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STM32G4 mainstream series
mixed signal MCU

PENG Zunian
Microcontroller Digital Group

AP Region, STMicroelectronics



Continuing the STM32 success story

Leader in Arm® Cortex® 32-bit MCU & MPU

Mainstream
Cortex-M0+ MCcUs  World’s Most
Efficiency at its bestt  Powerful MCU

STM32G0 STM32H7
1st Mixed Signal #1 Introduction of M33
DSP + Analog Performance Excellence in ULP = Mixed-signal
STM32F3 Cortex-M4 3224 CoreMark with more security Cortex-M4 MCUs
STM32F3 Leadership STM32H7 STM32L5 STM32G4
World 1st Ultra-low-power _
Cortex-M . 1st High Perf. Entry Cost Entry Cost Cortex-M4 Dual-core, Dual-core The world’s first
World 1st Ultra-low- 1st High Perf. Cortex-M4 STM32F0 UItr;\/-Iow- World 13t #1 ULP Ultra-low-power  multiprotocol Microprocessor LoRa®—enabqu
Cortex-M MCU power 120 MHz, 90nm 168 MHz Cortex-MO power Cortex-M7 447 ULPBench™ Excellence and open radio  among the STM32 System-on-Chip

STM32F1 STM32L1 STM32F2 STM32F4 STM32F0 STM32L0 STM32F7 STM32L4 STM32L4+ STM32WB STM32MP1 STM32WL

' >
2007 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
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General Purpose Microcontrollers* Ranking

(Omdia CLT, Mar 9t 2020 )

STM32 WW Leadership

From 2% market share in 2007 to 20% in 2018-19 by Internal Growth

Rank| 2007 2008 2009 2010 2011 2012 2013 2014 2015 2017 2018 2019
1 Renesas | Renesas Renesas | Renesas | Renesas | Renesas | Renesas @\VsgelsalieM Microchip | Microchip | Microchip
2 |Panasonic| Panasonic | Panasonic Atmel Atmel Atmel Microchip | Microchip [Vi&elleEd Renesas | Renesas
3 | Microchip NEC Microchip | Microchip | Microchip | Microchip Atmel Renesas | Renesas
4 Toshiba | Microchip NEC Samsung TI TI TI
5 NEC Toshiba | Toshiba | Toshiba Toshiba NXP NXP NXP
6 |Freescale | Freescale Atmel TI Freescale Fujitsu Cypress Cypress | Infineon | Infineon +
7 Atmel Atmel Samsung | Freescale | Cypress | Freescale E®Y(cES NXP + Cypress Infineon Infineon | Cypress Cypress
8 Fujitsu Fujitsu Freescale Fujitsu Fujitsu Toshiba | Spansion | Spansion | Infineon | Silicon Lab [Silicon Lab| Toshiba Nuvoton
9 | Samsung | Samsung TI Panasonic pre NXP Cypress | Silicon Lab| Toshiba Nuvoton |Silicon Lab| Toshiba
10 TI TI Fujitsu Samsung NXP Toshiba Infineon Toshiba Nuvoton Toshiba | Nuvoton |Silicon Lab
10+ NXP NXP Samsung | Infineon Toshiba | Nuvoton Cobham | Cobham
SNAFrE  —20/) sssssssssnnnnnnnnnsmmmmmssssssssssssssnmmmmmssssssssssssssmmmsssssssssssssssmmmmmssssssssssssmmmsmssssssssssssseesssssssnnnnnnnnnns »~20% (>120Mu/m0nth)
"I * perimeter excluding automotive MCUs >6O ! OOO CUStomerS 3
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starting January
15t 2020
= Until 2030

Lys
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STM32 rolling longevity commitment

/~ +STM82F1  (Launched in 2007) T T
+STM32L1 (Launched in 2000) | T
- STM32F2 (Launched in 2010) | T T
. STM32F4 (Launched in2011) | T

» STM32F0 (Launched in 2012) . 18years of commitment 4
» STM32F3 (Launched in 2012) | 18years of commitment 4
» STM32L0 (Launched in 2013) | 17years of commitment 4
« STM32F7 (Launched in 2014) | 16years of commitment J
« STM32L4 (Launched in 2015) | 15years of commitment
« STM32L4+ (Launched in 2016) | 14years of commitment J
e STM32H7 (Launched in 2016) | 14 years of commitment 4
« STM32WB (Launched in 2018) | 12 years of commitment 4
« STM32G0 (Launched in 2018) | 12 years of commitment
« STM32L5 (Launched in 2018) | 12 years of commitment J
« STM32MP1 (Launched in 2019) | 11 years of commitment
« STM32G4 (Launched in 2019) | 11 years of commitment Z

\_ * STM32WL (Launched iny 2020)

“ 10 years of commitment .




STM32G4 series
continuity of the STM32F3

STM32MP1
4158/5136 CoreMark
650/800 MHz Cortex -A7
209 MHz Cortex -M4

STM32F2 STM32F4 STM32H7 STM32F7

* High Perf 398 CoreMark 608 CoreMark 3224 CoreMark 1082 CoreMark
MCUs 120 MHz 180 MHz 240 MHz Cortex -M4 216 MHz
480 MHz Cortex -M7

_ STM32F0 STM32G0  STM32F1 STM32F3 STM32G4

)) WEUNSICE I (06 CoreMark 142 CoreMark 177 CoreMark 245 CoreMark 550 CoreMark
MCUs [t 64 MHz 72 MHz 72 MHz 170 MHz
FREESNARK

- STM32L0  STM32L1 STM32L5 STM32L4  STM32L4+

Ultra-low Power 75 CoreMark 93 CoreMark 424 CoreMark 273 CoreMark 409 CoreMark
MCUSs 32 MHz 32 MHz 110 MHz 80 MHz 120 MHz

STM32WL STM32WB.

WWIEHESS
161 CoreMark 216 CoreMark
MCUs 48 MHz 64 MHz
/ / / / / / / /
Arm® Cortex®
-MO -MO+ -M3 -M33 -M4 -M7 dual -A7& -M4

core .
@ Cortex-M0+ Radio CO-processor
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life.augmented



STM32G4 series

Ideal for applications requiring an MCU that offers advanced and rich
analog peripherals

« Control applications (Motor Control...)
* Industrial equipment

* Instrumentation and Measurement
 Digital Power

« Digital SMPS (switch mode power supply)

* PFC (power factor correction)

 Solar invertor
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STM32G4 series — key messages

Performance
« Arm® Cortex®-M4 at 170 MHz * ART Accelerator™ (dynamic cache)
« 213 DMIPS and 550 CoreMark® results « Mathematical accelerators

« Better dynamic power consumption (163pA/MHz) * CCM-SRAM Routine Booster (static cache)

Rich Integrated Analog and Digital

« Op-Amps (Built-in gain), DACs, Comparators * High resolution timer (184 ps)

« 12-bit ADCs 4Msps with hardware oversampling * USB type-C Power Delivery 3.0

« CAN-FD (flexible data rate — 8 Msps bit rate) * 1% RC accuracy [-5°..90°C], 2% full T° range
Safety and security focus )

* Dual Bank Flash with ECC (error code correction) L ggacyre Live Upgrade
« Securable Memory Area
» Hardware encryption AES-256

« SIL, Class-B Functional safety design packages
« SRAM with Parity bit j

~/
~

Complete portfolio |
« Complements existing STM32F3 Series portfolio ¢ From 32- up to 128-pin
* From -40°c up to 85 or 125°C devices * From 32 KB to 512 KB Flash

Ky 7
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Reducing PCB size and BOM cost

System-on-Chip — All-in-one solution

| Smaller package
DACs  Filters

i Il Fewer additional components
- Allanalog included
Temperature g
sSensor =
= Standard ,l
RTC MCU
XTAL STM32G4
Op Amps o

ADCs Comparators

Project cost $$$ Project cost $
Kys 5
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Greater performance

Pure 170 MHz CPU performance (Arm® Cortex®-M4) with

three accelerators

Code execution performance Arm Cortex-M4 with FPU
4
Up to 170 MHz CPU frequency
_ 3.5
5 Up to 213 DMIPS and 550 CoreMark®
0 results
25 3
- E 3 different HW accelerators:
:gﬁ:‘jﬁAM - Routine Booster 1.5 g » ART accelerator (~dynamic cache) 2>
—SRAM 1 ~ Full code acceleration (average)
ART OFF o « Routine Booster CCM-SRAM (~static
' cache) - determinism preserved
0 . .
Number of Wait States 0 . > 3 4 . c . 8 « Mathematical (Cordic + FMAC)
CPUClock (MHz) 316 40 48 80 96 120 136 150 170

Ky 9
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Function acceleration and CPU offload &

1. Cordic (Trigo)

* Very helpful for Field
Oriented Motor Control
method (FOC)

<

Mathematical accelerators

Vector rotation (polar to rectangular): Sin, Cos

Vector translation (rectangular to polar): Atan2, Modulus
Sinh, Cosh, Exp

« Atan, Atanh
° ACClJracy up to 20bit o Square root
\- Ln
(H> G ( Sz(e)\h.{\z
« Significantly increase efficiency of mathematic processing (e.g, Sin and = \\\-——m f"s“‘ '{l‘;

Cos are more than 5x faster than ARM math lib)
=>» In motor control application, increase 12% control looping efficiency.

Lys
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Mathematical accelerators

Function acceleration and CPU offload

ADC

XInl | compensator YN _ | PWM . | Converter > Vout

2. Filter Math ACcelerator (FMACQ)

« Can be used to create :
 FIR, IIR

I
- Ex: 3P3Z Vout
« Compensator (Digital power3p3z) ey YO P bt b w1 ?MMT
X(z) az’+azi+azt+1

FIR fllter IIR fllter Ex: Buck converter

y[n] = box[n] + b;x[n-1] + byx[n-2] + bsx[n-3]

T3 "'ﬁ - agy[n-1] - azy[n-2] - asy[n-3]
A\ N T
K {4 e O e i . (- )
SR ] X»'_"'CI} ) '—-I:X Direct Form 1: bo
& ‘fl ! 1] Z
P . _*.\ x[n] FMAC configuration:
QO—(+) (e X1_BUF_SIZE > 5, X2_BUF_SIZE = 7, Y_BUF_SIZE >4
:s*;l 47 E_—:I Preload X2_BUF : [b0,b1,b2,b3,a1,a2,a3]
) i ' .
(5N (e ) 3 oy EE= =
\}/ \+ (+3-—|\><:!-—v‘.'r2] Run IIR filter with parameters: P =4, Q =3
K - _ Repeat:
o) E | E] .
R p A Write x[n] to WDATA
'\ ¢ \._.J" . . .
X + 'C_'__/' X 3] Poll YEMPTY flag low or wait for interrupt (~8 clock cycles)
=
RN} o Read y[n] from RDATA
KX i
o r>-<~1. s

Kyys 11
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Rich, advanced analog

Mixed-signal SoC for wide variety of applications

ADC (up to 5) Values Op-Amp (up to 6) Values

SAR 12-bit
GBW 13 MHz
Topology + HW oversampling = 16-bit
Sampling rate Up to 4 Msps Slew rate 45 Vius
_ _ _ 3mV over full T° range
Input Single-ended and differential Offset 1.5mV @ 25°C
Offset and Gain Auto calibration to reduce gain and PGA Gain (accuracy) 2, 4,8, 16, '1"3"3"15 (1%)
compensation offset 32, 64, -31,-63 (2%)
DAC (upto 7) Values Comparator (up to 7) | Values
: 15 Msps (internal) Power supply 1.62 .. 3.6V
Sampling rate
piing 1Msps (from buffered output) Propagation delay 16.7NS
Settling time 16ns Offset 6..+2mV
- 8 steps:
Hysteresis 0,9, 18, 27, 36, 45, 54, 63 MV

Ky 12
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Dynamic efficiency modes

When Mainstream MCU Series meets low-power

requirements

VBAT*  6nA/720 nA Tamper: few I/Os, RTC

268 ps SHUTDOWN*  43nA/565 nA Wake-up sources: reset pin, few 1/0s, RTC

STANDBY* 130nA/885 nA Wake-up sources: + BOR, IWDG

Wake-up sources: + all I/Os, PVD, COMPs, LPUART,
LPTIM, I2C, UART, USB

SLEEP at 26 MHz 37 pAIMHz Wake-up sources: any interrupt or event

30 ps
9.5 us

STOP 1 (full retention) 80 pA

11 cycles

RUN (Rangel)@150 MHz from Flash 163 pA/MHz

RUN (Rangel boost) @170 MHz from Flash 173 pA / MHz
Conditions: 25°C, Vpp = 3V
Note : * without RTC / with RTC

Ky 13
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STM32G4 products lines

Motor control Digital energy

MemOI’y Memory Dlgltal Power
A A
IMB_|_ A P 2MB A ’
¢ —_— R _v_
STM32H74x F_’erformance
1ok STM32H72x line STM32H743
A 519KB _IL 2.2ns
STM32G473 Hi-Resolution
STM32G474 line
@' ' 184ps
s _A__V_ Ir _______
Access line o :
32KB _-@ cTT | STM32F334 .
: . I 217ps .
\ STM32F30x ! 32KB | |
, I I | > / | I >
32-pin 128-pin 240-pin Pin Count 32-pin 128-pin Pin Count

Lys 14
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Extensive & innovative peripheral set
No compromise on what matters

STM32G474 STM32G473 STM32G431
Hi-Resolution line Performance line Access line

Unit parameters

Core, frequency Arm Cortex-M4, 170 MHz

Flash (max) 512 Kbytes (2x256KB dual bank) 128 Kbytes single bank
RAM (up to) 96 Kbytes 22 Kbytes
CCM-SRAM (code-SRAM) 32 Kbytes 10 Kbytes

12-bit ADC SAR ZXI\/IlSZI—:’bSIt iXI\/IlSZI;’bSIt
Comparator 7 4

Opamp with 4 built-in gain 6 3

values with 1% accuracy

12-bit DAC 7 4

Motor Control timer 3x (170 MHz) 2x (170 MHz)
CAN-FD 3x 1x

1x

Power supply 1.72t0 3.6 V

Ky 15
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Set
point

Lys
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ARM Cortex-M4 core @ 170 MHz
* FPU
* Enhance dynamics
* No scaling overhead
* No saturation
* DSP (fast MAC)
 SIMD
+ Parallel processing
» Low interrupt latency
ST’s product architecture
* ART accelerator
* Wait state removal
+ CCM-SRAM accelerator
* Real time execution
*  Math accelerator
* Cordic (Trigo)
* FMAC (Filtering)

SAR (no pipeline delay)
Low latency (250 ns)

Low aperture time (20 ns)
for snapshot
measurements
Simultaneous sampling
on multiple ADCs

HW oversampling

_—

Shaped for control

PWM
170 MHz (5.9 ns) PLANT H
* HRTIM (184 ps)
A
Direct HW path (no latency) 2
« Instantaneous control load _§ Easy use of the
- Protection 3 Analog and Digital
I i 3 resources thanks to
< 7xDAC | | £ high peripherals

Multiple fast Comparators

A

High BdwW
Low offset
Prog. Gain

»
«

T
ol

* Quad encoder
» Halls sensors

Interconnect and
flexible bus matrix

Digital feedback

16



Enhance your digital power
solutions using the

« STM32G474

full features High Resolution
Timer (HRTIM)

v 184ps resolution

v' High flexible PWM

configuration

" — -
+ - ¥
4|

Ease digital power conversion

Welding Industrial

Wireless
charger

@) UPS
Telecom
power

s

Fiber
~'!'7_communication

-

e
o e

Power Factor

correction J A B
Servers and Soue’

Data center

BEE

LED Lighting | PV
Inverters

17



HRTimer — not only high resolution...

High resolution PWM

» 12 channels with 184ps resolution on frequency and duty cycle
« 184ps is equivalent to 5.4GHz timer clock

Flexible PWM generation

7x independent time base to create various shape of PWM
* 6x complementary pair PWM outputs
* Up to 32 set/reset transition per PWM period thx to the built-in crossbar
* Master/Slave configuration for multi phase converter

Multiple Event handler

« 6x Digital and Analog fault input

« 10x Events cycle to cycle current control or PWM restart (constant Ton/Toff)
» Blanking, windowing and digital filter

12 independent channels

» Any topology supported from 1x 12 PWM (triple interleaved LLC (servers application)
"l up to 12x1 PWM (multiple independent buck converters (lighting)

life.augmented

18



&

600

500

400

300

200

100

¢4}

N

Lkys

life.augmented

72
, N

12 217ps
10
6
4
0

Product upgrading for digital power design
STM32F334 EEEp STM32G474

512 pyal Bank

170
96
64
L 2
CPU (MH2) Max Flash (KB) SRAM (KB)
12 Resolution: 184ps
4Msps
upto42ch
5Msps
up to21ch
HiRes. PWM ADC 12hit DAC 12-bit

B STM32F334 mSTM32G4

32
[
CCM (KB)

4

6

1
.

OpAmp

128

=
]

Max Pinout

7
| I||I

Comparator

New supported topology example

Tri-phase interleave HB LLC
(3 x4 PWM)

* Dual-phase interleave FB LLC (2x

6 PWM)
Dual-phase FB PS /LLC with SR
(2x 6 PWM)

P2,
ot T L e
39" 99

— RI

Q4
SR1 | SR2

e FB PS /LLC with SR #5#h



HRTIMer Overview
STM32F334 EEp STM32G474

 Modular architecture: one master and 6 timer sub-units
that can be cross-synchronized

External Synchronization In/out

4xCMP / —a HRTIM TE2

TIMx TRGO Beents | e | Idle

Master Timer B;z'tr’:lfe‘:e
» Digital@170MHz followed by analog DLL
1 H ADC resst TiIMer A Run
» High-resolution e T g o R
g 7] periphera
« 184 ps on all Outputs gl mm— | = N == P I
requests Cﬁi contraller % Evgnis Crossbar Idfle —3 HRTIM TB2
» Self-compensated (a Timer
C 7 on G4 8 et Timer C - G;Sfﬂi)z R;‘” Output | —a HRTIM_TC1
* No Temp/Vdd drift foranig puts ’ Sage (3 HTMLTEE
l::f_— S et Timer D : Run HRTIM_TD1
* Upto 12 PWMs outputs o : vty
« Multiple faults/events In S e[ Timer € I

« Minimizes SW overhead AE?Z“:Z@% g e

Watchdogs

- Complex event handling ]
 Blanking / windowing / timeout | Fautcontionng

5 diaital inputs : H 1
G 6 (one more on G4) One more Timer unit (F) on

STM32 G4 series
‘Yl 20
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Greater security

Integrated security features, ready for tomorrow’s needs

User Flash
Bank1l Bank?2
Securable Securable

Memory Area Memory Area

Lys
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Securable Memory Area:

» Configurable size

« Can be secured once exiting
» No more access nor

debug possible

« Good fit to store critical data
+ Critical routines
+ Keys

Secure

Securable
user AES Readout Write
memory TRNG PCROP MPU protection CRC protection

firmware install
(SFI)

Secure

oo ©

Firmware
upgrade (SFU)

Firmware IP

protection

Secret key

storage

Secured

communication

Authentication

O
*

Task cloisoning

21
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STM32G4 portfolio

Flash memory / RAM size (bytes)

S

STM32G474CE |l STM32G474RE @STM32G474ME R STM32G474VE Bl STM32G474QE
512K/ 128K 005,
STM326473CE [l STM32G473RE J STM32G473ME bing, ° Pin,
STHRGAOIKE  STM3ZGA1CE  STMOZGAOTRE STM3ZGASIME  STMAZGASHVE Y cop Y

sTM326474CC il STM32G474RC ] STM326474MCJIll STM32G474vC Jll STM32G4740C
256 K / 128 K STM326473CC Jll STM32G473RC J§STM326473MClill STM326473VC [l STM32G4730C
EUNEUED UWNGUNDD UL DN WS
—— STM326474CB [l STM32G474RB I STM32G474MBJI STM326G474VB [l STM326474QB STM32G4
STM326473C8 [l STM32G473RBJ STM32G473MBJIl STM326G473vB Jll STM3264730B

............................................................................................................

PR ORI G STV32G441KB g STM32G441CB i STM32G441RB @ STM32G44 1MB e STM32G441VB

|STM32G431KB [l STM32G431CB Il STM326431RB [§ STM32G431MBJR STM32G431VB

............................................................................................................

64K/ 32K STM326431C8 il STM326431R8 J§ STM32G431M3 Jll STM3264318|

...........................................................................................................

AREL ] STVi32G431K6 | |STM326431R6 [ STM32G431M6 i STM32G431V6|

32-pin 48-pin 64-pin 80-pin 100-pin 128-pin
LQFP/QFN  LQFP/QFN/WLCSP  LQFP/BGA LQFP/WLCSP LQFP/BGA LQFP

» Pin count

Legend: [ CryptoAES-256 [ Available in H1 2021 22



STM32G4 hardware solutions

Accelerate evaluation, prototyping and design

' & e{ii?m*. ; ‘
STM32 Nucleo Evaluation boards MOtolg;?(erI Discovery kits

Flexible prototyping Full feature STM32G4 Full feature for Motor Key feature prototyping
evaluation Control and Analog
* NUCLEO-G431RB * B-G474E-DPOW1
 NUCLEO-G431KB* « STM32G474E-EVAL

« STM32G474E-EVAL1

Ky 23
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STM32G4 software tools

Complete support of Arm Cortex-M ecosystem

= All-in-one STM32 programming tool
ArmekeilL % Multi-mode, userfriendly

< eclipse :
- - - *
L 4
sTMz W | sTM3.”
CubelDE CubeProgrammer

IDEs :
STM32CubeMX Compile and Debug STM32 Programming Tool

STM32CubeMX REBRE STM32CubeProgrammer
» Configure and generate Code » Partners IDE, like IAR and Keil * Flash and/or system memory
» Conflicts solver » Free IDE based on Eclipse, like » GUI or command line interface

STM32CubelDE

Lys 24
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Dedicated ecosystems

Motor Control Digital Power

Complete ecosystem (HW boards, SW Development Kit

(SDK), docs and trainings)

+ X-CUBE-MCSDK (v5.4)
Motor Control FW library based on STM32Cube HAL and LL
Motor control workbench: Graphical configurator of the motor
control library linked with STM32CubeMx

N NUCLEO IHMO3: Motor Control Nucleo pack
NUCLEO-G431RB Nucleo-64
X-NUCLEO-IHM16M1 motor driver
expansion board
Low Voltage motor

State of the art algorithms
(FOC, 6-step, sensorless...)

Motor Profiler: Plug and spin your motor - f

within less than one minute @’\E

Complete ecosystem (HW boards, FW examples, SW
tools, docs and trainings)

Dedicated HRTIM Cook Book - AN4539: How to operate
the Hi-Resolution timer in different topology

Digital Power training (PSU and PFC) — based on STM32
G4 series — done in collaboration with Biricha (from Q4

2019)

Lys

life.augmented

25




Releasing your creativity

& WWW.st.com/STM32G4

26


https://community.st.com/
http://www.twitter.com/ST_World
http://www.facebook.com/stm32
http://www.st.com/stm32g4-online-training
http://www.facebook.com/stm32
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