G StarFive
D

BT} $52

i

JH7110 PWM Developing Guide

VisionFive 2

Version: 1.0

Date: 2022/11/10

Doc ID: JH7110-DGEN-010



Legal Statements

Important legal notice before reading this documentation.

PROPRIETARY NOTICE
Copyright © Shanghai StarFive Technology Co., Ltd., 2022. All rights reserved.

Information in this document is provided "as is," with all faults. Contents may be periodically updated or revised due to product
development. Shanghai StarFive Technology Co., Ltd. (hereinafter "StarFive") reserves the right to make changes without further
notice to any products herein.

StarFive expressly disclaims all warranties, representations, and conditions of any kind, whether express or implied, including,
but not limited to, the implied warranties or conditions of merchantability, fitness for a particular purpose, and non-
infringement.

StarFive does not assume any liability arising out of the application or use of any product or circuit, and specifically disclaims any
and all liability, including without limitation indirect, incidental, special, exemplary, or consequential damages.

All material appearing in this document is protected by copyright and is the property of StarFive. You may not reproduce the
information contained herein, in whole or in part, without the written permission of StarFive.

Contact Us

Address: Room 502, Building 2, No. 61 Shengxia Rd., China (Shanghai) Pilot Free Trade Zone, Shanghai, 201203, China

Website: http://www.starfivetech.com

Email:

« Sales: sales@starfivetech.com

* Support: support@starfivetech.com



http://www.starfivetech.com
mailto:sales@starfivetech.com
mailto:support@starfivetech.com

Contents

LIST OF TS, .ottt et b e bbbt b et h e b et b e R bt bbbt R e e bt bt h e sb e bt e b e b s bt e b bt eneen 4
[ o) = {0 [ T PP PTRRPPTPR 5
[ B =1 44 1T P PO P U P PP PRUPRP ii
P @ ettt bbbt h e e bt e Rt e b ekt e Rt e Rt eh e e R e e heehe e R e e R e SR e e Rt e bt eh e e Rt e ekt ehe e Rt e bt eheeabeneeebeebenbeentenre e vi
I 1 o T T TN 7
1.1, FUNCEON INTFOQUCTION. ....itiiiiiiitiiiet ettt bbb bbb s b b s bt e e b e s b sbn e b e st e e bt e b e sbesas 7
J R =1 (o Tol N D T4 T4 o O PP TP ORI PPN 7
1.3. DEVICE TrEE OVEIVIEW...ciiiiiiiiiiiiiiii ettt bb e e s hb e e s s b e e s ab e e e s ab e e e st e e e s be e e s abe e e s aba e s s abneesbasesbaeeesaeess 8
1.4, SOUICE COUE STIUCTUIE....ecuiiiiiiirtieiietiet ettt ettt ettt b et bt s a e b bt e bt e b e e bt e be et e s et e bt et e e bt S b e e b e s bt eb e et e bt e be e b e saesbeenbennesns 8
b o) i 10T - n (o1 TN 9
2.1, Kernel Menu CONFIGUIATION. .....c.iiiiieieeieeteeeee sttt sttt et sae e st e e e b e s e s b e s ne e b eesheeeaseeseesbeesaseenbeebeeaneesnnenaneenne 9
2.2. DEVICE TrEE SOUIMCE COUE.....cciiiiieiieeiee ettt ettt ettt st e e e e s e et e e st s n e e s seesane s st e beesesesas e e et e smeeemneenaeeaneeeneesnneeaneeane 10
2.3. DEVICE Tre CONFIGUIATION. ...ccuuiiiiiiie ettt ettt ettt e ettt e et e et e e e tteeesabeeeeabeeeeasse e sseeesasae e staeeasseseeabasesasaaaansseesaseesensaesannneas 11
2.4. VisionFive 2 Board LeVel CONfIGUIAtION......cciciiiiiiii ittt ettt e st e sba e s s taeeeabeesabeeebbeeeesbeesenssesasbeeesabeaanstaeesnsaeas 12
TR 10 (=T g £ ToT T 0 LTy o T o TN 13
304 R YTl Yo T Vo Lo USRS 13
S o VY o T (= O SO PP PP PPN 13
2 T o1V 4 T o1 U S OO U PRSP PURRRPRPPP 13
IR N T [T o] YA - T S PP PP PP ORUPRP 13
4. GENEral USE EXAMPIE....ciiiiiiiiierriiiiiiiiirnneeetieseisssnneesssssssssssansesssssssssssnsesssssssssssssessssssssssssssssssssssssssnsesssssssssssnnssssssssssssnnnanns 15
4.1, SYSTS INTEITACE EXAMPIE.....iiiiiiieeciiee ettt e et e e et e e e teeeetbeeebeeeeabaeeeataeesbseesasaeeensbeeenbesessaeeasseeeanbesennseeennses 15
3 © 2018-2022 StarFive Technology www.starfivetech.com

All rights reserved


https://www.starfivetech.com/

Contents

List of Tables

Table 0-1 Revision History

www.starfivetech.com

© 2018-2022 StarFive Technology
All rights reserved


https://www.starfivetech.com/

Contents

List of Figures

[T {U I A =1 o Yo QDI { - o o PO USRS 7
FIUre 1-2 DEVICE TrEE WOTKIIOW. .. ..iii ittt ettt ettt et e et e s e e e s ate e e sabe e e sabaeeastseeasabeesasbeeansseeeabeeessaeesbeeesabeeesntaaannseeas 8
FIGUIE 2-1 DEVICE DIFIVEIS. . .eiiiiiiiiiiie ittt ettt et s bt e s et e s bt e s b et e e be e e eaba e e s be e e et s e e e ba e e sabaeesabbeeesbneesanbeesanneeenne 9
FIGUIE 2-2 PWIM SUPPOIT. . eeeeeeee ettt ettt e ettt e e e ettt e e e s ab et e e e e e ame et e e e s e anee e e e e s aaane e e e e e samnne e e e e e s nnseeeeeeansneeeesesnnnneeesesannnneeesanans 10
Figure 2-3 StarFive PWIM PTC SUPPOIT....ciiiiiiiiieeeieiitteeeeseiteeeeeeseteeeeesssavaseeessasssaseesssasssaeeesssssstaeeeessnsseneeessssssssesesssnssesessensssssneens 10
5 © 2018-2022 StarFive Technology www.starfivetech.com

All rights reserved


https://www.starfivetech.com/

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 PWM of the
StarFive next generation SoC platform - JH7110.

Audience

This document mainly serves the PWM 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.

vi



1. Introduction

Pulse Width Modulation (PWM) provides a way of controlling certain analog quantities, by varying the pulse width of a fixed
frequency rectangular waveform. PWM is used in many applications, ranging from communications to power control and

conversion.

1.1. Function Introduction

The JH7110 SoC Platform supports the following features and specifications on the PWM module.
* 8 PWM channels
* 32-bit counter/timer facility
« Single-run or continuous run of PTC counter
* Programmable PWM mode
» System clock and external clock sources for timer functionality
 HI/LO Reference and Capture registers
* Three-state control for PWM output driver

* PWM/Timer/Counter functionalities can cause an interrupt to the CPU

1.2. Block Diagram

The following figure shows the block diagram of the PWM driver for JH7110.

Figure 1-1 Block Diagram

user space ‘ /sys/class/pwm/pwmchip™® ‘

\

register

PWM subsystem

pwm-core

interface sysfs

= /

ops

AV

w provide
[ underlying operation J<

As in the above diagram, besides the general layer of user space for all Linux modules, the PWM subsystem has the following

sub-modules.
« interface: The sub-module provides the sysfs interface to interact with pwm-core.

* pwm-core: The sub-module builds the core functions of PWM subsystem. It provides PWM control APls. pwm-core has

the following two key components.

7 © 2018-2022 StarFive Technology www.starfivetech.com
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| 1-Introduction

o pwm_chip represents the module which controls PWM generation.
o pwm_device represents a single physical PWM channel.

The PWM subsystem communicates with the StarFive PWM driver to achieve the PWM functions. The driver registers a
pwm_chip through APl and provide operation functions (ops) for the pwm-core, which implements the underlying operations
such as reading or writing register values and generating PWM signals within the specified time period.

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.

Figure 1-2 Device Tree Workflow

DTSI File DTSI File DTSI File
DTS File

|

DTC Compiler

DTB Binary File

1.4. Source Code Structure

The following code block shows the source code structure for the PWM subsystem.

linux-5.15.0

j— drivers

| = pwm

| | |— core.c
| | |— sysfs.c
I

| L pwmstarfive-ptc.c

www.starfivetech.com © 2018-2022 StarFive Technology 8
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2. Configuration

2.1. Kernel Menu Configuration

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

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 [ ]

10 Schedulers ---=

Executable file formats ---=

Memory Management options ---=
*] Networking support ---=

File systems ---=

Security options ---=
-*- Cryptographic API --->

Library routines ---=

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

3. Enter the PWM support menu.

9 © 2018-2022 StarFive Technology www.starfivetech.com
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| 2 - Configuration
Figure 2-2 PWM Support

.config - Linuxfriscv 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 <Y>
includes, <N> excludes, <M= modularizes features. Press <Esc><Esc> to
exit, <?> for Help, </> for Search. Legend: [*] built-in [ ]

Memory Controller drivers ----

Industrial I/0 support ----
Non-Transparent Bridge support ----

VME bridge support ----

Pulse-Width Modulation (PWM) Support --->
IRQ chip support ---=>

IndustryPack bus support

Reset Controller Support

PHY Subsystem ---=

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

4. Select the StarFive PWM PTC Support option.

Figure 2-3 StarFive PWM PTC Support

.config - Linux/riscv 5.15.0 Kernel Configuration

> Device Drivers > Pulse-Width Modulation (PWM) Sup

Pulse-Width Modulation (PWM) 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 [ ]

-- Pulse-Width Modulatien (PWM) Support
FWM lowlevel drivers additional checks and debug messages
Atmel TC Block PWM support
DesignkWare PWM Controller

Freescale FlexTimer Module (FTM) PWM support
NXP PCA9685 PWM driver

SiFive PWM support
<* Starfive PWM PTC support

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

5. 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

www.starfivetech.com © 2018-2022 StarFive Technology 10
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| L starfive

| |— codecs

| | }— sf_pdm dt si
| | — sf_pwndac. dt si

| | |— sf_spdif.dtsi

| | — sf_tdm dtsi

| | L— sf_wB960. dt si

| |— evb-overl ay

| | }— j h7110- evb-overl ay-can. dts

| | |— i h7110- evb-overl ay-rgb2hdm . dts
| | }— j h7110- evb-overl ay-sdio. dts

| | |— i 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

| }— jh7110. dtsi

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

| |— jh7110-evb. dts

| }— j h7110- evb. dtsi

| |— j h7110- evb- dvp-rgb2hdni . dt s

| }— j h7110- evb- pci e-i 2s-sd. dts

| }— j h7110- evb-pinctrl . dtsi

| }— j h7110- evb-spi -uart 2. dts

| }— j h7110- evb-uart 1-rgbh2hdmi . dts

| }— j h7110- evb-uart 4-emrc-spdif. dts

| }— j h7110- evb-uart5- pwmi2c-tdmdts

| }— j h7110-f pga. dt s

| }— j h7110-visionfive-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

2.3. Device Tree Configuration

The PWM device tree source code is stored under the ptc node in the file of j h7110. dt s.
The following code block provides more detail.

ptc: pwm@20d0000 {
conmpati ble = "starfive, pwni';
reg = <0x0 0x120d0000 0x0 0x10000>;
reg-names = “control";
cl ocks = <&cl kgen JH7110_PWM CLK_APB>;
resets = <& stgen RSTN_U0_PWM 8CH APB>;
starfive, approx-freq = <2000000>;
#pwm cel | s=<3>;
starfive, npwm = <8>;
status = "di sabl ed";

11 © 2018-2022 StarFive Technology
All rights reserved
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The following list provides more descriptions for the configuration bits.
« compatible: Compatibility information, used to associate the driver and its target device.
* reg: Register base address "0x120d0000" and range "0x10000".

* reg-names: The names of the registers used by the PWM module.

.

clocks: The clocks used by the PWM module.

« resets: The reset signals used by the PWM module.

« interrupts: Hardware interrupt ID.

« approx-frequency: Edit this bit to configure the approximate frequency of PWM.

« status: The work status of the PWM module. To enable the module, set this bit as "okay" or to disable the module, set
this bit as "di sabl ed".

2.4. VisionFive 2 Board Level Configuration

The board level device tree file (DTSI file) stores all differentiation information for each board-level device. (For example,
common. dt si,j h7110-vi si onfive-v2.dts,andj h7110-vi si onfive-v2.dtsi,etc.)

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

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

For example, the pin configuration of PWM on the VisionFive 2 SBC is listed under the pwm_pins node in the filej h7110-
vi sionfive-v2.dtsi.

The following code block provides an example of the pins used by PWM including dout (Data Output), doen (Data Output
Enable), and so on.

pwm pi ns: pwm pins {
pwm _chO- pi ns {
sf, pins = <PAD_GPlI O46>;
sf, pi nnux = <PAD_GPI 046_FUNC_SEL 0>;
sf,pin-ioconfig = <IQ(GPIO_IE(1))>;
sf, pi n-gpi o-dout = <GPO_PTCO_PWM 0>;
sf, pi n-gpi o-doen = <OEN_PTCO_PWM 0_CE_N>;
I

pwm chl-pins {
sf, pins = <PAD_GPI 069>
sf, pi nmux = <PAD_GPl 069_FUNC_SEL 0>;
sf,pin-ioconfig = <IQ(GPI O_| E(1))>;
sf, pi n-gpi o-dout = <GPO_PTCO_PWM 1>;
sf, pi n-gpi 0o-doen = <OEN_PTCO_PWM 1_CE_N>;

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

3.1. pwmchip_add

The interface has the following parameters.
* Synopsis:
int pwnthi p_add(struct pwm.chip *chip)
* Description: The interface is used to register a new PWM chip.
* Parameter:
o chip: The PWM chip to add.
* Return:
° Success: 0.

o Failure: Error code.

3.2. pwm_get

The interface has the following parameters.

* Synopsis:

struct pwmdevice *pwm get (struct device *dev, const char *con_id)

* Description: The interface is used to look up and request a PWM device.
* Parameter:

o dev: The device for the PWM consumer.

o con_id: The consumer ID (name).
* Return:

o Success: The pointer to the requested PWM device.

o Failure: Error code.

3.3. pwm_put

The interface has the following parameters.
* Synopsis:
voi d pwm put (struct pwm devi ce *pwn)
* Description: The interface is used to release a PWM device.
* Parameter:
o pwm: The PWM device to release.

¢ Return: None.

3.4. pwm_apply_state

13 © 2018-2022 StarFive Technology
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| 3 - Interface Description

The interface has the following parameters.
* Synopsis:
int pwmapply_state(struct pwmdevice *pwm const struct pwmstate *state)
» Description: The interface is used to apply a new state to a PWM device atomically.
* Parameter:
° pwm: The PWM device to change status.
o state: The new state to apply to the PWM device.
* Return:
° Success: 0.

o Failure: Error code.

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

4.1. Sysfs Interface Example

In the user space, you can easily control PWM through sysfs interface supported by Linux.
The following procedure provides an example for it.
1. Enter the following directory, you can see all the registered PWM chips.
# cd /sys/cl ass/ pwm

#1s
pwnthi p0o

2. Enter the directory pwrchi p*, run command echo X > export.

Note:

In the command, the parameter X is the PWM channel which you want to control.

Result: Then the directory pwnX is generated.

# cd pwrchi p0/

#1s

devi ce export npwm power subsystem uevent unex- port
# echo 0 > export

#1s

devi ce npwm pwrD uevent

export power subsystem unexport

# echo 1 > export

#1s

devi ce npwm pwD subsystem unexport

export power pwnil uevent

3. Enter the directory pwirX, you can see all states of this PWM channel.
The following list provides descriptions for the parameters.
o enable: Enable or disable the PWM channel. 1 for enable, 0 for disable.
o polarity: Invert polarity or not. 1 for invert polarity, 0 for normal (do not invert).
o period: Enter the period of PWM signal (unit: ns)
o duty_cycle: Enter the duty cycle of PWM signal (unit: ns)

4. Now, you can change the states of PWM channel using commands of echo and cat.

# cd pwrD/

#1ls

capture enabl e pol arity uevent
duty_cycle period power

# echo 10000 > period

# echo 5000 > duty_cycle
# cat period

10000

# cat duty_cycle

5000

# cat polarity

nor mal

# cat enable

1
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