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Application note

Introduction to I3C for STM32 MCUs

Introduction

The number of sensors connected to a main device acting as a controller has steadily increased in the last couple of years.
Managing multiple sensors is becoming more complex with heterogeneous serial interfaces like the still widespread, low-cost
I2C, SPI, capable of handling more bandwidth, or the traditional UART, and extra signals (GPIOs) for interrupt and/or power
modes.

A high level of hardware and software integration, power efficiency, high speed, cost effectiveness, and fast time-to-market are
required. For this reason, in 2017, the MIPI Alliance introduced a new serial interface called improved inter-integrated circuit
(I3C). The MIPI 13C standard is defined by the MIPI specification, version 1.1.1. I3C supports the new features and maintains

some backward compatibility with 12C.

The new series of STM32 MCUs integrate the I3C peripheral, supporting the set of required features in SDR mode, as defined
by the MIPI specification v1.1.1.

The purpose of this application note is to provide some 13C examples based on STM32CubeMX, to cover most of the 13C
communication modes available on STM32 microcontrollers and provide recommendations for the correct use of the 13C
peripheral.

This application note starts with an 13C bus overview, followed by a description of the 13C features, and a use case based on
STM32CubeMX for communicating only with I13C targets via an I3C mixed bus through dynamic address assignment, CCC
commands, data exchange with sensors (LSM6DSO and LIS2DW12) in private or direct mode, and the management of in-band
interrupts from targets.

Table 1. Applicable products

STM32H5 series, STM32H7R3/7S3 line, STM32H7R7/7S7 line,

Microcontroller STM32U3 series, STM32N6 series
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,l General information

1 General information

This document applies to the Arm® Cortex® core-based STM32 microcontrollers.

Note: Arm is a registered trademark of Arm Limited (or its subsidiaries) in the US and/or elsewhere.

arm
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2 I3C bus overview

This section provides a general summary description of the new 13C protocol and gives an overview of typical
operations and fundamental modes using I3C in SDR mode.

2.1 Operations
The 13C bus supports different modes and operations of various message types:
. Broadcast and direct common command code (CCC) messages to communicate with all targets or a
specific one.
. Dynamic addressing: I3C assigns a dynamic address, unlike I2C, which has a static address.
. Private read/write transfers.
. Legacy I2C messages: the 13C controller can communicate with 12C devices on the bus.
. In-band interrupt (IBl): the target device, which is connected to the bus, can send an interrupt to the
controller over the two-wire (SCL/SDA).
. Hot-join request: the target can join the I13C bus after initialization.
. Controller role request.
2.2 I13C bus

Bus configuration

I3C is a two-wire interface, similar to the I2C bus. The I3C bus consists of a serial data line (SDA) and a serial
clock line (SCL), for a pure 13C bus (or a mixed bus if an I2C target device is connected without clock stretching).
There are four main types of devices on the bus:

. I3C main controller.

. I13C secondary controller.
. I13C targets.

. Legacy I2C targets.

Figure 1. I3C communication interface

13C
main controller
I I3C BUS (SDA and SCL)
2 I3C
Legacy I°C target(s) I3C target(s) secondary controller
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Bus communication

SCL can run at up to 12.5 MHz in push-pull mode and up to 4 MHz in open-drain mode.
. Pure bus: (only I3C devices on the bus).
SCL can be set to 12.5 MHz, and this is the ideal case in terms of performance.

. Mixed fast bus: (I2C and 13C devices on the bus).

Case: I2C devices have a 50-ns spike filter

. SCL supports a limited range of speeds.
. Mixed slow bus.
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Case: I2C device does not support a 50-ns spike filter

. SCL is limited to the slowest I12C device connected to the bus.

2.3 Bus format

All transfers on the 13C bus begin with a START (S), followed by a header byte (7h’7E), target address, broadcast
command code, or more, and end with a STOP (P) from the controller.

The active controller on the bus is responsible for generating the I3C timing in SDR mode and to send I13C
commands (CCC), addressing all targets or a specific target.

13C reserved byte 7’h7E

Rn/W ACK/NACK DATA T
S/Sr I13C target address P
12C target address Rn/W ACK/NACK DATA ACK/NACK
T-bit:
. SDR controller written data as parity: as an odd parity.
The value of this parity bit shall be the XOR of the eight data bits with 1, that is: XOR (data [7:0], 1).
Example:

. OxOF: T-bit value is 1.

. O0xF2: T-bit value is 0.

. SDR (read) data: as end-of-data:
- 1: Continue the message.
- 0: End the message.

24 Block diagram

The following figure shows the 13C block diagram.

Figure 2. 13C block diagram
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This feature is implementation-dependent, and can be unavailable.
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The transmit/receive FIFO threshold can be configured as threshold 1 byte or 4 bytes and may be used during
any transfer.

. C-FIFO/S-FIFO size is two words.
. TX-FIFO/RX-FIFO size is eight bytes.
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3 I3C versus I2C

The 13C protocol is based on the same serial two-wire interface as |12C, allowing for communication with legacy
I2C devices with some restrictions.

I3C has improved low-power performances over I2C, mainly because SCL and, most of the time, SDA are driven
in push-pull mode, and because SDA can be in open-drain mode with an integrated controller pull-up.

I3C also reduces power consumption compared to I2C modes and provides a higher data rate at 12.5 MHz. All
these improvements are achieved with I3C while maintaining some compatibility with legacy 12C devices.

Table 2. 13C versus I2C capabilities

Protocol Serial, half-duplex Serial, half-duplex
Frequency Up to 12.5 MHz (SDR) Up to 1 MHz
Signaling Open-drain Only open-drain
Push-pull
Pull-up resistors at bus level = Not required Required
13C reserved address 7’h7E ' To begin 13C SDR transfer Not allowed
Address 7-bit (Static address for I2C devices and dynamic address for I3C 7-bit static address
devices) 10-bit static address
Dynamic addressing Supported Not supported
In-band interrupt Supported Not supported
Hot-join Supported Not supported
Multicontrollers Supported Supported
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4 STM32H5 implementation

The I3C SDR-only peripheral supports all features of the MIPI I3C specification v1.1 for the I3C primary controller,
secondary controller, and target. It can control all I3C-bus-specific sequencings, protocols, arbitrations, and
timings, and can act as controller or target.

4.1 I3C MIPI support

The I3C peripheral supports the MIPI specification v1.1, as shown in the table below.

Table 3. 13C peripheral versus MIPI v1.1

I13C peripheral
MIPI I3C v1.1
X

Comments
Controller
X X
Legacy I12C message X

13C SDR message

Mandatory as controller when there is an 12C
X - target.

Optional in MIPI v1.1 when target.

HDR message X - - Optional in MIPI v1.1.

Dynamic address X X X -

Static address X X - I3C peripheral cannot be a target on an I12C bus.

Grouped addressing X X - Optional in MIPI v1.1.

CCCs X X X Q\Lljlpr;gl:t:zfory CCCs + some optional CCCs are

Error detection & recovery X X X -

1BI X X X -

Secondary controller X X X -

Hot join X X X -

Target reset X X X -

Asynchronous timing control 0 X X ) Mandatory in MIPI v1.1 when controller.
Optional in MIPI v1.1 when target.

fg’:tcrm”"z“z& asynchronous timing X - - Optional in MIPI v1.1.

Device to device tunneling X X - Optional in MIPI v1.1.

Multi-lane data transfer X - - Optional in MIPI v1.1.

Monitoring device early termination X - - Optional in MIPI v1.1.
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4.2 I3C peripheral integration

Integration with bus

Pull-up is on during open-drain phase, and is off during push-pull phase. It is handled automatically by the
hardware.

Figure 3. No pull-up needed in push-pull mode

Device 1 Device 2

SCL
SDA

Integration with RCC

From the 13Cx mux, we can select the clock source:
. rcc_pclk1/3

. pli2_r_ck

. hsi_ker_ck

Figure 4. 13Cx multiplexer
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GPDMA

. The 13C peripheral can be used with GPDMA in order to off-load the CPU.

Figure 5. Example of I3C mode GPDMA architecture
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5 I3C hardware requirements

The 13C interface provides major efficiencies in bus power management while providing significant speed
improvements compared to 12C.

5.1 Electrical characteristics

This section describes the electrical parameters of the I3C interface in two modes (for more details, refer to the
MIPI specification):

. Push-pull mode.
. Open-drain mode.

Table 4. Electrical characteristics

1.10 1.20 1.30 \%
Operating voltage 1.65 1.80 1.95
2.97 3.30 3.63
SCL clock frequency 0.01 12.5 12.9 MHz
Total bus capacitance - 50 - pF
5.2 I3C-dedicated VDDIO2 supply pin

I3C and other communication interfaces such as 12C, USART/LPUART, and SPI are mapped on GPIOs that have
a dedicated VDDIO2 supply pin down to 1.08 V. Therefore, all these communication interfaces, including I3C, can
operate at 1.2 V.

Figure 6. STM32H503xx communication interfaces operating with VDDIO2 at 1.2 V (USART/LPUART, SPI,

and I2C/I3C)
13C/12C
STM32H503xx
WLCSP25 ——— UART/LPUART
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Bus timing

Note:

ANS5879 - Rev 4

The active controller provides an open-drain and a push-pull mode on the bus. It can also issue a START or
STOP by driving the SDA line low while keeping the SCL line high.

. The device acts as a controller: the user can adjust timings by using I3C timing register 0, 1, and 2.
. The device acts as a target: the bus available condition and the bus idle condition can be modified.
SCL can run at up to 12.5 MHz in push-pull mode — 1.4 Mbyte/s.
Frequency of the I3CCLK kernel clock > 2x frequency of the SCL clock
Sustaining FSCL max = 12.5 MHz means a frequency of the ISCCLK kernel clock > 25 MHz
Before a START, there are three conditions to be fixed for a controller/target, as outlined below:
1. Bus free duration:
- For pure bus: only I3C devices are connected on the bus.
- For mixed bus: at least one legacy 12C device is present on the I13C bus.
2. Bus available duration: a target may only issue a START request after a t_AVAL.
3. Bus idle duration: the SDA and SCL lines sustain a high level for a duration of at least t_IDLE.

Figure 7. Bus timing

Stop condition Start condition
t IDLE (
:l Bus idle duration
={ Bus available duration ]
Bus free duration ]

DT71383V1

Maximum achievable I3C frequencies with STM32 products

SCLH and SCLL are programmed numbers of the internal clock. Therefore, the period of SCL is a multiple of
internal clock periods (see I3C timing register 0 (I3C_TIMINGRO) section in the corresponding reference manual).

STM32U3 products example:

For a 96 MHz frequency:

. 7 periods of the internal clock give an SCL period of 72.91 ns — Frequency = 13.7 MHz.

. 8 periods of the internal clock give an SCL period of 83.3333 ns — Frequency = 12 MHz.

. 9 periods of the internal clock give an SCL period of 93.744 ns — Frequency = 10.66 MHz.

The maximum frequency that can be reached with a 96 MHz internal clock is 12 MHz because 13.7 MHz is above
the maximum frequency allowed by the standard.

For a 50 MHz frequency (using HSE):

. 3 periods of the internal clock give an SCL period of 60 ns — Frequency = 16.6 MHz.
. 4 periods of the internal clock give an SCL period of 80 ns — Frequency = 12.5 MHz.
. 5 periods of the internal clock give an SCL period of 100 ns — Frequency = 10 MHz.

The maximum frequency that can be reached with a 50 MHz internal clock is 12.5 MHz because 16.6 MHz is
above the maximum frequency allowed by the standard.
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7 tsco timing

tsco (clock-to-data turnaround delay) is the internal delay in the I3C target device from the SCL input to the start
of the SDA output (for more details, refer to the MIPI specification). This parameter drives the maximum effective
frequency of the reads that a controller should issue to accommodate for a given target capability.

The default maximum clock-to-data turnaround delay is 12 ns accordoing to the MIPI I3C timing specification.
An 13C target may have higher tsco than 12 ns, in this case it must inform the controller that it has a maximum
data speed limitation:

. During the address assignment procedure, when it acknowledges the ENTDAA CCC and provides its
capability register; more specifically the target set to 1 the BCR[0] to inform the controller.

. On a direct GETBCR CCC from the controller, when it returns the same bit BCRI[O0].

The STM32 I13C peripheral is compliant with the MIPI specification when acting as target and is able to set

BCRI[0] = 1 when tgco > 12 ns (refer to I3C_BCR register of the reference manual (RM0492)).

If BCR[0] = 1, the controller should then query more specifically about the nature of the maximum data speed

limitation of the target by issuing a direct GETMXDS CCC.

The STM32 13C peripheral is also compliant with the MIPI specification on a direct GETMXDS CCC: if
tsco > 12 ns, it then returns a maxRd byte with maxRd[5:3] = 111. Then the user should read the exact value
reported in the datasheet and adjust consequently the maximum speed on the 13C bus for read transfers.
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8 I3C features description

8.1 Dynamic address assignment mode
This section describes the I3C broadcast ENTDAA CCC, as it is communicated on the I3C bus and as it is
programmed.

8.2 Bus initialization

In 13C, each device connected to the I3C bus needs to have a unique address. The dynamic address is assigned
by using the CCCode ENTDAA: 0x07 (enter dynamic address assignment) during the initialization of the bus, or

when a new device is connected to the I3C bus. In a system that mixes 12C devices and I13C devices, the
controller should send the SETAASA: 0x29 (set all addresses to static address) before sending the ENTDAA
CCC, to assign only dynamic addresses to the I13C targets. This process is called dynamic address assignment.

Once a device connected to the bus receives a dynamic address, the dynamic address shall be used in
communication on the I3C bus, until and unless the controller changes, updates, or clears the dynamic address
by CCC codes (SETNEWDA, RSTDAA).

8.3 Bus format

In the DAA process, the active controller may drive the SDA line and can start/stop the communication with a
START, repeated START, or STOP at any time the I3C bus is in bus free condition.

The command code for the ENTDAA broadcast CCC is 0x07. Support for this CCC is required, unless this 13C
device has an 12C static address.

After sending the ENTDAA broadcast CCC, the target that supports the broadcast command code, can send its
own characteristics to be identified by the controller for assignment of a dynamic address after the arbitration.

The dynamic address process shall be ended only by the active controller.
Figure 8 shows a dynamic address assignment transaction using the ENTDAA CCC.

Figure 8. 13C broadcast ENTDAA CCC

Th7E+W =0+ I3C broadcast CCC: Th7E+R=1+|[
SIS| T AckiNACK ENTDAA=0x07 + T=0 || 57 || Ackinacke [[Bitunique ID + BCR+ DCR + DCR _‘
_ | Assign dynamic address + PAR + Sr ThR7TE+R=1+ p %
> ACK/NACK ACK = 1 3
N~
=
o

Where:

. *ACK/NACK: acknowledge from the addressed target without handoff. (See MIPI v1.1.5.1.2.3.1: "Transition
from address ACK to SDR Controller Write Data")

. Sr: repeated start (only by the active controller)
. S: start (only by the active controller)

. P: stop (only by the active controller)

. 7h’7E: broadcast address

. T: transition bit

. PAR: parity bit
Every 13C device, which has no dynamic address already assigned on the bus, is ready to participate and

respond to the I13C broadcast address shall send its own 48-bit provisioned ID, BCR, and DCR until the
arbitration.

The device, whose concatenated provisioned ID, BCR, and DCR have the lowest value wins the arbitration round,
due to the nature of arbitration.
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Table 5. PID, DCR, and BCR

48 bits 8 bits  8bits = Lowest value concatenated provisioned ID, BCR, and DCR wins the arbitration round

After the arbitration, the main controller assigns a 7-bit as a dynamic address to the target followed by a parity bit.
The parity bit (PAR) is calculated as an odd parity.

The *Odd parity is the inverse of the 7-bit XOR.

Therefore, ~XOR (dynamic address [7:1]) is placed in position 0.

. If the parity is valid, then the target shall acknowledge receipt of the dynamic address on the next SCL
clock.
. If the parity is invalid, then the target shall passively NACK on the next SCL.
8.4 I3C target address restrictions

An 13C controller device assigns 7-bit dynamic addresses in the range of 7’h03 to 7°'h7D with exceptions (these
restrictions are illustrated in MIPI 13C).

The active controller may choose the dynamic addresses from a set of values, as follows:

Table 6. Target address available for use

Target dynamic address

Restriction Description
ey [t

0x0000000 7’h00 Shall not use 13C reserved
0x0001000 - 0x0111101 | 7’h08 — 7’h3D = Available for use 54 addresses
0x0111111 -0x1011101 7’h3F —7’h5D | Available for use 31 addresses
0x101 1111-0x110 1101 7’h5F —7'h6D | Available for use 15 addresses
0x110 1111-0x111 0101 7’h6F — 7'h75 | Available for use 7 addresses
0x111 0111 7h77 Available for use 1 address
0x111 1111 Th7F Shall not use I3C reserved: Broadcast address single bit error detect

Table 7. Conditional target address

Target dynamic address
Restriction Description
B

0x0000011-0x0000011 | 7’h03-7°'h04 | Conditional Available for use only if no legacy 12C devices supporting 12C "High-speed
mode" are present on the bus

Available for use only if no legacy 12C devices are present on the bus that
both

0x1111000-0x1111001 | 7'h78-7’h79 Conditional 1. Support I2C “extended address mode”

2. Either have an extended address, or would be impacted by the
extended address mechanism

Available for use only if no legacy 12C devices are present on the bus that
both:
0x111 1011 7'h7B Conditional ' 1. Support I2C “extended address mode”
2. Either have an extended address, or would be impacted by the
extended address mechanism

0x111 1101 7h7D Conditional Availa"ble for use only if no legacy I12C devices supporting 12C "device ID
mode" are on the bus.
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8.5 Changing dynamic address
There are two modes for assignment of dynamic address to only I3C devices:

1. Directly by using ENTDAA CCC 0x07.
If a device has a dynamic address then it shall not respond to this command.

2. RSTDAA reset dynamic address assignment: 0x06 (reset the current dynamic address and wait for new
assignment.)

This CCC is used to tell I3C devices to clear or reset their dynamic address. After that, the devices on the 13C bus
are ready to have their dynamic address by using ENTDAA: 0x07 as shown in the below figure:

Figure 9. RSTDAA then ENTDAA

| r 1]
| } / \/H M \/
l\ UL I M il
‘”Il am' o U‘W fr "#m| ||'_M—"|‘ I T‘ M
/anE \{/ [ ]
| | b_[,; \E ,,,,,, . L_J{ . 1_0) . __
Note: The device acts as a target, so check these flags:

1. I13C_EVR.DAUPDF: dynamic address update flag.
2. I13C_DEVRO0.DAVAL: is cleared on the acknowledgement of the RSTDAA CCC.

8.6 I3C SDR direct/broadcast CCC

8.6.1 I3C CCCs
These common command codes (CCC) can be sent to a specific target or all targets on the bus in the I3C bus.
So, there are two main kinds of CCC messages that allow the master to communicate with target(s) on the bus:
. Broadcast CCC messages: is seen by all targets - such as RSTDAA, ENTDAA, or DISEC).

. Direct read/write: is seen by a specific target by selecting its dynamic address (such as GETPID or
GETBCR).
8.7 Frame format

All command codes share the same frame format for the broadcast/direct CCCs, as shown below:
. START or repeat START

. I13C reserved byte 7'h7E + W = 0 + ACK

. I3C command code [7:0] + T + optional data + T + Sr

. I3C target address + Rn =1 + ACK

. Data [7:0] + T*

. STOP or repeated START
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Figure 10. 13C broadcast CCC transfer

\ Direct CCCode . .
SorSr 7'h7E + W/Rn + ACK (0x80 to OXFE not 0x9A) T Optional write data T Sr
2
» data1 ™ data N ™/ Sror P 3
5
Figure 11.13C direct CCC transfer
, Direct CCCode . .
SorSr 7'h7E + W/Rn + ACK (0x80 to OXFE not 0x9A) T Optional write data T Sr
E
»1 13C device address + W/Rn + ACK data 1 ™7 data N ™7 SrorP &
5
Note: . 13C broadcast CCC (from 0x00 to 0x7F, except 0x07 and 0x2A)
. 13C direct CCC (from 0x80 to OxFE, except 0x9A)
Where:
. T: Transition bit (parity bit)
. T*: Transition bit (end of data for read data)
. Optional write data: this field is used with some broadcast CCC messages, and for some direct read/write

CCC messages. It is followed by a T-bit.
For some direct CCCs, a defining byte is optional; for others, it is always required.

8.8 Supported common command codes

Table 8. List of supported CCCs supported by LSM6DSO

ENTDAA 0x07 Broadcast

SETDASA 0x87 Direct
0x00 Broadcast

ENEC

0x80 Direct

0x01 Broadcast
DISEC
0x81 Direct
0x82 to 0x85 Direct
ENTAS 0...3
0x02 to0x05 Broadcast
0x28 Broadcast
SETXTIME

0x98 Direct

GETXTIME 0x99 Direct
0x06 Broadcast

RSTDAA

0x86 Direct

0x08 Broadcast
SETMWL
0x89 Direct
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0x09 Broadcast
SETMRL

0x8A Direct
SETNEWDA 0x88 Direct Set
GETMWL 0x8B Direct Get
GETMRL 0x8C Direct Get
GETPID 0x8D Direct Get
GETBCR 0x8E Direct Get
GETDCR 0x8F Direct Get
GETSTATUS 0x90 Direct Get
GETMXDS 0x94 Direct Get

8.9 SDR private transfer

This section illustrates I3C private read/write messages as shown in the figure below:

Figure 12. SDR private transfer

Data 1 T Data N T SrorP

S [|7W7E+W=0+ACK| | Sr| | I3C target address + W/Rn + ACK _L

SrorP I13C device addess + W/Rn + ACK =0

DT71386V1

Where:

. ACK = Acknowledge (SDA low)

. S = START condition

. Sr = Repeated START condition

. P = STOP condition

. T = Transition bit

The private transfer begins with a start from the controller or a repeated start after a previous transfer and then

the controller issues the broadcast header address followed by the target address or directly by sending the
device address.

. SDR private read: T = 1 informs the controller that there is additional data, whereas T = 0 signals the end.
. SDR private write: T is considered as a parity bit: odd parity.

8.10 In-band interrupt (IBI)

To generate an interrupt by the target on the 13C bus for the controller without an external interrupt line, the I3C
protocol allows the target to initiate the bus after the bus available duration.

8.10.1 Address arbitration

The address arbitration is an address following a START, used for the arbitration in open-drain mode, when both
two devices (may be two concurrent targets and/or a concurrent target with the controller) are requesting a
communication message on the I3C bus at the same time.

If two devices are sending their own address (it may be the reserved address 7'h7E + RnW = 0 from the
controller), the first device, which is not actively pulling SDA low and instead is issuing passively a '1' bit (high-Z)
starting from the most significant bit until the low significant bit of the address, is the device, which loses the
arbitration phase and then should keep listening to the I3C bus.
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Alternatively, a target may initiate a start request while the I3C bus is idle by pulling the SDA low while SCL is
high. Then the controller must activate the SCL clock after tCAS for enabling the target to issue its IBI request and
provide its own target address.

8.10.2 IBI process and arbitration

During the IBI process, the active controller shall provide a START and after the target sends its address with a
read. After the arbitration, if the controller provides an ACK, and the target sends the mandatory data payload if
any, or may send the optional payload data byte as presented in the figure below:

Figure 13. Successful IBl sequence with mandatory data byte

S 13C device addess + R = 1)\ACK Mandatory data byte | | T* | | Optional payload data byte 1...3| | T* Sr

Arbitration successful

DT71387V1

Note: The arbitration is successful if more than targets on the bus simultaneously request an interrupt.
Where:
. ACK: controller ACK.
. T*: transition bit (end of data for read data) from controller and/or from target.

While requesting for IBI, the target may lose the arbitration or may be not acknowledged by the controller, and
then it may continue to attempt the 1Bl request until the procedure is successfully completed, or it can choose
optionally do not try again.

8.10.3 Mandatory data byte

The mandatory data byte is the data that follows the target address during the IBI procedure after the controlled
ACKs the request. It gives more information about the interrupt and this byte is divided in two parts (refer to MIPI
V1.1.1 tab13):

. Specific interrupt identifier: MDB [4:0].

. Interrupt group identifier: MDB [7:5].

This byte depends on the value of the bit BCR 2 (IBI payload):
. 0: no data byte followed the IBI.

. 1: at least one mandatory data byte follows the accepted IBI (and at most four data bytes).
8.11 Legacy I2C on the I3C bus

The 13C protocol supports existing 12C target devices and messages on the 13C bus with some limitations:

. If a spike filter is implemented on the 12C devices connected to the bus, it means that the I3C can operate
at the maximum frequency.

. If the spike filter is not implemented in any I12C target device, the I3C bus allows the slowest frequency of
the legacy 12C and can eliminate certain 13C bus features.

. The extended address with 10 bits is not used on the I3C bus.

. The legacy I12C target does not perform the clock stretching.
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8.11.1 Frame format

The figure below presents both a legacy I12C and typical read register-based device transfer (write register

address followed by data reads), and a legacy 12C typical write register-based device transfer (write register
address followed by data writes).

Figure 14. Legacy I2C transfer on I3C bus

¢ Read data
S Legacy I2C target address + W =0 ACK Register address ACK Sr
»1Legacy I°C device address + R=1| | ACK | | Read data 1 ACK | ... |Read dataN NACK P
o Write data
S Legacy I2C target address + W =0 ACK Register address ACK
s
&
— Data 1 ACK Data N NACK P N
[a]
Where:

. S = START

. Sr = repeated START

. P =STOP

. ACK = acknowledge

. NACK = not acknowledged
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9 Examples of I3C communications with an STM32H503RB Nucleo
board

This section demonstrates how to use STM32CubeMX to create an I3C serial communication application using
NUCLEO-H503R8 and X-NUCLEO-IKS01A3 boards, and provides an easy guide for example implementation.

9.1 STM32Cube firmware examples

The STM32CubeH5 and STM32xx firmware packages offer a large set of examples implemented and tested on
the corresponding boards.

Table 9. Firmware available examples

13C_controller_ENTDA_IT
1I3C_Target_ ENTDAA_IT
1I3C_Controller_Private_Command_IT
13C_Target_Private_Command_IT
13C_Controller_InBandInterrupt_IT
13C_Target_InBandInterrupt_IT
STM32CubeH5 13C_Target_WakeUpFromStop NUCLEO-H503RB
1I3C_Controller_12C_Com
1I3C_Target_I12C_Com
13C_Controller_Switch_To_Target
I3C_Target_Switch_To_Controller
13C_Controller_HotJoin_IT
13C_Target_HotJoin_IT

9.2 I3C examples based on STM32CubeMx
This section illustrates six typical examples using the 13C device as controller and target:
. ENTDAA.
. Direct read.
. Private read.
. In-band interrupt.
. Mixed communication.
9.3 Hardware and software settings

The table below lists the development environment details.

Table 10. Software and hardware environment

Dynamic addressing | STM32H503 board (controller 13C)

Direct transfer Accelerometer and gyroscope LSM6DSO (target I3C) STM32CubeMX
Private transfer : Keep the JP2 STM32Cube_FW_H5_V1.0.0 or higher
- STM32H503 board (controller 13C) IAR Systems

STM32H503 board (target I3C)
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T S R

STM32H503 board (controller 13C)

STM32CubeMX
STM32H503 board (t t 13C
Mixed Bus oard (targe ) STM32Cube_FW_H5_V1.0.0 or higher

Accelerometer LIS2DW12 (legacy 12C)

IAR Systems
. Keep the JP1

The X-NUCLEO-IKS01A3 board is compatible with STM32 Nucleo boards and interfaces with the STM32
microcontroller via the 12C/I3C pins.

Figure 15. X-NUCLEO-IKS01A3 plugged on an STM32 Nucleo board
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9.4 Common configuration

9.4.1 STM32CubeMX - I3C GPIO configuration
Open STM32CubeMX, select “Access to MCU selector", and execute the following steps:
. Creating a new STM32CubeMX project and selecting the corresponding MCU.
. Click on “Connectivity > 13C1”.

Figure 16. 13C1 selection

Pinout & Configuration Clock Configuration Project Manager

v Software Packs ~ Pinout
Q @ 13C1 Mode and Configuration
[Catsgaies - |

4 £F Pinout view = System view

4

Mode |D\sable V|

System Core >

Analog 2
Timers >

Connectivity A

FDCAN1
12C1

12C2

132
LPUART1
SPI
SPI2
SPI3
USART1

USART2

USART3
usB : STM32H503RBTx
LQFP64

Multimedia >

Security >

amnitina b3

. Selecting the right pins:
- PB6: 13Cx_SCL
- PB7: 13Cx_SDA
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Figure 17.13C1 pins

13C1 Mode and Configuration : i0E Pinout view = System view
Mode |Disable v |
=
lwl rﬂl
]

Configuration

STM32H503RBETX
LQFP64

. GPIOs settings:
For PB6 and PB7 no pull needed. See the figure below.

Figure 18. 13C1 GPIOs configuration

Reset Configuration

@ GPIO Settings

Search Signals

HF)

Signal on Pin  |GPIO o._] GPIO mode GPIO Pull-up/Pull-down Maximum output speed

PB6 13C1_SCL n/a Alternate Function Push Pull Mo pull-up and no pull-down WVery High Disable
PBY 13C1_SDA n/a Alternate Function Push Pull Mo pull-up and no pull-down Wery High Disable
Note: . As a workaround, the user can enable the pull-up at the controller startup phase, then no pull after a
delay.

. No pull-up needed for the target.
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Select controller or target mode

Figure 19. I3C mode selection

Pinout & Configuration Clock Configuration

v Software Packs v Pinout

[3C1 Mode and Configuration :

Categaries
Mode |Disable ~

Disable

Analog 3 Controller
Target

System Core by

Timers >

Connectivity hdt

FDCAN
21
I2c2
13C2
LPUART1
SPH
SPI2
SPI3
USART1
USART2
USART3
usB

9.4.2 STM32CubeMX - I3C interrupts

Select the NVIC settings tab configuration window and check the 13C1 event interrupt, as shown in the following
figure:

Figure 20. Enable interrupt

13C1 Mode and Configuration

Mode i": ontroller e

Configuration

Resat Configuration

& NVIC Settings
] ;
NVIC Interupt Table Preamption Prionty
13C1 event interrupt
13C1 ermor intermupt 'Z
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9.5.1

9.5.2

Note:

9.5.3

ANS5879 - Rev 4

STM32CubeMX - I3C controller mode

This part describes how to set parameters for I3C in controller mode. The user can configure frequency, duty
cycle, and bus usage.

Bus characteristics

For 13C bus max frequency communication, it depends on the hardware constraints. In the examples, there are
two uses cases:

. The examples using the sensor shield can reach only 3 MHz.
. The examples using Nucleo boards can reach maximum I3C frequency: 12.5 MHz.

Communication at 3 MHz push pull

. Bus usage: I13C pure bus

. The communication runs at 3 MHz

. Timing register 0: 0x00552828

These values are calculated automatically by STM32CubeMX:

. Bits 31:24 = 0x00: SCL high duration for legacy I2C messages: no I2C on bus

. Bits 23:16 = 0x55: SCL low duration in open drain phases
tscLL_op = (SCLL_OD + 1)xtizccLk = (85 + 1)*(1/250) = 344 ns

. Bits 15:8 = 0x28: SCL high duration for I3C messages.
tscLH_13c = (SCLH_I3C + 1)xtizccLk = (40 + 1)*(1/250) = 164 ns

. Bits 7:0 = 0x28: SCL low duration in I3C push-pull phases.
tSCLL_PP = (SCLL_PP + 1)xtj3ccLk = (40 + 1)*(1/250) = 164 ns

Figure 21. Bus characteristics for 3 MHz frequency

Reset Configuration

@ Parameter Settings

[Configure the below parameters :
> Hardware Specific Timing Constraints
~ Bus Charactenstics

Bus usage I3C pure bus
Frequency 13C Controller 3000 Khz

I3C Duty Cycle 50 %

> Bus Timing Actmty
» Basic Configuration
> Advanced Configuration

The definition of the duty cycle depends on user hardware constraints; it impacts open-drain phases and
ensures good SDA signal quality. The higher the frequency, the more reduced the duty cycle.

Communication at 12.5 MHz push puli

These values are calculated automatically by CubeMX:
. Bus usage: 13C pure bus

. The communication runs at 12.5 MHz
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. Timing register 0: 0x00550909

—  Bits 31:24 = 0x00: SCL high duration for legacy I2C messages: no I2C on bus.

- Bits 23:16 = 0x55: SCL low duration in open drain phases.
tscLL_op = (SCLL_OD + 1)xtiaccLk = (85 + 1)*(1/250) = 344 ns

- Bits 15:8 = 0x09: SCL high duration for I3C messages (both in push-pull and open-drain phases).
tscLH_iac = (SCLH_I3C + 1)xtizccik = (09 + 1)*(1/250) = 40 ns

—  Bits 7:0 = 0x08: SCL low duration in I3C push-pull phases.
tscLL_pp = (SCLL_PP + T)xtizccLk = (09 + 1)*(1/250) = 40 ns

Figure 22. Bus characteristics for 12.5 MHz frequency

Configuration

Reset Configuration

onfigure the below parameters
Q

» Hardware Specific Timing Constraints
~ Bus Charactenstics

Bus usage I3C pure bus
Frequency 13C Controfler 12500 Khz

13C Duty Cycle 50 %

» Bus Timing Activity
» Basic Configuration
» Advanced Configuration

9.54 Bus timing
The figure below shows the bus timing configuration in the next examples.
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Figure 23. Bus timing activity

|3C1 Mode and Configuration

@ DMA Settings & GFID Settings

@ User Constants
[Configure the below parameters- ]
Q|Search (CtritF) | @ @
» Hardware Specific Timing Constraints
» Bus Characteristics

~ Bus Timing Activity
SDA Hold Time SDA Hold 1.5 multiple of Kernel Clock Period
Wait Time Own Controller Activity state 0
*  Bus Free Duration (ns) 402
*  Bus ldle Duration {ns) 200000
: Timing Register 1 10200 ee

» Basic Configuration
» Advanced Configuration

Timing register 1: 0x103200f8

. Bit 28 SDA_HD (timing register 1) = “1”: SDA hold time = 1.5 * tj3ccLk
. Bits 27:23: reset value “0”
. Bits 22:16 = FREE [6:0] = 0x02F
. tcas = [(FREE [6:0] +1) * 2 - (0.5 + SDA_HD)] * ti3ccLk
. Bus free duration =
tcas = [([6:0] +1) * 2 - (0.5 + SDA_HD)] * tisccLk
tcas = [(47 + 1) *2-1.5]* (1 /250 MHz)

tcas =378 ns
. Bits 15:0: reset value = 0x0000
. Bits 9:8: 0x00, no new controller

. Bits 7: 0 = OxEE: t_AVAL = (AVAL [7 :0] + 2) x tj3ccLk and t_IDLE = t_AVAL * 200:

— Bus available duration = 1us

— Bus idle duration = 200us

— The value of the bus free duration set on this example is a link to the Nucleo hardware environment.
. Wait time: own controller activity state 0

- 00: activity state O is the initial activity state of this I3C before and when becoming controller.

9.5.5 FIFO
This figure shows the configuration of the FIFO for data that transmitted and received byte by byte.
. Transmit FIFO threshold: threshold 1 byte.
. Receive FIFO threshold: threshold 1 byte.
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Figure 24. FIFO configuration

13C1 Mode and Configuration

Mode|Contr0IIer V|

Configuration

Reset Configuration

» Hardware Specific Timing Constraints
» Bus Characteristics

» Bus Timing Activity

» Basic Configuration

~ Advanced Configuration

Own Dynamic Address 0

SDA High Keeper Disable

Fifo Configuration
- Transmit Fifo Threshold Threshold 1 byte
- Receive Fifo Threshold Threshold 1 byte
- Control Fifo Disable
- Status Fifo Disable

Note: In the case of applications that need the best performance, the user can choose 4 bytes as the threshold to

lower the CPU and/or the DMA load, and lower the system bus load.
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9.5.6 System clock configuration
To configure the system clock, select the system clock at 250 MHz and follow the below instructions:
. Select HSI from PLL1 source mux.
. Select PLLCLK from system clock mux.
. Set HCLK at 250 MHz.
. Select PCLK from the I3C1 clock mux.
PLLM =4, PLLN = 31, PLLP = 2, PLLQ = 2, PLLR = 2, APB1 prescaler =1.

Figure 25. Clock tree

RTC Clook Mux

To Power (MHz)

L [0 ]

e ConexPrsca
6 7| LSE 0 o ok ,—‘T‘ T

gj — . )
IR [T —

- : > ? —0 [ 250 Jroconee syt e g
W2KE &l
—*0,

Ly EnablsCSS _—
[ oo I
System Clock Mux APB2 Prescaler

- *’IE 250 |APB2 perip g
sl O SYSCLK (MHz) AHB Prescaler HCLK (MHz) ‘[ X1 ‘ ”M I
we | e 20 _“ Jrer— =
O PCLK3
ax] v} 250 |APB3 peripherat clocks (MHz)
@ o1 20Nz e

250 |FELK Cortex clock (Mtz)

P81 perip (hiz)

250 |APB1 Timer clocks {MHz)

HalRC

PLL )
Enable €38 0

HCLK to AHE bus, core,
| memory and DMA Mz}

N R PR
USARTY Clock Mux

O To USART! (MHz)

Hsl [Ta 12C1 (MHz) LPUART! Clock Mux
oac ciock . —|0)
12 DAC sample and
hold closk(MHz)

i
Ly ——m o LPUART! (e

Figure 26. 13C1 clock multiplexer

13C1 Clock Mux

PCLK1

®

FLLZR
— 0 250 To 13C1 (MHz)

HSI
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9.5.7 Project generation
This part demonstrates the steps to follow to generate the user code initialization:
. Select project manager.
. Name the project.
. Select the tool-chain.
. Select the firmware package.
. Generate the project.

Figure 27. Project manager

figus Clock Configuration Project Manager Tools
Piojs

Project Name | ‘

Project Locaiion & [~ Bomse |

Apgiication Structure Basic ~] £100 not geneate the main)

Toolchain Folder Location [

rmmmm 1DE EwARN ~ MinVersion  V8.20 ~

Linker Settings
iinirmurn Heap Size B2t0

Minimum Stack Size [ox400

Theead-safe Settings
Cortex-MIINS

[ Enable muki threaded suppod

Thiead-safe Lacking Strategy

Meu and Fmware Package
Mcu Reference. [STMI2HE03RETx

) Use Default Fimmware Location

Firmuare Relatne Path [ Browse |

9.6 Dynamic addressing

This sample application shows how to use the I3C protocol to assign a dynamic address to a target on the 13C
bus using interrupt mode.
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9.6.1 Software settings
This section enumerates the main software routines added by the user to run dynamic addressing for the

controller side.
Once the project files are created, the user should add functions outlined below.

Table 11. Software settings for dynamic addressing

#define TARGET1_DYN_ADDR ax32

jttttttttttttttt*t*t*/
/* Target Descriptor */
jttttttttttttttt*t*t*/
TargetDesc_TypeDef TargetDescl =
i
"TARGET_ID1",
TARGET_IDI1,
ax9eooo0000000000,
ax8a,
TARGET1_DYN_ADDR,
B

#endif /= _ 5TM32_I3C_DESC_TARGETI_H */

Target descriptor + dynamic address to assign

/* USER CODE BEGIN PV */

/* Array contain targets descriptor */

TargetDesc_TypeDef *aTargetDesc[1] = \
The array contains the target descriptor

&TargetDescl, /* TARGET_ID1 */
1

/* USER CODE END PV */

/* Assign dynamic address processus ¥/
if (HAL I3C Ctrl DynAddrassign IT(%hi3cl, I3C_ONLY ENTDAA) != HAL OK)

Assigning a dynamic address in the interrupt mode

/* Error_Handler() function is called when error eccurs. ¥/
Error_Handler();

}

/* USER CODE BEGIN 4 */
veid HAL_I3C_TgtRegDynamicAddrCallback(I3C_HandleTypeDef *hi3c, uinté4_t targetPayload)

{
TargetDescl.TARGET_BCR_DCR_PID = targetPayload;
HAL_I3C_Ctrl_SetDynAddr(hi3c, TargetDescl.DYNAMIC_ADDR); ..
. GET target characteristics
}
. Controller set the DA

veid HAL_I3C_CtrlDAACpltCallback(I3C_HandleTypeDef *hi3c)

HAL_GPIO_iritePin(GPIOA, GPIO_PIN 5, GPIO_PIN_SET);

/* USER CODE END 4 */
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9.6.2 Waveform results

The user can also check this example by verifying the waveforms of SDA and SCL with the oscilloscope as
shown below:

Figure 28. Dynamic addressing using ENTDAA CCC

i Wi

| LI

ENTDAA with dynamic address 0x32

DT73660V1

4

S+ (7Th'7TE+w=0+ACK=0) OD +
ENTDAA (0x07 + T =0) PP +

Sr+ (7h’7E + R=1 + ACK = 0) PP + target characteristics (48 provisioned ID + BCR + DCR) OD + dynamic
address (0x32 + PAR=0+ ACK=0) OD +

(TW7E+R=1+ACK=1)+ STOP PP

Table 12. Communication frequency

I T R

Frequency 1.904 MHz 3.040 MHz

1. Address header: START + (7’h7E + W = 0 + ACK = 0) (OD phase)
2. 13C broadcast CCC (ENTDAA = 0x07): ENTDAA (0x07 + T = 0)

Figure 29. ENTDAA CCC

DT73661V1

Note: 0x07 is the ENTDAA value from the list of supported I3C CCCs.
T: Transition bit (parity bit for CCC) from the controller (drives SDA in push-pull).
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3. Target characteristics: PID, BCR, and DCR (OD phase)

Figure 30. Target characteristics

+
DT73662V1

- BCR = 0x07 = 0x0000 0111
° Bits [7:6] = 00: I13C target.

° Bit 5 = 0: no support of optional advanced capabilities.
° Bit 4 = 0: not a virtual target.
° Bit 3 = 0: the device always responds to the I3C bus commands.
° Bit 2 = 1: IBI payload enable.
° Bit 1 = 1: IBI request capable (depend on the hardware).
° Bit 0 =1: limitation max data speed.
- DCR: 0x44 (default) MIPI I3C device characteristic register = combo (accelerometer and
gyroscope)

- 48-bit provisioned ID:

Table 13. 48-bit provisioned ID

Bits [47:33] = 000000100000100 MIPI manufacturer ID
Bits: 32=0 Provisioned ID type selector: 0b0 = vendor fixed value
Bits [31:16] = 0000000001101100 Part ID
Bits [15:12] = 0001 Instance ID
Bits [11:0] = 0001000000001011 Reserved, must be kept at reset value

4. Dynamic address: Dynamic address (0x32 + PAR = 0 + ACK = 0): (OD phase)
5. 13C broadcast address + R=1 + STOP: (OxTE+ R =1+ ACK=1) + STOP (OD phase)

Figure 31. Dynamic addressing

DT73663V1

9.7 Direct read

This section contains the steps of usage of a typical direct read based on STM32CubeMX. This example shows
how to get a data from an I3C device using common command codes in SDR mode.

The intent of this use case is to illustrate some command common codes that supports LSM6DSO like GETBCR,
GETDCR, GETMRL with/without defining byte.
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In this example, the ranging data are displayed on the oscilloscope. Figure 32 shows the controller issuing a
direct read to one target on the bus. All commands have the same flow for the direct CCC.

Figure 32. 1I3C GET CCC message

, _ _ Direct CCCode ) .
SorSr 7'h7E + W=0 + ACK =0 (0X80 to OXFE not 0x9A) T Optional write data T Sr
2
»| 13C device address + R=1+ ACK =0 Read data 1 T =1 Read data N T =0 SrorP g
[a]
Where:
. T: Transition bit (parity bit for write data) from controller
. T*: Transition bit (end of data for read data) from controller and/or from target
9.71 Direct read without defining byte
9.7.1.1 Software settings

After the dynamic addressing process, add this code to use direct read:

Table 14. Software settings without defining byte

#define Direct_GETDCR Ox8F

/* Descriptor for direct CCC */ . . .
13C_CCCTypeDef accClist[] = I3C CCCTypeDef structure definition
{ . GETDCR CCCode: 0x8F

{TARGET1_DYN_ADDR,Direct GETDCR,{NULL,1},LL I3C DIRECTION_ READ },

DT72305V1

b5

/* Prepare context buffers process */

buffer[I3C_IDX FRAME_ 1].CtrlBuf.pBuffer = aControlBuffer; : fr?pare context buffers process
buffer[I3C_IDX_FRAME 1].CtrlBuf.Size = 1; uint32_t ControlBuffer[OxFF] : Buffer
buffer[I3C_IDX_FRAME_1].RxBuf.pBuffer = RxBuffer; 5 used by HAL to compute control data for
buffer[I3C_IDX_FRAME_1].RxBuf.Size = 1; § the direct communication

/* Add context buffer transfer CCC frame in Frame context */
if (HAL_I3C_AddDescToFrame(&hi3cl,

aCCCList,

NULL,

&buffer[I3C_IDX FRAME 1], . Add CCC descriptor to the user data

1, .

T3C_DIRECT_WITHOUT_DEFBYTE_RESTART) != HAL_OK) transfer deS'CFIptor. N .
{ . For some direct CCCs, a defining byte is
, Error_Handler(); optional; for others, it is always required.

. The controller transmits the direct read

/* Start the transfer process */ CCC command in interrupt mode.

if (HAL_I3C_Ctrl_ReceiveCCC_IT(&hi3cl, &buffer[I3C_IDX_FRAME_1]) != HAL_OK)
{

Error_Handler();

¥

DT72382V1

IAR debug
. Select I3C1 register
. Select I3C_RDWR register

In this example, the GETDCR (0x8F) code is used as a command code.
. GetDCR Code (0x8F) = 0x44
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Figure 33. I3C_RDWR register

g ~| Grou 161 ~
Mame Ve Access
& T3C_CR 0xD000° D000 FiandWels
% T3C_CR_ALTERNATE 0x0000°0000 Fisndwina
& T3IC_CFGR DxER00" 9003 Fendwiite
= 13C_FDR Dx0000" 000D Fandne
= 13C_RDER Dx0000" 0044 Fendinrie
- mnaE3 ox80 Resddwine
EDB2 oxi0 Feadwie
I EDEL 00 Resdine
L EDED ixdd Feadhene

9.7.1.2 Waveform results

First setup (SDA/SCL): (GETDCR)

The following scope screenshots illustrate this first setup.

Figure 34. SDR direct CCC GETDCR

I

| * UL

DT73664V1

Figure 35. Broadcast address + direct CCC for GETDCR

{0 I O

R | ik

Broadcast address (7’h7E) + W = 0 + ACK = 0 + direct CCC for GETDCR (0x8F) (T = 0) + Sr
Where:
. T: SDR controller written data as parity (as an odd parity); 0x8F: T-bit value is 0.

DT73665V1

Figure 36. Device dynamic address + MIPI I3C device characteristic register

DT73666V1

Device dynamic address 0x32 + R =1 + ACK = 0 + MIPI I3C device characteristic register: 0x44 + T*=0 + P
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Where:
. T*: SDR target returned (read) data: as end of data; T* = 0 = end of data.

9.8 Private read

This example describes how the controller communicate and get data from the LSM6DSO registers (WHO_AM_I:
address 0x0F) using I3C protocol in SDR mode based on STM32CubeMX.

It keeps the same configuration as mentioned but with different software parameters.

9.8.1 Software settings

Table 15. Software settings with defining byte

uints_t aTxBuffer[1] ={axeF}; //ox6c

Uints_t aRxBuffer[1];

Targetdese_Typeder “aTargetbescli] = \ . aTxBuffer: buffer used for transmission (value = reg
).&Targelbeszl /% TARGET 101 %/ address = OXOF)
5 _prbvaterypenef aprivaccoeseriptorl2] - \ aRxBuffer: buffer used for reception. .
C TARGET_OVILADDR, {sTxuffer, 13, {NULL. 6, HAL_I3C_DIRECTION WRETER, aPrivateDescriptor: two directions (read and write).

{TARGETI_DYN_ADDR, {NULL, 0}, {aRxBuffer, 1}, HAL_I3C_DIRECTION_READ}

aContextBuffers[I3C_IDX_FRAME_1].CtrlBuff.pBuffer = aControlBuffer;
aContextBuffers[I3C_IDX_FRAME_1].CtrlBuff.size =1;
aContextBuffers[I3C_IDX FRAME_1].TxBuff.pBuffer = aTxBuffer;
aContextBuffers[I3C_IDX_FRAME_1].TxBuff.Size = TXBUFFERSIZE;

. Prepare context buffers process
aContextBuffers[I3C_IDX FRAME_2].CtrlBuff.pBuffer

aContextBuffers [IBC:IDX FRAME_2].CtrlBuff.Size 1;
aContextBuffers[I3C_IDX_FRAME_2].RxBuff.pBuffer aRxBuffer;
aContextBuffers[I3C_IDX FRAME_2].RxBuff.Size = RXBUFFERSIZE;

aControlBuffer;

if (HAL_I3C_AddDescToFrame(&hi3cl,
NULL,
&aPrivateDescriptor[I3C_IDX_FRAME_ 1],
&aContextBuffers[I3C_IDX FRAME_1],
aContextBuffers[I3C_IDX_FRAME 1].CtrlBuff.Size,
T3C_PRTVATE_WITH_ARB_RESTART) != HAL_OK)
. Add context buffer transmit in Frame context
d1e i . .
j Srrer pandier(); . Transmit private data process
if (HAL_I3C_Ctrl_Transmit_IT(&hi3cl, &aContextBuffers[I3C_IDX_FRAME_1]) != HAL_OK)

Error_Handler();

while (HAL_T3C_GetState(&hi3cl) != HAL_T3C_STATE READY)
}
if (HAL_I3C_AddDescToFrame(&hi3cl,
NULL,
&aPrivateDescriptor[I3C_IDX_FRAME_ 2],
&aContextBuffers[I3C_IDX FRAME_2], . :
aContextBuffers[I3C_IDX_FRAME 2].CtrlBuff.Size, CheCk the current state Of the perlpheral
. T3C_PRIVATE WITH ARB_STOR) != HAL_OK) . Add context buffer receive in Frame context

. Receive private data process

Error_Handler();

if (HAL_I3C_Ctrl_Receive_IT(&hi3cl, &aContextBuffers[I3C_IDX_FRAME_2]) != HAL_OK)

Error_Handler();

}

9.8.2 Waveform results

The main controller sends the register address using private write and after the target sends the data in push-pull
mode. The following scope screenshots illustrate the first setup.

After a start the controller sends the target address with a write followed by the register address + T = 1.

Where:

. T: SDR controller written data as parity: as an odd parity; OxOF: T-bit value is 1.

After a repeated start, target address + R = 1, followed by the data (0X6C) + T* =1 + STOP.

Where:

. T*: SDR target returned (read) data: as end of data; T* = 0 = end of data.
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M

Figure 37. 13C Private Read

UL 1]

[ ADDR[@3Z+ACK | | DOGOFREVEN | [ ADDR[@3Z+ACK | | DlOsCRnEOD
. 3
- U
9.9 In-band interrupt use case
This section presents how to generate an interrupt between two devices without using an external pin in the 1I3C
protocol.
9.9.1 In-band interrupt STM32CubeMX configuration

Controller settings

For the IBI configuration, keep the same previous configuration for the controller.

Target settings

Here is the configuration tab for the I3C protocol module in STM32CubeMX:
. Open STM32CubeMX and select "Access to MCU selector".

. Click on "Connectivity" and select "I3C1".

. Select "target" mode.

Figure 38. Target mode for IBI

13C1 Mode and Configuration

Mode |Target ~ |

Bus timing activity

Figure 39. Bus timing activity

13C1 Mode and Configuration

Mode |Target ~ |

Reset Configuration

Qls ) (Ctri+F) ® @

~ Bus Timing Activity
Bus Available Duration (ns) 1000
Timing Register 1 0x000000ee

AN5879 - Rev 4 page 37/52



AN5879

Examples of I3C communications with an STM32H503RB Nucleo board

. Bus Register 1: 0x000000EE

- Timing_Register_1 = 0x000000EE (when 13C acting as target):

° Bits 7:0: AVAL [7:0] = OXEE

° Bus available condition time t_AVAL =1 ps = 1000 s

Basic configuration

Figure 40. Basic configuration

Configuration

Reset Configuration

@ DMA Settings

Q|s (Ctri+F) ® ®
> Bus Timing Activity
~ Basic Configuration
Target Characterics 1D
MIPI Identifier
In-Band-Interrupt Request Configuration
- In-Band-Interrupt authorized
- In-Band-Interrupt associated additional data
- In-Band-Interrupt payload size
Caontroller Role Request Configuration
- Controller Role Request Autorized
- Controller Role Capabilities
Hot Join Request Autorized
> Advanced Configuration

Where:
. Target characteristics ID: 0xC6

0xC6
0x1

Enable
Enable
Payload 1 byte

Disable
Disable
Disable

- This value means that the device is a microcontroller. For more information, refer to the MIPI 13C

device characteristics register.
. MIPI identifier = 0x1: identify every individual device
Bits [15:12] = MIPIID [3:0]: 4-bit MIPI instance ID
. In-band interrupt request configuration:
- Enable the IBI authorized request.
- Enable the data payload after an accepted IBI.
Payload data size: 1 byte (max 4 bytes).
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9.9.2

9.9.2.1

ANS5879 - Rev 4

Advanced configuration

Figure 41. Advanced configuration

Mode |Target

Configuration

Reset Configuration

als n ) D)

> Bus Timing Activity
> Basic Configuration
~ Advanced Configuration
Max Data Size/Speed Configuration
- Max Read Data Size
- Max Write Data Size
- Data Speed Limitation
- Max Speed Format
Hand Off Configuration
- Hand Off Delay
- Hand Off Activity State
Pending Read Mandatory Data Byte
Group Address Capabilities
Turn Around Configuration
- Max Read TurnAround
- Data TurnAround Duration
Fifo Configuration
- Transmit Fifo Threshold
- Receive Fifo Threshold

Where:

Max read data size: OxFF

Max write data size: OxFF

- This value must be between 0x0 and OxFFFF
Max speed format: CCC format 1

FIFO configuration:

0xFF

0xFF

Disable

CCC Format 1

Disable
Activity state 0
Disable
Disable

0
Clock to data turnaround <= 12ns

Threshold 1 byte
Threshold 1 byte

- Transmit/Receive FIFO threshold: threshold 1 byte

Clock configuration

Keep the same configuration clock as the controller.

Software settings

Controller

In a first step, the controller initiates the sending of the ENTDAA CCC command. Then when ENTDAA is
terminated, the controller stores the target capabilities through HAL. I3C Ctrl ConfigBusDevices ().

Then, at reception of an in-band interrupt request from the target, the 13C controller retrieves the target dynamic
address with associated data, if any, through HAL. I3C GetCCCInfo ().
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Table 16. Controller software settings for in-band interrupt

while (HAL_GPIO_ReadPin(GPIOC,GPIO_PIN_13) != GPIO_PIN RESET)
{

}

while (HAL_GPIO_ReadPin(GPIOC,GPIO_PIN_13) != GPIO_PIN_SET)

}

if (HAL_T3C_Ctrl _DynAddrAssign_IT(8hi3cl, I3C_ONLY_ENTDAA) != HAL_OK)

Error_Handler();

. Assign a dynamic address.
while (HAL_I3C_GetState(8hi3cl) != HAL_I3C_STATE_READY) . e . .
{ . Activate notifications for specially
/* FiLL Device descriptor for the target detected during ENTOAA procedure %/ for this example.
DeviceConf[ubTargetIndex].DeviceIndex =1
DeviceConf| . i = ADDR; H
Devicecantyabrartet nden] Tarbck L IoC ST ToT-CAPABLE{ AL TOC GET BCR (sTorgetbesc[ubTorgetIndex] - TARGET BCR DGR PID)); . In-band interrupt requested by a
DeviceConf[ubTargetIndex].I8IPayload = _HAL_I3C_GET_IBI_PAYLOAD(__HAL_I3C_GET_BCR(aTargetDesc[ubTargetIndex]->TARGET_BCR_DCR_PID));
DeviceConf[ubTargetIndex].CtrlRoleReqAck = _HAL_T3C_GET_CR_CAPABLE(__HAL_I3C_GET_BCR(aTargetDesc[ubTargetIndex]->TARGET_BCR_DCR_PID)); ta rget
DeviceConf[ubTargetIndex].CtrlStopTransfer = DISABLE; .
if (HAL_I3C_Ctrl_Confi i i &DeviceConf[: g¢ ], 1U) != HAL_OK)
Error_Handler();
1f( HAL_I3C_ActivateNotification(8hi3cl, NULL, HAL_T3C_IT_IBITE) != HAL_OK) E
Error_Handler(); §
&
while (1)
{
/% Start the listen mode process */
while(uwIBIRequested == @U)
{
}
/7 Getting the information from the Last IBI request %/
if (HAL_I3C_GetCCCInfo(&hi3cl, EVENT_ID_IBI, &CCCInfo) != HAL_OK)
{
/* Ei Handl i i Lied whe . % H
gl S Start the listen mode process.
/* Reset */
uwIBIRequested = @U;
/* USER CODE END WHILE */
/* USER CODE BEGIN 3 */ %
3
/* USER CODE END 3 */ E
g
/* USER CODE BEGIN 4 */
void HAL_TI3C_TgtRegDynamicAddrCallback(I3C_HandleTypeDef *hi3c, uinté4 t targetPayload)
TargetDescl.TARGET_BCR_DCR_PID = targetPayload;
HAL_I3C_Ctrl_SetDynAddr(hi3c, TargetDescl.DYNAMIC_ADDR);
void HAL_I3C_CtrlDAACpltCallback(I3C_HandleTypeDef *hi3c)
/* No specific action */ .
. I3C target requests a dynamic
void HAL_I3C_NotifyCallback(I3C_HandleTypeDef *hi3c, uint3z_t eventId) address callback.
{ o
if ((eventId & EVENT_ID_IBI) == EVENT_ID_IBI) . I13C notifies callback after
{ . e
uwIBIRequested = 1; receiving a notification.
else
Errer_Handler();
}
/* USER CODE END 4 */
g
g
3
IS
S
&

9.9.2.2 Target
On the target side, upon receipt of the dynamic address assignment procedure from the controller, the target
starts sending its payload.
Then, the target starts the communication by sending the in-band interrupt request through
HAL I3C Tgt IBIReq IT() to the controller.
In fact, after this starting in-band-interrupt procedure, the 13C controller catches the event and requests a private
communication with the target, which has sent and got acknowledgement of the in-band interrupt event.
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Table 17. Target software settings for in-band interrupt

/* Contain the IBI Payload */
uint8_t ubPayloadBuffer[] = {@xAB};

/* Variable to catch ENTDAA completion */ Variable declaration:

__TI0 uint8_t ubDynamicAddressCplt = @; PayloadBuffer[] = {OxAB} = 0b10101011
(in this case the user can set a free

/* variable to catch IBI end of process %/ payload value)

__I0 uint8_t ubIBIcplt = &;

/* USER CODE END PV */

DT73667V2

/* USER CODE BEGIN 2 ¥/

/* Activate notifications */
if (HAL_I3C_ActivateNotification(&hi3c1, NULL, (HAL_I3C_IT_DAUPDIE | EVENT_ID_IBIEND)) != HAL_OK) . . . . .
Activate notifications specially for this

Error_Handler();

example:
/% Wait for the end of the transfer %/ . Dynamic address association
while (ubDynamicAddressCplt != 1) . In-band interrupt ended process
{

}

DT71946V2

while (1)

while (HAL_GPIO_ReadPin(GPIOC,GPIO_PIN_13) != GPIO_PIN_RESET)
§

while (HAL_GPIO_ReadPin(GPIOC,GPIO_PIN_13) != GPIO_PIN_SET)
;

/* Send IBI request */
i (HAL_T3C_Tgt_IBIReq_IT(8hi3cl, ubPayloadBuffer, COUNTOF(ubPayloadBuffer)) != HAL_OK)

Error_Handler();

Send IBI request

/* Wait for IBI process ending %/
while(ubIBIcplt == @U)

}

/* Reset %/
ubIBIcplt = @u;

/* USER CODE END WHILE */
/* USER CODE BEGIN 3 */

¥
/™ USER CODE END 3 ™/

DT71947V2

/* USER CODE BEGIN 4 */
void HAL_I3C_NotifyCallback(I3C_HandleTypeDef *hi3c, uint32_t eventId)
if ((eventId & EVENT_ID DAU) == EVENT_ID_DAU)

/* Set Global variable to indicate the the event is well finished */
ubDynamicAddressCplt = 1;
} I3C notify callback after receiving a
if ((eventId & EVENT_ID_IBIEND) == EVENT_ID_IBIEND) notification

/* Set Global variable to indicate the the event is well finished */
ubIBIcplt = 1;

I
}

/* USER CODE END 4 */

DT71948V2

9.9.2.3 Software verification
. Debug and open the I13C1
. Select I3C_IBIDR register
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. Bits 7:0 IBIDBO[7:0] =Oxab: payload data (earliest byte on I3C bus, mandatory data byte)
. Select I3C_DEVR1:
- I3C_DEVR1.DIS=1, DA [6:0] write disabled
- I3C_DEVR1.IBIDEN=1, IBI data enable
- I3C_DEVR1.IBIACK=1, The controller acknowledges on the I3C bus the IBI request from the target
Also, the user can verify the payload value by looking at the content of CCClnfo:
. DA: 0x32
. Number of payload data: 1
. Payload byte: Oxab

Figure 42. CCClnfo verification

Expression Value

= CCClnfo <struct>

- DynamicAddrvalid

- DynamicAddr
MaxtriteLength
MaxFReadLength
ResetAction

- ActivityState
HotJoinAllowed
InBandAllowed
CtriIRoleAllowed
IBICRT gtAddr
IBITgtNbPayload
IBITgtPayload Ozab

o

oo o o oo oo

= o
"
[
ro

9.9.3 Waveform results
This waveform shows an example of IBI with a OxAB mandatory byte.

Figure 43. IBl waveform

DT71952V1

After the bus available condition, the controller emits a START and the target provides its dynamic address with a
read-in-open-drain mode, the controller ACK-ed.

The mandatory data byte in push-pull mode + T = 0.
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9.10 Mixed communication
This use case contains two parts:

. Active 13C controller and I2C target on the bus: read the content of a register (WHO_AM_|: OxOF) from
the 12C device (accelerometer LIS2DW12) on the 13C bus using interrupt mode.

. Active I3C controller, I3C device, and I2C target on the bus: assign a dynamic address to an 13C device
and read from the 12C target.

9.10.1 Common communication

This configuration is used for the use case of a mixed bus (I3C and I2C on the bus).
Here is the configuration based on STM32CubeMX:

. Open STM32CubeMX and select “Access to MCU selector".

. Click on “Connectivity” and select “I3C1”.

. Select “Controller” mode.

Bus characteristics

In this use case, the bus contains 13C and I2C devices.

Figure 44. Bus characteristics

Configuration

Reset Configuration

\WIC Settings @ DMA Settings @ GPIO Settings
& Parameter Settings @ User Constants
Configure the below parameters :
Qlsearch (ctrith) | @ | ©

> Hardware Specific Timing Constraints
~ Bus Characteristics

Bus usage Mixed |3C and 12C
*  Frequency |3C Controller 1000 Khz
*  Freguency |2C Controller 1000 Khz
®  13C Duty Cycle 4 %
*  |2C Duty Cycle 50 %
*  Timing Register 0 0x77770ae3
. Bus usage: I3C and I2C devices connected on the bus: mixed I3C and I2C.
. Frequency: the communication runs at 1 MHz for the I3C device and for the I12C device (Fm+).

. Timing register 0: 0x77770AE3:

- Bits 31:24 = 0x77: SCL high duration for legacy 12C messages: used for communication with device
12C. (12C device (Fm+): tDIG_Hmin = 260 ns.)

- Bits 23:16 = 0x77: SCL low duration in open drain phases.

- Bits 15:8 = 0x0A: SCL high duration for I3C messages.

- Bits 7:0 = OxE3: SCL low duration in I3C push-pull phases.

Bus timing activity/basic configuration/advanced configuration

Keep the same configuration for these parameters.
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9.10.2

9.10.2.1

9.10.2.2

ANS5879 - Rev 4

Enabling interrupt

Enable the interrupt: 13C1 event interrupt

Clock configuration

Keep the same configuration for the clock configuration.

Active 13C controller and legacy I2C device on the I3C bus

Software settings

In this part, the active controller communicates and get data from register (OxOF) from the 12C target

accelerometer LIS2DW12.

Table 18. Software settings 13C/12C

13C_xferTypeDef aContextBuffers[2];
uint32_t aControlBuffer[xF];
uints_t TxBuffer[1] ={ox6F};

uints_t RxBuffer[1];

13C_PrivateTypeDef aPrivateDescriptor[2] = \
{ex19, {TxBuffer, 1}, {NULL, B}, HAL_T3C_DIRECTION_WRITE},

{ex12, {MULL, @}, {RwBuffer, 1}, HAL_T3C_DIRECTION_READ}
¥

aContextBuffers[I3C_IDX_FRAME_1].CtrlBuff.pBuffer = aControlBuffer;

aContextBuffers[I3C_IDX FRAME_1].CtrlBuff.Size =1;
aContextBuffers[I3C_IDX_FRAME_1].TxBuff.pBuffer = TxBuffer;
aContextBuffers[I3C_IDX FRAME_1].TxBuff.Size =1;
aContextBuffers[I3C_IDX_FRAME_2].CtrlBuff.pBuffer = aControlBuffer;
aContextBuffers[I3C_IDX_FRAME_2].CtrlBuff.Size =1;
aContextBuffers[I3C_IDX_FRAME_2].RxBuff.pBuffer = RuBuffer;
aContextBuffers[I3C_IDX FRAME_2].RxBuff.Size =1;

if (HAL_I3C_AddDescToFrame(&hi3cl,
NULL,
&aPrivateDescriptor[I3C_IDX FRAME 1],
RaContextBuffers[I3C_IDX_FRAME 1],
aContextBuffers[I3C_IDX_FRAME_1].CtrlBuff.Size,
T2C_PRIVATE_WITHOUT_ARB_RESTART)
1= HAL_0K)

Error_Handler();

if (HAL_I3C Ctrl_Transmit_IT(&hi3cl, &aContextBuffers[I3C_IDX FRAME_1]) != HAL_OK)
Error_Handler();
}
while (HAL_I3C_GetState(&hi3cl) != HAL_I3C_STATE_READY)
}
if (HAL_I3C_AddDescToFrame(&hi3cl,
NULL,
RaPrivateDescriptor[I3C_IDX_FRAME 2],
RaContextBuffers[T3C_IDX_FRAME_2],

aContextBuffers[I3C_IDX_FRAME_2].CtrlBuff.Size,
I2C_PRIVATE_WITHOUT_ARB_STOP ) != HAL_OK)

Error_Handler();

}

if (HAL_I3C_Ctrl Receiwe IT(Rhi3cl, &aContextBuffers[I3C_IDX_FRAME_2]) != HAL OK)

Error_Handler();

Waveforms results

. aTxBuffer: buffer used for transmission (register
WHO_AM_I: 0xOF)

. aRxBuffer: buffer used for reception.

. aPrivateDescriptor: 2 directions Read and Write.
(0x19 static address)

. Prepare context buffers process

. Prepare context buffers process

. Add context buffer transmit in frame context

Frame context with:
. 12C_PRIVATE_WITHOUT_ARB_RESTART as

direction
. Transmit data process
. Check the current state of the peripheral
. Add context buffer receive in Frame context with
12C_PRIVATE_WITHOUT_ARB_STOP as direction.
. Receive data process

The following scope screenshots illustrate the read of the data from the 12C target (LIS2DW12).
This communication is done at 1 MHz (Fast Mode Plus) based on the I3C source clock, which runs at 250 MHz.
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Figure 45. Legacy 12C read transfer on I3C bus

Address setup W to [0x19] + ACK DATA [0xOF] - ACK

Address setup R to [0x19] + ACK

. OxOF: register address "WHO_AM_I".
. ACK: 13C target is ready on the I3C bus from the target.

. 0x44: register value.

. NACK: end of data from the controller.
9.10.3 Active 13C controller with legacy I2C and 13C device on the I3C bus
9.10.3.1 Software settings

DATA [0x44] - NACK

DT71959V1

In this example, the active controller assigns the dynamic address to the I13C device connected on the 13C bus
and after that the controller communicates and get data from register (0xOF) from the legacy 12C (accelerometer

LIS2DW12).

Table 19. Software settings mixed bus: 13C - 13C and I2C

/* USER CODE BEGIN PV */
T3C_XferTypeDef aContextBuffers[2];
uint32_t aControlBuffer[@xF];
uintd t TxBuffer[1] ={@x@F};
uintd_t RxBuffer[1];

#define DA_Target @x32
TargetDesc TypeDef TargetDescl =

"TARGET_ID1",
TARGET_IDI1,

TxBuffer: buffer used for
transmission (value: reg
address = 0x0F) (WHO_AM_1I)
RxBuffer: buffer used for

BxB000000000000000 , .
xe8, reception.
DA_Target, .
iE . aTargetDesc: target descriptor.

TargetDesc_TypeDef *aTargetDesc[2] = \
&TargetDescl, /* TARGET_IDI */

I3C_PrivateTypeDef aPrivateDescriptor[2] =\

{

{ex19, {TxBuffer, 1}, {NULL, 8}, HAL_T3C_DIRECTION WRITE},

3
/* USER CODE END PV */

/* USER CODE BEGIN 2 */
while (HAL_GPIO_ReadPin(GPIOC,GPIC_PIN_13) != GPIO_PIN_RESET)

{@x19, {NULL, @}, {RxBuffer, 1}, HAL_I3C_DIRECTION_READ}

- (0x32 as DA)
aPrivateDescriptor: two directions,
read and write. (0x19 static
address)

{
}
while (HAL_GPIO_ReadPin(GPIOC,GPIO_PIN_13) != GPIO_PIN SET) . Assigning DA in interrupt mode
§ (initiate a RSTDAA follow by a
. . . ENTDAA)
if (HAL_T3C_Ctrl DynAddrAssign TT{&hi3cl, I3C_RSTDAA THEN_ENTDAA) != HAL_OK)
. check the current state of the
s Error_Handler(); peripheral.

while (HAL_I3C_GetState(&hi3cl) != HAL_I3C_STATE_READY)

[

ANS5879 - Rev 4

Prepare context buffers process

page 45/52




'l Examples of I3C communications with an STM32H503RB Nucleo board

aContextBuffers[I3C_IDX_FRAME_1].CtrlBuff.pBuffer = aControlBuffer;
aContextBuffers[I3C_IDX FRAME_1].CtrlBuff.size =1;
aContextBuffers[I3C_IDX_FRAME_1].TxBuff.pBuffer = TxBuffer;
aContextBuffers[I3C_IDX_FRAME_1].TxBuff.5ize =1;
aContextBuffers[I3C_IDX FRAME_2].CtrlBuff.pBuffer = aControlBuffer;
aContextBuffers[I3C_IDX FRAME_2].CtrlBuff.size =13
aContextBuffers[I3C_IDX FRAME_2].RxBuff.pBuffer = RxBuffer;
aContextBuffers[I3C_IDX FRAME_2].RxBuff.Size =13
if (HAL_I3C_AddDescToFrame(&hi3cl,
NULL,
&aPrivateDescriptor[I3C_IDX_FRAME_1], .
&aContextBuffers[I3C_IDX_FRAME_1], . Add context buffer transmit in
aContextBuffers[T3C_IDX_FRAME 1].CtrlBuff.Size, .
T2C_PRIVATE_WITHOUT_ARB_RESTART) Frame context with
. 1= FAL_OK) 12C_PRIVATE_WITHOUT_ARB_
RESTART as direction
E Hand L B "
| FrrerfangterO) . Transmit data process
. check the current state of the
if (HAL_I3C_Ctrl Transmit_IT(&hi3c1, RaContextBuffers[I3C_IDX FRAME 1]) != HAL OK) peripheraL
, Errerandier(); . Add context buffer receive in
while (HAL I3C_GetState(&hi3c1) != HAL_T3C_STATE_READY) Frame context with
{ 12C_PRIVATE_WITHOUT_ARB_
if (HALJB(JddDescTorrame(ﬁnﬁcl, STOP as direction.
&aPrJivateDascriptor[IB(ilb)(iFRAﬂlEiZ], . Receive data process

BaContextBuffers[I3C_IDX FRAME_2],
aContextBuffers[I3C_IDX_FRAME_2].CtrlBuff.Size,
I2C_PRIVATE_WITHOUT_ARB_STOP ) l= HAL_OK)

Error_Handler();

}

if (HAL_I3C_Ctrl_Receive_IT{&hi3cl, &aContextBuffers[I3C_IDX_FRAME_2]) != HAL_OK)
Error_Handler();

I
/* USER CODE END 2 */

9.10.3.2 Waveforms results

Figure 46. DAA for I3C device and legacy I2C read transfer on 13C bus
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Figure 47. Dynamic address assignment for I3C device

LR R RERRRIRTATONEAR IRV
T ¢

DT71965V2

DT71966V2

N T

Figure 48. Legacy I2C read transfer
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