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1.1 XHEfET

7148 CPUFREQ #B 5%,

1.2 BiRRE

CPUFREQ Wzh& N ARMERA R,

1.3 EAE

N/
[

® 1-1 EFEmYIER

RIZhRZs IXEN >t
Linux-4.9 drivers/cpufreq/*
Linux-5.4 drivers/cpufreq/*
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2.1 {RIRINBENLE

CPUFREQ fARASIZITIIEFR CPU SARMBENITREE,

2.2 #HEXABNA

® 2-1: RiENAE
KiE 5% EH
Sunxi }& Allwinner BN—#7%! SOC EHF &,
DVFS B SHREREBE 2

2.3 RIREEETT

2.3.1 Device Tree Et& 8

BREMNPEENEZRSCHFFAETFEMNERESE, BENXHEMNEREFE N kernel/linux-
4.9/arch/arm64 (32 ¥ 3 A arm) /boot/dts/sunxi/CHIPdtsi(CHIP AWM AKS, 0
sun50iw10pl ),

o XIF sun8iw19p1 F&E cpu 73 bin FKWESR,
v-f &K

cpu opp_ 1 table: opp 1 table {
compatible = "operating-points-v2";
opp-shared;

opp@720000000 {
opp-hz = /bits/ 64 <720000000>;
opp-microvolt = <820000>;
clock-latency-ns = <244144>;

};

opp@936000000 {
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opp-hz = /bits/ 64 <936000000>;
opp-microvolt = <820000>;
clock-latency-ns = <244144>;

}i

opp@1104000000 {
opp-hz = /bits/ 64 <1104000000>;
opp-microvolt = <900000>;
clock-latency-ns = <244144>;

}i

0opp@1200000000 {
opp-hz = /bits/ 64 <1200000000>;
opp-microvolt = <950000>;
clock-latency-ns = <244144>;

};

0opp@1320000000 {
opp-hz = /bits/ 64 <1320000000>;
opp-microvolt = <1000000>;
clock-latency-ns = <244144>;

};

opp@14166000000 {
opp-hz = /bits/ 64 <1416000000>;
opp-microvolt = <1050000>;
clock-latency-ns = <244144>;

}i

opp@1512000000 {
opp-hz = /bits/ 64 <1512000000>;
opp-microvolt = <1050000>;
clock-latency-ns = <244144>;

+

};

compatible = "operating-pointstv2"; . FATFILEIRENEIEM.

opp-microvolt : AMEETRIAIEE.

cpu TR

cpu0: ‘cpu@d {
device type = "cpu";
compatible = "arm,cortex-a53","arm,armv8";
reg = <0x0 Ox0=;
enable-method = "psci";
clocks = <&clk pll cpu>;
clock-latency = <2000000>;
clock-frequency = <1320000000>;
dynamic-power-coefficient = <190>;
operating-points-v2 = <&cpu opp 1 table>;
cpu-idle-states = <&CPU SLEEP 0 &CLUSTER SLEEP 0>;
#cooling-cells = <2>;

178
cpu@l {
device type = "cpu";
compatible = "arm,cortex-a53","arm,armv8";
reg = <0x0 0x1>;
enable-method = "psci";

clocks = <&clk pll cpu>;
clock-frequency = <1320000000>;
operating-points-v2 = <&cpu opp 1 table>;
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cpu-idle-states = <&CPU SLEEP 0 &CLUSTER SLEEP 0>;

#cooling-cells = <2>;

};

operating-points-v2 = <&cpu_opp_ 1 table>;: 3|Hv-f&,

o XFF sun50iw9pl. sun50iwlO0pl ZH cpu 4 bin EXRMTFE,

v-f &

cpu opp_ 1 table: opp 1 table {

nvmem-cells = <&speedbin efuse>;
nvmem-cell-names = "speed";
opp-shared;

opp@480000000-0 {
opp-hz = /bits/ 64 <480000000>;
opp-microvolt = <820000>;

opp-supported-hw = <0x3>;

}i

opp@480000000-1 {
opp-hz = /bits/ 64 <480000000>;
opp-microvolt = <880000>;

opp-supported-hw = <0x4>;

I}3

opp@600000000<0 {
opp-hz & /bits/ 64.<600000000>;
opp-microvolt = <820000>;

opp-supported-hw =_<0x3>;

IF8

opp@6000OEEOO-1 {
opp-hz = /bits/ 64 <600000000>;
opp-microvolt = <880000>;

opp-supported-hw = <0x4>;

178

0pp@792000000-0 {
opp-hz = /bits/ 64 <792000000>;
opp-microvolt = <860000>;

opp-supported-hw = <0x3>;

178

0pp@792000000-1 {
opp-hz = /bits/ 64 <792000000>;
opp-microvolt = <940000>;

opp-supported-hw = <0x4>;

178

0pp@100800EAEOO-0 {
opp-hz = /bits/ 64 <1008000000>;
opp-microvolt = <900000>;

opp-supported-hw = <0x3>;
};
0opp@100800EAEOO-1 {

compatible = "allwinner,sun50i-operating-points";

clock-latency-ns = <244144>; /* 8 32k periods

clock-latency-ns = <244144>; /* 8 32k periods

clock-latency-ns = <244144>; ./* 8 32k periods

clock-latency-ns = <244144>; /* 8 32k periods

clock-latency-ns = <244144>; /* 8 32k periods

clock-latency-ns = <244144>; /* 8 32k periods

clock-latency-ns = <244144>; /* 8 32k periods

*/

q

*/

*/

*/

*/

*/
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opp-hz = /bits/ 64 <1008000000>;
opp-microvolt = <1020000>;
clock-latency-ns = <244144>; /* 8 32k periods */
opp-supported-hw = <0x4>;

}i

opp@1200000000-0 {
opp-hz = /bits/ 64 <1200000000>;
opp-microvolt = <960000>;
clock-latency-ns = <244144>; /* 8 32k periods */
opp-supported-hw = <0x3>;

b

opp@1200000000-1 {
opp-hz = /bits/ 64 <1200000000>;
opp-microvolt = <1100000>;
clock-latency-ns = <244144>; /* 8 32k periods */
opp-supported-hw = <0x4>;

I

opp@1296000000 {
opp-hz = /bits/ 64 <1296000000>;
opp-microvolt = <1100000>;
clock-latency-ns = <244144>; /* 8 32k periods */
opp-supported-hw = <0x2>;

+

opp@1344000000 {
opp-hz = /bits/ 64 <1344000000>;
opp-microvolt = <1120000>;
clock-latency-ns = <244144>; /* 8 32k periods */
opp-supported-hw = <0x4>;

+

opp@1512000000 {
opp-hz =4/bits/ 64 <1512000000>;
opp-microvolt = <1100000>;
clock-latency-ns = <244144>; /* 8 32k periods */
opp/supported-hw = <0x1>;

+i

};

compatible = "allwinner,sun50i-operating-points"; : BAFEEIRNNEM.

opp-hz : ENMARBIAE,

opp-microvolt @ #MZEXSFAYEE,

0opp@480000000-0. 0pp@480000000-1 + FLRM0. 1XEAFXAFRETRRETF, Uik,

opp-supported-hw: “FERZSASFAZIFHGH RZAS. 30 “opp-supported-hw = <0x3>;” , RRizMaziFbito.
bit1FFRREVS A RS, F A& Documentation/devicetree/bindings/opp/opp.txt*Fopp-
supported-hwhJi%EH,

FEER, BATEEEZS MERMENNS, FUEEERERMENMSIBEIEENER, Moppe480000000-0.
0pp@480000000 - 1 REEMW B — 1Nt A iR AN &R

& v-f R

cpu opp_ 1 table: opp 1 table {
compatible = "allwinner,sun50i-operating-points";
nvmem-cells = <&speedbin efuse>, <&cpubin efuse>;
nvmem-cell-names = "speed", "bin";
opp-shared;

opp@408000000 {
opp-hz = /bits/ 64 <408000000>;
clock-latency-ns = <244144>; /* 8 32k periods */
opp-microvolt-a® = <900000>;
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opp-microvolt-al =

opp-microvolt-a2 =

opp-microvolt-b0 =

opp-microvolt-bl =
}i

opp@600000000 {
opp-hz = /bits/ 64
clock-latency-ns =
opp-microvolt-a0 =
opp-microvolt-al =
opp-microvolt-a2 =
opp-microvolt-b0o =
opp-microvolt-bl =

}

opp@816000000 {
opp-hz = /bits/ 64
clock-latency-ns =
opp-microvolt-a0 =
opp-microvolt-al =
opp-microvolt-a2 =
opp-microvolt-b0 =
opp-microvolt-bl =

};

opp@10O8OOAOO0O {
opp-hz = /bits/ 64
clock-latency-ns =
opp-microvolt-a0 =
opp-microvolt-al =
opp-microvolt-a2 =
opp-microvolt-b0o =
opp-microvolt-bla=

i

0opp@1200000000 {
opp-hz = /bits// 64
clock-latencysns =
opp-microvolt-a0 =
opp-microvolt-al =
opp=microvolt-a2 =
opp-microvolt-b0 =
opp-microvolt-bl =

};

opp@1320000000 {
opp-hz = /bits/ 64
clock-latency-ns =
opp-microvolt-a0 =
opp-microvolt-al =
opp-microvolt-a2 =
opp-microvolt-b0o =
opp-microvolt-bl =

}i

opp@1416000000 {
opp-hz = /bits/ 64
clock-latency-ns =
opp-microvolt-a0 =

<900000>;
<900000>;
<900000>;
<900000>;

<600000000>;

<244144>; /* 8 32k periods */
<900000>;

<900000>;

<900000>;

<900000>;

<900000>;

<816000000>;

<244144>; /* 8 32k periods */
<940000>;

<900000>;

<900000>;

<900000>;

<900000>;

<1008000000>;

<244144>; '/* 8 32k periods */
<1020000>;

<980000>;

<950000>;

<980000>;

<950000>;

<1200000000>;

<244144>; /* 8 32k periods */
<1100000>;

<1020000>;

<1000000>;

<1020000>;

<1000000>;

<1320000000>;

<244144>; /* 8 32k periods */
<1160000>;

<1060000>;

<1030000>;

<1060000>;

<1030000>;

<1416000000>;
<244144>; /* 8 32k periods */
<1180000>;
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opp-microvolt-al = <1180000>;
opp-microvolt-a2 = <1130000>;
opp-microvolt-b0 = <1100000>;
opp-microvolt-bl = <1070000>;

}

opp@1512000000 {
opp-hz = /bits/ 64 <1512000000>;
clock-latency-ns = <244144>; /* 8 32k periods */
opp-microvolt-b® = <1180000>;
opp-microvolt-bl = <1130000 1130000 1140000>;

+

opp@1608000000 {
opp-hz = /bits/ 64 <1608000000>;
clock-latency-ns = <244144>; /* 8 32k periods */
opp-microvolt-b0 = <1180000>;
opp-microvolt-bl = <1130000 1130000 1140000>;
};
}i

compatible = "allwinner,sun50i-operating-points"; : BT IEIREIMEM,

opp-hz : ENASRBISAE,

opp-microvolt-x : JZHAET, xFERbinWWHEBE, #FIMZXEDocumentation/devicetree/bindings/opp/
opp.txtxFopp-microvolt-<name>HIi5EH,

cpu P

cpu0: cpu@d {
device type = "cpu";
compatible = "armjcortex-a53","arm,armv8";
reg = <0x0 0x0>;
enable-method = "psci";
clocks = <&clk pllcpu>;
operating-points-v2 ="<&cpu opp 1 table>;
cpu-idle-states = <&CPU SLEEP 0>;
dynamic-power-coefficient = <100>;
#cooling-cells = <2>;

+

cpu@l {
device type = "cpu";
compatible = "arm,cortex-a53","arm,armv8";
reg = <0x0 0x1>;
enable-method = "psci";
clocks = <&clk pll cpu>;
operating-points-v2 = <&cpu opp 1 table>;
cpu-idle-states = <&CPU SLEEP 0>;
#cooling-cells = <2>;

+

operating-points-v2 = <&cpu_opp 1 table>;: 5|Av-f%.

3FF sun8iwl8pl XA EFERIRAE pwm regulator IEHFE, 5%%F cpu 2 bin BXRH
EEEAR—#, THEER,
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2.3.2 board.dts B2 &% H

board.dts BFREE—MIAFEMIZEREFEE (30 demo ik, perfl k%) , EEMNEREREE
£EZ FEM Device Tree BIAECEE R

cpu TR (RESEMENAY dts XH)

&cpud {
cpu-supply = <&reg dcdc2>;
i

2.3.3 kernel menuconfig B2& %A

ERLITHHAN linux BF, $1T make ARCH=arm64 menuconﬂg(32 I &% make
ARCH=arm menuconfig) #ANEEEXRE (Linux-5.4 WiZR4sH1T: ./build.sh menucon-
fig), HIZLUTTERE

XfF sun8iwl9pl F&HA cpu 7 bin FRKHTFE:

.config - Linux/arm64 4.9.191 Kernel Configuration
> CPU Power Management > CPU Frequency scaling
U Fr y scalir
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, </>.formsSeamch. Legend: [*] built-in [ ] exclluded <M> module < > module capable

(4] _CPU Freguency scaling]

[1 PU frequency transitdbn statistics
PU frequency time-in-State statistics
pefault CPUFreq governor (performance) --->
*performance’ governor
‘Dowersave' |governor
‘userspace’ governor for usérspace frequency scaling
‘ondemand’ cpufreq policy governor
‘conservative® cpufreq governor
tinteractive'| cpufireq policy governor
*Schedutil' cpufreq policy governor
#%% CPU frequency scaling drivers *+¥
Generic DT\ based cpufreq driver
Ceneric ARM big LITTUE CPUfreq driver
‘Ulwinner nvmem based SUN50I CPUFreq driver
UNXI CPUFreq suppoft
SUNXI PWM CPUFreq support
PU autohotplug support

<Exit> <Help> <Save> < load>

2-1: BcEE 1

3FF sun50iw9pl. sun50iwl0pl &H cpu % bin EXMFEE:

WA © BSEERERHERAE. RE—TF 8
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.config - Linux/arm64 4.9.191 Kernel Configuration
> CPU Power Management > CPU Freguency scaling

CPU Fre 1C i
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

ﬂ‘IIEEUIEEEH!EHEMIE!EI!II

1 CPU frequency transition statistics
PU frequency time-in-state statistics
efault CPUFreq governor (performance) --->
‘performance’ governor
‘powersave’ governor
‘userspace’ governor for userspace frequency scaling
*ondemand’ cpufreq policy governor
‘conservative' cpufreq governor
*interactive' cpufreq policy governor
*schedutil' cpufreq policy governor
##% CPU frequency scaling drivers *##*
seneric DT based cpufreq driver
Generic ARM big LITTLE CPUfreq driver
Allwinner nvmem based SUN50I CPUFreq driver
SUNXI CPUFreq support
CPU autohotplug support

<Exit >  <Help > < Save >

2-2: BEcEE 2

XfF sun8iwl8pl XMMgHFEMAIRAE pwm regulator Ky FE &

.config - Linux/arm 4.9.191 Kernel Configuration
> CPU Power Management > CPU Freguency scaling
CPU Frequ c
Arrow keys navigate the menu. <Enter> selects submenus ---> (or empty submenus ----). Highli gnted 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

PU frequency transition statistics
CPU frequency transition statisticshdetails

PU frequency time-in-state statistics

efault CPUFreq governor (performance) --->

‘performance’ governor

\powersave' gevernor

*iserspace’ (governor for userspace frequency scaling

*ondemand’ cpufreq policy governor

*Conservative' cpufreq governor

‘interactive® cpufreq policy governor

‘Schedutil’ cpufreggpolicy governor

*#% CPU\ frequency scaling drivers *##

Generic DT based cpufreq driver

Generic ARM big LITTLE CPUfreq driver

SUNXI CPUFreq support

SUNXT PWM CPUFreq support

CPU autohotplug support

PU frequency scalifg driver for Freescale QorIQ SoCs

< Exit > <Help > < Save >

2.4 RRSEHNTA

CPUFREQ BRI F A% drivers/cpufreq/BERTF:

drivers/cpufreq/

— cpufreq-dt.c

— cpufreq-dt-platdev.c
L— sun50i-cpufreq-nvmem.c

WA © BSEERERHERAE. RE—TF
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cpufreq-dt.c AASTEEINEEZ I,

cpufreq-dt-platdev.c ALECEE cpu 73 bin FKHFEHRE,.

sunb50i-cpufreq-nvmem.c ALEE cpu 5 bin FRWFEHNREE, EAHTF nvmem EHRIR
SR RS A RS Bo

2.5 IXSHEZRNTAR

o

WRIRFE © HRB2ERRRNHERAE. RE—TIMF 10
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3.1 P HE

3.1.1 AT =

Rl U | 35EA

scaling setspeed R/W IREMEEO, (NEHAMEEE userspace
BBl A

scaling governor R/W TSR B

scaling max freq R/W LALSELT I SR TES

scaling min freq R/W L/NESIERTES AN TES

affected cpus R 2 EIZIEMERES 20 H £ MY cpu

related cpus R 2ENZ MRS MAFR A cpu

scaling cur freq R =B ES

scaling driver R EETERSESE v

scaling_available governors . R EINZENERE

cpuinfo transition latency R SRR AEHRGEIR

cpuinfo max freq R FEF R AR

cpuinfo _min freq R eSS AN TES

cpuinfo_cur freq R B KR PRE TR

[ TafIF/sys/devices/system/cpu/cpufreq/policy0TF

3.2 H i)

3.2.1 JASMSRERAEF it EA

governor WiRA
powersace TIRE
performance T4 8E
userspace BRI

WRINFE © HRB2ERRRNERAR. RE—IF 11
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governor WiRA

ondemand ®E

conservative R<F, ERTHEBEMEE

schedutil FABAESIRBEEHITIANM, 5 EAS HESR—EiR&FEA

EEEIENgovernor, FAESTRAYIESRIRENRI A

MRFEFHESIAZR, #iFgovernorHuserspace,
echo userspace > /sys/devices/system/cpu/cpufreq/policy®/scaling_governor

BELE, CPUBSIRERSIRAMELN. FUNEEETBIMISRENNER, EXDREME. FESE (
the rma USSR

7N

3.2.2 RIS RIfE AR EERERE

FiE—: £ sunxi BEXT R cpufreq table,
AE, M TAHTFREENTEREYE, BEE kernel 4RiF¥ drivers/soc/sunxi/vi-table.c 7
E=18

/ # mount -t debugfs none /sys/kernel/debug/
/ # cat /sys/kernel/debug/cpufreq table
freq(kHz) vol(mwv)

408000 900

600000 900

816000 900

1008000 980

1200000 1020

1320000 1060

1416000 1180

FEZ: EFRRZRER opp Ts.

/ # mount -t debugfs none /sys/kernel/debug/

/* 3$FLinux4.9 */

/* FRENFREM RIS, BIRHz */
/ # cat /sys/kernel/debug/opp/cpu@/opp*/rate hz
1008000000

1200000000

1320000000

1416000000

1464000000

1512000000

1608000000

408000000

600000000

816000000

/* REFRBEMRBEBE, BAEmV */
/ # cat /sys/kernel/debug/opp/cpu@/opp*/u volt target

IR © HiB2EREROBIRAR. RE—INF 12
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1020000
1100000
1160000
0
1180000
0

0
900000
900000
940000

/* SFFLinux5.4 */

/* RENFRE ISR, BAIEHZ */

/ # cat /sys/kernel/debug/opp/cpu@/opp*/rate hz
1008000000

1200000000

1320000000

1464000000

408000000

600000000

816000000

/* FREFREMmREBE, fARmV */

/ # cat /sys/kernel/debug/opp/cpu@/opp*/supply-0/u volt target
1020000

1100000

1160000

1180000

900000

900000

940000

3.2.3 BB EEMERR

HE— BB dts X v-f R, /BEHEEEMNH. BESE Device Tree ELE iR,

737EZ. 1 uboot 821 v-f R, XFAFEENRIFE . ERL2EHRAIFHENRRE, i
DY S eSS

LUEANFEERE, $HEAIELEE uboot B v-f Ko HMTFAMT SREFMGZIERRE, BiE
£# Device Tree EEEIRAA,

# AN uboot #<1T:

/* FRERv- R */
=> fdt list /opp 1 table
opp_1 table {

compatible = "allwinner,sun50i-operating-points";
nvmem-cells = <0x000000ff 0x00000100>;
nvmem-cell-names = "speed", "bin";

opp-shared;

linux,phandle = <0x000000fc>;
phandle = <0x000000fc>;
opp@408000000 {

}i

IR © HiB2EREROBIRAR. RE—INF 13
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0pp@6000000060 {
z;p@816000000 {
i;p@loosoooooo {
i;p@lzoooooooo {
igp@l320000000 {
iép@l416000000 {
zgp@1464000000 {
iép@lSlZOOOOOO {
i;p@leosoooooo {
}i

/* BBRTERENSAS, WN408MHZAYSR= */
=> fdt rm /opp_ 1 table/opp@408000000

/* REEN, FRREEHEAFAIIHENRT */
=> fdt save

/* MubootBanEINfE, HIMIREREEIER */
/ # cat /sys/devices/system/cpu/cpufreq/policy0/scaling ‘available frequencies
600000 816000 1008000 1200000_1320000 1464000

3.2.4 B cpufreq FBEME

SR RIEANBENERR, BATERMIR, REXVBEE.

/ # echo userspace > /sys/devices/system/cpu/cpufreq/policy@/scaling governor
/ # cat /sys/devices/system/cpu/cpufreq/policy0/scaling available frequencies
408000 600000 816000 1008000 1200000 1320000 1416000

/ # echo 1200000 > /sys/devices/system/cpu/cpufreq/policy0/scaling setspeed

/ # cat /sys/devices/system/cpu/cpufreq/policy@/scaling cur freq

1200000

WRAFRE © BseEREROERAE. RE—TNF
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E{E =R

WRAXFAE © 2021 HKiEEERHRHDBRATE. RE—TIF,

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
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