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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 SPI of the
StarFive next generation SoC platform - JH7110.

Audience

This document mainly serves the SPI 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 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.
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1. Introduction

Serial peripheral interface (SPI) is one of the most widely used interfaces between microcontroller and peripheral ICs such as
sensors, ADCs, DACs, shift registers, SRAM, and others.

1.1. Function Introduction

The JH7110 SoC Platform supports the following features and specifications on SPI.
* Support 7 SPI interfaces.
* Support serial-master mode and serial-slave mode. Use software configuration to switch between the two modes.
* Provide separate data bits for input and output.
* Provide configurable FIFO with size up to 8-bit x 16-bit for both TX and RX channels.

* Support DMA access for TX and RX FIFO.

1.2. 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.

Figure 1-1 Device Tree Workflow

DTSI File DTSI File DTSI File
DTS File

|

DTC Compiler

DTB Binary File

7 © 2018-2022 StarFive Technology www.starfivetech.com
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1.3. Device Tree Source Code

Overview Structure

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

i nux
|— arch
}— riscv
|— boot
|— dts
L starfive

: }— codecs

| | |— sf_pdm dt si
| | |— sf_pwrdac. dt si

| | |— sf_spdif.dtsi

| | }— sf_tdmdtsi

[ | L sf_wrB960. dt si

| |— evb-overlay

| | |— i h7110-evb-overl ay-can. dts

| | }— j h7110- evb-overl ay-rgb2hdmi . dts
| | |— jh7110-evb-overl ay-sdio. dts

| | |— i h7110-evb-overl ay-spi.dts

| | |— jh7110-evb-overl ay-uart4-emct. dts
| | }— j h7110-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-uart 4-enmc-spdi f. dts

| }— j h7110- evb-uart5-pwni2c-tdmdts

| }— j h7110-f pga. dts

| }— j h7110-visi onfive-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/linux/arch/riscv/boot/dts/starfive/jh7110-visionfive-v2.dts
-- freelight-u-sdk/linux/arch/riscv/boot/dts/starfive/jh7110-common. dt si
-- freelight-u-sdk/linux/arch/riscv/boot/dts/starfive/jh7110. dtsi

1.4. Source Code Structure

The following list shows the source code of SPI since Linux 5.15.

www.starfivetech.com © 2018-2022 StarFive Technology
All rights reserved
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e drivers/spi/spi.c:Thefile contains source code for the SPI driver framework.
e drivers/spi/spidev. c:The file contains the source code to create the SPI device node and use it in user mode.
e drivers/anba/ bus. c: The file contains the source code to register platform devices through AMBA bus.

edriver/spi/spi-pl022-starfive. c:The file contains the source code of SPI controller driver on the StarFive
JH7110 platform.

» t ool s/ spi/ spi dev_t est. c: The file contains the SPI test tool in user mode.

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

2.1. Kernel Menu Configuration

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

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

Arrow keys navigate the menu.
Highlighted letters are hotkeys.
features. Press =Esc=<Esc> to exit, <?= for Help, </= for Search.

Linux/riscy 5.15.0 Kernel Configup@tion

<Enter> selects submenus ---= {or empty submenus ----).
Pressing <Y> includes, <N> excludes, <M= modularizes
Legend: [*] built-1in

excluded <M= module = = module capable

L1

=]

ceneral setup --->

MMU-based Paged Memory Management Support
SoC selection ---=

CPU errata selection --->

Platform type ---=

ternel features --->

Boot options ---=

Power management options ---=

CPU Power Management ---=

ceneral architecture-dependent options ---=
tnable loadable module support ---=
Enable the block layer ---=

10 Schedulers ---=

Executable file formats --->

Memory Management options ---=
Networking support  --->

Device Drivers ---x

File systems ---=

Security options --->

Cryptographic API ---=

Library routines ---=

kernel hacking ---=

< Exit = < Help = < Save =

< Load =

3. Select the SPI support menu.

www.starfivetech.com
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Figure 2-2 SPI Support

.config - Linux/riscv 5.15.0 Kernel Configuration
> Device Drivers

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 = = module capable

< > Connector - unified userspace <-> kernelspace linker ----
Firmeare Drivers --->
< > GNSS receiver support ----
< > Memory Technology Device (MTD) support ----
-*- Device Tree and Open Firmware support --->
< > Parallel port support ----
[*] Elock devices ---=
NVME Support ---=
Misc devices ---=
SCSI dewvice support --->
Serial ATA and Parallel ATA drivers (libata) --->
Multiple devices driver support (RAID and LVM) ----
Ceneric Target Core Mod (TCM) and ConfigFs Infrastructure
Fusion MPT device support ----
IEEE 1394 (FireWire) support --->
Network device support ---=
Input device support ---=
Character devices ---=
12C support ---=
13C support ----
SPI support
SPMI support ----
HSI support ----
PPS support ----
PTP clock support --->
Pin controllers ---=
CPIO Suppert ---=
Dallas's l-wire support

< Help > < Save > < Load >

4. Select the SSP controller option.

© 2018-2022 StarFive Technology www.starfivetech.com
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| 2 - Configuration
Figure 2-3 SSP Controller

.config - Linux/riscv 5.15.0 Kernel Configuration
> Dewvice Drivers > SPI support

SPI support
aArrow 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 = = module capable

]

SPI support
Debug support for SPI drivers
SPI memory extension
*%% SPI Master Controller Drivers ##%
iltera SPI Controller platform driver
tnalog Devices AXI SPI Engine controller
Utilities for Bitbanging SPI masters
Cadence SPI controller
[esignWare SPI controller core support
NP Flex SPI controller
CPI0-based bitbanging SPI Master
Freescale SPI controller and Aeroflex Gaisler GRLIB SPI controller
OpenCores tiny SPI
LRM AMBA PLB22 S5P controller
ARM AMBA PLO22 SSP controller on StarFive SoC
PXA2xx SSP SPI master
Fockchip SPI controller driver
NXP SC18IS602/602B/603 I2C to SPI bridge
S1Five SPI controller
Macronix MX25F0A SPI controller
Ltnalog Devices AD-FMCOMMS1-EBZ SPI-I2C-bridge driver
#ilinx SPI controller common module
¥ilinx ZyngMP GOQSPI controller
LMD SPI controller
#%% SPI Multiplexer support ##%%
SPI multiplexer support
*%% SPI Protocol Masters #%%
User mode SPI device driver support

o

*
VY VERY VYV VMY VY WYY

<
=
<
<
<
<
=
<
<
<
<
<
=
<

A
o+
v

A A A A A
VoW WYY

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

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

2.2. Device Tree Configuration

The device tree of SPI is stored in the following path:

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

The following code block provides an example of how to set SPIO.

spi 0: spi @0060000 {
conpatible = "armpl 022", "armprinecel | *;
reg = <0x0 0x10060000 0x0 Ox| 0000>
clocks = <&cl kgen JH7110_SPI 0_CLK_APB>;

cl ock-nanes = "apb_pcl k";
resets = <& stgen RSTN _UO_SSP_SPI _APB>;
reset-nanes = "rst_apb";

interrupts = <38>;

/* shortage of dnma channel that not be used */
/* dmas = <&dma 14 1>, <&dma 15 1>;*/

/* dma-names = "rx","tx";*/

arm prinecel | -periphid = <0x00041022>

numcs = <1>;

#address-cel | s = <1>

#si ze-cells = <0>;

status = "di sabl ed";

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 "0x10060000" and range "0x10000".

www.starfivetech.com © 2018-2022 StarFive Technology 12
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.

clocks: The clocks used by the SPI module.

.

clock-names: The names of the above clocks.

.

resets: The reset signals used by the SPI module.

.

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

.

interrupts: Hardware interrupt ID.

.

primecell-periphid: The peripheral ID of the SPI device.

.

num-cs: The total count of the chip select signals.

.

bit as "di sabl ed".

2.3. Board Level Configuration

The board level device tree file (DTSI file) stores all differentiation information for each board-level device. (For example,
common. dtsi,pinctrl.dtsi,andevb. dts,etc.)

The common. dt si file is stored in the following path:

freelight-u-sdk/Ilinux/arch/riscv/boot/dts/starfive/jh7110-conmon. dt si

In the file, spi0 has the following settings.

&spi 0 {
pinctrl-nanes = "defaul t";
pinctrl-0 = <&sp0_pi ns>;
status = "di sabl ed";

spi _dev0: spi @ {
conpati ble = "rohm dh2228fv";
pl 022, com node = <1>;
spi - max- frequency = <10000000>;
reg = <0>;
status = "okay";

IE
The following list provides more descriptions for the configuration bits.

 spi-max-frequency: Edit this bit to configure the communication clock frequency of SPI.

« status: Edit this bit to define whether this module is enabled.

VisionFive 2 Board Level Configuration
The pinctrl.dtsi file contains the pin control configuration. The file is stored in the following path:

freelight-u-sdk/linux/arch/riscv/boot/dts/starfive/jh7110-visionfive-v2. dts

status: The work status of the SPI module. To enable the module, set this bit as "okay" or to disable the module, set this

The following code block provides an example of the pins used by spi0 including tx (Transceiver), rx (Receiver), clk (clock), and cs

(chip select) signals.

ssp0_pi ns: sspO0-pins {

ssp0-pins_tx {
sf, pins = <PAD_GPI 062>;
sf, pi nmux = <PAD_GPlI G62_FUNC_SEL 0>;
sf,pin-ioconfig = <IQ(GPIO_I E(1))>;
sf, pi n-gpi o-dout = <GPO_SPI 0_SSPTXD>;
sf, pi n-gpi 0o-doen = <OEN_LOW;

b

ssp0-pins_rx {
sf, pins = <PAD_GPI (63>
sf, pi nmux = <PAD_GPlI G63_FUNC_SEL 0>;
sf,pin-ioconfig = <IQ(GPIO_I E(1))>;

13 © 2018-2022 StarFive Technology www.starfivetech.com
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sf, pi n-gpi o-doen = <OEN_HI GH>;

sf, pi n-gpi o-di n

iz

ssp0-pins_clk {
sf, pi ns
sf, pi nmux
sf, pin-ioconfig
sf, pi n- gpi o- dout
sf, pi n- gpi o- doen

iz

ssp0-pins_cs {
sf, pi ns
sf, pi nmux
sf, pin-ioconfig
sf, pi n- gpi o- dout

= <GPl _SPI 0_SSPRXD>;

<PAD_GPl O48>;
<PAD_GPl O48_FUNC_SEL 0>;

= <IQGPIO IE(1))>;
= <GPO_SPI 0_SSPCLKOUT>;
= <OEN_LOW;

<PAD_GPl O49>;
<PAD_GPl O49_FUNC_SEL 0>;

= <l O(GPIOIE(1))>;
= <GPO_SPI 0_SSPFSSOUT>;

sf, pi n-gpi o-doen = <OCEN_LOW;

www.starfivetech.com

© 2018-2022 StarFive Technology
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3. Driver Framework

3.1. Block Diagram

The following block diagram shows the 3 layers of the SPI driver framework.

Figure 3-1 Block Diagram

SPI Bus Driver Model

~» |
User : TTY Network File [
Space File nodes Devices Devices System of Eﬂ)'c
SPI Kernel Kernel Kernel __
Universal Space Space Space ‘ spidev.c ‘
Device Device Device Device ._ P )
Driver Driver 1 Driver 2 Driver 3 ' '
/I’ ‘I\ £ VAN TN
Kernel S — e ~~ 4 .
Space SP| General Interface Layer ‘ spi.c ‘
PN
RI\[
SPI Controller Driver spi-pl022-starfive.c
1l
.
—{} device1 device2 device3
Hardware |
' |50¢ [spo] , 1L i [
o B >

The following sections describe each layer in the above diagram.

User Space

The user space layer includes all the applications which use the SPI device. In this layer, users can customize their SPI device

based on their specific needs.

Kernel Space

The kernel space layer can be divided into the following 3 parts.

15 © 2018-2022 StarFive Technology
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* SPI Device Driver Layer:

The Linux kernel does not provide a specific SPI device driver, since the devices on an SPI may vary from case to case.
Users have to use the general SPI device driver which can only communicate with the SPI device in synchronous modes.
So only some simple and not-so-much-data-consumptive devices are supported in this layer.

In this layer, we provide spi dev. ¢ as the standard SPI driver and spi - nand. ¢ as the NAND driver for SPI.
* SP| General Interface Package Layer:

To simplify SPI driver programming and reduce driver program coupling, Linux kernel packages some general programs
of drivers for controllers and protocols to form the SPI general interface package layer.

In this layer, we provide the Linux original driver spi . C.
* SPI Controller Driver Layer:
This layer is the focus of our attention, it will be introduced in detail in the following parts of the document.

In this layer, we provide the driver spi - pl 022-starfi ve. c.

Hardware

The hardware layer is the physical device layer. In this layer, SPI controllers and the connected SPI devices communicate with
CPU via SPI bus.

www.starfivetech.com © 2018-2022 StarFive Technology 16
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4. Interface Description

4.1. Interface Definition

The interface definition of SPI is stored in the following file: i ncl ude/ | i nux/ spi / spi . h, the primary interfaces are
spi_register_driver and spi_message_init.

The macro module_spi_driver() is used to register an SPI device in a short while.
The following code block shows an example.

#define nmodul e_spi _driver(__spi_driveSPI\nodul e_driver(__spi_driver,
spi _register_driver,\spi_unregister_driver)

4.2. spi_register_driver

The interface has the following parameters.
* Synopsis:
int spi_register_driver(struct spi_driver *sdrv)
« Description: The interface is used to register the driver of an SPI device.
* Parameter:
o sdrv: spi _dri ver type, includes the SPI device name, probe interface information and so on.
* Return:
° Success: 0.

o Failure: Any value other than 0.

4.3. spi_message_init

The interface has the following parameters.
* Synopsis:
voi d spi _nmessage_init(struct spi_nessage *m
« Description: The interface is used to initialize an SPI message structure to clear or initialize a transfer queue.
* Parameter:
o m: The SPI message type.

¢ Return: None.

17 © 2018-2022 StarFive Technology www.starfivetech.com
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5. Example Use Case

The following section lists a typical use case of JH7110 SPI.

Locating the Original Kernel Driver
The driver file is stored in the following path.

freelight-u-sdk/Ilinux/drivers/spi/spidev.c

The driver is a Linux embedded SPI device driver.

Registering an SPI Driver

You can use the spi_register driver (on page 17) interface to register an SPI driver, as a basis for SPI message reading and

writing.
The following code block provides an example.
static int __init spidev_init(void)

{

int status;

/* O aimour 256 reserved device nunbers. Then register a class

* that will key udev/ndev to add/renove /dev nodes. Last,
* the driver which manages those device nunbers.

*/

BU LD_BUG ON(N_SPI _M NORS > 256);

status = register_chrdev(SPI DEV_MAJOR, "spi", &spidev_fops);
if (status < 0)

return status;

spi dev_cl ass = cl ass_create(TH S_MODULE, "spidev");
if (1S_ERR(spidev_class)) {

unr egi st er _chrdev(SPI DEV_MAJOR, spi dev_spi _driver.driver.nane);

return PTR_ERR(spi dev_cl ass);
}

status = spi_register_driver(&spidev_spi_driver);
if (status < 0) {
cl ass_dest roy(spi dev_cl ass);

unr egi st er _chrdev(SPI DEV_MAJOR, spi dev_spi _driver.driver.nane);

}

return status;

}

nmodul e_i nit(spidev_init);

Configuring the SPI Driver

In the meantime, make sure you have added device information descriptions of the sub-devices for the SPI controller in the dts

file.

The following code block shows an example of spiO.

&spi 0 {
pinctrl-nanes = "default”;
pinctrl-0 = <&ssp0_pi ns>;
status = "di sabl ed";
spi _dev0: spi @ {
conpatible = "rohm dh2228fv";
pl 022, com node = <1>;
spi - max- frequency = <10000000>;
reg = <0>;
status = "okay";

Ik

The configuration file contains the following parameters for spi_dev0.
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* compatible: The compatibility information of the driver.
* pl022,com-mode: The communication mode of the driver. The following values are available.
o 0: Polling.
o 1: Interrupt
° 2: DMA
 spi-max-frequency: The maximum frequency of the slave device.
Note:
Make sure you set the a proper value for maximum frequency based on your real conditions, data loss in
transmission maybe caused if an improper value is configured.
« reg: The register address offset of the slave device.
« status: Status of the slave device. The following values are available.
o okay: The slave device is working properly.

o disabled: The slave device has been disabled.

Configuring Kernel Menu
In the kernel menu configuration, make sure you have selected the User mode SPI device driver support option.
Figure 5-1 User Mode SPI Support

.config - Linux/riscv 5.15.8 Kernel Configuration
» Device Drivers » SPT sypporf ——mMmM78M —M MMM MMM M M M MMM

SPI support
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, <7=
for Help, =/> for Search. Legend: [*] built-in [ ] excluded <M> module = > module capable

--- SPI support

Debug support for SPI drivers
[1] SPI memory extension
*%% SPI Master Controller Drivers *#%*
iltera SPI Controller platform driver
tnalog Devices AXI SPI Engine controller
Utilities for Bitbanging SPI masters
Cadence SPI controller
DesignWare SPI controller core support
N¥P Flex SPI controller
GPI0-based bitbanging SPI Master
Freescale SPI controller and Aeroflex Gaisler GRLIB SPI controller
OpenCores tiny SPI
LRM AMBA PLB22 SSP controller
ARM AMBA PLB22 SSP controller on StarFive SoC platform
PXAZ2xx SSP SPI master
Fockchip SPI controller driver
NXP SC1815602/602B/603 I2C to SPI bridge
SiFive SPI controller
Macronix MX25FBA SPI controller
itnalog Devices AD-FMCOMMS1-EBZ SPI-I2C-bridge driver
¥ilinx SPI controller common module
¥ilinx ZyngMP GQSPI controller
AMD SPI controller
*%% SPT Multiplexer support ##%%
SPI multiplexer support
**% SPT Protocol Masters **=
User mode SPI device driver support
spi loopback test framework support
infineon TLE62X8 (for power switching)
SPI slave protocol handlers

AAA A A A A A RAA
VOOV VWV WY

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

Building the SPI File

After you have completed the firmware installation, follow the steps below to build the SPI file.
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| 5- Example Use Case
1. Find the spi devX. O (X = 1-7) device under the / dev folder.

2. Perform reading and writing operations on the file. Or you can use the Linux SPI tool, and run the following command
under path:

freelight-u-sdk/linux/tools

3. Use the following command to build SPI file for test.

# make spi

Result: An executable file named spi dev_t est is generated under the f r eel i ght - u- sdk/ | i nux/ t ool s/ spi
path.
Testing the SPI File
Follow the steps below to test your generated SPI file.
1. Copy the generated file to the SoC and connect the TX and RX of the I/O port on the SPI.
2. Then run the following command to test:
# /spidev_test -D /dev/spidevX. 0 -v -p data
Result: The displayed data is the content to be transferred. The test example is as follows.

Figure 5-2 SPI Test Example
# c 3

6E 67 ] 64 |string_to_send]|

6E 67 5F 74 6F 5 |string_to_send|
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6. FAQ

The following section shows the Frequently Asked Questions (FAQ) of JH7110 SPI.

DMA Failure
Problem description: DMA mode failed to load logs from the kernel.
The following image displays an example failure screen.

Figure 6-1 DMA Failure

1: ARM PLB22 c_iri'\.-'er for StarFive ! tform, device ID: 8x00041822

: mapped registers from 110 @0 to | ptrval )|
sork 1n dma mode, work without dma!

Analysis: This is a normal case, since DMA is not configured in device tree. There are fewer DMA channels and cannot fully meet
the demand, and SPI does not use the DMA channel to transfer.

Solution: If you want to use DMA channel to transfer, you should change the device tree and add DMA configuration.
The highlighted section in the following image provides an example solution.

Figure 6-2 DMA Failure Solution
: spi@10060000
compatible = “arm,| "arm,p v
reg = <Bx8 x16068688 ax8 exl :
clocks = <&clkgen JH7118 SPI@ C
clock-names = 1k™;
resets = <&r
reset-names
interrupts

dmas = <&dma 14 1>,
dma-names = "rx",’
arm,primecell-periphid = <
num-cs = <1>;
#address-cells = <13»;
#size-cells = «<@:

status = "d
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