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Advantages

Disadvantages

Motor Types and Development Trends

(LTI

DC Motor
Brushed DC Motor

Brushed DC Motor (DC Motor) AC Induction Motor (ACIM)

ACIM
AC Induction Motor

Simple driving circuits A. AC induction driving (fixed speed)

BLDC Motor
Brushless DC Motor

Brushless DC Motor (BLDC Motor)

A. A. Higher power conversion efficiency
B. Easy to control speed by adjusting B. Simple instructure, low production costs, B. Easy to meet high speed requirements
voltage Nno maintenance issues C. Low speed & large torque, no noise
D. Torque proportional to current, high linearity
A. Friction between commutator and A. Low power conversion efficiency & higher A. Complex motor structure, higher costs
carbon brush can cause sparks and temp. rise @1KW or less B. Complex driving circuits
longevity problems . B. Louder driving noise C. More types of driving algorithms but need to
B. Winding structure is less prone to C. More types of driving algorithms but need | combine with MCU features
heat dissipation to combine with MCU features

. Loud operation noise
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Global Motor Market Size Keeps Growing 7

B BLDC market size from 2021 to 2025

Billion U.S. dollars o Others
Global Market CAGR Asia-Pacific 8.4%
25 | 2021-2025 37.2% / E S G
N
20 __ Americas 9
25.9% -9
15
P
10 Environmental Social Governance
5
. Europe
28.5%
0 Year
2021 2022 2023 2024 2025
Data source : Grand View Research Data source : IndustryARC
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BLDC Motor Future Development

Motor Modules

° Modular design, small PCB size S .
* MCU integrated gate-driver - . .
e MCU integrated driver % % °
] :
. ) [

FOC / Sensorless loT

* Sensorless design, reduced costs 1 .

e FOC high efficiency D

Li-batteries

Handheld, more convenient
Power / garden tools
Vacuum cleaners

Sweeping robots

Personal care

Internet of Things

Automatic air conditioning,
constant temp. and humidity
Smart home

Smart office
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Holtek BLDC Motor MCU Products
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B Holtek BLDC Motor MCU Vision :

- Committed to provide complete BLDC motor mixed-signal SoC chip solutions
- Focus on BLDC motor applications, providing superior algorithms and services

Holtek
BLDC Motor MCU
T T
9 - g N
&
@ ‘ == O
Fans Personal White & Kitchen Handheld Industrial Electric
Care Appliances Tools Control Vehicles
Bathroom ventilators Floor fans Hair driers Refrigerators Range hoods Power tools Sewing machines Scooters
Sweeping robots Ceiling fans shavers Air conditioners Dishwashers Garden tools Pumps Bicycles

Cooling fans Air purifiers Mini fascial guns Integrated stoves  Washers Vacuum cleaners Logistics sorting
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Performance

®
Arm

Co rtex®-M0+

Holtek
8-bit Core

Holtek BLDC Motor MCU Roadmap

A

®
Arm Cortex -MO+
with LDO, Gate-Driver

Arm Cortex -MO+
. with LDO, Driver

Arm® Cortex®—MO+

HT8 Gen 1 MCU
with LDO, Gate-Drive;:r

HT8 Gen 1 MCU

HT8 Gen 2 MCU
with LDO, Gate-Driver

HT8 Gen 2 MCU
with LDO, Driver

HT8 Gen 2 MCU

2019 2020 2021

2022 Year
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Holtek BLDC Motor MCU Solutions

Rotor position
detection method

Sensorless

®

Holtek | Arm
Hall IC | 8-bit Core a Cortex -MO+

Hall element

Drive
technique

V/F sine-wave Square-wave FOC (vector)
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P/ MCU Integrated Gate-Driver

8@ MCU + LDO + Gate-Driver

Gate-Driver
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Integrated Gate-Driver Features

B Gate-Driver features :
- 5V LDO guly,

600V ) {0

- Bootstrap diode (only N/N) N/N Lo S

- Low sleep current . .

.“ .Q“ .“ ..“

- Protect : 200V N/N W7 w7

* UVLO
. Shoot-through 110V N/N 2023/3 2023/3
« OTP .

- -40°C~105°C 48V N/N / /
36V P/N 2022/12 2022/12
18V P/N /

Holtek Arm’ _
8-bit Core Cortex -MO+
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P/ MCU Integrated Driver

®@ MCU + LDO + Driver

Driver
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Integrated Driver Features

B Driver features :
- 5V LDO Voltage

A

- Charge pump
- Low sleep current
- FG (OD) 32V 2023/4
- Protect :
* UVLO
« OSP
. OTP
15V J
- -40°C~105°C
R Current
(OSP)
1.5A 3.5A
Holtek Holtek Arm® .
8-bit Core 8-bit Core Cortex -MO+
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HT32F65x40 System Block Diagram

B 2-shunt FOC solution

- Phase current synchronous sampling : 1Msps ADCx2 + OPAXx2
- ADC high priority trigger mechanism
- PWM arbitrary cycle trigger

@
DC Power I
1 system ~ HT32F65230/40 Arm® Cortex®-MO+
T Detector .
= ’ TIHL '
- b I e LDO
i l;, I Detect
i 4% L J _
: p—
p— x6 _>_ x6 E E > |='_
/ +> ' +> —
VR Command ' >
MCTM Break MOSFET >
J/ o Gate-Driver MOS Array BLDC Motor
’ UTUT
-1 & | 1, |
0 5 ? Mgl
NTC Max. 60MHz DIV lb s 3
Thermistor ; ’ < 4 ¢ ® |
Hall IC
6-bit DAC Comparator B ¢
- ’ 223
External
Equipment UART IAP
4 <
- OP Amplifier —
X3
L] B OINL B IREE Y -
PWM SCTM PDMA GPTM Temp. -40°C ~ 105°C

HT32F65230/40 Arm® Cortex®-MO+ + LDO + MOS Array
Gate-Driver
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HT32F65x32 System Block Diagram

B 1-shunt FOC solution

- High-speed 2Msps ADC works with asymmetric PWM signals to trigger bus current sampling

DC Power 4 I

SYstem © HT32F55232 Arm® Cortex®-M0+

- Detector
l. Vi g Vo
- >‘/.‘1’:: “ —>J I“—I L LDO
—> _ <
% 12-bit ADC MCTM Break MCTM
e—jé il BEMF
o1 : ; ’ T —
VR C d 11 X _>_ X E I=._
omman ‘\r : ; > e—
A\ ® MOSFET ! >
- 01017 8-bit DAC Comparator Gate-Driver MOS Array \. BLDC Motor
& al ° 4
NTC Max. 60MHz DIV
Thermistor ﬁ System Current
< Hall Element
i\\_@ OP Amplifier
>
External —
Equipment Z
/
X3
42| a—n| )| |
7
PWM SCTM PDMA GPTM Temp. -40°C ~ 105°C X3
LDO
HT32F65232 Arm® Cortex®-MO+ + : + MOS Array
Gate-Driver
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GPTM Assisted Rotor Position Sensor

B GPTM assisted rotor position sensor detection

- Hall XOR, reducing program complexity

GT_CHO —¥

| Interrupt
GT_CH1 —% &

_ Counter
GT_CH2 —%

- Works with SCTM, easy to use the encoder

TI1 rising : Down
TI1 falling : UP

T10 rising : Down
TI0 falling : UP

TIO rising : Up TI1 rising : Up

TI0 falling : Down TI1 falling : Down
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y / Back-EMF Filter Y

B MCU integrated square-wave sensorless filter

- Improved start-up reliability and

Traditional Back-EMF filter enabled

phase change accuracy

- Reduced phase delay of traditional
digital filters PWM Duty
10%
- Reduced PCB layout burden
PWM Duty
50%
PWM Duty
100%
E> SNLS_N " | | ' E> SNLSN
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UL Certifications

m HT32 Series MCU UL 60730-1 Class B B HT32F65x40 Series Motor UL
Software Safety Certification Software Certification

« UL60730 Certificate Number : E365564 - Motor control "UL / IEC 60730-1 Class B” software
safety certification
« UL60730 Certificate Number : UL-US-2019981-0

CERTIFICATE OF COMPLIANCE CERTIFICATE OF COMPLIANCE

Certificate Number ~ E365564 Certificate Number | -US-2019981-0
Report Reference  E365564-20191206 Report Reference  E365564-20210326
Issue Date 2019-DECEMBER-14 Date  9-Apr-2021
Issued to:  Holtek Semiconductor Inc
Issued to: HOLTEK SEMICONDUCTOR INC 3 Creation Rd Il
3 CREATION RD Il SCIENCE PARK,HSINCHU, 300 TAIWAN Science Park Hsinchu
Taiwan 300

This certificate confirms that COMPONENT - Safety-Related Programmable Components and
representative samples of ~ Software for Automatic Electrical Controls

Recognized Component (USR, CNR) - Integrated Protective
Control, Class B Safety Software (Self-Test Software Library -
Safety Control) for use in microcontroller, Model HT32 Series
Self-Test Library

This is to certify that ~ XAAZ2 - Safety-related Programmable Components and
representative samples of  Software for Automatic Electrical Controls - Component

See Addendum Page for Product Designation(s).

Have been investigated by UL in accordance with the
component requirements in the Standard(s) indicated on
this Certificate. UL Recognized components are incomplete
in certain constructional features or restricted in
performance capabilities and are intended for installation in
complete equipment submitted for investigation to UL LLC.

Have been investigated by UL in accordance with the
component requirements in the Standard(s) indicated on
this Certificate. UL Recognized components are incomplete
in certain constructional features or restricted in
performance capabilities and are intended for installation in
complete equipment submitted for investigation to UL LLC.

Standard(s) for Safety: UL 60730-1 - 5th Ed - Issued 3 Aug 2016

Standard(s) for Safety: ~ Annex H.11.12 of ANSI/UL 60730-1- Automatic Electrical

Controls, Part 1: General Requirements Additional Inf S A ; : >
Annex H.11.12 of CSA CAN/CSA E60730-1:15- Automatic itional Information:  See the UL Online Certifications Directory at

https://ig.ulprospector.com for additional information

Electrical Controls, Part 1: General Requirements

Additional Information:  See the UL Online Certifications Directory at

https:/iq.ulprospector.com for additional information. This Certificate of Compliance does not provide authorization to apply the UL Recognized Component Mark.

Only the UL Follow-Up Services Procedure provides authorization to apply the UL Mark.

Only those products bearing the UL Recognized Component Mark should be considered as being UL Certified
This Certificate of Compliance does not provide authorization to apply the UL Recognized Component Mark. Only and covered under UL'’s Follow-Up Services.
the UL Follow-Up Services Procedure provides authorization to apply the UL Mark.

Only those products bearing the UL Recognized Component Mark should be considered as being UL Certified Lagiifor the'LIL. Recaghized ComponentMark on s product:

and covered under UL’s Follow-Up Services.

Look for the UL Recognized Component Mark on the product.

Bruce Mahrenholz, Director Noeth American Certification Program g )‘%
wuc
Bruce Malhvenhoiz, Director North American Cartification Pregram
UL LLC {UL) or any authorized licensos of UL For questions, please

UL Mark services are pr
at g uLwce

¥ and
contact a local UL Customer Service

Any ng UL Mark servioes are provided on behalf of UL LLC (UL) or any authorized Bicenseo of UL For questions. please
contact a tocal UL Customer Sarvice at htpaliv,

Page 1 of 1
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#< High-Efficiency HT32 BLDC Motor Workshop ##

Fla Docunae Language Hslp

BLDC Motor Workshop BLDC Motor
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HT32 BLDC Motor Workshop Features

B Control algorithms : FOC Hall Sensor & FOC Sensorless

B Graphical interface :

- Parameter adjustment
- Real-time control
- Virtual oscilloscope

B Project secondary development

8@ E\VB + Power Boards :

EoKa2aPon A’ 2020.12.25

# HOLTEK]

DC 8V~26V / 2.5A

L] )
ESK32-A5A22
> HUPB_A_VI.1_20220608

N~ HOLTEK

rosfiien] [ICH]Ros

Gooreress O [

NC NCNC AT
OvseBeE "’

NC 6 +5uNnccr ol

i s :

DC 15V~60V / 20A AC 85V~265V / 2.5A

HEE t.a’.&&%é-‘-a.._'
“|n|uuu.'---'

N~ HOLTEK B

H132F65232_BLOC EUB_A_UL.2

N 2021.08.28 .

jo - M s )
@@T Tt
g
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Development Software Introduction

B Two sets of software required :

L[;""”S

-5
|= SR
lgl G i

BLDC Motor Workshop BLDC Motor Monitor Kelil

® Guide the user to fill in motor and e Real-time parameter adjustment and * Program compilation
system parameters step-by-step control * Online emulation

e Generate FOC projects for * Virtual oscilloscope for monitoring e Secondary development
secondary development operation features

* Exporting optimized parameters to
project

e UL/IEC 60730-1 Class B motor control
software safety cerfication compliant
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B Parameter adjustment

HT32 BLDC Motor Workshop

[E5+ HT32F Series BLDC Motor Workshop

File Document Language Help

A %

BB

HT32F65240_FOC EVB Motor control algorithm

FOC Hall system block & overview

» MCU usage: HT32F65240

HT32 BLDC
Motor Workshop.exe

1. ROM 18.2KB

2.RAM 1.7KB ot o0
3. CPU usage rate 35.6% CACY o

(Based on 9k FOC rate) HE CSswion
TIOMED
BAKS.

Y o o e —
{ A O T Y [

SEERRE

b
T

» MCU has used the fol
lowing IP
(users do not use it)
1. MCTM
2.GPTM

3.BFTM 0C bus

4.DV =

5. ADC x 2(High priority) [ mes
FOC 6.CMPx 3

Sensorless 7.0PAX2

» For Debug between
BLDC Motor Monitor

ge) (8

and EVB:

1. USART

A A

&

2. PDMA

J

& )

HOLTEK #2

- 0 % IES+ HT32F Series BLDC Motor Workshop - C:\Users\steven.ho\Documents\Motor_Project\TEST\TEST.pjmew ~ £2 %
File Document Language Help File Document Language Help
Recent Project = ;": v ==
=l H g d =
FileName MCcU Version Controlboard Powerboard Motor 'é;;"" :\. »&C;i' </> Q’ E’Nl&
Motor Parameters
Load Project
® Motor Rated Speed: RPM
® Pole Pairs:|:|
® DC\VoltageRated:[2¢0 | v
Example Project @ @
FileName Mcu Version Controlboard Powerboard Motor ® RS: Q
Hall Sensor ® L55 mH
Parameters
@ HOLTEK ##2 @ HOLTEK 7%
l%h HT32F Series BLDC Motor Workshop - C:\Users\steven.ho\Documents\Motor_Project\TEST\TEST.pjmcw 2 = l%h HT32F Series BLDC Motor Workshop - C:\Users\steven.ho\Documents\Motor_Project\TEST\TEST.pjmcw L ~ B

File Document Language Help

.l. o
Cf <> 3
DC Power Board Hardware setting

Inverter

A

i

Gate driver
signal polarity:

DC Bus Voltage

sensing High side

tigh v

DC Bus Voltage input
range: ﬂ i %

e
Max. v De
Power
win (50 v

—
l
[ =1
[ s} ||

—

Max.Voltac Low side <

P | p \'3 |

$r[00 1 |
R_Phase_E@ R_Phase_C

[61 Jogfor | 01 Q

J
@ HOLTEK ##
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HT32 BLDC Motor Monitor

B Real-time control

B Real-time monitoring of motor operation features and system status :

- Wired transmission (USB - UART), high resolution up to 2Mbps
- Wireless transmission (Bluetooth - UART), speed reduced to 115Kbps

- "/ N
:*3;0: BLDC Motor Monitor "1 Scope
(o O oo I:iI;‘krDocument Language Help 5 + Q@ 7 @ HOLTEK#
+
COM PORT: 100.0—
|comas z) ' Hall Sensors )

o) (o)

g . s . - = DC Link Voltage ¢ 5 . g 55 5 P
o) Baud-rate: Commutation Compensation weight:[10 g 0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500 6000 6500 7000 7500 8000 8500 9000

[200000¢ | ' V -

Average Speed Filter weight:| 100.0

HT32 BLDC Connect ) i

. 0.0—
Motor Monitor.exe . O
Disconnect l i Sensorless Mode J DC Link Current 0.00

PAE 0.000 XN Heatsink Temperature 0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500 6000 6500 7000 7500 8000 8500 9000
Start-up 1jF Ramp |
Status: ’ ' \
Sliding Mode Controller- Kslide:| 100.0 % } \ / \ / -
Motor operation

4 \
A Sliding Mode Controller- Max Error:| 100.0 % \ \
@ Receive Failed . . RUN I STOP Status: . ' \3(.50}/.7986 Y_-O,Q?QB
—_— Back-EMF Filter weight: % N7 \./
@ Transmit Failed o =
Average Speed Filter weight:% .
Complete Synchronization Hall error @
1 IPD Mode Enable | IF Mode Enable = _
_ Lock Rotor [@]
v Enable Adaptive FiIter—Offset:% ) Over Voltage @
FSMOPOS: | 505 | [s097 |Decimal value @ Under Voltage v]
— i _ Over Current ¥
GSMOPOS:| 1 1°5¢ | [11650 |Decimal value . = $X:501.7986 Y:26.0596

_) Over Heating Il

J 0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500 6000

Sensorless Speed Error ] = e = et
e IS T T -1 CH1 95,9930 A CH2 95.642 P > .
gt Setting PhaseAnde | Over Speed | | La»ogt. - Time scale
Compensation = Speed Reference(rpm) v Speed Feedback{rpm) - O | Merge window J 1s ~ 960 10
Under Speed i . .
/ | @ ) . Time range 055§ P Y W PRIRY g w1y
- ~ (4 cH3 | -0.0293 4 CH4 | 26.0596 | ® Independent windows J [E‘ 950 4 ‘. 4 [ vilhet. By
HOLTEK ¢ B AR R S L 0 1000 2000 3000 4000 5000 6000 7000 000 9000
%, -’ %, 7
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#< Remote Adjustment 7

B Remote adjustment can be achieved basing on the real-time monitoring function of the
Workshop, with the following advantages :

- No need to set up the same site or equipment as the customer

- Saving commuting time J @gg \

. . > -
- Improved the real-time performance of services

Video

Video Remote desktop Remote desktop
_eee] _eee]
o 1 s
OO0 @0OO0o O O
Holtek 0 000 000 —r'ﬂ— =SS Client
- . o

[ High-Efficiency BLDC Motor Control HT32 MCU Solutions | 24



y/ FOC Control Algorithms

® Other advanced algorithms are Speed control Hall sensor

under development

Motor | Constant
Identification @ Ppower/Current

R
% 4
K 9
4

Flux Auto CAL Over
Weakening PID Gain Modulation

IRCULTL LA SO (OB Conn sy Adaptive @ Decouple @ S
A Alignment Compensation

2-shunt FOC

m

On-fly/Off-fly DC Bus voltage Deadband
Start-up Compensation @ Compensation

SMO Flux Linkage
Observer Observer
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Holtek BLDC Motor
Advantageous Techniques




y/ Hall Sensor Compensation Strategy

B Uneven placement of hall sensors is prone to vibrations and noise

- Sensor placement  sensorB - Magnet charging
120° ~

Sensor A |

Sensor B
Sensor A :

0° -
Sensor C

Sensor XOR T

Theta 0

- Without hall sensor compensation - With hall sensor compensation

360 9 360 _9

MW VW
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Initial Position Detection

B Initial Position Detection (IPD) :

- Holtek patented technique

- Based on the FOC architecture, no additional programs are required
* No additional OPA-related circuits and current sampling resistors are required

; |§ 120° 60° ./_’ |§

vd Va
Id Ref. »O - PID > >

Id Fdb AI Ref.= 0 \Y4 LA \Y4
- [taRet=0 PID i, N

T 3
/\ 1q Fdb. IPD Theta
' (0, 60, 120, 180, 240, 300) |
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y/ Linear Connection Technique

B Linear connection :

- FOC Sensorless operation is divided into three stages :

* (1) Open-loop control; (2) connection; (3) closed-loop
- When switching from open-loop to closed-loop, adding a linear connection can reduce the vibration and noise generated by

the torque pulse caused by sudden angle changes

— SMO estimated angle
------- (Sensorless angle estimation )

Open-loop controlled angle

With linear connection

------- Without linear connection

Open-loop Y Linear v Closed-loop
control connection

[ High-Efficiency BLDC Motor Control HT32 MCU Solutions | 29
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Automatic Current PID Gain

B Current loop PID parameter optimization :

- The theoretical value of the PID parameter of the current loop is calculated

from the motor and control parameters
-®
- Greatly reduces the number of try-and-error times and improves efficiency ——
- The current loop operates stably reducing the torque ripples —
Current
A
= Bl - » Time

il

Ig Reference value
Ig Feedback value
Id Reference value

Id Feedback value

High-Efficiency BLDC Motor Control HT32 MCU Solutions
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Adaptive Positioning

B Reduce the mechanism and blade vibrations

B Reduce start-up failure rate

- Traditional « Close to start-up angle (positioning time : 1 second) - Large offset from start-up angle (positioning time : 1 second)
fixed-time 1® .o 0@ -2.200ms -800.0mA 1@ .o 0@ -2.200ms -800.0mA
[ R R SR SRS SRS Ao, SRees I | O® 997.8ms -800.0mA |, RSN SRR RE RO RN R R RO RO APRRS | O® 997.8ms -800.0mA |,

pOSitioning 1 A 1.000s A 0000A ¥ A 1.000s A 0000A

- Adaptive « Close to start-up angle (positioning time : 0.18 second) e« Large offset from start-up angle (positioning time : 0.56 second)
.y n . T a b T 7 .l:: .8ms -796.0m
pOSItIOﬂIng A | 1 g: igggzz ;gggm} ................................... i ‘ g: ;zé:ms ;gggmﬁ
A182.0ms A 4.000A il 4 A55.ms A4‘.QOOA

LW ! | | { i } } I | \ \ i } = i | | 4 { } ! | | W \ i i | \ 4
! ! I L ! ! ! ! ! ! ! ! LI . AN I N R A " R R E D (I D R I 0 B R

[PPSR I A S N S S S
T I L L L L L
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Adaptive Start-Up

B Optimized load adaptivity

up

ing force can be flexibly adjusted

B 100% success rate of start-

to implement smooth start-up

B The start

Adaptive start-up

high current start-up to avoid failure

Traditional

32

IoONs

BLDC Motor Control HT32 MCU Solut

iciency

High-Eff
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Flux Weakening Control

B Use flux weakening to increase the rated motor speed,

achieving a wider speed adjustment range

B Pay attention to high temperature to avoid demagnetization

during short-time operations

B Products : electric vehicles, compressors, washers, etc.

Vs (max) 2\/vd2 — vQq2

Constant Torque

Constant Power

A

Id = PID (Vs (max) —\/de —vQg2?)

|
|
> <
|
|
Torque |
|

\

Flux Weakening Area

Increase the maximum speed of motor by 196.3 %

SVPWM_a

Ia B P o

r
(Max Speed : 2700 r/min)

|. e ° 0@ 2326tz

O. 7.143 kHz

A 225.2 Hz

310.0 mA
-280.0 mA

A590.0 mA

Without flux weakening control

(Max Speed : 8000 r/min)

SVPWM_a

Iapy {

la ®
: : O . 628.9 Hz -2.440 A

/\ 666.7 Hz A\5.000 A

..........................................................................................

@ 3236H 2.560 A ]

A QF,

& Fig =) &K REERE
1.16V 1.55 1.55 1.55 0.00

With flux weakening control

Speed (w)
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Over Modulation Technique

B Increase DC voltage utilization to increase motor speed

Over
modulation zone

B Smooth over modulation zone entry / exit mechanisms

100 R e | g2

80
60

40 - Linear zone — Over modulation zone — Linear zone

20

0 o Soom sy -

I I I I I

138750 138800 138850 138900 138950

" Y Linear
zone

100 -
100 — ‘E !‘ | K 80 —
r 60 | '
]
60 - i

L 4
\ L 4
L 4
0
0
0
0
i i ! ‘
! it ! | |
. ‘ | | . ‘ 100
3 [ i i | f ﬂl f !
3 4 ‘ ‘ ‘ )
20 —
b 5 \ ) 1 | 80 —
0o — N p o
40 — 3 | I Bl I I I I I I I I I | |
80000 90000 100000 110000 120000 20000 30000 40000 50000 60000 70000 80000 90000 60 —
20 — 3 P 4

ABDBe

E 70000
! i
} 40 - E
J
0 b u Lu-g 1 p
20
I I I 1 1 —_— ; | i
98400 98450 98500 98550 98600 98650 800 —
ot d L e u
I I I I I I I I I
600 MOtor Speed 28280 28300 28320 28340 28360 28380 28400 28420 28440
70
400
60 200
I I I I I I I I I I I I I I 80
70000 80000 90000 100000 110000 120000 20000 30000 40000 50000 60000 70000 80000 90000
50 3 70 —
5000 — - 60 —
40 - 4000 — _
3000 — 50 +
2000 -
30 Over modulation rate 40 -
1 —
0 — 30 -
20 I I I I I I I I I I I I I I
I I I I I I I I 70000 80000 90000 100000 110000 120000 20000 30000 40000 50000 60000 70000 80000 90000 ] ] ] I I I ]
74600 74700 74800 74900 75100 75200 75300 75400 84900 85000 85100 85200 85300 85400 85500
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B Based on FOC loop, square-wave for start-up, sine-wave for running

B Smooth switching between square-wave and sine-wave

B [nstantaneous large torque for start-up

B Products : electric vehicles

SVPWM_a
~ ¥
Ia "o (B S VU . S PO N W T S - SRR W Y SRR O T S S—
f

Square-Wave / Sine-Wave Switching

SVPWM_a

Ia

................................................................................................................................................................................................................
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y / High-Speed FOC

B Max. 150,000RPM @2poles

® Products : hair dryers / vacuum cleaners / blowers

| | > 1 7825Hz @ 9.800A
............................................ ﬂw O 1139 kHz . -10.80 A
2.5‘@"{2. I - A2500kHz  A20.60A |
° |
HVGS i e e B oS
b
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Deadband Compensation Strategy

B Deadband effect results in serious current distortion in low-speed conditions

- Low-voltage P/N gate-driver has a small driving force

- high-voltage IGBT element has a longer close time period

B Improve current waveform distortion and harmonic wave problems

Ia

Without deadband compensation With deadband compensation

.........................................................................................................................................................................................................................................................................................................................................................................
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A

y/ Voltage Compensation Strategy

B Drive control intervention in the on-fly / off-fly processes will generate current surges

B Increase current control response, improve the high start-up current problems
during operations

B Products : large load intertia, high-speed start / stop

Without voltage compensation With voltage compensation

.....................................................................................................................................................................

Ia Ia

% K. Ay y 3
a & f ) , y a f \ / )
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#< DC Bus Voltage Ripple Compensation 7

B PCBA space limitation allows for small capacitance value, resulting in vibrations and
noise due to torque ripple

B Reduce current ripple according to DC bus voltage fluctuation, improve vibration and
noise problems, reduce the maximum current value

Without DC Bus Voltage Ripple Compensation With DC Bus Voltage Ripple Compensation
Motor phase current ripple : 600mA Motor phase current ripple : 300mA

.........................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................
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A

y /

Motor Controller UL Software Certification

B Holtek Motor Controller UL / IEC 60730-1 Class B Software Safety Certification :

- Holtek will provide the UL60730 factory inspection - MCU Self-Check - Over-Current Protection
platform to customers to perform UL60730 - Over-Temperature Protection - Over-Speed Protection

information verification on the BLDC controller mass . Ceiling fan products need to meet the above four protection

production functions

« UL60730 Certificate Number : UL-US-2019981-0
MCU Self-Check

CERTIFICATE OF COMPLIANCE

Certificate Number  |J| -US-2019981-0
Report Reference  E£365564-20210326
Date  9-Apr-2021

Issuedto:  Holtek Semiconductor Inc

3 Creation Rd Il
Science Park Hsinchu
Taiwan 300

that XAAZ2 - Safety-related Programmable Components and
les of  Software for Automatic Electrical Controls - Component

See Addendum Page for Product Designation(s).

Have been investigated by UL in accordance with the
component requirements in the Standard(s) indicated on
this Certificate. UL Recognized components are incomplete
in certain constructional features or restricted in
performance capabilities and are intended for installation in
complete equipment submitted for investigation to UL LLC.

ard(s) for S : UL 60730-1 - 5th Ed - Issued 3 Aug 2016

I Information:  See the UL Online Certifications Directory at

https://iq.ulprospector.com for additional information O ver-lem p erature O ver- S p ee d
I es not provllde authorization to apply the UL RG?)QZIZ?d Com.ponent Mark. P rote Ct i O n P rote Ct i O n

ollow-Up Services Procedure provides authorization to apply the UL Mark
Only
and covered er UL's Follow-Up Services.
Look for the UL Recognized Component Mark on the product.
Over-Current
By @ Protection
:u;:;mho-wm derves e UL LLE (L) or any of UL For questions, plansa
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Motor Parameter Automatic Identification Y/

y/

B FOC operation-required motor parameters

- SMO F and G parameters LCR

- Current loop PID gain meter

Manually measure

using an LCR meter

- Voltage compensation
- MTPA

V W
@ Obtain motor parameters within several seconds, saving the time period of manual
measurement

- Automatic measurement environment

BLDC Motor Workshop EV Board Power Board BLDC Motor
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Holtek BLDC Motor
Solution Features




y / BLDC Ceiling Fan

B MCU type : HT32F65240

- Household use : 30W~40W @70 inches or less
- Industrial use : 100W @100 inches or more

@ Solution features :

- FOC Sensorless speed control
- Forward / backward rotation switching

Tuwr b
- On-fly / off-fly start-up P TmT — g !
- IPD (motor initial position detection) ™ ‘
DC/DC
- Protection : over-voltage, low-voltage, over-current, BTk —P—E ;
_._
locked-motor, over-speed, under-speed ? - D ,Pjg o %}
- Software UL60730 (optional) e —
| VoIt.Sense® Cortex®-M0+
- RF remote decoding

- Buzzer

- LED lighting / color temperature adjustment 2> _ :’/://
(TRIAC or PWM) (hOUSEhOld USE) BM2302-64-1 LED Driver LED Array
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y / BLDC Hair Dryer

B MCU type : HT32F65232

- AC 110V or 220V @100W

B Solution features :

- 1-shunt FOC Sensorless torque / speed control
- Speed : 130,000RPM @2poles > T

HV

i -- P Board
- Advanced start-up : quick and smooth start-up Rt tsv ower Boar
| | Vg
at full voltage range without noise ocioc ‘
- DC bus voltage ripple compensation L PWM 15@5 =1
- Constant power control | E a-a (D) e BLOC Motor
5.0V LDO @ Curren t Sense
- Cleaning filter during backward rotation %
- Air outlet blocked protection avoids motor and ;@C Cortex™-MO+ @ =
drive board over-temperature e HT32F65232
- Protection : over-voltage, low-voltage, D\'-T/C’H —— \%\
Zero Cross Heater
over-current, over-speed, under-speed beted
. - O,
- Heating coil temperature control - — O

Tact Switches Indicators

[ High-Efficiency BLDC Motor Control HT32 MCU Solutions [ a4



BLDC Floor Fan

B MCU type : HT32F65240

B Solution feature : master control +
motor driving, two-in-one

- 2-shunt FOC Sensorless, good silence effect

- Flux linkage observer

- Deadband compensation strategy v v
O 4 g
- On-fly / off-fly start-up M \ PN Q &
- Advanced start-up : quick, smooth and no noise — | ek & wotorover Vitor
- Protection : over-voltage, low-voltage, (—— — P S — ]

Pre-Drive Array BLDC Motor

over-current, over-speed, under-speed

-
. = . C t ®'M0 urrent Sense
- WiFi control (UART interface) ortex M0+ _(£) curen |
R plEZiFEErl Voltage Sense
- Oscillating control \7( I
. . IR LED RX O.
- Human machine interface (keys) , NHO-
B O/
RETTC—— Indicators
2
y g
Tact Switch Buzzer i _
\-—’
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y / BLDC Handheld Vacuum Cleaner

B MCU type : HT32F65532G

- Integrated 48V N/N Gate-Driver + LDO

B Solution features : 3S li-batteries

- 1-shunt FOC Sensorless torque control

- PWM frequency up to 25kHz, reducing torque ripple 3511
- Speed : 100,000RPM @2poles !
- Advanced start-up : quick, smooth and no noise @
- Air outlet blocked protection avoids motor and drive — - EEE |§F

board over-temperature (L) mosamay DC Motor
- Protection : over-voltage, low-voltage, over-current, @ Cortex -MO+ - 4%

over-speed, under-speed L NTC T @ =

6 or 7S
/-/\ % o li-batteries

N
Speed

Controller Indicators
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y /

BLDC Electric Scooter

B MCU type : HT32F65232

- DC 36V / 350W

@ Solution features :

- 1-shunt FOC Hall torque control

- Hall even compensation

- Voltage compensation

- Hall lose detection

- Electric brake

1 s P _ Ee2

- Over modulation technique vort. sense @) e m
. ) Pre-Drive Array BLDC Motor
- Protection : over-voltage, low-voltage, over-current,
m I UART Cortex®-MO+ @Current Sense w
over-speed, under-speed, locked-rotor e — Hall Sensor
. P Hoddie HT32F65232
- Meter display - UART @ @) vt sers I
Brake Control
- Throttle control — UART or AD d Mocs
—
- Light signal control, brake signal and pedal (strain) " odule & O
sensing detection L. st
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BLDC Range Hood

B MCU type : HT32F65232

- AC 85~265V (PFC increases voltage to DC 400V) / 300W

@ Solution features :

- 1-shunt FOC Sensorless speed control

- Voltage compensation

- Constant power control

- Constant air flow control

- Adaptive positioning

- Protect : over-voltage, low-voltage,
over-current, over-speed, under-speed,

locked-rotor
- Master control communication : UART

; ! e
m. v\\\

il

oo

A2

VB9 3%

T Linear DC/DC
Regulator Buck Rectifier

1L
J=—J
__J [
Air Quality ‘P‘E— E—
S > ]
ensor . - E E'.
IPM DC Motor
UART
[
BSxx 15V é__
S HT32F65232 Buzzer ﬁ) -
Wi-Fi Module | =
_’ A
. [ :g
Darlington
Array Relay
@. 0. »- V&
Indicators

Touch Keys

Light Board (master control + HMI)

LED Driver LED Array

Power Board ( BLDC control included)
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y /

BLDC Electric Impact Wrench

B MCU type : HT32F65532G

- Integrated 48V N/N Gate-Driver + LDO
- 35S to 55 li-battery voltage

B Solution features :

- Square-wave Sensorless control
- Specific back-EMF filter

35~55-Li

@
- Backward self-stop 2 T
- Constant power control |
- IPD (motor initial position detection) = — EEE E}
. . MOS Array C Motor
- Battery module communication ;@c — @ o
Thermistor Cortex®-MO+
- Protect : over-voltage, low-voltage, over-current,
. HT32F65532G
over-speed, under-speed, locked-rotor /7\ S— L =
Speed BEMF Detect
Controll
O,

Tact Switches Indicators
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Holtek BLDC Motor MCU Advantages

()
e

- 5
_R Local Technical

s Stable Support Services
' ' Development Tools
k Delivery Time

Low Cost High Integration n

HT32 / HTS8

Complete Product

Specifications Motor Workshop

HOLTEK
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HoLTEK#

Holtek Semiconductor Inc. Shartng Success Through Excellence
Holtek Semiconductor Inc. (Headquarters) Holtek Semiconductor (USA), Inc.
No.3, Creation Rd. II, Science park, Hsinchu 300, Taiwan (North America Sales Office)
Tel : 886-3-5631999 19 Hammond, Suite 513, Irvine, CA 92618
Fax : 886-3-5631189 Tel : 1-949-273-8988
Holtek Official
Holtek Semiconductor Inc. (Taipei Sales Office) Holtek Semiconductor (China) Inc. Website
4F-2, No. 3-2, YuanQu St., Nankang Software Park, Building No. 10, Xinzhu Court, (No. 1 Headquarters),
Taipei 115, Taiwan 4 Xinzhu Road, Songshan Lake, Dongguan, China 523808
Tel : 886-2-2655-7070 Tel : 86-769-2626-1300
Fax : 886-2-2655-7373 Fax : 86-769-2626-1311
Fax : 886-2-2655-7383 (International sales hotline) Fax : 86-769-2626-1322 (Sales Office)
Holtek Semiconductor (India) Pvt.Ltd. Best Modules
Online Shop
Suit no 1004, 29/30 MG road, Prestige Meridian 1,
Bengaluru, Karnataka, India 560001
Tel : 91-80-4372-9269
51
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https://www.holtek.com/home
https://www.bestmodulescorp.com/

THANK YOU



