQ line.
see bit 31
23 ABWCS8_EN_EIRQ: enable ABWCS8 interrupt source for CMP_EIRQ line.
see bit 31
29 ABWC9_EN_EIRQ: enable ABWC9 interrupt source for CMP_EIRQ line.
see bit 31
21 ABWC10_EN_EIRQ: enable ABWC10 interrupt source for CMP_EIRQ line.
see bit 31
20 ABWC11_EN_EIRQ: enable ABWC11 interrupt source for CMP_EIRQ line.
see bit 31
TBWCO_EN_EIRQ: enable TBWCO interrupt source for CMP_EIRQ line
19 0 = interrupt source TBWCQO is disabled
1 = interrupt source TBWCQO is enabled
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Table 357. CMP_EIRQ_EN field description (continued)

Bit Description

18 TBWC1_EN_EIRQ: enable TBWC1 interrupt source for CMP_EIRQ line.
See bit 19

17 TBWC2_EN_EIRQ: enable TBWC2 interrupt source for CMP_EIRQ line.
See bit 19

16 TBWC3_EN_EIRQ: enable TBWC3 interrupt source for CMP_EIRQ line.
See bit 19

15 TBWC4_EN_EIRQ: enable TBWC4 interrupt source for CMP_EIRQ line.
See bit 19

14 TBWC5_EN_EIRQ: enable TBWCS interrupt source for CMP_EIRQ line.
See bit 19

13 TBWC6_EN_EIRQ: enable TBWCEG interrupt source for CMP_EIRQ line.
See bit 19

12 TBWC7_EN_EIRQ: enable TBWCY interrupt source for CMP_EIRQ line.
See bit 19

1" TBWCS8_EN_EIRQ: enable TBWCS interrupt source for CMP_EIRQ line.
See bit 19

10 TBWC9_EN_EIRQ: enable TBWCS interrupt source for CMP_EIRQ line.
See bit 19

9 TBWC10_EN_EIRQ: enable TBWC10 interrupt source for CMP_EIRQ line.
See bit 19

8 TBWC11_EN_EIRQ: enable TBWC11 interrupt source for CMP_EIRQ line.
See bit 19

[07] Reserved: reserved
’ Note: Read as zero, should be written as zero
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20 Monitor unit (MON)
20.1 Overview

The Monitor Unit (MON) is designed for the use in safety relevant applications. The main
idea is to have a possibility to supervise common used circuitry and resources. In this way
the activity of the clocks is supervised. In addition the characteristics of output signals can
be checked in a MCS channel by a re-read-in via TIM and routing to the MCS. When the
comparison fails an error signal is generated in MCS and sent to the monitor unit. One error
signal per MCS summarizes the errors of all channels. By generating of an activity signal
per channel for each such performed comparison, the activity of TIM, ARU and the used
clocks are checked implicitly.

In addition the ARU cycle time could be also compared in a MCS channel to given values.

Figure 80. MON block diagram
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20.1.1 Realization without activity checker of the clock signals

An activity checker of the clock signals used is not needed because these enable signals
are only enabled to be used in combination with the system clock. Therefore the clock
enables are to be checked to have a high value.

20.2 Clock monitoring

The monitor unit has a connection to each of the 8 clocks CMU_CLK]x] (x=0...7), provided
by the CMU. Some of these clocks can be used for special tasks (see Chapter 8: Clock
Management Unit (CMU)).

In addition the 5 clock inputs of the TOMs CMU_FXCLK]y] (y=0...4) are also connected to
the MON unit.

The supervising of the clocks is done by scanning for activity of each clock.
A high value is defined as the state to be monitored.

When a high value of the clock enable is detected, the corresponding bit in the status
register MON_STATUS is set.

The status register bits are reset by writing a one.

When the register is polled by the CPU and the time between two read accesses is higher
than the period of the slowest clock, all bits of the corresponding clocks must have been set.
When polling in shorter time distances, not for all clocks an activity can be shown, although
they are still working.

Because of the realization without a select register for the clock signals only the bits of the
status register are to be considered for which the clock signal is enabled in the CMU.

20.3 CMP error monitoring

The signal CMP_ERR is to be received directly from module CMP and is set if an error
occurred.

20.4 Checking the characteristics of signals by MCS

By use of the MCS some given properties of signals can be checked. Such signals can be
generated output signals of TOM or ATOM channels, which are re-read in into a TIM and the
time stamp information is routed via ARU to the MCS module.

The corresponding MCS signal performs the check according to given properties. In this
way signal high or low time as well as signal periods can be checked, also taking into
account tolerances. When the check fails a MCS internal error signal is generated and
ORed with the error signals of the other channels of the MCS module to a summarized error
signal MCS[z]_ERR (z=0...3).

For each MCS a summarized error signal is transmitted to MON and monitored in the
MON_STATUS register.

In order to check the execution of the comparison for each MCS channel an activity signal is
generated. In the MCA_i_x (x=0...7) vector always for each MCS 8 bits for each channels
are combined. The activity signals are stored in the MON_ACTIVITY_O register for MCSO to
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MCS3 and in the MON_ACTIVITY_1 register for MCS4 to MCS6. The bits are set by a one
signal and reset by writing a one to it (preferably after polling the status of the register).

Because the activity signal shows the execution of a comparison, the involved units for
providing the signals and execution of comparison (like TIM, ARU and MCS itself) are
checked implicitly to work accordingly. Also the involved clocks and time bases are checked
in this way.

20.5 Checking ARU cycle time

The cycle time of the ARU can be checked, when this is essential for safety purposes. This
check can be performed by an MCS channel. It should be noted that the MCS program for
measuring the ARU round trip time must add a tolerance value.

The resulting error is reported to the MON unit using the summarized error signal
MCS[z]_ERR for each MCS module in addition to an interrupt, generated in MCS. The same
signals and status bits are used as in the case of checking the signal characteristics.

The corresponding MCS is programmed to get a fixed data value at address Ox1FF. The
data value is always zero and is not blocked. When getting the access the time stamp value
TBU_TSO is stored in a register. The next time getting the access the new TBU_TSO0 value
is stored and the difference between both values is compared with a given value. When the
comparison fails, an error flag is set in the MCS internal status register, an interrupt is
generated and the error signal MCS[z]_ERR is provided.

When the check is performed, an activity signal MCA_x (x=0...31) is provided for each
channel x of every MCS[i] (i=0...6) instance together with a summarized interrupt
MCSJi]_ERR for each MCS.

The activity signal sets a bit in the MON_ACTIVITY register.
The bits in the MON_ACTIVITY registers are reset by writing a one.

When the check fails, an interrupt is generated and the error signal MCS[z]_ERR is
provided for the MON unit.

Figure 80 shows the block diagram of the monitor unit.

20.6 MON interrupt signals

The MON submodule has no interrupt signals.

20.7 MON registers overview

Following configuration registers are considered in MON sub module.

Table 358. MON registers overview

Register name Description Details in section
MON_STATUS Monitor status register 20.8.1
MON_ACTIVITY_O Monitor activity register 0 20.8.2
MON_ACTIVITY_1 Monitor activity register 1 20.8.3
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20.8 MON configuration registers description

20.8.1 Register MON_STATUS

unchanged.

Address offset: |see Appendix B Initial value: 0x0000_0000
0‘1‘2|3‘4 5(6|7|8|9|10|11 12‘13‘14 15 16‘17|18 19(20|21(22(23|24|25|26|27|28|29 (30|31
vle|le|e|le|le|x TIRISLR|R ~|olo|<|o|a o
o -
_ 3 zlElezielEe 3 B 3 |5|55/5(522|21212]2]2)3
Bit 2 ol 0| o ol ol <l 2 o g 313|3(3(38|9|9la]9|9|9 99
& 8181818181818 & = & IS 6 66616166
=l = 8 =0 0 I [ o olojlololo|g ||| |<|<|<|<
I|z|x|<|<
z|zlz|z|z|2l2|2|2l2|2|2|2
MOde x Y| rjir|lr|lx|lx|x x x o [CRNCRNORNORNORNCRNORNORRORNORNORNONNG]
r|lrjr|lr| |||l | ¥ ||| x|
Initial value 0x00 olo|o|of0|O|O| Ox00 |O| Ox0 olo|o|o|o|o|o|o|o|o|lO|O|O
Table 359. MON_STATUS field description
Bit Description
ACT_CMUO: CMU_CLKO activity
31 Note: This bit will be cleared on a CPU write access of value '1'. A read access leaves the bit
unchanged.
ACT_CMU1: CMU_CLK1 activity
30 Note: This bit will be cleared on a CPU write access of value '1'. A read access leaves the bit
unchanged.
ACT_CMU2: CMU_CLK2 activity
29 Note: This bit will be cleared on a CPU write access of value '1'. A read access leaves the bit
unchanged.
ACT_CMU3: CMU_CLKS3 activity
28 Note: This bit will be cleared on a CPU write access of value '1'. A read access leaves the bit
unchanged.
ACT_CMU4: CMU_CLK4 activity
27 Note: This bit will be cleared on a CPU write access of value '1'. A read access leaves the bit
unchanged.
ACT_CMUS5: CMU_CLKS5 activity
26 Note: This bit will be cleared on a CPU write access of value '1'. A read access leaves the bit
unchanged.
ACT_CMU6: CMU_CLKE® activity
25 Note: This bit will be cleared on a CPU write access of value '1'. A read access leaves the bit
unchanged.
ACT_CMU7: CMU_CLK?7 activity
24 Note: This bit will be cleared on a CPU write access of value '1'. A read access leaves the bit
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Table 359. MON_STATUS field description (continued)

Bit

Description

23

ACT_CMUFX0: CMU_CLKFXO0 activity

Note: This bit will be cleared on a CPU write access of value '1'. A read access leaves the bit
unchanged.

22

ACT_CMUFX1: CMU_CLKFX1 activity

Note: This bit will be cleared on a CPU write access of value '1'. A read access leaves the bit
unchanged.

21

ACT_CMUFX2: CMU_CLKFX2 activity

Note: This bit will be cleared on a CPU write access of value '1'. A read access leaves the bit
unchanged.

20

ACT_CMUFX3: CMU_CLKFX3 activity

Note: This bit will be cleared on a CPU write access of value '1'. A read access leaves the bit
unchanged.

19

ACT_CMUFX4: CMU_CLKFX4 activity

Note: This bit will be cleared on a CPU write access of value '1'. A read access leaves the bit
unchanged.

Note: Bits 31 to 19 are set, when a high low slope is detected at the considered clock

[16:18]

Reserved: reserved
Note: Read as zero, should be written as zero

15

CMP_ERR: Error detected at CMP
Note: This bit will be readable only.

[12:14]

Reserved: reserved
Note: Read as zero, should be written as zero

11

MCSO0_ERR: Error detected at MCS0
Note: This bit will be readable only.

10

MCS1_ERR: Error detected at MCS1
Note: This bit will be readable only.

MCS2_ERR: Error detected at MCS2
Note: This bit will be readable only.

MCS3_ERR: Error detected at MCS3
Note: This bit will be readable only.

MCS4_ERR: Error detected at MCS4
Note: This bit will be readable only.

MCS5_ERR: Error detected at MCS5
Note: This bit will be readable only.

MCS6_ERR: Error detected at MCS6
Note: This bit will be readable only.

[0:4]

Reserved: reserved
Note: Read as zero, should be written as zero
Note: Bits16 and 11 to 5 are set, when the corresponding unit reports an error

Note: The MCS can be programmed to generate an error, when the comparison of signal
values (duty time, cycle time) fails or also when the cycle time of the ARU (checking of
the TBU_TSO between two periodic accesses) is out of the expected range.

3

DocID025070 Rev 1 545/558




Monitor unit (MON) RM0361

20.8.2 Register MON_ACTIVITY_O

Address offset: |see Appendix B Initial value: 0x0000_0000
0|1|2|3|4|5|6]|7[8|9]|10[11[12|13|14[15|16|17|18(19]|20|21|22|23|24|25|26|27|28(29|30]31
Nl S N[N|—lOINMNO|IO|ISF| OIN|—|OIMNOIO|IFT| OIN|—|OIMNOIO|FT|O(N]|~—]|O
o')l o’)l ml ml o’)l ml o')l ml NI Nl NI NI N| NI N| NI ‘_I ‘_I ‘_I ‘_I ‘_I ‘_I ‘_I ‘_I OI o| OI o| OI o| oI ol
Blt <,:I <):I <‘:I <,:I <):I <‘:I <,:I <‘:I <,:I <‘:I <,:I <):I <,:I <):I <,:I <):I <,:I <,:I <‘:I <,:I <‘:I <,:I <‘:I <,:I <):I <,:I <):I <,:I <):I <,:I <,:I <‘:I
[CRNOCRNORNORNORNORNORNORNONNORNORNORROREONNORNORNORNOR NORNORNONNORNORNORNOR NORNORNONNONNORNON NO]
HEEHEHEHEHEHEHEEHEHEEHEHEEEHEEREEHEHEEHEHEEEHEEEE
zlzlz|z|z|z|z|z|2l2|l2|2|2|2|2|2|2|2|2|2|2|2|2|2|2|2|2|2|3|2|z2]|3
Mode [CRNOCRNORNORNORNORNORNORNONNORNORNORROREONNORNORNORNORNORNORNONNORNORNORNORNONNORNORNORNORNON NG
rirjr|rjlg|lr|l|l¥|¥|¥ ||| || ||| || ||| || ||| |X|X|X|X
Initial value o|lojo|o|o|o|o|o|lO|O|OfO|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O
Table 360. MON_ACTIVITY_O field description
Bit Description
MCA_0_0: activity of check performed in module MCSO0 at channel 0
31 Note: This bit will be cleared on a CPU write access of value '1'. A read access leaves the bit
unchanged.
MCA_0_1: activity of check performed in module MCSO0 at channel 1
30 Note: This bit will be cleared on a CPU write access of value '1'. A read access leaves the bit
unchanged.
MCA_0_2: activity of check performed in module MCSO0 at channel 2
29 Note: This bit will be cleared on a CPU write access of value '1'. A read access leaves the bit
unchanged.
MCA_Q_3: activity of check performed in module MCSO0 at channel 3
28 Note: This bit will be cleared on a CPU write access of value '1'. A read access leaves the bit
unchanged.
MCA_0_4: activity of check performed in module MCSO0 at channel 4
27 Note: This bit will be cleared on a CPU write access of value '1'. A read access leaves the bit
unchanged.
MCA_QO_5: activity of check performed in module MCSO0 at channel 5
26 Note: This bit will be cleared on a CPU write access of value '1'. A read access leaves the bit
unchanged.
MCA_Q_6: activity of check performed in module MCSO0 at channel 6
25 Note: This bit will be cleared on a CPU write access of value '1'. A read access leaves the bit
unchanged.
MCA_Q_7: activity of check performed in module MCSO0 at channel 7
24 Note: This bit will be cleared on a CPU write access of value '1'. A read access leaves the bit
unchanged.
MCA_1 0: activity of check performed in module MCS1 at channel 0
23 Note: This bit will be cleared on a CPU write access of value '1'. A read access leaves the bit
unchanged.
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Table 360. MON_ACTIVITY_O field description (continued)

Bit

Description

22

MCA_1_1: activity of check performed in module MCS1 at channel 1

Note: This bit will be cleared on a CPU write access of value '1'. A read access leaves the bit
unchanged.

21

MCA_1_2: activity of check performed in module MCS1 at channel 2

Note: This bit will be cleared on a CPU write access of value '1'. A read access leaves the bit
unchanged.

20

MCA_1_3: activity of check performed in module MCS1 at channel 3

Note: This bit will be cleared on a CPU write access of value '1'. A read access leaves the bit
unchanged.

19

MCA_1 4: activity of check performed in module MCS1 at channel 4

Note: : This bit will be cleared on a CPU write access of value '1'. A read access leaves the bit
unchanged.

18

MCA_1 5: activity of check performed in module MCS1 at channel 5

Note: This bit will be cleared on a CPU write access of value '1'. A read access leaves the bit
unchanged.

17

MCA_1 6: activity of check performed in module MCS1 at channel 6

Note: This bit will be cleared on a CPU write access of value '1'. A read access leaves the bit
unchanged.

16

MCA_1 7: activity of check performed in module MCS1 at channel 7

Note: This bit will be cleared on a CPU write access of value '1'. A read access leaves the bit
unchanged.

15

MCA_2_0: activity of check performed in module MCS2 at channel 0

Note: This bit will be cleared on a CPU write access of value '1'. A read access leaves the bit
unchanged.

14

MCA_2_1: activity of check performed in module MCS2 at channel 1

Note: This bit will be cleared on a CPU write access of value '1'. A read access leaves the bit
unchanged.

13

MCA_2_2: activity of check performed in module MCS2 at channel 2

Note: This bit will be cleared on a CPU write access of value '1'. A read access leaves the bit
unchanged.

12

MCA_2_3: activity of check performed in module MCS2 at channel 3

Note: This bit will be cleared on a CPU write access of value '1'. A read access leaves the bit
unchanged.

11

MCA_2_4: activity of check performed in module MCS2 at channel 4

Note: This bit will be cleared on a CPU write access of value '1'. A read access leaves the bit
unchanged.

10

MCA_2_5: activity of check performed in module MCS2 at channel 5

Note: This bit will be cleared on a CPU write access of value '1'. A read access leaves the bit
unchanged.

MCA_2_6: activity of check performed in module MCS2 at channel 6

Note: This bit will be cleared on a CPU write access of value '1'. A read access leaves the bit
unchanged.

3
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Table 360. MON_ACTIVITY_O field description (continued)

Bit

Description

MCA_2_7: activity of check performed in module MCS2 at channel 7

Note: This bit will be cleared on a CPU write access of value '1'. A read access leaves the bit
unchanged.

MCA_3_0: activity of check performed in module MCS3 at channel 0

Note: This bit will be cleared on a CPU write access of value '1'. A read access leaves the bit
unchanged.

MCA_3_1: activity of check performed in module MCS3 at channel 1

Note: This bit will be cleared on a CPU write access of value '1'. A read access leaves the bit
unchanged.

MCA_3_2: activity of check performed in module MCS3 at channel 2

Note: This bit will be cleared on a CPU write access of value '1'. A read access leaves the bit
unchanged.

MCA_3_3: activity of check performed in module MCS3 at channel 3

Note: This bit will be cleared on a CPU write access of value '1'. A read access leaves the bit
unchanged.

MCA_3_4: activity of check performed in module MCS3 at channel 4

Note: : This bit will be cleared on a CPU write access of value '1'. A read access leaves the bit
unchanged.

MCA_3 _5: activity of check performed in module MCS3 at channel 5

Note: This bit will be cleared on a CPU write access of value '1'. A read access leaves the bit
unchanged.

MCA_3_6: activity of check performed in module MCS3 at channel 6

Note: This bit will be cleared on a CPU write access of value '1'. A read access leaves the bit
unchanged.

MCA_3_7: activity of check performed in module MCS3 at channel 7

Note: This bit will be cleared on a CPU write access of value '1'. A read access leaves the bit
unchanged.

Note:
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When not all MCS modules are implemented or the channels are not used for check
purposes with supervising, the corresponding activity bits remain zero.
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20.8.3 Register MON_ACTIVITY_1

Address offset: |see Appendix B Initial value: 0x0000_0000
0‘1‘2|3‘4|5‘6|7 8|9 |10(11(12(13|14|15(16|17|18(19|20|21|22|23|24|25|26|27|28|29|30|31
_ 3 o ol o @] ol 0| @] ol 0| | o| & @] o & @< < S| D S|
Blt $ <,:I <‘:I <,:I <):I <,:I <):I <,:I <):I <,:I <,:I <‘:I <,:I <‘:I <,:I <‘:I <,:I <):I <,:I <):I <,:I <):I <,:I <,:I <‘:I
Q [CRNCRNORNOREORNOCRNORNONNORNORNORNONNORNORNORNORNONNORNORNORNORNON NORNG)
4 SISS|S|SS|IS|S(S|S|2|S|S|2|2|S|S|2|S|2|2|2|=|2
zlz(zlz|z|2l2|2|2/2l2|2|2l2|2|2/2/2|2|2|2|2|3|z2
Mode g O|O|G|O|G|S|S|S|S|S|ISIS|S|O|0|0|0|0|0|8|8|8|8|8
rirje|lr|jlr|¥|l|¥ || ||| || || ||| |||
Initial value 0x00 o|lofo|ofo|o|lo|O0|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O]O
Table 361. MON_ACTIVITY_1 field description
Bit Description
MCA_4 0: activity of check performed in module MCS4 at channel 0
31 Note: This bit will be cleared on a CPU write access of value '1'. A read access leaves the bit
unchanged.
MCA_4 1: activity of check performed in module MCS4 at channel 1
30 Note: This bit will be cleared on a CPU write access of value '1'. A read access leaves the bit
unchanged.
MCA_4 2: activity of check performed in module MCS4 at channel 2
29 Note: This bit will be cleared on a CPU write access of value '1'. A read access leaves the bit
unchanged.
MCA_4_3: activity of check performed in module MCS4 at channel 3
28 Note: This bit will be cleared on a CPU write access of value '1'. A read access leaves the bit
unchanged.
MCA_4_4: activity of check performed in module MCS4 at channel 4
27 Note: This bit will be cleared on a CPU write access of value '1'. A read access leaves the bit
unchanged.
MCA_4_5: activity of check performed in module MCS4 at channel 5
26 Note: This bit will be cleared on a CPU write access of value '1'. A read access leaves the bit
unchanged.
MCA_4 _6: activity of check performed in module MCS4 at channel 6
25 Note: This bit will be cleared on a CPU write access of value '1'. A read access leaves the bit
unchanged.
MCA_4 _7: activity of check performed in module MCS4 at channel 7
24 Note: This bit will be cleared on a CPU write access of value '1'. A read access leaves the bit
unchanged.
MCA_5_0: activity of check performed in module MCS5 at channel 0
23 Note: This bit will be cleared on a CPU write access of value '1'. A read access leaves the bit
unchanged.

3
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Table 361. MON_ACTIVITY_1 field description (continued)

Bit

Description

22

MCA_5_1: activity of check performed in module MCS5 at channel 1

Note: This bit will be cleared on a CPU write access of value '1'. A read access leaves the bit
unchanged.

21

MCA_5_2: activity of check performed in module MCS5 at channel 2

Note: This bit will be cleared on a CPU write access of value '1'. A read access leaves the bit
unchanged.

20

MCA_5_3: activity of check performed in module MCS5 at channel 3

Note: This bit will be cleared on a CPU write access of value '1'. A read access leaves the bit
unchanged.

19

MCA_5_4: activity of check performed in module MCS5 at channel 4

Note: This bit will be cleared on a CPU write access of value '1'. A read access leaves the bit
unchanged.

18

MCA_5_5: activity of check performed in module MCS5 at channel 5

Note: This bit will be cleared on a CPU write access of value '1'. A read access leaves the bit
unchanged.

17

MCA_5_6: activity of check performed in module MCS5 at channel 6

Note: This bit will be cleared on a CPU write access of value '1'. A read access leaves the bit
unchanged.

16

MCA_5_7: activity of check performed in module MCS5 at channel 7

Note: This bit will be cleared on a CPU write access of value '1'. A read access leaves the bit
unchanged.

15

MCA_6_0: activity of check performed in module MCS6 at channel 0

Note: This bit will be cleared on a CPU write access of value '1'. A read access leaves the bit
unchanged.

14

MCA_6_1: activity of check performed in module MCS6 at channel 1

Note: This bit will be cleared on a CPU write access of value '1'. A read access leaves the bit
unchanged.

13

MCA_6_2: activity of check performed in module MCS6 at channel 2

Note: This bit will be cleared on a CPU write access of value '1'. A read access leaves the bit
unchanged.

12

MCA_6_3: activity of check performed in module MCS6 at channel 3

Note: This bit will be cleared on a CPU write access of value '1'. A read access leaves the bit
unchanged.

11

MCA_6_4: activity of check performed in module MCS6 at channel 4

Note: This bit will be cleared on a CPU write access of value '1'. A read access leaves the bit
unchanged.

10

MCA_6_5: activity of check performed in module MCS6 at channel 5

Note: This bit will be cleared on a CPU write access of value '1'. A read access leaves the bit
unchanged.

MCA_6_6: activity of check performed in module MCS6 at channel 6

Note: This bit will be cleared on a CPU write access of value '1'. A read access leaves the bit
unchanged.
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Table 361. MON_ACTIVITY_1 field description (continued)

Bit Description
MCA_6_7: activity of check performed in module MCS6 at channel 7
8 Note: This bit will be cleared on a CPU write access of value '1'. A read access leaves the bit
unchanged.
[07] Reserved: Reserved bits
' Note: Read as zero should be written as zero
Note: When not all MCS modules are implemented or the channels are not used for check

purposes with supervising, the corresponding activity bits remain zero.

3
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21 Appendix A
21.1 Register bit attributes

Below the bit name in a register table, the attributes "Access mode" and "Reset value" of
each bit are described with the following syntax:

Table 362. Register bit attributes

Mode Description
R Read access
w Write access
Cr Clear on read access
Sr Set on read access
Cw Clear by write 1 (sets only those bits with value 1)
Sw Set by write 1 (clears only those bits with value 1)
Aw Auto clear after write (e.g. trigger something)
Pw Protected write (separate write enable bit, e.g. init)

Note:

21.2

When using Cw or Sw for a bit field e.g. representing a number, a clear/set has to be applied
to all bits of the data field, to avoid construction of unintended values different to "00...00"
and "11...11".

Register reset value

Table 363. Register reset value

Reset value Description

0 Logic value is O after reset

1 Logic value is 1 after reset

21.3

21.4

552/558

ARU write address overview

The ARU write address map is specified in Appendix B of your version (see Section 22.3:
References).

GTM configuration registers address map

The addresses of the implemented submodules are specified in Appendix B of your version
(see Section 22.3: References).

The start and end addresses of the configured rams are specified in Appendix B of your
version (see Section 22.3: References).
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The full address map of all implemented registers, the start and end addresses of
configured rams are recorded in Appendix B of your version (see Section 22.3: References).

21.5 GTM application constraints

The constraints put on applications by GTM implementation are specified in Appendix B of
your version (see Section 22.3: References).

21.6 GTM internal functional dependencies

The Figure 81 shows the functional dependencies of GTM.
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Figure 81. Functional dependencies of GTM
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22 Further information

22.1 Revision Number Notice
The specification revision number of this document consists of four decimal integers
separated by a dot.
The first decimal integer represents the major release number, the second represents the
minor release number and the third represents the delivery number of specification.
A GTM-IP release always refers to the first three decimal integer of the specification revision
number and is extended by a design step identifier. This GTM-IP release number can be
read out of register GTM_REV.
The fourth decimal integer of specification revision number is related to updated versions of
the specification which are independent of a GTM-IP release.
During silicon validation and qualification process it may turn out that the current
specification revision related to the silicon is incomplete, inconsistent or ambiguous. It may
also be the case that the silicon behaviour diverges for a specific functional feature from
specification but the behaviour of silicon is also acceptable for intended GTM applications.
In these cases Bosch AE will update the specification and indicate this update by an
increase of the fourth decimal integer of specification revision number.
An increased fourth decimal integer means that either the new specification is more precise
or that a functional feature was limited or removed. It never means that there was added a
new feature.

22.2 Conventions
The following conventions are used within this document.
ARIAL BOLD CAPITALS Names of register and register bits
Arial italic Names of signals
Courier Extracts of files

22.3 References
1. GTM-IP_101 Appendix B (UM1663, DoclD 025134)
2. GTM-IP_122 Appendix B (UM1666, DoclD 025138)

22.4 Terms and abbreviations

3

This document uses the following terms and abbreviations.
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Table 364. Terms and abbreviations

Term Meaning

GTM Generic Timer Module

DPLL Digital Phase Locked Loop

FULL_SCALE Range in which all positions/values depend on the information of TRIGGER and
STATE signals

HALF_SCALE Range in which all positions/values depend on the information of TRIGGER
signal only; two consecutive HALF_SCALE periods form a FULL_SCALE period

TS Time stamp representation

PS Position (or value) stamp representation; common description

[i] Numbering of Instances of a module (e.g. ATOM][i] references to instance i of
module ATOM)

[x] Numbering of channels of a module (e.g. ATOM][i] references to channel x of
instance i of module ATOM)

div Calculates the quotient of integer division

mod Calculates the remainder of integer division
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Revision history

23

3

Revision history

Table 365. Document revision history

Date

Revision

Changes

29-Sep-2015

1

Initial release.
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IMPORTANT NOTICE — PLEASE READ CAREFULLY

STMicroelectronics NV and its subsidiaries (“ST”) reserve the right to make changes, corrections, enhancements, modifications, and
improvements to ST products and/or to this document at any time without notice. Purchasers should obtain the latest relevant information on
ST products before placing orders. ST products are sold pursuant to ST’s terms and conditions of sale in place at the time of order
acknowledgement.

Purchasers are solely responsible for the choice, selection, and use of ST products and ST assumes no liability for application assistance or
the design of Purchasers’ products.

No license, express or implied, to any intellectual property right is granted by ST herein.

Resale of ST products with provisions different from the information set forth herein shall void any warranty granted by ST for such product.

ST and the ST logo are trademarks of ST. All other product or service names are the property of their respective owners.

Information in this document supersedes and replaces information previously supplied in any prior versions of this document.

© 2015 STMicroelectronics — All rights reserved
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