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F

Arm® Cortex® 32-bit MCU & MPU IS

JRTo—— EFREES
g DSP + Analog
Cortex-M MCU Cortex-M4
STM32F1* STM32F3
SHE— SE-NEME SRt PNp[:
Cortex-M Cortex-M Cortex-M4 Cortex-MO0

#B(EEE 120 MHz, 90nm  168/180 MHz (FERLA

STM32L1 STM32F2 STM32F4  STM32F0

Cortex-MO+

STM32L0

THEEsE—
3224 CoreMark
STM32H7
MSCRYEBIRINGE
Cortex-M4
SWE—K  smuLp RBIEIIEE

Cortex-M7 447 ULPBench™ HEEL S

STM32F7 STM32L4 STM32L4+

FELESTM32 K LIRYHNE

il

FimMCUs

Cortex-M0O+
SNt HREREKH
ERIAINIIR! MCU

STM32G0 STM32H7

Cortex-M33  BFH—iRAES

FREE(RINFE Cortex-M4

200772009 2010 2011 2012

Lys
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2014 2015 2016

EE%L .
STM32L5
it 2EKE—FN hEAREY
ZiYAN BN LoRa®-enabled iy [FAnE =S
FFi2. 4GEHR  STM32{&bIBEg8  System-on-Chip MCUs
STM32WB STM32MP1 STM32WL
>
2017/2018 2019 2020 2021
3



STM32G4 = RarE(\

STMB8 + STM32 JEIARTIAMCUMRSE | 20K mmzk, THAES, IORE

STM32F0

106 CoreMark
48 MHz Cortex-M0

STM32L0

75 CoreMark
32 MHz Cortex-M0+

Ha{lRI0FE
MCUs

life.augmented

STM32G0

142 CoreMark
64 MHz Cortex-MO+

STM32L1

93 CoreMark
32 MHz Cortex-M3

STM32F2

Up to 398 CoreMark
120 MHz Cortex-M3

STM32F1

177 CoreMark
72 MHz Cortex-M3

STM32L4

273 CoreMark
80 MHz Cortex-M4

STM32WL
162 CoreMark
48 MHz Cortex-M4
48 MHz Cortex-M0+

STM32MP1
4158 CoreMark
650 MHz Cortex -A7
209 MHz Cortex —-M4

STM32F4 STM32F7 STM32H7
Up to 608 CoreMark 1082 CoreMark Up to 3224 CoreMark
180 MHz Cortex-M4 216 MHz Cortex-M7 Up to 550 MHz Cortex -M7
240 MHz Cortex -M4
STM32F3 STM32G4
245 CoreMark 550 CoreMark
72 MHz Cortex-M4 170 MHz Cortex-M4
STM32L4+ STM32L5 STM32U5
409 CoreMark 443 CoreMark 651 CoreMark
120 MHz Cortex-M4 110 MHz Cortex-M33 160 MHz Cortex-M33
STM32WwB @
216 CoreMark
64 MHz Cortex-M4
32 MHz Cortex-M0+
@ Cortex-MO+ §J5mth4bIESE 4



HERBEIRAEIREL L

RIS EFEERIR AR, FH
. STM32G474 (

STEEEREERIE (HRTIM)
v 184ps 18E
v SIEE PWM BIES @

é%& IR

BFRE | vz

.. S

S EESFE

m “" ' :..
RO HE
%35
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STM32E &Kk

FEAl=HI RS S RETRN

ey
e =t R
A A
M ' 2 2MB i p .
STM32H74x PEgERY
>12KB STM32H72x STM32H743
T 512KB
: XV SHEEPWM
@ _IL 184ps
STM32G491 o L
_____ STM32G431 [RAYRES v :
e 1 | STM32F334 |
| STM32F30x | 17KE i 217ps i
A | s / : .
32-pin 128-pin 240-pin Pin Count 32-pin 128-pin Pin Count

life.augmented



185 / IRSS=sFEIR

oo daghd

Power DC/DC Output
Transformer Output Rectifier Filter

DCHitH

Opto

Isolator 7 4

: DC / DCE&ifh

AC | DCHEHRR, TNEREZHKFIE

- SEEESEERI2IEESEEPWMEL, AISZiFPFCHIE4DC/DCARIZFFRH
- HEFINEEE, RBFHEEE
- WESIEADC, DACKLLIREE, BINTHISSHIE

‘_,, . ZEETIEDO (UART. 12CRCANGELZ)

—_— N 7
life.augmented ¢ ﬂﬁjﬁ%;ﬂlZSoC



AR (UPS)

—_—— — L\b
- BEiI=zEgE

+ SV ERE G

AC/DC PFC DC/AC Inverter

e Tl pEEes, RGUEBS
ACEIA . ACHRH: I=E r IETFS 7 =7
Driver Driver EI‘J PWM \E\g

Bi-DC/DC 7'y o . —
_ B3 - BEENNERES, RBHHEE
Sensor PWM Vil
\V//l —— == .
. EEEBING

n  STM32G474 B

- M=2EiE125°C

Ky .

life.augmented



RN
N B SRS
DC/DC-MPPT DC/AC Inverter BN AL

F et _  BANERERSENEE
Jp— E— Bridge Bridge
Solar ' '
Panel
PWM

EEidss, =EEBES

HIPWMEE
[ e | s, RFHEE
e

« FERIMNR
3.3V, — =
== Power —~ | - At { PLC ‘ » Mis=Eim125°C

Ky 9
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STM32G4r=fr—aze

STM32G474 STM32G473 STM32G491 STM32G431

=
=4 e DM pheER AR e

Rz, Ein Arm Cortex-M4, 170 MHz

Flash (max) (2x255(;KZBde3;Iesbank) silzlz?:i?( :ii;:bl;/atii(

RAM (up to) 96 Kbytes 22 Kbytes

CCM-SRAM 32 Kbytes 16Kbytes 10 Kbytes

12-bit ADC SAR 5x 12-bit @4 MSPS 3x 12-bit @4 MSPS 2x 12-bit @4 MSPS

EbE=s 7x (1795%%) 4x (1745%D)

BEY 1% BE 6 4 3

12-bit DAC 7 4

USB FS Device 1

CAN-FD 3x 2X 1x

=RBHEtIEREE 3x (170 MHz) 2x (170 MHz)
1x (184ps) -

imE B -40 to 85°C / -40 to 125°C

HLHIES 48 to 128 32to0 100

Lys
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RIS DSPIERESIRIME S IERE

B2 R P (SRR ED...)
TR SRS
EeEESEH

. St
= HelR

. PFC

 LLC/DC-DC

. Setkivas




o
« Arm® Cortex®-M4 at 170 MHz
.II « 213 DMIPS and 550 CoreMark® results

« AHEIEIIFE(163UA/MHZ)

STM32G4 &%l — X1 I

« ART Accelerator™ (Fh&54ER)
- FFIEEINES (ZARB+EHFIRR)

« CCM-SRAM Routine Booster (§3354E75)

SRIASEEHIEIMG
. EH (RB1ES), DACs, Lrikse
« 12-bit ADCs 4Msps  (FE{HIREE 16bit)
« CAN-FD (up to 8Msps bit rate)

- SEEERES V2 (18457F))
« USB type-C Power Delivery3.0
1%¥EEMEBRC (-5~90dC), 2% (&R ESTE)

I)Jau;:é 5EEE2
« XYBank Flash3z#5ECC (error code correction)

- LEFMEXIE
 TEINE AES-256

- TEEER

J\

- NFEEBASTM32R3ZEFIFERER
. INEEEESEE-40dC ZE 85 or 125dC

X
o
-

Lys
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* SIL Class-B I IR,
+ SRAMZISEBIRE
EFmER

- M 32 = 128-pin
« M 32KB & 512KB Flash
12



Arm® Cortex®-M4 Up
to 170 MHz

Floating Point Unit
(FPU)

Control loop computation
(reserved for future use)

32-Kbyte CCM-SRAM SREE

Zero wait-state for critical code

PFC digital platform - STM32G474

Configurations of MCU key functions on digital PFC

| ool Hi-Resolution PWM
Timer (184 ps)

Mainly for high frequency (HF)
MOSFET control at 70kHz

:_ ______ Multiple ADCs (4 Msps)
Upto5

AC voltage, PFC voltage/current,
and hotspot temperature sensing

ecution . ~--e TR @ ____ Comparators and DACs
. Upto 7
CORDIC for trigonometric « PFC OVP and critical current
functions acceleration 1 protection
|
Software phase-locked loop : UART, SPI, CAN
(reserved for future use) FMAC filter and USB
mathematical accelerator « UART for internal/external
* Hardware dlglta| filter (CPU off-load) communication 13

Lys
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Key firmware features PFC functional block diagram

» Blanking + Soft-start Scheme in PWM S2 S4
for current spike at AC zero crossing Inrush prc [T IEET [TARET
Resistor Rsense Choke
—PT VW w— Bulk C
»  HW ZCD + software PLL for i | Rela | ? ulk Cap|
reliable AC phase detection EMI 3 T
: s1 Sk
« FMAC is used for current loop L -IE}} L JEE
control to reduce CPU effort r
v v
ZCD <= Sensor Dri Sensor . ; Sensor
Circuit = Circuit over Circuit Driver sl Circuit

LEDn

Fan PWM

Hotspot
Ambient

Lys
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LLC digital platform - STM32G474

Configurations of MCU key functions on digital LLC

Arm® Cortex®-M4 Up
to 170 MHz
T
. : : Timer (184 ps)
* Primary MOSFET with dead time
(FPU)

Volt | moputation Secondary SR MOSFET control
ORAgE op CRMPHIATE with adaptive algorithm

B Multiple ADCs (4 Msps)
Upto 5

: Bus voltage, output voltage/current, SR
: Vds and hotspot temperature sensing
|
|
1

32-Kbyte CCM-SRAM

Zero wait-state for critical code

execution

"""""""" l Comparators and DACs
FMAC filter o Upto 7
mathematical accelerator ! «  Output OVP and primary tank
. current protection
UART, SPI, CAN

"_l « UART for internal/external 15

communication

Hardware digital filter (reserved for
future use)

life.augmented



. Key firmware features Firmware functional block - LLC

» Digital adaptive SR control to improve

overall efficiency

« Burst mode operation is adopted to
reduce losses at light load

* On-line coefficient tuning via
UART

L4 T }

g . Sensor . ; Sensor Sensor Sensor
Driver Driver L Driver Driver S L. S
Circuit Circuit Circuit Circuit

STM32G474
Firmware
Block

LEDn

UART (PFC)

Bulk OK

ﬁ Hotspot

Ambient

life.augmented



BN AIMERE

170 MHz CPU 48¢E (Arm® Cortex®-M4) 5 3fhrE(4 ks

Code execution performance Arm Cortex-M4 with FPU
=170 MHz CPU iR

_ 3.5
5 =213 DMIPS # 550 CoreMark® 1455
2.5 g 3 *EFZ:IEIEE#F’JI]EEE
2 5 - ART IiESE EER) > 2IPREBIE
——CCM-SRAM - Routine Booster 3 GIEE ﬁslzi’ﬂ'ri‘ﬁ“é
—ARTON 15 =
— SRAM - . XREEREHNE CCM-SRAM (B75ER) >
ART OFF o TR ERE M RIE
' o HFIMESE (AR + HFIEKES)
0

Number of Wait States 1 2 3 4 5 6 7 8

CPUClock (MHz) 16 40 48 80 96 120 136 150 170

’l 17
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eI IES=S

REIES R CPURE

1. =fiFZY (Trigo) + RENEEWRAITEITFEALR): Sin, Cos
. JEEEFTFENES R | o RERRCHEAREIRAATR): RIEYIAtan2, &=£iModulus
ERRXEIZE(FOCQ) * XUEHIESZSinh, JHIFR5ZCosh, IEEIBRELExXp

- FBERNK20{ 3 - [1ETJAtan, [N EHIETJAtanh
« ¥ER

- FBAXIEL Ln

- EERSHFREEEEE
> A AT RIRSE, BES10ELE, CPURMAN0%
> BN AELAF, L9ES12%EHINEEE

Ky

life.augmented
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U INIE=T

DIREINR SR CPURE

2. BFIERESE(FMAC)
« OJ#AETHER
« FIR, IIR FIR &S RS ae
- tMEES BEEFHR=RR=F~R3p32)

« BHAELFMACER15%, {B: Fr Ll g8
> WTFEERF/KIER, KSR REX a

EREHTIERESS
> FRAFMAC+DMART, THECPUSS

Lys

life.augmented

19



=SoC

NI iZ 2NN R R IR HETEE S
ADC (up to 5) Values

SAR 12-bit
ZEE0) + T SREES 16-bit
SKIFER Up to 4 Msps
TPAN Bt NSZED BN
RFE SPEEEAME BaELAH RS SR

DAC (up to 7)

Values

15 Msps (REREHIH)
1Msps (& i)

TSERTIE]

16ns

Lys

life.augmented

E0SCHRIAIMK

1IZHY (up to 6) Values

=2 13 MHz
R 45 V/us
o 3mV £RESEHE
fmE 1.5mV @ 25°C
. b 2,4,8,16, -1,-3,-7,-15 (1%)
=k =] pr %=
ﬂﬁ*imk{nﬁ(*ﬁg) 32, 64, —31,—63 (2%)

ELERES (up to 7) Values

EETE 1.62..3.6V

(EREFEIR 16.7ns

fRE 6. +2mV

N PANET 8 steps:

i {EME 0,9, 18, 27, 36, 45, 54, 63 MV




~
X4
74

)RS BERURTL I

ERIIFEF K, FECH AR

I EE Y [

Tamper: few 1/Os, RTC
IEEE: reset pin, few I/Os, RTC
08 + BOR, WDG
: IfER: + all I/Os, PVD, COMPs, LPUART, LPTIM, 12C,
. R

RUN (Range1)@150 MHz JAFlashi&{T 163 uA/MHz
RUN (Range1 boost)@170 MHzMFlashi&fs 173 pA / MHz

268 ps
30 ps
9.5 us

11 cycles

IME: 25°C, Vpp = 3V
Note : * without RTC / with RTC

‘,’ 21
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HRTIMer, R ESEERS.. |

12 BEPWMESHIL, u—?—ﬂ]ﬁﬁitlﬁar A]/515184ps
184ps tHXF 5.4GHz EATEERTEH
BHEREESEEME, RIEBENER

TIRSIATEPIT 8RS (1E£+ 6M) _H‘EELEEAEEJZNE FERIPWMIRRZ

o] RIEECERL 6 AE*MEIHAY PWM X

WEESHXA Crossbar, B4 PWM FEHIRNRZANIA 321 set/reset &R
RiEfAtafictMaster/Slave , EIEASINEE!

6 MR SHFHIERMNIR
T0NMSEHRNIR
SHmN RS THEINA, BOMNIESSHmNE

127
A SEHEE—FE WA
1x 12 PWM (=IRAEELLC)
12x 1 PWM (ZId37 buck JE¢HzEHI2E)
‘ﬁ - B RENEIYEUERESEHAIDMA, ENHRTIMETTIMESRDMATLNRE, tJEioEZBAE#HS
HiRE

life.augmented



STM32G4 FEH&E

PR, [RELS TR A

STM32 Nucleo Evaluation boards Motor Control Pack Discovery kits

RiGHIRBLZT STM32GALTNEEITH REFRHL SR KiglEreRELRT
- NUCLEO-G431KB - STM32G484E-EVAL » P-NUCLEO-IHMO03 - B-G474E-DPOW1
- NUCLEO-G431RB - STM32G474E-EVAL - B-G431B-ESC1

NUCLEO-G474RE
NUCLEO-G491RE

Ky 23

life.augmented



STM32G4 FFT H

=R EEArm Cortex-M FFALEZS

All-in-one STM32 programming tool

ArmekeilL % Multi-nnode, userfriendly

< eclipse :
N ) ~—
L 4
sTM3." U —
CubelDE CubeProgrammer

IDEs :
STM32CubeMX Compile and Debug STM32 Programming Tool

STM32CubeMX REBRE STM32CubeProgrammer
« BEERVIIRAREBER « 55=77 IDE, #1 IAR, Keil * Flash #1/8k ZHFE 5
© BRRFIFECEIRR - BERETEclipselIE751DE - 5 GUI X 1T RE

STM32CubelDE*

Lys 24
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FA A

- REMNESRER FEEARNR, PR EEMH(SDK), XiESE
ill)
«  X-CUBE-MCSDK (v5.4)
HTFSTM32Cube HAL and LLAYEEH IR ENEN4-EE
EENIREN TVES: iEESTM32CubeMx, BrEEAIRIEHZER
Bt TR
P-NUCLEO-IHMO03: Motor Control Nucleo pack
NUCLEO-G431RB Nucleo-64

X-NUCLEO-IHM16M1 BB 3KE0Y AR
{EEEBHN

- ERFCHAIELE (FOC, 6-step, TofERk=S...)
BISNEE: — 0GR ERE SR

@

ill)

THESES I

SRR

STRMESRE AN, BEFAEMH(SDK), E55E

RSN E RS EMAEEEMR- AN4539: AHTEH IR
FIFR R N B S R R e o

#FRIFEE (PSU and PFC) - EFG4R% -5F=F18]
BirichaBX&FI{E (B Q4 2019)

"
W
. *
. .
. .
. .
- ) .
. =
) "
. .
. O
.
s

Lys
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1—\_' |+|

=I5 =4

« STM32Trust REEH 1202 £I8E (Security Functions) LIRS EFFEREGIFITENE
o STM32Trust ESRRESTEHAXRAR (COE. E. TESF) RREX12INETEI6EE

(.
)

’ RIFItE R R l

|

STSECURE EéEF iéﬁg& STSEGURE

(.
i

I P{RIA RRTEhE STSECURE
S ReME ;
®

STSECURE %{ﬁﬂ:{gu / iAiIE / iIEHH Eﬁ*ﬁi‘)’!ﬂ'—i&tﬁ

(.
)

g\ﬁg :‘f-_g |¥ STSECURE

26
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Q KEIIHLED R, BT HEE A EEENUC =TT — — P AN
FFARSLY Rewww. st.com/stm32trust = m\&

QO X-Cube-SBSFU Haim# k7Zv2.4.0

Q ) J0HB1E G IRt A - STM32G4

STM32 JRMEE ESER

._‘_lé L —— O . ol. = =

g =1)| S, 7;%%%@ éy/_l\:v%v}:/ %:sl; §|(:)>r|r\]|/x cube-sbsfu
X-Cube-SBSFU =

TEHK

| ERIEOK AL, TS AR R
R RO (eve 2 F- I FlashigREIH

f#{%: SW Debug DISABLE A LB R i s 7318
&4 Boot Lock BERmEUE, RAVFM A AFash/S5]

B | PARAR

JI[i): 2 IE{4: AES, TRNG STHEHIPN: (AES)
{540 X-Cube-Cryptolib e https://www.Sst.com/x-cube-c '

B M _ERY7RAG
RIS it CM4 PIIZHT MPU TR RHEFRRIPN:

r famEERo FlashX I B2 R EAL
> /4

FE{4: Secure User Memory .

life.augmented


https://stmcu.com.cn/
https://stmcu.com.cn/Designresource/design_resource_detail?file_name=%E4%BD%BF%E7%94%A8STM32%E7%9A%84MPU%E5%AE%9E%E7%8E%B0%E4%BB%A3%E7%A0%81%E9%9A%94%E7%A6%BB%E5%92%8C%E8%AE%BF%E9%97%AE%E6%8E%A7%E5%88%B6&lang=EN&ver=1
http://www.st.com/x-cube-sbsfu
https://www.st.com/x-cube-cryptolib
http://www.st.com/stm32trust

Q XESIHEBIEE, Rt LIS 7 15E%5 MUC~mExXF

V=1
- STM32G4
INEER SIS STM32 {RHRYFIR BZ(ER

R

1

life.augmented

M
MPU / EERJ28“FIZE"THEE
LYY las

M
LYQ s

M
Ly lash

M
LY la oy

M

M
( I2C/UART/SPI/QSPI/CAN/...)

HardFault /it / 33750 / A5 1/
NiZEEEEG /| FERRElail

Flash ECC/CRC / 1%&In
Flash/EHEE &

FERIF

Parity on SRAM
RAMEHAE (March C) /{REFEIRIER

CSS (HSE,LSE) / ERTE8“FZ"IhRE
A AE S AG

POR/BOR/PVD/PVM/ES;jthES [ W ml/25: 8 s

. ADCIEHIEI 1)/ ZH1FEsLockilH

BEX dateil

NRER S

RERME:
ClassB: X-CUBE-CLASSBv2.3.0

(*FA B ST.comMuL BB &)
SIL: X-CUBE-STL-G4

(*EEEENDAJRER)

N AR
AN4838: STM32MCU_FRIMPUBATT

AN4187: {FRSTM32Z%fYfE(4ECRC
AN4435: X-CUBE-CLASSBN FRiiEA

AN4750: ShFESTM32R AT HEEIR

BEZINEe L 2 HIES%E STM32G455% !
HNZEFAUM2454

KT IR B ZRIAIRIRISAHIE):
https://www.stmcu.com.cn/ecosystem/app/f
unction-safety

28


https://www.st.com/content/ccc/resource/technical/document/user_manual/group1/21/8a/60/b6/07/0f/4d/40/DM00529027/files/DM00529027.pdf/jcr:content/translations/en.DM00529027.pdf
https://www.st.com/content/st_com/en/products/embedded-software/mcu-mpu-embedded-software/stm32-embedded-software/stm32cube-expansion-packages/x-cube-classb.html
https://www.st.com/content/ccc/resource/technical/document/application_note/group0/bc/2d/f7/bd/fb/3f/48/47/DM00272912/files/DM00272912.pdf/jcr:content/translations/en.DM00272912.pdf
https://www.st.com/content/ccc/resource/technical/document/application_note/39/89/da/89/9e/d7/49/b1/DM00068118.pdf/files/DM00068118.pdf/jcr:content/translations/en.DM00068118.pdf
https://www.st.com/resource/en/application_note/dm00105610-guidelines-for-obtaining-ulcsaiec-607301603351-class-b-certification-in-any-stm32-application-stmicroelectronics.pdf
https://www.st.com/content/ccc/resource/technical/document/application_note/15/54/c4/5d/90/ed/4f/ce/DM00220769.pdf/files/DM00220769.pdf/jcr:content/translations/en.DM00220769.pdf

AL
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