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2.1 EAhitiESS
BIE (thermal) RAMZOINEMZREFEEEHE—TSENTEE,. EEZS, WSRE
HESES, KRAME, FTENESHRE2REE.

M FRARNRGERY, FEN—RGEASEM, RERRERFRSE, RFMFTERE, WHIERE
WiE, MNRFFR, WRARAEEESURES, SHRASEFHRER, FRAF. FIER
BENFERSEFEEEN—

ERIER, BARERERMIXER:
(1) SNfAIRRAECRE
(2) EERCREE

AT KM ERINEEFE K4 thermal framework &R H Thermal Zone Device. Thermal Cool-
ing Device. Thermal Governor. Thermal Core P9 E843
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User
sysfs space
kernel
space
thermal core
v v v
thermal zone device thermal governor thermal cooling device
A
L
step power
wise allocator
thermal framework
hardware
soc CPU -+
GPU -+
NTC |- temp sensor
NPU -+

2-1: thermal framework

WA PR E R H Thermal Cooling/Device I8, Ef 5[ thermal EZIRERERSIHIPE
BRE, RIEAREEREESE, —RBITRSMREMINFENE MR,

fAIBS BRREE 28 Thermal Zone Device 1 Thermal Governor #i#R$135, Hu%ﬁﬁﬁf%éf‘
mEEME, 79 thermal HEZRRELNEIERI, MEEREBEXEHIBTEHEE—ISENEE
K

2.1.1 Thermal Zone Device——FKEEEMNIZE

Thermal Zone Device 27 thermal framework FRZEHNBI’RE. HTFREBUEEMIREER
%, %0 cpu, gpu, ddr REPERM sensor, TEEMEHEME, IEEBEERBES, XK
ECREMNISELS, eE, RIE, 2HNMUEEFZEER, BNNERE IC H, AN F IC 2
4, BRENFN, BEXZENN, EEENRE— 1T EMHENIES, AT HESEM],
FRARZIERBUEE MR R AE— B, EFXRERINNAKSSIHXT M ARSI

o RBEYIRNFIZEFME thermal framework A Thermal Zone Device [5, Zi&&
B 5RETE.
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2.1.2 Thermal Cooling Device— = H B EMIE &

5NWRIgEER, TEHEEMSEEERXEE, EUNEHRA, XL, KLEE, 28
HEMMBARERE RN, MERARXRAR, —RRABREEARAENS, FINRRKIEEEITM
REE, XAEdNEMSEBEENIRE, RIEBEZFNEN, BtAZBEESEHSN
MR HFE, XEL Thermal Cooling Device, FEHE, & BEELIECHMEEIREIERR, A
[55R&8Th8EE M AL Thermal Cooling Devices

BEFIENEHTEBRFRET, LAAZEENREGE, REFESIH, MASEHEENRS
MEEESRFE, AAZHT AN EENEFSBE T I TNMEERE, FiFt, £4AXH, Wa
Bt EEREREE.

£ D1 J, BERMNEETSEZRE CPU WESIEITMER,

2.1.3 Thermal Governor——&2Ix ZZHAE

BT MRS EMISEE, BAMBEER, EEEER, REIMEKRIRIE B T Thermal {EZERE
EWNE T, FERIZIEMT Thermal Governor {&ERFHRIXEE T £,

1, Thermal Governor AR EERLKRIARE, WA RE, REBRBEAAHIMESEEHE
BIRE, NRFEMFEERS, XFATAENRERH SR ERESESE, XEYH Thermal
Governor iR EE , B Governor REEIRHIESS, H AW BABITHEIZE,

2, Thermal policy ‘RIFRIEEBERIEHINEERAFESENFERRENITES E. FENEE
HEIF, HEREEASRER, EEXEIENA, BEASRR, EF1IHX, XHME—NE
THRBE, HA, policy fasi A Governor RREEAWITEIE, Governor rl@I IR ERY
policy ZFERENITELE SR,

2.1.3.1 thermalgovernor <Y EHZNA

o ﬁﬁﬁpolicyiﬂﬁﬂ

FEF' ﬁﬂl«lﬁﬁcat /sys/devices/virtual/thermal/the rmalizonee/availableipoliciesﬁgi?ﬁﬂgfﬂﬁgﬁ

B&

user space: APRN, BEREREMNEHNBRABAFTIE, AP IUFHHAXNRINESH. (Ekernel
menuconfigikHEZEENA)

step wise: FHFEER, ZKEETHIFTH, BEFEEREMERE, ZPNEE N coolingi&&EMcooling®
Ko (FXEEHRI policy)

power allocator: MESEEDR, ZHKEETHAREH, EFESMIXIGENINE, BEMYAIINFEESPIDELHITH
T4, (D1 BRI
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e trips # binds i%FH

4 trips? # binds? £ thermal policy BISEHh, EFET@BH—NNEIRE, TR
— PN EENRS, UNEEMBEERRSENEZERXAAERIEMNITE, AT EUXTXANER,
Linux thermal 127 trips # cooling-maps BI#&. policy BRI FBEBRKF T trips
binds fg&,

trips —ARIEFEAMA R, HNRIGEARE—EEERN, MEEFMEERT, MIRIXINEYE
EEM®RE— trip o —MNIRIZEAIUEZ ML S, X1 trip EEFMIFA trips.
cooling-maps BHFHFRMH binds, —fRIBR AT, SN EA— trip BE—PHZ D
ERRESHNES (XNMEETXIFA states) , HMRIRFRERXET trip BY, =itk thermal
governor JAE—X thermal policy, i thermal policy FSMNXNMEBIRSHES (states)
R, HTEH—EENEERIRE (state) iR[EI44 thermal governor Hi&E, XEMFTR—RE
EEhfE,

FIMEHMRZ, HARRE— trip #i2f%k thermal governor JAE, EX Linux EX 7T O
trip 28, WM

* active: BUEEENAH

* passive: JSENEENAHD
* hot: RZLH

* critical: RHEAFAIE

2 %F active, passive KA M trip £fif’& thermal governor JEHE—JX thermal policy,
SERRERIRSHERH. M hots critical KEM trip BEFIARARIFHAAKES, fAkM(E,
FEHITEHRRERSHIRIE, MK X notify 2 thermal zone device H1, B ther-
mal zone device WA TEERIFHVIEIERFRIFR S, MA, critical XEH trip &7
notify ZiX5TE, BIEHRTRIIEZEE. B LUESEE trip BIZREYA critical, RIGEILE
KR

2.1.4 Thermal'Core—— Rz K AP T E)EO
BTMERERISEE, ATIEHERE, FMTHREMBUMNABERKAITE—RET. RNZMRT Ther-

mal core, XE Thermal Bz, ETEINEERXECNERERISEMIZHIRE, HiIFKAZLIEE
W1T; MEMBEREHRSE—RVEM, ERZO, HARAFZEFR sysfs FifiEO,.

2.2 JRIERER
2.2.1 step-wise policy

£ D1 &, —RRENRANERITHRIEE step-wise, X2—MREM, LERREREHHEIEER
i, ENZOBREREISFEENESE (KA. TR, ¥R , URHFNEERES T trip(ft
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£R), FRAE cpu F—XH Cooling Device K&

Linux thermal EXHREBEBUTEM, HEREL—AXEX—XEENZEUXAMEWL
A9

enum thermal trend {
THERMAL_TREND _STABLE, /* temperature is stable */
THERMAL TREND RAISING, /* temperature is raising */
THERMAL TREND DROPPING, /* temperature is dropping */
THERMAL TREND RAISE FULL, /* apply highest cooling action */
THERMAL TREND DROP FULL, /* apply lowest cooling action */
i

step-wise FEIFH:

MRHFNREL— trip BES, B

a. fNR#EH I THERMAL TREND RAISING, MEAX trip NN ESHFEERES;

b. tNR##%E THERMAL TREND DROPPING, NFRMIERIEE;

c. IR#%HE THERMAL TREND RAISE FULL, MYEAX trip XS =HEERE;
d. tNR#EHF I THERMAL TREND DROP FULL, NEAXA trip X MASREAIMEEIRTE;
e. NR#HIE THERMAL TREND STABLE, NAMEMRZES;

MR HFRELL— trip JRE(R, B

a. NR#HEE THERMAL TREND_RAISING, MEEM[E;

b. MR #HE THERMAL TREND DROPPING, N LA%% =3t M A SRR, 0
RRNRSELRET IR, NEEHAEMBERIENR;

c. MNE#EHIF THERMAL TREND RAISE FULL, MFREMEfIHEME;

d. NR#%FE THERMAL TREND DROP FULL, MNER TR, MRALAMRSELXETT
PR, NS AEEkEREE;

RETHEBZEEXANEES EXNEEERNLERBE, EXXNEESF LK, WA
7 THERMAL TREND RAISING #&%; #A&RNEEMETF LR, NEEHAN THER-
MAL TREND DROPPING #%; &% X8R, N* THERMAL TREND STABLE #&#,
54h, THERMAL TREND RAISE FULL, THERMAL TREND DROP FULL XFfhias
RZ, £ Allwinner F& K EA,

WRAFRE © BseEREROERAE. RE—TNF 6
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3.1 DTS f2&E

3.1.1 FKECEERIR

FERUF, RBRERERABOARTED, MEBEEREEN—TRE. XTIREES cpu,
gpu FFAERVRELRES, HAFRBRERSENITIRK, EMA Thermal Zone Device BY#
Fo

# RAERMREOMEFIRRRFEIER, ZNEESE, BULRAE
ths: ths@02009400 {
compatible = "allwinner,sun20iwlpl-ths"; # [TAZIRTH
reg = <0x0 0x02009400 0x0 0x400>; # HFFEBRAR
clocks = <&ccu CLK _BUS THS>; # BIfhZEIR
clock-names = "bus";
resets = <&ccu RST _BUS THS>;
nvmem-cells = <&ths calib>; # —nvmemi&&3|H, BHIREREE
nvmem-cell-names = "calibration"; # WEEMNSIES
#thermal-sensor-cells = <1>;
15

M E#ARH Allwinner B2E, HAREEEN.

3.1.2 EFHlRERIR

EFREHA, THEENAXMARER cpu BHEESAFR. BERXIPERS
B Linux EHAH cpu-cooling, dev-cooling IR&FIWR N, FHEHH Allwinner SLIIRY
sunxi cooling device &R,

Ftk, REEE dts FHHRHHR cpu budget cooling, gpu cooling &&. X—EHHREE
B Allwinner 28, BEFEAESRAFREN, TP FAER.

NEHNE YA RS I ESRAOSNE &, AD@EITIREN sysfs SR, W

# RAERMEEOLEFRRSFEIER, ZnESE, BULRAE
root@TinalLinux:/# cat /sys/devices/system/cpu/cpufreq/policy0/scaling available frequencies
408000 720000 1008000

IR © HiB2EREROBIRAR. RE—INF 7
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3.1.3 REEHIRES

EhRA, SBEEHISEREERIAMER Linux Thermal 321189 of thermal HEIRFHEXR,
HWILANERE, HAATSE X |ARRIEEAEE Linux Document 588,

# IRAEERMREDMEFIRERTFEER, RIS E, BULRAE
thermal-zones {
cpu_thermal zone {
polling-delay-passive = <500>; # ZURITHESBUER, BIMAE—NMtrip/a, BEREER
polling-delay = <1000>; # LBITRIGRBE, BEXREER
thermal-sensors = <&ths 0>; # It cpu_thermal zone X{RAysensor

trips{
cpu_trip0:t0{ #%F—1 trip =
temperature = <80000>;
type = "passive";
hysteresis = <0>;
T
cpu_tripl:tl{
temperature = <90000>;
type = "passive";
hysteresis = <0>;
b
cpu_trip2:t2{
temperature = <105000>;
type = "passive";
hysteresis =_<0>;
b
crt_tripsshutdown{ # JE—Natrip =, BAFLEXIRF
temperature =7<110000>;
type = "critical!;
hysteresis = <0>;
b
b
cooling-maps {
bindo{ # tripd INH BFERSE
contribution = <0>;
trip = <&cpu_trip0>;
cooling-device =/<&CPUO 1 1>; #cpufreq M= MBREMERER/IASHIE, MOFATR
&, O EREME

+
bindl{
contribution = <0>;
trip = <&cpu_tripl>;
cooling-device = <&CPUG 2 2>;
T
bind2{
contribution = <0>;
trip = <&cpu_trip2>;
cooling-device = <&CPUO 3 3>;
T

};
};
};

WRAFRE © BseEREROERAE. RE—TNF 8



( Auwiner
ISR WE

3.2 NZicE

# tina JRFSE R, 1T make kernel menuconfig #HANREF RE, HIZUTSBIRE:

1. %5‘5, i&)\EUDevice Drivers -> NVMEM Support, &D'Fﬁﬁa_:

.config - Linux/riscv 5.4.61 Kernel Configuration
> Device Drivers > NVMEM Support — —— 7 —
NVMEM 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, <7>
for Help, </> for Search. Legend: [*] built-in [ ] excluded <M> module < > module capable

[-B- NVMEM Support
[*1 /sys/bus/nvmem/devices/*/nvmem (sysfs interface)
<¥> A lwinner SoCs SID support

< Exit >

3-1: Thermal menuconfig D1 001

ECE TR ER

[*] /sys/bus/nvmem/devices/*/nvmem (Sysfs interface) #sysfs HiXT=
<*>  Allwinner SoCs SID support #f#sE SID IRmh¥#F, FEATIREREE
T y 4

24 ﬁ)\?UDevice Drivers —>Generic Thermal sysfs driver, tzl]'FFﬁa_:

WA © BSEERERHERAE. RE—TF 9
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.config - Linux/riscv 5.4.61 Kernel Configuration
> Device Drivers > Generic Thermal sysfs driver
Generic Thermal sysfs driver
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

-B- Generic Thermal sysfs driver]

[ 1 Thermal state transition statistics (NEW)

(0) “mergency poweroff delay in milli-seconds (NEW)
[1 cxpose thermal sensors as hwmon device

APIs to parse thermal data out of device tree (NEW)
tnable writable trip points

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

Step_wise thermal governor

“ang Bang thermal governor

User_space thermal governor

“ower allocator thermal governor

Generic cpu cooling support

Ceneric clock cooling support

Thermal emulation mode support

Generic Thermal MMIO driver (NEW)

JorIQ Thermal Monitoring Unit (NEW)

Allwinner sunxi thermal driver

*

*

*

AAmm—m——— .
*
V OV Ve et e i

A
¥

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

3-2: Thermal menuconfig D1 002

FCE WU EA

Default Thermal governor (step wise) ---> # BUAERE, RIBEAEFERIEEF
[*] Step wise thermal governor # step-wiseld3fitREE, BIEBIAIAEE A BEIEIR IR
[*] Generic cpu cooling support # {EREcpub&si
[*] Thermal emulation mode support' # ffgE BINEE, BidA8

<*>  Allwinner/sunxi thermal driver | #f#gt thermal driver
r 4 . S

WRINFE © HRB2ERRRNERAR. RE—IF 10
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4.1 EhtiEA

4.1.1 sysfs s

thermal co re%E/sys/devices/vi rtual/thermal B i?ﬁ”@*ﬁ@ﬂgqﬁﬁ ’ Igﬁthermal_zone—ﬂ]cooling_device
MEB o

cooling device I EEBT RE XMW T:

o type: FRERISERILE (RIER/XE/...)

o max_state! FERIREMNRAMERE (LUMERNHI, & VEF REVMEN TN EFR, =ARE
BERZ cpu NRREENIMERFIENER)

o cur state! FERIREMNHFIFEDRS (LIAIEERH, BIEFEIRY cpu BEMMERRTENEFR)

thermalizoneﬁgigqﬁ,ﬁé\yyﬂTl

o type. RIFXIEIRYER, EBUcpu. gpus ddrE

o temp: JEIFEXEIHFNRE

o node: RIFXBIH TIEIRZ, LU0 endbled. disabled

e policy: miTX[B]EYH Fi SRR

e available policies: smixX|8]SZ$FAYEREE

® trip point [0-*] temp. il & S 0-+1HYEE

® trip point [0-*] type. fRR m0-*1BYSERY, active. passive. hot. critical (FENBEENLEE
BB R T — R A passive BB RTIR TN PEIMEEFER, UREMcriticalt BB RTIFEE shutdown
RYRE)

® trip point [0-*] hyst. ﬁEZiﬁ[e *]E’Jm ?’k&, H;iﬁ',r;&l_ ﬂCEjE’J/mr*ﬂ?E/H?FI)u%, ;F?Jl. ?
HAMETHNERE, THNLERE, ATRAE, THNERREREX, BEEEN 0

o enul temp: RRINEEMNTR, BIAMER 0 GREM 0 BXAEINEERITNEE)

4.2 BEhbiR(F

#E thermal zone &%k

WRAFRE © BseEREROERAE. RE—TNF 11
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FREF&ERE sensor E’J/l\ﬁil&um E 51 X1E thermal zone B@F—#H, ZMEEREXIHTE/
sys/class/thermalai—Fﬁ'\tEﬁ thermal zone*o é?js, Jzu::baim/sys/deuces/virtual/thermal/
thermalizone*E"Jy)\"ﬁﬁ%o

TEEL thermal zoneO 7, /TEJLMEBRIERE:

1. &% thermal zone0 BZEE! (cpu thermal zone ; cpu EEH)
EE cpu BEN, AEIRTABEH Sthernal_znexiE EWNUX R, AREEX
F_“Zthermal_zone*iﬁﬁ'ﬂ"]tempfﬁﬂﬂE.[o

#cat /sys/class/thermal/thermal zone0/type
cpu_thermal zone

&% thermal zone0 BIEE

// —RRESUEE, B FHZ—EEKE
#cat /sys/class/thermal/thermal zone0/temp
24522

3. thermal zoneO B9E3F (FF: enabled; %: disabled )

(#echo disabled > /sys/class/thermal/thermal zone®/mode ]

\ l_/méé*ﬂ:/mr_ﬁa%
MEXNEERFERI— trip, HBEHEIXEEEEN critical BIA], BETIEFR L Xtripsh

bindsiBE— TR,

crt_trip:t8{
temperature = <110000>;
type = "critical";
hysteresis = <0>;

};

o RINEE

thermal B:RERIUINEE, ATLUBIELLRERIVEERBE ST ST

1. i&E thermal zone0 BRINEE

#echo 80 > /sys/class/thermal/thermal zone®/emul temp
// E: XEBWEBER(IS/sys/class/thermal/thermal zone®/tempT R —3K

2. %] thermal zoneO AIEINEEINEE

(#echo © > /sys/class/thermal/thermal zoned/emul temp )

WRIRFE © HRB2ERRRNHERAE. RE—TIMF 12
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AN RNBEREERUERP, HEENEKELTRERRGERAT ( “2F ) HEHRZ
_t)J*y*lJo

AR E2SHREFRMRRIM =, RELTFEITFA, FARUMTAFFEEHL. £
fil. B ARVEBRAIEABTHBIHEE, BERSFUEMAPHERE,

(ot

LLWINER LLWINER LLWIMWER'
C 2*?4&\2".:\ *‘I’ *i C (=275

é)ﬂhﬁﬁéuﬂ&kﬁﬁm VBB EEMER. EAEERNTmPHRNEERS
*T’ Fﬂﬂ%ﬂ: ﬂ]ﬂ[ﬁﬁz%ﬂ'\, igﬁﬂﬁ%@ﬁﬁﬁkﬁﬁo

REFNA

BHEO~m. RSFFENZRESHKEEEREROEBRAE ( EE" ) 2EEENHIE
EFMFREILIR AXEPEARN2EHER D ™~ m. RS AFEAIRER A EFr LS fEBEERE
N EARIBIARRIRERFMMAERRA, HREREAXENERNR, ERBTREEH
FAYERITH (BEERRFINEE, 8, BRER) EMNAFER, £EMFARE,

ZISSU‘%H’E?JT@%?“ RESE BT mREARLEMRE, FAXEABTEREEN, 88X
B, BAFTEN. 2EREDNELAXEPREFEHNER, EHFTHERBTT2REHEIR, H
ﬁmzﬁﬁlﬁﬁﬁ?ﬁi#ﬁ% (BEEAFRTEHER. BN, BHHHRK) IRERILE=ZANNE
t, @EHAAT. AEPHFRERFRR. 58 MBINHF AR EARREERERIES &S,

AR UABRRE R R E B th 75 TR T 2 EERET AR~ N BRI R ER ™ mY
HiEd, AIRERERTE =ZFIINFFF BEBTRASEZANFANRBEXNIFA, TR
BUARRAZMAERRTREEZ S AR RZEMRR (TR . 2EFWEMRERNE=
BIFARAMEERRIE. BEFEERMX S,
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