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2-1: thermal framework

thermal framework &t Thermal Zone Device. Thermal Cooling Device. Thermal Gover-
nor. Thermal Core @NEF453

WA PR R E 2 H Thermal Cooling Device &8, Ei33M thermal HEZRIZEARRELKFBIFEEK
T, BANWAFERER, —RTRFAEEFENF MM,

AIBSBEAEEE 2 Thermal Zone Device 1 Thermal Governor i8R 35, RIE AR RGEER
B, 79 thermal BEZRMHINEIER S, MEERBEXLHBETEHERE— N SENEERS.

2.2.1 Thermal Zone Device—3XEGEERIS S

Thermal Zone Device 7 thermal framework 7 MR 18%E. BTRECEERNISEZERES,
140 cpu, gpu, ddr NEREERLAY sensor, ABEBMESKEBEIE, IEREEFKRBES, XLERIUA
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ERRERS, ThEE, RIE, 2HNUESSEER, BNAREREICH, AT ICZ, &
HRHFH, BEXEEMN, EEENRE— I EMERNIEE. AT HEEEMI], AZE
RECEENRFMHHRERE—EIE, EFTERERBNARIIIHENNMIEERDTHR. REH
RSN iR &M E thermal framework 1% Thermal Zone Device &, ZI&&7 e 581

o

2.2.2 Thermal Cooling Device— ¥z HI;BERIR &

5WRIEEER, BEEEMSEEEXNEE, EUNEERA, XS, KLEE, 28
HEMNBAREE RN, MERARXRAR, —REBRESRENS, FINRRIZEETM
REE, XMaEINEMSEEENIRE, RIEBERFHNEN, BItAZBEEEHS
R HR, XER Thermal Cooling Device, FE#F, & BHEXLIBCSHMERIEERE, RE
¥ FBINEEEM AL Thermal Cooling Devices

BEFIENRHTEERFRET, AAREENEN, KEFEZIIA, MESERLEN RS
WEERESRESE, ARZH~mWEENERHET ETNMEERE. RiFEt, £4XH, WE
EREHER e R TR R,

2.2.3 Thermal Governor—;:2ix R4RVIAE

BT NEMITERIEE, BAMAREE; EFEEER, XREIFMERIEIEEMEK T Thermal B2 R E
EMRT., FRARZIRME T Thermal Governor fRRFIHR XL T £,

1, Thermal Governor AE=ZXHEE RFARARE, AN XE, RERRIBAHAHIMEEEHEEE
RE, MREBEHEFERS, RATLAENKERITEELNEERSES, XEYH Thermal
Governor AasiEHE, 1B Governor REEiRIHIELR, HALMEAITEIZE,

2, Thermal policy J@{= K&+ ERIRIBLFIRERIAFSENEERSHITE S %, ENEEN
BIF, HERUREASRERR, EEXNEIEN, BEASTR, ©EEF 1HEK, XHE—1EE
B8, HrR, policy faZ3 Governor IR EABBIITETIE, Governor BlEIIRAREH policy
REIREITELSE R,

2.2.3.1 Thermal Governor f83%i}%BA
° T%"ﬁﬁpolicyiﬁﬁﬁ

=3 F' Z:fxﬂ LXﬁﬁcat /sys/devices/virtual/thermal/thermal_zoneO/available_policies§E§?§E"J‘;E?f?%fﬂg .

user_space: AP, FEIEFXENIZHIRBRLBATE, ARAUEFITAXNRINES
o
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step_wise: ZFFRZER, ZRKEETFHIFEH, EFEREREMEE, ZFZXEE cooling
1’ &M cooling Fo

power_allocator: IWESERT, ZKREETHAWES, BEF&MEIXKRENINE, BEMHAE
Ih#EED PID B A TEHRIAIT S,

e trips # binds iAA

£ thermal policy WRI A, ERETHEB—NIEILE, WNHB—NEERES, UREME
RS EINERXARABEERNITE, ATEKXDXRER, Linux thermal I8 7T trips
cooling-maps B2, policy WEMBEMKFT trips # binds &,

trips — IR AMA R, HMREERI—ENEEN, REEEMHFERS, MUIRYXNAE
EEME— N trip. —MRIRETUELZ MILS, X1 trip E&IFA trips.

cooling-maps BRIt #R binds, —RZIERAHE. MHEXZBA— trip PE— N HZ A
REWES (XPMES TR states) , HMEIREREIXE trip BY, =fik thermal governor
JE—X thermal policy, M thermal policy §&MXMERRESHNES (states) H, HEEH—
MNEEHRERIRES (state) R[EI4A thermal governor BiRE, XM — RITEIE,

FIMEHBIRE, HARBE— trip #xfitk thermal governomiBE,  ElZ Linux X 7 U trip
KA, WF:

active: BUEE 24D
passive: BEI#ED2 A
hot: &I

critical: REARrAIFE

3% active, passive K8 trip 2fi’& thermal governor JE—X thermal policy, SERBEEIR
BSHEF. M hot, critical KA trip BT IAFRIFNARRE S, MAME, FRMITERE
RRSHIRIE, MR&IE notify El thermal_zone_device &, H thermal_zone_device IRGHIT
RFRIPHIRIERRIP RS, MH, critical BB trip R7TE notify ZIXTEME, BIERITENIE
E. ALLFTLUBIECE trip BIZEELA critical, RIGEDLRXHERI,

2.2.4 Thermal Core—RAZKMBP=iEHEO

BTIRIRIRE, BT7EHRE, M THRERSNABERRATE—ET. RIZMRT Ther-
mal core, X=Z Thermal B9#Zi0 EEINRERXEKNERITRIREMITHIRE, HIEKAZIFER
17; MEMRREHE—EN, FRZEO, HRMAFZEFK sysfs BWidiEO,
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2.3 RIREE

(1 3588
FHIFE (R58. R328) K thermal BiE & E R ERAZNIGEMINFISIRE thermal B, SFERZSLEFEMENER
Erﬁo
R58. R328 ZiMIEMFEB5MIEED, RAMESRNEEIZEMP thermal {EERFEREM.
REEER, EXE
(1) ¥4 R58 FAHRIFEEMA: Linux-3.4EE;
(2) 1§ R328 FERBRIEECEM M Linux-4.x-old it &,

Linux FTERIEHEZ2HY Device tree BB F BEAESUT =4
(1) sensordevice BtE: BNATRECEERISENECE ;
(2) coolingdevice iB&E: Bl cpu. gpui&E TR, thermal —fERZSIAENNT=;

(3) of-thermal BE2&: of-thermal & Linux thermal iEZEA9ELIR, @i dts BLE N Thermal Zone
Device. Thermal Cooling Device. Thermal Governor = &R irfciHiAX R,

FARRIRIEHREE, ofthermal EERXBFIRE. £EFEFEELHF step-wise LUK Power al-
locator FRMIRITHREL,

2.3.1 menuconfig it &%
2.3.1.1 Linux3.4 88

FEEAHTF Linux AiZARZSA 3.4 B9 Tina £ &, #5130 R58,
H tina JBBBESR, $1T make kernelumenuconfig #NECEF R, HIZU TS BIRE:

1. E)\EU Device Drivers =>Generic Thermal sysfs driver, yD—FFFI'ZI_T .
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.config - Linuxfarm 3.4.39 Kernel Configuration

Generic Thermal sysfs driver
Arrow keys navigate the menu. <Enter> selects 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

--- Generic Thermal sysfs driver
pDefault Thermal governor (step wise) ---=

User_space thermal governor
sunxi thermal dynamic binding
generic cpu cooling support
generic cpu budget cooling support
Temperature sensor on ALLWINNERTECH
sunxi cpu budget cooling
sunxi cpu budget cooling parse VF table support

< Exit > < Help >

2-2: Thermal_menuconfig_R58 001.png

KRERCEDL

generic cpu budget cooling support:f#aEcpu cooling sz 15

Temperature sensor on ALLWINNERTECH: {EgE'E E 1% Bas

sunxi cpu budget cooling:fF&Esunxi cpu cooling driversz

sunxi cpu budget cooling parse VFtable support :fEgEsunxi cpu dvfs driverszi¥
T 7

2.3.1.2 Linux4.xxold fig&E

FEEHT Linux RiZhRZ 4.4/4.9, B DTS #HRHE "allwinner, thermal_sensor" "allwinner,budget_cooling"I&
TS, FlE0R328,

HA tinaJRRBER, $1T make kernel_menuconfig #NELE X R E, HIRUTLBIRE:

1. 8% » 1 N EDevice Drivers ->Generic Thermal sysfs driver, LNl
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.config - Linux/farm 4.9.170 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

l-- Generic Thermal sysfs driver

[*] Expose thermal sensors as hwmon device
[*] APIs to parse thermal data out of device tree
[ ] Enable writable trip points
pefault Thermal governor (step _wise) ---=
Fair-share thermal governor
Step _wise thermal governor
Eang Bang thermal governor
User_space thermal governor
rower allocator thermal governor
generic cpu cooling support
Thermal emulation mode support
DorIQ Thermal Monitoring Unit
ACPI INT340X thermal drivers ----
allwinner (SUNXI) thermal drivers ---=

< Exit = < Help = < Save

[E2-3: Thermal_menucenfig \R328_001.png

KRERREDL

Default Thermal governor #%#%, ERIAAIstep-wise
Thermal emulation mode support:3Z#ithermalt&iEEhiEE
. - 7

2. thermal cooling drivers B2 &, # NZDevice Drivers ->Generic Thermal sysfs driver—>allwinner(SUNXI)thermal
drivers->allwinner(SUNXI)thermal cooling devicedrivers, WTEPR:
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.config - Linuxfarm 4.9.170 Kernel Configuration
[...] r(SUNXI) thermal drivers > allwinner(SUNXI) thermal cooling device drivers
allwinner (SUNXI) thermal cooling 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

<*> sunxi budget cooling

<* sunxi budget cooling about CPU-DVFS
<*¥>  sunxi budget cooling about Hotplug
< > sunxi gpu cooling

< Exit > < Help > < Save >

2-4: Thermal_menuconfig_R328_002

KBACEIN:

Sunxi budget cooling about CPU-DVFS:3z#Fepu dvfsIhgEfificooling
Sunxi budget cooling about Hotplug:sz#Fcpu hotplughstfiicooling
Sunxi budget cooling about GPU FS:3z#Fgpufificooling

L) y 4

3. thermal sensor drivers E2&, 3# XZ| Device Drivers ->Generic Thermal sysfs driver->allwinner(SUNXI)thermal
drivers—>allwinner(SUNXI)thermal sensor drivers , #1T thermal sensor E”ZEJJEEE, WTFEFR:
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.config - Linux/arm 4.9.170 Kernel Configuration
[...] allwinner(SUNXI) thermal drivers > allwinner(SUNXI) thermal sensor drivers
allwinner(SUNXI) thermal sensor 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

E* Thermal sensor driver|

<*>  Thermal sensor driver for SUNXI platform

< Exit » < Help > < Save >

2-5:Thermal_menuconfig_R328_003

KEECEDL

Thermal sensor driver:3z#¥thermal sensordkzj

Thermal sensor drive for SUNXI platformr:3z#Fsunxi thermal sensor3Rzf
T L 7

2.3.1.3 Linux4.9fcE&

FEERAT Linux AZhr4s 4.9, B DTS #RHF allwinner,sun**-ths I8 EFHITE S

s,

N tina JBBBE R, $1T make kernel_menuconfig # \NECEF Rim:

s

H
3# N\ Ellpevice Drivers ->Generic Thermal sysfs driver, SEMEIN.
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.config - Linuxfarmé4 4.9.191 Kernel Configuration
> Device Drivers > Generic Thermal sysfs driver ——M MM X
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 < >

--- Generic Thermal sysfs driver

[ 1] Expose thermal sensors as hwmon device

[*] APIs to parse thermal data out of device tree (NEW)

Enable writable trip points

Fair-share thermal governor

Step_wise thermal governor (NEW)

Eang Bang thermal governor

User space thermal governor

- Power allocator thermal governor

[*] Thermal emulation mode support

< > QorIQ Thermal Monitoring Unit (NEW)

¥ Allwinner sunxi next genaration thermal driver
ACPI INT340X thermal drivers ----
allwinner (SUNXI) thermal drivers ---=>

]
]
]
]

i
[
[
[
[
-%

2-6: Thermal_menuconfig_R818

KRERCEDL

APIs to parse thermal data out of device tree: AFBERRITIGEIMNIEZETTHEE

Default Thermal governor (power_allocator): BRIAERHIthermalZEg

Step_wise thermal governor:, step-wise;2i5 %A

Power allocator thermal governor: IPASBIEERES

Allwinner sunxi next genaration thermal driver: Tina4.0 SDKFRFF{&&Eallwinner thermal driver, tina5.0 R FEE L%
t

2.3.1.4 Linux5.4ftE®

FEXNER Linux RiZRZA 7 5.4, B DTS R E alwinner,sun**-ths IKEEHIF B,
N tina JRBBE R, 11T make kernel_menuconfig # \NEE F R m:

13 N\ El|Device Drivers ->Generic Thermal sysfs driver, SERE .
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.config - Linux/arm 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
[ 1 excluded <M> module < > module capable

-B- Generic Thermal sysfs driver

[ 1] Thermal state transition statistics

(0) cmergency poweroff delay in milli-seconds

[ 1] “xpose thermal sensors as hwmon device

[*] APIs to parse thermal data out of device tree
“nable writable trip points

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

Step_wise thermal governor

“ang Bang thermal governor

User_space thermal governor

“ower allocator thermal governor

Generic cpu cooling support

Generic clock cooling support

Thermal emulation mode support

Generic Thermal MMIO driver

OorIQ Thermal Monitoring Unit

Allwinner sunxi thermal driver

L

AAMm—mremee————
3
V OV Ve et o o o ot e

M
3

< Exit = < Help = < Save >

2-T:Thermal_menuconfig_R528

KEECEDL

[*] APIsto parse thermal data out of device tree: fFRERRMTISEMNIMNIECEININAE

Default Thermal governor (power_allocator) > #2RAECET, FEERIEDTSAEEILE
[*] Step_wise thermal governor # step-wise;RITHREE, HBERIEDTSEE LR, G, BIALEA LIRS
[*] Power allocator thermal governor # IPARITHEES, RERIEDTSELE LR, EFGE, BIAREIA EIEEF 3
[*] Generic cpu cooling support # fFAECpUBESTR
(]
(]

*

*

*] Thermal emulation mode support # fFEETRINEE, EiXA
*1 Allwinner sunxi thermal driver # Tina4.0 SDKHEF{EaEallwinner thermal driver, tina5.0REBEE LA ER

—_———

2.3.1.5 Linux5.15 &

EEES@“E‘ZT@EH Linux P\]ffZH)izlijﬂ 5.15, HDTS ?ﬁi&kqﬂﬁ"allwinner,sun“—ths 'LQ%E"J * /E|\o

N

514

AtinaJBB3ER, $1T make kernel_menuconfig #NELE F R HE:

)\@JDevice Drivers > Thermal drivers, %%EEEIDT .

Nt
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.config - Linux/arm64 5.15.94 Kernel Configuration
> Device Drivers = Thermal dravers

Thermal 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

I— Thermal drivers

Thermal netlink management
[‘] Thermal state transition statistics
(@) Emergency poweroff delay in milli-secends
[#*] 4PIs to parse thermal data out of device tree
[*] Enable writable trip points
Default Thermal governor (power_allocator) ---=
[*] Fair-share thermal governor
[*] Step_wise thermal governor
[#] Eang Bang thermal governor
[*] User_space thermal governor
[*]  Power allecator thermal governor
[*] Ceneric cpu cooling support
[*] CPU frequency cooling device
[ 1 Ceneric device cooling support
[*]  Thermal emulation mode support
< = Generic Thermal MMIO driver
<> ollwinner sun8i thermal driver

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

QD

2-8: Thermal_menuconfig_AI985

KREREDL

[*] APIsto parse thermal'data out of device tree: fEREfRATIREINIMNIER BIINAE
Default Thermal governor (powef_allocator) # ZRINRIF SRS

[*] Step_wise thermal governor # step_wise K HES

[*] Power allocator thermal governor # IPATRES

[*] Generic cpu cooling support # fEEECpUBE IR

[*] CPU frequengy cooling device # fEBEcoolingi& &

[*] Thermal emulation mode support # (FRERRIURETIRE, TR TER

2.3.2 step-wise ZKEET Y Device tree ACE A
2.3.2.1 Linux3.4fd&

£ Tina Linux-3.4 B9F &7, S3FER step-wise FAEMECE H sysconfig {5k, FAEH allwinner
SKINIREHFI S RIREMT, SASSERUEMIEIE, TS A% devicetree HlHl,

)

;thermal configuration

il

[ths_para]
ths_used =1;1: /R 0: AEH
ths_trend =0 ;

ths_tripl_count =6 ; IEREAE RtriplE
ths_tripl_0  =50; % RO N EE(REKE), FE
ths_tripl_1 =60
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ths_tripl_2 =70

ths_trip1_3 =85

ths_tripl_4 =95

ths_tripl_5 =105

ths_tripl_6 =0

ths_tripl_7 =0

ths_tripl_0_min =0; & mOXIRZ YR/ coolingI& &R, T HE
ths_tripl_0_max =1;fitk ROXSRHYER A coolingi& & IRTS, FHE
ths_tripl_1_min =

ths_tripl_1_max =2

ths_tripl_2_min =

ths_tripl_2_max =

ths_tripl_3_min =3

ths_tripl_3_max =5

ths_tripl_4_min =5

ths_tripl_4_max =7

ths_tripl_5_min =

ths_tripl_5_max =

ths_tripl_6_min =

ths_tripl_6_max =

ths_trip2_count =1; *#fR& mtrip2#kE
ths_trip2_0  =105; trip2# R8I XA B E

)

;cooler_table cooler_count <=32

[cooler_table]

cooler_count=38

; flomFRRfreq(culster0) [cpu0-cpu3] freq(culsterl) [cpud-cpuT]
; IEBARBIER4294967295, FRROxfFffffff, A culster @izex
cooler0="0404"

cooler1="1414"

cooler2="2424"

cooler3="3434"

cooler4="3432"

cooler5="344294967295 0"

cooler6 ="3242949672950 1"
cooler7="31429496729501"

)

2.3.2.2 Linux4.xold fgE

TEARMRIKEIS, FAFIEEEARZA devicetree HHISTRER D ECE IR, RIEIRECEBZ AT
BFAZSEEE, BXMFNERATRS Allwinner FENEE,

sunxi_thermal_sensor:thermal_sensor{
compatible = "allwinner,thermal_sensor"; # ILEZIRTh
reg = <0x0 0x05070400 0x0 0x100>; # ZFfF2SHlitiIA
interrupts = <GIC_SPI 49 IRQ_TYPE_NONE>; # FRBfi#iA
clocks = <&clk_hosc>,<&clk_ths>; # B iR
sensor_num = <1>; # R R Fsunxi_thermal_sensorzFMIFrE L REsHHE
combine_num = <1>; # HES5 FT mths_combine* NMEXTRZ, $#RFEAM AThermal Zone DeviceRy534H 14K
alarm_temp =<100000>; # £ZBE, KEH
shut_temp=<110000>; # XHRE, BHILEE, SITHRRER
status = "okay"; # £8EIZ KN

# #5R JEM N Thermal Zone DeviceMI 9 4RE R
# —REH, AllwinnerF&#82 & RsensorFrERIcpu,gpuldisRi#t T 4A/

WRINFRE © HiB2ERHRRNBRAR. RE—IRF
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ths_combine0:ths_combine0{
compatible = "allwinner,ths_combine0"; # ILAZIXzEH
#thermal-sensor-cells = <1>;
combine_sensor_num = <1>; # "D HFPAIE R IE
combine_sensor_type = "CPU"; # &5 HFREIHKEY, —fgBcpu,gpuE
combine_sensor_temp_type = "max"; # ‘RE@EZE, —fFHEmax, min,avg
combine_sensor_id = <0>; # &R B R HNE KRBT (FRBIPHES

I

L

thermal_sensor FHFT = (ths_combine0) R EMALII—Thermal Zone Device, RERfERR—NMEES, Flillcpuii
B, gpuREiEE.

£ R328 EEH, HTAETE gpu, EILXEEEERgpuIBFIEXSE. NBBHRM, WREAHRID— D gpuldiaT g
ths_combinel M FI&&T =, EIMEHRR T mthermal_sensor B combine_num #({&EENF],

Linux 4.x-old thermal B &SI T — sunxi_cooling_device &R, ZERZ cpu, gpu Fx
BETMERBMN—NMHER, BTIRE cpu BITHHNESME, MM CPU REN~%E, K3
AIENER. I, cpu RZBERRSAN—FAN, FERIFHEHR T cpu hotplug BI/E
629

ZIREIRIIAREBEL R drivers/thermal/sunxi_thermal/sunxi_cooling_device/
HINgEFED A S5

1. 3F cpu BHEMMMER, FBEEFEMAM— Thermal Cooling Device, FHTFBEIE cpu BI=HE,
BIENFRHEI cpu EREETTIRRMIRS cpu 1ZT1TEE, KBRS sunxi-budget-cooling.c. sunxi-
budget-cooling-dvfs.cd sunxi-budget-cooling-hotplug.c

2. 3 gpu BHR@R, FIEEIEMAA— Thermal Cooling Device, BT gpu MI=HE, )
WIRRH gpu IZ1THIER, KBRS . sunxi_gpu_cooling.c

1R#E sunxi_cooling_device IXEHAITHEERSY, dts X T FNEINGE T R &R cpu, gpu BER
B4, 7%= cpu_budget_cooling, gpu_cooling, HETE dts R FIECE:

e cpu_budget_cooling

XM REEHERZFE cpu BEFRHE, UKRS MRS cpu MEFEEFFBENRAK cpu
core ¥, f5a0: AE| state5 K%, FTRiZ cpu cluster REIETT 648000kHz, &=Z{FER 2 1 cpu
core T1E,

cpu_budget_cooling:cpu_budget_cool{
compatible = "allwinner,budget_cooling"; # ILEZIR T
#tcooling-cells = <2>;
status = "okay"; # fFEEIZIKEH
state_cnt = <7>; # REL3 I E
cluster_num = <1>; # cpu clusterfi £

# SRS MR PREIINZE, RIEITIZER
state0 =<1008000 4>;

statel =<912000 4>;

state2 = <816000 4>;

state3 =<720000 4>;
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state4 = <648000 4>;

state5 = <648000 2>;

state6 = <648000 1>;
k5

WMREHIFE cpu cluster RIE—1, NMREESWRES, IEEESD cluster WIETMENRAE
1T cpucore ¥, WIT ((RESE)

cluster_num = <2>;

#stateN = <clusterO(freq maxnum) clusterl(freq maxnum)...>
state0 =<1104000 3 1104000 3>;

statel =<1008000 3 1008000 3>;

state2 =<912000 3912000 3>;

state3 =<912000 3912000 0>;

state4 =<720000 2 720000 0>;

state5=<600000 1600000 0>;

e gpu_cooling

TRFERRZTE gpu BEERHE, UAENERREWRE gpu M, HAARS
cpu %ﬂ,{, FTEZER, FERPMNRE: XEMstateo=<4>, RN 0, X gpu AEH gpu
dvfs ZRAAEYE 4 I,

gpu_cooling:gpu_cooling{
compatible = "allwinner,gpu_cooling"; # ILEZIKEH
device_type = "gpu_cooling";
reg = <0x0 0x0 0x0 0x0>;
#tcooling-cells = <2>;
status = "okay";
state_cnt = <4>; # KSR E

state0 = <4>; # state0 Xz gpusfiZEfEgpu dvfskHHIRS
statel = <3>;
state2 = <2>;
state3 =<1>;
L

bR SR BEININ, MBETMLinux thermal 1EZ2RY of-thermal iRIRECE, HEBERGIW T

thermal-zones{
cpu_thermal_zone{
polling-delay-passive = <1000>; # #oh2iIRET, RITREEIR
polling-delay = <2000>; # Z@RES T, RIHREREIR
thermal-sensors = <&ths_combine0 0>; # 48 B Thermal Zone Device

#RERA S
trips{
cpu_trip0:t0{
temperature = <65000>; # XY 76518 KRl &
type = "passive"; # KA passive
hysteresis = <0>; # ;B EHRER, FASRMITHENENLER . —RATRELENEE, BELARInE, FHEEE
Bo
I
cpu_tripl:t1{
temperature = <75000>;
type = "passive";
hysteresis = <0>;
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crt_trip:t8{
temperature =<110000>;
type = "critical";
hysteresis = <0>;
I
L

#HPEXR
cooling-maps{
bind0{
contribution = <0>;
trip = <&cpu_trip0>; # 48EHIREtrips
cooling-device
=<&cpu_budget_cooling 1 1>; # ¥{E15S X 7Ecpu_budget_coolingT RPEBEMNEMEEERE, 11 RRRAFM
BN IZIR o

bg

bind4{
contribution = <0>;
trip = <&cpu_trip4>;
cooling-device
=<&cpu_budget_cooling 6 6>;

5

L
k
i

2.3.2.3 Linux4.x B Linux 5.x g&

fEH Linux thermal FUFR/EIEZR «EEE R BIUN T :

e sensor device

ths: thermal_sensor{
compatible = "allwinner,sun50iwl0p1-ths";
reg = <0x0 0x05070400 0x0 0x400>;
clocks = <&clk_ths>;
clock-names ="bus";
#thermal-sensor-cells = <1>;

}

e of-thermal

thermal-zones {
cpu_thermal_zone {
polling-delay-passive = <500>; # X RITHRIGHIEN, BMfLE—Mrip/a, RERFER
polling-delay = <1000>; # HRITHRIEKHEN, REREEER
thermal-sensors = <&ths 0>; # Itk cpu_thermal_zone X$[Z#Jsensor

trips{
cpu_trip0:tO{ #55—> trip =
temperature = <95000>;
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type = "passive";
hysteresis = <0>;
L
cpu_tripl:tl{
temperature =<100000>;
type = "passive";
hysteresis = <0>;
L
cpu_trip2:t2{
temperature =<110000>;
type = "passive";
hysteresis = <0>;
b
crt_trip0:t3{ # |iF—" trip /=, critical 262, ATEEXYRP
temperature =<120000>;
type = "critical";
hysteresis = <0>;
b
k
cooling-maps {
bind0{ # trip0 XFRZAY BERIRE, FHScooling-veiceBRit
contribution = <0>;
trip = <&cpu_trip0>;
cooling-device = <&cpu0 1 1>; #REXFIEERL-1, BENRIIREMIEH L, cpufreq BIRS MREMEE S/
R, MOFFiEtRE, ORI, ARTAZtripst, MEAEFS] ~ 1RiEEF
L
bind1{
contribution = <0>;
trip = <&cpu_tripl>;
cooling-device = <&cpu02 2>;
L
bind2{
contribution =<0>;
trip = <&cpu/trip2>;
cooling-deyice = <&cpu0 3 3>;
L
k
I
gpu_thermal_zonef
polling-delay-passive = <500>;
polling-delay = <1000>;
thermal-sensors = <&ths 1>;
sustainable-power = <1100>;
I
ddr_thermal_zone{
polling-delay-passive = <0>;
polling-delay = <0>;
thermal-sensors = <&ths 2>;
I
15

2.3.3 Power allocator ZEEETFBY Device tree Bt E PR
2.3.3.1 Linux4.x AR Linux 5.x Eg&

ZRBERRAF AR, ERAIZRIBAITEEEE Linux thermal BITREIELR, ECERA
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e sensor device

ths: thermal_sensor{
compatible = "allwinner,sun50iw10p1-ths"; # ILEZIR5H
reg = <0x0 0x05070400 0x0 0x400>; # H1F28 &R
clocks = <&clk_ths>; # Bt &R
clock-names ="bus";
#thermal-sensor-cells = <1>;

I8

e of-thermal

thermal-zones {
cpu_thermal_zone {

polling-delay-passive = <500>;
polling-delay =<1000>;
thermal-sensors = <&ths 0>; # Bt B 0S5 % %283 M A Thermal Zone Deviceicpu_thermal_zonei&#&
sustainable-power = <800>; # 4ATREFIATNSNRSERN, RFAREDEELA cooling IGERITNE,
k_po = <24>; #PIDITHIZEMISHE, HI TMidAH, FEINENR
k_pu =<48>;
k_i=<0>;

cpu_trips: trips {
cpu_threshold: trip-point@0 {
temperature = <70000>; # IPARIAZEE, BIILGEERN, IPABSATIIATIE, Arlee@d RHFERIRGIEE K
1g;
type = "passive";
hysteresis = <0>;
L
cpu_target: trip-point@1 {
temperature/=<80000>; # IPARNBIREE , BIICRERN, IPARBEIRHIFEEHEEREINRESE, flumEd
FESIR TR E
type = "passive";
hysteresis = <0>;
L
cpu_crit: cpu_crit@0 {
temperature =<110000>;
type = "critical"; # %R BAZtrip AR IR EARE =
hysteresis = <0>;
L
13

cooling-maps {
map0 {
trip = <&cpu_target>;
cooling-device = <&cpu0
THERMAL_NO_LIMIT
THERMAL_NO_LIMIT=>; # 487 MIPERIE Fcpul, Hcpu-coolinglEsH
contribution = <1024>; # cpu S ERINENE
I
L
I
gpu_thermal_zonef{
polling-delay-passive = <500>;
polling-delay =<1000>;
thermal-sensors = <&ths 1>;# BL B 1 S 1&23XI A Thermal Zone Deviced gpu_thermal_zonei&#
sustainable-power =<1100>;

}
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ddr_thermal_zone{
polling-delay-passive = <0>;
polling-delay = <0>;
thermal-sensors = <&ths 2>;# FR &2 S & =%asx W AYThermal Zone Deviceddr_thermal_zonel&#&
k
i

2.3.4 [FIBLET

thermal JREB{UF R#ZAE B R/drivers/thermal

drivers/thermal
——cpu_cooling.c
—— of-thermal.c
—— power_allocator.c
—— step_wise.c
—— thermal_core.c
—— thermal_helpers.c
F——thermal_sysfs.c
L—— user_space.c

2.3.5 RIFHRIENT4E

2.3.5.1 step-wise

step-wise B—MiE 2 ERIVRIEHRE, BHZOBERRIBUFEENERE (LA, TEB. T
2, UNEaREEEST trip(ff& =),  KRE cpu T—/RHY Cooling Device Ko

Linux thermal X BBEBER LT EM:

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 */
L

step-wise T EZ18:

MR YFLRELL— trip BES,

a. iR ZE THERMAL_TREND RAISING, MIERXA trip YN E S HRERIRE;

b. INR#H 2 THERMAL_TREND_DROPPING, MAR{EEISEIS;

c. NR# B2 THERMAL_TREND_RAISE_FULL, MIEMAXA trip S NMREHEERE;
d. tNR#4%% 2 THERMAL_TREND_DROP_FULL, MIMERX trip XA RIRHIBERRE;
e. tNR#EH 2 THERMAL_TREND_STABLE, MIFRH{EAIEIE;

NRYFTRELE— trip REK, B
a. R#EH -2 THERMAL_TREND_RAISING, R~MEEMAZE,
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b. $NR# % E THERMAL_TREND_DROPPING, NIfEA LA =X WAV RIEHFERKES, NR2
MRSELFT TR, NWEREMRFRREE;

c. iNR#EEE THERMAL_TREND_RAISE_FULL, NIREEVE(I+EHE;

d. WR#E%HE THERMAL_TREND_DROP_FULL, MEATIR, MNRRIMRESELEFT TR, =
FR{ERIERER;

SETHBEEILRXAMEES EANEEDIHRBE, EEAXNEES T LR,
MR E 7 THERMAL_TREND_RAISING # %, &AXXMEEMRTF LX, WEE AN THER
MAL_TREND_DROPPING #%; &/ X#RE, M} THERMAL_TREND_STABLE #3%, Ith4h,
THERMAL_TREND_RAISE_FULL, THERMAL_TREND_DROP_FULL X ###IRZ, £ Allwin-
ner ‘F&XRFEH,

2.3.5.2 power allocator

power_allocator ;BIZHRBEE TR ITH], HFR IPA (Intelligent Power Allocator) , E#Zt2F|
F3 PID =128, LA Thermal Zone BREENRN, ITEAIDEIIFEEEEL, ARATED
Allocator BUSAEFEBIEE, FEE Allocator FIINFEESFro B —e

ZRIEZ linux AiZET PID BASS M —MURITSREE, ZRISRSE SRR E M TIL B e ER R
ERFETHRLIRENIIR, #MANRERE, FITEREREEFHESFE— T ENEEMIT,

TR IE AR -

1. H3RENES, mE EARINEERMAOREER, IPAFREN. BEMHFAERESLAE
5, TEa PIDITE, EAMESME PIDBITEERME,

2. HREHES EFEBIMRENDERN, IPARRIEREEZHIERIBFRME, BINhEEERE
BULEBI, R, W E, RETREZENESE, SRETNEE L, IPAZEEM, Bk,
IPA IREIREFIETMR, B REARERNEEMIT,

3. E—RIVEEREHEHUERTIF S cpu AHFFHE, cpuFEA idle WEFEIAES, BEIMEIEITHER
BR, REREHBI TR, TRIKTALEERN, IPATIEXH.

AT RIBAR

B#iallwinner FE IPAXIRIE XS CPU, IBABIFIET, &S CPUEFEP IR, K4 QM
AEg, BtRFERNRAEBRIFERSFANBATE, WRAFEERERFN T AL, HithY CPU
JHFERTHFELE I, FARIEI, REE= LA, BEEMNERNEAZIEN, SHEXFEN, R
mE Ta KT To Bk, R CPUBRERINFRL, MRSEHRFEILREE Th/WF To

IPA HlEEE —RFIB PID [ ES], SRANEEREREE T RS ERHEEMRT T, W
PID 1 EFH—1KT P BITH#E{E Po, IEEHESMIEIREG CPU SMXFA S, £ CPU HFERIHFEN
Po, ZGBEAS. Rk, ERFEEST T, U PID HEFE—NNTF PBIIHI#E(E Po, IR
B CPU SRR, i CPU JHFEBIIHFEN Po, REUEEFREN,
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TWPAWEHME,mhﬂﬂﬁﬁ?h%%ﬁrhﬂfﬁﬁmrmﬁ BEHRERIIAFEE—

(1) BRFEHDHRSHY, IPATTRRHEHOINFEENL RS CPUEAENIIERATE2 -8, BEE
2527w M

(2) HRSGAHRET, BIE CPU LIEREMZKITTT, WAIREETRE] IPA T RAVEIEINFE(E Po, X
SEHRAGEE TE. I, MRHABFHENKR, CPURB—ERFRSMXIET. Ak, —K&K=
RE—MIOEE MEZBEXIVNTT, MEBEHEE 10 ERRE) , RELAGEEBIMLE
B, FibRERIBER,

IPARNERREREITTESE, WPID &%, CPUMRNINGFENXR, UNKIERFAEEREET £
MSTFERNIFESE, XESHTERGEH IPARBNFES ENRXS51TREEE, BRINEE RS
w, BELEAR.
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3.1 AN =

thermal core'zérf T:E/sys/devices/virtual/thermal =] 2:‘21 T ﬁu E ‘IE 'L:_ct _'ﬁ ,'.5“ ) I E ﬁthermal_zone*ﬂ cooling_devicel_fk_l_ F:ﬂz ﬁj\
=5
TI Ko

cooling_deviceE@Ig%).ﬁ“é\xyﬂ—[: .

® type. F R AR (QEE%%/MEQ/)

o maxstate! FORIGENRAFRRE (UIEBNE, K VFROBEN DAL EFL, &ARER
FRehE cpu NRIRBENMEFITENEFR)

o curstate: PERIZERIHAIRRIRES (LULIER NG, BIZHRIRY.cpu BIEMERAITENZELR)

thermal_zoneMY E BT & NAUIF -

® type: mIFX e iR, Hﬁyﬂcpu\ gpu~ ddr3g

® temp. R XE HERE

o mode: SRIFX[EIM TIEIRZ, Ebilenabled! disabled

® policy. EIE X8 8 HFI SRS

e available_policies.. ERIT X 8] 7 1FHI RS

e trip_point_[0-*]_temp ., il & 52 [0- B RE

e trip_point_[0-*]_type: MEARR0IHIZERY, active. passive. hot. critical (B NBHFEENZENFERLT—
f% 158 F passive FE BY RN BHPE MR EPEIR, AR E A critical EBURNBE shutdown BYRE)

e trip_point_[0-*]_hyst: fl& R0 HIRUH AR, MEREFZHNVEERIEFTEINSR, FumARKAN
mTHRNRE, THLERE, AR, THNBERREREX, BELERNO

o emultemp: RIBUEEMNT R, ZRIAMER 0 (RERK 0 XHAERINEENTIEE)

® sustainable_power. AFEBRENEEE

e kpo: power allocator SREEHYHFLRE BT HAEREMNLLHIZRE (PID EEH P)

e kpu: power allocator RESH HRPRERKEAERERILLFIZR L (PID BERI P)

e ki: power allocator ZRESIFR D %k (PID BAH9 1)

e k.d: power allocator SREEHIH D %k (PID B389 D)

o integral_cutoff. RITIZRENREE

o slope: ZRMIMEERIRIE

o offset: ZRIEIMEENRTS
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3.2 BIRF

% dtsBcE 7T %77/|\ thermal zone ET_T, %‘*am}ﬁ'ﬂf%77/|\/sys/devices/virtual/thermal/thermal_zone* HR, IEEH
= AR VERPRE LA thermal_zone0 441,

3.2.1 EFREEEE

1. ik thermal_zoneO HYZEH! :

#cat /sys/class/thermal/thermal_zone0/type
cpu_thermal_zone

F~thermal_zoneOHIiEHIBI R cpuBE

2. && thermal_zone0 HEE:

/| BBERAATHZ—BEE
#cat /sys/class/thermal/thermal_zone0/temp
24522

[/ BRER. Z8E, BUABRE
#cat /sys/class/thermal/thermal_zone0/temp
36

3.2.2 fEgE. SREERIZINGE

(1) SBEthermal_zoneORYBIZHRAE (Ff: enabled, />%: disabled) :
#echo disabled > /sys/class/thermal/thermal_zone0Q/mode

(2) fi@pgdcooling deviceBIpRHl:
#echo 0 > /sys/class/thermal/thermal_zoneQ/¢dev*/cur_state

3.2.3 BB XNM R RE

WRXNEEFARZ dts 1, of-thermal #RIRECEM critical 28! trip, AIEREEN dts BCE

dts:
crt_trip:t2f
temperature =<110000>; #3AZ110BKENKRTAGLR, MAFRIPE
type = "critical";
hysteresis = <0>;

bg

FEI AT RIENRETREE:

(1) BN KA A criticalBtrip:

# cat /sys/devices/virtual/thermal/thermal_zone0/trip_point_2_type
critical
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XHEEE: W

(2) AR REENISBRKE:
echo 150000 > /sys/devices/virtual/thermal/thermal_zone0/trip_point_2_temp

3.2.4 1BE— 1 RIRE
thermal BREEEIINGE, AILUBTEIRERTREHEEREH T,

1. & & thermal_zonel FIEIGERE :

/] 8BRS IARFE Ithermal_zoneORVEENS0IRKE
#echo 80000 > /sys/class/thermal/thermal_zone0/emul_temp

2. X% thermal_zone0 WIIEHEEIHEE:

( #echo 0> /sys/class/thermal/thermal_zone0/emul_temp )

3.2.5 ERUREREM A RE

N4
Bm

&2 dts thermal_zone F &R trip FH =B temperature BREE 0 1¥ 00 “RREE” ZTXT dts
Ao B IMAYEIR

cpu_tripl:itl{
temperature = <100000>; # 1E Rt 4k
type = "passive";
hysteresis = <0>}

i
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4.1 power allocator FREET A ABRENSTEHINEE
fEEHEF BinaE—ERiERE, REIEEEESHET

IPA SRERER T PID 1=HIEE, WEHAIRIDECREERIITREATLY: Power = sustainable-power + P
+1+D, HF U EARITRERZTERTREBIBIFEENERENAKNIRE, BIER
ERERTHEEERRENAEES,

BEEKNEBIEFEREN, 28X 17 —EEREWR, H " RIREKT sustainable-power + P
B, AT ECRIREEIE—E N 0, F1EM cooling-device B—EATRLIAERES, BEEERTHR
EEEARERR PID S8EN, HIRGINMKRA =HEK,

LR ERE X ER R EHAE IPA SH, BIVERILRAFREKE EEEBina
Eo

4.2 YRR R iR

25T e EEZH IPARIEHRIEN step-wise JRITHREK,

(1) IPABIRRES: STBENEHIEEIRE, BEFREFRIISETHNRALE, E5RIETERE
BMER, BRIIEERTHER,

(2) step-wise JRITHRME: XHEREAVITHIRES AR, ERERIEIFNERE, EREIRTRASM
REtAE, (BRERTHEN.

EERHIEERSITER, BiERE IPARTERE, EEPERNEEMERTIEXR, BIEE
step-wise JRITEREK,

4.3 FAQ 5=

FZFAQIEER Allwinner —SBF A, R “RBfE . “thermal” . “BE" FXREIWEEH.
B FAQ:
(1) [FAQ938] =iEZ= THILRE. I=mFMERE

WAFRE © BRiBeERHERNERAE. RE—TMF

XA4IaRA R f5: aw-document@allwinnertech.com 28


mailto:aw-document@allwinnertech.com

( Auwiner

B bt S

(2) [FAQ1894] SOC Y thermal sensor IEIREIERIERE, BEETAME

R
\,\""“ﬂe
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@LWIMIER
g XHEEE: W

E{E =R

H&*yﬁﬁﬁ ©2024 E’E/'@élu\*‘l’ﬁﬂ&ﬁiﬁﬁa/&ao 1%%_1:]]7}:2%U0

KX RNBRERUERIP, HEFNBEKE2THERHERAT ( “2F ) HEHRE
_t)J*y%Uo

AXHEEEENREFERMRRM ™, RELEPEWFA, EESUMNATFEERED.
fil. B RRJEBRISEATH I EE, BEREFUEAFH LR,

(ot

LLWINNER LLWINNER LLWNINNER
C g¢ﬂ;§\§'b\ *’I‘ *i C (R 275

é)ﬂﬁﬁﬁéuﬂﬁkﬁﬁm NEETEEEMET. ARSERAN T RPHINEES
R, Pamaik, MRS, HRESEREARE,

REFNA

BHEON~m. RSFFUENZESHKELEREROBRAE ( & ) 2aEENHIE
EFMFRAVLIR A PR 2B A D ™~ m. RS AR AIRER A S P LS fE B TEE
Wo ERARNBIAERRIRESRFMMAEXIREE, HREEASENEANR, /K BTRIEER
FYUERTH (BEEFEFINEE, B, BREER) BRITFER, 2T R,

ﬁﬁﬁﬁﬁﬁ%ﬁ RS E BT mRE ARSI EMRE, AXEATERREN, WX
B, 8RR 1TEN. 2EREDELAXEFRHEBNES, EHFTHERBET2REHEIR K
ﬁ%$i&ﬁk$ﬁ%(@%ﬁ?ﬁ?@ﬁm\ﬁ%m\%%Mh%)ikiﬁmﬁ_ﬁﬂﬂ$
, @EMANT. A XERNFREKRR. (EE8MENH AR ERBAR SRR RIES A,

SR PAREE R H M5 TR F 2SI ERZ IR~ EEKES RVER~mhY
HizH, AIRERERF[E=ZFHNFIFE, BEETEE = ANFANREEXNITFR, £&EFE
BUARAMERRTREEZ SR BRI (TR . 2EFWERERNE=
BT R ERA B EARIE BEIREBEEMX S,
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