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Preface

About this guide and technical support information.

About this document

This document mainly provides the SDK developers with the programing basics and debugging know-how for the 12C of the
StarFive next generation SoC platform - JH7110.

Audience

This document mainly serves the I12C relevant driver developers. If you are developing other modules, place a request to your
sales or support consultant for our complete documentation set on JH7110.

Revision History

Table 0-1 Revision History

Version Released Revision

1.0 The first official release.

Notes and notices
The following notes and notices might appear in this guide:
. 0 Tip:

Suggests how to apply the information in a topic or step.

. Note:
Explains a special case or expands on an important point.

. ! Important:
Points out critical information concerning a topic or step.

. @ CAUTION:

Indicates that an action or step can cause loss of data, security problems, or performance issues.

* /0. Warning:
Indicates that an action or step can result in physical harm or cause damage to hardware.

vi



1. Introduction

Inter-Integrated Circuit (12C) bus is a two-wire serial bus developed by the company of Philips. The module is used to connect
micro controller and peripheral devices.

12C contains the following 2 lines.
« Serial Data (SDA): This line works for the data transmission.
« Serial Clock (SCL): This line works for the clock synchronization.

StarFive JH7110 SoC has integrated a 12C bus adapter from third party IP vendor. The device driver of I12C bus adapter can be
found in the mainline code of Linux.

1.1. Function Introduction

JH7110 SoC Platform supports the following features and specifications on the 12C module.
* Support the feature of Device ID
* Provide 7 Independent transmission channels
* Support master and slave 12C operation
* Support 7-bit and 10-bit slave addressing
* Support the following modes and transmission speed:
o Standard mode - 100 KHz
° Fast mode - 400 KHz
o Fast mode plus - 1 MHz
o High speed mode - 3.4 MHz

* Support programmable SDA hold time

1.2. Block Diagram

The block diagram of 12C driver is shown in the following figure.

7 © 2018-2022 StarFive Technology www.starfivetech.com
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Figure 1-1 Block Diagram
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The user space layer is general for all Linux system modules.
The 12C subsystem includes the following sub-modules.
« interface: The sub-module provides interfaces to interact with i2c_adapter or i2c_client.
* i2c-core: The sub-module builds the core functions of 12C subsystem. It provides i2c_adapter and i2c_client APlIs.

« Synopsys DesignWare 12C adapter driver: The sub-module registers the i2c_adapter and provide functions for receive/
send operations.

* i2c driver: The sub-module uses application interfaces to receive/send data.

1.3. Device Tree Overview

Since Linux 3.x, device tree is introduced as a data structure and language to describe hardware configuration. It is a system-
readable description of hardware settings so that the operating system doesn’t have to hard code details of the machine.

A device tree is primarily represented in the following forms.
« Device Tree Compiler (DTC): The tool used to compile device tree into system-readable binaries.

« Device Tree Source (DTS): The human-readable device tree description file. You can locate the target parameters and
modify hardware configuration in this file.

* Device Tree Source Information (DTSI): The human-readable header file which you can include in device tree description.
You can locate the target parameters and modify hardware configuration in this file.

« Device Tree Blob (DTB): The system-readable device tree binary blob files which is burned in system for execution.

The following diagram shows the relationship (workflow) of the above forms.

www.starfivetech.com © 2018-2022 StarFive Technology 8
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Figure 1-2 Device Tree Workflow
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1.4. Source Code Structure

The source code structure of 12C is listed in the following code blocks.

The following code block displays the source code structure for the 12C Subsystem layer.

|— drivers
—i2c

j— i2c-core.h

}— i 2c-boardinfo.c
|— i2c-core-of.c
|— i2c-core-slave.c
— i2c-nux.c

}— i2c-core-acpi.c
|— i2c-core-snbus.c
}— i2c-smbus. c

|— i2c-core-base.c
L i2c-dev.c

The following code block displays the source code structure for the Synopsys DesignWare 12C adapter driver.

linux-5.15.0

j— drivers
—i2c

|— busses

|— i 2c-desi gnware-core. h

}— i 2c-desi gnwar e- conmon. ¢
}— i 2c-desi gnwar e- master. c
}— i2c-designware-sl ave. c
}— i 2c-designware-pcidrv.c
|— i2c-designware-baytrail.c
L i2c-designware-platdrv.c

© 2018-2022 StarFive Technology
All rights reserved
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2. Configuration

2.1. Kernel Menu Configuration

Follow the steps below to enable the kernel configuration for I12C.

1. Under the root directory of f r eel i ght - u- sdk, type the following command to enter the kernel menu configuration

GUI.

make | i nux-nenuconfig

2. Enter the Device Drivers menu.

Figure 2-1 Device Drivers
.config - Linux/riscv 5.15.0 Kernel Configuration

Linux/riscv 5.15.0 Kernel Configuration

Arrow keys navigate the menu. <Enter> selects submenus ---> (or empty
submenus ----). Highlighted letters are hotkeys. Pressing <Y= includes,
<N> excludes, <M> modularizes features. Press <Esc><Esc> to exit, <?>
for Help, </> for Search. Legend: [*] built-in [ ] excluded

<M= module

10 Schedulers ---=>
Executable file formats ---=>
Memory Management options --->

*1 Networking support ---=>
s
File systems ---=
Security options --->
-*- Cryptographic API --->
Library routines ---=>

kernel hacking ---=>

< Exit = < Help > < Save >

< Load

3. Enter the 12C support menu.

www.starfivetech.com © 2018-2022 StarFive Technology
All rights reserved
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Figure 2-2 12C Support
.config - Linux/riscv 5.15.0 Kernel Configuration
> Device Drivers

Device Drivers
Arrow keys navigate the menu. <Enter> selects submenus ---> (or empty
submenus ----). Highlighted letters are hotkeys. Pressing <¥> includes,
<N> excludes, <M> modularizes features. Press <Esc><Esc> to exit, <?>
for Help, </= for Search. Legend: [*] built-in [ ] excluded <M> module

IEEE 1394 (FireWire) support ---=
[*] Network device support ---=>
Input device support --->
character devices ---s
< > I3C support ----
[*] SPI support ---=
< > SPMI support ----
< > HSI support ----
< > PPS support ----

< Exit = < Help = < Save > < Load >

4. Enter the 12C Hardware Bus Support menu.

Figure 2-3 12C Hardware Bus Support

.config - Linux/riscv 5.15.0 Kernel Co guration

> Device Drivers > I2C support ——

I2C sdpport

Arrow keys navigate the menu. <Enter> selects submenus ---> (or empty
submenus ----). Highlighted letters are hotkeys. Pressing <Y> includes,
<N> excludes, <M> modularizes features. Press <Esc><Esc> to exit, <?>
for Help, </> for Search. Legend: [*] built-in [ ] excluded <M= module

-*__J2C support
[*]1] Enable compatibility bits for old user-space
<*> 12C device interface
< > I2C bus multiplexing support
* Autoselect pertinent helper modules
Y 12c orduare bus support <o
<
[
[
L

I12C/SMBus Test Stub
I2C slave support

>

]

] 12C Core debugging messages

] 12C Algorithm debugging messages

< Exit > < Help > < Save >

5. Select the Synopsys DesignWare Platform option.

© 2018-2022 StarFive Technology www.starfivetech.com
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Figure 2-4 Synopsys DesignWare Platform

.config - Linux/riscv 5.15.0 Kernel Configuration

> Device Drivers = I2C support = I2C Hardware Bus support

I2C Hardware Bus support

Arrow keys navigate the menu. <Enter> selects submenus ---> (or empty
submenus ----). Highlighted letters are hotkeys. Pressing <Y> includes,
<N> excludes, <M= modularizes features. Press <Esc><Esc> to exit, <?=
for Help, </> for Search. Legend: [*] built-in [ ] excluded <M> module

< > VIA VT82C586B
< > VIA VT82C596/82C686/82xx and CX700/VX8xx/VX900
*** T12C system bus drivers (mostly embedded / system-on-chip) **
< > CBUS I2C driver
synopsys DesignWare Slave
X Sinopsis oesigniare piacrorn
> Synopsys DesignWare PCI
> EMMA Mobile series I2C adapter

> GPIO-based bitbanging I2C
> ST-Ericsson Nomadik/fux5e@ I2C Controller

< Exit > < Help > < Save > < Load >

6. Save your change before you exit the kernel configuration dialog.

2.2. Device Tree Source Code

Overview Structure
The device tree source code of JH7110 is listed as follows:

i nux

|— arch

| }— riscv

| | }|— boot

|1 pds

| | | | L starfive

| | | | |— codecs

| | | | | |— sf_pdm dtsi

| | | | | |— sf_pwdac. dtsi

| | | | | |— sf_spdif.dtsi

| | | | | — sf_tdm dtsi

| [ [ | | L sf_wnrB960. dt si

| | | | |— evb-overl ay

| | | | | |— i h7110-evb-overl ay-can. dts

| | | | | |— j h7110- evb-overl ay-rgb2hdm . dts

| | | | | |— i h7110- evb-overl ay-sdio. dts

| | | | | |— j h7110- evb-overl ay-spi . dts

| | | | | |— j h7110-evb-overl ay-uart4-emt. dts

| | | | | |— jh7110- evb-overl ay-uart5- pwm dts

| | | [ [ L Makefile

| | | | }— j h7110-cl k. dt si

| | | | }— j h7110- conmon. dt si

| | | | }— j h7110. dtsi

| | | | }— j h7110- evb- can- pdm pwndac. dt s

| | | | }— j h7110-evb. dts

| | | | }— j h7110- evb. dt si

| | | | }— j h7110- evb- dvp-rgb2hdni . dts

| | | | }— j h7110- evb- pci e-i 2s-sd. dt s

| | | | }— j h7110- evb-pinctrl . dtsi

| | | | }— j h7110- evb-spi-uart2. dts

| | | | }— j h7110- evb-uart 1-rgb2hdmi . dts

| | | | }— j h7110- evb-uart4-emmc-spdi f. dts
www.starfivetech.com © 2018-2022 StarFive Technology 12
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| | }— j h7110- evb-uart5- pwni2c-tdmdts
| | }— j h7110-f pga. dts

| | }— j h7110-vi sionfive-v2.dts

| | |— Makefile

| | L vf2-overlay

| | — Makefile

| | L vf2-overlay-uart3-i2c.dts

SoC Platform
The device tree source code of the JH7110 SoC platform is in the following path:

freelight-u-sdk/linux/arch/riscv/boot/dts/starfive/jh7110.dtsi

VisionFive 2
The device tree source code of the VisionFive 2 Single Board Computer (SBC) is in the following path:

freelight-u-sdk/Ilinux/arch/riscv/boot/dts/starfivel/jh7110-visionfive-v2.dts
-- freelight-u-sdk/linux/arch/riscv/boot/dts/starfive/jh7110-common. dtsi
-- freelight-u-sdk/linux/arch/riscv/boot/dts/starfive/jh7110. dtsi

2.3. Device Tree Configuration

The 12C device tree source code is stored in the files of ] h7110. dt s and j h7110- common. dt si .
The following code blocks provide more details by taking the node “i2c0” as example.
In the filej h7110. dt s:

i2c0: i2c@0030000 {
conpati bl e = "snps, desi gnwar e-i 2c";
reg = <0x0 0x10030000 0x0 0x10000>;
cl ocks = <&cl kgen JH7110_I| 2C0_CLK_CORE>,
<&cl kgen JH7110_| 2C0_CLK_APB>;
cl ock-nanes = "ref", "pclk";
resets = <& stgen RSTN_UO_DW | 2C_APB>;
interrupts = <35>;
#address-cel | s = <1>;
#si ze-cells = <0>;
status = "di sabl ed";

b

The following list provides explanations for the parameters included in the above code block.

.

compatible: Compatibility information, used to associate the driver and its target device.

.

reg: Register base address "0x10030000" and range "0x10000".

.

clocks: The clocks used by the 12C module.

.

clock-names: The names of the above clocks.

.

resets: The reset signals used by the I12C module.

.

reset-names: The names of the above reset signals.

.

interrupts: Hardware interrupt ID.

.

status: The work status of the 12C, "enabl ed" or "di sabl ed".
In the filej h7110- conmon. dt si :

& 2¢0 {
cl ock-frequency = <100000>;
i 2c- sda- hol d-ti ne-ns = <300>;
i 2c-sda-falling-tinme-ns = <510>;
i2c-scl-falling-time-ns = <510>;
aut o_cal c_scl _I hent
pinctrl-nanmes = "default";

13 © 2018-2022 StarFive Technology
All rights reserved

www.starfivetech.com


https://www.starfivetech.com/

| 2 - Configuration

pinctrl-0 = <& 2c0_pi ns>;
status = "di sabl ed";

acl08_a: acl0o8@b { /1 i2c_client 1
conpati bl e = "x-power, ac108_0";
reg = <0x3b>;
#sound-dai -cel I s = <0>;

dat a- prot ocol = <0>;

¥

wnB960: codec@a { /li2c_client 2
conpatible = "w f, wiB960";
reg = <0Oxla>;
#sound-dai -cel | s = <0>;

W f, shared-1rclk;
}
¥

The following list provides explanations for some parameters included in the above code block.
« clock-frequency: Use this bit to set the 12C sample rate.
* i2c-sda-hold-time-ns: Use this bit to set the hold time of the SDA line.
* i2c-sda-falling-time-ns: Use this bit to set the falling time of the SDA line.

* i2c-scl-falling-time-ns: Use this bit to set the falling time of the SCL line.

2.4. Board Level Configuration

The pinctrl.dtsi file contains the pin control configuration. The file is stored in the following path:

freelight-u-sdk/Ilinux/arch/riscv/boot/dts/starfivel/jh7110-visionfive-v2.dts

The following code block provides an example of the pins used by i2c0, including pinmux (Pin MUX), ioconfig (pin control
configuration), dout (data output), doen (data output enable) and din (data input) signals.

i2c0_pins: i2c0-pins {
i 2c0- pi ns-scl {
sf, pins = <PAD_GPI G67>;
sf, pi nmux = <PAD_GPI G67_FUNC_SEL 0>;
sf,pin-ioconfig = <IQ(GPIO_IE(1) | (GPIOPYU(L)))>;
sf, pi n- gpi o-dout = <GPO_LOW;
sf, pi n-gpi o-doen = <CEN_| 2C0_| C CLK_CE>;
sf,pin-gpio-din = <GPl _I12C0_I C_ CLK | N_A>;
b

i 2c0- pi ns-sda {
sf, pins = <PAD_GPI G68>;
sf, pi nnux = <PAD_GPI 068 _FUNC SEL 0>;
sf,pin-ioconfig = <IQCGPIOIE(1) | (CPIOPUL)))>;
sf, pi n- gpi o-dout = <GPO_LOW;
sf, pi n-gpi o-doen = <CEN_| 2C0_| C_DATA CE>;
sf,pin-gpio-din = <GPl _|2C0_I C DATA | N_A>;

www.starfivetech.com © 2018-2022 StarFive Technology
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3. Interface Description

The 12C module of JH7110 has the following interfaces.

3.1.i2c_add_adapter

The interface has the following parameters.
* Synopsis:
int i2c_add_adapter(struct i2c_adapter *adapter)
* Description: The interface is used to declare the 12C adapter by using a dynamic bus ID.
* Parameter:
o adapter: The 12C adapter to add.
* Return:
° Success: 0.

o Failure: Error code.

3.2.i2c_new_client_device

The interface has the following parameters.

* Synopsis:

struct i2c_client *i2c_new_ client_device(struct i2c_adapter *adap, struct i2c_board_info const *info)

 Description: The interface is used to instantiate an 12C client device.
* Parameter:
o adapter: The adapter which manages the 12C client device.
o info: The description information of the 12C client device.

* Return: The pointer to the new I2C client device.

3.3. i2c_register_driver

The interface has the following parameters.
* Synopsis:
int i2c_register_driver(struct nodule *owner, struct i2c_driver *driver)
« Description: The interface is used to register the 12C driver.
* Parameter:
o owner: The sub-module to which the 12C driver belongs.
o driver: The 12C driver to add.
* Return:
° Success: 0.

o Failure: Error code.

15 © 2018-2022 StarFive Technology
All rights reserved
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3.4. i2c_transfer_buffer_flags

The interface has the following parameters.
* Synopsis:
int i2c_transfer_buffer_flags(const struct i2c_client *client, char *buf, int count, ul6 flags)

* Description: The interface is used to issue a single 12C message which transfers data to/from a buffer.
* Parameter:

o client: The handle to the client device.

o buf: The buffer in which data is stored.

o count: The count of bytes to transfer.

Note:
The parameter should be less than 64 K since msg.len is ul6.

o flags: The flags to be used for the message, e.g. 12C_M_RD for reads.
* Return:

o Success: The count of bytes which are transferred successfully.

o Failure: Error code.

3.5. i2c_transfer

The interface has the following parameters.
* Synopsis:
int i2c_transfer(struct i2c_adapter *adap, struct i2c_nsg *megs, int num
» Description: The interface is used to execute a single or combined 12C message.
* Parameter:
o adap: The handle to the 12C bus.

o msgs: The parameter includes one or more than one messages to execute before the flag of "STOP" is issued to
terminate the operation; Each message begins with a flag of "START".

° num: The total number of messages to be executed.
* Return:
o Success: The total number of messages which are executed successfully.

o Failure: Error code.

www.starfivetech.com © 2018-2022 StarFive Technology 16
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4. General Use Example

In most cases, the 12C adapter works in master mode. Before you start transferring data in your 12C driver, you need to finish

some configuration.

1. Set a suitable sample rate of 12C bus through the device tree according to your client device requirement.

The following code blocks provide some commonly used configurations.
To set the sample rate as 100 KHz.

& 2c0 {
cl ock-frequency = <100000>;
i 2c- sda- hol d-ti me-ns = <300>;
i 2c-sda-falling-time-ns = <510>;
i 2c-scl-falling-tinme-ns = <510>;

To set the sample rate as 400 KHz.

& 2c0 {
cl ock-frequency = <400000>;
i 2c-sda-hol d-ti ne-ns = <300>;
i 2c-sda-falling-time-ns = <150>;
i 2c-scl-falling-time-ns = <150>;

2. Mount your 12C client device on a specified adapter through the device tree. The property compatible has to match

your 12C driver and reg is set as the 12C slave address.

The following code block shows a simple case of ac108 mounted on adapter i2c0.

& 2c0 {
acl08_a: acl0o8@b {
conpati bl e = "x-power, ac108_0";
reg = <0x3b>;
#sound- dai -cel | s = <0>;
dat a- prot ocol = <0>;
}5
}

4.1. 12C Driver Example

The following demo shows how to implement a I12C driver and transfer data using I12C APIs of Linux. In this demo, “xxx”

represents the name of the 12C client device.

static int wite_reg(struct i2c_client *client, ulé reg, u8 val)
{

struct i2c_nsg nsg;

u8 buf[3];

int ret;

buf[0] = reg >> 8;
buf [ 1] reg & Oxff;
buf[2] = val;

nsg. addr = cli ent - >addr;
neg. flags = client->flags;
nsg. buf = buf;

neg. |l en = sizeof (buf);

ret = i2c_transfer(client->adapter, &msg, 1);
if (ret <0) {
dev_err(&client->dev, "%: error: reg=%, val=%\n",
__func__, reg, val);
return ret;
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return 0;

static int read_reg(struct i2c_client *client, ul6 reg, u8 *val)
{

struct i2c_nsg nsg[2];

u8 buf[2];

int ret;

buf[0] = reg >> 8;
buf[1] = reg & Oxff;

nsg[ 0] . addr = client->addr;
meg[ 0] . flags = client->flags;
nsg[ 0] . buf = buf;

meg[ 0] . | en = si zeof (buf);

nmeg[ 1] . addr = cli ent->addr;

neg[ 1] .flags = client->flags | 12C_MRD;
nmeg[ 1] . buf = buf;

neg[1].len = 1;

ret = i2c_transfer(client->adapter, nmsg, 2);
if (ret <0) {
dev_err(&client->dev, "%: error: reg=%\n",
__func__, reg);
return ret;

}
*val = buf[0];
return 0;

}

/...

//use function wite_reg(), read_reg() to operate registers

0o

/1 Achi eve function probe_new() and rerpve() of i2c_driver
static int xxx_probe(struct i2c_client *client);
static int xxx_renmove(struct i2c_client *client);

static const struct i2c_device_id xxx_id[] = {
"xxx", 0},
{}.
b
MODULE_DEVI CE_TABLE(i 2c, xxx_id);

static const struct of _device_id xxx_dt_ids[] = {
{ .compatible = "xxx" },
{ /* sentinel */ }

b

MODULE_DEVI CE_TABLE(of , xxx_dt _i ds);

static struct i2c_driver xxx_i2c_driver = {
.driver = {
.name = "xxx",
.of _match_table = xxx_dt_ids,
b
.id_table = xxx_id,
. probe_new = xxx_probe,
.rempve = XXX_renove,

be

nmodul e_i 2c_dri ver (xxx_i 2c_dri ver);
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4.2. Commands in User Space

Linux provides some useful 12C related commands in the file system helping us control 12C bus.

The following code blocks provide some simple examples.

* To detect all the registered 12C adapters:
i 2cdetect -1

* To detect all the client devices mounted on the specified 12C adapter:
i2cdetect -y -r [i2c_adpter_index]

 To read the address from the specified 12C client:
i2cget -y [i2c_adpter_index] [i2c_client address] [address]

* To write the address to the specified 12C client:

i2cset -y [i2c_adpter_index] [i2c_client address] [address] [val ue]
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