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1   Introduction

Now in some applications such as PC and data center, the compute speed is increasing, which causes that the
I2C interface cannot fit with requirement. The I3C is an improved I2C interface. It just needs two communication
wires, but can work at speed up to 12.5 MHz, which is much higher than I2C.

The USB interface is commonly used in many applications, which can speed up to 480 MHz in HS mode
USB2.0 protocol. So a good interface can be used as a bridge to transfer the data from another interface such
as USART, SPI, and I2C to USB host. This application note provides a demo which uses the USB interface to
bridge I3C interface. The MCX N236 microcontroller has one HS USB interface and two I3C interfaces.

1.1  MCX N236 I3C interface features
The I3C interface on MCX N236 supports:

• In-Band Interrupts (IBI): These interrupts move from target to controller without extra wires, and the controller
knows which target sent the interrupt.

• Common Command Codes (CCC)
• Dynamic addressing
• Multi-controller and multi-drop
• Hot-Join (HJ)
• I2C compatibility

The MCX N236 I3C IP supports all required and many optional features of the MIPI Alliance Specification for
I3C, v1.0, and v1.1, except for ternary data rates (HDR-TSP and HDR-TSL).

2   MCX N236 USB to I3C demo introduction

In the MCX N236 USB to I3C demo, the USB device uses USB CDC virtual com class to communicate with
PC host. You can use terminal tool to send a serial data to the control I3C interface. The terminal tool used in
following contents is the pzh-py-com tool. Customers can download it from https://github.com/JayHeng/pzh-
py-com.

This demo provides some commands such as dynamic address assign, direct write, direct read, write with
register address, read with register address, IBI/Hot-join functions.

MCX N236

USB Device
controller

PC

USB Host
controller

I3C target

I2C target

CDC Class I3C controller
interface

MCX N236

I3C target …

Figure 1. Hardware block diagram of MCX N236 USB to I3C demo

2.1  Hardware setup of MCX N236 USB to I3C demo
To perform the MCX N236 USB to the I3C demo, use two FRDM-MCXN236 boards, one as I3C controller and
the other as I3C target. This demo uses P1_16 (I3C_SDA) and P1_17 (I3C_SCL) pins as the I3C function.
Figure 2 shows the hardware connection. The connection wires must be as short as possible.
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Figure 2. Hardware setup of MCX N236 USB to I3C demo

2.2  Software introduction of MCX N236 USB to I3C demo
The MCX N236 USB to I3C demo provides several commands for I3C configuration via the USB, which
contains List DAA/direct write/direct read/read with register/CCC command send/Hot join and IBI commands.
Customer can use these command to perform related I3C functions.

You can use a terminal tool which supports multi-strings send function to test this demo.
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Figure 3. Software flow of MCX N236 USB to I3C demo

2.2.1  List DAA command

Figure 4 shows the I3C dynamic address assignment transaction. In the I3C protocol, the controller performs
the dynamic address assignment to assign address for target devices which are connected. When using this
command, find out how much devices are connected and give the dynamic addresses to be assigned.

ACK = Acknowledge (SDA Low)
NACK = Not Acknowledge (NACK)
S = START Condition
Sr = Repeated START Condition
P = STOP Condition
T = Transition Bit alternative to ACK/NACK
PAR = Parity Bit

Sr I3C Reserved Byte
(7'h7E) (RnW=1) ACK Read Data: 8 Bytes

(48-bit Unique ID, BCR, DCR)
Assign 7-bit Dynamic
Address to the Target PAR ACK/

NACK

Sr I3C Reserved Byte
(7'h7E) (RnW=1) ACK Read Data: 8 Bytes

(48-bit Unique ID, BCR, DCR)
Assign 7-bit Dynamic
Address to the Target PAR ACK/

NACK

Sr I3C Reserved Byte
(7'h7E) (RnW=1) NACK P LEGEND

From Target to Controller
(Open-Drain)

Transition Bit
(Parity Bit for CCC)

From Controller to Target
(Push-Pull and/or Open Drain)

ACK
ACK/NACK
(with Handoff)
(Open-Drain)

ACK ACK/NACK
(without Handoff)

From Controller to Target
(Open-Drain)

Begins in Open Drain; Push-Pull is optional, if 
I3C Address Arbitration optimization is used

Always Push-Pull after Repeated START

Previous
transfer Sr I3C Reserved Byte

(7'h7E) (RnW=0) ACK

S I3C Reserved Byte 
(7'h7E) (RnW=0) ACK

Figure 4. Dynamic address assignment transaction

Table 1 shows the structure of the List DAA command (send ASCII code).
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Supported commands

ListDAA

USB virtual com send L D A A Address num Dynamic
address

0x4C 0x44 0x41 0x41

USB virtual com receive Vendor LSB Vendor MSB PartNumberInfo BCR DCR

— — — — — — — —

Table 1. Structure of List DAA command

In this demo, when the terminal sends the List DAA command, it receives the I3C target information feedback
which contains the target vendor ID and BCR/DCR values, as shown in Figure 5.

Figure 5. Terminal display of List DAA command

Figure 6 shows the I3C process timing of the List DAA command.

Figure 6.  Process timing of List DAA command

2.2.2  Write without register address command

Table 2 shows the structure of the write without register address command (send ASCII code). When using this
command, provide some information which contains target address/data size and write data.
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Supported commands

Write without register
address

USB virtual com send W D Slave address Data size Data (N byte)

0x57 0x44

USB virtual com receive O K

0x4F 0x4B

Table 2. Structure of write without register address command

Figure 7 shows the OUT and IN structures of the write without register address command on the terminal. After
the command finishes, the terminal receives OK (0x4F, 0x4B) characters.

Figure 7. Terminal display of the write without register address command

Figure 8 shows the I3C process timing of the write without register address command

Figure 8. Process timing of write without register address command
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2.2.3  Read without register address command

Table 3 shows the structure of the read without register address command (send ASCII code). When using this
command, provide some information which contains target address and read data size.

Supported commands

Read without register
address

USB virtual com send R D Slave address Data size

0x52 0x44

USB virtual com receive ReadBack data (N bytes)

— — — — — — — —

Table 3. Structure of read without register address command

Figure 9 shows the OUT and IN structures of the read without register address command on the terminal. After
the command finishes, the terminal receives the data sent by the target.

Figure 9. Terminal display of read without register command

Figure 10 shows the I3C process timing of the read without register address command.

Figure 10. Process timing of read without register address command
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2.2.4  Read with register address command

Table 4 shows the structure of read with register address command (send ASCII code). When using this
command, provide some information which contains target address/register address and read data size.

Supported commands

Read with register
address

USB virtual com send R A Slave address Register address Data size

0x52 0x41

USB virtual com receive ReadBack data (N bytes)

— — — — — — — —

Table 4. Structure of read without register address command structure

Figure 11 shows the OUT and IN structures of the read with register address command on the terminal. After
command finished, the terminal will receive register data which were sent by target.

Figure 11. Terminal display of read with register address command

Figure 12 shows the I3C process timing of the read with register address command.

Figure 12. Process timing of read with register address command
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2.2.5  CCC broadcast command

Figure 13 shows the CCC broadcast frame format. When sending the CCC broadcast command, the slave
address is 0x7E. The I3C specification provides several CCC broadcast commands such as ENTDAA used to
make I3C target in the DAA state. The ENTHDR0 command can be used to inform the targets act as HDR-DDR
mode.

S

Sr

Broadcast
CCC

/ T

P

7’h7E
/ W / ACK

Target Addr
/ RnW / ACK

Next CCC

Defining
Byte

(Optional)
/ T

End of this Broadcast CCC

7’h7E
/ W / ACK

Sr

Data
(Optional)

/ T

Figure 13. General frame format of CCC broadcast

Table 5 shows the structure of the CCC broadcast command (send ASCII code).

Supported commands

CCC broadcast

USB virtual com send C C C Command code

0x43 0x43 0x43

USB virtual com receive O K

— — — — — — — —

Table 5. Structure of CCC broadcast command

Figure 14 shows the OUT and IN structures of the CCC broadcast command on the terminal. After the CCC
command is sent, the terminal receives the OK (0x4F, 0x4B) character.
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Figure 14. Terminal display of CCC broadcast command

Figure 15 shows the I3C process timing of the read with register address command.

Figure 15. Process timing of CCC broadcast command

2.2.6  CCC direct send command

Figure 16 shows the general frame format of CCC direct send command. The I3C specification provides several
CCC direct commands such as GET_BCR used to get the target BCR value. The GET_STATUS command can be
used to get the target status value.
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Figure 16. General frame format CCC Direct send command

Table 6 shows the structure of the CCC direct send command (send ASCII code). When using this command,
provide the CCC direct command provided by the I3C specification such as GET_BCR (0x8E) and the target
address.

Supported commands

CCC direct

USB virtual com send C C C D Command code

0x43 0x43 0x43 0x44

USB virtual com receive Command send back data (such as BCR/DCR, DEVICE STATUS)

— — — — — — — —

Table 6. Structure of CCC broadcast command

Figure 17 shows the OUT and IN structures of the CCC direct send command on the terminal. After the
command finishes, the terminal receives corresponding data related to the send command such as the target
BCR value.
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Figure 17. Terminal display of CCC direct send command

Figure 18 shows the I3C process timing of the CCC direct send command.

Figure 18. Process timing of CCC direct send command

2.2.7  IBI command

Figure 19 shows the IBI (Target Interrupt) request FSM. When the target generates the IBI signal, the controller
performs theIBI response and the target sends the IBI data.
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Addr==
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bus cmd
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Read MDB and
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Bytes

Disable Target
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modes, or STOP

Disable all
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Issue Repeated
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Direct CCC
DISEC w/
DISINT

Broadcast
CCC DISEC
w/ DISINT

Repeated
START

Broadcast
Addr (7'h7E)
w/ RnW=0

Follow I3C traffic

I3C traffic modes

Figure 19. IBI (Target Interrupt) request FSM

Table 7 shows the structure of the IBI command. Actually, no data is sent for IBI response. When USB device
connects to host, the I3C target can send IBI signal at any time. The USB host receives the IBI data when there
is an IBI signal generated.

Supported commands

IBI

USB virtual com send DO NOT SEND DATA (when there is IBI generated, virtual com receives IBI data)

— — — — — — — —

USB virtual com receive IBI DATA send by slave

— — — — — — — —

Table 7. Structure of IBI command

Figure 20 shows the IN structure of the IBI command on the terminal. When the target generates an IBI signal,
the terminal receives the IBI data sent by the target.
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Figure 20. Terminal display of IBI command

Figure 21 shows the I3C process timing of the IBI command.

Figure 21. Process timing of IBI command

2.2.8  Hot-Join command

Figure 22 shows the Hot-Join FSM process by controller. After the target sends Hot-Join (0x02) signal, the
controller processes the dynamic address assignment after it ACKed the Hot-Join request.
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Figure 22. Hot-Join FSM

Table 8 shows the structure of the Hot-Join command, same with the IBI command, the Hot-Join signal was
generated by target. When USB device connected to host, I3C target can send Hot-Join signal at any time. And
the controller assigns the dynamic address after detecting the Hot-Join signal. The USB host receives the target
vendor ID/Part Number Info/BCR/DCR and slave address same with the List DAA command feedback.

Supported commands

HotJoin

USB virtual com send DO NOT SEND DATA (when there is Hot-Join generated, the virtual com receives the IBI data)

— — — — — — — —

USB virtual com receive Vendor LSB Vendor MSB PartNumberInfo BCR DCR slaveAddress

— — — — — — — —

Table 8. Structure of Hot-Join command
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Figure 23 shows the IN structure of the Hot-Join command on the terminal. When the target generates an Hot-
Join signal, the terminal receive the targets information data which contains vendor ID/Part Number Info/BCR/
DCR and slave address.

Figure 23. Terminal display of Hot-Join command

Figure 24 shows the I3C process timing of the Hot-Join command.

Figure 24. Process timing of Hot-Join command

3   Revision history

Table 9 summarizes the revisions to this document.

Document ID Release date Description

AN14434 v.1.0 20 September 2024 Initial public release

Table 9. Revision history
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