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What you will learn today

* Quickly develop a prototype

« Overcome design challenges when running motors from a battery or low-
voltage input

« Design motor-control solutions with minimal space/height requirements
» Test and improve various system-level characteristics
 Available evaluation boards and supporting software
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STSPIN220

Advanced Stepper-Motor
Driver

STSPIN230
Advanced 3-Phase
BLDC-Motor driver

STSPIN240
Multi DC
Motor-Driver

STSPIN250
DC
Motorr-Driver

STSPIN Family Overview

Benefits that matter !
in a growing battery-powered world

Extremely low driving voltage range
1.8V-10V operating

Extremely low STBY | consumption (<80nA)

Fully protected with UVLO, over-current and
thermal protections

Extremely compact ultra-small package QFN



STSPIN Applications

’Medical&AppIiances ]

’ Point of Sales

STSPINbattery \
never stop \

| Your Low Power

o .




STSPIN220
Advanced
Stepper-Motor
Driver

» Easily driving
with clock &
direction control

» Up to 256
micro-steps

» Current control
auto-adjusted
decay

-~

STSPIN Family Overview

Control Block

STSPIN240
Multi DC-Motor
Driver

» Easily driving with
direct input control

» Current limiter with
programmable.
threshold
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STSPIN230
Advanced 3-Phase
DC-Motor Driver

»  Easily driving
with direct input
control

Control Block

STSPIN250
DC-Motor Driver

» Outputs in Parallel
for Current Doubling

» Easily driving with
direct input control

» Current limiter with
programmable.
threshold
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STSPIN Stepper-Motor Driver

STSPIN220 for battery-powered micro-stepping

Package
v QFN3x3

e

,J1 T (O Vear |
T
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e Supply: 1.8V - 10V
* Dual Full-bridge:
* 1.3A,,c (2A peak)
* Rpsion) = 0.4Q (HS+LS)

Control Block

» Step-clock / direction Inputs

Up to 256 micro-step resolution

PWM | control with programmable off-time
Extremely low STBY consumption (<80nA)

* Fully protected:
* Non-dissipative OCP
» Cross conduction protection
e Thermal shutdown & UVLO
 Ultra-compact QFN package




STSPIN 3-Phase Motor Driver

STSPIN230 for sensorless battery-powered BLDC
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Possible applications
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Package
¥ QFN3x3
&/
* Supply: 1.8V - 10V
» 3 Half-Bridges:
* 1.3A,, (2A peak)

* Direct Inputs driving

* | control with programmable off-time

* Extremely low STBY consumption (<80nA)
* FW support for 1 shunt FOC

 Fully protected:
* Non-dissipative OCP
» Cross conduction protection
e Thermal shutdown & UVLO
» Ultra-compact QFN package



STSPIN 3-Phase Motor Driver

STSPIN240 for battery-powered DC

Package
¥ QFN3x3

4

\

e Supply: 1.8V - 10V
* Dual Full-bridge:
* 1.3A,,,c (2A peak)
* Rpsion) = 0.4Q (HS+LS)

» Direct PWM Inputs driving
* Extremely low STBY consumption (<80nA)

Control Block

 Fully protected:
» Non-dissipative OCP
» Cross conduction protection
e Thermal shutdown & UVLO
* Ultra-compact QFN package
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STSPIN DC Brushed-Motor Driver

STSPIN250 for battery-powered DC

Package

T T O Vear | v QFN3x3
STBY/RESET ; 0‘
e Supply: 1.8V - 10V
ENFAULT QUTAt
e * Dual Full-bridge for Parallel Outputs;
SENSEA — * Higher| & lower Rpgon
@ * 2.6A,,. (4A peak)
OiR CuTet —1
PRl OUTes ° RDS(ON) = O.ZQ (HS+LS)
-  Direct PWM Inputs driving
Tare Oscillator - REF
— ? * Extremely low STBY consumption (<80nA)
Rsenze
L E * Fully protected:

* Non-dissipative OCP

» Cross conduction protection

* Thermal shutdown & UVLO
 Ultra-compact QFN package




Stall-Detection Circuit

Utilizing the characteristics of the integrated current controller, we know that
when a stall occurs, the controller will drastically reduce the applied voltage to
keep current under control in the face of the loss of motor back-EMF. Since
applied voltage should be much higher at running speeds (under normal
conditions) detecting this lower applied voltage (when it should be higher) can
signal a stall condition.

Low pass filter Differential Peak detector
opamp

R Vi—+ R R
_I\/V\li VWA VWA
VOLH )
R + L
W S e L T %
Vo, —+ J_ ]
= N
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STSPIN Setup & Tools

« STM32 Nucleo Shield Board with STSPINXxx
* X-NUCLEO-IHMO6A1 for STSPIN220
* X-NUCLEO-IHM11M1 for STSPIN230
* X-NUCLEO-IHM12A1 for STSPIN240
* X-NUCLEO-IHM13A1 for STSPIN250

« STM32 Nucleo Board with STM32F401 with STLink and COM port
emulator

» SPINFamily Evaluation Tool v3.2
* Motor Control Workbench
m « SW supporting tools e.g. IAR, Kell
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STM32 Open Development Environment

@ Sense

Accelerometer, gyroscope
Inertial modules, magnetometer
Pressure, temperature, humidity

Proximity, microphone

Bluetooth LE, Sub-GHz radio
NFC, Wi-Fi, GNSS

Audio amplifier
Touch controller

Operation Amplifier

Stepper motor driver
DC & BLDC motor driver

Industrial input / output

Energy management & battery

General-purpose microcontrollers

Secure microcontrollers

Lkys
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‘ “® Development

Environment

www.st.com/stm32ode



X-NUCLEO-IHMOG6A1 for STSPIN220

Peak current adjustment

@) STSPIN220

|:| Arduino UNO R3 connector*

ST morpho connector

9V supply motor wires

Lkys
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Starting with X-Cube SPNG6

L) M Compae e [ ][ - 5
oooooo v et Popabes  Spmmmposete  Unnsslorshargeagegam  Mipebwokdme Do Contol Fane = o8
o Pt  Hara s s (1)

e

L
4 Dievices with Remavable & 0 - -
i :\‘n:s Devices with Remavable Storage (31 5 : E S # . B =i B Mivomes 3
idkos =
- < ) = th v Bum  Mewfolder =+ G @
MGiosis (- = w" ame :
i ok Ty - :
- NICLEO () mbmnm: SD-R:':FD",g HUCLED (g \ | EWARM-IHMOGAL - STME O Nucleo- Examplef oel Motee b KE
= EARM-HMSAL-STMIZForac- Buch S KB
L ey y K&
L] P otce 18 K8
| EWARNIHAOGAL - STMAT Rz Bucleo-Fxamplef el Motce hex ke
|| EWARN IHMDGAL - STMEL D Mueles- ExampleFcel Molee hex K
MDK-ARM-IHMOSAL-STMI2F0a-Nuckeo-DamgpleF od Matorbin 15K
1

| MK ARM MO AT - STMIZF S Mughen- EmgieF el Moterbin
MADK: ARM-BHMOGAL - STIAZFd e Hucheo-| FraregibeFeon] Meten bin
| MK ARM HM0621 - ST 2L e Muchen- ExampileF el Moter bin
SHASTMER-BHMDEAL - STME2 Flun- Nuchee- ErampleFer Mator in
| SWASTMIZ-BHMOSAL - STMI2F hor-Nucheo- ExampleF ol Mctor. bin

| SWASTIMIZ BHMOGAT - STMIZF&ex- Nules- ExsmpleF o] Metor bin

EWARM-BMOBAL-STM32Faxx-Nudhe0-Ex... Date modified: &/23/2018 £:54 AM Date creates: 9/7/2016 252 PM
BN File Sae 170KD

STM32Cube expansion software (X-CUBE) - Expansion software provided
free for use with the STM32 Nucleo expansion board and fully compatible with
the STM32Cube software framework. It provides abstracted access to
expansion board functionality through high-level APIs and sample applications.
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SPINFamily Evaluation Tool 3.2

- _ _
e o— e ——  —— (=]
O@v] | <« Program Files (:86) » STMicroelectronics » SPINFamily Evaluation Tool 32 » Firmware ~ [+ [ search Firmware 2]
Organize » []Open  Bum  Newfolder - 0l @
P — Name - Date modified Type Size
B Desktop [ fuwpsin_pecD03v2_FWV2 7 dfu 6/2/2016 242PM  DFU File 68 KB
4 Downlosds || fuwpsin_pecD03v2_FWV2_7 hex 6/2/2016 242PM  HEX File 162 KB
5] Recent Places || fwpspin_discoverykit_FWV2_7.dfu 6/2/2016 242PM  DFU File 51KE
|| fwpspin_discoverykit_FWV2_7.hex 6/2/2016 242PM  HEX File 121 kB
! 4 Libraries 6/2/2016 242 PM  BIN File 3 KB
I [ Documents Guifw-5TM32Foc-Nuclea bin 5/2/2016 242 PM  BIN File
|| Music 6/2/2016 242 PM  BIN File
|| =) Pictures
I B videos
i

9 sLdiiup
0 5TMicreelectronics
. practiSPIN 2
. SPINFamily Evaluation Tool

m

= 2 ’ EMEN
# SPINFamily Evaluation Tool 2.2
# SPINFamily Evaluation Tool 3.0
# SPINFamily Evaluation Tool 3.1

. . 20.bin Date modified: 6/2/2016 2:42 PM Date created: 6/2/2016 2:42 PM
# SPIMNFamily Evaluation Tool 3.2 - o D

1 Back -

| Search programs and

/4
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SPINFamily Evaluation Tool 3.2

Device Configuration
Script Editor

Register Map

= SPINFamily )
PCCO09V2 & EVAL| Mucleo Platform S L A,
Please select your device

 coms - SThicroelsctrorics STunk Vitua + )

(Click on the' ur selection)

Move Parameters

L6206 D z [] HiZ stop
Run
L6208
L6474 » = |
U STBY/RESET
L6470 L6472 .
L6480 16482 s | | oz | s | [ saviz |
powerSTEPO1 5@ . . o
((STSPIN 220
STSP I N 240 HZ BUSY Mator status EN Fail EN B Fail
orefre Read &

STSPIN 250 e Gear

No board connected FW Version BUSY FLAG
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INFamily Evaluation Tool 3.2

| E———— File  Script
EHaA-AE R Device - = =
3
Stepper
s scripting environment initialization...Done! -
Ace. dutycycle [10.00 % = Step Mode
Dec. dutycyle [10.00% z Micro Step Mode
Run duty-cycle [10.00 % = .
- = # SPINFamily Evaluation Tool Script file -
Hold duty-cycle 1000 % = # wednesday, June 15, 2016
Acceleration 400 pps® =
Boost Enable [
Deceleration 400 pps® =
Boost Thr. fullsteps/s) |BxD 3
VREF freq. (KHz) |20 KHz =
Ok Cancel —

'f:; Regigertimp =Trs I
; A "ﬁ Device 1
Name — Address Description Value Hex  Defaut AWR WR RD
A FW Variable Acoeleration 400 pps? 190 190 ] Jual D
. DEC FW Variable Deceleration 400 pps? 190 190 i [wr] |ndividua|
Read/Write ||unseen  mwvarmbe Mommspees Opps 0o |0 [ NwaRD .
icon for all MAX_SPEED | FW Variable Maximum speed Opps. [} ] [wr][RrD reQISter
. HOLD_TORQUE | FW Variable Holding Torque 10.00% A A 1 [wr][RD write
I’eglstel’S RUN_TORQUE | FW Variable Constant speed Torque 10.00% A A ] [weAm Individual
ACC_TORQUE | FW Variable Acceleration starting Torque: 10.00 % A A ] RD .
DEC_TORQUE | FW Variable Deceleration starting Torque 10.00 % A A ] (WA | I’eglster
|| TORQUE_BOOST | FW Variable  Toraue boost speed %m.u U] 0 [[] |wR || RD read
STEP_MODE | FW Variable Stepper Mode Nomal, 1/4step 200 200 ] [wr][RrD
VREF_FREQ FW Variable VRef Frequency 20 Kz 1“4 ] [wr][re] DefaU|t
‘ , STDBY_RESET | FW Variable | Standby Reset command EE D= < | g 1 £l [wr| ro) Settlng
’ STATUS CMD | FW Variable Status by commands ™ ™" 98800 0 ] [wr|lro
life.augmented — —— —




X-NUCLEO-IHM12A1 for STSPIN240

. © 5o B

D Arduino UNO R3 connector*

D ST morpho connector

P
"I 9V supply Motor wires for 2 brushed DC motors

life.augmented



SPINFamily Evaluation Tool 3.2

File Tools
Nucleo Platform §
PCCOOSV2 & EVAL H =~ & o
Please select your device
SerialPort

COMS - STMicroelectronics STLink Vitua -

(Click on the name to make your selection)

L6206
L6208

L6474 »

L6470 L6472
16480 16482
powerSTEPO1
S 0 ® @ ® @

STSPIN 240
STSPIN 250

/ \

Board Connection Status FW Version BUSY FLAG
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[ ] Arduino UNO R3 connector*

|| sT morpho connector

gy oty ey R R 1 e
e B LR o ) Lol

Ly
£ 4

Y.

9V supply motor wires
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ST Motor-Control Workbench

Fle Tools Hep Documentation

s X e IO

Motor

@@ custom

Motor e
Moter,
Speed/Position
/ \ / Feedback
| -

Drive Managsment .
Cortrol Stags ‘ \‘/
ngrhenied

SDK FOC Libra ‘ PMSM FOC § el e | [ e L
> L f= @ 1wws Command "Start Metor” done!

oite pe @ wyn Command "Stop Motor” done!
Miero STMIFIIHE | X 103752 Communication is closed. the board doesn't response comrectly
Pole Pairs 5 | a9 10:38:08 Command "Start Mator” done!
PHM ety 15000 e '@ 10z Command *Stop Motor” done!
Cuirent residing topology e Sk X 10:39:52 Communication is closed, the board doesn't response comectly j
‘Sensor selection main Hall sens [l — S
Al = — LFI irfo / Emors / Wamings | Change Log |

PMSM | PMSM FOC SDK v4.2.0

/4
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ST Motor-Control Workbench

Motor Profiler

The project you created supports the Moter Profiler feature.
Before to use that feature you have to define in Motor - Electrical
parameters the following

- Poles Pairs

- Maximum application speed
- Nominal cument

Mutur rofiler

Don't show this window. To Restore click on the Tools menu

§
%

Mnlcrw_ Motor - B, 5
) b
Senso®

WMagnetic structurs

Hall sensors

Sensors displacement 120 v | deg

Bectrical paramsters

Pols Pai 7 =

ole Pairs & Placement electical angle 0 3 deo

Max. Application Speed 10000 5 em Quadrsturs sncodsr I
. |

Nominal Curent AlDte peak) Puses per mechanical revolution [0 =

Nomina OC Voktage 100 ] v

Rs om 2] ohm

Ls ooig 2] mH

Demagretizing Curent 12 = A Ao

B-EmfConstart 0s 2] vims/kpm —

Motor Profiler One Touch Tuning Medium Load ~ ~

/4
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ST Motor-Control Workbench

4- ST Motor Control Workbench [hall-rev3] =[Ol x|
File Tools Help Documentation

SR ™

Power Stage custom

Rated Bus
Voltage ]

Motor
r ~
Temperature
Sensing
Power Stage <l <l <l

Drive Management

Bus Voltage
Sensing

H Current
Control Stage —
Phase U Driver Phase V Driver Phase W Driver
L2 ougmented
Variable [ Motor [ Uni [
Time: | Motor | Id | Message | ;I
SDKFOC Library PMSM FOC S.. © w0 Command " Start Mator” dane!
:.otorh'l)e ;:‘;;“ZF @ Iz Command "Stop Motor” done!
F‘KII“F‘ 5 U x 10:37:52 Communication is closed. the board doesn't response comectly
ole Fairs 6 10:38:08 Command “Start Motor” done!
PWM frequency 16000 Hz @ 103337 Command "Stop Motor” done!
Curent reading topology Three Shunt .. x 10:39:52 Communication is closed. the board doesn't response comectly :I
Sensor selection main Hall sens = hd
0| - i _>|_I Info / Eors / Wamings | Changs Log |

PMSM | PMSM FOC SDK v4.2.0

/4
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ST Motor-Control Workbench

- 5T Motor Control Workbench [hall-rev3] =131 x|
File Tools Help Documentation
(Ol X D@
H a 0 "
custom

Drive Management

Motor
Speed/Position Sensing Enabling
Feedback Drive Settings and Firmware
Management Protections
Fower Stage Additional Features User Interface

and PFC settings Add-on

Drive Management

Control Stage
oo *I ( "

«.ougmented
iz - | Bty ‘ Lole I Time: | Motor I Id I Message |
SDK FOC Library PMSM FOC S... 0 10:44:54 Working folder is set to C:\Users\dennis nolan‘Desktop'JL Marine April
Motor type PMSM
Micro STM3ZF303C
Fole Pairs 5
PWM frequency 16000 Hz
Current reading topology Three Shurt ..

Sensor selection main Hall sens -
0l - Sl +| || Info / Emors / Wamings | Change Log |

PMSM | PMSM FOC SDK v4.2.0

/4
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ST Motor-Control Workbench

Motor Control Workbench [hall-rev3]

Help  Documentation

?féH|%|®+

Control Stage

Moatar

Power Stage

Drive Management

Cortrol Stage

MCU and
Clock
Frequency

Control
Unit

Analog Input DAC
and Protection functionality

=10lx]

custom

e ot e | me [ e [ 6 | |
SDK FOC Library PMSM FOCS... 6 10:44:54 Woaorking folder is set to C:\Users'dennis nolanDesktop*JL Marine April

Motor type PMSM

Micro STM3ZF303C

Fole Pairs 5 p

PWM frequency 16000 Hz

Current reading topology Three Shurt ...

Sensor selection main Hall sens -

4 | _>|_I info / Errors / Wamings | Change Log |

PMSM | PMSM FOC SDK v4.2.0




STSPIN System BOM

STSPIN220, STSPIN230, STSPIN240, STSPIN250 — for motor control,
solenoids, valves

Battery-charger ICs — for battery management

LDOs (LD1117, LD3985, LD39050) — for power management

OPAMPs — for current sensing
o STM32XXX

« MEMS & Sensors — for motion and environmental sensing

Lkys
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ST Customer Support

* www.st.com — Datasheets, Application Notes, Design Tips, Reference
Designs, BOM, Gerber Files

* YouTube Tutorial: https://www.youtube.com/watch?v=0cbkP69t8Yc
* On-line technical support
* Discussion Forum

» eNewsletter

* Motor-Control Engineering Specialists covering East Coast, Midwest, and
West Coast

» Dedicated Motor-Control Lab in Schaumburg, lllinois

Lkys
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All You Need to Build a System,

In Just a Few Minutes
1x STM32 Nucleo development board (Nucleo-F401RE)

NUCLEO-F401RE

Motor-driver expansion board (X-Nucleo-IHMxxxXx)
1x USB type A to mini-B USB cable
Motor (stepper, brushed DC, BLDC)

An external DC power supply providing 1.8-10V
1x Laptop/PC with Windows (XP, Win 7, Win 8)

PC with USB cable DC motor, BLDC motor, stepper

> @

Lkys
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You've Learned Today

« ST portfolio of integrated motor control drivers for portable and low voltage
applications

« STSPIN electrical performance — 3x3 QFN package, low Rds
80nA)

 Easy prototyping with STM32 and Nucleo evaluation boards

oy 1OW 1 (<

* Ideas how to improve system performance — Back-EMF detection

« ST portfolio of evaluation boards, tools and customer support

Lkys
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Thanks!



