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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 power management of the StarFive next generation SoC platform - JH7110.

Audience

This document mainly serves the thermal 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

2023/08/04

The First Official Release.

Notes and notices

The following notes and notices might appear in this guide:

. 6 Tip:

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

-

cup

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.

Warning:

Indicates that an action or step can result in physical harm or cause damage to

hardware.

vi



1. Introduction

The thermal system uses a thermal sensor to load the current temperature of the CPU and GPU.
Then, based on the value, you can adjust the working frequency of the GPU and CPU, for example,
control the maximum frequency. In the end, thermal control can avoid over-high temperatures for
the entire JH7110 SoC platform.

1.1. Block Diagram

The following figure shows the block digram of the thermal system interface.

Figure 1-1 Block Diagram

thermal core

| ) !

thermal zone device thermal governor thermal cool device

1.2. Source Code Structure

The following code block shows the source code structure of the thermal control system.

ker nel /

| -- drivers/thermal/thermal _core.c //thermal sensor core code
| -- drivers/thermal /cpu_cooling.c //thermal cpu cooling code
| -- drivers/thernmal/gov_step_w se.c //step wi se governor code
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2. Configuration

This chapter includes the following parts:

* Device Tree Configuration (on page 8)

* Kernel Menu Configuration (on page 12)

2.1. Device Tree Configuration

The device tree stores all the configuration modules for a board.
The device tree file of the JH7110 EVB is in the following path:
kernel /li nux/arch/riscv/boot/dts/starfive/jh7110.dtsi.

The following list provides more information on the device tree for the thermal system.

2.1.1. of thermal

By describing the relationships of the modules among thermal zone, thermal sensor, trip point, and
cooling device in the DTS file following a standard format, the of-thermal module will automatically
register the DTS information and maintain the logic relations to reduce code complexity.

The following code block provides a thermal node of JH7110.

t her mal - zones {
cpu-thermal {
pol |'i ng- del ay- passi ve = <250>;
pol | i ng-del ay = <15000>;

ther mal - sensors = <&sfctenp>;

trips {
cpu_alert0: cpu_ alertO {
[* mllicCelsius */
tenperature = <85000>;
hyst eresi s = <2000>;
type = "passive";

cpu crit: cpu_crit {
[* mlliCelsius */
tenperature = <100000>;
hyst eresi s = <2000>;
type = "critical";

b

www.starfivetech.com © 2018-2023 StarFive Technology
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b

cool i ng- maps {

map0 {

trip = <&cpu_al ert 0>;
cool i ng-devi ce =

<&cpu0 THERMAL_NO LIM T THERVAL_NO LI M T>,
<&cpul THERMAL_NO LIM T THERVAL_NO LI M T>,
<&cpu2 THERMAL_NO LIM T THERVAL_NO LI M T>,
<&cpu3 THERMAL_NO LIM T THERVAL_NO LI M T>;

2.1.2. Thermal driver

The following code block provides an example of the thermal driver.

sfctenp: tnon@20e0000

b

conpatible = "starfive,jh7110-tenmp";

reg = <0x0 0x120e0000 0x0 0x10000>;

interrupts = <81>;

cl ocks = <&cl kgen JH7110_TEMP_SENSOR CLK TEMP>,
<&cl kgen JH7110_TEMP_SENSOR CLK APB>;

cl ock- names = "sense", "bus";

resets = <& stgen RSTN U0 _TEMP_SENSCOR TEMP>,
<&rstgen RSTN U0 TEMP_SENSOR APB>;

reset - names = "sense", "bus";
#t her mal - sensor-cell s = <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 "0x120e0000" and range "0x10000".

* interrupts: Hardware interrupt ID.

* clocks: The clocks used by the thermal sensor module.

¢ clock-names: The names of the above clocks.

* resets: The reset signals used by the thermal sensor module.

© 2018-2023 StarFive Technology
All rights reserved
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| 2 - Configuration

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

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

2.1.3. Cooling device — CPU device

The following code block provides an example of the cooling device - CPU device.

cpul: cpu@ {
conpatible = "sifive,s7", "riscv";
reg = <0>;
d- cache- bl ock-si ze = <64>;
d- cache-sets = <64>;
d- cache-si ze = <8192>;
d-tlb-sets = <15;
d-tl b-size = <40>;
device_type = "cpu";
i - cache- bl ock-size = <64>;
i -cache-sets = <64>;
i -cache-size = <16384>;
i-tlb-sets = <1>;
i-tlb-size = <40>;

nmu-type = "riscv, sv39";

next -1 evel - cache = <&cachectrl >;

riscv,isa = "rv6di mac_zba_ zbb";

tlb-split;

#cool i ng-cel I s = <2>;

status = "di sabl ed";

cpuOintctrl: interrupt-controller {
#interrupt-cells = <15;
conpatible = "riscv,cpu-intc";

interrupt-controller;
1
}

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 .

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

2.1.4. Cooling device — CPU OP table

The following code block provides an example of the cooling device - CPU OP table.

www.starfivetech.com © 2018-2023 StarFive Technology 10
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clusterO_opp: opp-table-0 {

conpati bl e = "operating-poi nts-v2";

opp- shar ed

opp- 375000000 {
opp-hz = /bits/ 64 <375000000>;
opp-m crovolt = <800000>;

Ji -

opp- 500000000 ({
opp-hz = /bits/ 64 <500000000>;
opp-m crovolt = <800000>;

b

opp- 750000000 {
opp-hz = /bits/ 64 <750000000>;
opp-m crovolt = <800000>;
opp- suspend;

Ji -

opp- 1500000000 ({
opp-hz = /bits/ 64 <1500000000>;
opp-m crovolt = <1040000>;

}s

/* CPU opp table for 1.25GHz */

opp- 312500000 {
opp-hz = /bits/ 64 <312500000>;
opp-m crovolt = <800000>;

iE

opp- 417000000 {
opp-hz = /bits/ 64 <417000000>;
opp- m crovolt = <800000>;

if%

opp- 625000000 {
opp-hz = /bits/ 64 <625000000>;
opp-mi crovolt = <800000>;
opp- suspend;

iE

opp- 1250000000 {
opp-hz = /bits/ 64 <1250000000>;
opp-m crovolt = <1000000>;

s
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.

* opp-hz: Frequency.

* opp-microvolt: The voltage corresponding to frequency.

11 © 2018-2023 StarFive Technology www.starfivetech.com
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2.2. Kernel Menu Configuration

Follow the steps below to configure the kernel menu settings for the thermal sensor.

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

cd freelight-u-sdk
make | i nux-nmenuconfig

2. Enter the Device Drivers menu.

Figure 2-1 Device Drivers

.config - Linux/riscv 6.1.31 Kernel Configuration

Linux/riscv 6.1.31 Kernel Configuration
Arrow keys navigate the menu. 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
Legend: [*] built-in [ ] excluded <M= module <= = module capable

ceneral setup ---=

MM -based Paged Memory Management Support
Support non-ccherent DMA

SoC selection ---=

CPU errata selection ---=

Platform type ---=

ternel features ---=

Foot options ---=

Power management options ---=

CPU Power Management ---=
Virtualization ----

ceneral architecture-dependent options ---=
tnable loadable module support ---=
Enable the block layer ---=
Executable file formats ---=
Memory Management options ---=
Networking support  ---=

Device Drivers --->

File systems ---=>

Security options ---=

Cryptographic API ---=

Library routines ---=

vernel hacking ---=

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

3. Enter the Thermal Drivers menu.

www.starfivetech.com © 2018-2023 StarFive Technology
All rights reserved
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Figure 2-2 Thermal Drivers

.config - Linux/riscv 6.1.31 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 [ ] excluded =M= module

< = module capable

I2C support --->

I3C support ----

SPI support --->

SPMI support ----

HSI support ----

PPS support ----

PTP clock support ---=

Pin controllers ---=

GPIO Support --->

Dallas's 1-wire support ----

toard level reset or power off ---=
Fower supply class support ----
Hardware Monitoring support ---=
Thermal drivers ---=

Watchdog Timer Support ---=

Sonics Silicon Backplane support ----
Eroadcom specific AMBA ----
Multifunction device drivers ---=
voltage and Current Regulator Support ---=
Femote Controller support ----

CEC support --->

Multimedia support ---=

craphics support ---»

< Exit = < Help = < Save >

< Load >

4. In the Thermal Drivers menu, select the CPU Frequency Cooling Device option.

13
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Figure 2-3 CPU Frequency Cooling Device

.config - Linux/riscv 5.15.8 Kernel Configuration
[...] evice Drivers = Search (CONFIG PEVFREQlTHERMAL) > Device Drivers > Thermal drivers
hermal drivers 1
Arrow keys navigate the menu. <=Enter= selects submenus ---= (or empty submenus
----). Highlighted letters are hotkeys. Pressing =Y= includes, =N= excludes,
<M> modularizes features. Press <Fsc=<Fsc> to exit, <?= for Help, </> for
Search. Legend: [*] built-in [ ] excluded <M= module = = module capable

--- Thermal drivers

Thermal netlink management

Thermal state transition statistics
Emergency poweroff delay in milli-seconds
Expose thermal sensors as hwmon device
LPIs to parse thermal data out of device tree
Enable writable trip points

Default Thermal governor (step_wise) ---=
Fair-share thermal governor

Step_wise thermal governor

Eang Bang thermal governor

llser_space thermal governor

Fower allocator thermal governor

ceneric cpu cooling support

* *

L T U U T VAV NUY, (W S Sy S

Thermal emulation mode support

ceneric Thermal MMIO driver

Hisilicon thermal driver

Temperature sensor driver for Freescale 1.MX SoCs
Temperature sensor driver for Freescale 1.MX8MM SoC
Texas Instruments K3 thermal support

0orIQ Thermal Monitoring Unit

SPEAr thermal sensor driver

AAANNAMNDEITDTTT

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

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

* Default Thermal governor (step_wise): Thermal governor select st ep_w se by
default.

* Expose thermal sensors as hwmon device: Generic Thermal Management hwmon
support.

* APIs to parse thermal data out of device tree: Generic Thermal Management device
tree support.

» Enable writable trip points: Support modifying trip points in user space.
* Thermal emulation mode support: Support thermal emulation temperature function.
* Generic cpu cooling support: Open generic CPU cooling.

* CPU frequency cooling device: Supports generic CPU cooling mechanism through
frequency reduction.

www.starfivetech.com © 2018-2023 StarFive Technology
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3. Use Example

This chapter includes the following parts:

* Check Sensor Temperature (on page 15)

* Temperature Simulation (on page 15)

* Turning off Thermal Control (on page 15)

* Setting the Over-Heat Threshold to Avoid Automatic Shut-Down (on page 16)

* Modifying the Target Temperature (on page 16)

3.1. Check Sensor Temperature

Follow the example below to check the sensor temperature of thermal_zone0.

* Check the type of thermal_zoneO:

#cat sys/class/thermal/thermal zoneO/type cpu_t hernmal zone

* Check the temperature of thermal_zone0:

#cat sys/class/thermal /thermal _zoneO/tenp 36000

Note:

The unit of temperature is mC, 36000 mCis 36 C.,

3.2. Temperature Simulation

Temperature simulation test can be used to validate your temperature management policy. Follow
the example below to use the thermal sensor to simulate temperature.

* Set the simulation temperature for thermal_zoneO:

#echo 80000 > /sys/class/thermal /thermal zoneO/enul tenp

* Turn off the simulation temperature function of thermal_zone0:

#echo 0 > /sys/class/thernal/thermal zoneO/ enmul tenp

3.3. Turning off Thermal Control

15 © 2018-2023 StarFive Technology www.starfivetech.com
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Follow the example below to turn off thermal_zone0.

¢ Turn off thermal control strategy:

#echo di sabl ed > /sys/cl ass/thernmal /thermal _zoneO/ node

* Unlock all the restrict of cooling device:

#echo 0 > /sys/class/thermal /thermal _zoneO/ cdev*/cur_state

3.4. Setting the Over-Heat Threshold to Avoid Automatic
Shut-Down

You can avoid automatic shut-down by modifying the over-heat temperature threshold of the
cpu@rit node to a greater value. Follow the example below:

cpu_trips: trips{
cpu crit: cpucrit@ {
tenperature = <110000>;
type = "critical";
hyste-resis = <0>;

b

When a PMIC is used, you may need to switch off the PMIC in advance. See the following example:

pmul:  pmu@{
overtenp_shutdown = <1>; [l Qvertenp protection, 0 means shut down
overtenp val ue = <145>; /I Qvertenp protection tenperature

3.5. Modifying the Target Temperature

You can modify target of temperature control ont ri p- poi nt @ based on your temperature control

policy.

cpu_trips: trips{
cpu_threshold: trip-point@ ({
tenperature = <70000>;
type = "passive";
hysteresis = <0>;

}
cpu_target: trip-point@ {
tem perature = <80000>,
type = "passive";
hysteresis = <0>;
3
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