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电机的定义和作用



Motor Classification

Asynchronous

Induction motor

Electric Motors

AC

PMSM BLDC Stepper Reluctance

DC

Brushed motor

Synchronous

豆浆机 扫地机器人 电子
锁

智能断路器 按摩椅、电动沙发

手持吸尘器 电动自行车 电动工具 风扇 打印机 安防 投影仪

电机分类及主要应用
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几种常用电机的对比



有刷电机及分类



有刷电机- 左手定则和转矩系数



有刷电机- 右手定则和反电势系数



有刷电机 – 基本公式



有刷电机 – 运动方程



有刷电机 – 启动和堵转
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What is the armature voltage equation when the 

motor blocks? 

=0 0E 

When the motor is blocked, the current is 

very large.

The motor and driver will break down.

If U=12V, R=1Ω, I=12A

What is the current curve and speed curve 

when the motor has been starting? 

Mechanical equation:

How to reduce the spike of current?
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the electrical and electro-mechanical time-constant: 

t

Current/Speed

No current limit

e m

Current/Speed

63.2%



有刷电机 – 软启和电流限制

Used for Blocking and starting.
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t

Current/Speed

No current limit

t

Current/Speed

With current limit Speed Choosing the value of limited current 

needs to weigh the response and life 

of the motor.



有刷电机 – 刹车模式

Energy consumption)

Methods: Disable the high side energizing FET 

and then enable the opposite low side FET
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有刷电机 – 刹车模式

 Reverse braking

Methods: Disable the energizing FETs and then enable the 

opposite FETs

Benefit: Fast response

Drawback: Big energy shocks
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有刷电机 – 速度控制



MPS 有刷电机产品

Single H-

Bridge

DC Brush 

Motors,

Relays

nx ½-H-

Bridge

DC Brush 

Motors, 

Solenoids, 

Relays

Single H-

Bridge Pre-

Drivers

DC Brush 

Motors

MP6550
Dual ½-H-Bridge Driver

1.8-22V, 2A

QFN-12 (2x2)

MP6513
H-Bridge DC Motor 

Driver

2.5 - 21V, 0.8A

TSOT23-6

MP6522
H-Bridge DC Motor 

Driver

5.4 – 35V, 3.2A

QFN-24 5x5

MP6515
H-Bridge DC Motor 

Driver

5.4 – 35V, 2.8A

QFN20 (3x4)/TSSOP16

MP6519
H-Bridge  Current

Regulator

2.5 – 28V, 5A

QFN-19 (3x3)

MP6615
H-Bridge DC Motor 

Driver

4.75 – 45V, 12A

QFN-26 (6x6)

MP6528
H-Bridge DC Motor Pre-

Driver

5 – 60V 

QFN-28 (4x4)

1.2A 3A 5A >10A Current

MP6619
H-Bridge  Motor

Driver

2.5 – 32V, 5A

QFN-19 (3x3)

MP6610/MP6610A
½-H-Bridge Driver, with 

Current Sense

4 - 55V, 3A

TSOT23-8/SOIC8

MP6612/MP661D
H-Bridge DC Motor 

Driver

4 – 45V, 5A

TSSOP-20 EP

Released New Released

MP6527
10x ½-H-Bridge Driver

Serial Interface

5.5 - 40V, 0.8A

TSSOP-28



MP6515/16/22 – 24V/50W 解决方案

Applications

FEATURES

• Wide 8V to 35V Input Voltage Range

• 2.8A Maximum Output Current

• Internal Full H-Bridge Driver

• Cycle-by-cycle Current Limit

• No Control Power Supply Required

• Simple, Versatile Logic Interfaces

• 3.3 and 5 V Compatible Logic Supply

• Overcurrent Protection

• Overvoltage Protection

• Shutdown

• Undervoltage Lockout

• Fault Indication Output

• Thermally Enhanced TSSOP Package

• Coffee Machines

• Printers

• Currency Handling Equipment

• Solenoid Drivers

VCP

VIN

OUT1

OUT2ISET

PHASE

ENBL

BRAKE

BMODE

VIN

MP6515

GND

DCM

µC

VIN

nFAULT

CPA

CPBnSLEEP

VISEN

Current sampling

Current comparator
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MP6513/13L/6550 12V/20W解决方案

Applications

FEATURES

•Internal Dual ½-H-Bridge Driver

•1.8V – 22V Supply Voltage Range

•2A Continuous Output Current (3A Peak)

•Integrated LDO Voltage Regulator(50mA)

•MOSFET On-Resistance: 100mohm / FET

•Robotics

•Toys

•Cameras

•Medical Devices

QFN12 2x2

1 10

74

12

65

11

2

3 8

9VIN

OUT1

OUT2

GND

ISET

VISEN

IN2IN1

nSLEEP_HB

nSLEEP_LDOV5OUT

nFAULT

VIN

VIN 

(1.8V-22V)

MP6550
IN1

IN2

CIN

OUT2

GND

OUT1

M

DC 

Motor

C
o

n
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VISEN
ISET

nSLEEP_HB

nSLEEP_LDO V5OUT
5V out



MP6612/MP6612D –24V/120W 解决方案

Applications

• DC Motors

• Solenoid/Valve Drivers

FEATURES

• Constant-current H-bridge Driver

• MP6612: Wide 4V to 45V

• MP6612: 5A continuous (12A peak)

• Cycle-by-cycle Current Regulation / Limit 

• 65mΩ Rdson for Each FET of H-Bridge

• 1μA Shutdown Mode

TSSOP-20



步进电机（两相）-结构及分类

 Motor Structure

Stator windings

rotor

Stator 

windings
Rotor

 Classification

VR

PM

Hybrid



步进电机（两相）- 驱动及控制

Stepper 

motor

Motor 

driver

controller
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Stepper 

motor

Motor 

driver

controller
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Current 

sensing



步进电机（两相）- 细分控制

Electrical stepping positionThe following are the most common drive modes:

 Wave Drive(1 phase on)

Only one winding is energized at any given time

 Full Step Drive(2 phases on)

Energizing two phases at any given time

 Half Step Drive(1 & 2 phases on)

Combines both wave and full step modes

 Microstepping(Continuously varying motor currents)

Winding current continuously varies to be able to break up one full 
step into many smaller discrete steps

Stepping Mode Sequence
Electrical Stepping 

Position

Wave Drive A → B → A → B 8 → 2 → 4→ 6

Full Step Drive AB→ AB → AB → AB 1 → 3 → 5→ 7

Half Step Drive AB→ B→ AB → A → AB → B → AB →A
1 → 2 → 3→ 4 → 5 

→ 6 → 7→ 8



MPS 两相步进电机产品

MP6601
Dual H-Bridge with 

Internal Current Sense

4.5 - 35V, 2.5A

QFN-24 (5x5)

TSSOP-28 EP

MP6508
Dual H-Bridge 

2.7 – 18V, 1.2A

TSSOP16 EP

QFN-16 (4x4)

MP6600
Stepper Driver / 

Indexer, Internal 

Current Sense

4.5 - 35V, 1.5A

QFN-24 (4x4)

MP6501A
Stepper Driver / Indexer

8 - 35V, 2.5A

TSSOP28 EP

＜1A 2A 2.5A >=3A

Dual H-

Bridge

Stepper and 

DC Brush 

Motors

Stepper Motor 

Drivers

Stepper Motors 

with Index 

Control

MP6507
Dual H-Bridge 

2.7 – 15V, 700mA

TSSOP16 EP

QFN-16(3x3) QFN-

16(4x4)

Current

MP6500A
Stepper Driver / 

Indexer, Internal 

Current Sense

4.5 - 35V, 2.5A

TSSOP-28EP

Released New Released

MP6604A
4.5-45V, 2.5A; Steeper 

Driver, separate IN and 

EN pins,TSSOP28 EP 

& QFN28-4x5



MPS 两相步进电机产品总览MP6507双H桥产品及应用

Applications

FEATURES

•Two Internal Full-Bridge Drivers

•2.7V - 15V Supply Voltage Range

•Output Current:

•MP6506 – 500mA

•MP6507 – 700mA

•MP6508 – 1.5A

•Internal Gate Drive Charge Pump

•Low Quiescent Current: 1mA

•Low Sleep Current:  1μA

•Sink and Source Over-Current Protection

•Thermal Shutdown and Under-Voltage Lockout Protection

•Over-Temperature Output Flag

•Thermally-Enhanced QFN &TSSOP Packages

•Bipolar Stepper Motors

•DC Brush Motors

•Thermal Printers

•POS Terminals

•Cameras

`
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MPS 两相步进电机产品总览MP6500A步进开环及半闭环应用

Applications

FEATURES

•Dual Internal Full Bridge Driver

•4.5V - 35V Supply Voltage Range

•2.5A Output Current (MP6500, TSSOP & 5mm x 

5mm QFN) (MP6500A TSSOP)

•1.5A Output Current (MP6600 , 4mm x 4mm QFN)

•Internal Current Sensing and Regulation

•Indexer supports up to 1/8-step

•Low On Resistance (HS:170mΩ;LS:150mΩ)

•Automatic Current Decay

•Low Power sleep mode

•General bipolar stepper motor drives

•Printers

•Industrial control

•Automated machinery

•Vending machines
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MPS 两相步进电机产品总览永磁直流无刷电机

Brushless motor is a motor with permanent-magnet rotor and a wound stator



MPS 两相步进电机产品总览永磁直流无刷电机 – 结构

 定子 永磁转子 传感器定子 传感器转子 

Inner rotor motor Outer rotor motor burshless motor linear motor



MPS 两相步进电机产品总览永磁直流无刷电机：BLDC VS. PMSM

BLDC：无刷直流电机（Brushless Direct Current）
PMSM：永磁同步电动机（Permanent-Magnet Synchronous Motor）

Back EMF of BLDC Motor Back EMF of PMSM

Both (typically) have permanent-magnet rotor and a wound stator, but BLDC is a PM brushless 
motor with trapezoidal back EMF and PMSM is a PM brushless  motor with sinusoidal back EMF.



MPS 两相步进电机产品总览永磁直流无刷电机：BLDC VS. PMSM

Magnet shape

Winding type

Q= Z/2mP

y= Z/2P



MPS 两相步进电机产品总览永磁直流无刷电机控制拓扑： BLDC VS.PMSM

Motor

Position sensor

Motor driver



MPS 两相步进电机产品总览永磁直流无刷电机反馈：BLDC VS. PMSM

 3 Hall sensor 

 Incremental encoder or absolute encoder



MPS 两相步进电机产品总览永磁直流无刷电机控制：BLDC VS. PMSM

 BLDC

 PMSM 速度环

PI控制

Q轴电流环

PI控制 PARK

逆变换
D轴电流环

PI控制

Svpwm

模块
VSI

DCV

CLARK

变换

PARK

变换

SPMSM

驱动

模块

转子信息

相电流采样

速度位置

传感器

ai

bi

i

i

di

qi*

di

*

qi

r

*

r

du

qu u

u

e

速度控制器 电流控制器 PWM控制

位置检测

逆
变

器
BLDCM

电流检测

转速计算

Un
*

Ui
*

Ufn

Ufi

-

-
速度给定



BLDC solution

Square drive

with Hall

General speed 

control

Sine drive 

with Hall

Speed control 

(quiet ) 

MP6631
3-Phase BLDC Fan 

Driver with Hall effect  

sensor; 35V, 4A Peak; 

FCQFN26 3x4

MA302/102
Switched Hall

SVPWM/FOC

Speed control

Position control

MA302/102
Switched Hall

MP6543HB
3-Phase Power Stage

Hall logic

3- 22V, 2A (DC)

QFN-24(3x4)

MA302/102
Switched Hall

MCU(sine wave)

MP6543H
3-Phase Power Stage

3- 22V, 2A (DC)

QFN-24(3x4)

MP6570
BLDC FOC Controller 

with Angular Sensor

QFN-32 (4x4)

MP6543H
3-Phase Power Stage

3- 22V, 2A (DC)

QFN-24(3x4)

MP6532
3-Phase Pre-Driver 

Hall logic5 - 60V

QFN-28 (4x4)

TSSOP-28 EP

MA302/102
Switched Hall

MP6538
3-Phase Pre-Drivers

Hall logic

8 - 100V

QFN-28 (4x5)

TSSOP-28 EP

MA302/102
Switched Hall

MP6570
BLDC FOC Controller 

with Angular Sensor

QFN-32 (4x4)

MP6540H/6540HA
3-Phase Power Stage,

5.5 – 50V, 5A,

QFN-26 (5x5)

MP6710
Controller of 

MP6570

optional
MP6570

BLDC FOC Controller 

with Angular Sensor

QFN-32 (4x4)

MP6530
3-Phase Pre-Driver 

5 - 60V

QFN-28 (4x4)

TSSOP-28 EP

MP6710
Controller of 

MP6570

optional

MP6570
BLDC FOC Controller 

with Angular Sensor

QFN-32 (4x4)

MP6537/6539
3-Phase Pre-Drivers

Current Sense Amp

8 - 100V

QFN-28 (4x5)

TSSOP-28 EP

MP6710
Controller of 

MP6570

optional

12V/20W max 24V/75W max 36V/400W max 48V/750W max



MP6570 一体化电机集成方案

• 3.3V Typical Vcc

• 13-14bit Resolution Angle Sensor

• FOC Control 

• Position/Speed/Torque Mode 

• I2C/SPI/RS485 Interface

• PWM/Clock Input Mode

• 10-bit ADC w/ Programmable Gain

• 1kHz to 80kHz Switching Frequency

• Selectable Internal/External Oscillator

• Support External Sensor Input

• 16 Programmable Slaver Address

• Non-Volatile Memory

• Standby Mode

• Coasting/Fast/Close-Loop Brake Mode

• Input-Bus Voltage & Current Protection

• OCP/Lock/Power Stage Fault Protection

• 3-phase BLDC motor

• 3-phase PMSM motor

Features Applications

12-bit

SVPWM

nSleep

PWMA/B/C

ENA/B/C

160MHz

1.8V

SCL/SCLK1/RX

SDA/SDO1/TX

EN

DIR/SDI1/DE

FG/HOME

PWM/CLKIN

OSC&PLL

XTAL1 XTAL2
0.9V

3.3V

BRAKE/CS1/REN

Input 

Port

I2C/SPI

SCLK2/A

SDI2/Z

Ext. 

Data 

Read

CS2/B

nFT

VDCCON

OTP&

UVLO

128MHz

ISA

0.9V
GAIN CONTROL

Register 

Memory

10-bit 

ADC

1.6V

VDC

Repeat for ISB/ISC/IDC

Angular 

Sensor

Data

Processing

Sensor

BG&Bias

Non-Volatile 

Memory

Position 

θe

3.3V

Speed 
Torque 

BG&Bias

MODE 

Output 

Port

FOC Engine

160MHz

ISB

ISC

IDC

GND

TEST



MP6570 一体化电机集成方案

FOC

A

B

C
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Code EncoderSVPWM

U4(100)

U6(110)U2(010)

U3(011)

U1(001) U5(101)

U0(000)

U7(111) 



sU



Ⅰ扇区

Ⅱ扇区

Ⅲ扇区

Ⅴ扇区

Ⅴ扇区

Ⅵ扇区

MP6570

Easy to Design

Small package

All in one

QFN 4X4 - 32

Friendly GUI

Easy of use



MP6570 一体化电机集成方案

Pre-driver + mos solution

MP654X full integrated solution

Power Stage

RSA RSB
RSC

Optional

A

C B

MP6570 

MP653x 

Pre-Driver

3ph HB 

pre-Driver 

EN A/B/C

PWM A/B/C

GH A/B/C

GL A/B/C

isa

isb

SA

SB

SC

LSS

G

SOA

SOB

SOC

G

G

ISA

ISB

MP6570 

0.9V

ISC

A

C B

MP654x Power Solution

EN A/B/C

PWM A/B/C



Three integrated half-bridge drivers

• MP6540: 5.5V to 35V, 3A Continuous Current

• MP6540H:5.5V to 50V, 5A Continuous 

Current

• MPQ6541/MPQ6541A:4.75V to 45V, 8A 

Continuous Current ;13mΩ /FET Rds (on);
o MPQ6541 PWM & ENBL inputs

o MPQ6541A: HS & LS inputs

• MP6542:4.5 to 35V, 11A Continuous Current 

10mΩ /FET Rds(on)

• EN/PWM Logic Inputs (MP654x)

• HS/LS Logic Inputs (MP654xA)

• Internal Charge Pump Supports 100% Duty 

Operation

• UVLO and Thermal Shutdown Protection

• Over current Protection

• Integrated Bi-directional Current Sense Amp

• Available in 5x5 or 6x6mm FCQFN packages

MPQ6541/MPQ6541A/MP6540/MP6540H/MP6542:3相功率模
块

Applications

FEATURES

MP6540•3-Phase Brushless DC Motors and 

Permanent Magnet Synchronous Motors 
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MP6543H:22V 2A 三相功率模块

Applications

FEATURES

• 3V to 22V Operating Supply Voltage 

• Three integrated half-bridge drivers

• 2A Continuous Output Current

• MOSFET On-Resistance: 110mΩ per FET

• MP6543H: PWM & ENBL inputs

• MP6543H-A: HS & LS inputs

• MP6543H-B: Hall Signal Interface

• Built-In 3.3-V, 100-mA LDO Regulator

• Internal Charge Pump for 100% Duty Cycle 

• Automatic Synchronous Rectification

• Integrated Bi-directional Current Sense Amp

•3-Phase Brushless DC Motors and 

Permanent Magnet Synchronous Motors 
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MP6570 一体化电机集成方案

Back Cover & 

Heat Sink

PCBA Assembly

Magnet & HolderHousing
Motor



MP6570 超紧凑方案

MP6570+ MP6536 + MP2013A

Gimbal motor

• Support power up to 24W, 5V-12V, Peak current 5A

•Interface digital IO or I2C, SPI

Upgrade solution

MP6570+ MP6543 + MP2013A

MP6570+ MP6540H + MP2013A

• Support power up to 50W, 5V-18V, Peak current 10A

•Interface digital IO or I2C, SPI

More power solution

MP6570+ MP6541/2 + MP2013A

Micro motor

MP6570+ MP6541 + MP2013A/MPM3510

• Support power up to 80W, 24V, Peak current 12A



MP6570 柔性方案和MPS智能电机

MP6570+ MP6530/MP6531A/MP6537/MP6539 + Mos + MP2013A

MP6570+ 3x MP1921+ MP4420H + MP2013A

• Support power up to 200W, 24V, Peak current based on mos

•Interface digital IO or RS485 + RS485 receiver

• MCU with CAN + CAN R/T or simple MCU with RS485 +RS485 receiver

• Support power up to 200W, 24V, Peak current based on mos

•Interface digital IO or RS485 + RS485 receiver

• MCU with CAN + CAN R/T or simple MCU with RS485 +RS485 receiver



MPS智能电机套件

eMotion Control System

Communication Kit

eMotion Control System

Communication Kit

www. monolithicpower.comwww. monolithicpower.com

36.0

0.65

V

A

ON/OFF

USB

RS485

Power 

Supply



MPS磁编产品介绍

Family of integrated angle sensors based on 

Spinaxis® technology



MPS 磁编产品路线图

MA731

14-bit resolution

SPI, ABZ 1…1024

adaptive BW

MA781

MA800

8-bit resolution

serial-out SPI/SSI

push-button

MA820

8-bit resolution

PWM out

push-button

MA850

8-bit resolution

ABZ 1..64ppr

push-button

MAQ480

8-bit resolution

SPI, ABZ, push-b.

AECQ G1

MA702

12-bit, SPI

ABZ 1…256ppr

fast & versatile

MA704

10-bit resolution

ABZ 1…64ppr

high BW

MA710

12-bit resolution

ABZ 1..256ppr

weak B-field

MAQ470

12-bit, SPI

ABZ 1..256ppr

AECQ G1

MA730

14-bit resolution

SPI, ABZ 1…1024

low BW

MA760

14-bit resolution

SPI, ABZ 1…1024

low-INL

MA302

12-bit resolution

ABZ 1…256 ppr

UVW 1…8 PP

MA310

12-bit resolution

ABZ, UVW

weak B-field

MAQ430

12-bit, SPI

UVW 1..8PP, PWM

AECQ G1

turning

knobs

rotary 

encoders

MA780

8..14bit resol, SPI

auto-wake/sleep

low-power

MA7..

14-bit resolution

SPI, ABZ 1...1024

stray-field immune

MA330

14-bit resolution

ABZ, UVW

improved INL

MA732

14-bit resolution

SPI, ABZ 1…1024

configurable BW

3-dim sensor



MPS 磁编产品选型表

Application Part Distinct features

Replacement of 3 Hall switches for 

BLDC commutation

MA102 UVW output

Human/machine interface.

Speed < 200 rpm

MA800 SPI output

MA820 ABZ output

MA850 PWM output (to make an analog output)

All purpose encoder MA704 10 bit High bandwidth (3 kHz)

- suitable for closed loop control

MA702 12 bit Medium Bandwidth (390 Hz)

- suitable for slow closed loop control

MA710 12 bit at low field, Low bandwidth (90 Hz) 

MA730 14 bit Low bandwidth (20 Hz)

MA732 10-14 bit selectable, 1024 PPT ,  low INL

All purpose encoder for BLDC (UVW 

output)

MA302 Same as 702 but with UVW

MA310 Same as 710 but with UVW

MA330 Same as MA732 with UVW

Low power MA780 Options for cycling the power



谢谢！
Jerry Wang/王力 FAE 

MPS Shanghai office

Cell: 15026400397

Email: Jerrywang2@monolithicpower.com

Technical support：
mpssupport@monolithicpower.com
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