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it
- BEESZRI, MR AR
- FTSTERALERRANAEERERIZIT
« RORMERITR

« BPXH
o WG (EFHSTIR)
- STEHATHIERGETM—EEE)
- [RIEE
« Layout &
« 31 (in cooperation with FAE)
o MERERTT

. &
- ZHEMBIEHRSG T AR
o NEEXRRTNIEE;
« EPFIpsBiERISTH A
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STEAIEHIESRS:
=tHENL PMSM FOC SDK

BRARX R (2EEM)

MCUs for | IPM, Power transistors, AC
Motor Control (8-32 bit) switches, Motor Driver ICs
ST MC Workbench EE*;L HW Boards
¥ il

STM32 Cube Mx
= PC SW GUI 9575\/ \éjtb u ‘ ‘

MC Connector

1o =

X Full customization
: and real time
communication

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

Software —]

Development Kit @
Kys g

(SDK)
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3 1= LAB

APPLICATION '
UNDER TESTING ELECTRONIC LOAD

™

DYNAMO »
METER

R4

",_q-—-‘-

ll ViBRATION AUDIO
JB Anrcysis | ANALYZER (B

INFRARED .
THERMO
CAMERA
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KAMNZTAIRE

=1

FANIEH

Lys
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« 31§ BLDC #0 ACIM

« Stepper
 DC

SN

- 524

- ThE

—RESE

« BERRIER

* FIRSMENL
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STSPIN32F0 LV %1%

LR ARSTM32 MCURNE 2 =1EBLDCIXE)Z:

RIS & i
*+ VS=6.6V-45V, |=600mAIXGHAE
* 48 MHz. 32k Flash. 4k SRAM#I12f5ZADC

s BREANMEI. 11NHERES; %201 GPIO

« #R#E12V LDOFI3.3V DC-DCHR

° 4 ,E\Y\; !EDY\; /\-l\—;\
A

o B R BIP] Mst.com_EIREX

STSPIN32F0 Fégz'56$*}]ﬂ$&gl%é‘b%§
3.3V / 12V EBj&
STSPIN32F0A P B3R 6.6 45 0.6 3 16 « UVLO. OCPFI#MT

= I ] , fni 4

Ky '

* QFNE&R 7 x 7 mm
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STSPIN32F0/A/Bfa] B ELER

STSPIN32F0 STSPIN32FO0A STSPIN32FOB

T1EBE 7.9 VE45V 6.6345 V 6.6F45 V
BRATMCU STM32F031x6 B BY ERNEESEE STM32F031x6 BB ERVEESEE STM32F031x6 BB BHIEECE
S E e 600 MA=HEA5 600 MA=HE¥4 600 MA=HEFA45
3.3 V DC/DC#[E4%ikes =537 =537 =537
12 V LDO =57 =573 =573
OpAmp 4 3 1
3FGHEEIZLE =57 REERK, RESPK,
triREs =577 &k =573
# BTFGPIORY 15 16 20
I LR BRI O CIRIF GIE/=t BIE=t BIE=t
I LR e RY R At ABIF BIE7=2t BIE7=t
=5 BIE/=t BIE7=t BIE7=t
UVLO CIEi= e IEi= e BIEj=
BAREAHT2% AATF Gl G

Ly 8
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STSPIN32F0 HV %54

250V/600VE K =1 TR B R IXchzs
FRANSTM32 MCU

REMHE & it

* 250VAI600VRIRTHZE, EERMNBZEIRE

* lgare P13180.35 AFI1 A

 STM32 Cortex-MO. 48 Mhz, 32k Flash & 4k SRAM
- XFFFOCH6HEHW, IFEERMEERAR

SR

STSPIN32F0251 - “ o 0.35
STM321250V = IR 2 42 250V . “
STSPIN32F0252 1 * LFSHIM b2 RS
STSPIN32F0601 0.35 o FHBEXWTHRUVLO. I8, W{RIF
. STM32[1600V = 1Kk 5 2% 9 20 600V
STSPIN32F0602 1 - FTRESEE: -40F125° C

Ky 9
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e &R ATLSTM32 MCUME 2600V =18BLDCIX )23

STSPIN32F060x*

SWDIO  SWDCLK

Ve

VDDA
VDD
NRST

o

GPIOs $—

(ADC inputs & | :
12CorSPlor |:
USART interface) ¢—

|

STM32F031
32-bit ARM®
Cortex®-M0 core

il

GND

FENA

Ly

life.augmented

PA14 PA15 BOOTO CIN
USART for FW
boot loading

R A Tl kA8 E 4841
Tl 3R

=i E 4B XU
AHERIER, EMIE
HEX®E

ToEm=f

QFN 10 x 10 mm
(2020F3ZEin MP)

BOOTX
HVGx
OUTx
LVGx

TQFP 10 x 10 mm

* STSPIN32F0601/Q = lgare = 0.35A
STSPIN32F0602/Q = lgare = 1A

STM32 Cortex MO + =1BIREH 2R
AT/ ASTMIESRRE

6 & FOC TofERk2% / (ERBEE
RFE R 1 ERE

VS =600V, |=350mA & 1A IXEHEE
48 MHz, 32k Flash & 4k SRAM
12f5ZADC

I2C / UART / SPI; 21 GPIOs

X EFWS | SINEER
EREEKE

sTEEFEP (UVLO, I8, OCP)
TR ESEE: -40F125° C
TQFP & QFN 10 X 10 mmit#

10




&R ATLSTM32 MCUNE 2250V =1EBLDCIX T/ 23

STSPIN32F025x*

SWDIO  SWDCLK vee

VDDA
VDD
NRST

o

|

BOOTX

STM32F031 HVGx
32-bit ARM® «—>
GPIOs$— Cortex®-MO core 0uTx
(ADC inputs & | : LVGx
12CorSPlor |:
USART interface) ¢— ‘ l
GND  PA14 PA15 BOOTO CIN oD
USART for FW
boot loading
FENH

Ly

life.augmented

« 36V-120VEmITENERMTE
o ZSENE

s TR

- XFEHH

o 48V & T2VIRSZ BN
- TArAEzNE

QFN 10 x 10 mm
(2020F3ZEin MP)

TQFP 10 x 10 mm

s
STSPIN32F0251/Q = lgare = 0.35A

STSPIN32F0252/Q = lgre = 1A

EERIE

STM32 Cortex MO + =fIXE)28
T2 FEASTMI2AESRSG

60 & FOC ToiERkes | fEREs &L
R TR R BE

VS =250V, |=350mA & 1A IXGHAEE
48 MHz, 32k Flash & 4k SRAM
12{5ZADC

I2C / UART / SPI; 21 GPIOs

X HEFWE I SEMEER
EREE_KE

SEaRP (UVLO, IR, OCP)
TS ESEE: 402125 C
TQFP & QFN 10x10 mm£f2E

11




STM32 G4
= F—XF3 &%

- BiEl Z2ENEREEL YIS,
«  EMC (EMI, EMS) - 5805
Dual Bank Flash w/ ECC (BliAFWHR)
AESER{HINZ
R2/FEX1

- [HEERYIGE
« 170MHzBM{EMAIERERIRF=4E. (213DMIPS)
ART NiE=S (~515ERF)
CCM-SRAM HIFENINERES (~535EF)
25 InESE (=8, BR)
BFHISNZSINZRIRFE(160pA/Mhz) = EEF3 &5
RERZ2.7(F

- SMBSETISRITNS G4 Z5

1% RC #5/E [-5°..90°C], 2% &5

ADC BB RAF = 16(5E

EFHY Op-Amp, DAC, Comparator

New HR timer features (digital part)

MC TERT2ERIBH (JrRAgsRtRTl. )

USB type-C with Power Delivery incl. PHY
85° up to 125°C (PRHIFEM)

F3 %%/

- STM32 F3 &5k H

"l « D-Power portfolio (STM32F334) extension 12
life.augmented y NEW 128p|n EU 80p|n ::Ej% (LQFP)




New
design

New
design

New
concept

Lys
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I I S | S

2.0..3.6V @ functional Oy PGAgain error

Power supply (V) 2.4 ..3.6V 2.2..3.6V @ full pert. is |mpr20\2/<\-:-/d from

GBW (MHz 8.2 MHz 13 MHz Typ. value

45 V/us (high speed
Slew rate (V/us) 4.7 us mode) Typ. value
6.5 V/us (normal mode)

Offset (full temp 3mv 3mV (full temperature 1.5mV @ 25°C

range) (mV range)

Ralil to rall Ralil to rail
input/output input/output
1% accuracy
X2, X4, x8, x16 2,4,8,16, 32,64, (except gains -31, -

1:3.7.18,31,63 63, 32, 64)

Comment

I
w

Power supply (V 1.8..3.6V 1.62 .. 3.6V @ full perf.
Propagation dela 25ns 16.7ns Typ. value
Offset (mV) +/-4mV -6 .. +2 mV (typ.) Max. -9 .. +3 mV
8 steps: .
No (except ?56, 0.9.18,27.36.45.54,63 Programmable with
128KB version) mv step 9mV

I
w

1.8 .. 3.6V @ functional
2t o S 2.7 .. 3.6V @ full perf.
15Msps (internal use Settling time:
Sampling rate 1MSps only > DAC connected 16ns (10%-90%)
to COMP input) 64ns (1LSB)

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

STM32 G4

/

TERMRIRIATMEZ

13




SLLIMM™ Family Position

o

feracteppleatons Sl S

!
R

1 1
i !
Motor control ! !
i ;
i i
i i

” ’[[

Il = &

Washing ! !
Machine { : : STGIBBOMG&JVS-L
i - : (2.3W-3.0KW)
: STGIF10CHG0TS-L : :
Air 9 STGIPQBCB0T-H(ZIL) (1KW-1.2KW) : szfl?@o;wm.L
o i (Up to 500W) : ; e
Conditioning S - sm:zgi:ggm)(m) | ; STGIB15CHBOTS-L
P " i (1.5W-2.0KW) |
- ' STGIPQ3HBOT-H(ZIL) i .
’ ! (Up to 100W) 'STGIB10CH60TS-L
- STIGPN(S)3H60T-H ; b (1.0W-1.5KW)

(upto 100W) STGIBSCHBOTS-L
' STIPN(S)2M50T-H i (750W-1.2KW)
\ L (40-60W) STGIF5CH60TS-L i
Compressor I % y ’ = i (S00W-750W) _ :
P : ! =1 ! !
JIMSOT-H. af i !
50W) i! i i
Industrial h 5 i ! ! :
- | ] | ] | | | ] | |
drives I I I I I I I 1 I 1
- 25W 60W 100W 300W 500W 750W 1.2KW 1.5KW 20KW  25KW 3.0KW

14
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= £ B AIE 7 =88
ST E &M AETFK*

>
6x 99378Y IGBT or MOSFET 6x IGBT or MOSFET I_QI 6x IGBT or MOSFET % 389 IGBT or MOSFET
MDmesh T — MDmesh
N ores EEE ! EEEN LI R
HEN GBTTrench | MBI | X HEN = HBE .IGBT Trench
3x 347 HRIKED SXHH AR | K IR 2 EH & Hoess
o B MLe3ox HER 5 HEN E  T1svox
. &R & LriRsE n
B & e n < ey B
TSJ{/E_QX . . ;UU J‘ZEBSZ & tbiﬁ?g‘% 3X:|:1§$|—.M:&E|XE}J I:L/' ﬁ§ (._/|)
| mn d EEE 2
MCU MCU m STM32G4/F3| Z MCU w
. . ; ¢ :
= m o
O MY .
@ S
TQFP 10x10 64L pitch 0.5 3
- <

* I XEERABE S ARSI  BR T BEEFRRIRY ST~ mAlsete. BRIZ N 7 ZMIIiE
"l HBSTFE?JELXEQ%.Z:Egg*@*DEZﬁHo 15
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SIHY IGBT or MOSFET

O [ 1 sTripFET
F7
HEEN

XA IR IR ]
o P Le3ox
B & LU

Tsvox [ I

MCU

6x 733 MOSFET

I P sTripFET
F7
HEB

A AR B

LN & LEERER

STM32G4/F3

&

e4'vOCENLS

K/

3 42l 75 2R ER 4

ST B & MA[EF

VFQFPN 3x3 9

6x MOSFET

XA AR ER T

LN & LERER

STM32G4/F3

&

0€8 ‘€ECNIAS 1S

e4'vOCENLS

0€¢2971

6X 773 ZMOSFET

| [ sTripFET
F7
HEN

TR & LIRS

XA IR AR

MCU

LDO DCDC

©Q

© RSN S BRI TR R T B E FE RIS TA= SN2, IR T 2461

Lys

life.augmented

BEST/™ fa A LU E I Z2 A9 0N

EES
mn

Allwey X4ZENIdS1S

SK*
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W IZ T & ENFPFC A =281 I

dPFC
Motorl Motor?2 R S
n // h
6X 732 IGBT or MOSFET, 6x 1L IGBT or MOSFET r / 731 IGBT/ MOSFET
A . —
HENE - HENE < l/ ﬂoﬁ \
HENE S HENE > ) |
HS&LS IBER | 3 LA IR 3 \ o Emm o/
HE E: HENE ) NG /,/
2 i

STM32 F3

YOCENLS '€0EAZEINLS

] 37#5F 3 FOC &Figit (=aiEHl) !
STEVAL-GMBLO02V1
‘Yl STM32F303 + 3pcs STSPIN233

life.augmented
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STM32 B4 HISDK

3= d R T R B
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Lys
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1/ \F = EBHL= ]
FOC MCSDK

2002 2005 2008 2009 2011 2013 2014 2016 2018 2019

STM32 GO

&

STM32 F1 STM32 F2 STM32 F4

STM32 F3

STM32 G4

STM32 FO
8/16-bit 8-bit MCU for  32-bitCM3 8-bit MCU FOC SDK  FOC SDK FOC SDK  FOC SDK FOC SDK v5.0 - FOC SDK
MCU for  MC scalar and MCU & & MCkit  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 Simplified FW Position loop
library SW kit library v1.0 step & MCWB  accelerator Injection, Tuning, Start- architecture GO0/G4 support
control MTPA, ... upon the fly
Sk s o o0 - = Moior Erofcyth
A T - < ﬁ - D e~ e

19



FOCHIfitE:
- EIFRUBEH
EEETEDR, ATFRIENERAE

- WFREHITHRFREREEEHIND R
|ATh T EZAVEE R IR R R it

- RN BT
|ATh T BRI AN R LR it

- IFERIED
3TN F IES %R B/ B AR

MTPA & FLUX
WEAKENING
CONTROLLER

RAMP
GENERATOR

*

Lys

life.augmented

PMSM FOC — ¢

—y
—
Power briage
[ ) a a
D Motor

Speed

sensor/

ab,c , Sensorl
ess
|
I
|
|
|
I
Vector |
PWM |
|
I
REVERSE I

PARK +
circle |
limitation |
I
ROTOR . | @—"~"~"~"~"=77 -
SPEED/POSITION
FEEDBACK
20
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7F’j&$)\1* LEJ?%

B B
- EAS4E 0S8 — T'QE‘%{EZry 4©—PMSM

- ExfFEn s, EWNAEIIR, WHSAF PWM v

Switching scheme Speed/
-E%ﬁ@% o e
(EEIERES, BRI AT EEAMENSA S
- AL L SR | Conveir_|:

< RZS T2+ AR
-ERBSIREE (XERVARE) iR TAE -
- MATREGE, BRES0EHHEMELEST(< 3-
SYEIE FE %)

I 1cs

Power convertler
| shunts

!
N — Alz ~ S~ § = Axi Bu K(y-y U !
CRATLUEE + BRI I [0+ B+ -9 |
I

x(i Jig.e eﬂ) L

. 8
BACK-EMFs iaduiLiN Rotor rel

STATE b-emf § AnglelSpegd wy
OBSERVER pammmmmmmd reconstruction s

7
L2 e, =, po, cos(6))

- e, =—®, po, sin(0,)

Lys

life.augmented
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- B8 FRPH R
« ST %*U%/f
- AT EFBENGHRRARE
mxﬁ%%? ESHAEEHBHERS

-2 + 1 EBFHEH
AR ERE: 5
o IRILAIITE : BUAN/|4ERE
-3 EBFHRHE
« BRI IS
« TRENRA /EEEEE
2 PR B IR REZ(CS)

« NEERFRANFFESN SBMERKN (JL+%E) XBENAR

===
°* CpoY

FLE S FHERS R BARAF A S (2 TR ATHE R X SR FRAFRE)

Lys
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(73 =/ Tsle%ﬁ-/ *ﬂ%ﬁ)\/ 1%

WITER M DNETER TR

UE BT X AEPIDES (Eefl, o MR ER) 1kHZRIH TR

AR T Es R APHER] (EbBIFIRR 2 YERT) 20kHZRYB TSR
SERSEEBHIUERER, Ehlssrd T REFNUE L

HEHMHBRERENE

Target
Angle

Target
Current

Measured
Current

Measured
Angle

Lys

life.augmented

/

g ST Motor Control Workbench [PositionControl]*

File Help  Documentation

X+ O OO

Tools

Motor: MAXON EC-i40 700 - Control Board: NUCLEO-F303RE - PowerBoard: X-NUCLEQ-IHMO7MT

Drive Management - Drive Settings ‘ ‘ ’l
PWM generation and cument reading Default settings
PWM#r | H
requeCy pooco : Control mode Posttion control
High sides PWM idle state Tum-off v
Low side signals and dead4ime
Tum-off
Torque and flux reguiators
Position regulator Execution rate 1 ~ | PWM periods
Execution rat 1.0 m Cut-off frequency 6000 2| rad/s
. 102 Torque Aux
000 s [102 P 261 |3, [0 2] p  (mer [, s 2] p
/|32
20 32768 ! a0 [/ [e3es [H 1 [00 [/ [1638 2
500 /116 D
[] Manual editing enabled
Done
Varizble Motor Time Motor Id Message
PWH frequency 30000 Hz (1) 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
Sensor selection aux
TorquedFlux - Execution rate 1 PW
Bus voltage sensing true
< il o > Irfo / Emors / Wamings Change Log

23
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@ Disconnect
P> Start Profile
Save...

o Play

Electrical Model

Mechanical Model

Rs1.843Q Ls84.30 uH

Fnchon 304.59 nNemes
O—~VW——G0
VBUS : -- l.
2.05V Imox
<
1.27A Xe Inertia Max Speed

0.5 Vrms/kRPM 209.56 nN+mes? 14.87 kRPM

EHiRE

Motor Pl’OfIl(;L’%
Motion Control Sute i /' ;7 5

FBHL=
iR GUI

Motor Control
Workbench

5 Voon o Wk, POt
nnnnnnnnnnnnnnnnn
7 s . '3 B
LR s+[Penee o
e Gmc Advace: Aegsam | Confou |
[y e o
rats N e o
O Rodnes - B b ‘
@) ot || 00 A KU P
@ et — —~ 0
[ ERE™ e o -
© greien I .
@ Sk e " L.
E ~ - " P
O sttitods “N am T
.y - - -
: Cwreire & O -|\
Yo ' \ R
o jHea At
e . S i
M——— F

RHEECEGUI

Motor Control
Workbench

MBRE
CubeMX & IDE

STM32"
CubeMX

ennr DIKEIL
SYSTEMS
TrueSTUDIO
for STM32

MCSDK_

BT

Pl ot et e by

£aldd 5 oG

Euherl.l'l}i

Keil is free for STM32 FO/GO/LO

24




X FH MCU 275
until X-CUBE-MCSDK 5.4.3

v [x

N - <IN < < <
R R U NN
RN SR NN
8 S < <N <<
xRS SRR RR
xS SRR xRS
BN By By By B

v'[%: MCU supports but SDK does not support so far.

~
B By By El By

25
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ST IRZEIMGen?2
28y WEH FOC + DPFC

COMPRESSOR

FOC DRIVE Compressor Protections:
‘+350v OC, OT, UVLO

IPM

L
i

i WlﬂlIIIiIlllIIl\\\\\\\\\\
IlIIIIIIIIlllIIIIl|\“\“\

\

ST Products dPFC CCM
(1.5HP example) Y > > . asov

Fan Protections:
OC, OT, UVLO

STM32F303RBT6 /) Gpum cTo
™
STGIBIOCHE0TS-L SLLINE PFC Protections:
STGIPQ3H60T-HZ op1 2shiny/ OC, UVLO, oV
A TIM | ADCL [
STGWT30HP65FB 7 g2 UJ Power scalability
STTH30ACO6FP — v = el
+15V s Ty | o sh ¥ 350V
* VIPER26LD Loy Gl P Small BOM
3.3V OP4 ADC3 NS i i
. PM8841D :5Vis S High Integration
» T1235T-8FP « ——— i

= shunt )
Amp’ed shunt comp |OPAMP

« ST3232BDR

Inrush current
limit control
POWERSUPPLY .. !
INRUSH CURRENT T =
FAN
FOC DRIVE

Kyy ;
life.augmented STEVAL-CTMO010V1



STTIRZEIMILGen?2
STM32F3 CPUf1E; (<56% !)

;: 7 ?/7 -
/ Dual Motor FOC

Proportional PWM frequency 1/2

TIM1 counter

TIM8 counter

|

[ b

| b

i Lo
Free time for other tasks \ J l J \

g i . Vdc ref | ref gl ref ' e n duty
o | B

measurement measurement

PWMER e fESSHTIR) CPUBR

( ﬂ#\;@%{ﬂﬁ\%&ﬁ%m) 6 kHz 6 kHz 22 us 13.2 %

( ﬂg@g@’ﬁf /gﬁi\iﬁ%EaBﬂ) 18 kHz 9 kHz 22 us 19.8 %

PFCEE AT 40 kHz 40 kHz 4.39 us 17.56 %
PFCEEEET 2 kHz 4.095 us 0.82 %
40, RERAFIEHEES 0.5 kHz 42 us 2.1 %
&, RERRNEBES 0.5 kHz 42 us 2.1%
=t 55.6 %

"l 28
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STZ ?Eﬁl\MGAerlz
SLLIMM® IPME{EEEX

BEX =5
553& ayiinil

_“g

-
B

bl
.\

QU

LTI

"

65.0
98.0 660
= 97.0 55 0
o " 50.0
£ 96.0 & 500
g £ 26
- 940 —e—STGIBLOCH60TS —e— Z&7=&, 35.0
93.0 200
100 600 1100 1600 100 600 1100 1600
RANIIZW SlEpNy

ZEIPMBIIN/OUT ENE 3K, ST MC SDK v4.3 FIFOCIXEIBLDCHEEA,
T _ESLBRZ A _EMRFTS,

STHIPMBIREE L w43 F50.15%~0.38%

** FINIHZE P = AVG[u(n)-i(n)]

Ky 29
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dPFC#
STM32F3
ST MC SDK v4.33X%);
BB FNE

NHM PF, THD, @ 40kHz
Ton/Toff ZERAME
350uH/10A H =X

.._._._.Q!‘EL!I!!IH!'!\.I_.__.I.____._._.__.____.___F.__ .

Time

15,068 20 0vves

25 0mn

lacéds T.18534

Vao 220033y
AT Py TSTTRW

mhd 1.1472% lac TOES1A
Frr Facl 1000

d 1.1303%,

Ot v Time

ATZAEm 113

L EATATm

-LTs 222400

8T B 1 A
| H

262
25.0ms 0.1 1

Wz FA0.033V

lae 1ERGRA
AT Par 351EEW Par Facl 565.187m

fhd 12 4951% ao 1.EZ384

Pr Facl 567 8460

Van 2200534y
AT Pt 353 A70W

Hhd 12 6T1EY

life.augmented

EIRER

ST EAZEIMILGen2

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

98.00%
97.50%
97.00%

¥ 96.500%

& 96.00%
# 95.50%
95.00%
94.50%

94.00%

-

DPFC THD & PF

—e—STGWT40H65FB
—e—Competitor

748.5 1131.8 1512.1 1895.6

BININZERW

374.7

—e—STTH60ACO06CW
—e—Competitor

7322 1101.3 14613 18235
BIAINZRW 30

370.7



ST/KFEFERAR
250w / 300w (650L)
S5ESRERNEYMELL, BEYEIEERAAREN=1EBLDCENESREY.EN AT TIZHESE,
FETEHENSMMERN ™M, STRERAREIMmLY

EAIREN B FID ISR F R FREFHER,
HFARRPIMCER B X5, STHRARAREPEEIEE TIE

mRAE2: BN

RRARL: B KESEEHAY fRRFTERI: —KL
JKFERYE ISR IKFERYES E S TSR JKFERE E S ISR

FEALAX TN BB 4R

ON/OFF&{Sf1ACHR

e | BLDCESH
FIR ¢

o BLDCESEH

Lys

life.augmented
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ST K55

o SIA[EI250WKFE R R T E
- FTESREGEETSTEHEAR
N T ..

e SIP
DI, BEME, = bR
== PMESERE 9 SERE 4537 s 8 SEIREER
SIS ) [RIASPE= RMERE (2shunthR  “ap 0 H&%
x), Bl Peeshunt i)
125CRE
STM32F030K6T6 STM32F030K6T6 STM32F030K6T6 STM32F030F4P6 STSPIN32F0601
STGIPQ5C60T- L6390D L6388E x 3 L6392D x 2 TSV912ID
HL L6388E x 2 TSV912ID L6391D STGD5H60DF x
MCU: FOZ{GOZ7F) VIPER16LD STGD5H60DF x  STGD5H60DF x  STGD5H60DFx 6
LD1117S33TR 6 6 6 VIPER16LD
IGBT: STGD5H60DF & BOM 57 VIPER16LD VIPER16LD VIPER16LD LD1117S33TR
MOSFET: STD8N60DM2 LD1117S33TR LD1117S33TR LD1117S33TR
XIPM: STGIPQ5C60T-HL
1Shunt 1 Shunt 1Shunt 1Shunt 1Shunt
(or 2+1 shunt) (or 2+1 shunt)

SZ MC Team &
g1t

Lys

life.augmented
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N KA L273N s _ 22—
ST/KFEEER T2
L M
IGBT: STGD5H60DF HE?}%Q&%—%
- o—

320V 0.68 A 197 76 W 194.24 W 98.22

STGD5H60DF & STD8N60DM2

INTHERE R AT B

Input Current 11 U2 U4 A R A A R N R A AR A AR LR AR |nputPt:-WEr

Device
INVERTER
- K

GND

25[W] 50 W] | 100 W]

STD8NG0DM2
[A]

STGD5HB0DFS
[E]

Difference
[AHE]

94 58% | 9646% | 97.17%

9365% | 95.87% | 96.59%

Input Voltage U1

0.94% 0.59% 0.58%

"us

Max = 68.9 ' System Efficiency Comparison
Avg = 55.6

200W RARPEENS
BeERE: 68.9°C
E=YIEE: 63.9°C

33
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d) STHRARHLAE IR

500/700W IPM - STRIIGBT Trench Gatetx R - STM32G030K6/8

6x ACS108-8SN
ACHx, AT

[ RNEES

DCH; ik a3
VIPER26LD

STGIF7CHB0TS-L
SLLIMM™

STM32G030K6/8

'*.-f.

. | ) (.o
ADC1 : ;
TSV912/ J
KRR 4
2/1shunt

life.augmented



o {5 AR IX T
SILEN T s J A

ST TMEE “HFI", ILUBEEL T HmI-PMSM BB RS TE, ERENTEN KIEL2E8%E.

» - IR —MREMALE, 'HERENIHIEAN—DSM (200Hz-1kHz) IESZNRES (BRESHBIT)

— Measured : "
rotor speed }|
¥

| Phase
8 ey, 111 fcurrent] i
Angle detectior! | )
(200ms) 4\ /]

L

Rotor : | :

Y Injected Angle 4 || J

' test signal '

« FEAR,; ATRFRORSIE, dMmTE EREER (KT o7 E ERVBRER . PIBUSEIR 4 (FESLPRd%
R E) KTF,, (FEEPrgf LRDE)

« FPEMNERRZE, FIFEREIZN, 7RMF A B Z BB —MEAEAa, F1I—NNNDE (N, EqHL)

- ﬁ%ﬁ% a2 United States Patent (10) Patent No.: US 9,325,263 B1
Costanzo et al. (45) Date of Patent: Apr. 26, 2016

, l SPEEDAM 2008, International Symposium on Power Electronics,

(54) SENSORLESS ROTOR ANGLE DETECTION

life.augmented



R (AL 1 R 1 487 <)

« ATRDEE , FLUEARRMERIERSE 2 BAHER R KITHE 7RISR 2R )
- RN TIEE (ST EA) , EPARKERSERF, RUUTE—DETHIBIIMRL7IRX

B
p———
~

lq ref iq ref 6thh |
TORQUE AND ‘ REFERENCE FRAME
FLUX ) controller REVERSE motor
CONTROLLER | ldref Vg4 current
b Id TRANSFORMATION taedback
controller
- \ 4
iq .
PARK labe CURRENT
TRANSFORMATION SENSING
Ter el -
. ROTOR 6 IER K E —
SPEED/POSITION
FEEDBACK
a2 United States Patent (10) Patent No.: US 8,816,616 B2
Costanzo et al. 45) Date of Patent: Aug. 26, 2014
(54) METHOD OF CONTROLLING A FOREIGN PATENT DOCUMENTS

THREE-PHASE PERMANENT MAGNET

EP 1870680 12/2007 oo GOID 21/02 .
S‘?VC[,I_RONQUS, MOTOR FOR REDUCING EP 2012425 12009 ... HO2P 21/00 el
’l ACOUSTIC NOISE tD INATILL AnnG IO Y100 250 45 e 36
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PR ERMIAD (initial angle detection)

o« HEFLENNRHNEET, LTV AINEIRFIRMLE (BE) , BIBIINATREEN,
N E={ustilbeitzs

- NAZE (BR) :
1. BOINARERE, EA: mE. B ATMF
2. REBTN: RNESR. Rk (EHEV)F

o5 ::']:"'Z:SUEU}iS : .||10 or\IS/ ||—|
L ]|20m points 136Ms

|16 Ma 2020|
12:39:43

Ly o
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. R

y *Iéleiﬁlﬁﬁ*%)%ii

90
80
70
60
50
40

A(wr) (digit)

30

20

|/

:ZEU5OOQ(Z::217J Al

Average Speed max/min diff vs weight

‘
] |
g o
i t
’
§ ¢
!
;
.
'
$
0 500 1000 1500 2000
Weight (gr)

life.augmented

#,< 5000Q)

(Adusanbuauy INMJ/TU)oWIl 28eIaAY

3000

2500

2000

1500

1000

500

0

R B IRYLARE

Average passing time VS Balance weight(unbalance weight=0)

W

N2y

0 500 1000 1500 2000 2500 3000 3500 4000 4300 5000 5500 6000 63500 7000 7500 8000

Balance weight(gram)
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R BRI R ISR RRIE A
ACIM SDK f&r EK{IE#E%SZE

« ACIM SDK 22— 1TETFRRENEBENFAANANREE. XTMEES
T—1MNRe 5 ERMNEBANARA, EFNUCLEO-F303RE #

STEVAL-IPM10B RYMEH ¥ F & (E#EEL 2 {EH X-NUCLEO- BARZ 55284
IHMOOM 1Y FE#k)
- - —_— =< A
FEFE
o EFSTM32 F3RIREREBA 5 Middleware
- SHENXEEHIXEI A
o mEREZRXIRHIFOCEH] (I-FOC) Hardware HAL
« BRNKIFOCEETH (LSO-FOC) Abstraction
- SENEERIRERHIIREI A
o FFIR VI = STM32 Nucleo development board

« {FFAST HBALIEH] Workbench T EA4REMN BB HAPIRE IS B
MBBEEHITRE
- B IREECE 2SS KA E RN BN E BSE(ACIM GU)

Lys

life.augmented
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ST

/&1/ N\

STSPIN32FO0 / MOSFET F

STSPIN32FO0

Control logic

STM32F031 , Satedrver

32-bitARM® [ 3 Half-bridge
Cortex®-M0 core [l Gate

3FGHal Drivers
Decoding logic

oc
Comparator

STM32 Cortex MO + 3tHiRIXEHES
€12V LDO & 3.3V DC-DC

AMIBIN & 1M EEERER; 12C /1 UART / SPI
VS =45V, |=600mAJXT)HEE

UVLO, %EE&, OCP, OTP

7x7 mm QFN; -40E2125° C

= 6XSTL140NG6F7
mEEE

00 3xaerE
O 1x®m& (DCDC)

40




3 AL IR B R
4t

e ml
AR TN
E%’ AW \\//A (FiE —
‘ ( l-) it ’{d
30.0
E 25.0 -
2 200 T i
E 15.0
10.0
5.0
0.0 42kRPM, open 48kRPM, closed 87kRPM, open
=@ STSPIN32F0 13.9 154 26.7
=@ comp 134 14.6 23.8

MRS

B AIRENAE = EBALAA RIS | BAERR ($8)
STSPIN32FOIEBA BT L IS/ D R AR R T A B RO T

- HIAIIE W ISR W HHGEET A | = W/A (%)

57 om &7 om &7 om &7 cmp
o S S A

ksl N S I N O i N
IS71 R I I I I I N
Y/

life.augmented
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BLBRAYE

=

WIERREE %
Pout / Pin

99
X 97
95
93 ﬁ
91
89
87
85
42kRPM, open 48kRPM, closed 87kRPM, open
—@=—STD140N6F7 91.773 91.896 92.1
—8—STL140N6F7 92.079 92.495 92.651
Mzt =44
2.4mQ Features 3mQ Features
‘Eﬁiﬂ{a Ordercode | Vos | Rosjon) max. Io Pror ﬁﬂ{g Order code Vos Ros(on) Max b 3 ) 1 mQ Features
STLI40NGF7 | 60V | 28mQ | 140A | 125W
STL130NGF7 60V 0.00350Q 130A Hﬂi_’_}g{g Order code Vos | Rbsjon) max. I Pror
TAB i
Among the lowest Rosien) on the market STD140N6F7 | 60V 3.8ma 80A [ 134W
EXCE(‘?EI;}CFOM (ﬁQ;JTEEOIIATEﬂt) ) = Among the lowest Rpsen on the market L3
OW Cres/Ciss ratio for EMI immunity +  Excellent figure of merit (FoM) 2
. i . A the | t Rosion) th rket
1 Applications PowerFLAT™ 5x6 +  High avalanche ruggedness DPAK +  Low Crs/Cis ratio for EMI immunity
Switching applications . R . High avalanche ruggedness
PowerFLAT™ 5x6 Applications
- Chandmbim e o Lmmdimm

Power Flat package (STLxXx)
& N R R R A 2

"l 42
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LR EHRSPL* dB

96

94 = =

92

90

6 —

84 > /4

82

80

8 48kRPM

42kRPM, open ' 87kRPM, open
closed
—8— STSPIN32F0 85 90.2 94.6
—8—F comp 84.3 92.5 94.4
Mzt
FFT4R
= O
SPL** dB =T o

84

82

80

78

==
1z Kys
68 48kRPM
42kRPM, open ' 87kRPM, open
closed

—8— STSPIN32F0 73.2 74.6 80.2
=@—F comp 74.8 77.5 82.2

/4

life.augmented

==

o

| FFTRiR

58.00H2 &11kH2 FRETTE 20
58.00Hz &:1.7kK2 1.92kNz
3 wlive  8o.2dp S1usoskiz  mbive  82.2dB BLASZSKhz
| oo
oo

B0
60

i “o
4o

20
58.00H2 1.2 kN2

20
50.00Hz2 @ i1 TkHz 112 kN2

* SPLEEMMZE NN (IEC61672)
125msH Bl niY

** SPLEBZIMZE NN (i) #1
100msH[a]n4Y

7l =
75
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DR HIRTV - AN

75 -Nﬂﬁ?ﬁﬁﬁ?‘&

AR RIIEIBTT
~460W, 87kRPM
SRR (HEEE) |
FEALINEE

* hREHIREBERNRNRIER MG TREEERNKI.
B IREaRAYIER R

"l 44
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DHER Sl R 2> E—j(ﬁ_i
100kRPM H&->FI A EEEES

f% Mt

BAAR & E53E100k RPM
(1.7kHzEE S I=XK)

LUEHT (MNKAZFTHE
E) B, BEYERELTIESF

* REZEFIREBENBRRIERE TREEERNR,
B IR ARAIPTEZ R

"l 45
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S + T

Eval/Nucleo + Power/Expension

Control stages

i
< ¥

MC Connector

Power stages

3 471425 il fiE 44

S se
(FEERIIRTH)

Lys
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P-NUCLEO-IHM001
STEVAL-CTM010V1 IHMOO2 or IHMO03
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EVALKIT-ROBOT-1
2RI REARE SIS

a7
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EVALKIT-ROBOT-1
SRR R R R

STSPIN32F0A
45V ERL
31EBLDCIX 28
(600mMA)

36 V6 Appax THELR

Maxon EC-i40 100 W 318BLDC

N HZCortex-M0 MCURISTSPIN32F0A S 24318 B Hi5 &l 22

:IRS‘ FOR EVALUATION ONLY
® cs00 @ » @

o B-GND As TERM

STL7DN6LF3 60V, 35 mQXN;ZEMOSFET

102438 £k A RS as
YIRS STL/DN6LF3

60V, 35mQ MOSFET

EH T HI7 E miE fl AL B 1= 6l IR B
B RS-485KIMODBUSHE{E 1Y
WEXENEM (40mm x 40mm)

Maxon EC-i40

100 W 3tEBLDC

Ly
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ESCEZEAZZ1x1T I

E S

STSPIN32F0A
ARM Cortex™-MO0

STL140NG6F7
RE
STripFET F7Z5])

49
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STEVAL-PToollvl
KEBEI TEZSE1%1T

< 60 mm >

FOR EVALUATION ONLY

-10@@ (gO : t- ;

7, 2995 i
EALIEEIEE: 45V, 15Arms t‘ ?g: ;EgA::Paovw
WARBIRF AL IO FE

B R IT Rk b A\ SEH 6 58 FE BE SR A%

HizpEREHl (FOC) , TfERkas/ a1k
BEMF#MI B8 3%

TRRIP; BIRIEV,

ik es, AEFEERARIH

WREZHI B2 A STSPIN32FO0B
N A5V SR STL180ON6F7
BIRN AT A Z A6 5 &4 3tHBLDCIX /58 60V, 1.9mQ MOSFET
(600mA)

" l 50
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STEVAL-PTOOL2V1
E%.ml szl——/wfzsdj Slt+-

BRART/ERIEE: 80/100V, 15Agys
AR ThE
W E/RE R A SEIN6 27

LB ;

iz EmEHl (FOC) , TiERS/BERas
BEMF#MI BB 3%

o F AR
Rk e, JTREIMERE AP
Bl B 28 P

STL135N8F7AG
80V, 3 mQ MOSFET

HARR (54x54x20 mm) STSPIN32F0252 53
250VEE AL ¥ o
RIS RTARY S F65 &l 3tABLDCIREHZR (1A) -
L1} 3

Ly
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LT 2415
IR T R AR mE L 5

BELAZN TN F i

PDSA IS AR
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