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Introduction on Motors and Controls
Controls and Sensing
STSPIN32 Hardware

ST’s Motor Control Software Dev Kit
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@ Motors
Quick overview

 Mechanical contact via brushes

» Very easy to drive with DC
@ Brushed DC « Long term wear/reliability concerns

» Full bridge circuit typically used

« 2 phase typical, lower speed
, « Used in positioning applications
,@ Stepper * Heavier and lower torque
* Dual full bridge driver

» 3-phase coil stator and PM rotor
Highest power/weight ratio
Triple half bridge driver

» Higher processing demand on controller

BLDC
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Control Scheme

High Level Motor Controls Overview for BLDC or PMSM

STSPIN32 Power Stage
Integrated Drivers and !untruller

pocmnmmcmcnnmnmme e n,
. IPM/SiP

I Power Module
™ Power Switch

Control

Logic . _*

Motor
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I

Control Unit

Control EW Signal ) Speed Sensing
Conditioning |

|
[
| |
Current Sensing I
R
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STSPIN

Motor Controls and Sensing
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Motor Sensing

Typical ways to sense motor speed/position

Sensorless - via current sensor(s) and/or BEMF
« Requires a signal from the motor. Works very well for mid to high speed
« ST's FOC include 1-shunt, 3-shunt, or 2 Isolated Current Sensors (ICS)
« 6-step control typically uses BEMF voltage sensing from the phase lines

Encoders — via separate device external to the motor
« These give the highest resolution for position/angular control
» Priciest option and durability concerns with some setups

Hall-Effect - via sensors in motor for additional feedback
« Typically used for lower speed control alongside above sensorless method
‘_ » Reasonably cost effective, limits in resolution at very low speeds.
> /4
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Control Schemas

FOC Topologies 6-Step Topologies

1-shunt, 3-shunt or ICS
Hall or Sensorless
Encoder

Sinusoidal Commutation

» Hall Sensing
 Sensorless Back EMF via

Phase voltage divider
» Block/Trapezoidal Commutation

K, oI
OpAmp + Offset OpAmp * Offset OpAmp + Offset 0° 60° 120° 180° 240° 300° 0° 60° 120° 180° 240° 300° 0°  60° 120°
T | <&
// \:;*T/’
/ I~ 21
/ N
OpAmp + Offset ] t
! Y
500mv | __ o . %
—
Voltage on R Shunt Voltage to be converted
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FOC System Overview

Safety loop

Legend: E':::::::::::::I":::::::::::::I":::::::::::::I":::::::::::::"':::::::::::::IE
FOC Features i Over ! Under {: Over |:! Over ;:
+  Optional Component ! o . ! ] o _ + 1+ Safety
T e L Voltage : : Voltage | : Current | : Heating | . routines T
» Sensorless or Sensored Control Options Mandmmcgmpomml i protect. | Protect. ! Protect. ! Protect. :
e 1-shunt, 3-shunt or ICS tozzzzznzIizziolIiaiiiziotizizioniiiiioliiiiaciiiiioliizzzaciiizil
« Hall Effect Sensing
« Encoder {ICL i
. - . R : ; : Bus
* High efficiency operation AC  Brake | | Voltage
- Quite drive capabilit Nk | Sensing e
Q p _ y Rectifier § -
* Reduced torque ripple
* In-depth HW/SW protection Reference computation loop FOC loop
° Slmpllfled hardware arCh i E--'----'----E E------------E E E Current Sensing é
» Dynamic system compensation Pl MTPA gt Flux i Clarke, Park '
: . : b i 1 Weaken. ! ' Circle limitati
- Typically works best w/Sinusoidal BEMF - . 5 i i | Circle limitation ;
i ' e —— ' e ' E H Park-l, SVPWM — '
+ Leverage STM32 Peripherals 5 rommmeeeteg 4 PID Speed & Position Feedback 3
: t i | Speed & P Feed
i Ul i Torque : Forward @} E
£ 1K 1K ; | Regul. el c :
OpAmp +Offset OpAmp +Offset OpAmp +Offset L : E : : E
g —I\ﬂ N i R M ‘o '
<l:‘];‘ <t “<F1 I e e
i ++ Revup o T '
‘ Appli. | i1 Control i innenioop!
@ P ‘' FOC i

OpAmp + Offset

‘ soomi —iw/‘\/
> /4

Voltage on R Shunt Voltage to be converted
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AVYm

Y =R, Internal to STM3ZG4

_____________________________

un - R:'.
: ~T
rating
Shunt Amplification
Voltage Bias
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Sensorless FOC Current Feedback

—— Raw Shunt Signal
"""""""""""""""""""""""" Biased
—— OpAmp Network—->ADC
=== ADC Min/Max
ADC Midpoint

0.0 02 0.4 06 08 10



6-Step System Overview

6-Step Features Triple half-bridge with power transistors and gate drivers
3-phase motor

W5

* Sensorless or Sensored Control Options Step update - O
+ Hall Effect Sensing 2 [ |:]} ::J}
* Sensorless Back EMF :D_[>_| |__|-D_{|_

 Efficient operation ; E

* Quite drive capability E | L::} %ﬂi

* Lower Memory footprint - — | E

« Lower CPU Utilization tt '

* HWI/SW protection = Sense resistor

« Simplified hardware architecture :]:- 0

» Typically works best w/Trapezoid BEMF

+ Leverage STM32 Peripherals Pulse computation
Voltage Mode [ State
Machine
0° 60° 120° 180° 240° 300° O° 60° 120° 180° 240° 300° ©° 60° 120° - 'y
‘ | : - Time computation - _

: | ]
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BEMF Sensing

Sensorless 6-Step Back EMF Sensing for commutation control

R56 R57
UD—AM———AM —t «PCo
BBk 27k
c2s 1 R&2
1% 1% 8onF —— 2.8k
5% 1%
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STSPIN32 Series Overview

3-Phase BLDC Drivers with Embedded STM32 MCU

Lys
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Key Applications

STSPIN32F0251/2 up to 250 V
STM32 Cortex MO + 250 V 3-phase Driver

High Voltage rop1\32F0601/2 up to 600 V
STM32 Cortex MO + 600 V 3-phase Driver
Higher
A STSPIN32G4 up to 75V
P STM32 Cortex M4 + 1A 3-phase Driver
power

Low Voltage

STSPIN32F0/A/B- up to 45V
STM32 Cortex MO + 45V 3-phase Driver




STSPIN32G4 vs STSPIN32F0 Family

Controls Comparison

- |STSPIN32FOA  |STSPIN32FOB | STSPIN32G4

Microcontroller  STM32F031 STM32F031 STM32G431

ARM Core Cortex MO Cortex MO HOUER B L
Proc Speed 48 MHz 48 MHz 170 MHz L )
RAM 4 Kb 4 Kb 32 Kb 1t
Flash 32 Kb 32 Kb 128 Kb 119
GPIO 16 @ 20 @ * 400 11
ADC 1 x 1x 2 X 1 )
OPAMPs 3 X + 1x 3 X )
Comparator 1X 1 X 4 x 4+

"l W Motor control driving signals not included
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STSPIN32G4 Overview

Advanced 75V 3-phase BLDC Driver with embedded Cortex M4 STM32

SWD_IO SWD_CLK
1

{1 {1 {1} {1 {1
3.3V LDO
V.. BUCK
LINEAR ce
REGULATOR e
VDDA [} [] screr
VDD E: 3
NRST STM32G431 X_ {1 veooTx
Control logic Half-bridge
. g Hsx
32-bit ARM® Gate driver Gate oot
[— C x
GPIO - ortex®-M4 core :
(ADCinput: &12¢ I ® Drivers {1 isx
or SPl or USART :
interface) i 3X 4x

bl

GND OPxP OPxN OPxO OC COMPx

7
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@ Power Management

75V Buck/Boost = Gate Driver voltage = Logic Voltage

Up to 75V can be fed to V, (System Bus) pin VijcM ‘

I
o
||_O"_
o
3

S
.
0N
NIO3H

An integrated Buck converter will automatically regulate the
V. with supplied Inductor/Cap/Diode T—L_erT

V.. (Gate Driver Bus) can be programmed to be regulated = —E o [
from 8>15V

That V. voltage can be fed back into an integrated LDO for L o

3.3V (Logic Bus) o é:cMJ $_| ! jf

With an additional Diode/MOSFET, Boost is possible as well
for low voltage applications

Kyy E
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STSPIN32G4 Gate Drivers

3 phase Gate Driver Characteristics

1encoay

JnA
L1ms
CIND3Y

Triple half-bridge driver: VoD
* lgare Sink/source 1A J
L » Bootstrap Diodes embedded %

o] | « Cross Conduction prevention:
interlocking feature

UVLO & OTP with Fault Vy
feedback %V Voo Vaoors A

SCREF2

I 1
| =
]

STBYI

Coe—
Lt
[ ]

* In-Out prop delay= 120ns {1 BOOT1

rrrrrr

GHS1

INH3 [ ]
INH2
INH1
INL3
INL2
INL1 [}

SCL [1
SDA
AWAKE
READY i

nFAULT []—|FI
I

Control
logic

* Vps monitoring :

AN
HS
<51

GLS1 VCC
Reference Voltage (0.2V-2.5V) for Q:: (

il

[] ouT1

o
+
] fad

embedded monitoring of external
o MOS Vps: Vpsin = Vscrer é\f

{1 GLs1

.

12C config and status monitoring

vss DQ

Fault, Wake and Ready pins



Programmable Gate Driver

Register Configurations via I°C

POWMNG REG3V3_DIS Enable 3.3V linear regulator
VCC_DIS Enable V. buck regulator
STBY_REG_EN Enable standby linear regulator
VCC_VAL V.. output: 8V, 10V, 12V, 15V

Ready/Signaling




ST’s Advanced Timers are designed for optimized Motor Control

Dual motor control possible with 2 Advanced Timers

Motor control specific timer features

« 3x Complementary PWMs to drive high and low side of each half bridge
« TIM XOR for hall effect speed/interrupt capture

« Deadtime insertion, Block commutation

Encoder Signal Handling Hall Signal Handling
forward jitter backward jitter forward | |

tm 1 [ 1 tim_ti1 _I : ;

imt2 | (I N N B tmtz L

tim_ti3

TiMx

" l SRR own Il Counter
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COM

0c1

OC1IN

0C2

OC2N

0c3

OC3N

Timers

PWM Commutation




@ Integrated Op Amp

Onboard Amplification of current sense signal

* Integrated programmable OpAmp drive
« PGA of x2, x4, x8, x16, x32, x64

° |nVertlng/n0n'|nVert|n9 Biased Voltage from Shunt o= !
STM32
VINPO 58— Redirect to internal ADC
VINP1 f— +

VINP2 p— ] opamp,_out) :
VINP3 or DACx_CHy ————] =
_CHy P |
[ ~ I
VINMO B——— |
- I
I

[

S 7/ |
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Over-Current Protection

Hardware based OCP with STM32G4 Comparator Peripheral

Motor w/o Firmware intervention

Trigger configurability

7
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Blanking via separate TIM

Configurable Hysteresis levels

Input from Current Sense FL

Compare input vs Internal, External or DAC reference

Output can trigger TIM Break to shutdown PWM to

INPSEL

COMPx_INP

HYST

COMPx_INP 1/0s [} l)

COMPx_INM 1/Os

DACx_OUTy

DACx_OUTy

VReFINT

Configure threshold ?:‘21 xaew
via internal DAC REFNT
1/4 Vrerint

ﬁHl|

COMPx_INM

/-

COMPx

Input [+]

POLARITY

\

GPIO
alternate

function

— P compx_ouT

Wakeup EXTI line

Polarity selection

interrupt

b9 TIMx

» HRTIM

Trigger Interrupt/Stop PWM



Arm Cortex-M4

128 Kbytes of Flash

32 Kbytes RAM
170 MHz CPU
2x advanced timers
8x general timers
2x ADCs (12-bits)
4x DACs (12-bit)
Full set of I/Fs
Vpp/opa 1.7-3.6V
HW accelerators

=
PEs S
=B
PES
O+
o -~
- VBAT VBAT
c Sk
. PCT3 FCTs
"" PC14-05C32_IN b Teieosc e |
PC15-05C32_OUT iy PCT5-05C32, 0UT o
= -
PF10
PFO-OSC_IN proosc NG !
,,,,, | rrroscour g PF1-05C_0UT o
peto-nrs B eToNRoT
— < El
e PO
< S
¢ st L -
% peoly _ rced
ves
3 S
- e
US voltage Pr0 PAO :
9 pp-
QeaL 0Ly 2k
e —
* S
s VSS
voo ld®
Qo PA3 PA3
5 S
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I>C for gate driver config/status

Fully Integrated MCU, Power, and Gate Driver

VCC Buck Converter
Up to 200 mA

AN

#

3
Sivd
E)

v
r

<
=
b

EAEDOTY

N

PE2
PE3

B
RS

VoD
vss

PA12
PATI

c
PAT0

PCY

v
Bree

g
u

=
VDD

vss

PD15
u

=
Frots

PD12
u

=

Froto

oo
PD8

=
fre
PB13
"
PB12

Analog IC \

INHZE \

INHT \

3.3V LDO Linear Regulator

Up to 150 mA

—

Vps Monitoring across
MOSFETSs wi/threshold
configurability

VoD
(=
ph SCREF
1
Rcera

ING \

IN2

INLT

SDA.[

- o

WAKEI

READY

nFAULT

SSA

L
3

3x Rail-to-Rail OpAmps built into STM32G4
15 MHz bandwidth , Rail-to-rail input/output, PGA

) ,

1 M
1 M
BOOT VM III
1 N
1 N
1 GHs M
M
M THREE-PHASE
1 MOTOR
> III

Current
sensing

Current
sensing



@ Performance Gains

M4 Based STM32G4 Gives Enhanced Motor Control Performance

« FOC Switching frequency with FO (~14kHz) vs G4 (>40kHz)

* Core Coupled Memory (CCM) SRAM enables accelerating
computationally expensive code (eg. FOC)

« Coordinate Rotational Digital Computer (CORDIC)
Accelerator for trig functions AKX\
* Filter Math Accelerator (FMAC) for FIR and IIR filtering

 Dual Motor Control with 2 advance timers

—> ¥n]

« Low power and sleep modes, 15uA standby + MCU current

7
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STSPIN

ST’s Motor Control SDK
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Motor Control SDK

Automated Code Generation, Highly Customizable

STM32 Fxxx

Cube firmware

IDE

v

i

Cube MX

!

Motor control
SDK firmware

MC workbench

+

+J

Control stage

Motor

Power stage

7
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Field Oriented Control or 6-step

Automated Code Generation

Live GUI for tuning and configuration




EVSPIN32G4 Devboard

STSPIN32G4 Evaluation Board Key Features

« Upto 75V and output current up to 20 A,

3 GHD V. W3 ne HIVDSIMDISSHGD L

* Optional heatsink to increase power dissipation  [LRFE ﬁ"“““ Ui RCo Rl - t

"’o -y

46

* Three-shunt or single-shunt topology
« Embedded OPAMPs used for current sensing

we

« BEMF sensing circuitry for sensorless driving E

N~
 Digital Hall sensors input management ©
« PCB temperature monitoring (NTC) _,,» B ~|..m~ia'§'§3§ﬁ° et

« Bus voltage monitoring
« Arduino UNO R3 expansion connector

« CAN bus mounting option .




Application Design Flow

Configurability and tuning built on Cube Mx

» Supported by ST’'s Motor Control SDK

« Configure hardware and motor tuning via the MCWB
* Code generation and HW configuration via CubeMX
» Compile with STM32Cube/Keil/lAR/GCC

* Live tune and monitor with Motor Control Pilot

== - =
= =
=
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Getting Started

Generating a new project for the STSPIN32G4 with the MC-SDK

Application type

« STSPIN32G4 is available only in version 5.Y -

System
Single Motor

Select

 In new project dialog window, under inverters,

custom board Control board where the control stage

select EVSPIN32G4

Power

« Support in version 6.1 coming soon! ) e i o

MNew Project

(® Power & Control

<]

Application type System
USRS {02 USEEZLE03 D ) 1 ] WHONDLS HOD L 1 » D’ Dxm [custom ~] Single Motor
Bn. - e

A ] b 2 ’ ‘ !

a2

Select Boards: (®) Inverter O MC Kit () Power & Control

Inverter

custom board ‘v Inverter board whers the power stage and
control stage parameters have to customized
custom board by the user
B-G431B-ESCT
EVEPIN3ZF025151
EVEPINIZFO2Q151
=3 EVSPIN3ZF060151
or@nes b3 [ : " EVSPIN3ZF0601S3
! EVSPIN3ZF060251
EVSPIN3ZFO6Q 151
EVSPIN3ZFO6Q153
EVSPINIZFOEQ2ST

Ao Ky el I
0 ks i
s * Emel
Y g /SPIN32 | STEVAL-ESCO0TV1

r r i o Reyv. 1 ; | STEVAL-HKI00TVZ

STEVAL-SPIN2201

STEVAL-SPIN3202
¥-NUCLED-IHM16+NUCLEQ-F303RE
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Motor Control Workbench 5.y

Bus Voltage @
Sensing

AC Input Info o
f\,

f

Limiter

O

Control Unit

STSPIN32G4

Fmware
Drive Management

MCU and

Clock Freq.
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Setting Motor Parameters

Characterizing your Motor

 Pole Pairs

Max Application Speed

Nominal Current

Rs Ls
Nominal DC Voltage o—yW—0(01
Rs (Stator Resistance) e
KQ

Ls (Stator Inductance)
B-EMF constant

» Surface-Mounted or Internal Permanent Magnet Synchronous Motor




Project Generation

MC-SDK leverages CubeMx for Code Generation

« Can target many toolchains
 IAR

Project generation

* Kel | @ SETTINGS \*, GENERATION
o STMBZCUbeIDE STM32CubeMX

e Select CubeMx and FW version

* Low level or HAL based code gen

Firmware Package Version
STM32 FW V1.5.0 (Recommended) hd

Drive Type
(® HAL - Hardware Abstraction Layer

O LL - Low Level

r UPDATE GENERATE
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Cube Mx

Leverage CubeMx to customize your application

aff =) 2| =) =

 All pins can be customized and adjusted as in a B .
standalone STM32 application

ghEEﬂTE‘JFH

 Here we could customize or add
« SPI/UART/I2C/CAN bus o
+ ADC/DACITIM
« Clock tuning

]
UC
2 i

el

= STM32G431VBTx
- SDK Code can still be regenerated in CubeMx .o 25 LQFP100
* This will still include all the parameters generated from =SS o m
the Motor Control Workbench 1 RPBAE e EEEEEEEEER
““““““ z, YS35332255%

L2 £ E g' g| gl
| E

g5 8383 2 3 203232

S g i E lfE| £| 8 i' ) tl t' = g| gl o g

22 35Ea3 8¢k 53355353 o &

a a '3 K g 3 5

E Yz a D &

s 3 s - =

s ® &
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MC-SDK Firmware API Overview

Quick run down of SDK firmware usage

ageAmplitudeiMotor{void)

° Core API to get Started — r-,:1uz: -:Enth'hjsj_ler-nta:.rr;_I’r.J deMotor1{void) dedaration

& MC_StartMotori (s

 Control/monitor higher level

1 MC_ProgramSpeedRamphotor1{int16_t, uint1e_t]

p ar am ete r S ogramspecdRamphMotor]_Ffloat, uint16_1)

ogram TorqueRampMotor1{int16_t, uint16_t) de tHon Ny ”L Getlg d"'-"'l:l‘tl:lﬂ_
ogram TorqueRamphotor]_F{float, uint16 1) declaration T MC_Getlgdrefioto

o All functions defined as
weak and can be overridden
as needed

= . C G "o S ¢ T s Matoril oo .
Installed directory of SDK

\ampFinalSpeediotor|

lampFinalSpeedotor]_Flvoid)

) MC_GetControlModeMotor (v

7
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@ Motor Control Pilot

Modern GUI for Live Application Testing and Tuning

High resolution plotter/coms
oo™ | * Via UART interface @1.843Mbaud
' - No longer dependent on DAC/Scope for real-time monitoring

25000

QML based Ul allows for tweaking, building, and
loading custom interfaces

Data Logging and updated Motor Control Protocol

RFM

Separate application from workbench to allow for
faster updates
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STSPIN32G4 Triple Motor Drive Demo

Multi-Motor Control Drive for Vacuum Robot

Retrofit an existing device with an STSPIN32G4

Brushed DC Motor Driver added STSPIN840

V' 4
4

V.

y
=-—-
S—
-
B
=
- -
w
[

==

\ ~
\

-\ -
\%

v

A\ \

Configurable drive capabilities via MC Pilot
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Updated Architecture

FOC Control via ST
MCWB algo

PMSM Vacuum Motor

EVSPIN32G4

Higher Power
Quite Operation
Efficient Drive

Vdd
Control

v v

STSPING40 e
Single Chip Solution

1.5A/motor Higher Power Density
Easy Integration

)

Sweeper Brushes

T

STSPIN32G4 rated 75V
STSPIN840 rated 45V

Li-Po Battery

Activate System (TTL-PWM)

Wheels

Existing System

Roller Brush

Existing guidance and
main brush kept

"l operational
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@ STSPIN32G4 Motor Controls:
Key Takeaways

« STSPIN32G4 offers a compact, integrated and economical solution
« Leverages the large existing STM32 ecosystem and toolset
« Able to take on a lead role in system design and control with more resources

« Wide operating voltage range and minimal external circuitry required with
Integrated buck and LDO regulator

« Higher current gate drive capabillity facilitating high power applications

« Automated code generation using the MC-SDK

« Extended performance potential from the STM32G4 processing accelerators
 FOC or 6-step control algorithms to handle application specific conditions



Our technology
starts with You
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