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1.1

Note:
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Memory and bus architecture

Multi-Layer AHB bus architecture

The main system consists of:
® Two masters:
- ARM7TDMI-S CPU
—  GP-DMA (General Purpose DMA)
® Five slaves:
— Internal SRAM
— Internal FLASH
—  External SMI (Serial Memory Interface)
—  AHB peripheral register interface
— AHB to APB bridge which connects all the APB peripherals

These are interconnected using a Multi-Layer AHB bus architecture as shown in Figure 1:

Figure 1. Multi-Layer AHB bus architecture

APB

PERIPHERALS
ARM7TDMI-S |AHB_ M1 | )\ obrer SLAVES APB
MASTER 1

MASTER

AHBJ/APB AHB
GP-DMA AHB_M2 SRAM | | FLASH || "gRIDGE SMI | |PERPIHERALS
MASTER 2 SLAVE SLAVE SLAVE SLAVE SLAVE

AHB | |

The arbitration is implemented in the following way:

® A round robin algorithm is used to arbitrate the two masters

® The arbitration is evaluated after each bus BURST or SEQUENTIAL AHB transfer (a
BURST transfer is never cut).

This Bus Matrix achieves “zero idle” cycle access from ARM CPU or DMA to SRAM or
FLASH even for nonsequential accesses.

However, the following frequency limitations apply:

® When accessing the flash:

— when not configured in BURST mode, the Flash induces no wait states, but the
maximum frequency is limited to 32 MHz

— when configured in BURST mode, the Flash induces 1 wait state for each non
sequential access and the maximum frequency is 60 MHz

® The SRAM can be accessed up to 64 MHz with no wait states.
It is up to the user application to ensure that the conditions listed above are respected.
Behavior in ARM DEBUG mode

When entering DEBUG state (CPU is halted), the Arbiter locks the bus to the ARM7TDMI-S.
In the case where the DMA is owner of the bus, then the Arbiter waits for the current transfer
before locking the bus to the ARM7TDMI-S.

573
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1 Memory and bus architecture

1.2

Memory organization

Program memory, data memory, registers and I/O ports are organized within the same linear
address space of 4 GBytes.

The bytes are treated in memory as being in Little Endian format. The lowest numbered byte
in a word is considered the word’s least significant byte and the highest numbered byte the
most significant.

Figure 2 on page 18 shows the STR750 Memory Map. For the detailed mapping of
peripheral registers, please refer to the related chapters.

The addressable memory space is divided into 8 main blocks, selected by the three most
significant bits of the memory address bus A[31:0]:

000 = Boot Memory: depending on the Boot configuration, it can be aliased to
Embedded Flash Memory, embedded Boot loader or Embedded SRAM Memory
or External Serial Memory

001 = Embedded Flash Memory

010 = Embedded SRAM Memory

011 = Global Configuration Register and MCU Reset and Clock Control (MRCC)
100 = External Serial Memory (SMI)

101 = Reserved

110 = Reserved

111 = Peripheral Registers

All memory spaces that are not allocated to on-chip memories and peripherals are
considered “reserved” (gray shaded areas in the Figure 2 on page 18).
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1.3 Memory map

Figure 2. Memory map

Addressable Memory Space Peripheral Memory Space
4 Gbytes 32 Kbytes
OxFFFF FFFF 0XFFFF FFFF
APBB;I%SEM7 32K Reserved 1K
OXFFFF 8000 QXEEEE FC00
X
EIC 1K
OxFFFF F800
7 OXFFFF F7FF
EXTIT 1K
OXFFFF F400
OxXFFFF F3FF
RTC 1K
0xE000 0000 FLASH Memory Space OXFFFF F000
OXDFFF FFFF 128/256 Kbytes OXFFFF EFFF OVA 1K
0xFFFF EC00
O0xFFFF EBFF
0x2010 DFFF Reserved
6 0x2010 cooo | SystemMemory | gK g £300 1K
xFFFF E7FF
0x2010 0017 - GPIO I/O Ports 1K
042010 0000 Flash registers | 24B 815??? E%gg
Reserved 1K
0xC000 0000 OXFFFE E000
OxBFFF FFFF 0xFFFF DFFF
UART2 1K
0xFFFF DCOO
OXFFFF DBFF
UART1 1K
0xFFFF D800
5 0xFFFF D7FF
UARTO 1K
OXFFFF D400
gx%ggc %UUO OEEEE DIEE Reserved 1K
C 3FFF]
0xA000 0000 u};zooc 2000 B1F1 8K OXFFFF D000
0x9FFF FFFF 0 0xFFFF CFFF
x200C 1rEy B1FO 8K 12¢ 1K
0x200C 0000 OXFFFF CC00
OXFFFF CBFF
Reserved 1K
: BEees G398
4 55008 8033 [Simegisters g o "
OxFFFF C400
0x83FF FFFF 0xFFFF C3FF 1K
* Reserved
0x8000 0000 | SMI Ext. Memory OXFFFF C000
0x7FFF FFFF O0xFFFF BFFF ssP1 1K
0xFFFF BCOO
OXFFFF BEFF
SSPO 1K
OXFFFF B800
3 OXFFFF B7FF
Reserved 1K
OxXFFFF B400
0x6000 0047 OXFFFF B3FF G 1K
WD
0x6000 0000 |__CONF +MRCC 0%2003 FFFF OXFFFF B00O
OXSFFF FFFF OXFFFF AFFF n " 1K
eserve:
(2) 64K OxFFFF AC00
BOF7' OxFFFF ABFF
USB Registers 1K
2 0x2003 0000 OiFrer Aver
0x2002 FFFF OXFEFE A400 Reserved 1K
0x4000 3FFF U)}EFFFF A3FF
* (2) 0xFFFF A200 [USB RAM 256 x16-bit| 1K
0x4000 0000 [ Internal SRAM BOF6 64K OXFFFE A000
O0x3FFF FFFF OXFFFF 9FFF 1K
0x2002 0000 OXFFFF 9C00 GRS
0x2001 FFFF OXFFFF 9EFF o 1K
1 OXFFFF 9800
BOF5 64K OXFFFF 97FF V2 1K
OXFFFE 9400
0x2010 0017 0x2001 0000 OXFFRE S3FF TIM1 1K
X. X
0x2000 0000 | !nternal Flash 0x2000 FFFF OXFFFF 9000
0x1FFF FFFF O0xXFFFF 8FFF TIMO 1K
BOF4 32K 8XFFFF SCOO
0x2000 8000 XFFFF 8BFF .
8x2000 TFFF BOF3 8K OXFEFE 8800 TB Timer 1K
0 %2999 2000 OXFFFF 87FF
0x2000 SFFF BOF2 8K 1K
813880 3028 0xFEFE 8400 ApC
1
. 82000 2000 BOF1 8K OXFFFF 83FF — 1K
) . eserve
0x0000 0000 |_BOOt Memory 128K/256K N\ 0x2000 0000 i 8K OXFFFF 8000
(1) In internal Flash Boot Mode, internal FLASH is aliased at 0x0000 0000h
(2) Only available in STR750Fx2
[ ] Reserved

J
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1.3.1 Register base addresses
Table 1. Main Block Register base addresses
STR750 Main Blocks Bus Base Address Block Register Map
See STR7 Flash
Flash Registers AHB 0x2010 0000 Programming Reference
Manual
Configuration Register (CFG) AHB 0x6000 0000 Section 1.5.2
MCU Reset and Clock Control (MRCC) AHB 0x6000 0020 Section 2.10.8
Serial Memory Interface Registers (SMI) AHB 0x9000 0000 Section 6.6
1.3.2 Peripheral memory map
Table 2. Peripheral memory map
Sub SubPage Peripheral Bus
Paqe Boundary Peripheral Bus Boundary Access | Register Map
9 Addresses Addresses Width
OxFFFF 8000
0 reserved -
OxFFFF 83FF
Ox FFFF 8400 Ox FFFF 8400
1 ADC APB 16-bit | Section 17.5
Ox FFFF 87FF OxFFFF 848F
Ox FFFF 8800 Ox FFFF 8800
2 TB Timer APB 16-bit | Section 9.7
Ox FFFF 8BFF OxFFFF 88BF
0x FFFF 8C00 Ox FFFF 8C00
3 TIM Timer O APB 16-bit | Section 10.11
Ox FFFF 8FFF OxFFFF 8C5F
0x FFFF 9000 0x FFFF 9000
4 TIM Timer 1 APB 16-bit | Section 10.11
Ox FFFF 93FF OxFFFF 905F
0x FFFF 9400 0x FFFF 9400
5 TIM Timer 2 APB 16-bit | Section 10.11
Ox FFFF 97FF Ox FFFF 945F
0x FFFF 9800 Ox FFFF 9800
6 PWM APB 16-bit | Section 11.11
Ox FFFF 9BFF Ox FFFF 985F
0x FFFF 9C00
7 reserved -
Ox FFFF 9FFF
0x FFFF A00O
8 USB RAM APB 16-bit
Ox FFFF A3FF
Ox FFFF A400
9 reserved -
Ox FFFF A7FF
Ox FFFF A800 USB Ox FFFF A800
10 . APB 16-bit | Section 16.7
Ox FFFF ABFF Registers Ox FFFF A853
1S71 19/437
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Table 2. Peripheral memory map (continued)
Sub SubPage Peripheral Bus
Page Boundary Peripheral Bus Boundary Access | Register Map
9 Addresses Addresses Width

0x FFFF AC00 0x FFFF AC00

11 reserved - 16-bit
0Ox FFFF AFFF Ox FFFF AFFF
0x FFFF B0O0OO Ox FFFF B0O0OO

12 WDG APB 16-bit | Section 8.5
Ox FFFF B3FF Ox FFFF BO1B
Ox FFFF B400

13 reserved -
Ox FFFF B7FF
Ox FFFF B800 Ox FFFF B800

14 SSPO APB 16-bit | Section 14.4
Ox FFFF BBFF Ox FFFF B827
0x FFFF BC0O Ox FFFF BCOO

15 SSP1 APB 16-bit | Section 14.4
Ox FFFF BFFF 0x FFFF BC27
0x FFFF C000

16 reserved -
Ox FFFF C3FF
0x FFFF C400 0x FFFF C400

17 CAN APB 16 bit | Section 12.6
0x FFFF C7FF 0x FFFF C57F
0x FFFF C800

18 reserved -
0Ox FFFF CBFF
0x FFFF CCO00 Ox FFFF CC00

19 12C APB 8-bit | Section 13.6
Ox FFFF CFFF Ox FFFF CO1F
Ox FFFF D000

20 reserved -
Ox FFFF D3FF
0x FFFF D400 Ox FFFF D400

21 UARTO APB 16 bit | Section 15.5
Ox FFFF D7FF O0x FFFF D44B
0x FFFF D800 0x FFFF D800

22 UART1 APB 16 bit | Section 15.5
Ox FFFF DBFF Ox FFFF D84B
0x FFFF DCO00 Ox FFFF DCO00

23 UART2 APB 16 bit | Section 15.5
Ox FFFF DFFF Ox FFFF DC4B
0x FFFF E000

24 reserved -
Ox FFFF E3FF
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1 Memory and bus architecture

Table 2. Peripheral memory map (continued)
Sub SubPage Peripheral Bus
Page Boundary Peripheral Bus Boundary Access | Register Map
9 Addresses Addresses Width
- 0x FFFF E400
GP I/O - Port APB
0 Ox FFFF E413
Ox FFFF E420
Ox FFFF E427
o5 | OXFFFF E400 32bit | Section 3.2.8
Ox FFFF E7FF Ox FFFF E440
GP I/O - Port APB
1 Ox FFFF E453
- Ox FFFF E480
GP I/O - Port APB
2 Ox FFFF E493
0x FFFF ECO0 Ox FFFF ECO00
26 DMA AHB 16 bit Section 5.6
Ox FFFF EFFF Ox FFFF ECFF
0x FFFF FO0O0 0x FFFF FO00
27 RTC APB 16 bit Section 7.5
Ox FFFF F3FF Ox FFFF F027
Ox FFFF F400 0x FFFF F400
26 EXTIT APB 32 bit Section 4.8.7
Ox FFFF F7FF Ox FFFF F40F
0x FFFF F800 0Ox FFFF F800
27 EIC AHB 32 bit Section 4.7

Ox FFFF FFFF

Ox FFFF F8DF

1.3.3

Embedded SRAM

The STR750 features 16 KBytes of static SRAM. It can be accessed as bytes, half-words
(16 bits) or full words (32 bits). The SRAM start address is 0x4000 0000.

You can remap the SRAM on-the-fly to Block 000, using the SW_BOOT bits in the
CFG_GLCONF register. In SRAM boot mode, the RAM start address is mapped both at
0x0000 0000h and at 0x4000 0000h.

This is particularly useful for managing interrupt vectors and routines, you can copy them to
SRAM, modify and access them even when Flash is not available (i.e. during Flash

programming or erasing).
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Embedded Flash

The high performance Flash Module has the following key features:
® 256 KB Single Voltage Flash Program Memory + 16 KB parameters
® Dual bank architecture for Read-While-Write (RWW) capability

— Bank 0 : up to 256KB organized in 8 sectors for program memory +
SystemMemory sector for ICP

— Bank 1: 16 KB for parameters (reprogrammable by the software stored in Bank 0)
® Access at up to 32 MHz with zero wait states when burst mode not used

® Access at up to 60 MHz using burst mode (60 MHz with zero wait states for sequential
access and with one wait state for random accesses)

® Access up to up 16 MHz for Read While Write (RWW) accesses (when code executed
from Bank O reprograms Bank 1).

® Readout protection (program code can only be executed but cannot be dumped out)
® Independent Write protection for each sector of the two banks

® In Circuit Programming (ICP) for programming the embedded flash without using JTAG
& Debug features. This is performed by using the embedded Boot Loader located in the
Flash SystemMemory sector

® In Application Programming for reprogramming any flash sectors except the boot sector
by the user program itself.

The embedded Flash Module consists of two banks (Bank 0 and Bank 1) and is organized in
sectors as shown in Table 3.

Table 3. Flash module organisation
Bank Sector Addresses Size (bytes)
Bank 0 Flash Sector 0 (BOFO0) 0x00 0000 - 0x00 1FFF 8K
Bank 0 Flash Sector 1 (BOF1) 0x00 2000 - 0x00 3FFF 8K
Bank 0 Bank 0 Flash Sector 2 (BOF2) 0x00 4000 - 0x00 5FFF 8K
256 Kbytes Bank 0 Flash Sector 3 (BOF3) 0x00 6000 - 0x00 7FFF 8K
Program Bank 0 Flash Sector 4 (BOF4) 0x00 8000 - 0x00 FFFF 32K
Memory Bank 0 Flash Sector 5 (BOF5) 0x01 0000 - 0x01 FFFF 64K
Bank O Flash Sector 6 (BOF6) 0x02 0000 - 0x02 FFFF 64K
Bank 0 Flash Sector 7 (BOF7) 0x03 0000 - 0x03 FFFF 64K
Bank 1 Bank 1 Flash Sector 0 (B1FO0) 0x0C 0000 - 0x0C 1FFF 8K
16 Kbytes
Data Memory Bank 1 Flash Sector 1 (B1F1) 0x0C 2000 - 0x0C 3FFF 8K
F";Sh Control | £126h Control/Data Registers | 0x10 0000 - 0x0010 0017 24
egisters
System Flash Boot Loader 0x10 C000 - 0x0010 C7FF 2K
Memory Reserved 0x10 C800 - 0x0010 DFFF 6K

1.

Not available in 128K versions.
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RWW operation
The user must respect the following conditions for proper RWW operation:
® The CPU clock frequency is maximum 16 MHz and burst mode must be disabled.
Flash programming
You can program Flash memory using In-Circuit Programming (ICP) and In-Application
programming (IAP).
ICP can be performed in two ways :
® using the JTAG interface : the debugger tool can re-program the Flash though the JTAG
interface by:
— Halting the CPU
— Downloading the SRAM with the flash program/erase routines
— Jump to the SRAM to execute these routines which reprogram the flash.
This can be done whatever the selected Boot mode.
® Using a UART : it is possible to re-program the flash using a simple serial interface
(UART) when SystemMemory Boot mode is selected.
IAP can be performed directly by the user program : the user is free to choose any protocols
using any available communication peripherals to provide the datas to reprogram some
sectors of the flash. For this, the flash program/erase routines must be embedded in the
user code.
Caution: In IAP mode it is highly recommended to write protect the boot sector (BOFO0) to avoid any

unrecoverable situations (like erasure of the boot sector)

Flash protection

The embedded Flash memory can be protected against unwanted access
(read/write/erase).

The protection bits are stored in non-volatile Flash cells.

Two kind of protections are available: sector Write protection to prevent unwanted write
access and Readout Protection to avoid software piracy:

® Write protection: Each sectors can be independently write protected by writing the
corresponding bit of a non-volatile register (FLASH_FNVWPAR).

The write protection will be permanent after each Reset, but can be temporarily unprotected

by a dedicated sequence.

® Readout protection: This is done by writing to the READOUT protection bit (bit 0 in the
non-volatile FLASH_NVAPRO register).

o If READOUT protection is enabled, the Debug features and JTAG pins are disabled,
any ICE connection will be lost.

In addition, depending on the BOOT mode:

— In Embedded Flash Boot Mode: the FLASH is kept enabled and the user
program will execute normally. But the debugger host can not take the control over
the CPU. In addition, if a JTAG sequence is initiated (by simply releasing the
NJTRST) then the Flash is automatically disabled and the user program execution
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Note:
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will fail. The user has to ensure that the software does not provide a way for a
hacker to download the Flash memory content.

— In Embedded SRAM or external Serial Memory (SMI) Boot Mode then the
embedded Flash is automatically disabled and thus it is not possible to download
its content (it is also not possible to execute it).

— In SystemMemory Boot Mode, then the program executed from SystemMemory
ensures that it is not possible to output the embedded Flash memory contents.

Readout protection can be disabled by programming non-volatile register PDSx bits
executed by a Flash user routine, and re-enabled again by programming the PENx non-
volatile register bits. This operation can be performed up to 16 times.

Refer to the STR7 Flash programming manual for more details. For STR750 Flash
Protection, the READOUT bit (reserved bit 0) must be programmed instead of the DEBUG
bit (bit 1) in the FLASH_FNVWPAR register.

Flash Burst mode

By default, the CPU accesses the FLASH without any wait states (Flash Burst mode
disabled).

However, to achieve higher frequency, it is possible to enable the Flash Burst mode using
the FLASH_BURST bit in the CFG_GLCONF register.

In Burst mode, sequential accesses are performed with zero wait states at speeds of up to
the maximum device frequency while non sequential accesses are performed with 1 wait
state.

Flash in low power modes

In STOP mode (See Section 2.9.5), the Flash automatically reduces its power consumption.

If you need lower power consumption, you can disable the Flash when entering STOP or
WFI Mode. You do this by configuring the LP_PARAM14 bit in the MRCC_PWRCTL register.
The consumption is significantly reduced, but after wake-up from low power, a delay is
inserted automatically to ensure the Flash is operational before the CPU restarts.

In WFI mode (See Section 2.9.4) the Flash remains enabled. If the Flash is used in non-
burst mode, you can choose to disable the Flash in WFI mode by configuring the
LP_PARAM14 bit in the MRCC_PWRCTL register.
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1.4

Note:

1.4.1

Boot configuration

In the STR750, 5 different boot modes can be selected by means of the BOOT[1:0] pins as
shown in Table 4.

Table 4. Boot modes

BOOT Mode
Selection Pins

Boot Mode Aliasing Note

BOOT1 | BOOTO
0 0 Embedded Flash Embedded FLASH sector BOFO All FLASH sectors
mapped at Oh accessible except
1 0 Embedded SRAM | Embedded SRAM mapped at Oh | SystemMemory sector
0 1 SystemMemory SystemMemory mapped at Oh -
1 1 External SMI SMI Bank 0 mapped at Oh -

This aliases the physical memory associated with each boot mode to Block 000 (boot
memory). The value of the BOOT pin is latched on the 4th rising edge of CK_SYS after
Reset. It is up to the user to manage the BOOT1 and BOOTO pins at reset release to select
the required boot mode.

The BOOT pins are also re-sampled when exiting from STANDBY mode. Consequently they
must be kept in the required Boot mode configuration in STANDBY mode.

Even when aliased in the boot memory space, the related memory (FLASH, SRAM or SMI)
is still accessible at its original memory space.

After this start-up delay has elapsed, the ARM CPU will start code execution from the boot
memory space, located at the bottom of the memory space starting from 0x0000_0000h.

The application can read the status of the boot pins that was latched at start-up and change
the memory aliasing on-the-fly by modifying the SW_BOOT bits in the CFG_GLCONF
register.

Embedded boot loader mode

Embedded Boot Loader Mode is used to re-program the FLASH using one of the serial
interfaces (typically a UART). This program is located in the SystemMemory is called ICP
boot loader” and is programmed by ST during production.

Refer to the STR7 Family Flash Programming Reference Manual for details.
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1.4.2 External memory (SMI) boot mode

When SMI boot mode is selected the Serial Memory Interface is automatically configured as
follows:

® Chip Select Polarity = low

SMI bank 0 is selected and the associated I/O alternate functions are enabled.
Boot Space (0000_0000h to O0FF_FFFFh -16MB) is aliased to SMI bank 0.
The SMI is configured in “NORMAL READ MODE?” (reset value)

°
°
°
® The SMI_PRESCALER is set to “2” (reset value)

Programming considerations when booting from SMI

After RESET, the PLL is disabled and CK_SYS and HCLK are clocked by the internal
FREEOSC oscillator (~5MHz). Consequently, the SMI clock output is ~2.5MHz
(SMI_PRESCALER reset state is 2).

To use a higher frequency, software has to configure the clock & PLLs as described in
Section 2.8.9: System startup on page 48.

Care is needed if the program performing the PLL & clock configuration is executed directly
from serial memory. The software must ensure that a proper clock frequency is provided to
the serial memory when changing the SMI_PRESCALER and switching the system clock.
That's why the SMI_PRESCALER must be changed first before switching the system clock
to the PLL output clock.

For example, to use the SMI in "NORMAL READ MODE" with a 60 MHz HCLK frequency:
Set the SMI_PRESCALER to 4 before switching HCLK to 60 MHz. The SMI clock frequency
is then 60 MHz / 4 = 15 MHz.

It is possible to obtain the highest SMI frequency, using "FAST READ MODE" if the serial
memory supports this mode. For instance, fyc k can be set to 48 MHz and the
SMI_PRESCALER can be be loaded to "1" to address a high speed Serial Memory at 48
MHz (for read only).

Note: Make sure that the SMI clock frequency (resulting from of your AHB clock and
SMI_PRESCALER settings) does not exceed the maximum allowed value. The maximum
frequency of the SMI is limited by the I/O speed.

Take care to load the SMI_PRESCALER and the FAST_READ mode with the same write
transaction. This can be done by a program which is executed from the serial Flash. In this
case, the SMI will change the clock and the READ MODE only at the end of this access.

For more details refer to Section 6.4.6 on page 155.

Note: The SMI only supports execution in ARM 32-bit mode (Thumb mode not supported).

J
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1.5 Configuration Register (CFG)
1.5.1 Global Configuration Register (CFG_GLCONF)
Address offset: 0x10
Access : 2 wait states
Reset value: depends on BOOT configuration
31 30 29 28 27 26 25 24 23 2 21 20 19 18 17 16
DEVICEID[15:0]
r r r r r r r r r r r r r r r r
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SW_BOO
Reserved USB_FILTEN | FLASH_BURST | FLASH_BUSY Reserved T
[1:0]
rw w r rw rw
Bits 31:16 DEVICEID[15:0]: Device identifier code
' These bits contain the STR750 device identfier code (0750h).
Bits 15:10 Reserved, always read as 0.
USB_FILTEN: USB Filter Enable
Bit 9 0: Filter disabled
1: Filter enabled in USB SUSPEND mode, glitches on USB pins are filtered.
Refer to Section 16.5.5 on page 390 for more details.
FLASH_BURST: Flash Burst Mode enable
Bit 8 0: Burst mode disabled
1: Embedded Flash is in Burst mode, with 1-cycle access for sequential
accesses and 2-cycle access for random access.
FLASH_BUSY: Flash Busy
Bit 7 0: Flash not busy
1: The Flash is being programmed or erased and is not ready to be used.
Bit 6:3 Reserved, always read as 0.
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Bit 2 Reserved.
SW_BOOT[1:0]: Boot Space Status/Control
When read, these bits reflect the boot configuration selected at start-up by the
external BOOT[1:0] pins as described in Section 1.4 and the Boot
Configuration column of Table 5.
They can be written to change the aliasing of the boot space as described in
the Boot Space Aliasing column of Table 5
Note: When the application selects SMI boot mode (by configuring the BOOT
pins at start-up):
— SMI Bank 0 is enabled and selected, and
— SMI_CS0, SMI_CK, SMI_DIN, and SMI_DOUT alternate functions are
Bits 1:0 automatically enabled on I/O ports P0.04, P0.05, P0.06 and P0.07
respectively.
However, if you change the aliasing of the boot space by writing to the
SW_BOOT bits while the SMI_EN bit in the GPIO_REMAPO register and BE[0]
bit in SMI_CR1 register are still ‘0’, this disables SMI Bank 0 and the SMI
alternate functions.
To keep SMI Bank 0 and the SMI alternate functions active, use the following
sequence:
— Write '1' in the BE[O] bit in the SMI_CR1 register
— Write '1"in the SMI_EN bit in the GPIO_REMAPQO register
— Modify the SW_BOOT bits as required.
Table 5. Boot space configuration/aliasing
Bit Value Meaning
SW_BOOT Boot o
. . Boot Space Aliasing (0000 0000 - 1FFF FFFF)
1 0 Configuration
0 0 Embedded |0000 2000 -1FFF FFFFh = not used
Flash 0000 0000 - 0000 1FFFh = Embedded Flash Bank 0 Sector 0 (8 KB)
0 1| systemMemory 0000 2000 - 1FFF FFFFh = not used
0000 0000- 0000 1FFFh = SystemMemory Bank 0 Sector 0 (8 KB)
1 0 Embedded |0000 4000 - 1FFF FFFFh = not used
SRAM 0000 0000 - 0000 3FFFh = internal SRAM (16 KB)
0100 0000 - 1FFF FFFFh = not used
top | BxemalSME 0000 0000 - 00FF FFFFh = SMI Bank (16 MB)

1.5.2 CFG Register map
Table 6. CFG Register map
Addr. Register
offset| Name |P|8R[RNQQRRRR[R2|[2N|el2ze|N 200/~ 00w (o |n|-lo
10h |CFG_GLCONF Global Configuration Register
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See Table 1 for base address.
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2

2.1

2.2

Power, Reset and Clocks

Introduction

You can connect the device in any of the following ways depending on your application:
® Power Scheme 1: Single external 3.3V power source

® Power Scheme 2: Dual external 3.3V and 1.8V power sources

® Power Scheme 3: Single external 5.0V power source

® Power Scheme 4: Dual external 5.0V and 1.8V power sources

Power supplies

The device has five power pins:

® Vpp |o: power supply for I/Os (3.3V 0.3V or 5V +0.5V). Must be kept on, even in
STANDBY mode.

Two embedded regulators are available to supply the internal 1.8V digital power:

® Vg (pins Vigreg and V4g which are internally shorted): Power Supply for Digital,
SRAM and Flash: 1.8V + 0.15V.

® Vg pkp: Backup Power Supply for STANDBY or STOP Mode
Vg and Vg pkp are normally generated internally by the embedded regulators:

The Main Voltage Regulator (MVREG) supplies Vg and Vg gkp It delivers a power supply
of 1.8V.

The Low Power Voltage Regulator (LPVREG) can supply V18_BKP or V18 in STOP or
STANDBY mode (see section Figure 2.9: Low Power modes on page 57). It delivers a power
supply of approximatively 1.4V

The Low Power Voltage Regulator (LPVREG) can supply Vg gkp or Vg in STOP or
STANDBY mode (see section Figure 2.9: Low Power modes on page 57). It delivers a power
supply of 1.6V = 0.2V

When the embedded regulators are used, the Main Digital part of the chip (V4g) can be
powered-off (meaning Vg left hi-Z) while keeping the backup circuitry powered on

(V1s_skp)-
It is also possible to supply Vig and Vg gkp externally.

Two sensitive analog blocks have dedicated power pins:
® Vppa pLL: Analog Power supply for PLL (must have the same voltage level as Vpp o)
® Vppa apc: Analog Power supply for ADC (must have the same voltage level as Vpp o)
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2.3

2.3.1
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Power supply schemes

Power scheme 1: Single external 3.3V power source

In this configuration, the internal voltage regulators are switched on by forcing the
VREG_DIS pin to low level. The Vgore supply required for the kernel logic and the Vgackup
supply required for the backup circuitry are generated internally by the Main Voltage
Regulator or the Low Power Voltage Regulator (depending on the selected low power
mode). This scheme has the advantage of requiring only one power source. Refer to

Figure 3.

At power-up and during Normal Mode (all operating modes except STOP and STANDBY

Modes):

® The Main Voltage Regulator powers both Vcore supply required for the kernel logic
and the Vgackup supply required for the backup circuitry.

® The Low Power Regulator is not used

Figure 3.
mode
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In STANDBY mode (see Section 2.9.6):

® the Main Voltage Regulator is disabled (output Voogg is hi-Z), the kernel is powered-off
® the Low Power Voltage Regulator powers the backup circuitry.
Figure 4. STANDBY mode in power supply scheme 1
IN STANDBY MODE THIS BLOCK IS KEPT POWERED ON
r— — — — — — INSTANDBY MODE THIS BLOCK S KEPT POWERED ON
Vig_BkP | |
BACKUP
sTANDBY | VBAckuP CIRCUITRY
| MODE | -tev |  (0sc32K RTC |
LOW POWER |y, 14V N WAKEUP LOGIC,
Lol “Vormoe | Vipvres L LY BACKUP REGISTERS) ||
| P EGULATOR T |
| . 8-
p—e
v | l POWER |
18 SWITCH
Vbo_io — - - - — - — — — = -
UNPOWERED
OFF KERNEL LOGIC
AN (CPU &
Vmvree = HI-Z y —HIZ DIGITAL &
VOLTAGE CORE = 11" MEMORIES
P! REGULATOR —> )

In STOP mode (where all clocks are disabled), it is possible to disable the Main Voltage
Regulator and to power both the backup circuitry and the kernel logic with the Low Power
Voltage Regulator (see Section 2.9.5)

Figure 5. Stop mode in power supply scheme 1 when MVREG is off
Vis_skp
BACKUP
VBackup CIRCUITRY
. (OSC32K, RTC
LOW POWER MODE WAKEUP LOGIC,
—) VOLTAGE VLpVREG — BACKUP REGISTERS)
REGULATOR > I
> - o
v POWER
18 SWITCH
Vbp_io —>
DISABLED (NO CLOCKS)
OFF KERNEL LOGIC
(CPU &
MAIN _ DIGITAL &
VOLTAGE | Ymvrec=HI-Z Veore MEMORIES)
P REGULATOR
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Power scheme 2: dual external 3.3V and 1.8V power sources

In this configuration, the internal voltage regulators are switched off by forcing the
VREG_DIS pin to high level. This scheme has the advantage of saving power consumption
when the 1.8V power supply is already available in the application. Vg and Vg gkp are
provided externally through the Vygreg, V1g and Vig gkp power pins. -

VREG_DIS pin is tied to high level which disables the Main Voltage Regulator and the Low

Power Voltage Regulator.

All digital power pins (V1ggrea, V1s and Vig ggp) must be externally shorted to the same
1.8V power supply source. Internally, Vcorg and Vgackup are shorted by the Power Switch.

In this scheme, STANDBY Mode is not available.

Figure 6.

Power supply scheme 2 (3.3V and 1.8V supplies, VREGDIS=1)
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2.3.3

Power scheme 3: single external 5.0V power source

This power scheme is equivalent to Power Scheme 1 with the exception that:
® The external power supply is 5.0V +/-0.5V instead of 3.3V

® USB functionality is not available

STANDBY mode is supported in this scheme.

Figure 7. Power supply scheme 3 (single 5.0V supply VREGDIS=0) in NORMAL

mode
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Power scheme 4: dual external 5.0V and 1.8V power sources

In this configuration, the internal voltage regulators are switched off, by forcing the
VREG_DIS pin to high level. This scheme has the advantage of saving power consumption
when the 1.8V power supply is already available in the application and providing 5V 1/0O
capability. Vigand Vg gkp are provided externally through the Vigreg, V1g and Vig gkp
power pins. - -

VREG_DIS pin is tied to high level which disables the Main Voltage Regulator and the Low
Power Voltage Regulator.

All digital power pins (V1ggrea, V1s and Vig ggp) must be externally shorted to the same
1.8V power supply source. Internally, Voore and Vgackup are also shorted by the power
switch shown in Figure 8.

In this scheme:

® STANDBY Mode is not available

® USB functionality is not available

Figure 8. Power supply scheme 4 (5V and 1.8V supplies, VREGDIS=1)
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2.4

2.5

2.6

Note:

Main voltage regulator

In Power Scheme 1 or 3 (see Section 2.3) the Main Voltage Regulator provides the 1.8V
power supply starting from Vpp 0. The V4greg Pin must be connected to external
stabilization capacitors (min. 10 uF Tantalum, low series resistance, and 33nF ceramic). The
Vg pin must be left unconnected. A decoupling capacitor of 1yF must be added on the
Vpp 10 Pin which is closest to the Vigrgg pin. Refer to the diagram in the datasheet for the
pin description.

Low power voltage regulator

In Power Scheme 1 or 3 (see Section 2.3) the Low Power Voltage Regulator is used in
STANDBY Mode and in STOP Mode (when MVREG is OFF in STOP mode).

The V45 gkp pin must be connected to an external stabilization capacitor of 1pF. It
generates a non-stabilized and non-thermally-compensated voltage of approximately 1.4V.

The output current is enough to power the backup circuitry (RTC and Wakeup Logic) or the

VcoRe supply required for the kernel logic in STOP mode (with the low power control

parameters FLASH and OSC4M OFF, see Section 2.9.5: STOP mode on page 61).

® In STANDBY mode, it provides the power supply starting from Vpp |o to the backup
circuitry while the Kernel Logic is un-powered.

® In STOP mode, if you program the LP_PARAM13 control bit (MVREG OFF) to disable
the Main Voltage Regulator, the Low Power Voltage Regulator powers the whole digital
circuitry, saving the static consumption of the Main Voltage Regulator (~100pA typical).

Regulator Startup Monitor (RSM)

Regulator Startup Monitor

The Main Voltage Regulator and the Low Power Voltage Regulator have an internal
Regulator Startup Monitor (RSM) which monitors the regulated power supply.

At power-up, the RSM extends the assertion of the RESET until the regulators are operating
(until Vg gkp and Vg are at the right level).

If there is a drop in the regulated power supply, the RSM automatically generates a RESET.
This enhances the security of the system by preventing the MCU from going into an
unpredictable state.

An external reset circuit must be used to provide the RESET at Vpp o power-up. It is not
sufficient to rely on the RESET generated by the RSM in this case. This is because RSM
operation is guaranteed only when Vpp o is within the specification (minimum 3.0V).

When regulators are not used (VREG_DIS pin is tied to high level), the RSM is disabled.
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Reset & power startup

Power Startup specifications

To ensure the MCU starts-up cleanly, the rise time of the Vpp |0 power supply must be
comprised between 20us/V and 20ms/V.

In addition, you must provide an external RESET for at least 20 ps after the Vpp |0 power
supply has reached its minimum working value (3.0V or 4.5V depending on power scheme).

It is recommended to use an external Power-On-Reset circuit monitoring Vpp o to assert
the RESET at power-up because it is not possible to rely on the RSM to generate a RESET
at power-up.

During Vpp |0 power-up (from OV to 3.3V or 5.0V), all I/Os are guaranteed to be in HiZ
state, assuming external RESET is asserted.

If you are using an external 1.8V power supply, the rise time of power supply Vg must be
comprised between 20us/V and 20ms/V.

External Reset Input

The NRSTIN pin acts as an asynchronous RESET active low.

The NRSTIN pad input is a Schmitt Trigger input pin. A filter is added to ignore all incoming
pulses with short duration:

® All negative spikes with a duration less than 150 ns are filtered.

® Alltrains of negative spikes with a ratio of 1/2 are filtered. This means that all spikes
with a maximum duration of 150 ns with minimum interval between spikes of 75 ns are
filtered.
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2.7.3 RESET sources

Figure 9. Reset circuit

Vbp_io

4_| Filter SYSTEM NRESET
NRSTOUT (AHB & APB NRESET)

WATCHDOG RESET
«] PUSE | ( { RSM RESET
‘ GENERAT0F¢ SOFTWARE RESET
(min 20ps)

EXTERNAL ,
reser. L Filter %
NRSTIN

There are 4 RESET sources:

e External RESET through NRSTIN pin

® Internal Watchdog reset

® Software reset

® RSM (Regulator Startup monitor) reset (when regulators are enabled)

All the internal RESET sources (Watchdog, Software Reset, RSM Reset) are logically ORed
with the external RESET source. The resulting signal (System Reset) is processed by an

analog stretch circuitry which guarantees a minimum reset pulse duration of 20us for each
reset source.

The NRSTOUT pin is an exact image of the system Reset signal (active low) provided to the
device which is used to generate the reset of the AHB System and the reset of each APB
peripherals.

Some peripheral registers, like the RTC or the BACKUP registers are not reset by a System
Reset but only by an RSM Reset: this means that these registers are only reset at 3.3V
power up.

Note: When the embedded regulators are disabled, (pin VREG_DIS tied to 1), the RTC is reset by
the NRSTIN pin and the BACKUP registers are never reset.

RESET flags are available in the Reset Flag and Status register (MRCC_RFSR) to
determine the internal reset source. This feature is available only when the embedded
regulators are enabled.
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2.7.5
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In STANDBY mode, the NRSTOUT pin is at high level (no RESET). However, when waking-
up from STANDBY (on RTC ALARM or WKP_STDBY pin event), the NRSTOUT pin will be
asserted low for 20us (due to the analog stretcher) providing a RESET to the MCU. This
way, the MCU restarts in the same way as after an external RESET; the BACKUP registers
and the RTC contents are kept.

Software Reset

To force a software reset, first select software reset using the LPMC[1:0] bits in the
MRCC_PWRCTRL register and then execute the Low Power Bit Writing Sequence
described in Section 2.9.1 on page 57.

Resetting peripherals individually

You can reset the APB peripherals individually using the MRCC_PSWRES control register
(see Section 2.10.5 on page 80).
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2.8 Clocks
The Clock controller provides the internal clocks needed by the different parts of the MCU:
® HCLK clocks all the peripherals mapped on the AHB bus (refer Figure 1: Multi-Layer
AHB bus architecture on page 16.)
® PCLK clocks all the peripherals mapped on the APB bus.
® CK_TIM clocks several timer counters independently from the APB clock.
® CK_USB clocks the USB interface kernel.
2.8.1 Clock overview

Figure 10. Clock overview
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2.8.2
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Several on-chip oscillators can feed the MCU system clock (CK_SYS) from which the HCLK
and PCLK derive:

® FREEOSC: Internal Free Running Oscillator providing a clock of approximately 5 MHz,
also used as emergency clock. It consists of the internal VCO of the PLL configured in
free running mode

® OSC4M: 4 MHz Main Oscillator, based on:
— a4 MHz Crystal/Ceramic oscillator connected to XT1/XT2
— oran 8 MHz Crystal/Ceramic oscillator to XT1/XT2 followed by an embedded
divider by 2
— orexternal clock connected to XT1

which can be multiplied by the PLL to provide a wide range of frequencies (up to 64
MHz)

® (OSC32K: 32.768kHz Oscillator (Crystal or Ceramic oscillator) which can drive either
the system clock and/or the RTC.

® LPOSC: Internal Low Power RC Oscillator providing a clock around 300 kHz which can
drive either the system clock and/or the RTC.

Several configurable dividers provide a high degree of flexibility to the application in the
choice of the APB or AHB frequency, while keeping a fixed frequency value for the USB
clock (48 MHz).

The Clock Detector (CKD) protects the Microcontroller against OSC4M or external clock
failures.

The RTC provides calendar, alarm and wake-up functions and can be clocked by any of the
oscillators other than FREEOSC.

Main 4MHz oscillator (OSC4M)

XT1 and XT2 pins are used to connect the Main Oscillator source, which can be a resonator
(crystal or ceramic) or an external source. Both sources can be used as the input clock to
PLL frequency multiplier (PLL) which requires a 4 MHz input clock.

Crystal or ceramic resonator

This Oscillator (OSC4M) has the advantage of producing a very accurate rate on the main
clock. This oscillator can be directly connected to

® a4 MHz Oscillator

® or a8 MHz Oscillator followed by a divider by 2.

If an 8 MHz Crystal or Ceramic is connected, You must select the divider by 2 by setting the

XTDIV2 control bit in the Clock Control Register (MRCC_CLKCTL) . You can do this, for
example, during the initialization phase while the system is clocked by FREEOSC.

The associated hardware configuration is shown in Figure 11. Refer to the electrical
characteristics section of the datasheet for more details.
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Figure 11. Clock sources
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Crystal/Ceramic Resonators

The resonator and the load capacitors have to be placed as close as possible to the
oscillator pins in order to minimize output distortion and start-up stabilization time. The
loading capacitance values must be adjusted according to the selected oscillator.

External Source (Bypass Mode)

In this mode, an external clock source must be provided. You select Bypass mode by setting
the OSC4MBYP control bit in the Clock Control Register (MRCC_CLKCTL) . You can do
this, for example, during the initialization phase while the system is clocked by FREEOSC.
The external clock signal (square, sinus or triangle) with ~50% duty cycle has to drive the
XT1 pin while the XT2 pin should be left hi-Z. See Figure 11.

o If the PLL is used in the application, the external clock source must be 4 MHz (or 8
MHz divided by 2 if the XTDIV2 bit is set in the Clock Control Register
(MRCC_CLKCTL)).

o If the PLL is not used, the external clock source can have any frequency within the
range specified in the datasheet. The divider by two is not mandatory in this case.

Oscillator power down

At any time, it is possible to temporarily clock the MCU using another clock source
(CK_RTC) and to switch off the OSC4M (setting the OSC4MOFF control bit in the
MRCC_CLKCTL register) to reduce power consumption.
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2.8.3

Managing the Oscillator start-up time (builder counter)

This clock scheme is designed to allow the microcontroller to become operational almost
immediately after power-on or reset, and the application can execute code without waiting
for the main oscillator startup: the CPU is initially clocked by the FREEOSC after RESET
release or after exiting from Low Power Mode. This allows the STR750 to respond to
external events or perform any other type of operation like initializing the hardware registers.

In parallel, the main oscillator (OSC4M) is automatically enabled and software can monitor
the startup time of the main oscillator using the builder counter (BCOUNT) and No Clock
Detected (NCKDF) flag. This allows the microcontroller to adapt to the start-up time of any
oscillator type.

Figure 12. System Clock scheme
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The Builder Counter is a 12-Bit counter clocked by CK_OSC4M. It is based on 4-bit
asynchronous counter (in order to filter glitches) and an 8-bit synchronous counter. The
current value of this 8-bit counter is compared with the BCOUNTM maximum value,
previously programmed by software: when they are equal, the BCOUNTF flag is set and the
counter is stopped.
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Note:

284

The builder counter is reset and enabled each time OSC4M has been disabled, and flagged
by the NCKDF bit. To start the builder counter the NCKDF flag must be reset by software.
This occurs:

® After RESET
® After STANDBY

® When software re-enables the OSC4M oscillator (using OSC4MOFF bit of the Clock
Control Register (MRCC_CLKCTL) on page 70).

® When waking-up from STOP mode with LP_PARAM15 bit set (OSC4M OFF) (See
Section 2.9.5: STOP mode on page 61)

® When the OSC4M clock recovers after an oscillator failure detection (NCKDF bit)

If you write to BCOUNTM[7:0] with a value lower than the current builder counter value, the
BCOUNTF flag is immediately set and the counter is stopped.

The default value of BCOUNTM([7:0] is FFh (4096 oscillator cycles of OSC4M)

As soon as the main oscillator is running, you can switch the system clock (CK_SYS) to the
clock source configured in the Clock Control Register (MRCC_CLKCTL) on page 70.

In initialisation part of your code, you can configure the oscillator selection, PLL
configuration and dividers for AHB and APB clocks.

The clock multiplexers are designed so that all the above clock switching mechanisms are
guaranteed to be glitch-free. In addition, built-in protection hardware prevents you from
switching to an inactive clock. This considerably simplifies the driver code.

RTC Clock Source (LPOSC, OSC32K)

Figure 13. RTC Clock scheme
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There are 3 clock sources available for the RTC:

® Low Power 32.768 kHz Crystal Oscillator (OSC32K)

® Low Power RC Oscillator (LPOSC)

® Main Oscillator (OSC4M) divided by a fixed prescaler of 128

The RTC clock can be used as a low power system clock, selected by the CKRTCSEL in the
MRCC_PWRCTRL register (Section 2.10.3 on page 76) and the CKSEL and CKOSCSEL

bits in the MCRCC_CLKCTL register (Section 2.10.1 on page 70). If LPOSC or OSC32K
are selected by CKRTCSEL, the Main Oscillator (OSC4M) can be stopped in this mode.
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2.8.5 PLL, FREEOSC, & AHB/APB prescalers

Figure 14. PLL, FREEOSC & AHB/APB prescaler scheme
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The PLL provides a Frequency Multiplier starting from a single input clock (OSC4M source)
and providing the 2 following independent output clocks:

—  CK_PLL1 output with 4 programmable multiplication factors (up to 64 MHz) used
for generating CK_SYS

—  CK_PLL2 output with fixed 48 MHz frequency when input clock is 4 MHz used for
generating CK_USB
FREEOSC provides a Free Running Oscillator for the system clock: this clock is selected
when
— The PLL is disabled: FREEOSC is acting as an oscillator source
—  The clock failure flag is active: FREEOSC is acting as an emergency clock source.

For security, the hardware prevents the software from making certain unrecoverable errors:

—  Software cannot switch CK_SYS to CK_PLL1 (multiplied clock output) until the
PLL is locked.

— CK_USB is gated until the software enables the PLL2EN bit in the
MRCC_CLKCTL register (Section 2.10.1 on page 70).

The AHB and APB prescalers allow you to choose the AHB and APB frequencies from a
wide range of possibilities (see Section 2.10.1: Clock Control Register MRCC_CLKCTL) on
page 70):

—  HCLK (AHB Clock) can be generated from CK_SYS divided by 1, 2, 4 or 8
— PCLK (APB Clock) can be generated from HCLK divided by 1, 2, 4, 8 or 16
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The clock provided to the Timers (CK_TIM) can have twice or the same frequency as PCLK
. This allows the timers to count at high frequency (up to 64 MHz)

Table 7 gives some typical clock configurations:

Table 7. Typical prescaler uses

foscam F:,I:':;r fck_svs H?EE]S “1 tfuew PP[:‘ :E,]SC fek_mim PPRZESC frck | fek_uss
x16 64 MHz 00 64 MHz 00 64 MHz 32 MHz 48 MHz
x16 64 MHz 00 64 MHz 01 32 MHz 16 MHz 48 MHz
x15 60 MHz 00 60 MHz 00 60 MHz 30 MHz 48 MHz
MRz x14 56 MHz 00 56 MHz 00 56 MHz 1 28 MHz 48 MHz
x12 48 MHz 00 48 MHz 00 48 MHz 24 MHz 48 MHz
x16 64 MHz 01 32 MHz 00 32 MHz 16 MHz 48 MHz

The software must respect the configuration constraints of the PLL (refer to Section 2.8.9:
System startup on page 48).

The FREEOSC and PLL are reset during the whole assertion of System RESET. After reset
release, the PLL is disabled and FREEOSC supplies the system clock (~5 MHz).

2.8.6 Clock-out capability: MCO (Main Clock Output)

The Main Clock Output (MCO) capability allows you to output a clock on the external MCO
pin. The configuration registers of corresponding GPIO port must programmed in alternate
function mode. You can select one of 4 clock signals as MCO clock.

e CK_PLL2

e HCLK

e PCLK

e CK_0OSC4M

The selection is controlled by the MCOS[1:0] bits of CLKCTL register. A dedicated prescaler
(divide by 1 or 2, selected by MCOP bit) can be applied to this clock before outputting it to
the MCO pin. Care must be taken when switching MCO clock selection, the alternate
function should be disabled to avoid any glitches on the MCO pin.

2.8.7 Clock Detector (CKD)

A CKD (Clock Detector) is implemented to:

® detectif no clock is present on OSC4M (broken or disconnected resonator) and prevent
the software from selecting it.

® automatically feeds the MCU with the FREEOSC used as emergency clock if no clock
is detected.

® generate an interrupt if enabled, allowing the MCU to perform some rescue operations
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Note:
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Emergency Oscillator Control

The CKD is always enabled. This way, the MCU can start even if there is no oscillator clock
source.

In some Low Power Modes, the CKD is active and can wake up the MCU. See Section 2.9:
Low Power modes on page 57

Emergency Oscillator Activation

The activation of the emergency oscillator is notified by hardware by setting the NCKDF (No
Clock Detected Flag) bit in the in the MRCC_CLKCTL register. An interrupt can be
generated if the NCKDIE bit has been previously set.

These two bits are described in Section 2.10.1 on page 70.

Emergency oscillator clock recovery

When the clock source switches to the emergency clock, the user program code is still able
to run. As soon as the Main Oscillator clock recovers, the software is notified by the NCKDF
flag coming back to ‘0’. Then software can switch back to the original clock configuration.

Figure 15. Emergency oscillator timing diagram

5 fosca ] S | TR
9 oscam ({|yyyodvonobl oo
S
=
38 | Nckor | |
25
59 co -
% 2 frrEEOSC o '
g Lfecss JMIMIANL.__ 107 "1 PR I D O
by HW
Yy by sw\A
< »>< ><¢ >
CK_SYS=0SC4M CK_SYS=FREEOSC CK_SYS=0SC4M

The CKD is also enabled when Oscillator is bypassed by external clock. This means that it is
not possible to clock the MCU with a discontinued clock (like clock pulses followed by
blanks) because the CKD will provide internal clock cycles.
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2.8.8

Figure 16.

Detailed Clock scheme

Figure 16 shows an overview of the main clocks. Refer to Figure 24 for details on the
peripheral clocks.

Detailed Clock scheme
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2.8.9 System startup

This following sections describe the state of the processor just after reset and how to switch
from one source clock to another one. Figure 17 and Figure 18 show a waveform diagram of
a system startup.

Figure 17. Startup waveform diagram
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Figure 18. Startup waveform diagram continued
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2.8.10

Clock state after Reset

After any reset:

® CK_SYS s driven by the FREEOSC: the reset state of CKSEL bit selects CK_PLL1
(driven by the FREEOSC) as input clock of CK_SYS.

® The AHB prescaler is in “divide by 1” mode. This means that fc k = frreeosC
® The APB prescaler is in “divide by 1” mode. This means that fpc  k = frrEEOSC

After reset release, CK_SYS is first delayed by an internal temporization.

During this temporization, on the 4th rising edge, the state of the BOOT pins are sampled
which defines the boot configuration (Refer to Figure 17: Startup waveform diagram on
page 48)
o Ifinternal Flash boot mode is selected, this temporization is extended and the code
execution will wait until the Flash Ready Response.
This response is not deterministic and may significantly vary depending on the Flash
embedded algorithms, process and temperature. The result of this delay count can
subsequently be read in the SCOUNT][11:0] bits in the MRCC_RFSR register and the
elapsed time can be estimated based on CK_SYS clock frequency.

o If a boot mode other than internal Flash is selected, this temporization is limited to 8
clock cycles. The CPU will start executing code immediately after this delay of 8 clock
cycles. Then if software wants to access the internal Flash, it should wait for the Flash
to become ready to be accessed and monitor the FLASH_BUSY bit in the
CFG_GLCONEF register. When FLASH_BUSY=0, this means that the Flash is ready
and that it can be accessed immediately. However, any access made before the Flash
is ready will be performed but will result in WAIT states being inserted.

Once the boot mode is defined and temporization has elapsed, the CPU fetches the first
instruction. Software must then configure the clocks following the steps outlined in Figure 19
and detailed in Figure 20, Figure 21, Figure 22 and Figure 23.

Figure 19. System Clock source control state diagram
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2.8.11
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Switching CK_SYS from FREEOSC to CK_OSC (CK_OSC4M or

CK_RTC)
Figure 20. System Clock source control: switches 1 and 2
> | <
Switch i
Q
A
@ :
Y
| Enable RTC clock source oscillator|
| Select RTC clock source |
FREEOSC
Yy
Y
i
——» CKOSCSEL bit
CKOSCSEL bit toggling sequence
toggling sequence
Write CKSEL to ‘1’
. T oI | vy _
CK_OSCA4M oK ATC cKose

After reset, the first software instructions (clocked by the FREEOSC) have to select the
clock source and the PLL multiplier factor. You select the clock source using the CKSEL bit
in the Clock Control Register (MRCC_CLKCTL) register. It is mandatory to proceed in the
following way:

Switch 1: switching CK_SYS from FREEOSC to CK_OSC4M

1.

If an 8 MHz Ceramic/crystal is connected to the oscillator, the oscillator divider by 2
must be enabled by setting the XTDIV2 bit in the Clock Control Register
(MRCC_CLKCTL).

Check that an oscillator clock is present (CK_OSC4M) using the NCKDF bit in the
MRCC_CLKCTL register. After reset, the NCKDF status flag is set (default value):
software must reset the flag, read it back and repeat this until it goes to 0.

Define the delay for the oscillator clock by writing this value in the builder counter
maximum value (BCOUNTM([7:0] bits in the Reset Flag and Status register
(MRCC_RFSR)), which depends on the stabilization time required by the main
oscillator being used. Even when using an oscillator with a quick start-up time, you
have to allow a minimum delay to ensure that a clock is present, and ensure a clean,
glitch-free clock.
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4. Wait until the BCOUNTF flag is set, indicating that a stabilized clock input is present
and verify in the meantime that NCKDF is still reset. If NCKDF has been set, which can
occur in a case of oscillator startup, you should reset the flag which will restart the
builder counter, and wait until the BCOUNTF flag is set.

5. Switch CK_SYS from CK_PLL1 to CK_OSC4M, using the CKSEL bit in the
MRCC_CLKCTL register. To safeguard the system, the selection is possible only if an
oscillator clock is present (NCKDF=0). If CKSEL is at 1, the clock system has
successfully switched to CK_OSC4M. Otherwise the CKSEL bit remains at ‘0’,
CK_SYS remains clocked by the FREEOSC and software must repeat step 1.

Switch 2: switching the CK_SYS from FREEOSC to CK_RTC

1. Configure the clock source that you want to use for the RTC:
a) LPOSC: Write the LPOSCEN control bit to enable the Low Power RC Oscillator

b) OSC32K: Write the OSC32KEN control bit to enable the 32.768 kHz Oscillator,
and wait for the OSC32KRDY flag to be set to ‘1’ indicating that the oscillator clock
is stable.

c) CK_OSC4M divided by 128: The OSC4M must be active.

2. Select the clock source to be used, by setting the CKRTCSEL[1:0] bits in the
MRCC_PWRCTRL register.

3. Execute the CKOSCSEL Bit Toggling Sequence to set it to ‘1’. This sequence is similar
to the Low Power Bit Writing Sequence:

a) Write CKOSCSEL to ‘1’
b) Write CKOSCSEL to ‘1’
c) Write CKOSCSEL to ‘0’
d) Write CKOSCSEL to ‘1’
e) Read CKOSCSEL until CKOSCSEL=1
The CKOSCSEL bit is now written to ‘1°. CK_OSC is now driven by CK_RTC (see Figure 12:
System Clock scheme on page 42).
Note: It is recommended to mask interrupts when executing the above sequence.

4. Switch CK_SYS from CK_PLL1 to CK_RTC, by writing CKSEL to ‘1".
In the case where OSC4M is selected as RTC clock source, the Clock Detector
function prevents the CKSEL bit from going to ‘1’ if the CK_OSC4M clock is not present
(NCKDF flag=1).

5. Read both CKOSCSEL and CKSEL. If both are at 1, the clock system has successfully
switched to CK_RTC.

6. To further reduce power consumption, you can first disable the PLL by writing the
PLLEN bit to ’0’ and in a second step disable the OSC4M Oscillator by writing the
OSC4MOFF bit to ‘1’
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2.8.12 Switching CK_SYS from CK_OSC4M to CK_PLL1 (PLL or

FREEOSC)
Figure 21. System Clock source control: switches 3 and 4
- A — — -
CK_OSC
________ y_ _ _ _ _
A
CK_PLLA1
v

Switch 3: switching CK_SYS from CK_OSC4M to PLL

1. Configure the PLL multiplier factor respecting the PLL constraints regarding input and
output frequencies to obtain the required multiplier factor. (see Section 2.10.1: Clock
Control Register (MRCC_CLKCTL) on page 70).

2. Enable the PLL by setting the PLLEN bit (see Section 2.10.1).

3.  Wait for the LOCK status bit by polling or waiting for the interrupt (assuming it has been
previously enabled) (see Section 2.10.1).

4. Switch CK_SYS from CK_OSC4M to CK_PLL1, using the CKSEL control bit.

Switch 4: switching CK_SYS from CK_OSC4M to FREEOSC

1.  Check that PLL is disabled, and write PLLEN bit to ‘0’ if necessary.
2. Switch CKSYS to the FREEOSC clock (CK_PLL1), by writing CKSEL bit to 0.

J
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2.8.13 Switching CK_SYS from CK_RTC to CK_PLL1 (PLL or FREEOSC)

Figure 22. System Clock source control: switches 5 and 6
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v

Switch 5: switching CK_SYS from CK_RTC to PLL

If the PLL is already enabled and locked, you can simply switch CK_SYS to CK_PLL1 by
resetting CKSEL bit.

Otherwise, if the PLL is not enabled, use the following procedure:
1. Switch CK_SYS to the FREEOSC clock (CK_PLL1), by writing PLLEN bit to 0 and

CKSEL bit to 0.

2. Switch CK_SYS from FREEOSC to CK_OSC4M using the procedure in Section 2.8.11
on page 50).

3. Switch CK_SYS from CK_OSC4M to PLL using the procedure in Section 2.8.12 on
page 52).

Switch 6: switching CK_SYS from RTC to FREEOSC

1. Check if the PLL is disabled, and write 0 to the PLLEN bit if the PLL not disabled.

2. Switch CK_SYS to the FREEOSC clock (CK_PLL1), by writing PLLEN bit to 0 and
CKSEL bit to 0.
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2.8.14 Switching the CK_SYS from PLL to CK_OSC (CK_OSC4M or

CK_RTC)
Figure 23. System Clock source control: switches 7 and 8
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=12 N
Y
Wiite CKSEL t0 1" | | wiite CKSEL to 1 |
__________________________ vy_ _ _ _
A
CK_0OSC4aM CK_RTC CK_OSC
v

Switch 7: switching CK_SYS from PLL to CK_OSC4M

1. Check that CKOSCSEL is 0, otherwise apply the CKOSCSEL bit toggling sequence to
clear CKOSCSEL.

2. Switch CK_SYS from CK_PLL1 to CK_OSC4M, by setting the CKSEL bit.

Switch 8: switching CK_SYS from PLL to CK_RTC

If the CK_RTC clock source has already been selected, you can simply switch CK_SYS to
CK_PLL1 by setting the CKSEL bit.

J
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Note:

Otherwise, if a CK_RTC is not selected, use the following procedure (identical to the Switch
2 procedure):

1.

Configure the clock source that you want to use for the RTC:
a) LPOSC: Write the LPOSCEN control bit to enable the Low Power RC Oscillator

b) OSC32K: Write the OSC32KEN control bit to enable the 32.768 kHz Oscillator,
and wait for the OSC32KRDY flag to be set to ‘1’ indicating that the oscillator clock
is stable.

c) CK_OSC4M divided by 128: The OSC4M must be active.

Select the clock source to be used, by setting the CKRTCSEL[1:0] bits in the Power
Management Control register (MRCC_PWRCTRL) register.

Execute the CKOSCSEL Bit Toggling Sequence to set it to ‘1°. This sequence is similar
to the Low Power Bit Writing Sequence:

a) Write CKOSCSEL to ‘1’
b) Write CKOSCSEL to ‘1’
c) Write CKOSCSEL to ‘0’
d) Write CKOSCSEL to ‘1’
e) Read CKOSCSEL until CKOSCSEL=1

The CKOSCSEL bit is now written to ‘1°. CK_OSC is now driven by CK_RTC (see Figure 12:
System Clock scheme on page 42).

It is recommended to mask interrupts when executing this sequence.

4.

Switch CK_SYS from CK_PLL1 to CK_RTC, by writing CKSEL to ‘1’.

If OSC4M is selected as RTC clock source, the Clock Detector function prevents the
CKSEL bit from going to ‘1’ if CK_OSC4M clock is not present (NCKDF flag=1).

Read both CKOSCSEL and CKSEL. If both are at 1, the clock system has successfully
switched to CK_RTC.

To further reduce power consumption, you can first disable the PLL by clearing the
PLLEN bit PLLEN and in a second step disable the main oscillator by writing ‘1’ in the
OSC4MOFF bit.
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2.8.15

Peripheral Clock scheme

Figure 24. Peripheral Clock scheme
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2.9

2.9.1

Low Power modes

Several Low Power Modes are implemented to reach the best compromise between lowest
power consumption, fastest start-up time and available wake-up sources:

— SLOW MODE (system clock speed is reduced)
— PCG MODE (APB Peripherals Clock Gating)
—  WFI MODE (Wait For Interrupts)
—  STOP MODE (all clocks are disabled)
— STANDBY MODE (part of the chip is un-powered)
Software has to execute the “Low Power Bit Writing Sequence” to enter WFI, STOP or

STANDBY modes. This sequence protects the application from entering in Low Power mode
unintentionally.

Low Power Bit Writing sequence

WFI, STOP or STANDBY Modes are entered by software writing the following specific
sequence to the LP bit in the MRCC_PWRCTRL register.

Before executing the sequence, LP_DONE bit status must be previously cleared.

® Write LP bit to ‘1’

Write LP bit to ‘1’

Write LP bit to ‘0’

Write LP bit to ‘1’

Read LP: if successful, LP is first read at 1 and then cleared by hardware when
entering in Low Power Mode.

If this sequence is not performed correctly or if LP_DONE was not cleared, the sequence is
automatically reset and must be re-executed from the beginning.

To abort the sequence, simply write twice the LP bit to ‘0’.

The LP_DONE status flag is set after a successful LP Bit Writing Sequence (meaning that
the system has entered and exit Low Power Mode). This information is useful to know if Low
Power Mode has been effectively entered or not.

As soon as the LP Bit Writing Sequence is initiated:

o the MRCC_PWRCTRL register is locked (any write access other than to the LP bit will
be discarded) until the sequence is completed or aborted.

® interrupts are masked (IRQ and FIQ signals to the ARM CPU are gated) until the
sequence is completed or aborted.

Any interrupts which occur during this sequence will not be lost: they will be served after the
sequence is completed or aborted.

Before performing the sequence, all pending bit interrupts used to wake-up from STOP
mode should be cleared.

If any interrupts from an external interrupt line, an RTC alarm or NCKDF (no clock detected)
event are still pending, the sequence will not performed correctly.

If an interrupt occurs during this sequence, the MCU will not enter Low Power Mode after
completing the sequence, but will serve the interrupt instead.
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In both cases, software must then reexecute the Low Power Bit Writing Sequence to
effectively go into low power mode. It is possible to determine if Low Power Mode was
entered by reading the LP and LP_DONE bits status after wake-up.

It is mandatory to follow this flow chart to manage the Low Power Mode:

Figure 25. Mandatory software flow for entering low power mode

| Main Program |

-
. |
| Write LP to ‘1’
Write LP to ‘1
| Write LP to ‘0’
@ | Write LP to ‘1’
Hi ( : ) Dedicated LP entry sequence
| | Read LP |
L @ Wait for Low Power entry time
@ N @ Low Power not executed, sequence
should be re-done (bad sequence or
‘ Y IRQ during sequence)
Low Power successfully executed
| Read LP_DONE | LP_DONE should cleared.

Interrupt Routine

[ Write LP_DONE to ‘0’|

Main Program
to be continued

The choice of low power mode entered with this sequence depends on the state of the
LPMC bits described in the Power Management Control register MRCC_PWRCTRL) on
page 76:

Table 8. Low Power mode selection
Control bits
Low Power Mode Selected

LPMC[1:0] | BURST | WFI_FLASH_EN
0 0 - - STOP Mode
0 1 - - Software Reset

0 0 WEFI, Flash disabled (DMA not allowed in WFI)

0 1 WFI, Flash enabled (DMA allowed in WFI)
1 0 1 0 Forbidden

1 1 WFI, Flash enabled (DMA allowed in WFI)
1 1 - - STANDBY Mode
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2.9.2 SLOW mode
In SLOW mode, power consumption is reduced by slowing down the main clocks. It is
possible to use all the device functions of the chip, but at reduced speed.
To enter Slow Mode, the HPRESC[1:0] and PPRESC[2:0] bits prescaler in the
MRCC_CLKCTL register must be programmed to reduce the CPU and/or peripheral clock
frequency.
It is also possible to use the RTC clock as system clock. This is done by programming the
CKOSCSEL control bit with a special sequence of write instructions (see Section 2.8.12:
Switching CK_SYS from CK_OSC4M to CK_PLL1 (PLL or FREEOSC) on page 52). In this
configuration, the PLL can be disabled by software to reduce power consumption. When
exiting from this mode, if PLL has been disabled, the software must re-enable the PLL in the
same way as after a RESET (see Section 2.8.13: Switching CK_SYS from CK_RTC to
CK_PLL1 (PLL or FREEOSC) on page 53).

293 PCG mode: Peripherals Clocks Gated mode
It is possible to gate or ungate each clock feeding the APB peripherals independently. This
is done by writing to the MRCC_PCLKEN register. This can be done at any time, allowing
you to save power whenever these peripherals are not used, adapting dynamically to the
needs of the application. Please refer to Section 2.10.4: Peripheral Clock Enable register
(MRCC_PCLKEN) on page 80 for the register description.
By default, after reset, all APB peripherals are in PCG Mode (their clock is disabled).
The clock to the Watchdog is an exception, it cannot be gated in PCG mode, it is always
clocked by PCLK.
Some peripherals (USB, TB, TIM, PWM ) use a clock source other than PCLK which can be
gated using specific control bits:
® CK_USB 48 MHz clock gated by the PLL2EN bit in the Clock Control Register

(MRCC_CLKCTL)
® CK_TIM: clock to TB, TIM, PWM timers gated by specific bits in the Peripheral Clock
Enable register MRCC_PCLKEN)
294 WFI mode: Wait For Interrupt mode

In WFI mode you reduce power consumption by stopping the CPU. The program stops
executing but peripherals are kept running and the register contents are preserved.
Execution restarts when an interrupt request is sent to the EIC.

WFI mode entry procedure

Use the following procedure to enter WFI mode:

1. First select WFI Mode by programming the LPMC[1:0] and the WFI_FLASH_EN bits in
the Power Management Control register (MRCC_PWRCTRL).

2.  Program the LP_PARAM bits in the MRCC_PWRCTRL register to enable or disable
selected parts of the MCU circuitry in WFI mode

3. Execute the Low Power Bit Writing Sequence as described in Section 2.9.1: Low Power
Bit Writing sequence on page 57.
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Note:
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LP mode control parameters

If the Flash is used in Burst mode, it must be kept enabled in WFI mode

(WFI_FLASH_EN bit = 1).

® If the WFI_FLASH_EN bit is set, the Flash memory is kept enabled in WFI mode and
the system can perform DMA transfers.

® The LP_PARAM bits in the MRCC_PWRCTRL register have no effect in this case.

If the Flash is used in Non-Burst mode, the Flash may be disabled in WFI mode
(WFI_FLASH_EN bit = 0) and the LP_PARAM bits in the MRCC_PWRCTRL register used
to further reduce power consumption in WFI mode as follows:

® If WFI_FLASH_EN is reset, DMA must be disabled when entering WFI mode.

® FLASH OFF (LP_PARAM14). The Flash can be put in low power mode
(LP_PARAM14=0) or disabled (LP_PARAM14=1). In the second case, the static
consumption of the Flash is removed, but latency is incurred when exiting WFI mode.

® Other LP_PARAM bits have no effect in WFI mode.

Wake-up events

Wake-up from WFI mode can be performed either by an external interrupt from an 1/O pin or
an internal interrupt generated by one of the internal peripherals (assuming that its clock
has not been disabled by software) or by NCKDF (no clock detected) interrupt.

DMA interrupts can also be used, but only if the WFI_FLASH_EN bit in the Power
Management Control register (MRCC_PWRCTRL) has been previously set.

You can also combine WFI mode with PCG mode. However in this case, the peripherals that
are disabled cannot generate the interrupt used to exit from WFI mode and another interrupt
source has to be available.

It is also possible to wake-up from WFI triggered by an external interrupt line (configured in
the EXTIT registers) without having enabled the corresponding IRQ in the EIC. In this case,
the external interrupt event will cause a wake-up from WFI, but no IRQ routine will be
invoked. The program will simply resume execution.

The RTC can wake up the MCU from WFI in two ways:
® either using the global interrupt of the RTC (Alarm, Second or Overflow)

@ orthrough external interrupt line #15 which is connected only to the RTC alarm. In this
case, this external interrupt must be properly configured. (see Section 4.8.5: External
interrupt line mapping on page 126)

However, it is recommended to use the global interrupt of the RTC to wake-up from WFI.

Wake-up latency

If the Flash memory is kept enabled (WFI_FLASH_EN) or in low power mode
(LP_PARAM14=0), there will be no latency when resuming after wake-up from WFI mode.

If Flash memory is disabled in WFI Mode, using the LP_PARAM14 bit in the Power
Management Control register (MRCC_PWRCTRL), latency occurs when restarting due to
the Flash start-up time. Wait states are inserted until the Flash is ready. This latency is not
deterministic and may vary, depending on temperature or process dispersion.

This latency does not occur if the software fetches from SRAM when it restarts. Any access
to Flash will be performed correctly, but will result in wait states being inserted if the Flash is
not ready.
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The Flash must be configured all the above control parameters, even if SRAM is used to
fetch parts of the software.

Table 9. WFI mode functionality

Control Functionality in WFI mode
bits
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2.9.5 STOP mode

In this mode CK_SYS is stopped. This means that the CPU and all the peripherals clocked
by CK_SYS or derived clocks are disabled. As a result the AHB and APB peripherals are not
clocked, so the digital part of the MCU consumes no power other than the leakage current

due to the process technology.

In STOP mode, all the registers and SRAM contents are preserved, the PLL and clock
configuration can remain unchanged.

STOP mode entry procedure

Use the following procedure to enter STOP mode:

1. First select STOP Mode by programming the LPMCJ[1:0] bits in the MRCC_PWRCTRL
register.

2.  Program the LP_PARAM bits in the MRCC_PWRCTRL register to enable or disable
some peripherals in STOP mode

3. Execute the Low Power Bit Writing Sequence as described in Section 2.9.1: Low Power
Bit Writing sequence on page 57.
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Note:

62/437

1

LP mode control parameters

To further reduce power consumption in STOP mode, you can disable additional parts of the
MCU when it enters STOP Mode. You configure this by programming the LP_PARAM[15:13]
bits in the MRCC_PWRCTRL register:

OSC4M and PLL OFF (LP_PARAM15): This removes the power consumption of the
PLL and the OSC4M oscillator, however the clock configuration returns to its reset
state. So when resuming from Stop mode after a wake-up event, you have to manage
the start-up time for oscillator stabilization and re-enable the PLL.

FLASH OFF (LP_PARAM14): This saves the static power consumption of the Flash,
but some latency for Flash start-up is incurred when waking up from STOP mode.

MVREG OFF (LP_PARAM13): When this parameter is set, the LPVREG (Low Power
Voltage Regulator) powers the whole circuit, saving the static consumption of the
MVREG (Main Voltage Regulator). In addition, the OSC4M oscillator, PLL and Flash
are also switched off (all three LP_PARAM bits 13, 14 and 14 are set) because the Low
Power Regulator does not have enough power to drive them. When resuming from
Stop mode after a wake-up event, start-up latency is incurred.

When using the LP_PARAM15 bit to switch off OSC4M in STOP mode, it is recommended
to clear the NCKDF bit just before entering STOP mode. Otherwise, if NCKDF=1 when
entering STOP mode, OSC4M will not be disabled and will continue to use power.

If OSC4M is not used as the system clock source, it is strongly recommended to switch it off
by setting the OSC4MOFF bin STOP mode even if LP_PARAM 15 is set and NCKDF is
cleared as recommended in note 1 above.
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Table 10. STOP mode functionality
Control bits Functionality in STOP mode
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Power Consumption in STOP mode

Table 11 gives an approximate indication of the power savings that can be gained using the
LP_PARAM15:13 bits in the Power Management Control register (MRCC_PWRCTRL).

Table 11. Typ. power consumption of circuits controlled by LP mode parameters

Power Consumption Saving
Control bit Circuit (under typical conditions
with 3.3V single power scheme)

LP_PARAM15 OSC4M oscillator and PLL 1.8 mA
LP_PARAM14 Flash memory 515 pA
LP_PARAM13 MVREG Main Voltage Regulator 130 pA

When all the LP_PARAM bits are enabled, the MCU power consumption consists only of the
static consumption of the Low Power Regulator (and the RSM) plus the leakage currents of
the digital logic (a total of 20pA typical at Ty= 25° C for 3.3 V supply).

In dual supply mode (VREG_DIS pin=1), the power consumption consists only of the
leakage current (10 pA typical at Ty = 25° C on V4g supply).

Note: The Low Power RC Oscillator (LPOSC) and the 32.768kHz crystal oscillator (OSC32K) are
still active if previously programmed (RTC is still working if clocked by one of these two
clocks).

The ADC or USB can also consume power unless they are disabled before entering STOP
mode.

Wake-up events

Wake-up from STOP mode can be triggered by a reset, an external interrupt event or an
RTC alarm or NCKDF (no clock detected) interrupt. Refer to Table 10: STOP mode
functionality on page 63.

It is also possible to wake-up from STOP mode triggered by an external interrupt line
(configured in the EXTIT registers) without having enabled the corresponding IRQ in the
EIC. In this case, the External Interrupt Event will exit from STOP, but no IRQ routine will be
invoked. The program will simply resume execution.

The user program must clear the external interrupt line pending bit in the Pending Register
(EXTIT_PR) which caused the wake-up from STOP mode. If this pending bit is not cleared,
the next STOP mode entry procedure will be ignored and program execution will continue.

The RTC can wake up the MCU from STOP mode only through external interrupt line #15
which is internally connected to the RTC alarm. In this case, this external interrupt must be
properly configured (see Section 4.8.5: External interrupt line mapping on page 126). Note
that only the RTC alarm is connected to external interrupt line #15 (not the RTC second or
overflow interrupt).

J
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Note:

2.9.6

Wake-up latency

When the OSC4M oscillator, the Flash memory and the MVREG voltage regulator are kept
active, the application is able to restart immediately with almost no latency.

If Flash memory is disabled in STOP Mode, using the LP_PARAM14 bit in the Power
Management Control register (MRCC_PWRCTRL), latency occurs when restarting due to
the Flash start-up time. Wait states are inserted until the Flash is ready. This latency is not
deterministic and may vary, depending on temperature or process dispersion.

This latency does not occur if the software fetches from SRAM when it restarts. Any access
to Flash will be performed correctly, but will result in wait states being inserted if the Flash is
not ready.

If you disable the OSC4M oscillator in STOP Mode, using the LP_PARAM15 bit in the Power
Management Control register (MRCC_PWRCTRL), the clock configuration is lost and
returns to reset state. Software must re-configure the clocks when the MCU wakes-up from
STOP mode.

Debug mode

If you are using the debug features of the ARM7TDMI-S, and the application you are running
puts the MCU in STOP mode, the debug connection will be lost, because the ARM7TDMI-S
core is no longer clocked.

However, using Low Power Debug mode, you can debug your software even if you make
extensive use of STOP mode. To enable this feature, set the LPMC_DBG bit after RESET. In
this configuration, whenever a STOP mode entry sequence is successfully executed, the
MCU goes into WFI Mode instead of STOP mode, so the core keeps running and its debug
features remain active.

As WFI is performed instead of STOP mode, the WFI_FLASH_EN must be set (see
Section 2.9.4);

STANDBY mode

This mode is only available when using the embedded regulators (pin VREG_DIS tied to 0).

In STANDBY Mode, the MVREG (Main Voltage Regulator) is disabled and the internal
power switch opened (see Figure 4: STANDBY mode in power supply scheme 1 on

page 31). This powers off the kernel circuitry, reducing power consumption to almost nil.
Only the backup circuitry remains powered by the LPVREG (Low Power Voltage Regulator).

This mode is particularly important for applications which require very low consumption
even when a rise in temperature occurs: there is almost no dispersion in temperature
because the leakage currents are very low (most of the digital part is not powered).

The contents of the registers and SRAM are lost. The backup circuitry can be used to wake-
up the microcontroller. Some backup registers also remain powered and can be used to
store some parameters. This backup circuitry consists of:

® RTC Counter and Alarm mechanism
® Wake-up Logic
® Backup Registers (8 bytes)

The Wake-up logic switches the power to the kernel back on. The kernel is kept under
RESET until the internal voltage is correctly regulated; at this point the interface between
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the kernel and Backup block is reconnected, and the CPU restarts from its RESET
sequence.

STANDBY mode entry procedure

Use the following procedure to enter STANDBY mode:

1. First select STANDBY Mode by programming the LPMC[1:0] bits in the
MRCC_PWRCTRL register.

2. Execute the Low Power Bit Writing Sequence as described in Section 2.9.1: Low Power
Bit Writing sequence on page 57.

The Low Power Mode Control Parameters (LP_PARAM bits in the MRCC_PWRCTRL) have
no effect in STANDBY mode.

To enter STANDBY mode, the WKPF bit must be reset. Otherwise, the STANDBY mode
entry procedure will be ignored and program execution will continue.

The user program should also take into account the case of a wake-up event occurring
during the STANDBY mode entry procedure: in this case the STANDBY mode entry
procedure will be ignored and program execution will continue.

Consumption in STANDBY mode

All the peripherals are disabled except the LPVREG (and its associated RSM). The RTC
and its clock source (OSC32K or LPOSC) can be either kept disabled or activated.

If the RTC is disabled, the consumption is reduced to the static consumption of the Low
Power Regulator (and the RSM) which is 20pA typical. The leakage currents due to the
technology are negligible and there is almost no dispersion in temperature (most of the
digital part is not powered)

The RTC clocked by the LPOSC adds around 2uA typical consumption.
The RTC clocked by the OSC32K adds less than 1pA typical consumption.
Wake-up events

Wake-up from STANDBY mode can only be performed by:
® areset

® arising edge RTC alarm event (see Figure 44: RTC simplified block diagram and
Figure 45 on page 170

® arising edge on the WKP_STDBY pin
Refer to Table 12: STANDBY mode functionality on page 68.

Figure 26. Wake-up from Standby mode

Cleared by software or at power-up

WKPF“:: Can be read by software
’ EXIT FROM STANDBY
rising edge

detection

CK_RTC
> RTC
powered in STANDBY

RTC_ALARM

P1.15 (WKP_STDBY)

WKP_STDBY
t
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After wake-up from STANDBY mode, program execution will restart in the same way as after
a RESET (the vector reset will be fetched). However, if a wake-up event occurs during the
STANDBY entry procedure, the STANDBY mode entry procedure will be ignored and the
program execution will continue. The user program should take into account the case of a
wake-up event occurring during the STANDBY mode entry procedure.

Some status flags helps software to determine if it is resuming from RESET or from
STANDBY mode and if STANDBY is exit because of a wake-up event or because of an
external reset.

Refers to status bits STDBF and WKPF in Section 2.10.2: Reset Flag and Status register
(MRCC_RFSR) on page 74).

The RTC can wake-up the MCU from STANDBY mode at each RTC alarm event,
independantly from external interrupt line #15 (no need to configure it). Note that the RTC
Second or Overflow interrupts do not wake-up the MCU from STANDBY.

The condition which wakes-up the MCU from STANDBY s a rising edge of the output of an
OR gate between the P1.15 input pin and the RTC alarm event, see Figure 27.

Consequently, to wake-up from STANDBY by an RTC alarm, you must:
® Apply low level to P1.15 pin.
® Configure the RTC to generate the RTC alarm

Figure 27. External Interrupt Line 15 internal connexions

CK_RTC EXTERNAL
- > RTC RTC_ALARM LINE 15 INTERRUPT
powered in STANDBY CONTROLLER

P1.15 (WKP_STDBY)

WKP_STDBY
t

Wake-up latency

The latency is the same as when resuming from reset.

I/0 states in STANDBY mode

In STANDBY mode, all GPIOs are configured in high impedance except the WKP_STDBY
pin which is kept in input mode.

All other pins are disabled (XT1, XT2, USB_CK, etc.) except the NRSTIN, NRSTOUT and
XRTC1/2 pins which are still functional.

Debug mode

If you are using the debug features of the ARM7TDMI-S, and the application you are running
puts the MCU in STANDBY mode, the debug connection will be lost, because the
ARM7TDMI-S core is no longer powered.

67/437




2 Power, Reset and Clocks RMO0003

2.9.7

2.9.8
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Table 12. STANDBY mode functionality

Functionality in STANDBY mode
Feature
RTC enabled RTC disabled
RTC clock source LPOSC or OSC32K None
Voltage Regulators LPVREG
OSC4M oscillator Not powered
PLL + Clock Detector (CKD) Not powered
Flash memory Not powered
9 NRSTIN Yes
g External Interrupts WKP_STDBY pin
é— RTC Alarm Yes No
Q
§ Clock Detector No
Wake-up latency due to: MVREG + FLASH + OSC4M
Clock configuration state after wake-up Reset state

Auto-Wake-Up (AWU) from Low Power mode

The RTC can be used to wake-up the MCU from Low Power Mode without depending on an
external interrupt (Auto-Wake-Up mode). The RTC provides a programmable time base for
waking-up from STOP or STANDBY mode at selectable intervals (using the alarm event).
For this purpose, two alternative RTC clock sources can be selected by programming the
CKRTCSEL[1:0] bits in the MRCC_PWRCTRL register:

® Low Power 32.768kHz crystal oscillator (OSC32K).
This clock source provides a precise time base with very low power consumption (less
than 1pA added consumption in typical conditions)

® Internal Low Power RC Oscillator (LPOSC)
This clock source has the advantage of saving the cost of the 32.768kHz crystal. This
internal RC Oscillator is designed to add minimum power consumption (2uA added
consumption in typical conditions).
Because its frequency dispersion varies significantly with temperature and process, the
LPOSC should be calibrated if a precise time base is needed. Refer to Section 2.9.8.

LPOSC oscillator calibration

Because the frequency of the RC oscillator is around 300 kHz with a strong deviation in
process and temperature (frequency can be between 150 kHz and 500 kHz), it can be
necessary to calibrate it by software. To perform this calibration, software can use the RTCM
control bit (RTC Measurement) in the MRCC_PWRCTRL register to connect the RTC clock
input to the input capture of the TB timer. Then, the software can measure the RTC clock
period using the input capture “1” of the TB timer, assuming TB is clocked by CK_SYS.
According to this measurement done at the precision of the main oscillator (OSC4M), the
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Note:

software can adjust the programmable 20-bit prescaler of the RTC to get an accurate time
base.

Use the following procedure to get a typical time base of 20ms with an acceptable accuracy:

® Starting from a typical RTC clock of 300kHz (3.33 ps), to obtain 20 ms as RTC time
base, set the RTC prescaler to the typical value of “6000” (RTC_PRL=0x176F) with a
precision relative to the RTC time base of 1/6000 = 0.016%.

o If the RTC clock speed deviates up to 500 kHz (2 ps), adjust the prescaler to “10000”
(RTC_PRL=0x270F) to get 20 ms with a precision on the RTC time base of 1/10000 =
0.01%

o Ifthe RTC clock speed deviates down to 150 kHz (6.66 us), adjust the prescaler to
“3000” (RTC_PRL=0xBB7) to get 20ms with a precision on the RTC time base of
1/3000 = 0.033%

For this reason, software should measure and re-calibrate the LPOSC whenever frequency
dispersion can potentially occur (after RESET and when the temperature changes).

It is important to bear in mind that LPOSC is powered by V,ggkp and that it has a frequency
dispersion subject to voltage level variations.

Consequently, special care must be taken if using the LPOSC timebase to wake-up from
STANDBY or STOP mode with bit LP_PARAM13 set (MVREG OFF).

In both cases, V;ggip Will drop from 1.8 V in RUN mode (where it has been calibrated) to
around 1.4 V. When powered by 1.4 V, the period of LPOSC shifts around +30%.

Consequently, this shift can significantly impact the precision of the wake-up time, especially
if the wake-up time is long.

For short wake-up times, Vggkp decreases only slightly due to the external capacitors: for
instance, 20 ms after MVREG has been disabled, Vggkp is still around 1.72 V and will fall to
1.4V after a typical duration of around 600ms.
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2.10 Register description
2.10.1 Clock Control Register (MRCC_CLKCTL)
Address offset: 00h
Access: 2 Wait States
Reset value: 0004 0000h
This Register is Word, Half-Word and Byte access
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
o
LOCK | LOCK PLL2 oK | B | B 45 3. | €
LOCK | ~\E F MX[1:0] Res. EN |PLLEN| opf | 2B | QI | Res. X < Q5 3
(@] O p=4 =z (@] D
o
r rw rc rw rw rw rw rw rw rw rw rc rw rw
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
XT2D'V Reserved MCOS[1:0] | MCOP | HPRESC[1:0] PPRES[2:0]
rw rw rw rw rw rw rw rw
LOCK: PLL Locked
Bit 31 This bit is read only and is set and cleared by hardware.
0: PLL is disabled or not locked and can not be selected as CK_SYS source.
1: PLL is locked
LOCKIE: PLL Lock interrupt enable
Set and cleared by software. This bit enables an interrupt to be generated when the
Bit 30 lock signal of the PLL changes (toggles).
0: Lock interrupt disabled
1: Lock interrupt enabled
LOCKIF: PLL Lock interrupt Flag
Set by hardware and cleared by software (writing 0).

Bit 29 This bit is the interrupt pending bit, indicating that an interrupt has been generated
due to a change of the Lock Flag of the PLL. It can be used to detect either a lock or
an unlock of the PLL.

MX[1:0]: PLL Multiplication factors

These bits are set and cleared by software, writable only when the system clock is
the Main Oscillator (CKSEL='1" and PLLEN="0").

Bits 28:27 00: Multiplication by 16
01: Multiplication by 15
10: Multiplication by 14
11: Multiplication by 12

Bit 26 Reserved, must be kept at 0.
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PLL2EN: PLL output 2 enable
This bit can be set and cleared by software, writable only when the PLL is enabled
and locked. (bits PLLEN="1" and LOCK="1’).
It can also be cleared by hardware when:
—Entering STOP mode when the LP_PARAM15 bit in the MRCC_PWRCTRL
register is set (PLL disabled in STOP mode).

Bit 25 —No clock is detected on OSC4M (NCKDF=1). In that case, the emergency oscillator
(FREEOSC) has been automatically activated.
—The PLLEN bit is reset (PLL disabled): this guarantees that no clock other than
48 MHz is applied to the USB peripheral.
0: PLL2 Qutput disabled.
1: PLL2 Output enabled (CK_USB can be used as CK_PLL2).
PLLEN: PLL enable
This bit is set and cleared by software:
It can be set only if CK_SYS is driven by CK_OSC4M (CKSEL=1" and CKOSC='0").
It can be cleared only if CK_SYS is CK_OSC4M or CK_RTC (CKSEL=1).
It is cleared by hardware when:
Bit 24 —Entering STOP mode when the LP_PARAM15 bit is set (PLL disabled in STOP
mode).
—No clock is detected on OSC4M (NCKDF=1). In that case, the emergency oscillator
(FREEOSC) has been automatically activated and CK_SYS is using this clock.
0: PLL disabled
1: PLL enabled
CKSEL: CK_SYS Clock Source selection/Status
This bit is both a control and status bit. It is set and cleared by hardware or software.
Write access:
0: Request to select CK_PLL1 clock as CK_SYS source.
1: Request to select CK_OSC clock as CK_SYS source
Read access:
0: CK_PLL1 clock is used as CK_SYS source
) 1: CK_OSC clock is used as CK_SYS source.
Bit 23 It is cleared by hardware when:
—Entering STOP mode when the LP_PARAM15 bit is set (OSC4M disabled in STOP
mode).
—No clock is detected on OSC4M (NCKDF=1). In that case, the emergency oscillator
(FREEOSC) has been automatically activated and CK_SYS is using this clock.
Note: This bit is maintained at ‘1’ by hardware when the PLL is enabled but not yet
locked. It can be modified by software after the PLL is locked (LOCK=1), see
Figure 21.
CKUSBSEL: USB clock selection
This bit is set and cleared by software to select internal or external 48 MHz USB
Bit 22 clock.

0: Internal USB clock used (CK_PLL2 output from PLL when PLL2EN is set).
1: External Alternate Function USB clock.
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Bit 21

CKOSCSEL: CK_OSC source selection
This bit can be only toggled by software by executing a dedicated bit writing
sequence. Toggling this bit can be done only when the system clock is the PLL clock
output (CKSEL="0’), The sequence consists of:
—Writing in sequence ‘1°,'1°, ‘07, ‘1’ to the CKOSCSEL bit.
—Reading the CKOSCSEL bit.
If successful, the CKOSCSEL value toggles (changes from 1 to 0 or from 0 to 1).
The sequence can fail only if the sequence is not respected.

Reading this bit indicates the source of CK_OSC:
0: CK_OSC4M is used as CK_OSC source.
1: CK_RTC is used as CK_OSC source.

Bit 20

Reserved, forced by hardware to 0.

Bit 19

NCKDIE: No Clock detected interrupt enable

This bit is set and cleared by software.

It enables an interrupt to be generated when NCKDF bit is set (no clock is detected
by the Clock Detector on OSC4M)

0: Clock Detector interrupt disabled

1: Clock Detector interrupt enabled

Bit 18

NCKDF: No Clock Detected Flag
It is set by hardware when no clock is detected on CK_OSC4M (value after Reset).
It is reset by software if a clock is detected on CK_OSC4M.
When set, this bit indicates that a failure of the main clock signal (CK_OSC4M) has
occurred and that the Emergency oscillator (FREEOSC) has been automatically
selected as system clock.
0: OSC4M or external clock is detected.
1: No OSC4M or external clock is detected.
This flag is always ‘1’ when OSC4M is disabled by software with bit
OSC4MOFF="1").

Bit 17

OSC4MOFF: Disable OSC4M Oscillator

This bit is set and cleared by software, This bit is not writable when the system clock
is driven by OSC4M (even if driven by OSC4M through the RTC clock), or if the PLL
is enabled.

0: OSC4M enabled

1: OSC4M disabled

Note: The OSC4M goes off as soon as this bit is set: This is different from the
LP_PARAM bit 15 bit which disables the OSC4M only in STOP mode

Bit 16

OSC4MBYP: OSC4M Oscillator Bypass

This bit is set and cleared by software, This bit is not writable when the system clock
is driven by OSC4M (even if driven by OSC4M through the RTC clock), or if the PLL
is enabled.

When set, the OSC4M is bypassed. In this case, you can apply an external clock to
XT1 pin as main clock.

0: Oscillator selected (and enabled if OSC4MOFF=0)

1: Oscillator bypassed (external clock can be applied to XT1 pin)

Note: Writing ‘1’ to the OSC4MOFF and OSC4MBYP bits simultaneously is not
possible: the priority is given to the OSC4MOFF bit. OSC4MBYP will not be set.
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XTDIV2: Oscillator divider by 2

This bit is set and cleared by software, This bit is not writable when the PLL is
Bit 15 enabled. It is used to provide 4 MHz clock to PLL when using 8 MHz Ceramic or
Crystal.

0: Divider by 2 disabled, when 4 MHz Ceramic or Crystal is connected.

1: Divider by 2 enabled, when 8 MHz Ceramic or Crystal is connected.

Bits 14:8 | Reserved, forced by hardware to 0.

MCOS[1:0] Main Clock Out selection
These bits are set and cleared by software.
They select the clock source for the MCO alternate function. To output the clock on
the MCO pin, the associated alternate function must be enabled in the I/O port
controller.
00: HCLK
01: PCLK
10: CK_OSC4M
Bits 7:6 11: CK_PLL2
Note: Care must be taken when changing the MCO clock selection: To avoid any
glitches on the MCO pin, the alternate function must be disabled during the change.
Refer to the GPIO configuration register description.
Note: In STOP mode when LP_PARAM15 bit is 0 (OSC4M enabled), MCO is still
active if CK_OSC4M or CK_PLL2 have been selected.
Note: When using AHB/APB prescalers (when HCLK or PLCK is selected as the
MCO clock source) the output will not be with 50% duty cycle,. However it's possible
to reach 50% duty cycle by setting the MCOP bit.

MCOP Main Clock Out Prescaler

Bit 5 This bit is set and cleared by software.
0: MCO is applied on MCO pin without prescaling.
1: An additional divider by 2 is applied, reducing output frequency on MCO pin.

HPRESCI[1:0] : Prescaler selection for HCLK
These bits are set and cleared by software.
See Figure 16: Detailed Clock scheme on page 47
Bits 4:3 00: HCLK = CK_SYS
01: HCLK = CK_SYS/2
10: HCLK = CK_SYS/4
11: HCLK = CK_SYS/8

PPRESC2 Prescaler selection for PCLK
This bit is set and cleared by software. It selects the divider by 2 between CK_TIM
Bits 2 and PCLK
See Figure 16: Detailed Clock scheme on page 47
0: PCLK=CK_TIM
1: PCLK=CK_TIM/2

PPRESC[1:0] Prescaler selection for CK_TIM
PRESC[1:0] select the prescaler between HCLK and CK_TIM.
See Figure 16: Detailed Clock scheme on page 47

Bits 1:0 00: CK_TIM=HCLK

01: CK_TIM=HCLK/2

10: CK_TIM=HCLK/4

11: CK_TIM=HCLK/8
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2.10.2 Reset Flag and Status register (MRCC_RFSR)

Address offset: 04h

Access: 2 Wait States

Reset value: xxFF xxxxh

This Register is Word, Half-Word and Byte access

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved swir | WPCG | extRr | wkeF | sTper | BCOU BCOUNTM[7:0]
RF NTF
r r rc wO rc_w0 rc_wO0 rc_w0 rc_w0 r w w w rw w w w rw
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved SCOUNT[11:0]
r r r r r r r r r r r r
Note: This is a READ/CLEAR register, Reset Flags are set by Hardware and can be cleared only

by writing 0’.

Bits 31:30 Reserved, must be kept at reset value.

SWRF Software reset flag
This bit is cleared by hardware at Vpp | power-up only if the embedded regulators
are used (VREG_DIS pin=0)
It is set by hardware when a software reset occurs.
It can be cleared by software (writing zero).
0: No software reset occurred
1: The last reset was generated by a software reset.
Note: This bit is valid only if the embedded regulators are used (VREG_DIS pin=0)

WDGRF Watchdog reset flag
This bit is cleared by hardware at power-up and set by hardware when a watchdog
. reset occurs. It can be cleared by software (writing zero).

Bit 28

0: No watchdog reset occurred

1: The last reset was generated by a watchdog reset.

Note: This bit is valid only if the embedded regulators are used (VREG_DIS pin=0)

EXTRF External Reset flag
This bit is cleared by hardware at Vpp | power-up only if the embedded regulators
are used (VREG_DIS pin=0).

Bit 27 It is set by hardware when an external reset occurs (low level on NRSTIN pin).

It can be cleared by software (writing zero).

0: No external reset occurred

1: The last reset was generated by an external reset.

Note: This bit is valid only if the embedded regulators are used (VREG_DIS pin=0)

Bit 29

J

74/437




RMO0003 2 Power, Reset and Clocks

WKPF Wake-Up Flag

This bit is set by hardware when a Wake-up event occurs (RTC Alarm or
WKP_STDBY pin event) and cleared by hardware when the NRSTIN pin is low. It
can be cleared by software (writing zero). It can be used to determine if the

Bit 26 microcontroller has resumed from STANDBY mode due to a wake-up event (RTC
Alarm or rising edge detected on the WKP_STDBY pin).

0: No Wake-Up event occurred

1: Wake-up triggered by RTC Alarm or WKP_STDBY pin occurred

Note: This bit is valid whether embedded regulators are used or not (VREG_DIS
pin=0 or 1).

STDBF STANDBY Flag
This bit is cleared by hardware at power-up and set by hardware when the
microcontroller enters STANDBY mode. It can be cleared by software (writing zero).

It can be used to determine if the microcontroller has resumed from STANDBY
Bit 25 mode.

0: No Wake-Up from STANDBY

1: Wake-up from STANDBY triggered by RTC Alarm, WKP_STDBY pin or NRSTIN
occurred

Note: This bit is valid only if the embedded regulators are used (VREG_DIS pin=0)

BCOUNTF: Builder Counter Flag

Bit 24 This bit is Read Only. It indicates that the 8 Most Significant Bits of the Builder Counter
are higher than the value programmed in the BCOUNTM([7:0] bits.

BCOUNTM([7:0]: Builder Counter Maximum Value

These bits are set and cleared by software. At start-up, the Builder Counter starts
counting up. When the 8 Most Significant Bits of the 12-bit Builder Counter reach the
value written in the BCOUNTM[7:0] bit field, the Builder Counter is stopped and the
BCOUNTF flag is set (the OSC4M oscillator is considered to be stabilized). See
Figure 17 on page 48

Bits 23:16 00: Temporization of 0 CK_OSC4M cycles

01: Temporization of 16 CK_OSC4M cycles

FF: Temporization of 4096 CK_OSC4M cycles
The default value of BCOUNTM[7:0] is FFh (corresponding to 4096 OSC4M cycles)

Note: If the NCKDF bit is set, it must be cleared by software to start the builder
counter.

Bits 15:12 | Reserved, must be kept at reset value.

SCOUNT[11:0]: CK_SYS Counter
These bits are read only. SCOUNT[11:0] represents the number of CK_SYS clock
Bits 11:0 cycles elapsed during the Flash response time (WAIT states are inserted) after reset

has been de-asserted. This delay depends on the Flash response time and is not
deterministic.
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2.10.3 Power Management Control register (MRCC_PWRCTRL)

Address offset: 08h
Access: 2 Wait States
Reset value: Bits 31:24 xxxx x0Oxxb

Bits 23:0: 00 0000h

This Register is Word, Half-Word and Byte access

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
5. | 5. 85| & | &
Sa8 | 8% 82| 3 2 | RTCM | CKRTCSEL[1:0] Reserved EN33V
Qo @ o @D o) o
o o o g 5
r rw rw w r rw rw rw rw
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
zZ
L|.|I 10
u 5 | &
LP_PARAM[15:13] Reserved o % Reserved S O‘ LPMC[1:0] LP
° -
TR -
=
w rw w rc w rw rw rw rw

OSC32KRDY: 32k oscillator ready

This bit is read only.

0: OSC32K not ready

1: OSC32K ready (stable and ready to use for very low power consumption).
Bit 31 Reset state:

— When the embedded regulators are enabled (pin VREG_DIS tied to ground), this
bit is only reset after a Vpp o power-up. Then any internal or external reset will
have no effect on this bit.

— When the embedded regulators are disabled (pin VREG_DIS tied to '1'), this bit is
reset when applying an external RESET on NRSTIN pin.

OSC32KBYP: 32k oscillator bypass
This bit is set and cleared by software. It is not writable when CK_SYS is driven by
CK_RTC (CKSEL="1" & CKOSCSEL=1")

0: OSC32K oscillator can be enabled using OSC32KEN bit.
1: OSC32K oscillator bypassed (external clock can be applied on XRTC1 pin).
Note: When bypassed, the CK_OSC32K clock is inverted compared to XRTC1
) input pin.
Bit 30 Reset state:

— When the embedded regulators are enabled (pin VREG_DIS tied to ground), this
bit is only reset after a Vpp o power-up. Then any internal or external reset will
have no effect on this bit.

— When the embedded regulators are disabled (pin VREG_DIS tied to '1'), this bit is
reset when applying an external RESET on NRSTIN pin.
the embedded regulators are disabled (pin VREG_DIS tied to '1"), this bit is reset
when applying an external RESET on NRSTIN pin.
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OSC32KEN: 32k oscillator enable
This bit is set and cleared by software. It is not writable when CK_SYS clock driven
by CK_RTC (CKSEL="1" & CKOSCSEL="1")
0: OSC32K disabled
1: OSC32K enabled
Reset state:

Bit 29 — When the embedded regulators are enabled (pin VREG_DIS tied to ground), this
bit is only reset after a Vpp |o power-up. Then any internal or external reset will
have no effect on this bit.

— When the embedded regulators are disabled (pin VREG_DIS tied to '1"), this bit is
reset when applying an external RESET on NRSTIN pin.
applying an external RESET on NRSTIN pin.

LPOSCEN: Low Power RC oscillator enable
This bit is set and cleared by software. It is not writable when CK_SYS is driven by
CK_RTC (CKSEL="1" & CKOSCSEL=1")

0: LPOSC disabled
1: LPOSC enabled

Bit 28 Reset state:

— When the embedded regulators are enabled (pin VREG_DIS tied to ground), this
bit is only reset after a Vpp |o power-up. Then any internal or external reset will
have no effect on this bit.

— When the embedded regulators are disabled (pin VREG_DIS tied to '1'), this bit is
reset when applying an external RESET on NRSTIN pin.

CKRTCOK: CK_RTC OK
This bit is read only. It indicates that the RTC clock is present and ready to be used.
It is reset each time CKRTCSEL bit is modified and is set on the second rising edge
of the new CK_RTC.

0: CK_RTC not ready

Bit 27 1: CK_RTC OK
Note 1: When you change CK_RTC from one active source to another (using
CKRTCSEL), it is mandatory to wait for the CKRTCOK bit to be set
(CKRTCOK="1") before disabling the old CK_RTC source.

Note 2: When resuming from STANDBY mode, this flag is reset. It will be set on the
second rising edge of CK_RTC.

RTCM: RTC Measurement
This bit is set and cleared by software.

Bit 26 0: CK_RTC not connected to TB timer IC1

1: CK_RTC is connected to Input Capture 1 (IC1) of the TB timer for measurement
and software calibration using the RTC prescalers (see Section 2.9.8: LPOSC
oscillator calibration on page 68 for more details)
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Bits 25:24

CKRTCSEL[1:0]: CK_RTC clock source selection

These bits are set and cleared by software. They are not writable when CK_SYS is
driven by CK_RTC (CKSEL="1" & CKOSCSEL=1")
01: CK_RTC = CK_OSC4M divided by 128
10: CK_RTC = CK_0OSC32K
11: CK_RTC = CK_LPOSC
Note: When you change CK_RTC from one active source to another (using
CKRTCSEL), you must wait for the CKRTCOK bit to be set (CKRTCOK="1") before
disabling the old CK_RTC source.
Caution: The reset state is ‘00’ (CK_RTC disabled). For proper clock management,
software must switch directly from one source to another (writing, 01,10,11).
Writing ‘00’ is forbidden.

Reset state:

— When the embedded regulators are enabled (pin VREG_DIS tied to ground), these
bits are only reset after a Vpp ;o power-up. Then any internal or external reset will
have no effect on these bits.

— When the embedded regulators are disabled (pin VREG_DIS tied to '1'), these bits
are reset when applying an external RESET on NRSTIN pin.

Bits 23:17

Reserved

Bit 16

EN33V: //O voltage range

This bit is set and cleared by software.

0: I/0O Pins are optimized for 5V operation, I/0 can be used at 3.3V but with
downgraded timing characteristics.

1: 1/0 Pins are optimized for 3.3V, but 5V operation is forbidden.

Bits 15:13

LP_PARAM[15:13]: Low Power mode parameters
Set and cleared by software. When the corresponding bit is set, the corresponding
circuitry is disabled when entering STOP or WFI mode:
— LP_PARAM15 = Disable OSC4M oscillator and PLL
This parameter is only available in STOP mode
— LP_PARAM14 = Disable Flash memory
This parameter is only available in STOP or WFI mode
— LP_PARAM13 = Disable MVREG voltage regulator
This parameter is only available in STOP mode
When writing this bit, the other LP_PARAM bits (14 and 15) are also set in order to
disable the OSC4M oscillator and the Flash memory.

Bits 12:8

Reserved, must be kept at reset value.

Bit 7

LP_DONE: Low Power Bit Writing Sequence has been performed

This bit is set by hardware when entering STOP or WFI Low Power Mode. Refer to
Section 2.9.1: Low Power Bit Writing sequence on page 57. It must be cleared by
software, once Low Power Mode is exited.

0: System has not resumed from STOP or WFI Low Power Mode.

1: System has resumed from STOP or WFI Low Power Mode.

Note: In STANDBY mode, this bit is not kept powered-on. Consequently, when
restarting from STANDBY mode, this bit is in reset state. The WKPF and STDBF
flags in the MRCC_RFSR register can be read to determine if the system has
resumed from STANDBY mode.

Bits 6:5

Reserved
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WFI_FLASH_EN: WFI mode with Flash enabled
This bit is set and cleared by software. You must set this bit if the Flash is
configured in Burst mode. You should also set this bit if the Flash is configured in
non-Burst mode if you want to perform DMA transfers while the microcontroller is in
WFI mode.

Bit 4 When this bit is set, the LP_PARAM14 bit is don’t care and the Flash memory is

always enabled when entering WFI mode.

0: WFI Mode with Flash in low power mode (DMA not allowed during WFI).

1: WFI Mode with Flash enabled (DMA allowed during WFI).

Note: This bit must be set, even if Flash memory is not involved in the DMA

transfers performed in WFI mode.

LPMC_DBG: Low Power Debug Mode
This bit is set and cleared by software. This mode is useful when using the
ARM7TDMI-S Debug features, because entering STOP or STANDBY mode would
cause the loss of the debug connection.

Bit 3 0: Low Power Debug Mode disabled

1: Low Power Debug Mode enabled: successful execution of the Low Power Bit

Writing Sequence puts the microcontroller in WFI mode, overriding the LPMC[1:0]

bit setting.

See also Table 89 on page 432

LPMC[1:0]: Low Power Mode Configuration

These bits are set by software and cleared by hardware. They select the Low

Power mode entry or Software Reset performed after a successful LP Bit Writing

Sequence. Refer to Section 2.9.1 on page 57

00: STOP mode (LP_PARAM bits will be used)

01: Software Reset

10: WFI mode (LP_PARAM and WFI_FLASH_EN bits will be used)

11: STANDBY mode

Notes:

—If the LPMC_DB bit is set, WFI Mode will be entered even if LPMC=00b or 11b.

—If the WFI_FLASH_EN bit is cleared, DMA must be disabled before entering WFI
mode (LPMC=10b).

—If the WFI_FLASH_EN bit is set, DMA does not have to be disabled before
entering WFI mode (LPMC=10b) and DMA interrupts can wake-up from WFI. In
addition, the LP_PARAM14 bit is don’t care and the Flash memory is always
enabled.

Bits 2:1

LP: Low Power Mode Entry

A successful Low Power Mode entry sequence consists of:

—Writing in sequence ‘1°,'1°, ‘0’,"1’ to the LP bit (any other accesses during this
sequence will abort LP mode entry). Once this sequence is successfully
executed, the LP bit must be read once, returning the value ‘1°.

—When the LP bit is read with a return value of ‘1’, this puts the device in WFI,

Bit 0 STOP, SRESET or STANDBY mode depending on the state of the LPMC[1:0]
bits. The LP bit is then automatically cleared as soon as Low Power Mode is
entered.

A read access to LP bit means:

0: System is in RUN mode.

1: System is going to enter Low Power Mode during the next cycle.

Note: In STANDBY mode, this bit is not kept powered-on. Consequently, when

restarting from STANDBY mode, the LP bit is in reset state.
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2.104 Peripheral Clock Enable register (MRCC_PCLKEN)

Address offset: 10h
Reset value: 0000 0000h

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

PCLKEN[31:0]

'w rw rw rw rw rw rw rw Iw rw rw rw rw Iw Iw rw rw Iw Irw Iw Iw rw Iw rw w I'w w w w w Iw Iw

PCLKEN[31:0]: Peripheral Clock enable
Each of these bits gates the clock of the corresponding APB peripheral listed in
Bits 31:0 Table 13: APB peripherals on page 80.
0: Peripheral clock disabled
1: Peripheral clock enabled

2.10.5 Peripheral Software Reset register (MRCC_PSWRES)

Address offset: 14h
Access: 2 Wait States
Reset value: 0000 0000h

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

PSWRES[31:0]

'w rw w w w rw w rw rw rw w w w rw rw rw rw rw rrw rw rw w w w w Iw rw Iw rw rw rw rw

PSWRES([31:0]: Peripheral Software Reset
Each of these bits controls the reset of the corresponding APB peripheral listed
Bits 31:0 inTable 13 below.
0: Peripheral is reset by a system reset
1: Peripheral is kept under reset independently from the system reset

Table 13.  APB peripherals

Bit No | Peripheral | Bit No | Peripheral Bit No Peripheral Bit No Peripheral

31 23 15 7

30 22 UART2 14 SSP1 6

29 21 UART1 13 SSPO 5 PWM

28 EXTIT 20 UARTO 12 4 TIM2

27 RTC 19 11 3 TIM1

26 18 12C 10 2 TIMO

25 17 9 usB 1 B

24 GPIO 16 CAN 8 0 ADC
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2.10.6 Backup register 0 (MRCC_BKPO0)

Address offset: 20h
Access: 2 Wait States
Reset value: xxxx xxxxh

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

BKPO[31:0]

'w w rrw rw rw rw rw w Iw Irw Iw rw rw rw rw w w Iw Iw Ifw w w Iw Iw I'w Iw rw w Iw Iw Iw Iw

BKPO[31:0]: Backup Register 0
This register can be used to store 32 bits of user data.
Bits 31:0 Its content is retained even in STANDBY mode.
When embedded regulators are used (pin VREG_DIS tied to ground), this register is
reset only after a Vpp |0 power-up. Otherwise it is never reset.

2.10.7 Backup register 1 (MRCC_BKP1)

Address offset: 24h
Access: 2 Wait States
Reset value: xxxx xxxxh

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

BKP1[31:0]

rw rw rw rw rw rw rw rw rw rw rw rw rw rw w w rw rw rw rw rw rrw rw rw Iw rw rw rw rrw w w w

BKP1[31:0]: Backup Register 1
This register can be used to store 32 bits of user data.
Bits 31:0 Its content is retained even in STANDBY mode.
When embedded regulators are used (pin VREG_DIS tied to ground), this register is
reset only after a Vpp |o power-up. Otherwise it is never reset.
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2.10.8 MRCC Register map

Table 14. MRCC Register map

oo | Register Name |55/ ) %)/ €| 892 8 & 3| 2[ 2| 2fi2]2| 2|8z |2 0l @] o] 7| o| |
00 MRCC_CLKCTL Clock Control Register
04 MRCC_RFSR Reset Flag Status Register
08 |MRCC_PWRCTRL Power Control Register
10 MRCC_PCLKEN Peripheral Clock Enable Register
14 MRCC_PSWRES Peripheral Software Reset Register
20 MRCC_BKPO Backup Register 0
24 MRCC_BKP1 Backup Register 1
See Table 1 for base address
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3 General Purpose 1/O ports (GPIO)

3.1 Functional description

Each of the General Purpose 1/O Ports has three 32-bit configuration registers (PCO, PC1,
PC2), a 32-bit Data register (PD) and a 32-bit mask register (PM).

Subject to the specific hardware characteristics of each 1/0 port listed in the datasheet, each
port bit of the General Purpose 10 (GPIO) Ports, can be individually configured by software
in several modes:

— Input floating

—  Input Pull-up

—  Input-Pull-down

— Analog Input

—  Output Open-Drain

—  Output Push-Pull

—  Alternate Function
Each I/O port bit is freely programmable, however the I/O port registers have to be accessed
as 32-bit words (Half-word or Byte accesses are not allowed). The purpose of the mask

register is to allow atomic read/modify accesses (or bitwise write accesses) to any of the
GPIO registers. This way, there is no risk that an IRQ occurs between the read and the

modify access.
Figure 28 shows the basic structure of an 1/0 Port bit.

Figure 28. Basic structure of an I/O port bit
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Table 15. Port bit configuration table
PxD Register
. . PxC2 PxC1 PxCO
Configuration mode Input buffer Read Write | Register | Register | Register
access | access
Input Floating (reset state) Input floating I/O pin | don’t care 0 0 1
Input Floating Input Floating I/O pin | don’t care 0 1 0
INPUT | Input Pull-Down TTL Pull-Down |  1/O pin 0 0 1 1
Input Pull-Up TTL Pull-Up /0 pin 1 0 1 1
Analog input AIN 0 don’t care 0 0 0
Output Open-Drain TTL floating 1/0 pin Oor1 1 0 0
Output Push-Pull not used Ia;tri\t/?;ze Oor1 1 0 1
OUTPUT
Alternate Function Open-Drain | TTL floating I/0 pin | don’t care 1 1 0
Alternate Function Push-Pull | TTL floating I/O pin | don’t care 1 1 1

3.1.1 General Purpose I/0 (GPIO)

During and just after reset the alternate functions are not active and the 1/O ports are
configured in Input Floating mode (PxC2=0, PxC1=0, PxC0=1).

When configured as output, the value written to the I/O Data register is loaded in the Output
Latch. The Output Latch holds the data to be output. It is possible to use the output driver in
Push-Pull mode or Open-Drain mode (only the N-MOS is activated when outputting 0).
The Input Latch captures the data present on the I/O pin at every APB clock cycle.

A read access to the I/0O Data register reads the Input Latch or the Output Latch depending
on whether the Port bit is configured as input or output Open-Drain or Push-Pull.

All GPIO pins have a internal weak pull-up and weak pull-down which can be activated or
not when configured as input.

In all low power modes except STANDBY mode, GPIO states are preserved. In STANDBY
mode, all GPIOs are put in high impedance with the exception of the WKP_STDBY pin
which is kept in input mode.

Note: Care must be taken when configuring an I/O port from one mode to another, because an
unexpected intermediate state could perturb the application. Program the registers using
only intermediate states that do perturb your application. For instance, it is important to be
aware that in "analog input" mode, the output of the Schmitt trigger is forced to 0.
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3.1.2

Note:

3.1.3

Note:

Atomic Bit Set or Bit Reset (Bit-wise write operations)

The purpose of the Port Mask Register is to allow atomic read/modify accesses (or bit-wise
write operations) to any of the GPIO registers.

The bit-wise instructions in the ARM7 Instruction Set only apply on the internal ARM7 Ri
registers.

Consequently, it is not possible to perform bit-wise write operations (like a bit set or a bit
clear) directly on an 1/O Port register. This has to be done in three operations :

® Load the whole 32-bit Port Data register into an Ri register

® Modify the Ri register using the bitwise ARM7 instruction.

® Store back the whole 32-bit result into the Port Data Register.

Because this is not an atomic operation, it is possible for an Interrupt Subroutine (ISR) to be

served between the Load and the Store access. If this ISR sets or clears some other bits of
the Port register, storing back the Port register can corrupt the Port.

One solution is to disable the interrupts. However, using the Port Mask Register, this is not
needed. You can simply:

®  First, program the Port Mask Register (PxM) to mask the bits which you don't want to
modify.
® Then, program the port registers (PxC2, PxC1, PxCO0 and PxD).

The masked bits will not be modified.
This Mask applies to all the configuration and Data registers (PxC2, PxC1, PxC0O and PxD).

It is recommended that each interrupt subroutine which accesses the port registers stacks
the Port Mask Register. Otherwise, an interrupt occurring between the modification of the
PxM register and a bit manipulation on the PxD registers might lead to a corruption of the
port bits.

Alternate Functions (AF)

It is necessary to program the Port Bit Configuration Register before using a default
alternate function.

® For alternate function inputs, the port must be configured in Input mode (floating, pull-
up or pull-down) and the input pin must be driven externally

It is also possible to emulate the AFI input pin by software by programming the GPIO
controller. In this case, the port should be configured in Alternate Function Output mode.
And obviously, the corresponding port should not be driven externally as it will be driven by
the software using the GPIO controller.

® For Alternate Function Outputs, the port must be configured in Alternate Function
Output mode (Push-Pull or Open-Drain).

® For bi-directional Alternate Functions, the port bit must be configured in Alternate
Function Output mode (Push-Pull or Open-Drain). In this case the input driver is
configured in input floating mode

If you configure a port bit as Alternate Function Output, this disconnects the output latch and
connects the pin to the output signal of an on-chip peripheral.

If software configures a GPIO pin as Alternate Function Output, but no peripheral Output
Alternate Function exists for that pin (refer to the datasheet pin description table), its output
is not specified.
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Special case of SSP bi-directional alternate functions

When using the SSP, the Alternate functions MISO, MOSI, NSS and SCK consist of bi-
directional alternate functions. They must be configured as Alternate Function Output
through the Port Configuration register:

® When configuring the SSP in master mode, the MISO pin is automatically used as
alternate function input and the output driver is automatically disabled (even if still
programmed as alternated function output in the Port Configuration registers).
In addition, when configured in master mode, the MOSI pin is always driven (never left
Hi-Z) even if the SSP is in idle mode (no transmission)

® When configuring the SSP in slave mode, the MOSI, SCK and NSS pins are
automatically configured as alternate functions inputs and the output drivers are
automatically disabled (even if still programmed as alternated function output in the
Port Configuration registers).
In addition, when configured in slave mode, the MISO pin is left Hi-Z when the NSS pin
is high or when the SOD control bit (Slave Output Disable) is set.

Configuring I2C alternate functions

After reset release, the 12C is able to detect START condition on SDA and SCL lines even if
the 12C is not configured. (see Section 13.2.3: SDA/SCL line control on page 316).

Consequently, care must be taken when configuring SDA and SCL as Alternate Function
Open-Drain in order not to create parasitic falling edges.

The states to avoid are:

® outputO

® input pull-down

® analog input (because the output of the schmitt trigger goes to 0)

Consequently, the configuration must be done in the following order:
1. Reset state: PC2,1,0=001 PD=0: input floating
-> SDA=SCL ="1' due to external pull-up
2.  Write PD=1: PC2,1,0=001 PD=1: input floating
-> SDA=SCL = '1' due to external pull-up
3. Write PC1=1: PC2,1,0=011 PD=1: input pull-up
-> SDA=SCL = '1' due to internal and external pup
4. Write PC0=0: PC2,1,0=010 PD=1: input floating
-> SDA=SCL = '1' due to external pull-up
5.  Write PC2=1: PC2,1,0=110 PD=1: AF Open Drain
-> SDA=SCL = '1' because the 12C does not drive the line when disabled (I2C PE=0)

Software remapping of I/O alternate functions

To optimize the number of peripherals available for the 64-pin or the 100-pin package, it is
possible to remap some alternate functions to some other pins. This is achieved by
software, by programming the GPIO_REMAPO register. In that case, the alternate functions
are no more mapped to their original assignations.
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It is possible to remap:

e TIMO OC2/TI2 from P1.00/P1.01 to P0.04/P0.05.
As a result, these alternate functions become available into the 64-pin package, but the
SMI and SSPO are no more available.

e TIM2 OC2/TI2 from P1.02/1.03 to P0.06/P0.07.
As a result, TIM2/0C2 becomes available in the 64-pin package, but the SMI and SSPO
are no longer available.

® SSP1 SCLK/MISO/MOSI/NSS from P0.16/P0.17/P0.18/P0.19 to
P0.08/P0.09/P0.10/P0.11.
As a result, the analog channels 4 and 5 become available simultaneously with the
SSP1, but the I12C and UARTO are no more available.

e UART1 RX/TX from P0.20/P0.21 to P0.14/P0.15
When remapped, CAN is no more available and the external interrupt/event 5 is
mapped on UART1_RX adding the possibility for the UART1 to exit from STOP mode.

e UART2 RX/TX from P0.24/P0.25 to P0.12/P0.13
As a result, UART2 becomes available in the 64-pin package, but the hardware modem
control of UARTO (RTS, CTS) and the CS1 of the SMI are no more available.

The 100-pin package provides another mean for optimizing alternate functions availability:
the following alternate function outputs are double mapped to pins to PORT2 to free-up
some analog channels and external event/interrupt lines. The user can choose between the
two mapping by programming only the desired port bit as alternate function output.

® UART1_RTS is also mapped on P2.03, which frees the analog channel 6

® TIM2_OCH1 is also mapped on P2.04, which frees the analog channel 0 or the external
event/interrupt line 0

e PWM3N/PWM3/PWM2N/PWM2/PWM1N are also mapped on
P2.05/P2.06/P2.07/P2.08/P2.09, which frees analog channel 9,10 and 11 and the
external event/interrupt lines 7 and 8

Activating SMI alternate functions

Two cases occur:

® the MCU is not booting from the SMI. In this case, the SMI alternate functions are not
mapped by default after RESET. However, software can map them by programming the
bit SMI_EN of the GPIO_REMAPO register. When selected, the default alternate
functions dedicated to these pins are no more mapped.
Software has also the flexibility to choose the number of SMI_CS to be activated by
programming the bits SMI_CS1, SMI_CS2 and SMI_CS3 of the GPIO_REMAPO
register

® the MCU is booting from the SMI. In this case, the SMI alternate functions are mapped
by default after RESET. But only CS0 is activated. If more banks are required, software
must program the bits SMI_CS1, SMI_CS2 and SMI_CS3 of the GPIO_REMAPO
register.

The software remapping of the alternate functions (register GPIO_REMAP1) has priority
over the activation of the SMI alternate functions (register GPIO_REMAPO).

Example: if software activates the SMI alternate functions by programming the bit SMI_EN
and then remap by software some alternate functions which share the same pin (like
TIMO_OC2/TI2), then the SMI alternate functions are no more available.
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JTAG and GPIO Multiplexing

Five of the six JTAG I/O pins (JTDI, JTCK, JTMS, JTDO and RTCK) are multiplexed with
GPIOs. After a RESET all the JTAG pins are automatically assigned as JTAG alternate
functions.

To use the JTAG pins as GPIOs, the application must set the DBGOFF bit in the
GPIO_REMAP1R register. For more details, refer to Section 18.9.2: JTAG and GPIO
multiplexing on page 434

Using BOOT pins as GPIOs

After reset, the two BOQOT pins are configured as input floating and they are internally
sampled just after the de-assertion of the RESET and before the ARM CPU fetches the
RESET vector.

If the application wants to use these BOOT pins as GPI/Os, it is mandatory that each time a
reset occurs, the BOOT pins are externally driven to their proper states up to the RESET
vector fetch by the ARM CPU. The application can achieve this, by connecting external Pull-
up or Pull-down to the BOQT pins.
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3.1.4 Alternate Functions table
The alternate functions for each pin are listed below:
Table 16.  Alternate Function mapping“)
oin 100-pin 64-pin | Analog Ex‘tl e:‘rsll Default Alternate Function S OftV\II:aI’: I::t (:Im ate
Name | package | package | inputs inie(:rupt when not BOOTING | when BOOTING Reumacp :ing
from SMI from SMI
P0.00 X X TIMO_OC1/ BOOTO
P0.01 X X TIMO_TI1 mMco
P0.02 X X AINO EXTO TIM2_OC1 (also mapped on P2.04)
P0.03 X X AINA TIM2_TI1
P0.04 X X SSPO_NSS SMI_CS0 TIMO_OC2
P0.05 X X EXT1 SSP0_SCLK SMI_CK TIMO_TI2
P0.06 X X SSPO_MISO SMI_DIN TIM2_0C2
P0.07 X X EXT2 SSPO_MOSI SMI_DOUT TIM2_TI2
P0.08 X X EXT3 12C_SCL SSP1_SCLK
P0.09 X X 12C_SDA SSP1_MISO
P0.10 X X EXT4 UARTO_RX SMI_CS3 SSP1_MOSI or SMI_CS3
PO.11 X X UARTO_TX / BOOT1 SMI_CS2/BOOT1 | SSP1_NSS or SMI_CS2
PO.12 X X AIN2 UARTO_CTS SMI_CS1 UART2_RX or SMI_CS1
P0.13 X X UARTO_RTS / RTCK UART2_TX
P0.14 X X EXT5 CAN_RX UART1_RX
P0.15 X X CAN_X UART1_TX
P0.16 X X SSP1_SCLK
P0.17 X X AIN3 SSP1_MISO
P0.18 X X SSP1_MOSI
PO.19 X X AIN4 | EXT6 SSP1_NSS/USB_CK
P0.20 X X UART1_RX
P0.21 X X UART1_TX
P0.22 X AIN5 UART1_CTS
P0.23 X AIN6 UART1_RTS (also mapped on P2.03)
P0.24 X UART2_RX
P0.25 X UART2_TX
P0.26 X UART2_CTS
P0.27 X AIN7 UART2_RTS (also mapped on P2.17)
P0.28 X TIM1_OC1
P0.29 X AIN8 TIM1_IC1
P0.30 X TIM1_0OC2
P0.31 X TIM1_TI2
P1.00 X TIMO_OC2
P1.01 X TIMO_TI2
P1.02 X TIM2_OC2
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Table 16.  Alternate Function mapping!!) (continued)
pin 100-pin 64-pin | Analog E:t :rnr;/al Default Alternate Function s oftV\Il:ar ﬁ 3'; T‘m ate
Name | package | package | inputs int‘érrupt when not BOOTING | when BOOTING Relr‘nap:aing
from SMI from SMI
P1.03 X X TIM2_TI2
P1.04 X X AIN9 PWM3N (also mapped on P2.05)
P1.05 X X EXT7 PWM3 (also mapped on P2.06)
P1.06 X X AIN10 PWM2N (also mapped on P2.07)
P1.07 X X EXT8 PWM2 (also mapped on P2.08)
P1.08 X X AIN11 PWM1N (also mapped on P2.09)
P1.09 X X EXT9 PWM1
P1.10 X X EXT10 PWM_EMGCY
P1.11 X X AIN12 | EXT11 UARTO_RTS
P1.12 X X AIN13 | EXT12 -
P1.13 X AIN14 | EXT13 -
P1.14 X AIN15 -
P1.15 X EXT15 WKP_STDBY
P1.16 X X JTDI (activated after RESET)
P1.17 X X JTDO (activated after RESET)
P1.18 X X JTCK (activated after RESET)
P1.19 X X JTMS (activated after RESET)
P2.00 X -
P2.01 X -
P2.02 X -
P2.03 X UART1_RTS (also mapped on P0.23)
P2.04 X TIM2_OC1 (also mapped on P0.02)
P2.05 X PWMB3N (also mapped on P1.04)
P2.06 X PWM3 (also mapped on P1.05)
P2.07 X PWM2N (also mapped on P1.06)
P2.08 X PWM2 (also mapped on P1.07)
P2.09 X PWM1N (also mapped on P1.08)
P2.10 X -
P2.11 X -
P2.12 X -
P2.13 X -
P2.14 X -
P2.15 X -
P2.16 X -
P2.17 X UART2_RTS (also mapped on P0.27)
P2.18 X -
P2.19 X -

1. BOOT and JTAG pins are highlighted in bold.
Alternate Functions which can be remapped to other pins by programming a register are highlighted in italic bold. When
remapped to another pin, they are no longer available on the original pin.
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3.1.5

3.1.6

3.1.7

3.1.8

External Interrupt / wake-up lines

Some ports have external interrupt/wake-up capability (refer to the datasheet). To use
external interrupt / wake-up lines, the port must be configured in input mode. For more
information on external interrupts, refer to Section 4.8.

Special case of WKP_STDBY pin (P1.15)

The WKP_STDBY pin (port P1.15) is always configured in input floating mode (whatever the
GPIO register configuration) and is the only wake-up pin which can exit from STANDBY
mode.

It can only be used as:

® an input floating GPIO

® an external interrupt/wake-up line (refer to Section 4.8)

® a wake-up event (rising edge) to exit STANDBY mode

Output drive & speed

Speed Definitions (refer to Figure 29):

Speed is defined on a 50pF output load.
Rise and Fall Transition time are noted as t, and
Rise and Fall Delay time are noted as d, and d;

Figure 29. Output speed definitions

INTERNAL
OUTPUT

EXTERNAL
OUTPUT ! ;
ON 50pF o Orige dra

Maximum operating frequency is defined when the stable high and low part of the sinusoidal
inside one period is more than (t, + t;)/2, resulting in max frequency of f5x = 2/ [3(t; + t)]

Maximum Skew between rise and fall delay must provide 45%-55% duty cycle.

Configuring Outputs for 5V or 3.3V Supply

There are three types of outputs, 102, 104, 108 as indicated in the datasheet Pin Description
table. The output speed can be adjusted according to the Vpp |0 power supply. This is done
by software using a control register bit (EN33). Default value is 1 (for 3.3V operation). Refer
to Section 2.10.3: Power Management Control register (MRCC_PWRCTRL) on page 76.
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3.1.9

3.1.10
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Input configuration

When the 1/O Port is programmed as Input:
® The Output Buffer is disabled

® The Schmitt Trigger Input is activated
® The Analog Switch is disabled
°

The weak pull-up and pull-down resistors are activated or not depending on input
configuration (pull-up, pull-down or floating):

® The data present on the 1/O pin is sampled into the Input Latch every APB clock cycle
® A read access to the Data register gets the value in the Input Latch.

The Figure 30 on page 92 shows the Input Configuration of the I/O Port bit.

Figure 30. Input Floating/Pull Up/Pull Down configurations
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Output configuration

When the 1/O Port is programmed as Output:
® The Output Buffer is enabled:

—  Open Drain Mode: A “0” in the Output Latch activates the N-MOS while a “1” in the
Output Latch leaves the port in Hi-Z (the P-MOS is never activated)

—  Push-Pull Mode: A “0” in the Output Latch activates the N-MOS while a “1” in the
Output Latch activates the P-MOS

The Schmitt Trigger Input is activated.

The Analog Switch is disabled

The weak pull-up and pull-down resistors are disabled.

The data present on the 1/O pin is sampled into the Input Latch every APB clock cycle
A read access to the I/0O Data register gets:

—  the Output Latch value in Push-Pull mode (which corresponds to the last data
written).

— the Input Latch value in Open-Drain mode

The Figure 31 on page 93 shows the Output configuration of the 1/0 Port bit.
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Figure 31. Output configuration
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3.1.1 Alternate Function configuration

When the 1/O Port is programmed as Alternate Function:
® The Output Buffer is turned on in Open Drain or Push-Pull configuration

® The Output Buffer is driven by the signal coming from the peripheral (alternate function
out)

The Schmitt Trigger Input is activated

The Analog Switch is disabled

The weak pull-up and pull-down resistors are disabled.

The data present on the 1/O pin is sampled into the Input Latch every APB clock cycle
A read access to the I/O Data register gets:

—  the Output Latch value in Push-Pull mode (which corresponds to the last data
written).

— the Input Latch value in Open-Drain mode

The Figure 32 on page 94 shows the Alternate Function Configuration of the 1/0 Port bit.
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Figure 32. Alternate Function configuration
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3.1.12 Analog Input configuration

When the 1/O Port is programmed as Analog Input Configuration:

The Output Buffer is disabled.

The Schmitt Trigger Input is de-activated providing zero consumption for every analog
value of the I/O pin. The output of the Schmitt Trigger is forced to a constant value (0).
The weak pull-up and pull-down resistors are disabled.

The analog switch is enabled by the ADC each time a conversion is progressing.

read access to the 1/0O Data register gets the Input Latch (0).
The Figure 17 on page 94 shows the High impedance-Analog Input Configuration of the I/0
Port bit.
Table 17. High impedance-Analog Input configuration
r B
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3.2 Register description

The I/O port registers cannot be accessed by byte.

3.2.1 Port Configuration Register 0 (GPIO_PxCO0)

Address Offset: 00h
Reset value: FFFF FFFFh

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
PCO[31:16]
rw rw w w rw rw rw rw w w rw rw w rw rw rw
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
PCO[15:0]
rw rw w rw rw rw rw rw rw rw rw rw w rw rw rw

PCO0[31:0]: Port Configuration bits

Bit 31: )
1t 31:0 See Table 15 on page 84 to configure the 1/0 Port.
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3.2.2 Port Configuration Register 1 (GPIO_PxC1)
Address Offset: 04h
Reset value: 0000 0000h
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
PC1[31:16]
rw rw w w rw rw rw rw w w rw rw w w w rw
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PC1[15:0]
rw rw rw rw rw w rw rw rw w rw rw rw rw rw rw
Bits 310 PC1[31:0]: Port Configuration bits
sl See Table 15 on page 84 to configure the 1/O Port.
3.23 Port Configuration Register 2 (GPIO_PxC2)
Address Offset: 08h
Reset value: 0000 0000h
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
PC2[31:16]
rw rw rw rw rw rw rw rw rw rw rw rw w rw rw rw
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
PC2[15:0]
w w w rw 'w rw rw rw rw rw rw w w rw rw rw
Bits 31:0 PC2[31:0]: Port Configuration bits
' See Table 15 on page 84 to configure the 1/O Port.
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3.2.4 I/O Data Register (GPIO_PxD)
Address Offset: 0Ch
Reset value: xxxx xxxxh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
PD[31:16]
rw w rw rw rw w w rw rw rw w w rw rw w w
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
PD[15:0]
rw rw rw rw rw w rw w w w w rw rw rw rw rw
PD[31:0]: //O Data bits
A write access to this register always writes the data in the Output Latch.
Bits 31:0 A read access reads the data from the Input Latch in Input and Alternate function
configurations or from the Output Latch in Output and High impedance configurations.
(*) Refer to the device 1/O pin list
3.25 I/0 Mask Register (GPIO_PxM)
Address Offset: 10h
Reset value: 0000 0000h
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
PM[31:16]
rw rw rw w w w w w rw rw rw rw rw w w w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PM[15:0]
w rw rw rw rw rw rw rw rw rw w rw rw rw rw rw

Bits 31:0

PM[31:0]: //O Port Mask bits

This register allows you to write to selected bits in the I/O port registers (PxC2, PxC1,
PxCO0 and PxD). Each bit is written only if the corresponding PM bit is 0. If a PM bit is
high, the corresponding bit in 1/0O port bit location is left unchanged. This can be used
for fast BIT SET and BIT RESET without software masking and for easy 1/0O port
configuration for different pin-outs.

0: Selected bit in 1/O port registers writable

1: Selected bit in I/O port registers masked

Note: The PM register has no effect on read access
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3.2.6 I/0 Remapping Register 0 (GPIO_REMAPOR)

Address offset: 20h
Reset value: 0000 0000h

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved SMI_CS3_EN | SMI_CS2_EN | SMI_CS1_EN | SMI_EN
rw w w rw

Bits 31:4 | Reserved, always read as 0.

SMI_CS3_EN SMI CS3 Enable
Set and cleared by software. This bit enables the SMI_CS3 Alternate Function on
Bit 3 P0.10.
0: SMI_CSS3 not mapped
1: SMI_CS3 mapped on P0.10

SMI_CS2_EN SMI CS2 Enable
Set and cleared by software. This bit enables the SMI_CS2 Alternate Function on
Bit 2 PO.11.
0: SMI_CS2 not mapped
1: SMI_CS2 mapped on PO0.11

SMI_CS1_EN SMI CS1 Enable
Set and cleared by software. This bit enables the SMI_CS1 Alternate Function on
Bit 1 P0.12.
0: SMI_CS1 not mapped
1: SMI_CS1 mapped on P0.12

SMI_EN SMI Enable
Set and cleared by software. This bit enables the following SMI Alternate Functions:
0: SMI_CS0, SMI_CK, SMI_DIN,SMI_DOUT not mapped
Bit 0 1: SMI_CSO0 on P0.04, SMI_CK on P0.05, SMI_DIN on P0.06, SMI_DOUT on P0.07
Note: When booting from SMI, the alternate functions SMI_CS0, SMI_CK, SMI_DIN,
and SMI_DOUT are automatically enabled on pins P0.04, P0.05, P0.06 and P0.07
respectively but the SMI_EN bit will not reflect this.

J
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3.2.7 I/0 Remapping Register 1 (GPIO_REMAP1R)
Address offset: 24h
Reset value: 0000 0000h
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
UART1_ | UART2_ | SSP1_ | TIM2_ | TIMO_
Reserved DBGOFF | REMAP | REMAP | REMAP | REMAP | REMAP
rw rw rw w rw rw
Bits 31:7 | Reserved, always read as 0
Bit 6 Reserved, must be kept cleared.
DBGOFF DEBUG and JTAG disable
Set and cleared by software. When set, the Alternate functions associated with the
Bit 5 JTAG are disabled and the corresponding
I/Os become free for General Purpose I/O.
0: JTDI on P1.16, JTDO on P1.17, JTCK on P1.18, JTMS on P1.19, RTCK on P0.13
1: JTAG Alternate functions not mapped. ARM7TDMI-S DEBUG mode disabled
UART1_REMAP UARTT1 Alternate Function Mapping
Bit 4 0: UART1_RX on P0.20, UART1_TX on P0.21
1: UART1_RX on P0.14, UART1_TX on P0.15
UART2_REMAP UART2 Alternate Function Mapping
Bit 3 0: UART2_RX on P0.24, UART2_TX on P0.25

1: UART2_RX on P0.12, UART2_TX on P0.13

Bit 2

SSP1_REMAP SSP1 Alternate Function Mapping

0: SSP1_SCLK on P0.16, SSP1_MISO on P0.17, SSP1_MOSI on P0.18, SSP1_NSS
on P0.19
1: SSP1_SCLK on P0.08, SSP1_MISO on P0.09, SSP1_MOQOSI on P0.10, SSP1_NSS
on P0.11

Bit 1

TIM2_REMAP TIM2 Timer Alternate Function Mapping

0: TIM2_OC2 on P1.02, TIM2_TI2 on P1.03
1: TIM2_OC2 on P0.06, TIM2_TI2 on P0.07

Bit 0

TIMO_REMAP TIMO Timer Alternate Function Mapping

0: TIMO_OC2 on P1.00, TIMO_TI2 on P1.01
1: TIMO_OC2 on P0.04, TIMO_TI2 on P0.05
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3.2.8 I/0 Port Register map

The following table summarizes the registers implemented in each I/O port.

Table 18. GPIO register map

Addr.| Register | _| o ol ool 1~ of 10| <l o9 il | S| & 00| N 0 10| | ) N S| &) oo N 0| 10| <] 0| | |
00 [GPIO_PoCO POCO[31:0]
04 |GPIO_PoCH POC1[31:0]
08 [GPIO_PoC2 POC2[31:0]
0C [GPIO_POD POD[31:0]
10 (GPIO_POM POM[31:0]
& @&
:V)I NI ‘_I E
20 GPIO_REMAPOR reserved B8 182
D=2
s |5 |5 |°
518212
. E|EE|E8
Llele|§ |55
24 GPIO_REMAP1R reserved 8 o |5 E |
aE|R| - |lo|o
ol |%(=2|2
SISI8IFIF
40 |[GPIO_P1CO reserved P1C0[19:0]
44 |GPIO_P1Ct reserved P1C1[19:0]
48 |GPIO_P1C2 reserved P1C2[19:0]
4C GPIO_P1D reserved P1D[19:0]
50 GPIO_P1M reserved P1M[19:0]
80 [GPIO_P2CO reserved P2C0[19:0]
84 |GPIO_P2Ct reserved P2C1[19:0]
88 [GPIO_P2C2 reserved P2C2[19:0]
8C [GPIO_P2D reserved P2D[19:0]
90 |GPIO_P2Mm reserved P2M[19:0]

See Table 2 for base address.

J
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4 Interrupts

The ARM7 CPU provides two levels of interrupt, FIQ (Fast Interrupt Request) for fast, low
latency interrupt handling and IRQ (Interrupt Request) for more general interrupts.

Table 19. ARM exception vector locations

Address Exception
0x0000_0000 Reset
0x0000_0004 Undefined Instruction
0x0000_0008 Software Interrupt
0x0000_000C Prefetch Abort (instruction fetch memory fault)
0x0000_0010 Data Abort (data access memory fault)
0x0000_0014 Reserved
0x0000_0018 IRQ
0x0000_001C FIQ

The STR75x interrupt management system provides two interrupt management blocks: the
EIC and EXTIT. Refer to Figure 33.

Figure 33. Interrupt management overview
Software Interrupt

EXTIT EIC
USB suspend—® 15 External

4>
14 1/0 Port '\ Interrupt IRQ27
Interrupts INTn Lines 32 IRQ
Channels ————3ARM7TDMI®
On-Chip IRQ CORE

Interrupt IRQN N\
Sources /

Watchdog Bobal Int] 2 FIQ

Channels FIQ

External Interrupt INTO

4.1 Enhanced Interrupt Controller (EIC)

The ARM7TDMI CPU provides two levels of interrupt, FIQ (Fast Interrupt Request) for fast,
low latency interrupt handling and IRQ (Interrupt Request) for more general interrupts.

Hardware handling of multiple interrupt channels, interrupt priority and automatic
vectorization require therefore a separate Enhanced Interrupt Controller (EIC).
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Figure 34. EIC block diagram
SIRn Registers
IER Register  IPR Register
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> |E1 —»1 IP1 !
(32ENTRY) , VECTOR
: ! —> [IvR@1:16) [SIRn(31:16)] IVR | >
; Interrupf] ; Interrupf] Highest Priority Interrupt
' Enable | ' |Pending
! bits v |bits
: : Y CIPR
: : Current
, , STACK CTL (PUSH/POP) |  PRIORITY Interrupt
! ! »- STACK | «—> Priority
' ' (15 ENTRY)
IRdS1 IR
»| IE31 [—»| IP31 control logic IRQ to
IRQ request : ARM7TDMI
FIR Register ICR | FIQ_EN | IRQ_EN FlQ to
FIQO ARM7TDMI
———| FIE[0] > FIP[0] FIQ FIQ request _
FlQ1 »| FIE[1] »| FIP[1] control logic o

The Enhanced Interrupt Controller (EIC) performs hardware handling of multiple interrupt
channels, interrupt priority arbitration and vectorization. It provides:

32 maskable interrupt channels, mapped on the IRQ interrupt request line of the ARM
CPU

16 programmable priority levels for each interrupt channel mapped on IRQ (15 =
highest priority, 1= lowest priority, 0 = never served)

Hardware support for interrupt nesting (up to 15 interrupt requests can be nested), with
internal hardware nesting stack

2 maskable interrupt channels, mapped on FIQ interrupt request line of the ARM CPU,
with neither priority nor vectorization

The EIC performs the following operations without software intervention:

102/437

Rejects/accepts an interrupt request according to the related channel mask bit

Compares all pending IRQ requests with the current priority level. The IRQ is asserted
to the ARM?7 if the priority of the current interrupt request is higher than the stored
current priority in CIPR.

Loads the address vector of the highest priority IRQ to the Interrupt Vector Register

Saves the previous interrupt priority in the hardware priority stack whenever a new IRQ
is accepted

Updates the Current Interrupt Priority Register with the new priority whenever a new
interrupt is accepted
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411

IRQ Interrupt Vector table

Up to 32 interrupt channels are mapped on low priority ARM7TDMI interrupt request pin
(IRQ). If multiple interrupt sources are mapped on the same interrupt vector, software has to
read the peripheral interrupt flag register to determine the exact source of interrupt (see

Interrupt Flags column in Table 20).

Table 20. IRQ Interrupt vector table

Vector Acronym Peripheral Interrupt
IRQO WAKEUP External WKP_STDBY pin

IRQ1 TIM2 TIM2 Timer Output Compare 2
IRQ2 TIM2 TIM2 Timer Output Compare 1
IRQ3 TIM2 TIM2 Timer Input Capture 1 & 2
IRQ4 TIM2 TIM2 Timer Update

IRQ5 TIMA TIM1 Timer Output Compare 2
IRQ6 TIMA TIM1 Timer Output Compare 1
IRQ7 TIMA TIM1 Timer Input Capture 1 & 2
IRQ8 TIMA TIM1 Timer Update

IRQ9 TIMO TIMO Timer Output Compare 2
IRQ10 TIMO TIMO Timer Output Compare 1
IRQ11 TIMO TIMO Timer Input Capture 1 & 2
IRQ12 TIMO TIMO Timer Update

IRQ13 PWM PWM Timer Output Compare 1,2 & 3
IRQ14 PWM PWM Timer Emergency

IRQ15 PWM PWM Timer Update

IRQ16 12C 12C Global interrupt

IRQ17 SSP1 SSP1 Interrupt

IRQ18 SSPO SSPO Interrupt

IRQ19 UART2 UART2 Global interrupt

IRQ20 UART1 UART1 Global interrupt

IRQ21 UARTO UARTO Gilobal interrupt

IRQ22 CAN CAN Global interrupt

IRQ23 USB-LP USB Low Priority Event Interrupt
IRQ24 USB-HP USB High Priority Event Interrupt
IRQ25 ADC ADC Gilobal interrupt

IRQ26 DMA DMA Gilobal Interrupt

IRQ27 EXTIT External Interrupt lines INT14 to INT1
IRQ28 MRCC MRCC Clock Controller Global interrupt
IRQ29 Flash and SMI Flash Global interrupt

103/437




4 Interrupts

RMO0003

4.1.2

413

104/437

Table 20. IRQ Interrupt vector table (continued)

Vector Acronym Peripheral Interrupt
IRQ30 RTC RTC Global interrupt
IRQ31 B TB Timer Global Interrupt

FIQ Interrupt Vector table

Two maskable interrupt sources are mapped on FIQ vectors, as shown in <Blue HT>Table
21:

Table 21. FIQ Vector table

Vector Acronym Interrupt Source
FIQO0 EXTIT External interrupt line INTO
FlQ1 WATCHDOG Watchdog global interrupt

In most cases, you should only enable one FIQ source in your application. If you enable both
FI1Q sources, then you can determine the source of the interrupt by reading the FIQ pending
bits in the EIC register. Bear in mind that FIQ has no priority mechanism, so if simultaneous
FIQ events occur, software has to manage the priority by polling the pending bits and
managing the concurrency.

IRQ Interrupt Structure

The EIC (Enhanced Interrupt Controller) implements an interrupt structure pointing the
processor to the first instruction location of the channel-specific Interrupt Service Routine
(ISR).

IVR (Interrupt Vector Register) is the EIC’s 32-bit register at address OxFFFF F818h acting
as pointer. It is composed of two main fields: the upper half word (16 bit) is directly
programmable, while the lower half word is the mirrored entry of a register table (named
SIR) indexed by the interrupt channel.

The absolute address 0x0000 0018h is where the ARM7TDMI CPU jumps as consequence
of an interrupt request on its IRQ line.

The STR750 considers the ARM’s 0x0000 0018h location and the EIC’s IVR location
(OXFFFF F818h) as distinct addresses. The EIC IVR register must contain the absolute
address of the interrupt service routine. The absolute 0x0000 0018h location must contain
an instruction which jumps to the location pointed to by the IVR register.

For instance, the absolute location 0x0000 0018h should contain the following instruction:
LDR PC, [PC, offset]

where “offset” is what to add to the PC to obtain the EIC IVR address. The instruction above
allows the CPU to load the Program Counter register with the address kept in the EIC IVR
and so to jump to the location pointed to by the EIC_IVR register.

The user has to consider that when the absolute address 0x0000 0018h is being fetched,
the PC is equal to 0x0000 0020h (18h + 8h). So, the offset is equal to:

offset = [IVR address — 0x0000 0020h = OxFFFF F818h — 0x0000 0020h = OxFFFF
F7F8h

573




RMO0003

4 Interrupts

41.4

Figure 35. IRQ Interrupt Structure

The EIC IVR stores the absolute address of the Interrupt Service Routine

The first instruction of the Interrupt Service Routine is located at address 0x0001 8000

A OxFFFF F818| IVR = 0x0001 8000 —

PC = OXFFFF F818

PC = 0x0001 8000

INTERRUPT
PC <= [PC,offset] SERVICE
_ ROUTINE
offset = OxFFFF F818-0x20 | (0001 8000 Pl
= OxFFFF F7F8 ‘J\( IRQ
USER ]
CODE

®@

L 0x0000 0018 LDR PC, [PC,offset] | ¢—' PC = 0x0000 0020

@ Interrupt request
@ Jump to address 0x0000 0018h:

execution of the instruction which loads PC with
EIC IVR address OxFFFF F818h

@ IVR used by previous instruction as base address
for the interrupt service routine

@ Starting of execution of interrupt service routine

This mechanism allows a jump to virtually any location in the 4GB memory space. However,
since the channel dependent portion of the IVR is the lower 16 bits, once the base address
(in the upper part) has been fixed, the interrupt handler routines can only be within a
64Kbyte range from that base address.

In case interrupt service routines need to be available during FLASH content updating, RAM
must be used to store the related code. In this case, the RAM remapping feature can be
used: in this way, the address 0x0000 0018h becomes available in RAM memory space, and
the above mechanism works similarly.

Priority Decoder

The priority decoder is a combinational block continuously calculating the pending channel
with the highest IRQ priority. If there is a winner, it updates the IVR (Interrupt Vector
Register) with the address of the IRQ interrupt routine that has won the arbitration, and
asserts the nIRQ internal signal low. The nIRQ internal signal ORed with the inverted EIC
IRQ enable bit (IRQ_EN) corresponds to the ARM7TDMI nIRQ signal.

Each channel has a 4-bit field, the SIPL (Source Interrupt Priority Level) in SIRn (Source
Interrupt Register 0-31) defining the channel priority level in the range of 0 (lowest priority)
to 15 (highest).

If several channels are assigned with the same priority level, an internal hardware daisy
chain fixes the priority between them. The higher the channel address, the higher the
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priority. If channel 2 and channel 6 are assigned to the same software priority level, and if
they are both pending at the same time, channel 6 will be served first.

In order to declare a channel as a winner, the channel must:

® Be pending (EIC_IPR - Interrupt Pending Register, 32 pending bits, one per channel).
In order to be pending, a channel has to be enabled (EIC_IER - Interrupt Enable
Register, 32 enable bits, one per channel). A pending bit will not be set if the
corresponding enable bit is not set. If the enable bit is reset while the pending bit is still
set, the channel will still be part of the priority decoder until the pending bit is cleared.

® Have the highest priority level, higher than the current one (EIC_CIPR - Current
Interrupt Priority Register) and higher than any other pending interrupt channel.

® Have the highest position in the interrupt channel chain if there are multiple pending
interrupt channels with the same priority level.

The EIC_CIPR provides the priority of the main program or the priority of the interrupt
routine currently being served. At reset, the EIC_CIPR is at 0, it can be modified by software
from O (lowest) to 15 (highest) for the main program. For an interrupt routine, it can be
modified by software from the initialized priority value stored in the EIC_SIRn (Source
Interrupt Register 0-31) up to 15. Attempting to write a lower value than the one in EIC_SIRn
will have no effect.

For safe operation, it is recommended to disable the global IRQ before modifying the
EIC_CIPR, SIR, or IPR registers, to avoid dangerous race conditions. Moreover, if IRQ_EN
is cleared in an Interrupt Subroutine, the pending bit related to the IRQ currently being
served must not be cleared, otherwise it will no longer be possible to recover the EIC status
before popping the stack.

4.1.5 Finite State Machine

The Finite State Machine (FSM) has two states, READY and WAIT. The two states
correspond to the ARM7TDMI nIRQ line state masked by the IRQ global enable bit
(IRQ_EN). After reset, the FSM is in READY state (EIC nIRQ line is high). When the priority
decoder elects a new winner, the FSM moves from READY to WAIT state and the EIC nIRQ
line is asserted low.

To move the FSM back to the ready state, it is mandatory to read the IVR register (or to
reset the entire device).

Reading the IVR always moves the FSM from WAIT to READY state, assuming that the
FSM was in WAIT state, and automatically releases the EIC nIRQ line. IVR must not be read
if it is not in order to acknowledge the interrupt, as it releases nIRQ line.

Reading the IVR has no effect on the state machine and nIRQ line if the device is in debug
state.

There is no flag indicating the FSM state.

J
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4.1.6

Stack

The stack is up to 15 events deep corresponding to the maximum number of nested
interrupts. It is used to push and pop the previous EIC state. The data pushed onto the stack
are EIC_CICR (Current Interrupt Channel Register) and EIC_CIPR (Current Interrupt
Priority Register).

When the FSM is in WAIT state, reading the IVR raises an internal flag. This pushes the
previous CICR and CIPR onto the EIC stack. This happens on the next internal clock cycle
after reading the IVR. In the meantime the internal flag is cleared. The EIC_CICR and
EIC_CIPR are updated with the value corresponding to the interrupt channel read in IVR.

If IVR is read while the FSM is in READY state, the internal flag is not raised and no
operation is performed on the EIC internal stack. IVR must not be read if it is not in order to
acknowledge the interrupt, otherwise EIC internal stack would be corrupted.

Reading the IVR has no effect on the EIC internal stack if the device is in debug state.

A routine can only be interrupted by an event having a higher priority. Consequently, the
maximum number of nested interrupts is 15, corresponding to the 15 priority levels, from 1
to 15. An interrupt with priority level 0 can never be executed. In order for the stack to be full,
up to 15 interrupts must be nested and each interrupt event must appear sequentially from
priority level 1 up to 15. The main program must have priority level 0.

Having all interrupt sources with a priority level 0 could be useful in applications that only
use polling.

To pop the stack, the EIC pending bit corresponding to the interrupt in the EIC_CICR
register has to be cleared. Clearing any other pending bits will not pop the stack. Take care
not to clear a pending bit corresponding to an event still in the stack, otherwise it will not be
possible to pop the stack when reaching this stack stage. When the stack is popped, the
EIC_CICR and EIC_CIPR are restored with the values corresponding to the previous
interrupt event.

Figure 36. Nested interrupt request sequence example

INTERRUPT 0 HAS PRIORITY LEVEL 0

INTERRUPT 1 HAS PRIORITY LEVEL 1

INTERRUPT 2 HAS PRIORITY LEVEL 2
PRIORITY LEVEL INTERRUPT 3 HAS PRIORITY LEVEL 3
INTERRUPT 4 HAS PRIORITY LEVEL 4
INTERRUPT 5 HAS PRIORITY LEVEL 5
INTERRUPT 6 HAS PRIORITY LEVEL 6
A INTERRUPT 7 HAS PRIORITY LEVEL 7

re-enable interrupt

4 | -]

INT. 5 i

INT. 3 re-enable interrupt
3 1 .____._ INT. 4 J R |

re-enable interrupt
- N ;-3 . |
INT. 2
CPL=2 le il le i
L e 7
re-enable interrupt

O L (MAINPROGRAM |- = = = = = = = = oo o oo oo e e oo e im e e e ool MAIN PROGRAM )

CPL setto 0 CPL=0
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4.1.8
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EIC Interrupt Vectoring

When the ARM7TDMI decodes an IRQ interrupt request, the instruction at the address 0x18
is executed. By this time the IVR register is updated with the address of the highest pending
interrupt routine. In order to get the maximum advantage from the EIC mechanism, the
instruction at address 0x18 can load the program counter with the address located in the
IVR. In this way, the CPU vector points directly to the right interrupt routine without any
software overhead.

As the priority decoder is always active, the arbitration is never stopped. It may happen that
an interrupt event asserts low the ARM7TDMI nIRQ line and if between the nIRQ line
asserted low and the IVR read operation a new highest priority event appears, the IVR will
have the value corresponding to the highest priority pending interrupt when the IVR is read.

It is not mandatory to read the IVR and to branch directly to the right interrupt routine with
the instruction at address 0x18. An alternative solution could be to branch to a single
interrupt entry point and to read the IVR register later on. The only mandatory operations
are to first read the IVR once only, then to clear the corresponding pending bit. From an EIC
stand point, the interrupt is acknowledged when the IVR is read and is completed when the
corresponding pending bit is cleared. From an ARM7TDMI core stand point the interrupt is
acknowledged when the ARM7TDMI nIRQ line is asserted low and is completed when the
exception return sequence is executed.

The EIC nlIRQ line is equivalent to the ARM7TMDI nIRQ line but in addition it is masked by
the EIC global enable bit (IRQ_EN). The EIC nIRQ line can be asserted low but if the global
EIC enable bit is not set the ARM7TDMI nIRQ line will not be asserted low.

The IPR is a read/clear register, so writing a ‘0’ has no effect, while writing a ‘1’ resets the
related bit. Therefore, refrain from using read-modify instructions to avoid corruption of the
IPR status. Most of the EIC pending bits are related to a peripheral pending bit. The
peripheral pending bit must be cleared prior to clearing the EIC pending bit. Otherwise the
EIC pending bit will be set again and the interrupt routine will be executed twice.

EIC IRQ notes

Reading the IVR while the FSM is in READY state will have no effect. The value read will be
unpredictable. Actually, the EIC assigns the IVR value to one of the IRQ routine addresses
by default.

The IVR can also be unpredictable while the FSM is in WAIT state. This has to be avoided
as the CPU would execute one interrupt routine while the value in the IVR register is not
relevant. It would result in an EIC stack corruption as the corresponding pending bit could be
reset.

There are several cases where it may happen:

® When the main program raises the main program priority level to a value equal to or
higher than the current highest priority pending channel. Interrupts have to be disabled
globally during this operation.

® When lowering the priority of a pending channel priority by modifying the SIRn register
to a value equal or lower than the main program priority.

® When the software clears some pending bits without taking care to execute the
standard interrupt routine sequence.

In such cases the priority decoder loses the winner while the EIC nIRQ line is still being
asserted. Only reading the IVR will release the EIC nIRQ line.
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The CPU will execute the interrupt routine without having a relevant value in the IVR
register, possibly corrupting the stack. If the corresponding pending bit is reset, it will not be
possible to execute the EIC stack pop operation.

The normal way to process an interrupt event is to read the IVR register only one time from
the interrupt routine, otherwise it may corrupt the EIC stack. Before exiting the interrupt
routine the corresponding peripheral and the EIC pending bits must be cleared. As soon as
the IVR is read the application software can read the CICR register to know which interrupt
routine is currently executed, as long as the IVR register is not used as a routine pointer.

If the IVR is not read in the interrupt routine the nIRQ line will not be released and the
interrupt will be executed twice. If the pending bit is already cleared the EIC stack will be
corrupted as it will not be able to perform the pop operation.

Inside a routine it is not an issue to clear pending bits having a lower priority level than the
current one, as the nIRQ line is not asserted low in that case. It can be an issue to clear a
pending bit having a higher priority level as the EIC nIRQ line is already asserted low, and
when interrupts are re-enabled, the EIC stack will be corrupted.

Clearing a pending bit of an interrupt already in the stack will corrupt the stack.

In the main program, if the global interrupts are disabled, all interrupt sources are disabled
and all pending bits are cleared, if the nIRQ was already asserted low as soon as the global
interrupts are enabled the CPU executes an interrupt routine. In this situation the IVR read
will have an unpredictable value, corrupting the EIC stack.

There are two safe ways to clear pending bits without executing the interrupt routine. The
first one is to clear them from an IRQ routine having the higher priority level. By this way, the
EIC nIRQ line is guaranteed to be released. The second one applies only from the main
routine when there is no nested interrupt (EIC stack empty). It consists in following these
steps:

1. The global interrupts are disabled

2. Disable all the interrupt channel bits (IER = 0)

3. IVRisread

4. Read CICR

5. Clear all IPR pending bits (IPR=0), it depends on CICR read. The software has to clear

first the register not related to CICR read.
6. Clear the second EIC pending bit register.
7. Enable IER according to the user application.
8. Enable global interrupts.

If the FSM is in READY state, reading IVR in operation 3) will not do anything. Clearing
pending bits will not pop anything as this code is executed from the main routine with no
nested interrupts (this is the reason why this method is not recommended from an interrupt
routine as clearing all the pending bits will abort the current EIC interrupt routine).

If the FSM is in WAIT state the IVR read will correspond to the highest priority level channel,
the main CIPR register will be pushed into the stack, and the main program will have the
priority of the highest pending interrupt. The EIC nIRQ is released and will not be asserted
again if the right IPR register is cleared first.

All EIC pending bits can be cleared including the ones that the user application wants to
address later on. The user code needs to make sure that, for those interrupts, the peripheral
pending bit is not cleared. By this way, the corresponding EIC pending bits will be set again.
As all EIC pending bits are cleared, the EIC stack is guaranteed to pop properly. An
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alternative solution is to make sure that the EIC pending bit corresponding to the IVR read is
cleared.

The operation 3), reading the IVR, is done from the main program and not from an interrupt.
It is the only exception where IVR should be read outside an interrupt routine.

4.1.9 FIQ mechanism

Compare to the EIC IRQ mechanism the EIC FIQ mechanism does not provide any
automatic vectoring and software priority level to each FIQ interrupt source. It provides a
global FIQ enable bit, an enable and a pending bit per FIQ channel.

There are few differences between the global F bit from the CPSR ARM core register and
the global FIQ enable bit from the EIC. The F bit can not be modified in user mode while the
EIC global FIQ enable bit is always accessible in any modes. In addition the F bit does not
modify the nFIQ internal signal level, it just masks the signal to the core while the EIC global
FIQ enable bit act on the nFIQ signal level. The nFIQ signal is always inactive as soon as
the global EIC FIQ enable bit is reset, and is active as soon as the global EIC FIQ enable bit
is set along with at least one FIQ pending bit.

In order for a FIQ channel source to be pending, the corresponding FIQ enable bit must be
set. Clearing the FIQ channel enable bit while the corresponding pending bit is set will not
clear the pending bit and the channel will stay active until the pending bit is cleared.

In order for the CPU to vector at the address 0x1C (FIQ exception vector address) the F bit
and the global EIC FIQ enable bit must be enabled and at least one FIQ pending bit must be
active. Otherwise the CPU will not enter the FIQ exception routine.

4.2 Register Programming

Here are a few guidelines on programming the EIC registers in order to get the controller up
and running quickly. The following explanation is based on an example using standard (IRQ)
interrupts to detect an interrupt on channel #12, which is to be assigned a priority level of 5.

4.2.1 IRQ Example

1. First of all, assign the priority of interrupt channel #12 and the jump address to the
related Interrupt Service Routine. To do this:

—  Write the binary value “0101” to the SIPL[3:0] bits in the EIC_SIR12 register , i.e.
priority level 5. It must be nonzero to be able to generate an IRQ.

2. Next program the registers involved with supplying the channel interrupt vector to the
EIC controller (IVR[31:16] and SIR12[31:16]):

—  Write the memory address offset (or the jump offset) of the start of the Interrupt
Service Routine for channel #12 in the SIR[31:16] bits in the EIC_SIR12 register.

—  Write the base jump address (or the jump opcode) in the IVR[31:16] bits in the
EIC_IVR register.

3. Finally, enable the response to the interrupt both at the global level and at the single
interrupt channel level. To do this:

—  Set the IRQ_EN bit in the EIC_ICR register to 1
—  Setbit # 12 in the EIC_IER register to 1

J
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422 FIQ Example
FIQ interrupts do not have any vectorization or priority, so only the two part of step 3 above
are required. For example, to enable FIQ channel #1:
1. Setthe FIQ_EN bit of ICR to 1.
2. Set the FIE1 bit in the EIC_FIR register to 1.
4.3 Application note
Every Interrupt Service Routine (ISR) allowing nested interrupts must be composed of the
following blocks of code:
A Header routine for entering the ISR. It must be:
1) STMFD sp!, {r5,1lr}The workspace r5 plus the current return address lr_irqg is
pushed into the system stack.
2) MRS r5,spsr Save the spsr into r5
3) STMFD sp!,{r5} Save r5
4) MSR cpsr_c,#0x1lF Re-enable IRQ, go into system mode
5) STMFD sp!,{lr}  Save lr_sys for the system mode
r5 is a generic register, and could be any available register from r0 to r12. Since there is
no way to save SPSR directly into the ARM’s stack, the operation is executed in two
steps using r5 as a work register.
The ISR Body routines.
A Footer routine for exiting the ISR. It must be:
1) LDMFD sp!,{lr} Restore lr_sys for the system mode
2) MSR cpsr_c,#0xD2 Disable IRQ, move to IRQ mode
3) Clear pending bit in EIC (using the proper IPRx)
4) LDMFD sp!, {r5} Restore r5
5) MSR spsr,r5 Restore Status register spsr
6) LDMFD sp!, {r5,1lr} Restore status lr_irq and workspace
7) SUBS pc,lr, #4 Return from IRQ and interrupt re-enabled
The following two paragraphs provide comments on the code lines shown above and give
useful hints on developing subroutines to be invoked from within an ISR.
4.3.1 Avoiding LR_sys and r5 registers content loss

This case refers to a LR_sys content loss problem. Let’'s assume that an ISR without
instruction 5) in the header routine (and consequently without instruction 1) in the footer
routine) has just started; the following happens:

® Instruction 4) is executed (so system mode is entered)

o If before the interrupt event the main program was in a leaf routine (no function call in
the routine) meaning that the system link register is not pushed into the stack, as soon
as system mode is entered in the ISR, the link register could be corrupted if a function
call is made in the ISR. It will not be possible to return from the leaf routine in the main
program.
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To avoid such a dangerous situation, the workaround is to insert line 5) at the end of header
routine and consequently line 1) at the beginning of footer routine.

Similar reasons could lead register r5 to be corrupted. To fix this problem, lines 3) in header
and 4) in footer should be added.

4.3.2 Hints about subroutines used inside ISRs
This section discusses the case where a subroutine is called by an ISR.

Supposing that a procedure starts with an instruction like:
STMFD sp!, {..., LR}

probably it will end with:

LDMFD sp!, {..., LR}

MOV PC, LR

If a higher priority IRQ occurs between the last two instructions, and the new ISR calls in
turn another subroutine, the LR content will be lost: so, when the last IRQ ends, the
previously interrupted subroutine will not return to the correct address.

To avoid this, the previous two instructions must be replaced with the single instruction:
LDMFD spt!, {..., PC}

which automatically moves the stored link register directly into the program counter, making
the subroutine return correctly.

4.4 Interrupt latency

As soon as an interrupt request is generated, the request itself must go through three
different stages before the interrupt handler routine can start. The interrupt latency can be
seen as the sum of three different factors:

® Latency due to the synchronization of the input stage. This logic can be present (e.qg.
synchronization stage on external interrupt input lines) or not (e.g. on-chip interrupt
request), depending on the interrupt source. Either zero or two clock cycles delay are
related to this stage.

® Latency due to the EIC itself. Two clock cycles are related to this stage.

® Latency due to the ARM7TDMI interrupt handling logic (refer to the documentation
available on www.arm.com).

Table 22.  EIC Interrupt latency (in clock cycles)
SYNCH. STAGE

EIC STAGE

min max

FIQ
IRQ

J
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4.5 Register description

In this section, the following abbreviations are used:

Table 23. Abbreviations

read/write (rw) Software can read and write to these bits.

read-only (r) Software can only read these bits.

Software can read as well as clear this bit by writing 1. Writing 0 has

read/clear (rc_w1) no effect

4.6 Register description

Reading from a “Reserved” field in any register will return ‘0’ as the result. Attempting to
write in a “Reserved” field has no effect.

4.6.1 Interrupt Control Register (EIC_ICR)

Address Offset: 00h
Reset value: 0000 0000h

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

Bits 31:2 | Reserved, must be kept at reset value (0).

FIQ_EN: Global FIQ output Enable bit
This bit enables FIQ output request to the CPU.
Bit 1 0: Enhanced Interrupt Controller FIQ output request to CPU is disabled, even if the
EIC logic has detected valid and enabled fast interrupt requests at its inputs
1: Enhanced Interrupt Controller FIQ output request to CPU is enabled

IRQ_EN: Global IRQ output Enable bit
This bit enables IRQ output request to the CPU.
Bit 0 0: Enhanced Interrupt Controller IRQ output request to CPU is disabled, even if the
EIC logic has detected valid and enabled interrupt requests at its inputs
1: Enhanced Interrupt Controller IRQ output request to CPU is enabled

The ICR register is a global enable register.

Note: While resetting to ‘0’ FIQ_EN bit simply masks out the FIQ output request to the CPU.
Resetting to ‘0’ IRQ_EN bit keeps the FSM which controls the IRQ output request to the
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4.6.2

31

30

CPU under reset and freezes the FSM that manages the EIC Stack Pointer (Push/Pop
control).

This makes it safe to perform operations such as clearing unwanted pending IRQs, raising
the priority value in the CIPR register, or modifying the priority of an IRQ channel by re-
writing the SIPL field in the related SIR register.

Current Interrupt Channel Register (EIC_CICR)

Address Offset: 04h
Reset value: 0000 0000h

29 28 27 26 25 24 23 22 21 20 19 18 17 16

reserved

15

13 12 11 10 9 8 7 6 5 4 3 2 1 0

reserved CIC[4:0]

4.6.3
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r r r r r

Bits 31:5 | Reserved, must be kept at reset value (0).

CIC[4:0]: Current Interrupt Channel.

Bits 4:0 . . L . .
Number of the interrupt whose service routine is currently in execution phase.

The CICR Register reports the channel ID of the interrupt channel currently serviced. There
are 32 possible channel IDs (0 to 31), so only five register bits are significant (4 to 0).

After reset, the CICR value is set to ‘0’ and is updated by the EIC logic only after the
processor has started servicing a valid IRQ interrupt request e.g. one clock cycle after
having read IVR.

To make this happen, some EIC registers must be set as follows:
® ICRIRQ_EN =1 (to have the nIRQ signal to ARM7TDMI active)
® |ER not all 0 (at least one interrupt channel must be enabled)

® Out of all the the interrupt channels enabled in the IER register, at least one must have
the SIPL field, of the related SIR register, not set to 0, because the EIC generates a
processor interrupt request (asserting the nIRQ line) ONLY IF it detects an enabled
interrupt request whose priority value is bigger than the CIPR (Current Interrupt
Priority Register) value.

When the nIRQ signal to the ARM7TDMI is activated, the CPU will read the EIC IVR
(Interrupt Vector Register), and this read operation will advise the EIC logic that the ISR
(Interrupt Service Routine) has been initiated and the CICR register can be properly
updated.

The CICR value can’t be modified by software (read only register).

Current Interrupt Priority Register (EIC_CIPR)

Address Offset: 08h
Reset value: 0000 0000h

J
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31 29 28 27 26 25 24 23 22 21 20 19 18 17 16
reserved
15 13 12 11 10 9 8 7 6 5 4 3 2 1 0
reserved CIP[3:0]
w rw w w

Note:

Bits 31:4 | Reserved, must be kept at reset value (0).

Bits 3:0 | C1PI3:0l: Current Interrupt Priority.

Priority value of the interrupt whose service routine is currently in execution phase.

The CIPR Register provides the priority value of the main program or the priority value of the
interrupt routine currently serviced. There are 16 possible priority values (0 to 15), so only
four register bits are significant (3 to 0).

After reset, the CIPR value is set to ‘0’ and is updated by the EIC logic only after the
processor has started servicing a valid IRQ interrupt request e.g. one clock cycle after
having read IVR.

To make this happen, some EIC registers must be set as follows:
® ICRIRQ_EN =1 (to have the nIRQ signal to ARM7TDMI active)
® |ER not all 0 (at least one interrupt channel must be enabled)

® Out of all the interrupt channels enabled by the IER register, at least one must have the
SIPL field, of the related SIR register, not set to 0, because the EIC generates a
processor interrupt request (asserting the nIRQ line) ONLY IF it detects an enabled
interrupt request whose priority value is bigger than the CIPR (Current Interrupt
Priority Register) value.

When the nIRQ signal to ARM7TDMI is activated, the CPU will read the EIC IVR (Interrupt
Vector Register), and this read operation will advise the EIC logic that the ISR (Interrupt
Service Routine) has been initiated and the CIPR register can be properly updated.

The CIPR value can be modified by the user code, to either raise the priority of the main
code (in order to avoid serving incoming interrupt requests with a priority value lower than a
desired one) or to promote a running ISR to a higher level: in this last case, the EIC logic will
allow a write to the CIP field of any value higher, or equal, to the priority value associated
with the interrupt channel currently serviced.

For example: suppose the nIRQ signal to ARM7TDMI is activated because of an enabled
interrupt request on channel #4, whose priority value is 7 (i.e. SIPL of SIR7 is 7); after the
processor reads the IVR register, the EIC will load the CIP field with 7. Until the interrupt
service procedure is completed, writes of values 7 up to 15 will be allowed, while attempts to
modify the CIP content with a priority lower than 7 will have no effect.

In the user code, care should be taken to avoid a situation where the FSM is in WAIT state
and the IVR has an unpredictable value.

In order to safely raise the current CIPR (both from main code and from an ISR), the
IRQ_EN bit in the ICR register should be cleared first, otherwise the EIC FSM could be put
into an unrecoverable state.
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4.6.4 Fast Interrupt Enable Register (EIC_FIER)
Address Offset: 10h
Reset value: 0000 0000h
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
reserved FIE[1:0]
rw rw
Bits 31:2 | Reserved, must be kept at reset value (0).
FIE[1:0]: FIQ Channel 1:0 Fast Interrupt Enable bit
These bit s are set an cleared by software. In order for the controller to respond to a
request on the specified channel (1 or 0), the corresponding bit in the FIER register
Bits 1:0 must be setto 1. A ‘0’ value prevents the corresponding pending bit being set.
0: Fast Interrupt request issued on the specified channel is disabled
1: Fast Interrupt request issued on the specified channel is enabled
Note: The FIER Register is just an alias of the FIE[1:0] bits in the FIR register.
116/437 /4




RM0003 4 Interrupts

4.6.5 Fast Interrupt Pending Register (EIC_FIPR)

Address Offset: 14h
Reset value: 0000 0000h

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

reserved

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

reserved FIP[1:0]

rc_w1 rc_wi

Bits 31:2 | Reserved, must be kept at reset value (0).

FIP[1:0]: FIQ Channel 1:0 Fast Interrupt Pending bit
These bits are set by hardware by a Fast interrupt request on the corresponding
channel (1 or 0). These bits are cleared only by software, i.e. writing a ‘0’ has no
Bits 1:0 effect, whereas writing a ‘1’ clears the bit (forces it to ‘0’)
0: No Fast Interrupt pending on the specified channel
1: Fast Interrupt pending on the specified channel
Note: The FIPR Register is just an alias of the FIP[1:0] bits in the FIR register.

4.6.6 Interrupt Vector Register (EIC_IVR)

Address Offset: 18h
Reset value: 0000 0000h

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
IVR[31:16]

rw rw rw rw rw rw rw rw rw rw rw rw rw rw w rw

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
IVR[15:0]

r r r r r r r r r r r r r r r r

The IVR is the EIC register the CPU has to read after detecting the nIRQ signal assertion.

The IVR read operation tells the EIC logic that the interrupt service routine (ISR), related to
the pending request, has been initiated. The IVR read acknowledges the IRQ, and so this
should not be done for any other reason as it could cause an unwanted IRQ acknowledge.
This means that:

o the nIRQ signal can be de-asserted

e the CIPR and CICR can be updated

® no interrupt requests, whose priority is lower, or equal, than the current one can be
processed
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IVR[31:16]: Interrupt Vector (High portion).

Bits 31:16(1) This part of the vector does not depend on the interrupt to be serviced, but has to be
' programmed by the user at initialization time (see Note). It is common to all the
interrupt channels. These bits are Read/Write.

IVR[15:0]: Interrupt Vector (Low portion).

This part of the vector depends on the interrupt to be serviced (i.e. out of all the
Bits 15:0() enabled interrupts, the one with the highest priority). It is a copy of the SIV (Source
Interrupt Vector) value of the SIR (Source Interrupt Register) related to the channel
to be serviced. These bits are Read only.

1. The EIC logic does not care about the IVR content: from the controller point of view it's a simple
concatenation of two 16-bit fields

IVR = IVR(31:16) & SIRn(31:16)

What has to be written in the IVR(31:16) is the higher part of the address pointing to the memory location
where the interrupt service routines begin; the single SIRn(31:16) will have to contain the lower 16 bits
(offset) of the memory address related to the channel specific ISR.

Reading IVR acknowledges the IRQ only when the CPU is not in debug mode.

4.6.7 Fast Interrupt Register (EIC_FIR)
Address Offset: 1Ch
Reset value: 0000 0000h
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
reserved FIP[1:0] FIE[1:0]
rc_wi rc_wi w w
Bits 31:4 | Reserved, must be kept at reset value (0).
FIP[1:0]: FIQ Channel 1:0 Fast Interrupt Pending bit
These bits are set by hardware by a Fast interrupt request on the corresponding
channel (1 or 0). These bits are cleared only by software, i.e. writing a ‘0’ has no
Bits 3:2 effect, whereas writing a ‘1’ clears the bit (forces it to ‘0’)
0: No Fast Interrupt pending on the specified channel
1: Fast Interrupt pending on the specified channel
Note: The FIPR Register is just an alias of the FIP field in the FIR register.
FIE[1:0]: FIQ Channel 1 Fast Interrupt Enable bit
These bits are set and cleared by software. In order for the controller to respond to a
request on a specific channel, the corresponding bit in the FIER register must be set
Bits 1:0 to 1. A ‘0’ value prevents the corresponding pending bit being set.
0: Fast Interrupt request issued on the specified channel is disabled
1: Fast Interrupt request issued on the specified channel is enabled
Note: The FIER Register is just an alias of field FIE in FIR register.
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4.6.8 Interrupt Enable Register (EIC_IER)
Address Offset: 20h
Reset value: 0000 0000h
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
IER[31:16]

w w w w w w rw w rw rw rw rw rw rw w w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
IER[15:0]
rw rw rw rw rw rw rw rw rw rw rw rw rw rw rw w

IER[31:0]: Channel 31:0 Interrupt Enable bits
These bits are set and cleared by software. To enable the interrupt response to the
Bits 31:0 specified interrupt input channel the corresponding bit in the IER register must be set
' to ‘1. A ‘0’ value prevents the corresponding pending bit being set.
0: Input channel disabled
1: Input channel enabled
4.6.9 Interrupt Pending Register (EIC_IPR)
Address Offset: 40h
Reset value: 0000 0000h
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
IPR[31:16]
rc_wi rc_wi rc_wi rc_wi rc_wi rc_wi rc_wi rc_wi rc_wi rc.wli rc_wi rc.wli rc_wi rc_wi rc_wi rc_wi
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
IPR[15:0]
rcwl rcwl rc_wl rc_wl rc_wl rc_wl rc_wl rcwl  rcwl  rc_wl re_wl  rc_wl  rc_wl  rc_wl  rc_wi rc_wi

IPR[31:0]: Channel 31:0 Interrupt Pending bits

These bits are set by hardware and cleared by software writing 1. They provide the
information about the interrupt status of the corresponding channel. If the
corresponding bit in the enable register IER has been set, the IPR bit set high (active)
means that the related channel has asserted an interrupt request, that has not been
serviced yet.

These bits are Read/Clear, i.e. writing a ‘0’ has no effect, whereas writing a ‘1’ clears
the bit (forces it to ‘0’).

0: No interrupt pending

1: Interrupt pending

Bits 31:0
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Note: 1  Before exiting the ISR (Interrupt Service Routine), the software must be sure to have
cleared the EIC IPR bit related to the executed routine: this bit clear will be read by the EIC
logic as the End of Interrupt (EOI) sequence, allowing the interrupt stack pop and new
interrupt processing.

2 The Interrupt Pending bits must be handled with care because the EIC State Machine, and
its internal priority hardware stack, could be forced to an unrecoverable condition if
unexpected pending bit clear operations are performed.

Example 1

Suppose that one or more interrupt channels are enabled, with a priority higher than zero;
as soon as an interrupt request occurs, the EIC FSM processes the new input and asserts
the nIRQ signal. If, before reading the EIC_IVR (0x18) register, the software clears the
pending bits, for any reason, the nIRQ signal will remain asserted, even if no more interrupts
are pending.

The only way to reset the nIRQ line logic is to read the EIC IVR register, or to reset the
IRQ _EN bit in the EIC ICR register.

Example 2

Suppose that one or more interrupt channels are enabled, with a priority higher than zero;
as soon as an interrupt request occurs, the EIC FSM processes the new input and asserts
the nIRQ signal. If, after reading the EIC_IVR (0x18) register, the software clears the
pending bit related to the serviced channel, for any reason, before completing the Interrupt
Service Routine, the EIC logic will detect an End Of Interrupt command, will send a pop
request to the priority stack and a new interrupt, even of lower priority, will be processed.

To close an interrupt handling section (EQI), the interrupt pending clear operation must be
performed, at the end of the related Interrupt Service Routine, on the pending bit related to
the serviced channel; on the other hand, as soon as the pending bit of the serviced channel
is cleared (even by mistake) by the software, the EQOIl sequence is entered by the EIC logic.

3 To safely clear the pending bit of an IRQ that is not currently being serviced, the IRQ_EN bit
in the EIC_ICR register should be cleared first. If this is not done, the EIC FSMs could go
into an unrecoverable state.

In any case, when performed in the main program this operation has no drawbacks. When
performed inside an IRQ routine it is very important not to mistakenly clear the IPRn bit
related to the currently served IRQ . Because the IRQ_EN bit freezes the Stack, the pop
operation for the current IRQ will not be done and won’t even be possible later on when the
IRQs are re-enabled.

J
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4.6.10 Source Interrupt Registers - Channel n (EIC_SIRn)

Address Offset: 60h to 15Ch
Reset value: 0000 0000h

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
SIV[31:16]
w w w w w w w w w w w w w w w rw
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
reserved SIPL[3:0]
w w w rw

There are 32 different SIRn registers, one for each interrupt channel.

SIV[31:16]: Source Interrupt Veector for interrupt channel n (n = 0... 31).

These bits are written by software to define the interrupt channel dependent part of
Bits 31:16 the interrupt vector, that is provided to the processor when the Interrupt Vector
Register (Address 0x18h) is read.

The SIV has to be loaded with the lower 16 bits (offset) of the memory address of the
first ISR instruction.

Bits 15:4 | Reserved, must be kept at reset value (0).

SIPL[3:0]: Source Interrupt Priority Level for interrupt channel n (n = 0... 31).

These bits are written by software to define the interrupt channel priority level between
0 and 15 (15 = highest priority, 1= lowest priority, 0 = never served). The reset value is
0.

Note: To be processed by the EIC priority logic, an interrupt channel must have a
priority level higher than the current interrupt priority (CIP); the lowest value CIP can
have is 0, so all the interrupt sources that have a priority level equal to 0 will never
generate an IRQ request, even if properly enabled.

Bits 3:0

‘ﬁ 121/437




4 Interrupts

RMO0003

4.7 EIC Register map

Table 24.

EIC register map

bl ol 2 R E R R RS R ISEE R R EERE 3(2|1]0
& |
Oh ICR reserved Ol OI
oL |x
04h CICR reserved CIC[4:0]
08h CIPR reserved ’ CIP[3:0]
0Ch reserved
10h FIER reserved FIE
[1:0]
14h FIPR reserved FIP
[1:0]
Jump Instruction Opcode or
18h IVR Jump Base Address Jump Offset
FIP | FIE
1Ch FIR reserved [1:0] | [1:0]
20h IER IER[31:0]
40h IPR IPR[31:0]
60h SIRO SIV0[31:16] reserved SIPLO[3:0]
64h SIR1 SIV1[31:16] reserved SIPL1[3:0]
68h SIR2 SIV2[31:16] reserved SIPL2[3:0]
6Ch SIR3 SIV3[31:16] reserved SIPL3[3:0]
70h SIR4 SIV4[31:16] reserved SIPL4[3:0]
74h SIR5 SIV5[31:16] reserved SIPL5[3:0]
78h SIR6 SIV6[31:16] reserved SIPL6[3:0]
7Ch SIR7 SIV7[31:16] reserved SIPL7[3:0]
80h SIR8 SIV8[31:16] reserved SIPL8[3:0]
84h SIR9 SIV9[31:16] reserved SIPL9[3:0]
88h SIR10 SIV10[31:16] reserved SIPL10[3:0]
8Ch SIR11 SIV11[31:16] reserved SIPL11[3:0]
90h SIR12 SIV12[31:16] reserved SIPL12[3:0]
94h SIR13 SIV13[31:16] reserved SIPL13[3:0]
98h SIR14 SIV14[31:16] reserved SIPL14[3:0]
9Ch SIR15 SIV15[31:16] reserved SIPL15[3:0]
AOh SIR16 SIV16[31:16] reserved SIPL16[3:0]
Adh SIR17 SIV17[31:16] reserved SIPL17[3:0]
A8h SIR18 SIV18[31:16] reserved SIPL18[3:0]
ACh SIR19 SIV19[31:16] reserved SIPL19[3:0]
BOh SIR20 SIV20[31:16] reserved SIPL20[3:0]
B4h SIR21 SIV21[31:16] reserved SIPL21[3:0]
B8h SIR22 SIV22[31:16] reserved SIPL22[3:0]
BCh SIR23 SIV23[31:16] reserved SIPL23[3:0]
COh SIR24 SIV24[31:16] reserved SIPL24[3:0]
C4h SIR25 SIV25[31:16] reserved SIPL25[3:0]
C8h SIR26 SIV26[31:16] reserved SIPL26[3:0]
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Table 24. EIC register map (continued)

offset | Name. |5 %X 8N &8 X /| Y 5 =22 = |2 2 2w m 2o (8| 7]6|5]4]3|2| 1|0
CCh SIR27 SIV27[31:16] reserved SIPL27[3:0]
DOh SIR28 SIV28[31:16] reserved SIPL28[3:0]
D4h SIR29 SIV29[31:16] reserved SIPL29[3:0]
D8h SIR30 SIV30[31:16] reserved SIPL30[3:0]
DCh SIR31 SIV31[31:16] reserved SIPL31[3:0]

See Table 2 for the base address.
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4.8 External Interrupt Controller (EXTIT)

4.8.1 Introduction

The External interrupt controller consists of up to 16 edge detectors for generating interrupt
requests. Each interrupt line can be independently configured to select the trigger event

(rising or falling) and can be masked independently. A pending register maintains the status
of the interrupt requests.

4.8.2 Main features

Supports generation of up to 16 Interrupt requests

Independent trigger and mask on each interrupt line
Dedicated status bit for each interrupt line
Generation of up to 16 software interrupt requests

4.8.3 Block diagram

The Block Diagram is shown in Figure 37.

Figure 37. External Interrupt Controller block diagram
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4.8.4

Note:

Functional description

To generate the interrupt, the interrupt line should be configured and enabled. This is done
by programming the trigger register with the desired polarity and enabling the interrupt
request by writing a ‘1’ to the corresponding bit in the mask register. When the selected
edge occurs on the external interrupt line, an interrupt request is generated. The pending bit
corresponding to the interrupt line is also set. This request is reset by writing a ‘1’ in the
pending register.

An interrupt request can also be generated by software by writing a ‘1’ in the software
interrupt register.

Hardware Interrupt selection

To configure the 16 lines as interrupt sources, use the following procedure:
® Configure the mask bits of the 16 Interrupt lines (EXTIT_MR)
® Configure the Trigger Selection bits of the Interrupt lines (EXTIT_TSR)

® Configure the enable and mask bits that control the EIC IRQ channel mapped to the
External Interrupt Controller (EXTIT) so that an interrupt coming from one of the 16
lines can be correctly acknowledged.

Software Interrupt selection

The 16 lines can be configured as software interrupt lines. The following is the procedure to
generate a software interrupt.

® Configure the mask bits of the 16 Interrupt lines (EXTIT_MR)

® Set the required bit of the software interrupt register (EXTIT_SWIR)

Restrictions applying to external interrupt signal inputs

To generate an external interrupt, a minimum pulse width of 2 x tpc k has to be applied on
the external line. This restriction applies in RUN mode, SLOW mode or WFI mode.

However, in STOP mode, this restriction does not apply and the external interrupts can
wake-up the MCU while there is no clock running.

In STANDBY mode, only the RTC alarm or the WKP_STDBY pin or the RESET can wake-
up the MCU.

In modes other than STOP mode or STANDBY mode, care must be taken if the external line
is the RTC alarm: the restriction still applies and the pulse generated by the RTC alarm must
be larger than 2 tpc i clocks : Refer to theFigure 45: RTC second and alarm waveform
example with PR=0003, ALARM=00004 on page 170, which explains how the RTC alarm
signal is generated.
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4.8.5
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External interrupt line mapping

Table 25.  External interrupt line mapping

EXTIT line# EXTIT line source

0 P0.02 (TIM2_OC1)

P0.05 (SSPO_SCLK)

—_

P0.07 (SSPO_MOSI)

P0.08 (12C_SCL)

P0.10 (UARTO_RX)

P0.14 (CAN_RX)

P0.19 (SSP1_NSS)

P1.05

P1.07

P1.09

Ol Nl h~|lW|DN

P1.10 (PWM_EMERGENCY)

—_
o

11 P1.11

12 P1.12

13 P1.13

14(1) USB Wake-up from SUSPEND

15() 3 P1.15 (WKP_STDBY PIN) or RTC_ALARM

External interrupt line #14 is internally connected to the USB Wake-up from SUSPEND event. This can be
used to wake-up from STOP mode (if the USB has been put in Suspend mode) on any USB activity. For
this you need to:

- configure external interrupt line #14 to be sensitive to rising edge

- configure the USB
- put the USB in Suspend mode and enter STOP mode

External interrupt line #15 is connected to the output of an OR gate between the P1.15 input pin and the

RTC alarm event.

This RTC connection can be used to wake-up from STOP mode on an RTC alarm event. To do this, you
must:

- Apply a low level on the P1.15 pin

- Configure the external interrupt line #15 to be sensitive to rising edge.

- Configure the RTC to generate the RTC alarm

To wake-up from STANDBY mode, there is no need to configure external interrupt 15.
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4.8.6 Register description
Every register can have only 32-bit access. A byte or half-word cannot be read or written. In
this section, the following abbreviations are used:
read/write (rw) The software can read and write to these bits.
read-only (r) The software can only read these bits.
The software can read as well as clear this bit by writing 1. Writing ‘0’
read/clear (rc_w1) -
has no effect on the bit value.
Interrupt Mask Register (EXTIT_MR)
Address Offset: 00h
Reset value: 0000 0000h
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
reserved
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
MR15 | MR14 | MR13 | MR12 | MR11 | MR10 | MR9 | MR8 | MR7 | MR6 | MR5 | MR4 | MR3 | MR2 | MR1 | MRO
w rw rw rw rw w rw rw rw rw w rw rw rw rw rw
Bits 31:16 Reserved, must be kept at reset value (0).
MRXx: Interrupt Mask on line x
Bits 15:0 0 : Interrupt request from Line x is masked
1 : Interrupt request from Line x is not masked
Trigger Selection Register (EXTIT_TSR)
Address Offset: 04h
Reset value: 0000 0000h
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
reserved
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
TR15 | TR14 | TR13 | TR12 | TR11 | TR10 | TR9 | TR8 | TR7 | TR6 | TR5 | TR4 | TR3 | TR2 | TRi TRO
rw rw w w rw w w w rw w w w rw w w w
Bits 31:16 | Reserved, must be kept at reset value (0).
TRXx : Trigger event configuration bit of line x
Bits 15:0 0 : Interrupt request configured on falling edge of the input line
1 : Interrupt request configured on rising edge of the input line
Note: The external wake-up lines are edge triggered, no glitches must be generated on these

lines.
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If either a rising or a falling edge on external interrupt line occurs during writing of EXTIT_TR
register, the pending bit will not be set

Software Interrupt Register (EXTIT_SWIR)

Address Offset: 08h
Reset value: 0000 0000h

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SV\gm Sv‘ﬂm SV\gm SV\gR1 SW1'R1 SV\gR1 SWIR9 | SWIRS | SWIR7 | SWIR6 | SWIRS | SWIR4 | SWIR3 | SWIR2 | SWIR1 | SWIR0
rw rw rw rw rw rw rw rw rw rw rw rw rw w rw rw
Bits 31:16 | Reserved, must be kept at reset value (0).
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Bits 15:0

SWIx: Software Interrupt on line x

Writing a 1 to this bit when it is at 0 sets the corresponding pending bit in EXTIT_PR.

If the interrupt is enabled on this line on the EXTIT_MR, an interrupt request is

generated.

This bit is cleared by clearing the corresponding bit of EXTIT_PR (by writing a 1 into

the bit).
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Pending Register (EXTIT_PR)
Address Offset: 0Ch

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

PR15 | PR14 | PR13 | PR12

PR11 | PR10 PR9 PR8 PR7 PR6 PR5 PR4 PR3 PR2 PR1 PRO

rcwl rcwl rcwl rc_wl

rcwl  rc_wl rc_wil rcwl rcwl rcwl rc_wl rcwl rcwl rc_wl rc_wl rc_w1

Bits 31:16

Reserved, must be kept at reset value (0).

Bits 15:0

PRx: Pending bit
0: No trigger event occurred
1: selected trigger event occurred
This bit is set when the selected edge event arrives on the external interrupt line.
This bit is cleared by writing a 1 into the bit or by changing the sensitivity of the edge
detector.
Note: If an interrupt event occurs one cycle before entering Stop mode, then the
EXTIT_PR register will be updated only after exit from Stop mode, generating an
interrupt request if the corresponding bit in the EXTIT_MR register is set

4.8.7 EXTIT Register map
Table 26. External Interrupt Controller Register Map
Addr .
Offset [Register Name 5 S 2 R K Q QI YRV R R YR M@ TN e9 876543210
00h EXTIT_MR nterrupt Mask Register
04h EXTIT_TSR Trigger Selection Register
08h | EXTIT_SWIR Software Interrupt Register
0Ch EXTIT_PR Pending Register

Refer to Table 2 for the register base address.
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DMA controller (DMA)

Introduction

The DMA controller provides access to 4 data streams. Since peripherals are memory
mapped, data transfers from/to peripherals are managed like memory/memory data
transfers.

Each data stream is associated with a particular peripheral (see Figure 38). The peripheral,
triggers a DMA request, starting the data transfer between the corresponding buffers
defined in the stream descriptor. Data stream 3 can alternatively be used as a
memory/memory data transfer triggered by a software DMA request, independently from
any peripheral activity.

DMA controller priority

The priority between the different DMA triggering sources is defined by hardware, source 0
being the highest priority request and source 3 being the lowest one.

A typical “single data” DMA transfer will include the following phases:

- Peripherals to DMA interrupt triggering (~2 cycles)

- DMA bus request, arbitration and memory/peripheral to DMA transfer (~5 cycles).

- Internal DMA latency (1 cycle)

- DMA bus request, arbitration and DMA to memory/peripheral transfer (~5 cycles)

Note that in the case of burst DMA transfer, arbitration and internal DMA latency are seen
only once, each supplementary data transfer needing 1 cycle.

Example: burst transfer of 16 bytes organized in 4 words in memory and directed to a 16-bit
peripheral (8 half-words).

Transfer_cycles = 2+(5+3)+1+(5+7) = 23 cycles (16 bytes)

DMA Request mapping

Figure 38. DMA Request mapping

HIGH PRIORITY
REQUEST
SSPO_RX_DMA_REQ —p/ DMA
PWM_U_DMA_REQ —p{ REQUEST 0
TIMO_IC1_DMA_REQ —p OR >
TIMO_IC2_DMA_REQ —¥f

TIMO_U_DMA_REQ —»|
SSPO_TX_DMA_REQ —p| REQUEST 2
PWM_OC1_DMA_REQ —| or >
TIMO_OC1_DMA_REQ —p|

REQUEST 1

DMA REQUEST
—>

FIXED PRIORITY

> REQUEST 3

UARTO_RX_DMA_REQ —p|
PWM_OC2_DMA_REQ — og
TIMO_OC2_DMA_REQ —| 4

CONTROL BIT

SW TRIGGER

UARTO_TX_DMA_REQ —p|
ADC_DMA_REQ — g
v PWM_OC3_DMA_REQ —p!|

LOW PRIORITY
REQUEST
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5.3.1 SSP DMA Requests
Receive Requests:
1. Single character DMA transfer request when the receive FIFO contains at least one
character
2. Burst DMA transfer request when the receive FIFO contains four or more characters
These two DMA requests are ORed to generate the Receive DMA request
Transmit Requests:
1. Single character DMA transfer request when there is at least one empty location in the
transmit FIFO
2. Burst DMA transfer request when the transmit FIFO contains four or less characters
These two DMA requests are ORed to generate the Transmit DMA request
The Transmit DMA Request and the Receive DMA Request can be independantly
activated/de-activated by programming control bits inside the SSP.
5.3.2 UART DMA Requests
Receive Requests:
1. Single character DMA transfer request when the receive FIFO contains at least one
character.
2. Burst DMA transfer request when the receive FIFO contains more than the
programmed watermark level.
These two DMA requests are ORed to generate the Receive DMA request
Transmit Requests:
1. Single character DMA transfer request when there is at least one empty location in the
transmit FIFO
2. Burst DMA transfer request when when the transmit FIFO contains less than the
programmed watermark level.
These two DMA requests are ORed to generate the Transmit DMA request
The Transmit DMA Request and the Receive DMA Request can be independantly
activated/de-activated by programming control bits inside the UART.
5.3.3 ADC DMA Request
DMA Request is asserted after the conversion of a selected channel.
5.3.4 TIMO DMA Requests

At each Update Event

At each Output Compare 1 Event
At Each Input Capture 1 Event
At each Output Compare 2 Event
At Each Input Capture 2 Event
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5.4
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PWM Timer DMA Requests

® At each Update Event

® At each Output Compare 1 Event

® At each Output Compare 2 Event

® At each Output Compare 3 Event

The DMA controller treats bytes in memory as being in Little Endian format: the lowest

numbered byte in a word is considered as the least significant byte and the highest
numbered byte is the most significant.

Functional description

The DMA Controller is a single channel DMA Controller capable of servicing up to 4 data
streams. It has a a single FIFO which is shared by the 4 data streams via the use of priority
selection logic as shown in Table 27.

Table 27. DMA Request priority

DMA Request Priority
External0 1 (Highest)
Externald 2
External2 3

External3 - Internal0/1 4 (Lowest)

DMA Request3 is multiplexed with 2 internal request lines which are selected when a
memory to memory transfer is required. The DMA block diagram is shown in Figure 39.

The DMA Controller can be used for a memory to memory transfer, a peripheral to memory
transfer or a memory to peripheral transfer.

A DMA data transfer consists of a sequence of DMA data burst transfers. There are two
types of burst transfers, the first one is from the source address to the DMA Controller and
the second one is from the DMA Controller to the destination address. Each data burst
transfer is characterized by the burst length (1, 4, 8, or 16 words) and by the word width (1
byte, 2 bytes or 4 bytes). The DMA data transfer is complete when the programmed total
number of bytes has been transferred from the source address to the destination address
(Terminal Count register going to zero).

The Control Logic is used to arbitrate between the data streams. It selects the request from
the highest priority active data stream, passing the data from the chosen stream to and from
the FIFO as required. Each stream has a set of data stream registers which are used by the
Control Logic to determine source and destination addresses and the amount and format of
data to be transferred. They also provide various other control and status information.

The DMA data stream registers are all 16-bit wide and are accessed via the APB Bus. The
control logic can read all of these registers and can write some of them.
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Figure 39. DMA Controller block diagram
<]L AHB bus J\>

AHB Master Interface

!

- Interrupt
FIFO Interrypt Request
Logic to EIC
p| Data Stream 0
Registers <
DMA Requests
0 —p p| Data Stream 1
1 _’ Contro| Reg|sters
Logic ]
2 —p
p| Data Stream 2
3 —p Registers ¢
p Data Stream 3 <
Registers

APB Slave Interface

PR —

There is a single dedicated interrupt line from each DMA Controller to the EIC. It is driven by
4 internal interrupt flags (one per data stream) which are ORed together. They work as
follows:

Once a transfer for a specific stream is complete (this condition being detected by its
Terminal Count register going to zero) the interrupt flag for the data stream is set. The
interrupt logic then generates an interrupt to the EIC telling it that a request for one of the
data streams has been completed. At the same time this data stream is disabled (i.e. the
DMA Controller clears the enable bit of its control register). The status register must be read
to determine which data stream caused the interrupt to be raised. The DMA Controller can
now safely reconfigure this data stream (if required) for future transfers. A data stream can
be re-enabled via a write to the enable bit of the corresponding Control Register.

The DMA FIFO block consists of a 16 32-bit words deep FIFO plus Data Pack and Data
Unpack units. The purpose of the FIFO block is to accommodate bus latency and burst
length, and to perform any packing or unpacking operations on the data that may be
necessary to accommodate different data-out/data-in width ratios.

DMA Request 3 is multiplexed with 2 internal request signals which can be used for a
memory to memory data transfer. To allow their use, the ‘Mem2Mem’ bit in the control
register must be set. This tells the DMA Controller that data stream 3 is now configured for
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an internal, rather than an external, transfer request. An internal data transfer consists of
two phases: phase 0 (where internal request 0 is asserted) is used for the memory to FIFO
data transfer and phase 1 (where internal request 1 is asserted) is used for the FIFO to
memory data transfer. An internal transfer will begin once the ‘Mem2Mem’ bit in the control
register is set and data stream 3 is enabled, provided there are no pending requests for any
of the other data streams, which all have higher priority. If there are pending requests, then
these will be serviced first. When no other requests are pending, phase 0 will start as soon
as the channel FIFO can accept the next data burst from the source address. The data
packet size is defined in the data stream configuration registers. Phase 1 is asserted if the
channel FIFO contains enough data for a next data burst to be sent to the destination
address.

Phase 1 will be also started in order to flush the FIFO contents if any of the following
conditions occur:

— If the terminal count reaches zero this indicates that the FIFO has received the
total number of bytes to be transferred to the destination address. Since this
number may be not a integer multiple of the selected burst size, bytes remaining in
the FIFO after terminal count reaches zero must be flushed to the destination
address.

— If stream 3 is disabled (via a write to the enable bit of the control register for this
data stream).

In circular buffer mode, the DMA controller reloads the start address when the word counter
(Terminal Count register) reaches the end of count and continues the transfer until
application software sets the LAST bit, writing in the DMAn_LUBUff register the buffer
location where the last data to be transferred is located. The stream configured in circular
mode is controlled by a CIRCULAR flag in the DMAn_Ctrl register (‘0’=normal mode,
‘I’=circular mode), a LAST flag in the DMAnN_Last register (‘0’=infinite mode, ‘1’=last buffer
sweep), and a DMAn_LUBUuff register (read and write).

When a circular buffer is the source of the transfer, the application software do the following:

1. Set the DMA stream configuration registers writing CIRCULAR bit to’1’ and LAST bit to
‘0.

2. Start feeding the circular buffer using an index to keep a trace of the last buffer location
used.

3.  When the end of transfer condition occurs, write DMAn_LUBUuff with the value of the
index and set the LAST bit to ‘1.

4. The DMA interrupt line will be activated as soon as the DMAn_LUBUuff location has
been correctly transferred.

When a circular buffer is the destination of the transfer, the application sofware should

proceed in a similar way:

1. Set the DMA stream configuration registers writing CIRCULAR bit to’1’ and LAST bit to
‘0.

2. Start fetching the circular buffer using an index to keep a trace of the last buffer location
used.

3. When the end of transfer condition occurs, stop DMA operation writing DMA_EN to ‘0’.

4. The last buffer location to be used will be indicated by DMAn_DeCurr register pair.
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Due to the fact that FIFO is always flushed when the end of buffer is reached, it is not
possible to use circular buffer mode when the buffer size is not a multiple of the configured
burst size. Circular buffer mode cannot be used in the following situations:

—  When buffer size is not a multiple of the configured burst size. This is due to the
fact that FIFO is always flushed when the end of buffer is reached, and the
resulting burst would not be followed by a transfer moving the remaining locations,
located at the beginning of circular buffer, to complete the programmed burst size.

—  When memory to memory data transfer is configured on stream 3.
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5.5 Register description

The DMA registers are accessed via the APB bus and the register data path is 16 bits wide.

5.5.1 Source Base Address Low (DMA_SOURCELX) (x=0,...,3)

Address Offset: 00h - 40h - 80h - COh
Reset value: 0000h

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

DMASOURCELX[15:0]

w 'w w 'w w w w rw rw w rw w 'w w w 'w

DMASOURCELXx[15:0]

Bits 15:0 DMAN_SOURCELXx contains the low base address for stream x
source DMA buffer.

5.5.2 Source Base Address High (DMA_SOURCEHXx) (x=0,...,3)
Address Offset: 04h - 44h - 84h - C4h
Reset value: 0000h

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

DMASOURCEHX[15:0]

w w w rw w w w w w rw w w w w w w

DMASOURCEHX[15:0]

Bits 15:0 DMASOURCEHYX contains the high base address for stream x source DMA
transfer.

5.5.3 Destination Base Address Low (DMA_DESTLXx) (x=0,...,3)

Address Offset: 08h - 48h - 58h - 88h
Reset value: 0000h

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

DMADESTLx[15:0]

w 'w w w 'w w 'w w 'w w w rw w w w w

DMADESTLx[15:0]

Bits 15:0 DMADESTLx contains the low base address for stream x destination
DMA buffer.
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5.5.4 Destination Base Address High (DMA_DESTHXx) (x=0,...,3)

Address Offset: 0Ch - 4Ch - 8Ch - CCh
Reset value: 0000h

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

DMADESTHX[15:0]

w rw w w w w w rw w 'w w 'w w rw rw 'w

DMA_DESTHxHXx[15:0]

Bits 15:0 DMADESTHXx contains the high base address for stream x destination
DMA buffer.

5.5.5 Maximum Count Register (DMA_MAXX) (x=0,...,3)
Address Offset: 10h - 50h - 8Ch - DOh
Reset value: 0000h

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

DMAMAXx[15:0]

w w 'w w rw 'w 'w w 'w w rw w w 'w rw 'w

DMAMAXx[15:0]

This register is programmed with stream x maximum data unit count, defining
Bits 15:0 | the buffer size. The data unit is equal to the configured source DMA data with
(byte, half-word or word). Upon enabling DMA Controller, the content of the
Maximum Count Register is loaded in the Terminal Count Register.

5.5.6 Control Register (DMA_CTRLXx) (x=0, 1, 2)
Address Offset: 14h - 54h - 94h
Reset value: 0000h

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
. Circula . ’
reserved Dir reserved r DeSize SoBurst SoSize Delnc | Solnc | Enable
w - rw w rw w w w rw

The DMAN_CTRLXx register is used to configure Stream x operations.

Bits 15:14 | Reserved, forced by hardware to 0.

DIR Direction transfer

Bit 13 This bit is used to indicate if the peripheral is the source or the destination.
0: Peripheral is the source

1: Peripheral is the destination
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Bits 12:10

Reserved, forced by hardware to 0.

Bit 9

CIRCULAR Circular mode
This bit is used to enable the DMA to operate in the circular buffer mode.
0: Normal buffer mode
1: Circular buffer mode

Bits 8:7

DESIZE DMA to destination data width
These bits are used to select the data width for DMA to destination data transfer.
00: 1 byte
01: 1 half-word
10: 1 word
11: reserved

Bits 6:5

SOBURST DMA peripheral burst size

These bits are used to define the number of words in the peripheral burst. When the
peripheral is the source, the number of (SoWidth) words read in to the FIFO before
writing FIFO contents to destination. When the peripheral is the destination, the
DMA interface will automatically read the correct number of source words to compile
an SoBurst of the DeWith data.

00: Single

01: 4 incrementing

10: 8 incrementing

11: 16 incrementing

Bits 4:3

SOSIZE Source to DMA data width

These bits are used to select the data width for source to DMA data transfer.
00: 1 byte

01: 1 half-word

10: 1 word

11: reserved

Bit 2

DEINC Increment Current Destination Register

This bit is used to enable the Current Destination Register after each DMA to
destination data transfer.

0: Current Destination Register unchanged

1: Current Destination Register incremented

Bit 1

SOINC Increment Current Source Register
This bit is used to enable the Current Source Register after each source to DMA
data transfer.
0: Current Source Register unchanged
1: Current Source Register incremented

Bit 0

ENABLE DMA enable

0: DMA disabled
1: DMA enabled
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5.5.7 Control Register 3 (DMA_CTRL3)
Address Offset: D4h
Reset value: 0000h
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
reserved Dir | reserved | Mem2Mem | Res. | Circular DeSize SoBurst SoSize Delnc | Solnc | Enable
rw - w - w w w w w w w

The DMAN_CTRL3 register is used to configure Stream 3 operations.

Bits 15:14 Reserved, forced by hardware to 0.

DIR Direction transfer

Bit 13 This bit is used to indicate if the peripheral is the source or the destination.
0: Peripheral is the source

1: Peripheral is the destination

Bit 12 Reserved, forced by hardware to 0.

MEM2MEM Selects memory to memory transfer

This configures Stream 3 to operate a memory to memory transfer. When
MEM2MEM is set, the DMA will disregard the DMA request connected to Stream
3, and transfer data from source to destination as fast possible until

Bit 11 DMAN_MAXS3 expires.

0: Stream3 not configured for mem to mem transfer

1: Stream3 configured for mem to mem transfer

When Stream 3 is configured as a memory-memory transfer, SOBURST relates
to the source side burst length.

Bit 10 Reserved, forced by hardware to 0.
CIRCULAR Circular mode
Bit 9 This bit is used to enable the DMA to operate in circular buffer mode.

0: Normal buffer mode
1: Circular buffer mode

DESIZE DMA to destination data width
These bits are used to select the data width for DMA to destination data transfer.
He Q- 00: 1 byte

B 7
fts 8 01: 1 half-word

10: 1 word

11: reserved

SOBURST DMA peripheral burst size

These bits are used to define the number of words in the peripheral burst. When
the peripheral is the source, the number of (SOWIDTH) words read in to the
FIFO before writing FIFO contents to destination. When the peripheral is the
Bits 65 destination, the DMA interface will automatically read the correct number of
source words to compile an SOBURST of the DEWIDTH data.

00: Single

01: 4 incrementing

10: 8 incrementing

11: 16 incrementing
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SOSIZE Source to DMA data width

Ha A 00: 1 byte
Bits 4:3 01: 1 half-word
10: 1 word
11: reserved

These bits are used to select the data width for source to DMA data transfer.

DEINC: Increment Current Destination Register

Bit 2 destination data transfer.
0: Current Destination Register unchanged
1: Current Destination Register incremented

This bit is used to enable the Current Destination Register after each DMA to

SOINC: Increment Current Source Register

Bit 1 data transfer.
0: Current Source Register unchanged
1: Current Source Register incremented

This bit is used to enable the Current Source Register after each source to DMA

ENABLE: DMA enable

Bit 0 0: DMA disabled
1: DMA enabled

5.5.8 Current Source Address High (DMA_SOCURRHXx) (x=0,...,3)
Address Offset: 18h - 58h - 98h - D8h
Reset value: 0000h
15 14 13 12 11 10 9 8 7 6 5 4 3 2 0
DMASOCURRHX[15:0]
r r r r r r r r r r r r r r r
DMASOCURRHXx[15:0]
Bits 15:0 The DMAn_SOCURRHX register holds the current value of the high source
address pointer related to Stream x. This register is read only.
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5.5.9 Current Source Address Low (DMA_SOCURRLYX) (x=0,...,3)

Address Offset: 1Ch - 5Ch - 9Ch - DCh
Reset value: 0000h

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

DMASOCURRLX[15:0]

r r r r r r r r r r r r r r r r

DMASOCURRLX[15:0]

Bits 15:0 Then DMANn_SOCURRLX register holds the current value of the low source
address pointer related to Stream x. This register is read only.

The value in the registers (DMAn_SOCURRLx and DMAn_SOCURRHX) is used as an AHB
address in a source to DMA data transfer over the AHB bus. If the SOINC bit in the Control
Register is set to ‘1°, the value in the Current Source Registers will be incremented as data
are transferred from a source to the DMA. The value will be incremented at the end of the
address phase of the AHB bus transfer by the transferred size value. If the SOINC bit is ‘0,
the Current Source Register will hold a same value during the whole DMA data transfer.

5.5.10 Current Destination Address High (DMA_DECURRHXx) (x=0,...,3)

Address Offset: 20h - 60h - AOh - EOh
Reset value: 0000h

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

DMADeCurrHiX

r r r r r r r r r r r r r r r r

DMADeCurrHiX[15:0]

Bits 15:0 DMADeCurrHiX holds the current value of the high destination address
pointer related to stream X. This register is read only.
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5.5.11 Current Destination Address Low (DMA_DECURRLX) (x=0,...,3)

Address Offset: 24h - 64h - Adh - E4h
Reset value: 0000h

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

DMADECURRLX[15:0]

r r r r r r r r r r r r r r r r

DMADECURRLX[15:0]

The DMAn_DECURRLX register holds the current value of the low destination
address pointer related to Stream x. This register is read only.

The value in the registers (DMAn_DECURRLx and DMAn_DECURRHYX) is used as
Bits 15:0 an AHB address in a DMA to destination data transfer over the AHB bus. If the
DEINC bit in the Control Register is set to ‘1°, the value in the Current Destination
Registers will be incremented as data are transferred from DMA to destination. The
value will be incremented at the end of the address phase of the AHB bus transfer
by the transferred size value. If DEINC bit is ‘0’, the Current Destination Register
will hold a same value during the whole DMA data transfer.

5.5.12 Terminal Counter Register (DMA_TCNTX) (x=0,...,3)

Address Offset: 28h - 68h - A8h - E8h
Reset value: 0000h

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

DMATCNTx[15:0]

r r r r r r r r r r r r r r r r

DMATCNTXx[15:0]
The DMAN_TCNTXx register contains the number of data units remaining in the current
DMA transfer. The data unit is equal to the source to DMA data width (byte, half-word
or word). The register value is decremented every time data is transferred to the DMA
Bits 15:0 FIFO. When the Terminal Count reaches zero, the FIFO content is transferred to the
Destination and the DMA transfer is finished. This is a read only register.
Note : DMATCntX register can be used also in Circular buffer mode, with the exception
of the last buffer sweep. Once LAST flag is set, the value of DMATCntX register
becomes not meaningful and should be ignored.
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5.5.13 Last Used Buffer location X (DMA_LUBuffX) (X=0,...,3)

Address Offset: 2Ch - 6Ch - ACh - ECh
Reset value: 0000h

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
DMALUBuUff
w w w w w w w w w w w w w w w w
DMALUBUffX[15:0]

DMALUBUffX is used in circular buffer mode during last buffer sweep, and it contains
Bits 15:0 the circular buffer position where the last data to be used by stream X is located. The
first buffer location is indicated writing 0x0000 into this register, the second with
0x0001 and so on, up to the last location which is indicated setting this register with
(DMAMaxX - 1).

5.5.14 Interrupt Mask Register (DMA_MASK)

Address Offset: FOh
Reset value: 0000h

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
reserved SEM3 | SEM2 | SEM1 | SEMO | SIM3 | SIM2 | SIM1 SIMO
rw w w w rw w w rw

The DMA Mask Register is user to select the status flag that can generate an interrupt.

Bits 15:8 | Reserved, forced by hardware to 0.

SEMS3 Stream 3 Error Mask
This bit controls the generation of DMA interrupts triggered by stream 3 transfer errors
Bit 7 events.
0: Stream 3 transfer error interrupt is masked
1: Stream 3 transfer error interrupt is enabled

SEM2 Stream 2 Error Mask
This bit controls the generation of DMA interrupts triggered by stream 2 transfer errors
Bit 6 events.
0: Stream 2 transfer error interrupt is masked
1: Stream 2 transfer error interrupt is enabled

SEM1 Stream 1 Error Mask
This bit controls the generation of DMA interrupts triggered by stream 1transfer errors
Bit 5 events.
0: Stream 1 transfer error interrupt is masked
1: Stream 1 transfer error interrupt is enabled
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Bit 4

SEMO Stream 0 Error Mask

This bit controls the generation of DMA interrupts triggered by stream 0 transfer errors
events.

0: Stream 0 transfer error interrupt is masked

1: Stream 0 transfer error interrupt is enabled

Bit 3

SIM3 Stream 3 Interrupt Mask
This bit controls the generation of DMA interrupts triggered by stream 3 transfer end
events.
0: Stream 3 transfer end interrupt is masked
1: Stream 3 transfer end interrupt is enabled

Bit 2

SIM2 Stream 2 Interrupt Mask

This bit controls the generation of DMA interrupts triggered by stream 2 transfer end
events.

0: Stream 2 transfer end interrupt is masked

1: Stream 2 transfer end interrupt is enabled

Bit 1

SIM1 Stream 1 Interrupt Mask
This bit controls the generation of DMA interrupts triggered by stream 1 transfer end
events.
0: Stream 1 transfer end interrupt is masked
1: Stream 1 transfer end interrupt is enabled

Bit 0

SIMO Stream 0 Interrupt Mask

This bit controls the generation of DMA interrupts triggered by stream 0 transfer end
events.

0: Stream 0 transfer end interrupt is masked

1: Stream 0 transfer end interrupt is enabled
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5.5.15 Interrupt Clear Register (DMA_CLR)

Address Offset: F4h
Reset value: 0000h

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
reserved SEC3 | SEC2 | SEC1 | SECO | SIC3 Sic2 SIC1 SICo
w w w w w w w w

The DMA Clear Register is used to clear the status flags. This is a write-only register.

Bits 15:8 Reserved, forced by hardware to 0.

SEC3 Stream 3 Error Clear

Bit 7 This bit allows clearing the pending interrupt flag corresponding to stream 3 transfer error event.
0: No effect

1: Clear SEF3 flag in DMANn_Status register

SEC2 Stream 2 Error Clear

Bit 6 This bit allows clearing the pending interrupt flag corresponding to stream 2 transfer error event.
0: No effect

1: Clear SEF2 flag in DMAnN_Status register

SEC1 Stream 1 Error Clear

Bit 5 This bit allows clearing the pending interrupt flag corresponding to stream 1 transfer error event.
0: No effect

1: Clear SEF1 flag in DMAN_Status register

SECO0: Stream 0 Error Clear

Bit 4 This bit allows clearing the pending interrupt flag corresponding to stream 0 transfer error event.
0: No effect
1: Clear SEFO flag in DMANn_Status register

SIC3 Stream 3 Interrupt Clear

Bit 3 This bit allows clearing the pending interrupt flag corresponding to stream 3 transfer end event.
0: No effect

1: Clear SIF3 flag in DMAN_Status register

SIC2 Stream 2 Interrupt Clear

Bit 2 This bit allows clearing the pending interrupt flag corresponding to stream 2 transfer end event.
0: No effect

1: Clear SIF2 flag in DMAN_Status register

SIC1 Stream 1 Interrupt Clear

Bit 1 This bit allows clearing the pending interrupt flag corresponding to stream 1 transfer end event.
0: No effect

1: Clear SIF1 flag in DMANn_Status register

SICO Stream 0 Interrupt Clear

Bit 0 This bit allows clearing the pending interrupt flag corresponding to stream 0 transfer end event.
0: No effect

1: Clear SIFO flag in DMAnN_Status register
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5.5.16 Interrupt Status Register (DMA_STATUS)

Address Offset: F8h
Reset value: 0000h

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

reserved ACT3 | ACT2 | ACT1 | ACTO | SEF3 | SEF2 | SEF1 | SEF0 | SIF3 SIF2 SIF1 SIFO

r r r r r r r r r r r r

The DMAnN_Status provides status information regarding the DMA Controller. This is a read-
only register.

Bits 15:12 Reserved, forced by hardware to 0

ACT3: Data stream 3 status

Bit 11 0: Data Stream 3 is not active
1: Data Stream 3 is active

ACT2: Data stream 2 status

Bit 10 0: Data Stream 2 is not active
1: Data Stream 2 is active

ACT1: Data stream 1 status

Bit 9 0: Data Stream 1 is not active
1: Data Stream 1 is active

ACTO Data stream 0 status

Bit 8 0: Data Stream 0 is not active
1: Data Stream 0 is active

SEF3 Data stream 3 error flag

When a transfer error event occurs on Stream 3, this bit will be set to ‘1’ and
Bit 7 if the SEM3 bit the DMAn_MASK register has also set to ‘1’ by software
then a DMA interrupt request will be generated. This flag is cleared by
writing ‘1’ in the SECS bit in the DMAn_CLEAR register.

SEF2 Data stream 2 error flag

When a transfer error event occurs on Stream 2, this bit will be set to ‘1’ and
Bit 6 if the SEM2 bit the DMANn_MASK register has also set to ‘1’ by software
then a DMA interrupt request will be generated. This flag is cleared by
writing ‘1’ in the SEC2 bit in the DMAn_CLEAR register.

SEF1 Data stream 1 error flag

When a transfer error event occurs on Stream 1, this bit will be set to ‘1’ and
Bit 5 if the SEM1 bit the DMAn_MASK register has also set to ‘1’ by software
then a DMA interrupt request will be generated. This flag is cleared by
writing ‘1’ in the SEC1 bit in the DMAn_CLEAR register.

SEFO0 Data stream 0 error flag

When a transfer error event occurs on Stream 0, this bit will be set to ‘1’ and
Bit 4 if the SEMO bit the DMAn_MASK register has also set to ‘1’ by software
then a DMA interrupt request will be generated. This flag is cleared by
writing ‘1’ in the SECO bit in the DMAn_CLEAR register.
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SIF3 Data stream 3 interrupt flag
When a transfer end event occurs on Stream 3, this bit will be set to ‘1’ and

Bit 3 if the SIM3 bit in the DMAn_MASK register has also set to ‘1’ by software
then a DMA interrupt request will be generated. This flag is cleared by
writing ‘1’ in the SIC3 bit in the DMANn_CLEAR register.

SIF2 Data stream 2 interrupt flag
When a transfer end event occurs on Stream 2, this bit will be set to ‘1’ and

Bit 2 if the SIM2 bit in the DMAn_MASK register has also set to ‘1’ by software
then a DMA interrupt request will be generated. This flag is cleared by
writing 1’ in the SIC2 bit in the DMAn_CLEAR register.

SIF1 Data stream 1 interrupt flag
When a transfer end event occurs on Stream 1, this bit will be set to ‘1’ and

Bit 1 if the SIM1 bit in the DMAn_MASK register has also set to ‘1’ by software
then a DMA interrupt request will be generated. This flag is cleared by
writing ‘1’ in the SIC1 bit in the DMANn_CLEAR register.

SIF0 Data stream 0 interrupt flag
When a transfer end event occurs on Stream 0, this bit will be set to ‘1’ and
Bit 0 if the SIMO bit in the DMAn_MASK register has also set to ‘1’ by software

then a DMA interrupt request will be generated. This flag is cleared by
writing 1’ in the SICO bit in the DMAn_CLEAR register.
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5.5.17 Last Flag Register (DMA_LAST)

Address Offset: FCh
Reset value: 0000h

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved LAST3 | LAST2 | LAST1 | LASTO
w rw w rw

DMAnN_Last controls the activation of last buffer sweep mode for the streams configured in
circular buffer mode.

Bits 15:4 Reserved, forced by hardware to 0.

LAST3 LAST buffer sweep stream 3

This bit is used to notify DMA that last circular buffer sweep started. If this bit is set
while stream 3 is configured in circular mode, the corresponding data stream

Bit 3 interrupt flag will get set when DMA uses the circular buffer location contained in
DMAnN_LUBuff3 register.

0: Continuous circular buffer mode

1: Last circular buffer sweep started.

LAST2 LAST buffer sweep stream 2

This bit is used to notify DMA that last circular buffer sweep started. If this bit is set
while stream 2 is configured in circular mode, the corresponding data stream

Bit 2 interrupt flag will get set when DMA uses the circular buffer location contained in
DMAnN_LUBuUff2 register.

0: Continuous circular buffer mode

1: Last circular buffer sweep started.

LAST1 LAST buffer sweep stream 1

This bit is used to notify DMA that last circular buffer sweep started. If this bit is set
while stream 1 is configured in circular mode, the corresponding data stream

Bit 1 interrupt flag will get set when DMA uses the circular buffer location contained in
DMAnN_LUBuff1 register.

0: Continuous circular buffer mode

1: Last circular buffer sweep started.

LASTO LAST buffer sweep stream 0

This bit is used to notify DMA that last circular buffer sweep started. If this bit is set
while stream 0 is configured in circular mode, the corresponding data stream

Bit O interrupt flag will get set when DMA uses the circular buffer location contained in
DMAnN_LUBUffO register.

0: Continuous circular buffer mode

1: Last circular buffer sweep started.
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5.6

DMA Register map

The following table summarizes the DMA registers:

Table 28. DMA Register map
Addr. Reg.Name [15|14 |13 12|11 |10 9 | 8 |7 |6 | 5|4 |3 |2 |1]| 0
Off set
00 DMA_SOURCELO DMASOLO
04 DMA_SOURCEHO0 DMASOHO
08 DMA_DESTLO DMADELO
oc DMAn_DESTHO DMADEHO
10 DMA_MAXO0 DMAMAX0
14 DMA_CTRLO reserved | Dir reserved Sr | pesize SoBurst Sosize | Dein | Soln | Ena-
18 DMA_SOCURRHO DMASOCURRHO
1C DMA_SOCURRLO DMASOCURRLO
20 DMA_DECURRHO DMADECURRHO
24 DMA_DECURRLO DMADECURRLO
28 DMA_TCNTO DMATCNTO
2C DMANLUBUFFO DMALUBUffO
30 - Reserved
40 DMA_SOURCEL1 DMASoLo1
44 DMA_SOURCEH1 DMASoHi1
48 DMA_DESTL1 DMADeLo1
4C DMA_DESTH1 DMADeHit
50 DMA_MAX11 DMAMax1
54 DMA_CTRLA1 reserved | Dir reserved or | pesize SoBurst Sosize | DeIn | Soln | Ena-
58 DMA_SOCURRH1 DMASoCurrHi1
5C DMA_SOCURRL1 DMASoCurrLo1
60 DMA_DECURRH1 DMADeCurrHi1
64 DMA_DECURRL1 DMADeCurrLo1
68 DMA_TCNT1 DMATCnt1
6C DMA_LUBUff1 DMALUBUff1
70 - Reserved
80 DMA_SOURCEL2 DMASOL2
84 DMA_SOURCEH2 DMASOH2
88 DMA_DESTL2 DMADEL2
8C DMA_DESTH2 DMADEH2
90 DMA_MAX2 DMAMax2
94 DMA_CTRL2 reserved | Dir reserved Sr | pesize SoBurst Sosige | Deim | Soln | Ena-
98 DMA_SOCURRH2 DMASOCURRH2
9C DMA_SOCURRL2 DMASOCURRL2
A0 DMA_DECURRH2 DMADECURRH2
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Table 28. DMA Register map (continued)
Addr.
Off set Reg.Name [15|14 |13 12|11 |10 9 | 8 |7 |6 | 5|4 |3 |2 |1]|0
A4 DMA_DECURRL2 DMADECURRL2
A8 DMA_TCNT2 DMATCNT2
AC DMA_LUBUFF2 DMALUBUff2
BO - Reserved
Cco DMA_SOURCELS3 DMASOL3
C4 DMA_SOURCEH3 DMASOH3
c8 DMA_DESTL3 DMADEL3
CC DMA_DESTH3 DMADEH3
DO DMA_MAX3 DMAMAX3
D4 |DMA_CTRL3 reserved | Dir | res. “z"&? s | O | vesze | soBust | sosize | Dein | Soin | Ena-
D8 DMA_SOCURRH3 DMASOCURRH3
DC DMA_SOCURRL3 DMASOCURRL3
EO DMA_DECURRH3 DMADECURRH3
E4 DMA_DECURRL3 DMADECURRL3
E8 DMA_TCNT3 DMATCNT3
EC DMA_LUBUFF3 DMALUBUff3
FO DMA_MASK Reserved SEM | SEM | SEM | SEM | i | simz | simt | sio
F4 DMA_CLR Reserved SEC | SEC | SEC | SEC | 503 | sica | sict | sico
F8 DMA_STATUS Reserved AgT AgT A‘fT AgT SEF3 | SEF2 | SEF1 | SEF0 | SIF3 | SIF2 | SIF1 | SIFO
FC DMA_LAST reserved LAST | LAST | LAST | LAST
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Refer to Table 2 for the base addresses.
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6

6.1

6.2

6.3

Serial memory interface (SMI)

Introduction

The Serial Memory Interface provides an AHB slave interface to external SPI memory
devices. The CPU can use this memory as data or program memory.

Main features

32, 16 or 8-bit AHB interface

Programmable clock prescaler

Up to 20 MHz clock speed in normal read mode and up to 48 MHz in fast read mode
Up to 30 MHz in write mode

4 Chip Select signals (for addressing 4 banks)

Up to 16 MBytes address space per bank

Direct Exection by the ARM7 in ARM 32-bit mode (Thumb mode not supported)
External memory boot mode capability

Compatible with 3-byte addressing devices:

—  STMicroelectronics M25Pxxx, M45Pxxx

® Interrupt Request on Write Complete or Software Transfer Complete

Block diagram

The Block Diagram is shown in Figure 40.
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Figure 40. SMI block diagram
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6.4 Functional description
6.4.1 Clock configuration when using SMI
When using the SMI, some combinations of the AHB clock prescalers and SMI prescaler
are forbidden.
They are described below:
Table 29. Clock configuration rules when using SMI
AHB prescaler SMI prescaler Rule
A any setting authorized
/2, /4, or /8 " forbidden
/2,14, 0r/8 /2 or more authorized
Table 30. Clock configuration / memory access rules when using SMI
SMI prescaler Memory access mode Rule
p read authorized
write forbidden
read
/2 or more - authorized
write
It is up to the user to take care to avoid setting a forbidden configuration. Otherwise the
resulting SMI clock may not have a 50% duty cycle.
There are some restrictions in the choice of the SMI prescaler depending on the type of
access (Read or a Write) performed to the external serial memory. They are described
below :
6.4.2 AHB interface

External memory is mapped in AHB address space as shown in Figure 41. Up to four banks
of 16 Mbytes each can be selected by address bits [25:24]. The following rules apply to the
access from the AHB to the SMI.

® Endianness is fixed to little-endian.

® Bursts must not cross Bank boundaries.

® Size of data transfers for memories can be byte/half-word/word.

® Size of data transfers for registers must be 32-bit wide.

® Read Requests: all types of BURST are supported. Wrapping bursts take more time
than incrementing bursts, as there is a break in the address increment.

® Write Requests: wrapping bursts are not supported.

® When BUSY transfer: the SMI transfer is held until busy is inactive.

® Address must be aligned to the size of the transfer.
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Figure 41. Memory map

0x8000 0000

0x83FF FFFF

CSo

EXTERNAL
SERIAL
MEMORY
SPACE

CSt

CS2

CS3

0x8000 0000

0X80FF FFFF
0x8100 0000

0x81FF FFFF
0x8200 0000

0x82FF FFFF
0x8300 0000

0x83FF FFFF

The External Memory Address space can be directly executed by the ARM7 processor in
ARM 32-bit mode. This feature is only supported in ARM 32-bit mode (it is forbidden to

execute from the SMI in Thumb mode).
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6.4.3 Memory device compatibility
The communication protocol used is SPI in CPOL = 1 and CPHA = 1 mode.
The instructions supported are listed in Table 31.
Table 31. Supported instruction set
Opcode Description
03h Read data bytes
0Bh Read data high speed
05h Read status register
06h Write enable
02h Page program
ABh Release from deep power-down
6.4.4 Hardware mode
At reset, the SMI operates in hardware mode. In this mode, the SMI Transmit Register
(SMI_TR) and SMI Receive Register (SMI_RR) must not be accessed. They are managed
by the SMI hardware and used to communicate with the external memory devices whenever
an AHB master reads or writes to an address in external memory.
6.4.5 Software mode
In Software Mode, SMI Transmit Register (SMI_TR) and SMI Receive Register (SMI_RR)
are accessible. Direct AHB transfers to/from external memories are not allowed. To enable
Software Mode, the SW bit in the SMI_CR1 register has to be set to 1.
Software Mode is used to transfer any data or commands from the SMI_TR register to
external memory and to read data directly in the SMI_RR register. The transfer is started
using the SEND bit in the SMI_CR2 register.
For example Software Mode is used to erase flash memory before writing. Erase cannot be
managed in Hardware Mode due to incompatibilites that exist between Flash devices from
different vendors.
In Software Mode, application code being executed by the core cannot be fetched from
external memory. It must either reside in internal memory, or be previously loaded from
external memory while the SMI is in Hardware Mode.
6.4.6 Booting from external memory

If External boot mode is enabled via the microcontroller BOOT pins, Bank 0 is enabled at
power-on and the following command sequence is sent to Bank 0.

® Release from deep power-down

® 30 ps delay

® Read Status Register

® Read Data Bytes at memory start location

All other banks are disabled at reset and must be enabled by setting the BE[3:1] bits in the
SMI_CRH1 register before thay can be accessed.
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If external memory boot mode is not selected, then all banks are disabled at reset.

External memory read request

A read request to external memory is served only if the SMI is in Hardware Mode (SMI_CR1
SW = 0), and Write Burst Mode is not selected (SMI_CR1 WBM = 0). Otherwise the ERF1
flag in the SMI_SR register is set.

When a read request occurs in normal mode (SMI_CR1 FAST=0), the following sequence is
sent to the bank selected by the AHB address bits [25-24]:

® Read Data Bytes opcode (03h).

® 3-byte address from the most to the least significant bit.

® Then clock is sent until the end of burst request from master.

When a read request occurs in high speed mode (SMI_CR1 FAST = 1), the following
sequence is sent to the bank that is addressed:

® Read Data Bytes at High Speed opcode (0Bh).

® 3-byte address from the most to the least significant bit.

® 1 dummy byte (00h).

® Then clock is sent until the end of burst request from master.

The external memory bank remains selected as long as there is no external memory
address jump, and as long as no new commands are sent to the SMI (such as WEN, RSR,

SW mode or WBM mode, Write Request, Bank disable, Prescaler configuration change
(different value written into SMICR1(15:4)) or memory access Error).

It also remains selected when the address rolls over from FFFFFFh to 000000h in same
bank.

External memory write request

A write request from AHB is served only if the SMI is in Hardware Mode (SMI_CR1 SW = 0).
Otherwise the ERF1 flag in the SMI_SR register is set.

Write capability must be used only if Write in Progress/Busy bit (WIP) of the external
memory Status Register is located in bit 0. Otherwise the system will become locked.

Wrapping bursts are not allowed as serial memories don’t support them.

When a write request occurs, it is sent to external memory if the following conditions are
met:

® Bank in Write mode: When a bank is in Write Mode, the corresponding WM flag is set
in the SMI_SR register. If this condition is not met when a write request occurs, the
ERF2 flag in the SMI_SR is set. To enable Write Mode, select the Bank using the BS
bits in the SMI_CR2 register and then set the WEN bit in the SMI_CR2 register.

® No Write in Progress: The WIP bit in the SMI_SR register must be cleared. If this
condition is not met, AHB is stalled until WIP = 0.
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When these 2 conditions are met, the following sequence is sent to the bank selected by
AHB address bits [25-24]:

® Page Program opcode (02h).
® 3-byte address from the most to the least significant bit.

® Then transfer all the data bytes from bit 7 to bit 0, starting with address given previously
and incrementing it to the last depending on the size of the write request.

After a write request is sent to external memory, Write Mode bit is reset and the Read Status
Register instruction is automatically sent to this bank until WIP = 0.

Bits 7:0 of the SMI_ SR are refreshed every 8 SMI_CK periods with the contents of the
status register read from the selected external memory.

When memory programming is finished, the WCF in the SMI_SR is set and an interrupt is
generated if the WCIE bit in the SMI_CR2 register is set.

In order to send a write request to another bank than the one under programmation, the
software must wait for WIP = 1, otherwise the error ERF2 would be generated due to non
incrementing address. The bank under programming phase must not be disable in order to
write to another one.

Write burst mode

Write Burst Mode is available to keep the external memory selected after the AHB write
request (SMI_CR1 WBM = 1). In that case, the next AHB to external memory write request
has to be to the next incremented address and it has to be the same size (byte, halfword or
word). Otherwise the ERF2 flag in the SMI_SR register is set. The external memory
selection is released by resetting WBM or disabling the bank, and the external memory
page program cycle starts. If Bank is enable, Read Status Register instruction is
automatically sent to this bank until WIP = 0.

A memory access error (ERF1 or ERF2) generates the CS release and the start of the
external memory page program.

If Write Burst Mode is not selected, the next incrementing AHB write request will be sent to
external memory if it occurs before the end of the previous serial transfer. Otherwise the
ERF2 flag in the SMI_SR register is set. Consequently it is mandatory to set WBM bit in
order to perform several write requests which are not sent in the same AHB incrementing
burst. If WBM = 0 and no other write request occurs, the external memory selection is
released after sending the data, and the external memory page program cycle starts.

Read requests to external memory are forbidden when WBM = 1. Otherwise the ERF1 flag
in the SMI_SR register is set.

Read while write

If a read to the same bank which is in progranning phase occurs, the AHB is stalled until
WIP = 0.

If a read to another bank occurs, the Read Status Register sequence is stopped, the read
request is served and then the Read Status Register sequence is re-sent to the memory
being programmed. So during a Read While Write, the external memory select is released
after the read command, in order to send the Read Status Register sequence.
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Erasing and write status register

In case of Serial Flash an Erase may be necessary before writing. Due to uncompatibility
between different serial flash vendors, Erase and Write Status Register can be done only in
Software Mode.

It is mandatory to send previously the Write Enable Instruction through Software Mode only,
in order not to corrupt the WM bit in the SMI_SR register as the end of internal flash ERASE
or Write Status Register cannot be checked by hardware (and consequently Write Complete
interrupt is not generated). WIP bit can be checked by sending RSR command continuously.

Timings

SMI_CK is generated by fag divided by the value given by the PRESC bits in the SMI_CR1
register. It is held at ’1’ between transfers.

When fpyp is divided by an odd value:

SMI_CK high time = (presc-1)/2

SMI_CK low time = (presc+1)/2

The AHB bus is stalled until the complete data is read or written.

The normal latency for a 32-bit single read to a non_incrementing serial flash address,
assuming the SMI is not already busy is:

® 73 tpyg maximum for presc = 1

® 68 tgy ck + 5 tays maximum for presc > 1.(refer to Figure 43)

The normal latency for a 32-bit single write to a non-incrementing serial flash address,
assuming the SMI is not already busy is:

® 5 tpyg maximum for presc = 1

® 2tigy ck + 3 tays maximum otherwise for presc > 1.

Latency is increased by:

SMI transfer on going (read, write, RSR or WEN)
Tcs programming (adds Tcs +1 SMI_CK periods)
Busy/Idle transfer on AHB

Fast read which adds 1 dummy byte

Hold programming

Boot delay time

Frequency change

® Programming on-going

For AHB burst read transfers, the maximum latency after the first transfer is the same as the
data size: 32 SMI_CK for a word transfer, 16 SMI_CK for a halfword and 8 SMI_CK for a
byte.

For AHB burst write transfers, the maximum latency for the 2nd transfer will be the data size
+ opcode + address bytes. The subsequent maximum latency will be the data size.
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Figure 42. Read sequence
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External memories chip select are generated on the falling edge of SMI_CK.
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Error management

Several requests can generate an error:
® memory transfer request size different from byte, halfword or word.
® register transfer request size different from word.

® memory read or write request while SMI_CR1 Bank Enable is not set or SMI_CR1 SW
bit is set.

® memory write wrapping burst
® memory write request while SMI_SR WM bit is not set.

® memory write request while SMI_CR1 WBM is set and address is not incremented or
size request differs.

® memory read request while SMI_CR1 WBM bit is set.
Error flags

There are 2 error flags in SMI_SR:
- ERF1: forbidden H/W request (SW = 1 or Bank not enable or Read with WBM = 1)

- ERF2: forbidden H/W write request (WM = 0 or non-incrementing address or different size)

Interrupts
Table 32. Interrupts
Event Flag Enable Control Bit
Interrupt Event
SMI_SR SMI_CR2
Write Complete WCF WCIE
SW Transfer Complete TFF TFIE

Register description

The SMI registers can only be accessed by a 32-bit operation. A halfword or byte cannot be
read or written. In this section, the following abbreviations are used:

read/write (rw) Software can read and write to these bits.

read-only (r) Software can only read these bits.

Software can read as well as clear this bit by writing 0. Writing ‘1’ has no effect

read/clear (rc0) on the bit value.

Software can read as well as set this bit. Writing ‘0’ has no effect on the bit

read/set (rs) value
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6.5.1 SMI control register 1 (SMI_CR1)
Address Offset: 00h

Reset value: depends on hardware configuration: 00 00 02 51h in External Memory Boot
Mode, else 00 00 02 50h

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
reserved WBM SW reserved HOLD
rw rw w w w w w w w w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
FAST PRESC TCS BE
rw rw rw rw w w w w w w w w w w w w

Bits 31:30 | Reserved, forced by hardware to 0.

WBM: Write Burst Mode
0: When a AHB write request to external memory occurs, chip select is released at the
end of the AHB request and page programming cycle starts.
Bit 29 1: After the AHB write request, the external memory chip select remains active, until
this bit is reset. Then the page programming cycle starts.
After being cleared, this bit must remain reset until the beginning of the programming
sequence (WIP=1).

SW: Software Mode
0: Hardware mode: External memory is accessible with AHB transfers, transmit and
receive registers are not accessible. (reset value)
Bit 28 1: Software mode : Transmit and receive registers are accessible. AHB read or write
transfers to external memory is not allowed.
Refer to Section 6.4.4 on page 155 for more details.
This bit must not be changed if a transfer is ongoing

Bits 27:24 Reserved, must be kept cleared.

HOLD[7:0]: Clock Hold Period Selection
When programmed, this register stops the clock between each byte, while CS remains
active (hold).

Bits23:16 | 00h: SMI_CK is sent continuously (reset value)

01h: 1 SMI_CK period of hold between each byte

FFh: 255 SMI_CK periods of hold between each byte

FAST: Fast Read Mode Selection

Bit 15 0: Normal read: opcode 03h + address + reception (reset value)
1: Fast read: opcode 0Bh + address + dummy byte + reception

PRESCI6:0]: Prescaler value
00h: fayg divided by 1
01h: fayg divided by 1
Bits 14:8 02h: fayp divided by 2 (reset value)

7Fh: fppg divided by 127
Note: The frequency is changed after the completion of the current transfer.
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Bits 7:4

TCS[3:0]: Deselect Time

When CS is deselected, it remains deselected for at least (DESELECT_TIME + 1)
SMI_CK periods.

The reset value (5h) corresponds to SMI_CK frequency limited to 20MHz at reset. So
Tcs=6*50ns = 300 ns.

Note: FAST and TCS have to be written at the same time as PRESC. They are all
taken into account after the completion of the current transfer. Any check of the
consistency between these three values has to be done by software.

Bits 3:0

BE[3:0]: Bank Enable Bits

Reset value: 0001b in external memory boot mode or 0000 in other boot modes.

0 : Bank disabled

1 : Bank enabled

Notes:

At reset, if External Memory Boot mode is selected by the microcontrollers BOOT[1:0]
pins, all banks are disabled except Bank 0.

WEN, RSR and SEND commands are not sent if the bank selected by BS is disabled.
These bits must not be changed if a transfer is ongoing.
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6.5.2 SMI control register 2 (SMI_CR2)
Address Offset: 04h
Reset value: 0000 0000h
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
reserved
r r r r r r r r r r r r r r r r
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
reserved BS WEN | RSR | WCIE | TFIE | SEND REC_LENGTH okl TRA_LENGTH
r r rw rw rs rs rw rw rs rw rw rw r rw rw rw
Bits 31:14 | Reserved, forced by hardware to 0.
BS: Bank Select
Selects the Bank to be accessed. Only one bank can be accessed at a time. This
value is latched at the beginning of the transfer. These bits must not be changed if
: SEND=1, WEN=1 or RSR=1.
Bits 13:12 ’
! 00: Bank 0 (reset value)
01: Bank 1
10: Bank 2
11: Bank 3
WEN: Write Enable Command
0: No effect
1: Sends a Write Enable command to the selected memory bank (selected by BS
Bit 11 bits). Then a write command can be sent to the memory.
Note: This bit is cleared by hardware when the Write Enable command has been
sent. This bit must not be used in order to send a write or an erase through SW
mode.
RSR: Read Status Register Command
0: No effect
Bit 10 1: Send the READ STATUS REGISTER command to the selected bank (selected by
BS[1:0] bits) and load the result in STATUS_REGISTER[7:0]
Note: This bit is cleared by hardware when the Read Status command has been
completed.
WCIE: Write Complete Interrupt Enable
Bit 9 0: Interrupt disabled
1: Generate an interrupt request when Write Complete Flag is set.
TFIE: Transfer Finished Interrupt Enable
Bit 8 0: Interrupt disabled
1: Generate an interrupt request when Transfer Finished Flag is set.
SEND: Send Command
0: No effect
Bits 7 1: Start a transfer in the format defined by TRANSMISSION_LENGTH[2:0] +

RECEPTION_LENGTHI2:0].
Note: This bit is cleared by hardware only and can be set by software only if the SW
bit in the SMI_CR1 register is set.
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RECEPTION LENGTH[2:0]: Reception Length
This value must be written by software to define the number of bytes to be received
from external memory.
This value is latched at the beginning of the software transfer.

Bits 6:4 000: 0 bytes (reset value)

001: 1 byte

010: 2 bytes

011: 3 bytes

1xx: 4 bytes

TRANSMISSION LENGTH[2:0]: Transmission Length

This value must be written by software to define the number of bytes to be
transmitted to external memory.

This value is latched at the beginning of the software transfer.

Bits 2:0 000: 0 bytes (reset value)

001: 1 byte

010: 2 bytes

011: 3 bytes

1xx : 4 bytes

6.5.3 SMI status register (SMI_SR)
Address Offset: 08h
Reset value: 0000 0000h

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
reserved
r r r r r r r r r r r r r r r r
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
WM ERF2 | ERF1 | WCF TFF Serial Memory Status Register
r r r r rcO rcO rcO rcO r r r r r r r r

Bits 31:16 | Reserved, forced by hardware to 0.

WM[3:0]: Write Mode for CS[3:0] banks

0: Bank x not in Write Mode (Write request to this bank is finished.
1: Bank x in Write Mode (SMI_CR1 WEN bit has been sent to this bank).
Note: This bit is not cleared by the instructions sent in SW mode.

ERF2: Error Flag 2: Forbidden Write Request

Bit 11 0: No error

1: Write request while corresponding WM bit is reset, or when size is changed or
address is not incremented.

ERF1: Error Flag 1: Forbidden Access

Bit 10 0: No error
1: Read or write access requested on disabled bank, or while SW bit is set, or Read
request while WBM is set.

Bits 15:12

J
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WCF: Write Complete Flag

0: No Write Complete event
1: Write Complete. After a write instruction, a Read Status Register command is

Bit 9 performed by hardware, this flag is set when the WIP bit of the SMI_SR Status
Register is reset (meaning the end of programming). The WIP bit of the memory
device Status Register has to be bit 0.
Note: WCF is not set during a Boot phase or by the instructions sent in SW mode..
TFF: Transfer Finished Flag
0: No Transfer Finished event
Bit 8 1: The software transfer defined by TRANSMISSION-LENGTH +
RECEPTION_LENGTH has completed, or the SMI_CR2 register RSR or WEN
commands are finished.
STATUS_REGISTER [7:0]: Memory Device Status Register
These bits are used to store a copy of the external memory status register. This
register is updated in 2 ways:
Bits 7:0 When the SMI_CR2 RSR bit is set, STATUS_REGISTER [7:0] is updated after the
RSR sequence.
After a write request to a memory bank, STATUS_REGISTER [7:0] is updated until the
write cycle is finished (Bit 0 of SMI_SR is cleared)
6.5.4 SMI transmit register (SMI_TR)
Address Offset: 0Ch
Reset value: 0000 0000h
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Byte3 Byte2
rw rw rw rw rw w w w rw w w w w w w w
15‘14‘13‘12‘11‘10‘9‘8 7|6|5|4|3|2|1‘0
Byte1 ByteO
rw rw rw rw w rw rw rw rw rw rw rw rw rw rw rw
TR[31:0 ]: Transmit Register
This register is a barrel shifter. TR[7:0] is sent first and then 8 bits are shifted.
Bits 31:0 | Notes:

This register can be written only in software mode when SW=1 and SEND=0.
SMI_TR is also used in hardware mode. If the SMl is put in hardware mode the value
is not kept
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6.5.5 SMI receive register (SMI_RR)

Address Offset: 10h
Reset value: 0000 0000h

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

Byte3 Byte2

RR[31:0 ]: Receive Register
1st received byte is placed in RR[7:0], then in RR[15:8], then in RR[23:16], then in
RR[31:24].
Notes:
In software mode, this register must be read after the TFF bit is set (otherwise the
value is not valid).
SMI_RR is also used in hardware mode. If the SMl is put in hardware mode the value
is not kept

Bits 31:0

6.6 Register map

Table 33. SMI register map

Addr. | Register a1 0
Offset| Name

00 SMI_CR1 Control Register 1

04 SMI_CR2 Control Register 2

08 SMI_SR Status Register

oC SMI_TR Transmit Register

10 SMI_RR Receive Register

Refer to Table 1 for the register base address.
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7 Real Time Clock (RTC)
7.1 Introduction
The Real Time Clock is an independent timer. The RTC provides a set of continuously-
running counters which can be used, with suitable software, to provide a clock-calendar
function. The counter values can be written to set the current time/date of the system.
7.2 Main features
® Programmable prescaler: division factor up to 220
® 32-bit programmable counter for long-term measurement
® Two separate clocks : PCLK for the APB interface and RTC clock (must be at least four
times slower than the PCLK clock)
® Two separate reset types:
— The APB interface is reset by system reset
— The RTC kernel is reset only by a power-on if embedded regulators are enabled or
by the NRSTIN pin if embedded regulators are disabled.
® Three dedicated maskable interrupt lines:
— Alarm interrupt, for generating a software programmable alarm interrupt.
—  Seconds interrupt, for generating a periodic interrupt signal with a programmable
period length (up to 1 second).
—  Overflow interrupt, to detect when the internal programmable counter rolls over to
zero.
7.3 Functional description
7.3.1 Overview

The RTC consists of two main units (see Figure 44 on page 168). The first one (APB
Interface) is used to interface with the APB bus. This unit also contains a set of 16-bit
registers accessible from the APB bus in read or write mode (for more information refer to
Section 7.4: Register description on page 171). The APB interface is clocked by the APB
bus clock in order to interface with the APB bus.

The other unit (RTC Core) consists of a chain of programmable counters made of two main
blocks. The first block is the RTC prescaler block, which generates the RTC time base
TR_CLK that can be programmed to have a period of up to 1 second. It includes a 20-bit
programmable divider (RTC Prescaler). Every TR_CLK period, the RTC generates an
interrupt (Seclint) if it is enabled in the RTC_CR register. The second block is a 32-bit
programmable counter that can be initialized to the current system time. The system time is
incremented at the TR_CLK rate and compared with a programmable date (stored in the
RTC_ALR register) in order to generate an alarm interrupt, if enabled in the RTC_CR control
register.
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Figure 44. RTC simplified block diagram
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7.3.2 Reset procedure

All system registers are asynchronously reset by a System Reset, except RTC_ALR,

RTC_CNT, RTC_DIV.

® When the embedded regulators are enabled (pin VREG_DIS tied to ground), these
registers and the Real Time Clock counter are reset only by a power on or RSM reset.
This makes it possible to wake-up the microcontroller from STANDBY mode by means

of an external reset, without resetting the RTC.

® When the embedded regulators are disabled (pin VREG_DIS tied to 1), these
registers and the Real Time Clock counter are reset by the NRSTIN pin.

7.3.3 Reading RTC registers

The RTC core is completely independant from the RTC APB interface.
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7.3.4

7.3.5

Note:

Software accesses the RTC prescaler, counter and alarm values through the APB interface
but the associated readable registers are internally updated at each rising edge of the RTC
clock resynchronized by the RTC APB clock. This is also true for the RTC flags.

This means that the first read to the RTC APB registers may be corrupted (generally read as
0) if the APB interface has previously been disabled and the read occurs immediately after
the APB interface is enabled but before the first internal update of the registers. This can
occur if:

® A system reset has occurred

® The MCU has just woken up from STANDBY mode (see Section 2.9.6: STANDBY
mode)

® The MCU has just woken up from STOP mode (see Section 2.9.5: STOP mode)

® The PCLK clock of the RTC has just been enabled using PCG mode (see
Section 2.9.3: PCG mode: Peripherals Clocks Gated mode)

In all the above cases, the RTC core has been kept running while the APB interface was
disabled (reset, not clocked or unpowered).

Consequently when reading the RTC registers, after having disabled the RTC APB
interface, the software must first wait for the RSF bit (Register Synchronized Flag) in the
RTC_CRL register to be set by hardware.

Note that the RTC APB interface is not affected by WFI low power mode.

Free-running mode

After power-on reset, the peripheral enters free-running mode. In this operating mode, the
RTC Prescaler and the programmable counter start counting. Interrupt flags are activated
too, but since interrupt signals are masked, there is no interrupt generation. Interrupt signals
must be enabled by setting the appropriate bits in the RTC_CR register. In order to avoid
spurious interrupt generation it is recommended to clear old interrupt requests before
enabling them.

RTC flag assertion

The RTC Second Interrupt Request (SIR) is asserted at each RTC Core clock cycle before
the update of the RTC Counter.

The RTC Overflow Interrupt Request (OWIR) is asserted at the last RTC Core clock cycle
before the counter reaches the 0x0000 value.

The RTC_Alarm and RTC Alarm Interrupt Request (AIR) , see Figure 45, are asserted at
the last RTC Core clock cycle before the counter reaches the RTC Alarm value stored in the
Alarm register plus one (RTC_ALR + 1). To set the RTC Alarm value, you must be sure that
this write is synchronized with the RTC Second flag. For this purpose two alternative
methods can be used:

® Use RTC Alarm interrupt and and update the RTC Alarm and/or RTC Counter registers
in the RTC interrupt service routine.

® Wait for SIR until it is set and then update the RTC Alarm and/or RTC Counter
registers.

If RTC interrupts are used during Run, Slow, or WFI modes the RTC clock must be at least 4
times slower than PCLK clock. However, it still possible to use the RTC alarm but through
the EXTI interrupt (EXTI line 15).
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Figure 45. RTC second and alarm waveform example with PR=0003, ALARM=00004
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Figure 46. RTC Overflow waveform example with PR=0003
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7.3.6 Configuration mode
To write in the RTC_PRL, RTC_CNT, RTC_ALR registers, the peripheral must enter
Configuration Mode. This is done by setting the CNF bit in the RTC_CRL register.
In addition, writing to any RTC register is only enabled if the previous write operation is
finished. To enable the software to detect this situation, the RTOFF status bit is provided in
the RTC_CR register to indicate that an update of the registers is in progress. A new value
can be written to the RTC registers only when the RTOFF status bit value is ’1’.
Configuration procedure:
1. Poll RTOFF, wait until its value goes to ‘1’
2. Set the CNF bit to enter configuration mode
3. Write to one or more RTC registers
4. Clear the CNF bit to exit configuration mode
5. Poll RTOFF, wait until its value goes to ‘1’ to check the end of the write operation.
The write operation only executes when the CNF bit is cleared; it takes at least three frr¢
cycles to complete.
7.4 Register description
The RTC registers cannot be accessed by bytes, but only by half-words or words. The
reserved bits cannot be written and they are always read as ‘0’.
741 RTC Control Register High (RTC_CRH)
Address Offset: 00h
Reset value: 0000h
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved OWEN | AEN SEN
rw rw rw
Bits 15:3 Reserved, forced by hardware to 0.
OWEN: Overflow Interrupt Enable
Bit 2 0: Overflow interrupt is masked.
1: Overflow interrupt is enabled.
AEN: Alarm Interrupt Enable
Bit 1 0: Alarm interrupt is masked.
1: Alarm interrupt is enabled.
SEN: Second Interrupt Enable
Bit 0 0: Second interrupt is masked.
1: Second interrupt is enabled.
These bits are used to mask interrupt requests. Note that at reset all interrupts are disabled,
so it is possible to write to the RTC registers to ensure that no interrupt requests are pending
after initialization. It is not possible to write to the RTC_CRH register when the peripheral is
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completing a previous write operation (flagged by RTOFF=0, see Section 7.3.6 on page

171).

The RTC functions are controlled by this control register. Some bits must be written using a
specific configuration procedure (see Configuration procedure:).

7.4.2 RTC Control Register Low (RTC_CRL)

Address Offset: 04h
Reset value: 0020h

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved RTOFF | CNF | RSF | OWIR | AIR SIR
r rw rc rc rc rc
Bits 15:6 | Reserved, forced by hardware to 0.
RTOFF: RTC operation OFF
With this bit the RTC reports the status of the last write operation performed on its
Bit 5 registers, indicating if it has been completed or not. If its value is ‘0’ then it is not
possible to write to any of the RTC registers. This bit is read only.
0: Last write operation on RTC registers is still ongoing.
1: Last write operation on RTC registers terminated.
CNF: Configuration Flag
This bit must be set by software to enter in configuration mode so as to allow new
Bit 4 values to be written in the RTC_CNT, RTC_ALR or RTC_PRL registers. The write
operation is only executed when the CNF bit is reset by software after has been set.
0: Exit configuration mode (start update of RTC registers).
1: Enter configuration mode.
RSF: Registers Synchronized Flag
This bit is set by hardware at each time the RTC_CNT and RTC_DIV registers are
updated and cleared by software. Before any read operation after an APB reset or
Bit 3 an APB clock stop, this bit must be cleared by software, and the user application
must wait until it is setted to be sure that the RTC_CNT, RTC_ALR or RTC_PRL
registers are synchronized.
0: Registers not yet synchronized.
1: Registers synchronized.
OWIR: Overflow Interrupt Request
This bit stores the status of periodic interrupt request signal (Ow_IT) generated by
the overflow of the 32-bit programmable counter. When this bit is at ‘1’, the
Bit 2 corresponding interrupt will be generated only if OWEN bit is set to ‘1. The OWIR bit
can be set at ‘1’ only by hardware and can be cleared only by software, while writing
‘1’ will leave it unchanged.
0: Overflow interrupt condition not met.
1: Overflow interrupt request pending.
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AIR: Alarm Interrupt Request

This bit contains the status of periodic interrupt request signal (Alarm) generated by
the 32 bit programmable counter when the threshold set in RTC_ALR register is

Bit 1 reached. When this bit is at ‘1’, the corresponding interrupt will be generated only if
the AEN bit is set to ‘1’. The AIR bit can only be set to‘1’ by hardware and can be
cleared by software only, while writing ‘1’ will leave it unchanged.

0: Alarm interrupt condition not met.

1: Alarm interrupt request pending.

SIR: Second Interrupt Request

This bit contains the status of second interrupt request signal (Sec_If) generated by
the overflow of the 20-bit programmable prescaler which increments the RTC
counter. Hence this interrupt provides a periodic signal with a period corresponding
Bit 0 to the resolution programmed for the RTC counter (usually one second). When this
bit is at ‘1’, the corresponding interrupt will be generated only if the SEN bit is set to
‘1. The SIR bit can be set to ‘1’ by hardware only and can be cleared by software
only, while writing ‘1’ ill leave it unchanged.

0: Second’ interrupt condition not met.

1: Second interrupt request pending.

The functions of the RTC are controlled by this control register. It is not possible to write to
the RTC_CR register while the peripheral is completing a previous write operation (flagged
by RTOFF=0, see Section 7.3.6 on page 171).

Note: 1 Any interrupt request remains pending until the appropriate RTC_CR request bit is reset by
software, indicating that the interrupt request has been granted.

2 Atreset the interrupts are disabled, no interrupt requests are pending and it is possible to
write to the RTC registers.

3 The OWIR, AIR, SIR and RSF bits are not updated when the APB clock is not running.

4 The OWIR, AIR, SIR and RSF bits can only be set by hardware and only cleared by
software.
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7.4.3 RTC Prescaler Load Register (RTC_PRLH / RTC_PRLL)

The Prescaler Load registers keep the period counting value of the RTC prescaler. They are
write-protected by the RTOFF bit in the RTC_CR register, and a write operation is allowed if
the RTOFF value is ‘1°.

RTC Prescaler Load Register High (RTC_PRLH)

Address Offset: 08h
Write only (see Section 7.3.6 on page 171)
Reset value: 0000h

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved PRL[19:16]
rw rw rw w
Bits 15:4 Reserved, forced by hardware to 0.
PRL[19:16]: RTC Prescaler Reload Value High
These bits are used to define the counter clock frequency according to the following
formula:
Bits 3:0
fTR_CLK = fRTC/(PRL[1 90]+1 )
Caution: The zero value is not recommended. RTC interrupts and flags cannot be
asserted correctly.

RTC Prescaler Load Register Low (RTC_PRLL)

Address Offset: 0Ch
Write only (see Section 7.3.6 on page 171)
Reset value: 8000h

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PRL[15:0]
rw rw w rw w rw rw rw w w rw rw rw rw rw w
PRL[15:0]: RTC Prescaler Reload Value Low
Bits 15:0 These bits are used to define the counter clock frequency according to the follwing
s 1o formula:
fTR_CLK = fRTC/(PRL“ 90]+1 )
Note: If the input clock frequency (frrc) is 32.768 kHz, write 7FFFh in this register to get a signal

period of 1 second.
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RTC Prescaler Divider Register (RTC_DIVH / RTC_DIVL)

During each period of TR_CLK, the counter inside the RTC prescaler is reloaded with the
value stored in the RTC_PRL register. To get an accurate time measurement it is possible to
read the current value of the prescaler counter, stored in the RTC_DIV register, without
stopping it. This register is read-only and it is reloaded by hardware after any change in the
RTC_PRL or RTC_CNT registers.

RTC Prescaler Divider Register High (RTC_DIVH)

Address Offset: 10h
Reset value: 0000h

15 14 13 12 1 10 9 8 7 6 2 1 0
Reserved RTC_DIV[19:16]
r r r
Bits 15:4 Reserved
Bits 3:0 RTC_DIV[19:16]: RTC Clock Divider High
RTC Prescaler Divider Register Low (RTC_DIVL)
Address Offset: 14h
Reset value: 8000h
15 14 13 12 11 10 9 8 7 6 2 1 0
RTC_DIV[15:0]
r r r r r r r r r r r r r
Bits 15:0 RTC_DIV[15:0]: RTC Clock Divider Low
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745

RTC Counter Register (RTC_CNTH / RTC_CNTL)

The RTC core has one 32-bit programmable counter, accessed through two 16-bit registers;
the count rate is based on the TR_CLK time reference, generated by the prescaler.
RTC_CNT registers keep the counting value of this counter. They are write-protected by bit
RTOFF in the RTC_CR register, and a write operation is allowed if the RTOFF value is ‘1’. A
write operation on the upper (RTC_CNTH) or lower (RTC_CNTL) registers directly loads the
corresponding programmable counter and reloads the RTC Prescaler. When reading, the
current value in the counter (system date) is returned.

RTC Counter Register High (RTC_CNTH)

Address Offset: 18h
Reset value: 0000h

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
RTC_CNT[31:16]
rw rw rw rw w rw rw rw rw rw rw rw rw rw rw rw

RTC_CNT[31:16]: RTC Counter High
Reading the RTC_CNTH register, the current value of the high part of the RTC
Counter register is returned. To write to this register it is necessary to enter
configuration mode using the RTOFF bit in the RTC_CR register.

Bits 15:0

RTC Counter Register Low (RTC_CNTL)

Address Offset: 1Ch
Reset value: 0000h

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
RTC_CNT[15:0]
rw rw rw rw w rw rw rw rw rw rw rw rw rw rw rw
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RTC_CNT[15:0]: RTC Counter Low
Reading the RTC_CNTL register, the current value of the lower part of the RTC
Counter register is returned. To write to this register it is necessary to enter
configuration mode using the RTOFF bit in the RTC_CR register.

Bits 15:0
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7.4.6

15

14

RTC Alarm Register High (RTC_ALRH / RTC_ALRL)

When the programmable counter reaches the 32-bit value stored in the RTC_ALR register,
an alarm is triggered and the RTC_alarmIT interrupt request is generated. This register is
write-protected by the RTOFF bit in the RTC_CR register, and a write operation is allowed if
the RTOFF value is ‘1°.

RTC Alarm Register High (RTC_ALRH)

Address Offset: 20h
Write only (see Section 7.3.6 on page 171)
Reset value: FFFFh

13 12 11 10 9 8 7 6 5 4 3 2 1 0

RTC_ALR[31:16]

w w w w w w w w w w w w w w

RTC_ALR[31:16]: RTC Alarm High
The high part of the alarm time is written by software in this register. To write to this
register it is necessary to enter configuration mode using the RTOFF bit in the
RTC_CR register.

Bits 15:0

RTC Alarm Register Low (RTC_ALRL)

Address Offset: 24h
Write only (see Section 7.3.6 on page 171)
Reset value: FFFFh

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
RTC_ALR[15:0]
w w w w w w w w w w w w w w w w

RTC_ALRI[15:0]: RTC Alarm Low
The low part of the alarm time is written by software in this register. To write to this
register it is necessary to enter configuration mode using the RTOFF bit in the
RTC_CR register.

Bits 15:0

177/437




7 Real Time Clock (RTC) RM0003

7.5 RTC register map

RTC registers are mapped as 16-bit addressable registers as described in the table below:

Table 34. RTC register map

Agf"f'::s R:g::::’ 15(14 |13 |12|11|10| 9|8 |7 |6 | 5 | a4 |3 | 2 | 1| 0
0 RTC_CRH OW I AEN | SEN
EN
4 RTC_CRL ORI;I-F CNF | RSF | OWIR | AIR SIR
8 RTC_PRLH --- PRL
Ch RTC_PRLL PRL
10h RTC_DIVH --- DIV
14h RTC_DIVL DIV
18h RTC_CNTH CNTH
1Ch RTC_CNTL CNTL
20h RTC_ALRH ALARMH
24h RTC_ALRL ALARML

See Table 2 for the base address

J
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8

8.1

8.2

8.3

8.3.1

Watchdog Timer (WDG)

Introduction

The Watchdog Timer peripheral can be used as free-running timer or as Watchdog to
resolve processor malfunctions due to hardware or software failures.

Main features

16-bit down Counter

8-bit clock Prescaler

Safe Reload Sequence
Free-running Timer mode

End of Counting interrupt generation

Functional description

Figure 47 shows the functional blocks of the Watchdog Timer module. The module can work
as a Watchdog or as a Free-running Timer. In both modes the 16-bit Counter value can be
accessed by reading the WDG_CNT register.

Free-running Timer mode

If the WE bit in the WDG_CR register is not set by software, the peripheral enters free-
running timer mode.

In this operating mode, when the SC bit of WDG_CR register is written to ‘1’ the WDG_VR
value is loaded in the Counter and the Counter starts counting down.

Figure 47. Watchdog Timer functional block

WDG_PR WDG_VR
Register Register
{} WDG RESET
froLk 8-bit . T
2| Prescaler 16-bit Counter End of Count Interrupt
T (FIQ1 to EIC)
SC WE

WDG_CR Register bits

When it reaches the end of count value (0000h) an End of Count interrupt is generated (EC)
and the WDG_VR value is re-loaded. The Counter runs until the SC bit is cleared. If the SC
bit is set again, both the Counter and the Prescaler are re-loaded with the values contained
in registers WDG_VR and WDG_PR respectively, so it does not restart from where it last
stopped, but from a defined state without having to reset and re-program the module. On the
other hand, it is not possible to change the prescaler factor on-the-fly since it will only effect
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8.3.2

8.4

8.4.1

15

the counter after a restart command (setting the SC bit, which generates a re-load
operation).

Watchdog mode

If the WE bit of WDG_CR register is written to ‘1’ by software, the peripheral enters
Watchdog mode. This operating mode can not be changed by software (the SC bit has no
effect and WE bit cannot be cleared).

As the peripheral enters in this operating mode, the WDG_VR value is loaded in the Counter
and the Counter starts counting down. When it reaches the end of count value (0000h) a
system reset signal is generated (WDG RESET).

If a sequence of two consecutive values, OXxA55A and 0x5AAD5, is written in the WDG_KR
register see Section 8.4, the WDG_VR value is re-loaded in the Counter, the End of count
can be prevented.

Register description

The Watchdog Timer registers can not be accessed by byte.
The reserved bits can not be written and they are always read at ‘0’.

WDG Control Register (WDG_CR)

Address Offset: 00h
Reset value: 0000h

13 12 11 10 9 8 7 6 5 4 3 2 1 0

reserved SC WE
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Bit 15:2 Reserved. Forced by hardware to 0.

SC: Start Counting bit.
0: The counter is stopped.
1: The counter loads the Timer pre-load value and starts counting
These functions are permitted only in Timer Mode (WE bit = 0).

WE: Watchdog Enable bit.
0: Timer Mode is enabled
Bit 0 1: Watchdog Mode is enabled
This bit can’t be reset by software.
When WE bit is high, SC bit has no effect.

Bit 1

J
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8.4.2 WDG Prescaler Register (WDG_PR)
Address Offset: 04h
Reset value: OOFFh
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
reserved PR7 | PR6 | PR5 | PR4 | PR3 | PR2 | PRI PRO
rw rw w rw rw rw w w
Bit 15:8 Reserved. Forced by hardware to 0.
PR[7:0]: Prescaler value
Bit 7:0 The clock to Timer Counter is divided by PR[7:0]+1.
' This value takes effect when Watchdog mode is enabled (WE bit is set) or the re-
load sequence occurs or the Counter starts (SC) bit is set in Timer mode.
8.4.3 WDG Preload Value Register (WDG_VR)
Address Offset: 08h
Reset value: FFFFh
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
TVi5 | TVi4 | TV13 | Tvi2 | Tvi1 | Tvio | Tve | Tv8 | Tv7z | Tve | Tvs | Tv4 | Tva | Tv2 | Tvi VO
rw rw rw rw rw rw rw rw rw rw rw rw rw rw rw rw
TV[15:0]: Timer Pre-load Value
Bit 15:0 This value is loaded in the Timer Counter when it starts counting or a re-load
sequence occurs or an End of Count is reached.
The time (us) need to reach the end of count is given by:
(PR[7:0] + 1) * (TV[15:0] +1) " to k
s
1000 H
where tg g is the Clock period measured in ns.
i.e. if CLK = 20MHz the default time-out set after the system reset is:
256*65535*50/1000 = 838861 s.
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8.44 WDG Counter Register (WDG_CNT)
Address Offset: 0Ch
Reset value: FFFFh
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

CNT15 [ CNT14 | CNT13 | CNT12 | CNT11 | CNT10 | CNT9 | CNT8 | CNT7 | CNT6 | CNT5 | CNT4

CNT3 | CNT2 | CNT1 | CNTO

CNT[15:0]: Timer Counter Value
The current counting value of the 16-bit Counter is available reading this register.

Bits 15:0

8.4.5 WDG Status Register (WDG_SR)
Address Offset: 10h
Reset value: 0000h

15 14 13 12 11 10 9 8 7 6

reserved EC

Bit 15:1 Reserved. Forced by hardware to 0.

EC: End of Count pending bit
0: no End of Count has occurred
Bit0 1: the End of Count has occurred
In Watchdog Mode (WE = 1) this bit has no effect.
This bit can be set only by hardware and must be reset by software.

8.4.6 WDG Mask Register (WDG_MR)
Address Offset: 14h
Reset value: 0000h

15 14 13 12 11 10 9 8 7 6

reserved ECM

rw

Bit 15:1 Reserved. Forced by hardware to 0.

ECM: End of Count Mask bit

Bit 0 0: End of Count interrupt request is disabled
1: End of Count interrupt request is enabled
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8.4.7 WDG Key Register (WDG_KR)
Address Offset: 18h
Reset value: 0000h
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
K15 K14 K13 K12 K11 K10 K9 K8 K7 K6 K5 K4 K3 K2 K1 KO
rw rw rw w w rw w rw rw rw rw rw rw rw rw rw

K[15:0]: Key Value

Bit 15:0
between the two writes.

When Watchdog Mode is enabled, writing in this register two consecutive values
(A55A, 5AA5) the Counter is initialized to TV[15:0] value and the Prescaler value in
the WDG_PR register take effect. Any number of instructions can be executed

If Watchdog Mode is disabled (WE = 0) a write to this register has no effect.
This register returns the value 0000h when read.
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WDG Register map

Table 35. Watchdog Timer Register map

Addr. | Register

Offset Name 15(14 (13|12 (11 |10| 9 | 8 | 7 4 | 3 1 0
0 WDG_CR reserved SC | WE
4 WDG_PR reserved PR(7:0)
8 WDG_VR TV(15:0)
o] WDG_CNT TV(15:0)
10 WDG_SR reserved EC
14 WDG_MR reserved MEC
18 WDG_KR K[15:0]

See Table 2 for the base address.
[YI
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9 Timebase Timer (TB)

9.1 Introduction

The Timebase Timer can be used as free-running timer to generate a time base.

9.2 Synchronizable Programmable Timer (SPT) architecture

The TB Timer forms a family with the PWM timer and the TIM timers which are all based on
a common architecture. This makes it easier to design applications using the various timers
(identical register mapping, common basic features).

9.3 General block diagram

The general Block Diagram is shown in Figure 48.

Figure 48. General block diagram

Trigger

Controller
CK_TIM

Reset, Enable, Up/Down, Count

. TIM_ICK
ck_tim o
Ck_APDy boLK (APB)

—
u 16-bit Auto-Reload Register
7 Ul
Stop, Clear or Up/Do
Prescaler r +/- _bi
16 bits 16-bit COUNTER |

RTC CLK . IC1int
—D'E%'Sgt gg'&g‘r&ﬂ 16-bit Capture 1 Register

Notes:

Preload registers transferred
to active registers on U event
according to control bit

~ Update event

IC1l

4 interrupt output

Signals connected to external
pins as AFI/AFO
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9.4

9.4.1

186/437

General features

16-bit programmable prescaler

® Autoreload 16-bit up/down counter with update status flag and maskable interrupt.
® Timer Interrupts (with enable bits):

® Ul: Timer Update interrupt.

® Selectable Timer clock frequency:

- fek mim = frcik Of fpoLkX2
-  fek RTC

Counter clock selection

The counter clock can be provided by the following signals:
e CK_TIM internal clock
® External Clock (CK_RTC Clock)

The selected signal is fed to the counter through a 16-bit prescaler (TB_PSC). The original
clock signal is divided by 1 to 65536.

Internal clock mode

The internal clock (CK_TIM) is selected as counter clock if the Slave mode controller is
OFF: SME=0 in the TB_SCR register.

External clock mode (RTC Clock)

To use the RTC as clock source for the TB, proceed as follows:

1. Set the RTCM control bit in the MRCC_PWRCTRL register to connect the RTC clock
input to the input capture of the TB timer.

2. Set SMSto ‘01’ and SME to ‘1’ in the TB_SCR register to select external clock mode.

3. Theinput signal IC1 to be used to clock the counter is selected by setting TS bits, in the
same register, to ‘10°. the polarity of the input capture is defined by the IC1P bit in
TB_IMCR register.

In any case, the counter is synchronized with the internal clock CK_TIM and it still must be
enabled by writing the CNT_EN bit in the TB_CR register to ‘1’. When an external signal is
used to clock the counter, at least four rising edges of CK_TIM must occur between two
consecutive active edges of the external signal. Thus the external frequency must be less
than a quarter of CK_TIM frequency.
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9.5 Functional description
9.5.1 Counter

The Timer Base is based on a 16-bit up/down-counter (CNT) and its related control
registers.

It can be cleared and enabled/disabled by software. Up-counting or down-counting can be
controlled by software or by hardware.

Counter modes

There are three counter modes:

® Up-counting mode: The counter counts from 0 to the value in the TB_ARR register
then restarts counting from 0 and generates an Update event. To configure the counter
in this mode, write U/D = 0 and CMS = 00 in the TB_CR register.

o Down-counting mode: The counter counts from the value in the TB_ARR register
down to 0 then is re-loaded with the TB_ARR value and generates an Update event.
To configure the counter in this mode, write U/D = 1 and CMS = 00 in the TB_CR
register.

® Center-aligned mode: The counter counts up from 0 to (TB_ARR-1), is re-loaded with
the TB_ARR value and then counts down to 0 before restarting counting. An update
event can be generated when the counter is re-loaded with TB_ARR and when it
reaches 0. To configure the counter in this mode, write CMS = 01, 10 or 11 in the
TB_CR register.

Table 36. Counter mode selection

TB_CR Register TB_CR Register
Counter Mode _CMS bii’s - u/D bistl
Up-Counting Mode 00 1
Down-Counting Mode 00 0
10
Center aligned Mode 01 -
11

In Center-aligned mode, the U/D bit changes automatically, indicating whether the counter is
counting up or down.

Counter Initialization

You can re-initialize the counter (and the prescaler as well) writing a ‘1’ in the CNT_RST bit
(which is automatically reset by hardware) in the TB_CR register. Then, depending on the
CMS and U/D bits in the TB_CR register, the counter is either cleared (in up-counting or
center-aligned mode) or re-loaded with the TB_ARR register value (in down-counting
mode). It starts counting as soon as you write a ‘1’ in the CNT_EN bit.

Interrupt Request

When an update event occurs, the Ul flag in the TB_ISR register is set depending on UFS
bit status (TB_CR register). An interrupt is generated if the URS bit in the TB_RSR register
and the URE bit in the TB_RER register are set. If this condition is false, the interrupt
request remains pending until it becomes true.
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Counter clock selection

The counter clock is provided by the CK_TIM internal clock.

The selected signal is fed to the counter through a 16-bit prescaler (TB_PSC). The original
clock signal is divided by 1 to 65536.

The following figures describe the counter timings for different clock ratios.

Figure 49. Counter timing diagram, CK_TIM divided by 2 (TB_ARR=FFFF)
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Figure 50. Counter timing diagram, CK_TIM divided by 4
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Figure 51. Counter timing diagram, CK_TIM divided by n

TIMER CLOCK (CK_TIM)

TIMER STROBE

COUNTER REGISTER

UPDATE FLAG UI

UUUL

-

UuUUuL fuuutt

FFFC

In
FFFD ﬁi}

0000

J




RM0003 9 Timebase Timer (TB)
9.5.2 Interrupt management
To use the interrupt features, for each interrupt channel used, perform the following
sequence:
® Set the desired ICRS and/or URS bits to select interrupt request.
® Set the desired ICRE and/or URE bits in the TB_RER register to enable interrupt
requests.
9.5.3 Debug mode
When the microcontroller enters debug mode, the timer either continues to work normally or
stops its activity, depending on the DBGC bit in TB_CR register.
If DBGC=0 (reset state), the timer detects any activity on the debug acknowledge
(DBGACK) signal which is directly sent by the CPU. Then, as soon as the device enters
debug mode:
® The TB_CNT counter stops counting
® The input capture is blocked
Thus, when a breakpoint occurs, the state of all the registers is kept stable.
If DBGC=1, the timer ignores the DBGACK signal.
9.6 Register description

The registers can only accessed as 16-bit data. A byte cannot be read or written. In this
section, the following abbreviations are used:

read/write (rw) Software can read and write to these bits.

read-only (r) Software can only read these bits.

Software can read as well as clear this bit by writing 0. Writing ‘1’ has

read/clear (rc_w0) no effect on the bit value.

Software can read these bits. It can write them only once. Once write-

Write once-only (wo) accessed, these bits cannot be re-written unless the processor is reset.
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9.6.1 Control Register (TB_CR)

Address Offset: 00h
Reset value: 0000h

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
res. DBGC reserved CcMs up | opm | OB | T | uFs
rw rw rw w rw rw rw rw
Bits 15:11 Reserved: must be kept cleared.
DBGC: Debug Control
Bit 10 SeeSection 9.5.3: Debug mode on page 189 for a detailed description.

0: The timer is stopped in debug mode
1: The timer continues working in debug mode

Bits 9:7 Reserved: must be kept cleared.

CMS: Center-Aligned Mode Selection

Do not switch from edge-aligned mode to center-aligned mode while the counter is
enabled (CNT_EN=1)

Bits 6:5 00: Edge-aligned mode

01: Center-aligned mode

10: Center-aligned mode

11: Center-aligned mode

U/D: Up/Down

Bit 4 0: Counter used as up-counter
1: Counter used as down-counter

Bit 3 Reserved: must be kept cleared.
CNT_EN: Counter Enable
Bit 2 0: Counter disabled

1: Counter enabled

CNT_RST: Counter Reset
This bit can be written to 1 to reset the counter, it is automatically reset by hardware.
0: No action.
Bit 1 1: Re-initializes the counter and generates an update of the registers. Note that the
prescaler counter is cleared too (however the prescaler preload value is not
affected). The counter is cleared if center-aligned mode is selected or if U/D=0 (up-
counting), else it takes the auto-reload value (TB_ARR) if U/D=1 (down-counting)

UFS: Update Flag Selection
0: Ul flag is set when an update event occurs, whatever its source (counter
Bit 0 overflow/underflow, CNT RST bit set by software)
1: Ul flag is set only if a counter overflow/underflow is detected. It is not affected by
updates generated by software)

J
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9.6.2 Synchro Control Register (TB_SCR)
Address Offset: 04h
Reset value: 0000h
15 14 13 12 10 9 8 7 6 5 4 3 2 1 0
reserved TS reserved SMS SME reserved
rw rw rw w w
Bits 15:10 Reserved: must be kept cleared.
TS[1:0]: Trigger Selection
Bits 9:8 Selects the trigger signal (TRG) to be used by the trigger controller.
' 00: Internal trigger (output of the internal trigger selection)
10: Input Capture 1 (IC1)
Bits 7:5 Reserved: must be kept cleared.
SMS[1:0]: Slave Mode Selection
When external signals are selected, the active edge of the trigger signal (TRG)
Bits 4:3 is linked to the polarity selected on the external input (see TB_IMCR and TB_CR
' Register description)
00: Reset - rising edge of the selected trigger signal (TRG) resets the counter
and generates an update of the registers.
SME: Slave Mode Enable
Bit 2 0: Slave mode disabled. If CNT_EN = ‘1’ then the prescaler is clocked directly by
CK_TIM.
1: Slave mode enabled. The counter is controlled by the selected trigger input.
Bits 1:0 Reserved: must be kept cleared.
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9.6.3 Input Mode Control Register (TB_IMCR)
Address Offset: 08h
Reset value: 0000h
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
reserved IC1P IC1E reserved
w rw

Bits 15:4 | Reserved: must be kept cleared.

IC1P: IC1 Polarity

This bit selects whether IC1 or IC1 is used for trigger or capture operations.

Bit 3 0: non-inverted: capture is done on a rising edge of IC1. When used as external
trigger, IC1 is non-inverted.

1: inverted: capture is done on a falling edge of IC1. When used as external trigger,
IC1 is inverted.

IC1E: IC1 Enable

This bit determines if a capture of the counter value into Input Capture Register 1
Bit 2 (TB_ICR1) is enabled or not.

0: Capture disable.
1: Capture enable if IC11 flag (TB_ISR register) is reset.

Bit 1:0 Reserved: must be kept cleared.

9.6.4 Request Selection Register (TB_RSR)

Address Offset: 18h
Reset value: 0000h

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
reserved IC1RS res. URS
rw rw
Bit 15:3 Reserved: must be kept cleared.

IC1RS: /IC1 Request Selection

Bit 2 0: IC1 interrupt request not selected.
1: IC1 interrupt request selected.

Bit 1 Reserved: must be kept cleared.

URS: Update Request Selection

Bit 0 0: Update interrupt request not selected.
1: Update interrupt request selected.
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Request Enable Register (TB_RER)

Address Offset: 1Ch

Reset value: 0000h

13 12 11 10 9 8 7 6 5 4 3 2 1 0

reserv

ed IC1RE res. URE

9.6.6

'w w

Bit 15:3 Reserved: must be kept cleared.

IC1RE: /C1 Interrupt Request Enable

Bit 2 0: IC1 interrupt request disabled.
1: IC1 interrupt request enabled. A request is generated if the IC1l flag is set.

Bit 1 Reserved: must be kept cleared.

URE: Update Interrupt Request Enable

Bit 0 0: Update interrupt request disabled.
1: Update interrupt request enabled. A request is generated if the Ul flag is set.

Interrupt Status Register (TB_ISR)

Address Offset: 20h

Reset value: 0000h

15 13 12 11 10 9 8 7 6 5 4 3 2 1 0
reserved IC11 res. Ul
rc_w0 rc_w0

Bit 15:3 Reserved: must be kept cleared.

IC11: IC1 Interrupt Flag

This bit is set by hardware on a capture. It is cleared by software.

Bit 2 0: No input capture occurred.

1: The counter value has been captured in TB_ICR1 register (An edge has been
detected on IC1 which matches the selected polarity).

Bit 1 Reserved: must be kept cleared.

Ul: Update Interrupt Flag
This bit is set by hardware when an Update event occurs (depending on UFS bit in
TB_CR register, please refer to Section 9.6.1: Control Register (TB_CR) on
page 190. It is cleared by software.
0: No update occurred.
1: Update interrupt pending. This bit is set by hardware when the counter is
updated:

— At overflow or underflow

— When CNT is cleared by software using the CNT_RST bit in TB_CR register (only if
UFS=0 in TB_CR register)

Bit 0
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Note: When CK_TIM and PCLK have different frequencies, the events which set the flags are
generated on CK_TIM and then re-synchronized with the PCLK clock domain (the flag itself
is related to PCLK). This means that there is a delay between the actual event and the
setting of the flag. If an event is generated by software, for example writing the CNT_RST bit
in the TB_CR register to generate an update event, there will be a delay before the related
flag can be read at ‘1’. Therefore a minimum delay of 4 PCLK periods must be inserted
before trying to clear this flag after generating the event (for instance by adding 2 dummy
accesses).

9.6.7 Counter Register (TB_CNT)

Address Offset: 24h
Reset value: 0000h
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
MSB LSB
w rw rw rw rw rw w rw rw rw rw rw w w rw rw
This 16-bit register contains the contents of the counter.
Note: 1 The counter doesn’t count if the ARR value is 0. No update event is generated in this case.
2 If the counter is written with a value higher than the ARR value while it is up-counting
(U/D=0 in TB_CR register), then the counter will count up to FFFF and restart counting from
0 up to ARR.
3 When CK_TIM and PCLK have different frequencies:
® The counter value cannot be accessed directly and is read through a buffer register.
The buffer is updated once every 4 CK_TIM clock cycles (max.).
® The CNT_EN bit is not taken into account immediately by the counter. So if the counter
is running when you clear the CNT_EN bit, you must insert an additional instruction
before reading the counter to get the updated value.
® Forthe same reason, you must insert a delay before reading the counter after setting
the CNT_RST bit.
9.6.8 Prescaler Register (TB_PSC)
Address Offset: 28h
Reset value: 0000h
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
MSB LSB
w w rw rw w rw rw rw rw rw w w rw rw rw rw
This value divides the frequency of the internal timer clock (TIM_ICK) output by the clock
mode controller. The counter clock frequency is friy jck / (PSC[15:0]+1).
This register contains the preload value which is loaded in the active prescaler register:
® Permanently if the counter is disabled (CNT_EN = 0 in TB_CR register)
® Else at each update event (including when the counter is cleared using the CNT RST
bit (TB_CR register) or by the slave mode control block when configured in reset mode
- SMS bits = 00 in the TB_SCR register).
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9.6.9 Auto-Reload Register (TB_ARR)
Address Offset: 30h
Reset value: FFFFh
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
MSB LSB
w w w w w w rw rw w w w w w rw w w
This 16-bit register contains the preload value to be loaded in the active auto-reload register
at the next update event.
However the active register can be directly written by software in the following cases:
o if the counteris not running (CNT EN=0 in TB_CR register),
@ if the counter is running in down-counting mode (CMS="00" and U/D=1 in TB_CR
register)
So care must be taken when switching from up-counting to another mode as the preload
and the active registers might be different.
The auto-reload register is a 16-bit register which contains the ARR value to be compared to
the counter CNT.
If the counter is up-counting in edge-aligned mode, when it reaches the ARR value an
Update event is generated. The counter restarts up-counting from 0.
If the counter is up-counting in center-aligned mode, when it reaches the ARR value an
update event is generated. The counter restarts down-counting from the ARR preload value.
If the counter is down-counting in edge-aligned mode, when it reaches 0 an update event is
generated. The counter restarts down-counting from the ARR preload value.
If the counter is down-counting in center-aligned mode, when it reaches 0 an update event is
generated. The counter restarts up-counting from O.
9.6.10 Input Capture Register 1 (TB_ICR1)
Address Offset: 4Ch
Reset value: 0000h
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
MSB LSB
r r r r r r r r r r r r r r r r
This 16-bit register contains the counter value captured when an input capture 1 event (IC1)
occurs.
It can be read only when the IC1l flag is set in the TB_ISR register.
9.7 TB Register map
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Table 37. TB Timer Register map

OAf‘::;-t Rﬁg'::r 15 |14 |13 [12 (11 |10 | 9 |8 | 7 | 6 432 |10
0 TB_CR reserved up |opm| DT | SNT | uFs
4 TB_SCR reserved ‘ ‘
8 TB_IMCR reserved IC1P | IC1E res | IC1S
18 TB_RSR reserved IC1RS | res. | URS
1C TB_RER reserved IC1RE | res. | URE
20 TB_ISR reserved IC1l res. ul
24 TB_CNT Counter Value (CNT15-CNTO0)
28 TB_PSC Prescaler (PSC15-PSCO0)
30 TB_ARR Auto-Reload (ARR15-ARR0)
4C TB_ICR1 Input Capture 1
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10.1

10.2

Synchronizable Standard Timer (TIM)

Introduction

The timer consists of a 16-bit counter driven by a programmable prescaler.

It may be used for a variety of purposes, including pulse length measurement of up of two
input signals (input capture) or generation of up to two output waveforms (output compare
and PWM). Depending on specific device implementation DMA capability can be available
for reduced CPU overload.

Pulse lengths waveform periods can be modulated from a very wide range using the timer
prescaler.

Synchronizable Programmable Timer (SPT) architecture

The TIM Timers form a family with the TB timer and the PWM timers which are all based on
a common architecture. This makes it easier to design applications using the various timers
(identical register mapping, common basic features).

In addition the TIM and PWM timers are linked together and can be synchronized.
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10.3 General block diagram

The general Block Diagram is shown in Figure 52.

Figure 52. General block diagram
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10.4 General features
16-bit programmable prescaler : fok 1\ divided by 1 to 65536.
® Autoreload 16-bit up/down counter with update status flag and maskable interrupt.
® Synchronization using the Timer Link System: the timers can be configured as Master
Timer or as Slave Timer. In slave mode operations like reset, clocking, start and stop
can be controlled by another timer in master mode or by external events using TI1 or
TI2 inputs. A programmable edge detector is associated with each external input.
® PWM input mode: external PWM can be injected on the Input Capture to measure
external PWM timings (using input pins TI1 or TI2).
® Input pins TI1 and TI2 are usable as an incremental encoder interface for position
sensor
® Timer Interrupts (with enable bits):
® Ul: Timer Update interrupt.
® Independent DMA Request Generation (with enable bits) on TIMO, asserted on Update
Event
® Selectable Timer clock frequency fok 1im = fpoLk OF fpoLkX2
® Input Capture functions
®  Output compare/PWM functions
® One pulse mode (OPM)
e PWM Mode:
— Shadow Registers can be enabled by control bits.
—  Full modulation capability (0 and 100% duty cycle), edge or center-aligned
patterns
—  Dedicated interrupt for PWM duty cycles updating (PWM Update Interrupt)
—  The output polarity is programmable channel by channel.
— Edge-aligned pattern or center-aligned pattern (counter or down-counter mode)
10.5 Functional description
10.5.1 Counter

Each timer is based on a 16-bit up/down-counter (CNT) and its related control registers.

It can be cleared and enabled/disabled by software or by a trigger input signal (refer to
Section 9.5.2 on page 189). Up-counting or down-counting can be controlled by software or
by hardware.

Counter modes

There are three counter modes:

Up-counting mode: The counter counts from 0 to the value in the TIM_ARR register
then restarts counting from 0 and generates an Update event. To configure the counter
in this mode, write U/D = 0 and CMS = 00 in the TIM_CR register.

Down-counting mode: The counter counts from the value in the TIM_ARR register
down to 0 then is re-loaded with the TIM_ARR value and generates an Update event.
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10.5.2
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To configure the counter in this mode, write U/D = 1 and CMS = 00 in the TIM_CR
register.

® Center-aligned mode: The counter counts up from 0 to (TIM_ARR-1), is re-loaded
with the TIM_ARR value and then counts down to O before restarting counting. An
update event can be generated when the counter is re-loaded with TIM_ARR and when
it reaches 0. To configure the counter in this mode, write CMS = 01, 10 or 11 in the
TIM_CR register.

Table 38. Counter Mode selection

TIM_CR Register TIM_CR Register
Counter Mode CMS bitgs uD bi?
Up-Counting Mode 00 1
Down-Counting Mode 00 0
10
Center aligned Mode 01 -
11

In Center-aligned mode or in Encoder Interface mode (see Section 10.5.3 on page 203), the
U/D bit changes automatically, indicating whether the counter is counting up or down.

Counter Initialization

You can re-initialize the counter (and the prescaler as well) writing a ‘1’ in the CNT_RST bit
(which is automatically reset by hardware) in the TIM_CR register. Then, depending on the
CMS and U/D bits in the TIM_CR register, the counter is either cleared (in up-counting or
center-aligned mode) or re-loaded with the TIM_ARR register value (in down-counting
mode). It starts counting as soon as you write a ‘1’ in the CNT_EN bit or if CNT_EN goes
high under the control of the Slave Mode block (refer to Section 10.6 on page 213).

Interrupt/DMA Requests

When an update event occurs, the Ul flag in the TIM_ISR register is set depending on UFS
bit status (TIM_CR register). An interrupt is generated if the URS bit in the TIM_RSR
register and the URE bit in the TIM_RER register are set. If this condition is false, the
interrupt request remains pending until it becomes true. A DMA request, on TIMO, is
generated if URS bit in TIM_RSR register is reset and URE bit in TIM_RER register is set. If
this condition is false, the request remains pending to be issued as soon as it becomes true.

Counter clock selection

The counter clock can be provided by the following signals:
® CK_TIM internal clock

® Internal trigger inputs (ITRx)

® External input pins TI1 or TI2

The selected signal is fed to the counter through a 16-bit prescaler (TIM_PSC). The original
clock signal is divided by 1 to 65536.

Figure 53, Figure 54, and Figure 55 describe the counter timings for different clock ratios.
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Figure 53. Counter timing diagram, CK_TIM divided by 2 (TIM_ARR=FFFF)
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Figure 54. Counter timing diagram, CK_TIM divided by 4
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Figure 55. Counter timing diagram, CK_TIM divided by n
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Internal Clock mode

The internal clock (CK_TIM) is selected as counter clock if the Slave mode controller is
OFF: SME=0 in the TIM_SCR register.

201/437




10 Synchronizable Standard Timer (TIM) RM0003

External Clock mode (TI1, TI2)
External clock mode is selected when SMS=01 and SME=1 in the TIM_SCR register.

The input signal IC1 or IC2 to be used to clock the counter is selected by the TS bits in the
same register.
® TI1: Redirect TI1 to the suitable ICx then select this ICx with the expected active edge.
— e.g.:IC1 is mapped on TI1 (IC1S=0 in TIM_IMCR), IC1 is selected as external
clock input (TS=10 and SMS=01 and SME=1 in TIM_SCR). TI1 is active on rising
edge if IC1P=0 in TIM_IMCR, on falling edge if IC1P=1.

® TI2: Same as TI1.

In any case, the counter is synchronized with the internal clock CK_TIM and it still must be
enabled by writing the CNT_EN bit in the TIM_CR register to ‘1’. When an external signal is
used to clock the counter, at least four rising edges of CK_TIM must occur between two
consecutive active edges of the external signal. Thus the external frequency must be less
than a quarter of CK_TIM frequency to be properly used.

Using one timer as prescaler for another timer

Figure 56. Master/Slave timer example
TIMER 1 TIMER 2
Clock M{\/IS ITS T|S Sl\l/IS S|ME
U-a| MASTER ITR1 SLAVE
76-bits || 16-bits | | MODE TRG1 TR MODE |1 &bits ] T6:bis |
PRESCALER COUNTER | CONTROL CONTROL PRESCALER COUNTER
INPUT
TRIGGER
SELECTION
For example, you can configure Timer 1 to act as a prescaler for Timer 2. Refer to Figure 56.
To do this:
® Configure Timer 1 in master mode so that it outputs a periodic trigger signal on each
Counter Update event. If you write MMS=10 in the TIM1_CR register, a rising edge will
be output on TRG1 each time a Counter Update event is generated. Refer to Figure 56.
® To connect the TRG1 output of Timer1 to the Timer 2, Timer 2 must be configured in
slave mode using ITR1 as internal trigger.
You select this through the ITS bits in the TIM2_SCR register (writing ITS=001).
Then you select internal trigger as input to the Slave mode controller (write TS=00 in
the TIM2_SCR register).
Slave mode selection must be put in External clock mode (write SMS = 01, SME =1 in
the TIM2_SCR register). This will cause the Timer 2 to be clocked by the rising edge of
the periodic Timer 1 trigger signal.
o Finally both timers must be enabled by setting their respective CNT_EN bits (TIM_CR
register).
Note: If OC1 is selected on Timer 1 as trigger output (MMS=11), its rising edge is used to clock
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10.5.3

Encoder Interface Mode

Encoders are used in position and speed detection of rotating motion systems. Encoders
enable closed loop control of many motor control applications.

To select Encoder interface mode write:

® ENC='01'in the TIM_SCR register if the counter is counting on IC1 edges only
® ENC="10'if it is counting on IC2 only

® ENC='11'ifitis counting on both IC1 and IC2 edges

Select the IC1 and IC2 polarity by programming the IC1P and IC2P bits in the TIM_IMCR
register.

The two inputs T11 and TI2 are used to interface to an incremental encoder.

The counter is clocked by each valid transition on IC1_Int or IC2_Int assuming that it is
enabled (CNT_EN bit in TIM_CR register written to '1').

The sequence of transitions of the two input signals is evaluated and generates count
pulses as well as the direction signal.

Depending on the sequence, the counter counts up or down, the U/D bit in the TIM_CR
register is modified by hardware accordingly.

The U/D direction bit is calculated at each transition on any input (IC1 or IC2), whether the
counter is counting on IC1 only, IC2 only or both IC1 and IC2.

Encoder interface mode acts simply as an external clock with direction selection. This
means that the counter just counts continuously between 0 and the auto-reload value in the
TIM_ARR register (0 up to TIM_ARR or TIM_ARR down to 0 depending on the direction).
So you must configure TIM_ARR before starting. In the same way capture, compare,
prescaler, trigger output features continue to work as normal. Encoder interface mode can
be used in combination with gated or trigger mode. However, Encoder interface mode and
external clock mode are not compatible and must not be selected together.

In this mode, the counter is modified automatically following the speed and the direction of
the incremental encoder and its content, therefore, always represents the encoder’s current
position. The count direction corresponds to the rotation direction of the connected sensor.
The table below summarizes the possible combinations, assuming IC1 and IC2 don’t switch
at the same time.

Table 39. Counting direction versus encoder signals

. IC1_Int signal IC2_Int signal
Active edges Level 2: ol[l)tposne
P Rising Falling Rising Falling
Counting on High Down Up No Count No count
IC1 only Low Up Down No count No count
Counting on High No Count No count Up Down
IC2 only Low No count No count Down Up
Counting on High Down Up Up Down
IC1 and IC2 Low Up Down Down Up
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An external incremental encoder can be connected directly to the MCU without external
interface logic. However, comparators will normally be used to convert the encoder’s
differential outputs to digital signals. This greatly increases noise immunity.

The third encoder output which indicates the mechanical zero position, may be connected to
an external interrupt input and trigger a counter reset.

The Figure 57 gives an example of counter operation, showing count signal generation and
direction control. It also shows how input jitter is compensated where both edges are
selected. This might occur if the sensor is positioned near to one of the switching points. For
this example we assume that the configuration is the following:

e IC1S="0’ (TIM_IMCR register, IC1 mapped on TI1)

IC25="0’ (TIM_IMCR register, IC2 mapped on TI2)

IC1P="0’ (TIM_IMCR register, IC1 non-inverted. IC1_Int=IC1)

IC2P="0’ (TIM_IMCR register, IC2 non-inverted. IC2_Int=IC2)

ENC="11" (TIM_SCR register, IC1_Int and IC2_Int are active on both rising and falling
edges).

® CNT_EN =1 (TIM_CR register, Counter is enabled)

Figure 57. Example of counter operation in Encoder Interface mode

forward jitter backward jitter forward

COUNTER

Figure 58 gives an example of counter behavior when IC1 polarity is inverted (same
configuration as above except IC1P=1).

J
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10.5.4

Figure 58. Example of Encoder Interface mode with IC1 polarity inverted

forward jitter backward jitter forward

COUNTER

The timer, when configured in Encoder interface mode provides information on the sensor’s
current position. You can obtain dynamic information (speed, acceleration, deceleration) by
measuring the periods between two encoder events using a second timer configured in
input capture mode. The output of the encoder which indicates the mechanical zero can be
used for this purpose. Depending on the time between two events the counter value can
also be read at regular times. You can do this by latching the counter value into a third input
capture register if available (then the input signal must be periodic). It is also possible to
read its value through a DMA request generated by a real time clock.

Input Capture mode

The 16-bit input capture registers (TIM_ICRXx) are used to latch the value of the counter after
a transition detected by the corresponding ICx input. After a capture detection, data transfer
to the TIM_ICRXx register is inhibited until the corresponding ICxl flag is reset (by software).
This means you always have to reset the ICxl flag between two consecutive captures.

TIM_ICRXx are read-only registers. They can be read only when the corresponding ICxl flag
is set.

The active transition on ICx is software programmable using the ICxP bit in the TIM_IMCR
register.

IC1 and IC2 are specific as they can be independently mapped by software on TI1 or TI2
through the IC1S and IC2S bits.

205/437




10 Synchronizable Standard Timer (TIM) RM0003

Note:

10.5.5

206/437

Procedure:

To configure the TIMx in input capture mode, use the following procedure:
® Select the counter clock source (internal/external, prescaler)

® Select the active input (for example write IC1S="0’ to capture the counter value in the
TIM_ICR1 register on a transition on the TI1 pin).

® Select the edge of the active transition on the ICx channel by writing ICxP bit in
TIM_IMCR

® Enable capture from the counter into the capture register by setting the corresponding
ICXE bit in the TIM_IMCR register.

® If needed enable the interrupt request by setting the ICxRS bit in the TIM_RSR register
and the ICxRE bit in the TIM_RER register, or, for TIMO, the DMA request by resetting
ICxRS in TIM_RSR and setting ICxRE bit in TIM_RER register.

When an input capture occurs:

® The ICRx register gets the value of the counter on the active transition.

® ICxl is set (interrupt flag).

® Aninterrupt is generated depending on ICxRS and ICxRE.

® A DMA request is generated (for TIMO only) depending on ICxRS and ICxRE.

It is not possible to send an IC interrupt or DMA request without actually capturing the

counter value in the capture register.

Clearing the input capture flag ICxI is done by:

®  Writing ICxI with ‘0’ by software,

® Automatically by the DMA controller if DMA is enabled on this source (ICxRS="0" and
ICXRE= ‘1’).

PWM input mode

This mode is a particular case of input capture mode. The PWM Input functionality enables

the measurement of the period and the pulse width of an external waveform.

The procedure is the same except with the following conditions:

® IC1 and IC2 are mapped on the same input (eg: TI1)

® IC1 and IC2 active edges have opposite polarity

® IC1 orIC2is selected as external trigger input and the trigger mode controller is
configured in reset mode

For instance you can measure the period (in ICR1) and the duty cycle (in ICR2) of the PWM
applied on TI1 with the following configuration (depending on CK_TIM frequency and
prescaler value):

e IC1S='0,1C258="1’, (T1)
e IC1P=0, IC2P="1’, (IC1 on rising edge, IC2 on falling edge)
® TS=10’ (IC1=external trigger), SMS="00’, SME="1" (reset mode)
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Figure 59. PWM Input mode timing
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10.5.6 Forced output mode

Each output compare signal (OCx) can be forced to active or inactive level directly by
software, independently of any comparison between the output compare register and the
counter.

To force an output compare signal OCx to its active level, you just need to write “101” in
OCxC bits in the corresponding TIM_OMRXx register. Thus OCREFx is forced inactive (logic
0 as OCREEF is always active high) and OCx get opposite value to OCxP.

e.g.: OCxP=0 (OCx active high) => OCx is forced to high level.
OCx output can be forced to its inactive level by writing OCxC bits to “100”.

Anyway the comparison between the output compare register and the counter is still
performed and allows the flag to be set as well as interrupt and DMA request to be sent.
This is described in the Output Compare Mode section.

10.5.7 Output compare mode

This function is used to control an output waveform or indicating when a period of time has
elapsed.

When a match is found between the output compare register (TIM_OCR1) and the counter

(CNT), the output compare function:

® Assigns the corresponding pin with a programmable value defined by the Output
Compare Control (OCxC bits). The output pin can keep its level, be set, be reset or can
toggle on match.

® Setaflagin the interrupt status register (OCxl in TIM_ISR) if OCRM=0 or OCxRS=1 in
TIM_RSR register,

® Generates an interrupt if the corresponding interrupt mask is set (OCxRS in TIM_RSR
and OCxRE in TIM_RER),

® Send a DMA request if the corresponding enable bit is set (OCRM and OCxRS in
TIM_RSR, OCxRE in TIM_RER).
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The OCRXx registers can be programmed with or without preload-registers using the PLDx
bit in the corresponding TIM_OMRX register.

In output compare mode:

The Update event has no effect on OCx output.

The OCx level is updated each time the counter value matches the output compare register
depending on the mode selected:

Table 40. Output compare modes

OCxC bits OCx pin status
000 Doesn’t change
001 Set to active level
010 Set to inactive level
011 Toggles
111 Reserved

Active and inactive levels are defined by OCx polarity. When the OCxP bit in TIM_OMRXx
register is written to 0, OCx is active high, it is active low when OCxP=1.

Output compare mode can also be used to output a single pulse (See “Section 10.5.9: One
Pulse mode on page 212.).

The timing resolution is one count of the counter.

Procedure:
® Select the counter clock (internal/external, prescaler).
® Write the desired data in the TIM_ARR and TIM_OCRXx registers.

® Write to the OCxRS bit in the TIM_RSR register to select if an interrupt or a DMA
request is to be generated. OCRM must be written to 0 if DMA request is expected.

® Set the OCxRE bit in the TIM_RER enable interrupt or DMA request
® Select the output mode (for example, to select no preload register and to toggle OCx

output pin when CNT matches OCRYX, write OCxE = ‘1’, OCxP="0’, PLDx="0" and
OCxC='011").

® Enable Alternate Function on the corresponding I/O port using the GPIO Port Control
Registers

® Enable the counter by setting the CNT_EN bit in the TIM_CR register.

TIM_OCRXx can be updated at any time by software to control the output waveform provide

that the preload register is not enabled (else active OCRx value will change only at the next
update event). An example is given in Figure 9.5.2.

J
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Figure 60. Output compare mode, toggle on OC1 (OM1="01100’ in TIM_OMR1)
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10.5.8 PWM mode

Pulse Width Modulation mode allows you to generate a signal with a frequency determined
by the value of the TIM_ARR register and a duty cycle determined by the value of the
TIM_OCRX register.

The PWM Mode can be selected independently on each channel (one PWM per OCx
output) by writing ‘110’ in the OCxC control bits in the TIM_OMRX register. You must enable
the corresponding preload register by setting the PLDx bit in the TIM_OMRX register.

As a general rule it is mandatory to enable the preload registers to generate PWMs
correctly. Preload registers act on the output compare registers (programmable channel by
channel), the auto-reload register (in up-counting or center-aligned modes) and the
prescaler.

As the preload registers are transferred to the active registers only when an update event
occurs, before starting the counter, you have to initialize all the registers by setting the
CNT_RST bit in the TIM_CR register. You can set the CNT_RST and the CNT_EN bits at
the same time.

OCx polarity is software programmable using the OCxP bit in TIM_OMRXx. It can be
programmed as active high or active low.

OCx output enable is controlled by the OCXE bit in the corresponding TIM_OMRXx register.

The timer is able to generate PWM in edge-aligned mode or center-aligned mode
depending on the CMS bits in the TIM_CR control register. Refer to Table 41 for the
corresponding counting sequence.
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Table 41. Counting sequence in center-aligned and edge-aligned mode
center-aligned | | 2 15 | 16 | 15 2 | 1 1
mode
|
|
edge-aligned | o |\ 4 | 5 | 1516 | 0 | 1 | .. 16 1
mode

Edge-aligned mode

® Up-counting configuration

}7

-

T = PWM period, Value of 12-bit Compare 0 Register= 16

Up-counting is active when the U/D bit in the TIM_CR control register is low.

In this mode, the PWM counter counts up to the value loaded in the auto-reload register

(TIM_ARR). Then it is cleared and restarts counting.

The reference PWM signal OCxREF is high (meaning that the channel is active) as long as
TIM_CNT<TIM_OCRKX else it becomes low (inactive). OCx follows this pattern taking into

account its polarity configured with OCxP bit in TIM_OMRX register.

If the compare value in TIM_OCRX is greater than the auto-reload value (in TIM_ARR) then
OCxREF will be held at ‘1°. If the compare value is 0 then OCxREF will be held at ‘0’.

The following figure shows some edge-aligned PWM waveforms in an example where

TIM_ARR=8.
Table 42. Edge-aligned PWM waveforms (Auto-Reload Register = 8)
0 1 2 3 4 5 6 7 8 1
1
2
3 S11
4 0

1 Compare Register value = 4
2 Compare Register value = 8
3 Compare Register value > 8
4 Compare Register value = 0
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® Down-counting configuration
Down-counting is active when U/D bit in TIM_CR control register is high.

In this operating mode, the PWM counter counts from the value loaded in the auto-reload
register (TIM_ARR) down to 0. Then it is reloaded with the auto-reload value and restarts
down-counting.

The reference PWM signal OCxREF is low as long as TIM_CNT>TIM_OCRx else it
becomes high.

If the compare value in TIM_OCRX is greater than the auto-reload value (in TIM_ARR) then
OCxREF will be held at ‘1°.

0% PWM is not possible in this mode.

Center-aligned mode

In this mode the counter counts up to the value loaded in the auto-reload register TIM_ARR
then counts down until it reaches 0 and restarts counting up. U/D bit in the TIM_CR register
is updated by hardware and must not be changed by software.

The reference PWM signal OCxREF is set to ‘0’ (inactive channel) when the counter
reaches, in up-counting, the compare value (in TIM_OCRx) and it is set to ‘1’ (active
channel) when the counter reaches the compare value again in down-counting. OCx output
will follow this pattern taking in account its polarity configured with OCxP bit in TIM_OMRx
register.

If the compare value in TIM_OCRX is greater than the auto-reload value (in TIM_ARR) then
OCxREF will be held at “1°. If the compare value is 0 then OCxREF will be held at ‘0’.

Figure 43 shows some center-aligned PWM waveforms in an example where TIM_ARR=8.

Table 43. Center-aligned PWM waveforms (Auto-Reload Register = 8)

0| 1 2|/ 3|4 |5 |6 |7 |8 |7 |6]|5|4]3]|2]|1 0| 1

2
3 9
4 QO

1 Compare Register value = 4

2 Compare Register value = 7

3 Compare Register value > =8

4 Compare Register value = 0
Depending on the CMS bits in the TIM_CR register, the DMA/Interrupt flags related to
output compare channels (OCxI) are set on the OCxREF rising edge, falling edge or both
(refer to the TIM_CR register description).
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Hints on using center-aligned mode:

® When starting in center-aligned mode, the current up-down configuration is used. It
means that the counter will start counting up or down depending on the value written in
the U/D bit in the TIM_CR register. Moreover the U/D and CMS bits must not be
changed at the same time by the software.

® Writing to the counter while running in center-aligned mode is not recommended as it
can lead to unexpected results. In particular:

—  The Up/Down configuration is not updated if you write a value in the counter that is
greater than the auto-reload value (TIM_CNT>TIM_ARR). For example, if the
counter was counting up, it will continue to count up.

—  The Up/Down configuration is updated if you write ‘0’ or write the TIM_ARR value
in the counter but no Update event is generated (and nor any Update interrupt or
DMA request).

® The safest way to use center-aligned mode is to generate an update by software
(setting the CNT_RST bit in the TIM_CR register) just before starting the counter and
not to write the counter while it is running.

One Pulse mode

One Pulse Mode (OPM) is a particular case of the previous modes. It allows the counter to
be started in response to a stimulus and to generate a pulse with a programmable length
after a programmable delay.

Starting the counter can be controlled through the trigger controller. Generating the pulse
waveform can be done in output compare or PWM mode. You select One Pulse Mode by
setting the OPM bit in the TIM_CR control register. The counter stops automatically at the
next update event.

Figure 61. Example of One Pulse mode

™
OC1REF
OCH1
TIM_ARR
o
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Z TIM_OCR1
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|
|
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< tppay —><——> t
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For example you may want to generate a positive pulse on OC1 with a length of tpyy gg and
after a delay of tpg ay @s soon as a positive edge is detected on the TI1 input pin.
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Let’s use IC1 as trigger 1:

® Map IC1 on TI1 by writing IC1S = ‘0’ in the TIM_IMCR register.

® IC1 must detect a positive edge, write IC1P = ‘0’ in the TIM_IMCR register.
® Configure IC1 as trigger (TRG) by writing TS="10’ in the TIM_SCR register.
°

IC1 is used to start the counter by writing SMS to ‘11’ and SME to ‘1’ in the TIM_SCR
register (trigger mode).

The OPM waveform is defined by writing the compare registers (taking into account the
clock frequency and the counter prescaler).

® The tpg ay is defined by the value written in the TIM_OCR1 compare register.

® The tpy sgis defined by the difference between the auto-reload value and the compare
value (TIM_ARR - TIM_OCR?1).

® Let’s say you want to build a waveform with a transition from ‘0’ to ‘1’ when a compare
match occurs and a transition from ‘1’ to ‘0’ when the counter reaches the Autoreload
value. To do this you enable PWM mode by writing OC1C=110 in the TIM_OMR1
register.
You can optionally enable the preload register by writing PLD1=1 in the TIM_OMR1
register. In this case you have to write the compare value in the TIM_OCR1 register,
generate an update and wait for the external trigger event on IC1.
To get a pulse with the correct polarity you must invert the polarity by setting the OC1P
bit in the TIM_OMR1 register.
In our case the U/D and CMSJ[1:0] bits in the TIM_CR register should be low. Since this
is their reset state, there is no need to modify them.

® You only want 1 pulse. So you write ‘1’ to the OPM bit in the TIM_CR register to stop
the counter at the next update event (when the counter rolls over from the auto-reload
value back to 0).

10.6 Timer synchronization

10.6.1 Timer Link system

The three Timers and the PWM are linked together internally for timer synchronization or
chaining. Refer to Figure 62. Using the Timer Link system, a Timer or a PWM configured in
Master Mode can reset, start, stop or clock the counter of another Timer or the PWM
configured in Slave Mode. In the case of Timers TIM2:0, the external Timer Input pins TI1
and TI2 can alternatively be used as trigger inputs.
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Figure 62.

Timer Link system implementation
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Synchronization of 2 Timers

You can synchronize two timers together or synchronize a timer with an external signal
using two different modes:

® Gated Mode
® Trigger Mode

The following sections use the example of Timer 2 being enabled by Timer 1 in these two
modes.

Gated mode

In this example, configure Timer 2 in gated mode by writing SMS=10 and SME=1 in
TIM2_SCR register. Then select external clock as the input source by writing the
corresponding values in the TS and ITS bits. Once Timer 2 is configured in gated mode, you
then enable it by setting the CNT_EN bit in TIM2_CR register. The counter won’t start until
the trigger input is at active level.

You can choose to start Timer 2 when the Output Compare 1 (OC1) output of Timer 1 is
high. To do this, Timer 2 registers must be programmed with: SMS=10, SME=1, TS=00,
ITS=001 and CNT_EN = 1 and Timer 1 must be programmed with MMS=11 and CNT_EN =
1. Figure 63 shows how this works. In this example the prescaler is 2 for both counters

(fok_ont = fek_TiM/3)-
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Note: The counter 2 clock is not synchronized with counter 1, this mode only affects the Timer 2
counter enable signal.

Figure 63. Gating timer 2 with OC1 of Timer 1

et 1L U UL L

|
TIM1_OC1
|
. |
TIM1_CNT X_FFFC '[X FFFD X FFFE ) FFFF X 0000 X 0001 X
|
3048

|
TIM2_CNT CK_TIM | X 3046 X 3047 [ |
: |
|

In the example in Figure 63, the Timer 2 counter and prescaler are not initialized before
being started. So they start counting from their current value. It is possible to start from a
given value by resetting both timers before starting Timer 1. You can then write any value
you want in the timer counters. The timers can easily be reset by software using the
CNT_RST bit in the TIM_CR registers.

In the next example, we synchronize Timer 1 and Timer 2. Timer 1 is the master and starts
from 0000. Timer 2 is the slave and starts at the same time from 7EE7h. The prescaler ratio
is the same for both timers. Timer 2 stops when Timer 1 is disabled by writing ‘0’ to the
CNT_EN bit in the TIM1_CR register:

® Configure Timer 1 master mode to send its enable command as trigger output (MM=01
in the TIM1_CR register).

® Configure Timer 2 to get the input trigger from Timer 1 (ITS = ‘001’ and TS='00’ in the
TIM2_SCR register).

Configure Timer 2 in gated mode (SMS="10’, SME="1’" in the TIM2_SCR).

Reset Timer 1 by writing ‘1’ in CNT_RST bit (TIM1_CR register).

Reset Timer 2 by writing ‘1’ in CNT_RST bit (TIM2_ CR register).

Initialize Timer 2 to 7EE7h by writing 7EE7h’ in the Timer 2 counter (TIM2_CNT).
Enable Timer 2 by writing ‘1’ in the CNT_EN bit (TIM2_CR register).

Start Timer 1 by writing ‘1’ in the CNT_EN bit (TIM1_CR register).

Stop Timer 1 by writing ‘0’ in the CNT_EN bit (TIM1_CR register).
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Figure 64. Gating Timer 2 with ENABLE of Timer 1
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Trigger mode

In this next example, we configure Timer 2 in trigger mode by writing SMS="11" and SME="1’
in the TIM2_CR register. As in the previous example, we select the input source using the
TS and ITS bits.

In our example, Timer 2 starts counting from its current value (which can be non-zero) as
soon as an Update event is generated by Timer 1. When Timer 2 receives the trigger signal
its CNT_EN bit is automatically set and the counter counts until we write ‘0’ to the CNT_EN
bit in the TIM2_CR register.

Figure 65. Triggering Timer 2 with UPDATE of Timer 1

TIMER1-U H
I
TIMER1-CNT X__FFFD X _FFFE X FFFF :X dl)ooo X o001 Jf 0002 X
TIMER2-CNT 3045 : : { 3046 ) 3047 ) 3048
TIMER2-EN ! !

As in the previous example, you can initialize both counters before starting counting.
Figure 66 shows the behavior with the same configuration as in the Figure 64 but in trigger
mode instead of gated mode (SMS="11" and SME="1" in the TIM2_SCR register).
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Figure 66. Triggering timer 2 with ENABLE of timer 1
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10.7 Interrupt management

To use the interrupt features, for each interrupt channel used, perform the following
sequence:

® Set the desired OCRSx and/or ICRSx and/or URS bits to select interrupt request rather
than DMA request (only for TIMO).

® Set the desired OCREx and/or ICREx and/or URE bits in the TIM_RER register to
enable interrupt requests.

10.8 DMA function

10.8.1 Using the DMA feature

® Reset the desired OCRSx and/or ICRSx and/or URS bits to select DMA request rather
than interrupt request.

® Set the desired OCREx and/or ICREx and/or URE bits in the TIM_RER register to
enable DMA requests.

The DMA request generated as soon as the corresponding flag in the TIM_ISR register) is
set. The flag is automatically cleared by hardware by the DMA controller.

A flag must not be written by software when it is controlled by the DMA (when xRS=0 and
xRE=1).

In addition, it is not recommended to modify xRS value while xRE=1.
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Moreover, in case of Output Compare requests, the request selection (xRS) and the OC
request mode (OCRM) must not be modified while the request is enabled (xRE=1). To
change the request configuration when xRE=1:

Check that no DMA request is pending on the corresponding event
Clear the enable bit xRE

Configure the request (xRS and OCRM bits)

Wait for flag re-synchronization (4 clock cycles)

Clear the flag by software

Enable the request by setting the xRE bit

The following figure shows a simplified schematic of flag management

Figure 67. Interrupt/DMA request management for flag “x”

x DMA enable
xR
xRE
Write 0 x DMA
decoding ) > Request to DMA
} x| Flag Controller
O R
x DMA_CLR x iRQ to EIC
from DMA Interrupt controller

Controller xRS
x event
S xRE—1 / X Interrupt enable

xRS, xRE: control bits in TIM_RSR and TIM_RER registers
xl Flag: status flag in TIM_ISR register

DMA access in burst mode

All the TIMO registers can be accessed independently by the DMA controller. A specific
register address is used for to burst access (TIMO_DMAB: DMA Burst). Any read or write
access to this address is redirected to the corresponding register selected by a DMA base-
address and a DMA index.

The DMA Base-address is programmed in the DBASE bits in the TIMO_CR register. DBASE
is defined as an offset from the timer base address (DBASE=0 means that TIMO_CR is used
as DMA base-address. DBASE=1 means that TIM_SCR is used as DMA base-address).

The DMA index adds an offset to the DMA base-address. It is cleared as soon as the DMA
request is sent by the timer to prepare the next transfer. Then it is incremented each time the
TIMO_DMAB register is accessed by the DMA controller (you program the length of the
transfer using the DMA controller registers). This means that several consecutive accesses
to the TIMO_DMAB will access an array of consecutive registers.
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In the following example, we want to transfer 2 values of a memory table automatically into
the TIMO_OCR1 and TIMO_OCR2 registers each time an update event occurs:
® Configure the DMA base-address to point to the TIMO_OCR1 register by writing

DBASE to ‘01101’ (13th register in the register map),

® Enable DMA requests on Update event by clearing the URS bit in TIMO_RSR register
and setting the URE bit in the TIMO_RER register.

® Program the DMA controller so that an update DMA request generates a transfer of 2
half-words from the memory to the TIMO_DMAB address (in burst mode).

1. When the update occurs, the Ul flag is set in the TIMO_ISR register, the request is sent
to the DMA controller and the DMA index is cleared (TIMO_DMAB is redirected to
TIMO_OCRH1 register).

2. The DMA writes the first value to the TIMO_DMAB address and is redirected to write in
the TIM_OCRT1 register. Then the DMA index is incremented (TIMO_DMAB is
redirected to TIMO_OCR2 register).

3. The DMA writes the second value to the TIMO_DMAB address and is redirected to
write in the TIMO_OCR2 register. As only 2 values are to be transferred, the DMA
controller clears the Ul flag in TIMO_ISR register and stops writing to the TIMO_DMAB
address.

Note: 1 Do not write directly in the TIMO_DMAB address as this could corrupt the DMA index (if a
burst transfer is interrupted).

2 The timer can manage only one burst transfer at a time. This means that you must not
program 2 different DMA channels to access TIMO_DMAB at the same time (for instance
one in response to an update event and another in response to an output compare event).
Else the index could be corrupted and access to TIMO_DMAB would be redirected to
unexpected registers.

10.9 Debug mode

When the microcontroller enters debug mode, the timer either continues to work normally or
stops its activity, depending on the DBGC bit in TIM_CR register.

If DBGC=0 (reset state), the timer detects any activity on the debug acknowledge
(DBGACK) signal which is directly sent by the CPU. Then, as soon as the device enters
debug mode:

® The TIM_CNT counter stops counting
® The input captures are blocked
® The trigger input is blocked

Thus, when a breakpoint occurs, the state of all the registers is kept stable.
If DBGC=1, the timer ignores the DBGACK signal.
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10.10 Register description
All can have only be accessed 16-bit access. A byte cannot be read or written. In this
section, the following abbreviations are used:
read/write (rw) Software can read and write to these bits.
read-only (r) Software can only read these bits.
Software can read as well as clear this bit by writing 0. Writing ‘1’ has no
read/clear (rc_w0) .
effect on the bit value.
. Software can read these bits. It can write them only once. Once write-
Write once-only (wo) . . .
accessed, these bits cannot be re-written unless the processor is reset.
10.10.1 Control Register (TIM_CR)
Address Offset: 00h
Reset value: 0000h
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
CNT_ | CNT_
DBASE DBGC MMS res. CMS uD | OPM | “gy RsT | UFS
rw rw rw rw rw rw w rw w w w rw w w rw
DBASE: DMA Base-address
This 5-bit vector defines the base-address for DMA transfers in burst mode (when read/write access
are done through the TIM_DMAB address). DBASE is defined as an offset starting from the first
address of the timer (which is the address of TIM_CR).
Bits 15:11| 00000: TIM_CR
00001: TIM_SCR
00010: TIM_IMCR
10111: TIM_DTR
DBGC: Debug Control
Bit 10 SeeSection 9.5.3: Debug mode on page 189 for a detailed description.
0: The timer is stopped in debug mode
1: The timer continues working in debug mode
MMS[1:0]: Master Mode Selection
These bits select the source of the trigger event sent in master mode to slave timers for
synchronization (TRGO).
00: Reset - The CNT_RST bit is used as trigger output (TRGO).
Note: If the CNT_RST bit is set by an input trigger (timer configured in Slave reset mode by the SMS
bits in the TIM_SCR register) then there is a delay between the counter reset and the TRGO event.
Bits 9:g | 01: Enable - The Counter Enable signal is used as trigger output (TRGO). This is useful for starting
' several timers at the same time or controlling a window in which a slave timer is enabled.
Note: The Counter Enable signal is generated by a logic OR between the CNT_EN control bit and the
trigger input when configured in gated mode. When the Counter Enable signal is controlled by the
trigger input, there is a delay on TRGO.
10: Update - The update event is selected as trigger output (TRGO). For example a master timer can
then be used as a prescaler for a slave timer (see Section on page 202).
11: Compare - The OC1 signal is used as trigger output (TRGO).
Bit 7 |Reserved: must be kept cleared.
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Bits 6:5

CMS: Center-Aligned Mode Selection

Do not switch from edge-aligned mode to center-aligned mode while the counter is enabled
(CNT_EN=1)

00: Edge-aligned mode (used in PWM mode).

01: Center-aligned mode 1 (used in PWM mode). Output compare interrupt flags of channels
configured in PWM mode (OCxC=110 in TIM_OMRX register) are set on rising edges of the
corresponding OCREF signal.

10: Center-aligned mode 2 (used in PWM mode). Output compare interrupt flags of channels
configured in PWM mode (OCxC=110 in TIM_OMRX register) are set on falling edges of the
corresponding OCREF signal.

11: Center-aligned mode 3 (used in PWM mode). Output compare interrupt flags of channels
configured in PWM mode (OCxC=110 in TIM_OMRX register) will be set on both rising and falling
edges of the corresponding OCREF signal.

U/D: Up/Down

Bit 4 0: Counter used as up-counter

1: Counter used as down-counter
OPM: One Pulse Mode

Bit 3 0: Counter is not stopped at update event

1: Counter stops counting at the next update event (resetting the bit CNT EN)
CNT_EN: Counter Enable
0: Counter disabled

Bit 2 1: Counter enabled
Note: In External clock, gated mode and encoder interface mode the counter works only if CNT_EN is
set by software. However in trigger mode CNT_EN is set automatically by hardware.

CNT_RST: Counter Reset
This bit can be written to 1 to reset the counter, it is automatically reset by hardware.
0: No action.

Bit 1 1: Re-initializes the counter and generates an update of the registers. Note that the prescaler counter
is cleared too (however the prescaler preload value is not affected). The counter is cleared if center-
aligned mode is selected or if U/D=0 (up-counting), else it takes the auto-reload value (TIM_ARR) if
U/D=1 (down-counting)

UFS: Update Flag Selection
0: Ul flag is set when an update event occurs, whatever its source (counter overflow/underflow, CNT
Bit 0 RST bit set by software or slave mode controller in reset mode)

1: Ul flag is set only if a counter overflow/underflow is detected. It is not affected by updates generated
by software or by the slave mode controller)
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10.10.2 Synchro Control Register (TIM_SCR)

Address Offset: 04h
Reset value: 0000h

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
res. ITS reserved TS reserved SMS SME ENC
rw w w rw rw rw w w rw w
Bit 15 Reserved: must be kept cleared.

ITS: Internal Trigger Selection

Selects the internal trigger to be used to synchronize the counter.

These bits must be changed only when they are not enabled (e.g. when SME is
Bits 14:12 low) to avoid wrong edge detections at the transition.

001: Internal Trigger 1 (ITR1)

010: Internal Trigger 2 (ITR2)

011: Internal Trigger 3 (ITR3)

100: Internal Trigger 4 (ITR4)

Bits 11:10 | Reserved: must be kept cleared.

TS: Trigger Selection
Selects the trigger signal (TRG) to be used by the trigger controller.
Bits 9:8 00: Internal trigger (output of the internal trigger selection)
10: Input Capture 1 (IC1)
11: Input Capture 2 (IC2)

Bits 7:5 Reserved: must be kept cleared.

SMS: Slave Mode Selection

When external signals are selected the active edge of the trigger signal (TRG) is
linked to the polarity selected on the external input (see TIM_IMCR and TIM_CR
Register description)

00: Reset - rising edge of the selected trigger signal (TRG) resets the counter and
Bits 4:3 generates an update of the registers.

01: External Clock - rising edge of selected trigger (TRG) clocks the counter.

10: Gated Mode: Counter clock is enabled when trigger signal (TRG) is high. The
counter stops (but is not reset) as soon as the trigger becomes low. Both start and
stop of the counter are controlled.

11: Trigger Mode: The counter starts at a rising edge of the trigger TRG (but it is not
reset). Only the start of the counter is controlled.

SME: Slave Mode Enable

0: Slave mode disabled. If CNT_EN = ‘1’ then the prescaler is clocked directly by
Bit 2 CK_TIM.
1: Slave mode enable. The counter is controlled by the selected trigger input.
Depending on the slave mode selection (SMS) it can be reset, clocked or enabled.

ENC: Encoder Interface Mode Selection

00: Off - Encoder interface mode disabled.

01: Encoder mode 1 - Counter counts up/down on IC1 edge depending on IC2
Bits1:0 | 'evel

10: Encoder mode 2 - Counter counts up/down on IC2 edge depending on IC1
level.

11: Encoder mode 3 - Counter counts up/down on both IC1 and IC2 edges
depending on the level of the other input.

J
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10.10.3 Input Mode Control Register (TIM_IMCR)

Address Offset: 08h
Reset value: 0000h

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
reserved IC2P IC2E IC1P IC1E IC2S8 IC1S
w w w rw w w

Bits 15:6 | Reserved: must be kept cleared.

IC2P: IC2 Polarity

This bit selects whether IC2 or IC2 is used for trigger or capture operations.

Bit 5 0: non-inverted: capture is done on a rising edge of IC2. When used as external
trigger, IC2 is non-inverted.

1: inverted: capture is done on a falling edge of IC2. When used as external trigger,
IC2 is inverted.

IC2E: /IC2 Enable

This bit determines if capture of the counter value into Input Capture Register 2
Bit 4 (TIM_ICR2) is enabled or not.

0: Capture disable.

1: Capture enable if IC2I flag (TIM_ISR register) is reset.

IC1P: IC1 Polarity

This bit selects whether IC1 or IC1 is used for trigger or capture operations.

Bit 3 0: non-inverted: capture is done on a rising edge of IC1. When used as external
trigger, IC1 is non-inverted.

1: inverted: capture is done on a falling edge of IC1. When used as external trigger,
IC1 is inverted.

IC1E: IC1 Enable
This bit determines if a capture of the counter value into Input Capture Register 1
Bit 2 (TIM_ICR1) is enabled or not.
0: Capture disable.
1: Capture enable if IC11 flag (TIM_ISR register) is reset.

IC2S: IC2 Selection

Bit 1 Determines if IC2 is connected TI1 or TI2.
0: Timer input 2 (TI2) is selected.
1: Timer input 1 (TI1) is selected.

IC1S: IC1 Selection

Bit 0 Determines if IC1 is connected TI1 or TI2.
0: Timer input 1 (TI1) is selected.
1: Timer input 2 (TI2) is selected.
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10.10.4 Output Mode Register 1 (TIM_OMR1)
Address Offset: 0Ch
Reset value: 0000h
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
res. res. OC2P | OC2E 0OC2CJ[2:0] PLD2 res. res. OC1P | OC1E 0OC1C[2:0] PLD1
rw w rw w rw w w rw rw w rw w rw w w rw
Bit 15 | Reserved: must be kept cleared.
Bit 14 | Reserved: must be kept cleared.
OC2P: OC2 Polarity
Bit 13 0: OC2 active high
1: OC2 active low
OC2E: OC2 Enable
Bit 12 0: Off - OC2 signal is disabled. Refer to Table 40 for more details.
1: On - OC2 signal is output on the corresponding output pin.
0C2C[2:0]: OC2 Control
These bits control the output reference signal OC2REF from which the OC2 output is
derived. OC2REF is active high. The active level of the OC2 output depends on the
OC2P bit.
000: Frozen - The comparison between the output compare register TIM_OCR2 and
the TIM_CNT counter has no effect on the outputs.
001: Set OC2 channel to active level on match. OC2REF signal is forced high when the
TIM_CNT counter matches Output Compare Register 2 (TIM_OCR2).
Bits 11:9 |  010: Set OC2 channel to inactive level on match. OC2REF signal is forced low when
the TIM_CNT counter matches Output Compare Register 2 (TIM_OCR2).
011: Toggle OC2REF signal when TIM_CNT = TIM_OCR2.
100: Force inactive (low) level on OC2REF signal.
101: Force active (high) level on OC2REF signal.
110: PWM mode - In up-counting, OC2 channel is active if TIM_CNT < TIM_OCR2,
else inactive. In down-counting, OC2 channel is inactive if TIM_CNT > TIM_OCR2,
else active.
111: Reserved
PLD2: Preload Enable 2
0: Preload register on TIM_OCR2 disabled. TIM_OCR2 can be written at anytime, the
new value is taken in account immediately.
1: Preload register on TIM_OCR2 enabled. Read/Write operations access the preload
Bit 8 register. TIM_OCR2 preload value is loaded in the active register at each Update event
: (when the counter reaches the autoreload value or when an update is generated by
software or by the slave mode controller).
Note: It is mandatory to enable the preload register when using PWM mode, otherwise
operation is not guaranteed. It is not mandatory in One Pulse Mode (OPM bit set in the
TIM_CR register).
Bit 7 Reserved: must be kept cleared.
Bit 6 Reserved: must be kept cleared.
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OC1P: OC1 Polarity

Bit 5 0: OC1 active high
1: OC1 active low

OC1E: OC1 Enable

Bit 4 0: Off - OC1 signal is disabled
1: On - OC1 signal is output on the corresponding channel.
Note: Refer to Table 40 for more details.

OC1C[2:0]: OC1 Control

These bits control the output reference signal OC1REF from which the OC1 output is
derived. OC1REF is active high. The active level of the OC1 output depends on the
OC1P bit.

000: Frozen - The comparison between the output compare register TIM_OCR1 and
the TIM_CNT counter has no effect on the outputs.

001: Set OC1 channel to active level on match. OC1REF signal is forced high when the
TIM_CNT counter matches Output Compare Register 1 (TIM_OCR?1).

Bits 3:1 010: Set OC1 channel to inactive level on match. OC1REF signal is forced low when
the TIM_CNT counter matches Output Compare Register 1 (TIM_OCR1).

011: Toggle OC1REF signal when TIM_CNT = TIM_OCR1.

100: Force inactive (low) level on OC1REF signal.

101: Force active (high) level on OC1REF signal.

110: PWM mode - In up-counting, OC1 channel is active if TIM_CNT < TIM_OCR1,
else inactive.

In down-counting, OC1 channel is inactive if TIM_CNT > TIM_OCR1, else active.
111: Reserved

PLD1: Preload Enable 1

0: Preload register on TIM_OCR1 disabled. TIM_OCR1 can be written at anytime, the

new value is taken in account immediately.

1: Preload register on TIM_OCR1 enabled. Read/Write operations access the preload

Bi register. The TIM_OCR1 preload value is loaded in the active register at each Update
ito )

event (when the counter reaches the autoreload value or when an update is generated

by software or by the slave mode controller).

Note: It is mandatory to enable the preload register in order to use PWM mode

otherwise operation is not guaranteed. The preload register is not required in One

Pulse Mode (OPM bit set in the TIM_CR register).
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10.10.5 Request Selection Register (TIM_RSR)

Address Offset: 18h
Reset value: 0000h

15 14 13 12

11

10 9 8 7 6 5 4 3 2 1

reserved

OC2RS | OC1RS | OCRM reserved IC2RS | IC1RS res.

URS

rw w w rw

Bit 15:10

Reserved: must be kept cleared.

Bit 9

OC2RS: OC2 Request Selection

0: OC2 DMA request selected.
1: OC2 Interrupt request selected.

Bit 8

OC1RS: OC1 Request Selection

0: OC1 DMA request selected.
1: OC1 interrupt request selected.

Bits 7

OCRM: Output Compare Request Mode
0: when enabled, OCx DMA requests are generated by the result of the
comparison between the counter and the corresponding output compare
register TIM_OCRXx.
1: when enabled, OCx DMA requests are generated by the update event.

Bits 6:4

Reserved: must be kept cleared.

Bit 3

IC2RS: /IC2 Request Selection

0: IC2 DMA request selected.
1: IC2 interrupt request selected.

Bit 2

IC1RS: IC1 Request Selection

0: IC1 DMA request selected.
1: IC1 interrupt request selected.

Bit 1

Reserved: must be kept cleared.

Bit 0

URS: Update Request Selection

0: Update DMA request selected.
1: Update interrupt request selected.
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10.10.6 Request Enable Register (TIM_RER)

Address Offset: 1Ch
Reset value: 0000h

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
reserved OC2RE | OC1RE reserved IC2RE | IC1RE res. URE
w w rw rw rw

Bit 15:10 | Reserved: must be kept cleared.

OC2RE: OC2 DMA/Interrupt Request Enable
0: OC2 DMA/interrupt request disabled.

Bit 9
! 1: OC2 DMA/interrupt request enabled. A request is generated if the OC2I flag is
set.
OC1RE: OC1 DMA/Interrupt Request Enable
Bit 8 0: OC1 DMA/Interrupt Request disabled.

1: OC1 DMA/interrupt request enabled. A request is generated if the OC1l flag is
set.

Bits 7:4 Reserved: must be kept cleared.

IC2RE: /C2 DMA/Interrupt Request Enable

Bit 3 0: IC2 DMA/interrupt request disabled.
1: 1IC2 DMA/interrupt request enabled. A request is generated if the I1C2I flag is set.

IC1RE: /C1 DMA/Interrupt Request Enable

Bit 2 0: IC1 DMA/interrupt request disabled.
1: IC1 DMA/interrupt request enabled. A request is generated if the IC1l flag is set.

Bit 1 Reserved: must be kept cleared.
URE: Update DMA/Interrupt Request Enable
Bit 0 0: Update DMA/interrupt request disabled.
1: Update DMA/interrupt request enabled. A request is generated if the Ul flag is
set.
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10.10.7 Interrupt Status Register (TIM_ISR)

Address Offset: 20h
Reset value: 0300h

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
reserved ocal ocC1l reserved IC21 IC11 res. Ul
rc_w0  rc_w0 rc_w0 rc_wO0 rc_w0
Bit 15:10 | Reserved: must be kept cleared.
OC2l: OC2 Interrupt Flag
- If OCRM=0 or OC2RS=1:
This flag is set by hardware when an OC2 match occurs (when the content of the
counter reaches the value in the TIM_OCR2 register). It is cleared by software or by
the DMA controller.
In PWM mode (OC2C = 110b in the TIM_OMRH1 register): when upcounting, the
match occurs when TIM_CNT > TIM_OCR2. When down-counting, the match
occurs when TIM_CNT < TIM_OCR2. In Center-aligned mode, the match depends
on the CMS bits in the TIM_CR register.
Bit 9 In other modes (OC2C < 110b in the TIM_OMR1 register): a match occurs when
TIM_CNT=TIM_OCR2
0: No match.
1: An OC2 match occurred.
- If OCRM=1 and OC2RS=0:
This flag is set by hardware when an update event occurs, in the same conditions
as Ul flag. It is cleared by hardware by the DMA controller.
0: No update occurred
1: An update event occurred. If enabled (OC2RE=1), a DMA request has been sent
to the DMA controller.
OC1l: OC1 Interrupt Flag
- If OCRM=0 or OC1RS=1:
This flag is set by hardware when an OC1 match occurs (when the content of the
counter reaches the value in the TIM_OCR1 register). It is cleared by software or by
the DMA controller.
In PWM mode (OC1C = 110b in the TIM_OMRH1 register): when upcounting, the
match occurs when TIM_CNT > TIM_OCR1. When down-counting, the match
occurs when TIM_CNT < TIM_OCRT. In Center-aligned mode, the match depends
on the CMS bits in the TIM_CR register.
Bit 8 In other modes (OC1C < 110b in the TIM_OMR1 register): a match occurs when
TIM_CNT=TIM_OCRH1
0: No match.
1: An OC1 match occurred.
- If OCRM=1 and OC1RS=0:
This flag is set by hardware when an update event occurs, in the same conditions
as Ul flag. It is cleared by hardware by the DMA controller.
0: No update occurred
1: An update event occurred. If enabled (OC1RE=1), a DMA request has been sent
to the DMA controller.
Bits 7:4 Reserved: must be kept cleared.
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Note:

Bit 3

IC2I: IC2 Interrupt Flag

This bit is set by hardware on a capture. It is cleared by software or by the DMA
controller.

0: No input capture occurred.

1: The counter value has been captured in TIM_ICR2 register (An edge has been
detected on IC2 which matches the selected polarity).

Bit 2

IC1l: IC1 Interrupt Flag

This bit is set by hardware on a capture. It is cleared by software or by the DMA
controller.

0: No input capture occurred.

1: The counter value has been captured in TIM_ICR1 register (An edge has been
detected on IC1 which matches the selected polarity).

Bit 1

Reserved: must be kept cleared.

Bit 0

Ul: Update Interrupt Flag

This bit is set by hardware when an Update event occurs (depending on UFS bit in
TIM_CR register, please refer to Section 9.6.1: Control Register (TB_CR) on
page 190. ltis cleared by software or by the DMA controller.
0: No update occurred.
1: Update interrupt pending. This bit is set by hardware when the counter is
updated:

— At overflow or underflow and, in a timer with a repetition counter, if REP_CNT value
=0

— When CNT is cleared by software using the CNT_RST bit in TIM_CR register (only
if UFS=0 in TIM_CR register)

— When CNT is cleared by a trigger event (refer to the TIM_SCR register description,
only if UFS=0 in TIM_CR register)

When CK_TIM and PCLK have different frequencies, the events which set the flags are
generated on CK_TIM and then re-synchronized with the PCLK clock domain (the flag itself
is related to PCLK). This means that there is a delay between the actual event and the
setting of the flag. If an event is generated by software, for example writing an TIM_OCRx
register to generate a compare event or writing the CNT_RST bit in TIM_CR register to
generate an update event, there will be a delay before the related flag can be read at ‘1’.
Therefore a minimum delay of 4 PCLK periods must be inserted before trying to clear this
flag after generating the event (for instance by adding 2 dummy accesses).
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10.10.8 Counter Register (TIM_CNT)
Address Offset: 24h
Reset value: 0000h
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
MSB LSB
w w w w w w rw rw w w w w w rw w w
This 16-bit register contains the contents of the counter.
Note: 1  The counter doesn’t count if the ARR value is 0. No update event is generated in this case.
2 If the counter is written with a value higher than the ARR value while it is up-counting
(U/D=0 in TIM_CR register), then the counter will count up to FFFF and restart counting
from 0 up to ARR.
3 When CK_TIM and PCLK have different frequencies:
® The counter value cannot be accessed directly and is read through a buffer register.
The buffer is updated once every 4 CK_TIM clock cycles (max.).
® The CNT_EN bit is not taken into account immediately by the counter. So if the counter
is running when you clear the CNT_EN bit, you must insert an additional instruction
before reading the counter to get the updated value.
® For the same reason, you must insert a delay before reading the counter after setting
the CNT_RST bit.
10.10.9 Prescaler Register (TIM_PSC)
Address Offset: 28h
Reset value: 0000h
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
MSB LSB
w rw rw rw rw rw w w rw rw rw rw rw rw w w
This value divides the frequency of the internal timer clock (TIM_ICK) output by the clock
mode controller. The counter clock frequency is friy jck / (PSC[15:0]+1).
This register contains the preload value which is loaded in the active prescaler register:
® Permanently if the counter is disabled (CNT_EN = 0 in TIM_CR register)
® Else at each update event (including when the counter is cleared using the CNT RST
bit (TIM_CR register) or by the slave mode control block when configured in reset mode
- SMS bits = 00 in the TIM_SCR register).
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10.10.10 Auto-Reload Register (TIM_ARR)

Address Offset: 30h
Reset value: FFFFh

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
MSB LSB
w w w w w w rw rw w w w w w rw w w
This 16-bit register contains the preload value to be loaded in the active auto-reload register
at the next update event.
However the active register can be directly written by software in the following cases:
o if the counter is not running (CNT EN=0 in TIM_CR register),
o if the counter is running in One Pulse Mode (OPM=1 in TIM_CR register),
@ if the counter is running in down-counting mode (CMS="00’ and U/D=1 in TIM_CR
register)
So care must be taken when switching from up-counting to another mode as the preload
and the active registers might be different.
The auto-reload register is a 16-bit register which contains the ARR value to be compared to
the counter CNT.
If counter is up-counting in edge-aligned mode, when it reaches the ARR value an Update
event is generated. The counter restarts up-counting from 0.
If counter is up-counting in center-aligned mode, when it reaches the ARR value an update
event is generated. The counter restarts down-counting from the ARR preload value.
If counter is down-counting in edge-aligned mode, when it reaches 0 an update event is
generated. The counter restarts down-counting from the ARR preload value.
If counter is down-counting in center-aligned mode, when it reaches 0 an update event is
generated. The counter restarts up-counting from 0.
10.10.11 Output Compare Register 1 (TIM_OCR1)
Address Offset: 34h
Reset value: 0000h
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
MSB LSB
rw rw rw rw rw w rw rw rw w w rw rw rw rw rw

This 16-bit register contains the preload value to be loaded in the active output compare 1
register.

It is loaded permanently if the preload feature is disabled by the PLD1 bit in the TIM_OMR1
register. Otherwise it is copied in the active output compare 1 register when an update event
occurs.

The active output compare register contains the value to be compared to the CNT counter
and used to control the OC1 output signal.
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10.10.12 Output Compare Register 2 (TIM_OCR2)
Address Offset: 38h
Reset value: 0000h
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
MSB LSB
w w rw rw rw w w w rw w w rw rw rw rw rw
This 16-bit register contains the preload value to be loaded in the active output compare 2
register.
It is loaded permanently if the preload feature is disabled by the PLD2 bit in the TIM_OMR1
register. Otherwise it is copied in the active output compare 2 register when an update event
occurs.
The active output compare register contains the value to be compared to the CNT counter
and used to control the OC2 output signal.
10.10.13 Input Capture Register 1 (TIM_ICR1)
Address Offset: 4Ch
Reset value: 0000h
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
MSB LSB
r r r r r r r r r r r r r r r r
This 16-bit register contains the counter value captured when an input capture 1 event (IC1)
occurs.
It can be read only when the IC1I flag is set in the TIM_ISR register.
10.10.14 Input Capture Register 2 (TIM_ICR2)
Address Offset: 50h
Reset value: 0000h
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
MSB LSB
r r r r r r r r r r r r r r r r
This 16-bit register contains the counter value captured when an input capture 2 event (IC2)
occurs.
It can be read only when the IC2I flag is set in the TIM_ISR register.
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10.10.15 DMA Burst Address (TIM_DMAB)
Address Offset: 60h

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

DMAB

w w rw w w w 'w rw rw w w 'w w 'w w 'w

A read or write access to this address is re-directed to the register located at:
(TIM_CR address) + (DBASE * 4) + (DMA_index * 4)

where:

® TIM_CRis the address of the first register in the register block of the timer

® DBASE is the user-configured DMA base address written in the TIM_CR register
® DMA_index is the offset automatically controlled by the DMA transfer.

refer to Section 10.8.2: DMA access in burst mode on page 218 for more details.

10.11  TIM Register map

Table 44. TIM Register map

OAf(:‘sj:t Rﬁg'::r 15(14| 13 | 12 (11|10 9 8 | 7 |/6|5 | 4|3 | 2|10
0 TIM_CR DBASE fes MMS res. oms | up | opm | AT ENT T UFs
4 TIM_SCR |res. ‘ ITS ‘ reserved TS reserved SMS SME ENC
8 TIM_IMCR reserved IC2P | IC2E | IC1P | IC1E |IC2S | IC1S
(o} TIM_OMR1 reserved‘OCZP‘OC2E‘ 0C2CJ[2:0] PLD2 reserved OC1P | OC1E 0OC1CJ[2:0] PLD1
18 TIM_RSR reserved OC2RS | OC1RS | OCRM reserved IC2RS [ IC1RS | res. | URS
iCc TIM_RER reserved OC2RE | OC1RE reserved IC2RE | IC1RE | res. | URE
20 TIM_ISR reserved ocal OCH1lI reserved IC21 IC11 res. 0]
24 TIM_CNT Counter Value (CNT15-CNTO0)

28 TIM_PSC Prescaler (PSC15-PSCO0)

30 TIM_ARR Auto-Reload (ARR15-ARR0)

34 TIM_OCR1 Output Compare 1

38 TIM_OCR2 Output Compare 2

4C TIM_ICR1 Input Capture 1

50 TIM_ICR2 Input Capture 2

60 TIM_DMAB Virtual register, dedicated address for DMA burst transfers

See Table 2 for the register base addresses.
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Synchronizable-PWM Timer (PWM)

Introduction

The Synchronizable-PWM Timer consists of an auto-reload 16-bit up/down counter driven
by a programmable prescaler.

It may be used for a variety of purposes, including generation of up to two output waveforms
(output compare and PWM) with the complementary output, Repetition Counter and Dead
Time Generator.

Pulse lengths and waveform periods can be modulated from a few microseconds to several
milliseconds using the timer prescaler and the CPU clock prescaler.

Synchronizable Programmable Timer (SPT) architecture

The Synchronizable-PWM Timer forms a family with the TB timer and the TIM timers which
are all based on a common architecture. This makes it easier to design applications using
the various timers (identical register mapping, common basic features).

In addition the TIM and PWM timers are linked together and can be synchronized.
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11.3 General block diagram

The general Block Diagram is shown in Figure 68.

Figure 68. General block diagram
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General features

16-bit programmable prescaler : fok 1) divided by 1 to 65536.
Autoreload 16-bit up/down counter with update status flag and maskable interrupt.

Synchronization using the Timer Link System: the timers can be configured as Master
Timer or as Slave Timer. In slave mode operations like reset, clocking, start and stop
can be controlled by another timer in master mode. A programmable edge detector is
associated with each external input.

Timer Interrupts (with enable bits):

Ul: Timer Update interrupt.

Independent DMA Request Generation (with enable bits), asserted on Update Event
Selectable Timer clock frequency fck 1im = fpcLk OF fpoLkX2

Output compare/PWM functions

One pulse mode (OPM)

PWM Mode:

— Shadow Registers can be enabled by control bits.

—  Full modulation capability (0 and 100% duty cycle), edge or center-aligned
patterns

—  Dedicated interrupt for PWM duty cycles updating (PWM Update Interrupt)

—  The output polarity is programmable channel by channel.

—  Edge-aligned pattern or center-aligned pattern (counter or down-counter mode)
Complementary outputs and Dead-time generator

Programmable Dead-time insertion between each pair of channels.

The output polarity is programmable channel by channel.

An “emergency stop” input pin (active low) asynchronously forces OCx and OCxN
outputs in Hi-Z. An interrupt or a DMA request can also be generated.

Repetition Counter

Programmable PWM repetition counter allows to update PWM registers only after a
given number of cycles.

Functional description

Counter

The timer is based on a 16-bit up/down-counter (CNT) and its related control registers.

It can be cleared and enabled/disabled by software or by a trigger input signal (refer to
Section 9.5.2 on page 189). Up-counting or down-counting can be controlled by software or
by hardware.
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Counter modes

There are three counter modes:

® Up-counting mode: The counter counts from 0 to the value in the PWM_ARR register
then restarts counting from 0 and generates an Update event. To configure the counter
in this mode, write U/D = 0 and CMS = 00 in the PWM_CR register.
Note: If the timer has a repetition counter, the update event is generated after up-
counting is repeated for the number of times programmed in the repetition counter
(PWM_RCR register).

® Down-counting mode: The counter counts from the value in the PWM_ARR register
down to 0 then is re-loaded with the PWM_ARR value and generates an Update event.
To configure the counter in this mode, write U/D = 1 and CMS = 00 in the PWM_CR
register.
Note: If the timer has a repetition counter, the update event is generated after down-
counting is repeated for the number of times programmed in the repetition counter
(PWM_RCR register).

® Center-aligned mode: The counter counts up from 0 to (PWM_ARR-1), is re-loaded
with the PWM_ARR value and then counts down to 0 before restarting counting. An
update event can be generated when the counter is re-loaded with PWM_ARR and
when it reaches 0. To configure the counter in this mode, write CMS =01, 10 or 11 in
the PWM_CR register.

Table 45. Counter mode selection

PWM_CR Register PWM_CR Register
Counter Mode cMs bitg uD bitg
Up-Counting Mode 00 1
Down-Counting Mode 00 0
10
Center aligned Mode 01 -
11

In Center-aligned mode or in Encoder Interface mode (see Figure 43 on page 211), the
U/D bit changes automatically, indicating whether the counter is counting up or down.

Counter Initialization

You can re-initialize the counter (and the prescaler as well) writing a ‘1’ in the CNT_RST bit
(which is automatically reset by hardware) in the PWM_CR register. Then, depending on the
CMS and U/D bits in the PWM_CR register, the counter is either cleared (in up-counting or
center-aligned mode) or re-loaded with the PWM_ARR register value (in down-counting
mode). It starts counting as soon as you write a ‘1’ in the CNT_EN bit or if CNT_EN goes
high under the control of the Slave Mode block (refer to Section 10.6 on page 213).

Interrupt/DMA Requests

When an update event occurs, the Ul flag in the PWM_ISR register is set depending on UFS
bit status (PWM_CR register). An interrupt is generated if the URS bit in the PWM_RSR
register and the URE bit in the PWM_RER register are set. If this condition is false, the
interrupt request remains pending until it becomes true. A DMA request is generated if URS
bit in PWM_RSR register is reset and URE bit in PWM_RER register is set. If this condition
is false, the request remains pending to be issued as soon as it becomes true.
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Counter clock selection

The counter clock can be provided by the following signals:

® CK_TIM internal clock

® Internal trigger inputs (ITRx)

The selected signal is fed to the counter through a 16-bit prescaler (PWM_PSC). The
original clock signal is divided by 1 to 65536.

Figure 69, Figure 70, and Figure 71 describe the counter timings for different clock ratios.

Figure 69. Counter timing diagram, CK_TIM divided by 2 (PWM_ARR=FFFF)
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Figure 70. Counter timing diagram, CK_TIM divided by 4
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Figure 71. Counter timing diagram, CK_TIM divided by n
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Internal Clock mode

The internal clock (CK_TIM) is selected as counter clock if the Slave mode controller is
OFF: SME=0 in the PWM_SCR register.

Using one timer as prescaler for the PWM

Figure 72. Master/Slave timer example
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SELECTION

For example, you can configure Timer 1 to act as a prescaler for PWM. Refer to Figure 56.
To do this:

® Configure Timer 1 in master mode so that it outputs a periodic trigger signal on each
Counter Update event. If you write MMS=10 in the TIM1_CR register, a rising edge will
be output on TRG1 each time a Counter Update event is generated. Refer to Figure 56.
® To connect the TRG1 output of Timer1 to the PWM, PWM must be configured in slave
mode using ITR1 as internal trigger.
You select this through the ITS bits in the PWM_SCR register (writing ITS=001).
Then you select internal trigger as input to the Slave mode controller (write TS=00 in
the PWM_SCR register).
Slave mode selection must be put in External clock mode (write SMS = 01, SME =1 in
the PWM_SCR register). This will cause the PWM to be clocked by the rising edge of
the periodic Timer 1 trigger signal.

@ Finally both timers must be enabled by setting their respective CNT_EN bits (TIM1_CR
and PWM_CR registers).

Note: If OC1 is selected on Timer 1 as trigger output (MMS=11), its rising edge is used to clock
the counter of PWM.
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Forced output mode

Each output compare signal (OCx) can be forced to active or inactive level directly by
software, independently of any comparison between the output compare register and the
counter.

To force an output compare signal OCx to its active level, you just need to write “101” in
OCxC bits in the corresponding PWM_OMRXx register. Thus OCREFx is forced inactive
(logic 0 as OCREEF is always active high) and OCx get opposite value to OCxP.

e.g.: OCxP=0 (OCx active high) => OCx is forced to high level.
OCx output can be forced to its inactive level by writing OCxC bits to “100”.

Anyway the comparison between the output compare register and the counter is still
performed and allows the flag to be set as well as interrupt and DMA request to be sent.
This is described in the Output Compare Mode section.

Output compare mode

This function is used to control an output waveform or indicating when a period of time has
elapsed.

When a match is found between the output compare register (PWM_OCR1) and the counter
(CNT), the output compare function:

® Assigns the corresponding pin with a programmable value defined by the Output
Compare Control (OCxC bits). The output pin can keep its level, be set, be reset or can
toggle on match.

® Setaflag in the interrupt status register (OCxI in PWM_ISR) if OCRM=0 or OCxRS=1
in PWM_RSR register,

® Generates an interrupt if the corresponding interrupt mask is set (OCxRS in
PWM_RSR and OCxRE in PWM_RER),

® Send a DMA request if the corresponding enable bit is set (OCRM and OCxRS in
PWM_RSR, OCxRE in PWM_RER).

The OCRXx registers can be programmed with or without preload-registers using the PLDx
bit in the corresponding PWM_OMRX register.

In output compare mode:

The Update event has no effect on OCx output.

The OCx level is updated each time the counter value matches the output compare register
depending on the mode selected:

Table 46. Output compare modes

OCXxC bits OCx pin status
000 Doesn’t change
001 Set to active level
010 Set to inactive level
011 Toggles
111 Reserved
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Active and inactive levels are defined by OCx polarity. When the OCxP bit in PWM_OMRXx
register is written to 0, OCx is active high, it is active low when OCxP=1.

Output compare mode can also be used to output a single pulse (See “Section 10.5.9: One
Pulse mode on page 212.).

The timing resolution is one count of the counter.

Procedure:
® Select the counter clock (internal/external, prescaler).
® Write the desired data in the PWM_ARR and PWM_OCRX registers.

® Write to the OCxRS bit in the PWM_RSR register to select if an interrupt or a DMA
request is to be generated. OCRM must be written to 0 if DMA request is expected.

® Set the OCxRE bit in the PWM_RER enable interrupt or DMA request

® Select the output mode (for example, to select no preload register and to toggle OCx

output pin when CNT matches OCRYX, write OCxE = ‘1’, OCxP="0’, PLDx="0" and
OCxC='011").

® Enable Alternate Function on the corresponding 1/O port using the GPIO Port Control
Registers

® Enable the counter by setting the CNT_EN bit in the PWM_CR register.

PWM_OCRXx can be updated at any time by software to control the output waveform provide

that the preload register is not enabled (else active OCRXx value will change only at the next
update event). An example is given in Figure 9.5.2.

Figure 73. Output compare mode, toggle on OC1 (OM1="01100" in PWM_OMR1)

Write B201h in the OC1R register

CNT _ 0039 § 003A A 003B N\ B2oo ) B201 N

OC1R 003A /\X B201

OC1 _

U

Match detected on OCR1
Interrupt generated if enabled
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PWM mode

Pulse Width Modulation mode allows you to generate a signal with a frequency determined
by the value of the PWM_ARR register and a duty cycle determined by the value of the
PWM_OCRKX register.

The PWM Mode can be selected independently on each channel (one PWM per OCx
output) by writing ‘110’ in the OCxC control bits in the PWM_OMRX register. You must
enable the corresponding preload register by setting the PLDx bit in the PWM_OMRXx
register.

As a general rule it is mandatory to enable the preload registers to generate PWMs
correctly. Preload registers act on the output compare registers (programmable channel by
channel), the auto-reload register (in up-counting or center-aligned modes), the repetition
register (if available) and the prescaler.

As the preload registers are transferred to the active registers only when an update event
occurs, before starting the counter, you have to initialize all the registers by setting the
CNT_RST bit in the PWM_CR register. You can set the CNT_RST and the CNT_EN bits at
the same time.

OCx polarity is software programmable using the OCxP bit in PWM_OMRX. It can be
programmed as active high or active low.

OCx output enable is controlled by the OCXE bit in the corresponding PWM_OMRX register
when the respective complementary output OCxN is not implemented, else by a
combination of OCxE, OCxNE, MOE, OSSI and OSSR bits (PWM_OMRx and PWM_DTR
registers). Refer to the OMRX register descriptions for more details.

The timer is able to generate PWM in edge-aligned mode or center-aligned mode
depending on the CMS bits in the PWM_CR control register. Refer to Figure 47 for the
corresponding counting sequence.

Table 47. Counting sequence in center-aligned and edge-aligned mode

 center- 0 1 2 15 16 15 2 1 0 1
aligned mode
| i |
edge-aligned | 1 o | 15 | 16 0 1 | ... 16 0 1
mode

— o —

T = PWM period, Value of 12-bit Compare 0 Register= 16
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Edge-alignhed mode
® Up-counting configuration
Up-counting is active when the U/D bit in the PWM_CR control register is low.

In this mode, the PWM counter counts up to the value loaded in the auto-reload register
(PWM_ARR). Then it is cleared and restarts counting.

The reference PWM signal OCxREF is high (meaning that the channel is active) as long as
PWM_CNT<PWM_OCRKX else it becomes low (inactive). OCx follows this pattern taking into
account its polarity configured with OCxP bit in PWM_OMRX register.

If the compare value in PWM_OCRX is greater than the auto-reload value (in PWM_ARR)
then OCxREF will be held at ‘1°. If the compare value is 0 then OCxREF will be held at ‘0’.

The following figure shows some edge-aligned PWM waveforms in an example where
PWM_ARR=8.

Table 48. Edge-aligned PWM waveforms (Auto-Reload Register = 8)

0 1 2 3 4 5 6 7 8 0 1
1
2
3
4 O

1 Compare Register value = 4
2 Compare Register value = 8
3 Compare Register value > 8
4 Compare Register value = 0

® Down-counting configuration
Down-counting is active when U/D bit in PWM_CR control register is high.

In this operating mode, the PWM counter counts from the value loaded in the auto-reload
register (PWM_ARR) down to 0. Then it is reloaded with the auto-reload value and restarts
down-counting.

The reference PWM signal OCxREF is low as long as PWM_CNT>PWM_OCRKXx else it
becomes high.

If the compare value in PWM_OCRX is greater than the auto-reload value (in PWM_ARR)
then OCxREF will be held at ‘1°.

0% PWM is not possible in this mode.
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Center-aligned mode

In this mode the counter counts up to the value loaded in the auto-reload register
PWM_ARR then counts down until it reaches 0 and restarts counting up. U/D bit in the
PWM_CR register is updated by hardware and must not be changed by software.

The reference PWM signal OCxREF is set to ‘0’ (inactive channel) when the counter
reaches, in up-counting, the compare value (in PWM_OCRXx) and it is set to ‘1’ (active
channel) when the counter reaches the compare value again in down-counting. OCx output
will follow this pattern taking in account its polarity configured with OCxP bit in PWM_OMRXx
register.

If the compare value in PWM_OCRX is greater than the auto-reload value (in PWM_ARR)
then OCxREF will be held at ‘1°. If the compare value is 0 then OCxREF will be held at ‘0’.

Figure 49 shows some center-aligned PWM waveforms in an example where
PWM_ARR=8.

Table 49. Center-aligned PWM Waveforms (Auto-Reload Register = 8)

0|1 213|4|5|6|7|8|7|6|5|4|3]2]|1 0|1

2
3 ‘1a
4 Ao!

1 Compare Register value = 4
2 Compare Register value =7
3 Compare Register value > =8
4 Compare Register value = 0

Depending on the CMS bits in the PWM_CR register, the DMA/Interrupt flags related to

output compare channels (OCxl) are set on the OCxREF rising edge, falling edge or both
(refer to the PWM_CR register description).

Hints on using center-aligned mode:

® When starting in center-aligned mode, the current up-down configuration is used. It
means that the counter will start counting up or down depending on the value written in
the U/D bit in the PWM_CR register. Moreover the U/D and CMS bits must not be
changed at the same time by the software.
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® Writing to the counter while running in center-aligned mode is not recommended as it
can lead to unexpected results. In particular:

—  The Up/Down configuration is not updated if you write a value in the counter that is
greater than the auto-reload value (PWM_CNT>PWM_ARR). For example, if the
counter was counting up, it will continue to count up.

—  The Up/Down configuration is updated if you write ‘0’ or write the PWM_ARR
value in the counter but no Update event is generated (and nor any Update
interrupt or DMA request).

® The safest way to use center-aligned mode is to generate an update by software

(setting the CNT_RST bit in the PWM_CR register) just before starting the counter and

not to write the counter while it is running.

PWM with Complementary Outputs and Dead-Time Insertion

This mode allows the timer to output two complementary signals and to manage the time
between the switching-off and the switching-on instants of the outputs.

This time is usually known as dead-time and you have to adjust it depending on the devices
you have connected to the PWM outputs and their characteristics (intrinsic delays of level-
shifters, delays due to power switches...)

You can select the polarity of the outputs (main output or complementary) independently for
each output. This is done by writing to the OCxP and OCxNP bits in the PWM_OMRx
register.

The complementary signals OCx and OCxN are activated by a combination of several
control bits: the MOE, OSSI and OSSR bits in the PWM_DTR register and the OCxE and
OCXNE bits in the PWM_OMRX register. Please refer to Table 9.6.4: Request Selection
Register (TB_RSR) on page 192 for more details.

Dead-time insertion is enabled by setting the MOE bit in the PWM_DTR register and both
OCXxE and OCxNE bits in the PWM_OMRX register. There is one 10-bit dead-time generator
for each channel. From a reference waveform OCXxREF, it generates 2 outputs OCx and
OCxN where x is the number of the channel. If OCx and OCxN are active high (or non-
inverted):

® The OCx output signal is the same as the reference signal except for the rising edge,
which is delayed relative to the reference signal rising edge.

® The OCxN output signal is the opposite of the reference signal except for the rising
edge, which is delayed relative to the reference signal falling edge.

If the delay is greater than the width of the active output (OCx or OCxN) then the
corresponding pulse is not generated.

The following figures show the relationships between the output signals of the dead-time
generator and its inputs (the MOE bit in the PWM_DTR register as well as the OCxE and
OCXNE bits are high on these examples).

Figure 74: PWM mode, OCxC=110, OCxP=0, OCxNP=0 in PWM_OMR register, OSSI=1 in
PWM_DTR register. In this case: if OSSI=0 in PWM_DTR register, OCxN is no longer driven
by the timer.

Figure 75: PWM mode, OCxC=110, OCxP=0, OCxNP=0 in PWM_OMR register
Figure 76: PWM mode, OCxC=110, OCxP=0, OCxNP=0 in PWM_OMR register
Figure 77: PWM mode, OCxC=110, OCxP=0, OCxNP=0 in PWM_OMR register
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Figure 74. Complementary output waveforms when dead-time is disabled
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Figure 75. Complementary output waveforms when dead-time is enabled

OCxREF

OCx

OCxN

“ delay

|
s delay I !

Figure 76. Dead-time waveforms with delay greater than the negative pulse
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Figure 77. Dead-time waveforms with delay greater than the positive pulse
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The dead-time delay is the same for each of the channels and is programmable with the

DTG bits in the MDTR register.

The dead-time duration can be calculated using the formula: DT =

DTG[9.0]
fokTIM

573




RMO0003

11 Synchronizable-PWM Timer (PWM)

11.5.7

Note:

Parameter locking

To safeguard the application, a write protection has been implemented which allows you to
freeze the configuration of several parameters (Dead-time duration, OCx/OCxN polarities,
OCx/OCxN configuration when disabled, OCxC configurations). You can choose from 3
levels of protection selected by the LOCK bits. Refer to Section 11.10.15: Dead-Time
Register (PWM_DTR) on page 271. The LOCK bits can be written only once after an MCU
reset.

Emergency input control

An emergency input is also implemented with the dead-time generator (acting only on
channels where complementary outputs are implemented). It is active at low level and leads
to the following behavior:

® The MOE bitin PWM_DTR register is reset, putting the outputs off or in reset state
asynchronously, selected by the OSSI bit in PWM_DTR register. This feature functions
even if the MCU oscillator is off.

® Aninterrupt or a DMA request can be generated if the ERE bit in the PWM_RER
register is set. You can select either interrupt or DMA request by configuring the ERS
bit in the PWM_RSR register.

When exiting from reset, the emergency circuit is disabled. You must set the EEN bit in the
PWM_DTR register to enable it. EEN can no longer be written as soon as LOCK bits are
configured at level 1, 2 or 3, so that the emergency feature cannot be disabled by mistake
once it has been activated.

You can connect the Emergency input to an alarm signal from power drivers, thermal
sensors or any other security components.

Re-directing OCxREF to OCx or OCxN

In forced output mode as well as in output compare or in PWM mode, OCxREF can be re-
directed to the OCx output or to OCxN output by configuring the OCxE and OCXxNE bits in
the corresponding PWM_OMR register.

This allows you to send a specific waveform (such as PWM or static active level) on one
output while the complementary output remains at its inactive level. Other alternative
possibilities are to have both outputs at inactive level or both outputs active and
complementary with dead-time.

When only OCxN is enabled, it becomes active as soon as OCREF is active. For example, if
OCxNP=0 then OCxN=OCREF. On the other hand, when both OCx and OCxN are enabled
(OCXxE=0OCxNE=1, dead-time enabled) OCx becomes active when OCREF is active
whereas OCxN becomes active when OCREF is inactive (it is inverted to become
complementary to OCx).
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11.6.1

PWM & Timer synchronization

Timer Link system

The PWM and the three Timers are linked together internally for timer synchronization or
chaining. Refer to Figure 78. Using the Timer Link system, a Timer or a PWM configured in
Master Mode can reset, start, stop or clock the counter of another Timer or the PWM
configured in Slave Mode.

Figure 78. Timer Link system implementation
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Synchronization of Timers and PWM

You can synchronize a timer and the PWM together using two different modes:
o Gated Mode
® Trigger Mode

The following sections use the example of Timer 2 being enabled by PWM in these two
modes.
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Note:

Gated mode

In this example, configure Timer 2 in gated mode by writing SMS=10 and SME=1 in
TIM2_SCR register. Then select external clock as the input source by writing the
corresponding values in the TS and ITS bits. Once Timer 2 is configured in gated mode, you
then enable it by setting the CNT_EN bit in TIM2_CR register. The counter won’t start until
the trigger input is at active level.

You can choose to start Timer 2 when the Output Compare 1 (OC1) output of PWM is high.
To do this, Timer 2 registers must be programmed with: SMS=10, SME=1, TS=00, ITS=001
and CNT_EN = 1 and PWM must be programmed with MMS=11 and CNT_EN = 1.
Figure 63 shows how this works. In this example the prescaler is 2 for both counters
(fek_ent = fek_im/3)-

The counter 2 clock is not synchronized with counter 1, this mode only affects the Timer 2
counter enable signal.

Figure 79. Gating timer 2 with OC1 of PWM

e iiinipiaiaisinipipiaiainipipipinininty
|
PWM_OCH1

\ [
X FrFD X _FFFE_ X FFFF_ 1 0000 X 0001 X
|

PWM_CNT X FFFC

TIM2_CNT CK_TIM

{ 3046 X 3047 3048

I
|
T
i
|

In the example in Figure 63, the Timer 2 counter and prescaler are not initialized before
being started. So they start counting from their current value. It is possible to start from a
given value by resetting both timers before starting PWM. You can then write any value you
want in the timer counters. The timers can easily be reset by software using the CNT_RST
bit in the TIM_CR registers.

In the next example, we synchronize PWM and Timer 2. PWM is the master and starts from
0000. Timer 2 is the slave and starts at the same time from 7EE7h. The prescaler ratio is the
same for both timers. Timer 2 stops when PWM is disabled by writing ‘0’ to the CNT_EN bit
in the PWM_CR register:

® Configure PWM master mode to send its enable command as trigger output (MM=01 in
the PWM_CR register).

® Configure Timer 2 to get the input trigger from PWM (ITS = ‘001’ and TS='00’ in the
TIM2_SCR register).

Configure Timer 2 in gated mode (SMS="10’, SME="1" in the TIM2_SCR).

Reset PWM by writing ‘1’ in CNT_RST bit ( PWM_CR register).

Reset Timer 2 by writing ‘1’ in CNT_RST bit (TIM2_ CR register).

Initialize Timer 2 to 7EE7h by writing ‘7EE7h’ in the Timer 2 counter (TIM2_CNT).
Enable Timer 2 by writing ‘1’ in the CNT_EN bit (TIM2_CR register).

Start PWM by writing ‘1’ in the CNT_EN bit ( PWM_CR register).

Stop PWM by writing ‘0’ in the CNT_EN bit ( PWM_CR register).
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Figure 80. Gating Timer 2 with ENABLE of PWM
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Trigger mode

In this next example, we configure Timer 2 in trigger mode by writing SMS="11" and SME="1’
in the TIM2_CR register. As in the previous example, we select the input source using the
TS and ITS bits.

In our example, Timer 2 starts counting from its current value (which can be non-zero) as
soon as an Update event is generated by PWM. When Timer 2 receives the trigger signal its
CNT_EN bit is automatically set and the counter counts until we write ‘0’ to the CNT_EN bit
in the TIM2_CR register.

Figure 81. Triggering Timer 2 with UPDATE of PWM
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As in the previous example, you can initialize both counters before starting counting.
Figure 66 shows the behavior with the same configuration as in the Figure 64 but in trigger
mode instead of gated mode (SMS="11" and SME="1" in the TIM2_SCR register).
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Figure 82. Triggering Timer 2 with ENABLE of PWM
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11.7 Interrupt management

To use the interrupt features, for each interrupt channel used, perform the following
sequence:

® Set the desired ERS and/or OCRSx and/or ICRSx and/or URS bits to select interrupt
request rather than DMA request.

® Set the desired ERE and/or OCREx and/or ICREx and/or URE bits in the PWM_RER
register to enable interrupt requests.

11.8 DMA function

11.8.1 Using the DMA feature

® Reset the desired ERS and/or OCRSx and/or ICRSx and/or URS bits to select DMA
request rather than interrupt request.

® Set the desired ERE and/or OCREx and/or ICREx and/or URE bits in the PWM_RER
register to enable DMA requests.

The DMA request generated as soon as the corresponding flag in the PWM_ISR register) is
set. The flag is automatically cleared by hardware by the DMA controller.

A flag must not be written by software when it is controlled by the DMA (when xRS=0 and
xRE=1).

In addition, it is not recommended to modify xRS value while xRE=1.
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Moreover, in case of Output Compare requests, the request selection (xRS) and the OC
request mode (OCRM) must not be modified while the request is enabled (xRE=1). To
change the request configuration when xRE=1:

Check that no DMA request is pending on the corresponding event
Clear the enable bit xRE

Configure the request (xRS and OCRM bits)

Wait for flag re-synchronization (4 clock cycles)

Clear the flag by software

Enable the request by setting the xRE bit

The following figure shows a simplified schematic of flag management

Figure 83. Interrupt/DMA request management for flag “x”

x DMA enable
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xRE
Write 0 x DMA
decoding > > Request to DMA
} x|l Flag Controller
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x DMA_CLR x iRQ to EIC
from DMA Interrupt controller

Controller xRS
x event
S xRE_—1 / X Interrupt enable

xRS, xRE: control bits in PWM_RSR and PWM_RER registers
x| Flag: status flag in PWM_ISR register

DMA access in burst mode

All the PWM registers can be accessed independently by the DMA controller. A specific
register address is used for to burst access (PWM_DMAB: DMA Burst). Any read or write
access to this address is redirected to the corresponding register selected by a DMA base-
address and a DMA index.

The DMA Base-address is programmed in the DBASE bits in PWM_CR register. DBASE is
defined as an offset from the timer base address (DBASE=0 means that PWM_CR is used
as DMA base-address. DBASE=1 means that PWM_SCR is used as DMA base-address).

The DMA index adds an offset to the DMA base-address. It is cleared as soon as the DMA
request is sent by the timer to prepare the next transfer. Then it is incremented each time the
PWM_DMARB register is accessed by the DMA controller (you program the length of the
transfer using the DMA controller registers). This means that several consecutive accesses
to the PWM_DMAB will access an array of consecutive registers.
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In the following example, we want to transfer 2 values of a memory table automatically into
the PWM_OCR1 and PWM_OCR2 registers each time an update event occurs:
® Configure the DMA base-address to point to PWM_OCR1 by writing DBASE to ‘01101’

(13th register in the register map),

® Enable DMA requests on Update event by clearing the URS bit in PWM_RSR register
and setting the URE bit in PWM_RER register.

® Program the DMA controller so that an update DMA request generates a transfer of 2
half-words from the memory to the PWM_DMAB address (in burst mode).

1. When the update occurs, the Ul flag is set