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ST
PMSM FOC SDK
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FW library
wide range of features & 

algorithms (FOC – 6step)

MCUs for 

Motor Control (8-32 bit) 

ST MC Workbench

STM32 Cube Mx

PC SW GUI

Full customization 

and real time 

communication

HW Boards

IPM, Power transistors, AC 

switches, Motor Driver ICs 

IPM

Software 

Development Kit 

(SDK)

( )



LAB
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DYNAMO

METER

PC

APPLICATION 

UNDER TESTING

MOTOR

~

POWER 

SOURCE
ELECTRONIC LOAD

VIBRATION

ANALYSIS

AUDIO 

ANALYZER

INFRARED

THERMO

CAMERA

AC distortions (sags..)

AC inrush etc

Devices & motor 

temperature,

PCB design

New FW IP, tuning, 

debugging,validation
New FW IP, tuning, 

debugging,validation

INSTRUMENT CTRL

DATA ANALYSIS

Pulsed load variations, 

additional loads

Energy efficiency, load 

variations,Torque meas..

POWER 

ANALYZER

Energy efficiency,

FFT,PF etc,
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• 3相 BLDC 和 ACIM

• Stepper

• DC

电机

• 架构

• 功率

设计

• 能源效率

• 动态响应

• 安全 – 可靠性

性能
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• VS = 6.6V - 45 V I = 600mA

• 48 MHz 32k Flash 4k SRAM 12 ADC

• 4 1 20 GPIO

• 12V LDO 3.3V DC-DC

• 6 & FOC / 

• st.com

• UVLO OCP

• -40 125 C

• QFN 7 x 7 mm 

产品 说明 Vin min

（V）
Vin max

（V）
IGATE (A) OpAmp #GPIO

STSPIN32F0
FOC与6步栅极驱动器
集成3.3V / 12V 电源
1电阻和3电阻采样

引导加载程序，用于固件现场升级

8

45 0.6

4 15

STSPIN32F0A 6.6 3 16

STSPIN32F0B 1 206.6

7

STM32 MCU BLDC

STSPIN32F0 LV



特征 STSPIN32F0 STSPIN32F0A STSPIN32F0B

工作电压 7.9 V至45 V 6.6到45 V 6.6到45 V

嵌入式MCU STM32F031x6具有扩展的温度范围 STM32F031x6具有扩展的温度范围 STM32F031x6具有扩展的温度范围

栅极驱动器 600 mA三相半桥 600 mA三相半桥 600 mA三相半桥

3.3 V DC/DC降压转换器 集成 集成 集成

12 V LDO 集成 集成 集成

OpAmp 4 3 1

3FG解码逻辑 集成 未集成 未集成

比较器 集成 集成 集成

# 属于GPIO的 15 16 20

通过比较器的OC保护 可提供 可提供 可提供

通过比较器的电流控制 不可用 可提供 可提供

待机 可提供 可提供 可提供

UVLO 可提供 可提供 可提供

现场固件升级 不可用 可提供 可提供

STSPIN32F0/A/B
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P2P

MCU + 3

• 250V 600V

• IGATE 0.35 A 1 A

• STM32 Cortex-M0 48 Mhz 32k Flash  & 4k SRAM

• FOC 6

•

•

• UVLO

• -40 125 C

TQFP 10 x 10 mm

产品 说明
Vin min（V

）
Vin max（V

）
Vout max（V

）
IGATE (A)

STSPIN32F0251
集成STM32的250V三相驱动器 9 20 250V

0.35

STSPIN32F0252 1

STSPIN32F0601
集成STM32的600V三相驱动器 9 20 600V

0.35

STSPIN32F0602 1

250V/600V

STM32 MCU 

STSPIN32F0 HV
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STSPIN32F060x*

QFN 10 x 10 mm

TQFP 10 x 10 mm

• STM32 Cortex M0 + 

• STM32

• 6 & FOC / 

•

• VS = 600 V I = 350mA & 1A 

• 48 MHz, 32k Flash & 4k SRAM

• 12 ADC

• I2C / UART / SPI 21 GPIOs

• FW

•

• UVLO OCP

• -40 125 C

• TQFP & QFN 10 10 mm

•

•

•

•

•

•
* STSPIN32F0601/Q   IGATE = 0.35A

STSPIN32F0602/Q   IGATE = 1A

2020 3 in MP

STM32 MCU 600V BLDC
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STSPIN32F025x*

QFN 10 x 10 mm

TQFP 10 x 10 mm

• STM32 Cortex M0 + 

• STM32

• 6 & FOC / 

•

• VS = 250 V I = 350mA & 1A 

• 48 MHz, 32k Flash & 4k SRAM

• 12 ADC

• I2C / UART / SPI 21 GPIOs

• FW

•

• UVLO OCP

• -40 125 C

• TQFP & QFN 10x10 mm

• 36V – 120V

•

•

•

• 48V & 72V

•

*STSPIN32F0251/Q   IGATE = 0.35A

STSPIN32F0252/Q   IGATE = 1A

2020 3 in MP

STM32 MCU 250V BLDC
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STM32 G4
G4 = 下一代F3 系列
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• 鲁棒性, 安全性和保密性方面的增强, 
• EMC (EMI, EMS) →持续进步
• Dual Bank Flash w/ ECC (现场FW升级)

• AES硬件加密
• 安全存储区域

• 性能的增强
• 170MHz即使从内部晶振产生. (213DMIPS)

• ART 加速器 (~动态缓存)

• CCM-SRAM 例程加速器(~静态缓存)

• 数学加速器 (三角, 滤波)

• 更好的动态功率损耗(160µA/Mhz) = 比F3 系列
低至最多2.7倍

• 外设集和架构的增强
• 1% RC 精度 [-5°..90°C], 2% 全范围
• ADC 硬件过采样 = 16位精度
• 更新的 Op-Amp, DAC, Comparator

• New HR timer features (digital part)

• MC 定时器的改进(编码器模式…)

• USB type-C with Power Delivery incl. PHY

• 85° up to 125°C (限制条件)

• STM32 F3 组合延伸
• D-Power portfolio (STM32F334) extension

• NEW 128pin 到 80pin 封装 (LQFP)

F3 系列 G4 系列



STM32 G4
升级版模拟外设
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Op-Amp F3 G4 Comment

Power supply (V) 2.4 .. 3.6V
2.0 .. 3.6V @ functional

2.2 .. 3.6V @ full perf.

Only PGA gain error 

is improved from 

2.2V

GBW (MHz) 8.2 MHz 13 MHz Typ. value

Slew rate (V/µs) 4.7 us

45 V/µs (high speed 

mode)

6.5 V/µs (normal mode)

Typ. value

Offset (full temp 

range) (mV)
3 mV

3mV (full temperature 

range)
1.5mV @ 25°C

Rail to rail 

input/output

Rail to rail 

input/output

PGA Gain x2, x4, x8, x16
2, 4, 8, 16, 32, 64,

-1,-3,-7,-15,-31,-63

1% accuracy 

(except gains -31, -

63, 32, 64)

Comparator F3 G4 Comment

Power supply (V) 1.8 .. 3.6V 1.62 .. 3.6V @ full perf.

Propagation delay 25ns 16.7ns Typ. value

Offset (mV) +/-4mV -6 .. +2 mV (typ.) Max. -9 .. +3 mV

Hysteresis
No (except 256, 

128KB version)

8 steps: 

0,9,18,27,36,45,54,63 

mV

Programmable with

step 9mV

DAC F3 G4 Comment

Power supply (V) 2.4 .. 3.6V
1.8 .. 3.6V @ functional

2.7 .. 3.6V @ full perf.

Sampling rate 1MSps

15Msps (internal use 

only → DAC connected 

to COMP input)

Settling time: 

16ns (10%-90%)

64ns (1LSB)

New

design

New

design

New

concept

G4 includes 3xDAC 1Msps (same as in F3) and 4xDAC 15Msps (internal only)



SLLIMMTM Family Position
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ST *
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运放 & 比较器

3x 半桥门极驱动

6x 分立的 IGBT or MOSFET

3x半桥门极驱动

6x IGBT or MOSFET

MCU

3x半桥门极驱动

6x IGBT or MOSFET

MCU

L
6

3
9

x
, S

T
D

R
IV

E
6

0
1

S
L

L
IM

M
 fa

m
ily

3x半桥门极驱动

6x 分立的 IGBT or MOSFET

STM32

F0

S
T

S
P

IN
3

2
F

0
6

x
 fa

m
ily

运放 & 比较器

运放 & 比较器

A
C

E
P

A
C

K

TSV9x

L639x

STM32 STM32

TSV9x

MDmesh

DM2,K5

IGBT Trench

MDmesh

DM2,K5

IGBT Trench

* 这些模块不能全部精确地反映可能使用到的ST产品和架构. 目的是为了举例证
明ST产品可以涵盖不同架构和应用。

MCU
MCU

S
T

M
3

2
G

4
,F

3
运放 & 比较器

STM32G4/F3

STM32

比较器
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3x

6x IGBT or MOSFET

3x

6x MOSFET

MCU

3x

6x MOSFET

L
6

2
3

0

S
T

S
P

IN
2

3
3

, 8
3

0

3x

6x MOSFET

S
T

S
P

IN
3

2
F

x
 fa

m
ily

& 

MCU

S
T

M
3

2
G

4
,F

3

& 

LDO DCDCSTM32

TSV9x

L639x

STripFET

F7
STripFET

F7

STripFET

F7

* ST .

ST

7x7 mm

VFQFPN 3x3 mm

STM32

F0

MCU
STM32G4/F3

MCU

S
T

M
3

2
G

4
,F

3

& 

STM32G4/F3

STM32 STM32



& PFC
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MCU

S
T

M
3

2
F

3
0

3
, S

T
M

3
2

G
4

& 

HS & LS 

6x IGBT or MOSFET S
L

L
IM

M
 fa

m
ily

IGBT/ MOSFET

DIODE

3x 

6x IGBT or MOSFET

S
L

L
IM

M
 n

a
n

o
fa

m
ily

Motor1 Motor2

dPFC

可支持 3 FOC 参考设计 (云台控制) !! 

STEVAL-GMBL02V1

STM32F303 + 3pcs STSPIN233

STM32 F3

STM32 G4/F3



STM32 SDK



FOC MCSDK
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2002 2005 2008 2009 2011 2013 2014 2016 2018

ST9

ST7FMC

8/16-bit 

MCU for 

ACIM with 

dedicated

library

8-bit MCU for

MC scalar and 

6-step control 

with MC HW & 

SW kit 

32-bit CM3 

MCU & 

sensor-

less FOC 

library v1.0

8-bit MCU 

& MC kit 

for scalar 

and 6-

step 

control

FOC SDK 

v3.0 - dual 

motor FOC 

control

& MCWB

FOC SDK 

v3.4 - new 

analog & 

HW 

accelerator

FOC SDK 

v4.0 -

high 

frequency 

Injection, 

MTPA, …

FOC SDK 

v4.3 - Motor 

Profiler, One 

Touch 

Tuning, Start-

up on the fly

FOC SDK v5.0 -

STM32Cube 

compatible & 

Simplified FW 

architecture

FOC SDK 

v5.4.3

Dual Motor

Position loop

G0/G4 support

2019

STM32 F1 STM32 F2 STM32 F4
STM32 F3

STM32 G0

STM32 G4
STM32 F0



PMSM FOC – 框图
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Gate drivers

Motor

va,b,c

Speed 

sensor/ 

Sensorl

essBKIN DC V – TEMP

Current sensors: 

3shunt/1shunt/ICS

Power Bridge

IPM/Discrete

Speed Control Current Control

+

ωr
*,t

vds

vqs+

-

-

PID

PID

iqd

iq*

id*

REVERSE 

PARK + 

circle 

limitation

vabc

θr el

vαβ

iabc

PARK 
θr el

iαβ 

CLARKE

MTPA & FLUX 

WEAKENING 

CONTROLLER

ROTOR 

SPEED/POSITION 

FEEDBACKPID

Te*

+

-

Space

Vector

PWM

PHASE CURRENTS 

FEEDBACK

RAMP 

GENERATOR

wr*

FOC的优势:

• 最好的能效
甚至是过渡工况,归功于最佳的电流角度

• 对于负载的变化具备快速的速度控制响应
归功于直接的转矩电流控制和励磁电流控制;

• 精准的位置控制
归功于直接的转矩电流控制和励磁电流控制

• 噪音的减少
归功于正弦波驱动/最佳的控制
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•
•

•
•

•
• +

• ( ) 

• , 0 (< 3-

5% )

• + 

Inverter

Topology

PWM 

Switching scheme

PID 

Controller

Intelligent 

controller

Speed/ 

position 

sensing

Bus
PMSM
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•
• ST 

• 

• 

•2 + 1 
• : 

• /

•3 
• 

• 

•2 (ICS)
• 

• 

(2 x 4 x 3 )

3 shunt resistors 

1 shunt resistor 

2 ICS

2 shunt resistors 



( / / / )
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• “ ” 

• PID ( , ) 1kHz

• PI ( ) 20kHz

•

•



MCSDK
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Keil is free for STM32 F0/G0/L0

GUI

Motor Control
Workbench

GUI

Motor Control
Workbench

CubeMX & IDE



MCU 
until X-CUBE-MCSDK 5.4.3
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STM32 系列 F0 F1 F3 F4 F7 L4 G0 G4

• 1 电阻采样 ✓ ✓ ✓ ✓ ✓/ ✓ ✓ ✓

• 3 电阻采样 ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓

• 霍尔传感器 ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓

• 隔离电流传感器  ✓ ✓ ✓ ✓ ✓  ✓

• 弱磁 ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓

• 最大转矩每安培 ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓

• 无传感器 (PLL / Cordic) ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓

• 前馈 ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓

• 单 FOC ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓

• 双 FOC  ✓/ ✓ ✓ ✓/   ✓

• 位置控制 ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓

✓/: MCU supports but SDK does not support so far.





ST Gen2
FOC + DPFC
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STEVAL-CTM010V1

ST  Products

(1.5HP example)

• STM32F303RBT6

• STGIB10CH60TS-L

• STGIPQ3H60T-HZ

• STGWT30HP65FB

• STTH30AC06FP

• VIPER26LD

• PM8841D

• T1235T-8FP

• ST3232BDR

6 pwm

Amp’ed shunt

pwm

shunt

3A @ 

25 C 

15A @ 

25 C dPFC CCM

COMPRESSOR

FOC DRIVE

3 shunt

IPM

STGIB10

SLLIMM™

+350V

IPM

STGIB10

SLLIMM™

FAN

FOC DRIVE

IPM

STGIPQ3
SLLIMM™

COMP OPAMP

6 pwm + SD
+350V

STM32F303RB

ADC

4

CMP5

OP4

TIM16

TIM

8

ADC3

ADC1

ADC2 CMP1

CMP2

CMP4

OP1

OP2
TIM

1

POWERSUPPLY

INRUSH CURRENT

Gate driver

PM8841

+350V

IGBT

STGWT30

HP65FB

Diode

STTH30AC

06FP

DC converter

VIPER26

ICL

ACST12

Inrush current 

limit control

+15V

+12V

+3.3V

+5Viso

Fan Protections:

OC, OT, UVLO

PFC Protections:

OC, UVLO, OV

Power scalability

1 HP – 3HP

Small BOM

High Integration

Compressor Protections: 

OC, OT, UVLO



ST Gen2
STM32F3 CPU <56% !
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工作 PWM频率 控制频率 任务时间 CPU负荷

压缩机FOC

（无传感器，1个分流电阻）
6 kHz 6 kHz 22 us 13.2 %

风扇FOC

（无传感器，1个分流电阻）
18 kHz 9 kHz 22 us 19.8 %

PFC电流调节 40 kHz 40 kHz 4.39 us 17.56 %

PFC电压调节 2 kHz 4.095 us 0.82 %

压缩机，速度循环和其它任务 0.5 kHz 42 us 2.1 %

风扇，速度循环和其它任务 0.5 kHz 42 us 2.1 %

总计 55.6 %



ST IPM 0.15%~0.38%

ST Gen2
SLLIMM® IPM
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** P = AVG[u(n)∙i(n)]

IPM IN/OUT ST MC SDK v4.3 FOC BLDC

93.0

94.0

95.0

96.0

97.0

98.0

100 600 1100 1600

IP
M
效
率

%

总输入功率W

能效

STGIB10CH60TS PS219C4-AS
30.0
35.0
40.0
45.0
50.0
55.0
60.0
65.0

100 600 1100 1600

IP
M
壳
温

C

总输入功率W

壳温

STGIB10CH60TS PS219C4-AS



ST Gen2
DPFC THD & PF
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1.6kW

350W

94.00%

94.50%

95.00%

95.50%

96.00%

96.50%

97.00%

97.50%

98.00%

374.7 748.5 1131.8 1512.1 1895.6

转
换
效
率

输入功率W

能效

STGWT40H65FB

Competitor

94.00%

94.50%

95.00%

95.50%

96.00%

96.50%

97.00%

97.50%

98.00%

370.7 732.2 1101.3 1461.3 1823.5

转
换
效
率

输入功率W

能效

STTH60AC06CW

Competitor

dPFC

STM32F3

ST MC SDK v4.3

PF, THD, @ 40kHz

Ton/Toff

350uH/10A 



ST
250w / 300w 650L

31

BLDC

ST

MC ST

ON-OFF

ON/OFF AC

1

BLDC

+ 

LCD + …

AC

BLDC

2

+

+ 

LCD + …

BLDC

3
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• ST

ST 
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1 2 3 4 5

卖点 IPM高集成度 分立, 高集成度 分立

分立, 高集成度,

全面故障保护, 更
高性能 (2shunt 版
本), 简洁代码版本

SIP

最高集成度全面
故障保护, 更高性
能(2shunt 版本)

125C温度

BOM 选型

STM32F030K6T6

STGIPQ5C60T-

HL

VIPER16LD

LD1117S33TR

1Shunt

STM32F030K6T6

L6390D

L6388E x 2

STGD5H60DF x 

6

VIPER16LD

LD1117S33TR

1 Shunt

STM32F030K6T6

L6388E x 3

TSV912ID

STGD5H60DF x 

6

VIPER16LD

LD1117S33TR

1Shunt

STM32F030F4P6 

L6392D x 2

L6391D

STGD5H60DF x 

6

VIPER16LD

LD1117S33TR

1Shunt

(or 2+1 shunt)

STSPIN32F0601

TSV912ID

STGD5H60DF x 

6

VIPER16LD

LD1117S33TR

1Shunt

(or 2+1 shunt)

SZ MC Team 参
考设计

NEW

IGBT STGD5H60DF 

MOSFET STD8N60DM2

IPM STGIPQ5C60T-HL

MCU F0 G0



ST
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No. 输入电压 相电流 输入功率 输出功率 效率(%)

3 320 V 0.68 A 197.76 W 194.24 W 98.22

200W 

:  68.9oC

: 63.9oC

IGBT STGD5H60DF 

STGD5H60DF & STD8N60DM2
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• ST “HFI”, I-PMSM .

• d-q , d’ (200Hz-1kHz) ( )

• Fh; d R d q R q Fhd ( d

) Fhq q

• , λh Fh α, λh q’

→   

Injected

test signal



( / / )
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•

• ST PARK

6th 



IAD initial angle detection
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•

•

1. ATM

2. )



• 200g

• 500g( < 500g)

38
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ACIM SDK

• ACIM SDK .

NUCLEO-F303RE

STEVAL-IPM10B ( X-NUCLEO-

IHM09M1 )

• X-CUBE-MCSDK

• STM32 F3

•

• FOC (I-FOC)

• FOC (LSO-FOC)

•

• V/f

• V/f

• ST Workbench API

• (ACIM GUI)

Hardware
STM32 Nucleo development board

NUCLEO-F303RE

User applicationApplication

Motor Control 

(ACIM control)
UART_serial_comMiddleware

HAL
Hardware

Abstraction
LL



ST
STSPIN32F0 / MOSFET F7

STSPIN32F0

• STM32 Cortex M0 +  3

• 12V LDO &  3.3V DC-DC

• 4 & 1 I2C / UART / SPI

• VS = 45 V I = 600mA

• UVLO OCP OTP

• 7x7 mm QFN -40 125 C 40

STSPIN32F0

6xSTL140N6F7

3x

1x DCDC

PMSM

BLDC



42kRPM, open 48kRPM, closed 87kRPM, open

STSPIN32F0 13.9 15.4 26.7

F comp 13.4 14.6 23.8

0.0

5.0

10.0

15.0

20.0

25.0

30.0

W
/A

/R
P

M

测试条件

电机驱动效率

W/A（等速）

= / 

STSPIN32F0

电输入功率 W 电输出功率 W 电机相电流 A 效率 W/A（等速）

comp comp comp comp

T1 42k，开风口 63.54 63.77 58.31 58.72 4.18 4.39 13.9 13.4

T2 48k，闭风口 60.62 63.92 55.71 59.12 3.62 4.06 15.4 14.6

T3 87k，开风口 461.6 464.1 425.1 430 15.9 18.1 26.7 23.8

41



42kRPM, open 48kRPM, closed 87kRPM, open

STD140N6F7 91.773 91.896 92.1

STL140N6F7 92.079 92.495 92.651

85

87

89

91

93

95

97

99

%
测试条件

逆变器效率 %

Pout / Pin

3mΩ

3.1mΩ

2.4mΩ

42

Power Flat package (STLxx)

!



FFT分析

STSPIN32F0 竞争产品

1

2

3

42kRPM, open
48kRPM,

closed
87kRPM, open

STSPIN32F0 85 90.2 94.6

F comp 84.3 92.5 94.4

78
80
82
84
86
88
90
92
94
96

S
P

L
 d

B

测试条件

实际声压级SPL* dB

* SPL IEC61672

125ms

42kRPM, open
48kRPM,

closed
87kRPM, open

STSPIN32F0 73.2 74.6 80.2

F comp 74.8 77.5 82.2

68
70
72
74
76
78
80
82
84

S
P

L
 d

B

测试条件

FFT级

SPL** dB

** SPL Z

100ms
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* -
->

~460W 87kRPM

* 
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* –
100kRPM ->

100k RPM

1.7kHz

* 
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Control stages

Power stages

+ MC Kits

Eval/Nucleo + Power/Expension

P-NUCLEO-IHM001 

IHM002 or IHM03STEVAL-CTM010V1

( )



EVALKIT-ROBOT-1

47



40 mm

EVALKIT-ROBOT-1

48

STSPIN32F0A
45V

3 BLDC

600mA

4
0
 m

m

Maxon EC-i40 
100 W 3 BLDC

• 36 V 6 APEAK 

• Maxon EC-i40 100 W 3 BLDC

• Cortex-M0 MCU STSPIN32F0A 3

• STL7DN6LF3 60V 35 mΩ N MOSFET

• 1024

•

•

• RS-485 MODBUS

• 40mm x 40mm

STL7DN6LF3
60V 35mΩ MOSFET 



STL140N6F7

STripFET F7

STSPIN32F0A

ARM Cortex™-M0

STEVAL-ESC002V1
• 6

• 2S-6S

• 30V 20A

• 6

25 mm

50

mm

6

ESC

49



• 45V 15ARMS

•

• 6

•

• FOC /

• BEMF

• VTH

•

•

• 6

STEVAL-PTool1v1

50

60 mm

3
0
 m

m

STL180N6F7
60V 1.9mΩ MOSFET 

STSPIN32F0B
45V

3 BLDC

600mA



STEVAL-PTOOL2V1

51

60 mm

5
7
 m

m

• 80/100V 15ARMS

•

• 6

•

• FOC /

• BEMF

•

•

•

• 54x54x20 mm

• 6

STSPIN32F0252
250V

3 BLDC 1A

STL135N8F7AG
80V 3 mΩ MOSFET 
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