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, PMSM FOC SDK

MCUs for

Motor Control (8-32 bit)

» 66

ST MC Workbench
STM32 Cube Mx

% PC SW GUI
Full customization
' and real time

communication

\

Software
Development

/

Kit (SDK)

HLPL
bl
EERG

FW library
wide range of features &
algorithms (FOC — 6step)

@

IPM, Power transistors, AC
switches, Motor Driver ICs

\GBT/

MoSFE
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Motor
Home and Professional

Applianes  3phase BLDC or ACIM

= » Stepper
« DC

MOTOR N .
CONTROL * Architecture

 Power

:  Energy Efficiency
Industrial Drives * Dynamics
» Safety - Reliability
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STSPIN32F0 / A/ BHEiA

Advanced 3-phase BLDC driver + STM32 — from 2 Li-Po Cells to 45V

3.3V BUCK

:::::

12V Loo
el LINEAR
REGULATOR

REGULATOR

| Cortex®-M0 core

Control I_agic
STM32F031 b 3x
32-bit ARM® <:> Half-bridge
Gate [T
Drivers

KEY APPLICATIONS:

«  Battery poweréd Home Appliances

+  Power tools

+ Fans .

*  Industrial automation -
* Robotics

*  Drones and aeromodelling

-------

‘e
0
0
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KEY BENEFITS & FEATURES

+ Compact design with 7x7 mm QFN
+ Extended temp range: -40 to 125°C

VS = 6.6V—45V (A version), Igate = 600mA sink / source current
* 48 MHz, 32k Flash & 4k SRAM

+ 12 bitADC, 12C / UART / SPI

 FW boot loader support (A version)

* Fully protected (UVLO, Short-circuit, OCP, OTP)
* 3 Op-Amps & 1 Comparator (A version) ,




STSPIN32F060x/25x ik

Key Features

« STM32 Cortex M0 + 3-phase Driver

* Fully compatible with STM32 ecosystem

v S « bBstep & FOC sensorless / sensored algorithms

Hall

Sensors

* 0.35A & 1A | capability

GND  OSCIN OSCOUT PWM/ ADC_Shunt SGND OTP  OCPIn* Ocpin- PGND
Analogin

* All devices P2P among them

KEY APPLICATIONS
+  Air conditioning compressors & FANs
* Home and Industrial refrigerators « Extremely compact & flexible solution
compressors

* Industrial Pumps + Exaustive ecosystem for fast design
* High power tools

. Industrial automation

r * High immunity / Low EMI Noise
) /4 8

life.augmented

* High below-ground robustness




STM32 G4

G4 = next generation of F3 series

* Gain in robustness, Safety, Security
«  EMC (EMI, EMS) - continuous improvement
* Dual Bank Flash w/ ECC (Live FW Upgrade)
* HW encryption AES
» Securable Memory Area

* Gain in Performance
 170MHz even from internal oscill. (213DMIPS)
* ART accelerator (~dynamic cache)
+ CCM-SRAM Routine Booster (~static cache)
 Mathematical accelerator (Trigo, Filtering)
» Better dynamic power conso (160uA/Mhz) =
~2.7 times lower than F3 series

G4 series

« Gain in Peripheral set and Architecture
* 1% RC accuracy [-5°..90°C], 2% full range
« ADC with HW oversampling = 16-bit resolution
 Renewed Op-Amp, DAC, Comparator
* New HR timer features (digital part)
« MC timer improvements (encoder mode...)
« USB type-C with Power Delivery incl. PHY
« 85° up to 125°C (limited condition)

F3 series

« STM32 F3 portfolio extension

"l » D-Power portfolio (STM32F334) extension 9
« NEW 128pin and 80pin packages (LQFP)

life.augmented




STM32 G4
TR R B

0 e [ [commem
Power supply (V 24 ..3.6V 2.0 .. 3.6V @ functional Only PGA gain error
- 2.2 .. 3.6V @ full perf. is improved from
New 2.2V
design 8.2 MHz 13 MHz Typ. value
Slew rate (V/us) 4.7 us 45 V/us (high speed Typ. value
mode)
6.5 V/us (normal mode)
3mV 3mV (full temperature 1.5mV @ 25°C
range) (mV range)
Rail to rail Rail to rail
input/output input/output
x2, x4, x8, x16 2,4,8,16, 32, 64 1% accurac
ooy sl [Comment |
New 1.8..3.6V 1.62 .. 3.6V @ full perf.
design 25ns 16.7ns Typ. value
+/-4mV -6 .. +2 mV (typ.) Max. -9 .. +3 mV
No (except 256, 8 steps: Programmable with
128KB version) 0,9,18,27,36,45,54,63 step 9mV
mV
e I o [Comment
New 2.4 ..3.6V 1.8 .. 3.6V @ functional
concept 2.7 .. 3.6V @ full perf.
Sampling rate 1MSps 15Msps (internal use Settling time:
‘_ - only > DAC connected 16ns (10%-90%)
Y/ to COMP input) 64ns (1LSB) 10

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



SLLIMM™ Family Position

©

Target applications

Motor control

| T

= &

Compressor

 JIM50T-H~
50W)

Industrial : |
|

drives

Washing ! i

Machine : smlaaumsgvs-L
, : ; (2.3W-3.0KW)

- STGIF10CHB0TS-L : :

Air g | STGIPQBCHOT-H(ZIL) (1KW-1.2KW) E ST(?'E‘EJ";‘;':‘LS)'L E

e e i (Up to 500W) : ; - ;

Conditioning 71 i STGIPQSCEOT-H(ZIL) ' ; STGIB15CHBOTS-L ;

-+ ' STGIPQ3HBOT-H(Z/L) i ! i

! (Up to 100W) 1STGIB10CH60TS-L i i

- STIGPN(S)3H60T-H ; ; (1.0W-1.5KW) ; :

: (upto 100W) : STGIBSCHGQTS-L . ;

' STIPN(S)2M50T-H i (T50W-1.2KW) 5 i

S ! (40-60W) ' STG|F5(_:HG|]TS-L i

% ' ! (300W-7350W) !

1

;

;

;

;

|

|

I I
i i
i i
i i
: i
| I
25w 60W 100W 300w 500W 750W 1.2KW 1.5KW 2.0KW 2.5KW 3.0KW

-
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6x 7331 IGBT or MOSFET

. . . MDmesh

DM2,K5

. . . IGBT Trench

3x AT I IR BN

I Le3ax

BT & LLEAS
TSV9x. .

MCU

XA RE

Lys
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6x IGBT or MOSFET

xR J 5

HEN
i 8 o

MCU

LO93AINALS X6£91 MOVHIAOV

PSR B 1L S IR R REASE T B ST i Al
ST i ) LA 55 A [7) S AL AT

N
—l
=t
&I

=1
o

6x IGBT or MOSFET

XA I IR SR 5

Ajlwey WNITTS

=
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6x 73321 IGBT or MOSFET

. . . MDmesh

DM2,K5

. . .IGBT Trench

B & LA
TSVox [

Lﬁﬁ( & Hﬁ%«%ﬁ

STM32G4/F3

i<

€4'VOZENLS

3L MR E) Hﬁ’&%ﬁ

MCU @

Ajiwey X90:IZ£NIdS.LS

TQFP 10x 1064Lpt h 0.5

2. BN T A BIE

IRGUIPE 31
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VFQFPN 3x3 m 5
X 4y L) IGBT or MOSFET 6x 4337 MOSFET 6x MOSFET 8 6x 4+ ' MOSFET
B B W sTriprET B [ [sTripFeT HEN « B I I STripFET
F7 2
NN EEE EEE ! pgmn”
3X M I I Bk Al 3X A I I Bk El XA 1 I BK By P
[ Le39x BE B BEBE # SETH & e
P 51 & m % 51 & tl:ft 7 S :ﬁ
TSV9x = 2 = A 3x M1 T KBRS g
e STM32G4/F3 g STM32G4/F3 cEn EEE S
MCU MCU o o3 MCU N
b
- - 3
w w =
<

* ML A ORI T A PR B OSTR SR04, H 02 T 26 BT
1S72 ST i 7 B s ] 40 2
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Motor1

I
6x 5737 IGBT or MOSFET |

HS & LS [J#IKz)

Anwey WNITTS

Motor2

6x 7337 IGBT or MOSFET

3x P IR AR S]

Anwey oueu WNITTS

B & HEAR

I I sTM32 G4/F3

MCU

Al ¥ 3 FOC 2% &1t (= &) !
STEVAL-GMBLO02V1
STM32F303 + 3pcs STSPIN233

POZENLS ‘€0EAZENLS

/

/
A

dPFC

- =~
- ~

737 IGBT/ MOSFE
DIODE

IR SR 5

STM32 F3

N

T

L FE L4 ) 88 7-PFC 77 S 4 I
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FOC MCSDK

2002 2005 2008 2009 2011 2013 2014 2016 2018 2019

STM32 GO

&

STM32 F1 STM32 F2 STM32 F4

STM32 F3

@ STM32 FO STM&?’Z G4
8/16-bit 8-bit MCU for  32-bit CM3 8-bit MCU FOC SDK  FOC SDK FOC SDK  FOC SDK FOC SDK v5.0 - FOC SDK
MCU for  MC scalar and MCU & & MC kit  v3.0-dual v3.4-new v4.0 - v4.3 - Motor STM32Cube v5.4.3

ACIM with  6-step control sensor- for scalar motor FOC analog & high Profiler, One compatible & Dual Motor
dedicated with MC HW & less FOC and 6- control HW frequency Touch Tuning,  Simplified FW Position loop
library SW kit library v1.0 step & MCWB  accelerator Injection, Start-up on architecture G0/G4 support
control MTPA, ... the fly

dmu

16



PMSM FOC — fE&
FOCHIML
. BIFHIELN Power Bridge
U R T, ST R AR A IPM/Discrete

o T SE I A AL PR I3 4 el ) L
VA T T 1 L L LA 42

o FEHERIAL B 125
YR LR R L G A2 1) A il L YA A

< R
ATy F 1 52 SR B e A P 48 ]

REVERSE
MTPA & FLUX FARK +

WEAKENING

CONTROLLER circle

limitation

RAMP
r GENERATOR CLARKE
Y/ 17
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Ei xMLE }i
DR &I A 1‘%@%

. Bus Inverter |—
AT =l =
o aefh e o, EHE SR DA, Widlas NS PWM

Switching scheme Speed/

TR -t e
o fGEL I PRSI PR FEAR KB (3 L conoter

iy S

Intelligent
’—Z_A 5 B
° %4# Jnu» %& controller

ARSI 28+ BAEER
o PR (B2 R R ) {14 T -
o AR % B (B £ O T ARG RIS £7(< 3- o com -

5% B ik A -

easurement I

N — N3 Y N Sfsn — SN O l
ARATE + AR oz e - =B
|

()= Cx(1)
)’(\:(ia,iﬂ,ea,eﬂ)

8
BACK-EMFs [aiuiiN Rotor rel

STATE b-emf B Angle/Spegd wy
OBSERVER [aaemmmmmmg reconstruction s

4
L7, =D, pa,cos(6),)
s e, =—0, po, sin(0,)

18
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(DAL
(== BB LML e NMEIE 7 B )

PAT IR IS 487 Bl e

A7 B T 2 K FHPIDIE S (EbB, FR0 Flor 16 A ) 1TkHz IR $AT 42

ﬁ ST Motor Control Workbench [PositionControl]* = O

AL SR TP (HLBIAIBUMEFT) 20kHZIOIIT IR Sl % a e © 06

Motor. MAXON EC-i40 700 - Control Board: NUCLEO-F303RE - PowerBoard: X-NUCLEO-IHMOZMT

)

N Drive Management - Drive Settings "
M2, ,—X_ = =] E E S E o
/\
él 4% IE,\ %-E j:/'l: _L I:I 4 |_1\ b I /fT /f } _L 1. I PWM generation and current reading Default settings
PWM BBoooo B H
. : ‘ Control mode Postion control
High sides PWM ide state Tum-off w
; 4 I E/J [ l Eﬁ ; I_[J Low side signals and dead-time
; d t Tum-off
Torque and flux regulators
Position regulator Execution rate 1 <| pwm periods
E 10 Cut off requency 5000 2| radss
1000 1024 Lot i
/ P 2361 |2, 0% | p 2361 [, 0% |2 p
17 [327
200 32768 1 400 |5 s e ) 400 & 2 e 2
7/ |16 D
Target Target 500
9 9 Manual editing enabled
Angle Current
Done
Measured
Current Variable Motor Uni Tine Motor  Id  Message
PWM frequency ~ 30000 Hz (5] 11:38:29 The new project PositionControl (to be saved ) has been created as copy of the example project PositionControl
Sensor selection main Quadrature en...
Measured Sensor selection aux
Angle Torque&Fiux - Execution rate 1 PV
Bus voltage sensing tru 4
;\ 77777777 o > Info / Emors / Wamings Change Log

Ky 20
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MCSDK TAERFE

© Disconnect Electrical Model Mechanical Model

Rsisesgl Lssadojiy Friction 304.59 nNemes

P> Start Profile ow_faa
- c '
— 1\:Bofv Imax | .-' -
® Play 1.27A 4 Xe Inertia Max Speed

0.5 Vrms/kRPM 209.56 nN+mes? 14.87 kRPM

Motor Profile';%
Mofion Control Suits i@, ;' 5

RGHRCEGUI

Motor Control
Workbench

W E

FEL AL 28 il
ik GUI

TH o &
CubeMX & IDE

stz

Motor Control
Workbench

STM3." P

LCixerge g s bB CubeMX | STMaS" r’
Y nr >IKEIL CubeMX

' T 5 Tools by ARM
G R ; s SYSTEMS
s TrueSTUDIO

for STM32

s 00000000 0f[
[
jEd
1
[+
@

Keil is free for STM32 FO/GO/LO 1

J
§§%
L
>
i |
B AT
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T F: ¥ MCU 7%
until X-CUBE-MCSDK 5.4.3

v[x
v

B < < B B
BN By By By I
RN R R U SRR
xS RS R R R
xS R xRS
RN RN U USRI

\%\\ YRR URNRY

v'/%: MCU supports but SDK does not support so far.
22
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ST Products
(1.5HP example)

« STM32F303RBT6
« STGIB10CHG0TS-L
« STGIPQ3H60T-HZ

« STGWT30HP65FB
« STTH30ACO6FP

* VIPER26LD

« PM8841D

« T1235T-8FP

« ST3232BDR

Lys
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»
+15V

+12V

+3.3
+5Vis
-

Inrush current
limit control

POWERSUPPLY
INRUSH CURRENT

TIM | ADC1
1 ADC2

OP1

CMP5

ADC

TIM16

OP4

ADC3

shunt

COMP |OPAMP!
%
il
FAN

STEVAL-CTMO010V1

amp’ed shunt

ST ZE/M1Gen2

Ak, XUHEANL FOC + DPFC

COMPRESSOR
FOC DRIVE

‘+350V

IPM
STGIB10
SLLIMM™

oP2 3 sh Jnt/ /
CMP1
CMP2
CMP4

TIM +SD
Rowig +S *+350v

FOC DRIVE

Compressor Protections:
OC, OT, UVLO

Fan Protections:
OC, OT, UVLO

PFC Protections:

OC, UVLO, OV

Power scalability
1 HP — 3HP

Small BOM
High Integration

24
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STZ I E4M1Gen2
STM32F3 CPUT1#; (<56% !)

| \
:llllllllflIIIIIIIIIII‘“““\

\

J i

Lys
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\

Dual Motor FOC
Proportional PWM frequency 1/2

TIM1 counter

TIM8 counter

Free time for other tasks '1 J L jl l
measurement
PWMi3 B FE5 e F] CPU % fi
i : 6 kHz 6 kHz 22 us 13.2 %
(AR, 14N
X FEFOC 18 kHz 9 kHz 22 us 19.8 %
(A REEE, 1B
PFCHLL AT 40 kHz 40 kHz 4.39 us 17.56 %
PFCH LA 2 kHz 4.095 us 0.82 %
EZ60L, EEREANEL B 0.5 kHz 42 us 2.1 %
%
R, EEEH AR EAES 0.5 kHz 42 us 21 %

556 %

25



T AL TE ‘I‘\,‘
s

98.0

SLLIMM® IPM & £

AL

oo , 60.0
® 97. O
ggao = 500
2 gi'g o & 400 e STGIB10CHBOTS —e—
' —e— STGIB10CHB0TS —e— 4t/
93.0 30.0
100 600 1100 1600 100 600 1100 1600

NI HREW

AT HEW

FEIPMETIN/OUT E | &

%, ST MC SDK v4.3 [JIFOCIRZIBLDCHLHL,
T2 b sEBr N A _EEA TS .

STHIIPMA) RCE b 35 4% F1510.15%~0.38%

HIThE P = AVG[u(n)-i(n)]

Lys
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dPFCH#}
STM32F3
ST MC SDK v4.317;;
BT 3

AH) PF, THD, @ 40kHz
Ton/Toff ZEIR#M
350uH/10A HiJ&

-ame

Oty i i 15,06 200

ime

'
16 13
25.0mi o (] €

-
Harmenic Mum ber

1
42

Wac 220035V lac+do T.1853A
AL Fwr  15TTEW

wnd 11473% Van 2300634 Sacedr 715814

lac TOES1A
| ACPar  LETTREW Fwr Facl  1.000

fEhd  1.1303%

Amghute (A
160

1.5
L&)

\ H i H
T e e e

Ve FALOEEY
AT Par 351 ESW

life.augmented

| Vao 220,058 o 1. EZSHA
AC Pt 355870V Pyer Facl G567 846m

LSV ES

e

A

2

et

ST ZE/M1Gen2

98.00%
97.50%
97.00%
96.50%
96.00%
95.50%
95.00%
94.50%
94.00%

98.00%
97.50%
97.00%
96.50%
96.00%
95.50%
95.00%
94.50%
94.00%

DPFC THD & PF

HERK
Ly
—e— STGWT40H65FB

—eo— Competitor

374.7 7485 1131.8 15121 1895.6

HNIDHEW
Rexk

—e— STTH60AC06CW
—o— Competitor

3707 7322 11013 1461.3 18235
N ThZFEW 57



STUKFERE R TT Z
250w / 300w (650L)
B g AN LA B, B W AR S ik 7 R 1) = FIBLDCHHLEZENL 2 o HT 10 T ik o
B TEEEAMENERFEN, STHER T R H

LR BN FL5FR o3 a) LS AR § 0 B A
XFTAFBIMCH A XA, STHERTTREREEIER TIE

fRiRdr %2 B

IR B VKRR DAL
U 0TS TR UK 0TS TR

HLLBK S HL AR

ON/OFFifi {5 F1AC F

SRR . BLDC/% 4

FMILEIEJJ Gl . BLDCE4i1 BLDCH: 4l

TR /

‘Yl 5 % o 28
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ST refrigerator solutions

o 5EASF250WIKEE B A i e 7 22

« Frfide R T STAas iR
_____

SELLING POINT IPM, highest Discretes, high Discretes Discretes, high SIP
integration integration integration, full Highest
protection, higher integration, full
performance protection, higher
(2shunt version), performance
low code size (2shunt version)
125C
BOM IDEA STM32F030K6T6 STM32F030K6T6 STM32F030K6T6 STM32F030F4P6 STSPIN32F0601
. STGIPQ5C60T- L6390D L6388E x 3 L6392D x 2 TSV912ID
MCU: FORRGO%5 HL L6388E x 2 TSV912ID L6391D STGD5HB0DF x
IGBT: STGD5HE0DF VIPER16LD STGD5HG60DF x STGD5HG60DF x STGD5H60DF x 6
MOSFET: STDSN60DM?2 LD1117S33TR 6 6 6 VIPER16LD
5IPM: STGIPQ5C60T-HL VIPER16LD VIPER16LD VIPER16LD LD1117S33TR
LD1117S33TR LD1117S33TR LD1117S33TR
1Shunt 1 Shunt 1Shunt 1Shunt 1Shunt
(or 2+1 shunt) (or 2+1 shunt)
REF DES
BOARD available
from

29
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Vol 2585 73 e

STUKFE R TT &

IGBT: STGD5H60DF ﬁ%‘])ﬁ&&%
M@M STGDSHGODF & STDBNGODM2

320V 0.68 A 197 76 W 194.24 W 98.22 Comparison at low power

Input Current |1

INVERTER
- K

GND

Input Power
Device

25(W] | 50[W] | 100 W]

STDENG0DM2
[A)
STGDSHE0DFS
[B]
Difference
[AHE]

94 58% | 96.46% | 97.17%

93.65% | 95.87% | 96.59%

Input Voltage U1

0.94% 0.59% 0.58%

- System Efficiency Comparison
Temperature measurement at - 3
200W steady state = | | [
. AVOEEEE 5 ()i 50
Highest temperature: 68.9C =) e o
Average highest: 63.9C AVRETE - o y .
= | s

30
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9 STHEAH figif:

500/700W IPM - STHJIGBT Trench Gatefi &k — STM32G030K6/8

6x ACS108-8SN
ACIFR, T

RN

DCH#ia3
VIPER26LD

STGIF7CHG0TS-L
SLLIMM™
STM32G030K6/8 a
ADC1 d T8
-
BRI
2/1shunt

life.augmented
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YOy

%}/Fﬁ 1t

frl A3 2]

AN TeAL IR as AR

ST LHAIEL “HFI", n] DL i 22494 1-PMSM RN L ARG TSR, A (IR THRT 22 I % HY 4 30 0 .

o fEd-qAB PR R —MEE R E, WA B A A —

¥ Injected
test signal

HIr &) KT Fng (FESEPRQf L/ 728D

— HimE

— Measured : '
rotor speed ! Jl‘
: ' Phase

R B

A | i “ll_'ljcu‘rrent'ill
Angle detectior! : AARRRRRRARRAALARNRAS
| ‘ !

(200ms) 4}

RN
|

| | . . ..
1 TELL IR L

IR
Rotor : :
Angle i ||l

a2 United States Patent

Costanzo et al.

AN (200HZ-1kHz) 1IE 5255 (B B IR

o PEEJIR BT RO R, dBhDT ) OB R KT QBT R ERIREPAR . T AAS BIF g (TESEPRd A L

o PSS RAE, B L N, T TERTE T R 2 R H BN ARALAR fa, AN R (A, fEQTHhED

(10) Patent No.: US 9,325,263 B1
(45) Date of Patent: Apr. 26, 2016

(54) SENSORLESS ROTOR ANGLE DETECTION

SPEEDAM 2008, International Symposium on Power Electronics,

y
|
L_a

32




e = D (AL 1 R 1 R 4aml =

© N TR, AT RUEN ILIOM-EUGE B 2 75 2 AU FL I ORI 78 R T 3

+ BRI AER (ST %F) , (EPARKAEHZH R, LB 6 Tl TR /5K
i

G

iq ref i +
TORQUE AND ! - REFERENCE FRAME
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