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Inverter Motor Control
An inverter is a circuit for converting direct current into 
alternating current, enabling variable voltage/variable 
frequency control. They are widely used for controlling 
motors. Since motor speed can be adjusted flexibly 
according to the required workload, energy savings 
can be expected. 

Inverter motor control applications include home 
appliances such as air conditioners (outdoor units), 
refrigerators using compressors, and washing 
machines.  

Variable voltage 
control
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ＡＣ input

DC

0

0

0

Inverter Operation

Motor

Inverter Motor Control (Example: Refrigerator)
Inverter Control

Compressor
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Time→

Linear speed control by 
variable voltage/frequency

Inverter
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ON/OFF control allows only 
two rotation speeds.  

AC ON/OFF control

Conventional Control

Optimum rotation speeds can be obtained without 
stopping compressor (no temperature overshoot 

and low power consumption).

Converter

Inverter

Ｍ M

Variable frequency 
control
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Toshiba Microcontrollers for Motor Control

The Programmable Motor Driver (PMD) is a 
Toshiba proprietary circuit for realizing inverter 
control of three-phase motors. 

Toshiba’s PMD microcontrollers contain 
hardware for coordinating motor drive signals 
and feedback signals from motors, enabling 
them to control motors with light CPU load. 

These microcontrollers are ideal for controlling 
three-phase brushless DC motors and three-
phase AC motors in home appliances. 
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Toshiba PMD Microcontroller Line-up
3rd-Gen. PMD

Features of PMD 2

・3-phase PWM output
・High-speed AD
converter

・High-speed compute
unit

・Sine wave drive circuit
・Rotor position detect function
・Motor control timer and capture function
・PWM waveform generation
・Overload protective function
・Protection against irregular conditions
・Auto commutation and
auto position detection start function

Speed
up

32-bit RISC Core

PMD1
TLCS-870/X 

Core
(16 MHz)

TMP19A71 

PMD 2ch

100 pins
256 KB

Improved
PMD 

PMD 2ch

PMD 2-ch

TMP88CS43

TMP88CS42

80 pins
64 KB

64 pins
64 KB

TMP88CH41
PMD 1-ch

TMP88FH41
PMD 1-ch

Vector 
Control

44/42 pins
16 KB

PMD 2-ch

PMD 2-ch
TMP88FW45

TMP88FW44
PMD 2-ch

100 pins
120 KB Flash

80 pins
120 KB Flash

16-bit DSP Core
(20 MHz)

TMP88CH40
PMD 1-ch

NEW

TMP88CH40I
PMD 1-chAutomotive

TMP77CM70T
PMD 1-ch

64 pins
32 KB

TLCS-870/X Core
(20 MHz)

TLCS-870/C1 Core
(8MHz)

TMP89FM82T
PMD 1-chUnder development

Automotive

PMD 2-ch

48 pins
32 KB Flash

PMD2: 870/C1 Core

PMD2: 870/X Core
Square-wave/Sin-wave Control PMD3: Vector Control

Under development
Automotive

44 pins
16 KB Flash

TMP88F846
PMD 1-chNEW

44 pins
8 KB Flash

28 pins
16 KB

28 pins
16 KB
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Major Features of Toshiba PMD Microcontrollers

PMD 3 contains a high-performance CPU and AD converter to support the motor vector 
control technique used in industrial inverters. PMD 3 also meets the requirements of diverse 
inverter-powered home electronic appliances. 

With the inclusion of hardware components for various motor control functions such as 
three-phase PWM generation, rotor position sensing, a dedicated timer and motor 
protection, PMD 2 permits motor control with an 8-bit microcontroller. PMD 2 also allows 
sine-wave output with no additional burden on software, enabling motor noise reduction for 
washing machines and such. With the sine-wave generator, PMD 2 can easily support AC 
inverters.

PMD 3
Vector
ControlPMD 2:870/X Core

(20 MHz)
Sine-Wave Drive

Improved 
PMD

PMD 1
870/X Core
(16 MHz)

Future

Toshiba offers a wide range of PMD microcontrollers with 
low to high pin count. 

Vector 
Control

Speed
up

PMD 2:870/C1 Core 
(8MHz)
Sine-wave drive

PMD 2: 870/X Core (20MHz)

PMD 2: 870/C1 Core (8MHz)

PMD 3: Vector Control

In accordance with the enhanced processing speed of the TLCS-870/C1 core, multiple sine-
wave tables are supported.  Furthermore, by setting the amplitude of a sine wave to higher 
than 100%, a quasi-trapezoidal wave can be generated, realizing high-power output. 
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Motor Types Supported by PMD

Sensorless BLDC motor control (square wave) 
for compressors (air conditioners, refrigerators)

Sensored BLDC motor control (square wave) 
for washing machines, air fans

Sensored BLDC motor control (sine wave) for 
washing machines, air fans

3-phase induction motor control (sine wave) for 
AC inverter products (air conditioners, 
refrigerators, washing machines)

Vector control of BLDC motors/3-phase 
induction motors for compressors, fans

Suitable

OK
but with increased 
software load

Suitable

Suitable Suitable

Suitable

Suitable

OK Suitable

Not suitableNot suitable

Suitable

Suitable

Suitable

Suitable

PMD 1
Square Wave Drive

PMD 2
Sine Wave Drive

PMD 3
Vector Control

* BLDC: Brushless DC

but with increased 
software load

Motor Type
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PMD 3 Microcontrollers

In today’s home appliance industry where the drive to achieve ever higher
performance such as energy savings is advancing, an increasing number 
of motor control systems use vector control that enables high-speed and 
high-precision control of motor currents. 

To meet this demand, Toshiba has developed the third-generation PMD 
containing a three-phase PWM generator, a PWM-synchronized high-
speed AD converter and a high-speed multiply-accumulate (MAC) unit. 

TMP19A71
(32-bit RISC core)

PMD 3
Vector Control
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Features of PMD 3

PMD 3 contains all hardware components required for motor vector control: a high-
speed computational unit, a high-speed AD converter, and a three-phase PWM 
generator. 

• The high-speed computational unit supports a single-cycle multiply-add operation,
facilitating complex vector computation.

• The high-speed AD converter is synchronized to the three-phase PWM generator.
Each of the three AD channels can initiate analog signal sampling at a specified
trigger point.  Not only 3-shunt but also 1-shunt operations are supported.  

TMP19A71
PMD  2-ch

100 pins
32-bit RISC CoreHigh-speed

AD Converter

High-speed
Compute Unit

3-Phase
PWM Output

Toshiba offers a variety of PMD microcontrollers for motor control.



Introduction to Toshiba PMD Microcontrollers  Rev.1.0 9

At High Speeds

At Low Speeds

Vector Control Benefits for Home Appliances
The vector control technique breaks down the motor current into magnetizing and 
torque-producing components and computes an optimal current level according to 
the rotor position. Vector control offers a number of benefits, including lower torque 
variation and higher efficiency, as compared to square-wave inverters. Since 
control is done in each PWM cycle, this technique allows precise speed regulation 
at low speeds, making it possible to further decrease a motor’s rotation.

Motor

Vector control maximizes motor performance, 
enabling smooth and high-efficiency operations.

Current Feedback

Flux Control

Torque Control

Sine-Wave Drive

High-Efficiency Drive

Load Variation
Compensation

Characteristics Adjustment

Good Transitional 
Characteristics

省エネEnergy-Savings

省エネLow Noise

省エネFast Dynamic Response

Vector Control Benefits for 
Home Appliances
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Traditional Motor Control vs. Vector Control

Quick 
Response

Vector control relies on current control instead of voltage control. Since 
current feedback is done quickly in every PWM cycle, high-efficiency control 
is possible for a wide range of motor speeds. 

Control Method

Vector-Controlled 
Inverters

Low Noise

Energy-
savings

Voltage-Controlled 
Inverters

Current control 
speed control

Drive Waveform

Feedback

Speed control

Phase 
current feedback (fast)

Rotor position signal
(slow)

Square wave Sine wave

Increased amount of 
computation

Faster 
computation

+

+
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Vector Control Block Diagram

Current ControlPosition Sensing

Speed Control
Waveform 
Generation

AD Conversion

Encoder

PID

ω θ

Detection

PWM

αβ

abc

dq

αβPID

d q

αβ

αβ

abc

Vd

Vq

Idref

Iqref

Id

Iq

ωref

ω

Ia
Ib

Ic

PID

θ

＋

－

＋

＋

－

－

InverterPWM
Waveform 

αβ/abc
Conversion

dq/αβ
Conversion

PID ControlPID Control +α

abc/αβ
Conversion

αβ/dq
ConversionPosition sensing

AD

AD Conversion

Motor

A/B/Z

Encoder Input 
Circuitry

Fast PWM-Synchronized 
AD Converter

High Computational 
Capability

High-Resolution 
PWM
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ＡＤ変換
高速変換
DSP:1us,19A70:2.6us

変換結果保持
DSP:8、19a70:19

Features of PMD 3 (Details)

AD Conversion Interface
(Samples optimal motor current.)
AD sampling synchronized to the PWM timer
AD sampling synchronized to the normal timer

PMD

PWM Timer
Triangular/

Sawtooth Wave

PMD 3

3-Phase PWM Generator
- PWM resolution:TMP19A71 = 35.7 ns
- Selectable commutation patterns

H, L, PWM, PWM
- Controlled through the PWM Pulse Width register 
- Programmable dead time

U,X
V,Y
W,Z

EMG

AC/DC
Motor

3-Phase PWM Signals
(6 Outputs)

AD Input (Motor Current Value)

Protect 
Signal

High-Speed Computation Unit

･MAC (Multiply-and-Accumulate)
TMP19A71: 32-bit x 32-bit + 

64-bit → 64-bit
･ALU (Arithmetic and Logic Unit)
･Barrel Shifter

Performs the above computational 
operation in a single cycle.

TMP19A71: 17.8 ns (56 MHz)

The AD converter interface works in tandem with the PMD.
AD conversion, arithmetic computation and three-phase PWM 
generation are quickly and easily controllable. 

Output Disable 
Protection

AD Conversion
Fast conversion:

TMP19A71: 2.36 µs
Conversion results storage:

TMP19A71: 19 samples

Power 
Module
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AD Converter Synchronized to the PWM Output

Synchronizing the PMD to the PWM timer
The sampling of the AD converter can be triggered at an arbitrary point within the PWM
cycle; i.e., when the PWM timer has reached the peak (maximum), bottom (zero) or any
programmed count.

Assumption: The motor current is sampled at the center of the PWM-off period (i.e., when the PWM
counter has reached its maximum count). 

AD conversion example: Synchronized to the PWM peak (single sampling)

PWM Counter = max

PWM Counter = 0
Triangular 

Wave

PWM 
U
V
W

Conversion Timing
Processing on 

AD Conv. Results

The AD conversion 
timing is programmable.

AD conversion 
start trigger

Holding AD conversion results
Continuous-scan sampling allows up to eight channels to be sampled continually and
their conversion results to be held at a time. 
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Two AD Converters Capable of Simultaneous Operation

MotorPMD ch1PMD ch1AD Converter 1AD Converter 1
Current 
Sensing

Inverter 
Circuit

MotorPMD ch2PMD ch2AD Converter 2AD Converter 2
Current 
Sensing

Inverter 
Circuit

When 
driving two 
motors

MotorPMD ch1PMD ch1AD Converter 1AD Converter 1

Current 
Sensing

Inverter 
Circuit

PMD ch2PMD ch2AD Converter 2AD Converter 2

When 
driving one 
motor

Trigger

Trigger

Trigger

Trigger

PMD2 and PMD1 operate synchronously. 
(PMD2 does not support external output.)

The TMP19A71 contains two motor circuits each with an AD converter, allowing vector 
control of two motors. In addition, by synchronizing the timers in these motor circuits, two 
AD converters can be used to drive a single motor. This feature is especially useful for a 
three-shunt motor; it enables simultaneous current measurement for two phases so that 
measurement accuracy can be improved.  
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トリガチャネル １トリガチャネル １
トリガチャネル １トリガチャネル １Enable/Disable

Input port
channels 1 to 8 or 9 to 19

Start trigger channel
channels 1 to 3

・PWM peak
・PWM bottom
・Count-up compare match 
・Count-down compare match
・Count-up/-down compare match

Compare

AD Conversion Start Trigger Setting

Trigger channels 1 to 3Trigger channels 1 to 3

TMP19A71 :unit A 11 registers
unit B   8 registers

AD conversion result 
register 1

Compare valueCompare value

Compare conditionCompare condition

Conversion 
start

trigger

AD Converter PMD Circuit
PWM timer

Each AD conversion result register can be enabled or disabled independently, and input port 
and start trigger can also be set for each register. 
Each of the three trigger channels is provided with a compare register, and the AD conversion 
start point can be selected for each trigger channel. 

The following can be set for each register:
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TMP19A71 

The TMP19A71  is a single-chip 32-
bit RISC microcontroller containing 
PMD 3. 

Packaged in a 100-pin QFP, the 
microcontroller has 256 Kbytes of on-
chip ROM and is capable of 
executing almost all operations in one 
clock cycle (17.8 ns at 56 MHz). 
These features help realize on a 
single chip not only vector motor 
control but also application control for 
applications such as washing 
machines and air conditioners 
(outdoor units).

TMP19A71

TM

(32-bit RISC core, PMD 3 Microcontrollers)
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PMD 2: 870/X Core Microcontrollers

The 8-bit 870/X core provides fast instruction execution at a frequency 
of 20 MHz. With the inclusion of hardware components for various motor 
control functions such as three-phase PWM generation, rotor position 
sensing, a dedicated timer and motor protection, the second-generation 
PMD permits inverter motor control with an 8-bit microcontroller. The 
integrated sine-wave generator allows sine-wave output with no 
additional burden on software, enabling motor noise reduction for 
washing machines and such. With the sin-wave generator, the PMD can 
also easily support AC inverters. 

TMP88CS43FG
(PMD 2 Microcontrollers)

PMD2: 870/X Core
(20 MHz)

Sine-Wave Drive
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An appropriate motor drive method is selectable: e.g., square-wave control for 
sensorless DC motors, sine-wave control for DC motors with sensors, etc. 

Applications of PMD 2: 870/X Core
Suitable for controlling a 
single motor in small 
applications

Can control all motors
and system with
a single chip

PMD2: 870/X Core
TLCS-870/X Core (20 MHz)

TMP88CH41
PMD 1-ch

44/42 pins

TMP88CS42
PMD 2-ch

64 pins

TMP88CS43
PMD 2-ch

80 pins

TMP88FW45
PMD 2-ch

80 pins

TMP88FW44
PMD 2-ch

100 pins

OTP
Mask

OTP
Mask

OTP
Mask

Flash

Flash

TMP88FH41
PMD 1-ch

44 pins

TMP88F846
PMD 1-ch

44 pins

Flash

TMP88CH40 28 pins
OTP

Mask

Flash

PMD 1-ch



Introduction to Toshiba PMD Microcontrollers  Rev.1.0 19

Motor Control with an 8-bit PMD Microcontroller

Implementing motor control functions in hardware improves program 
efficiency by eliminating the need for processing high-priority interrupts 
by software and allowing other processing to be programmed. 

Hardware motor control components include a three-phase PWM generator capable 
of 12-bit output at a resolution of 100 ns, a sine-wave generator, an interlock timer, 
and a position-sensing circuit. These functions work in tandem to realize efficient 
inverter motor control. 

Position sensing 
interrupt Pattern check - Rotation speed computation

- PWM value computation
- Timer setting

Timer 1 interrupt Position sensing 
enable

Timer 2 interrupt Motor output 
switch

Conventional microcontroller

Position sensing 
interrupt

- Rotation speed computation
- PWM value computation
- Timer setting
- Output pattern setting

PMD microcontroller
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Features of PMD 2: 870/X Core

Timer features
- Position-sensing start timing
- Abnormality detection
- Commutation timing

Capture/clear features
- Position-sensing interval measurement
- Counter clearing on position sensing Interlock

Position 
Signals

3-Phase 
PWM 
Output

Emergency Stop Signal

Conditions for position sensing
- PWM-on period; continuous sampling

# of matches (noise removal)

Conditions for starting position sensing
- The interlock timer and software are used.

Interlock

Interlock

Interlock Timer Features Position-Sensing Features

Sine-Wave Generator 3-Phase PWM Generator
Selectable commutation patterns
H, L, PWM, PWM

Controlled through the PWM Pulse 
Width register.

Motor protection; EMG stop; restart

Computational 
Unit

Sine-Wave Data 
Table RAM

(User-defined)

Electrical Angle

Amplitude

Waveform Synthesis Features

Programmable dead time

Since the PMD microcontroller contains a position-sensing circuit, an interlock 
timer, a three-phase PWM generator and a sine-wave generator, it is possible to 
create a sine wave through simple register programming. 

Features of the PMD Microcontrollers

The PMD provides efficient inverter control of a three-phase motor(s).
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Position-Sensing Feature of PMD Microcontrollers

U

PDU

100V

-100V noise

U

PDU

For rotor position sensing for a sensorless DC 
motor, the midpoint of the phase voltage is fed 
to a comparator and its result is supplied to a 
microcontroller. 

Since an actual motor generates a PWM signal, 
it is difficult to detect a correct edge, as shown 
at left. 

Digital sampling : Automatic sampling during PWM-on periods
Automatic sampling enable/disable : Enables or disables the interlock timer for

removing commutation noise
4-bit delay time : Prevents sampling for a programmed time

(Tr delay) after the PWM is turned on.

Position-sensing feature of PMD microcontrollers

Additionally, the software burden is further reduced by four frequency options, a 4-bit
chattering counter, an interlock counter and so forth. These features are suitable for position 
sensing for a sensorless DC motor. 

Traditional problem
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Time
CL

Current

EMG

When CL = low, the PMD stops generating 
PWM signals. (The off-phase is selectable.)
Meanwhile, the PMD remains active. The 
PWM output can be restarted by one of two 
ways: timer or PWM-synchronous.

The CL input is driven low when more-than-
normal current is detected, for example, 
due to overload. 

The EMG input is forced to low when an 
excessive inrush current is detected. 

When EMG = low, the entire PMD circuitry 
is shut down, including the PWM output. 
(There is no way to restart the PWM 
output automatically.) When EMG is 
released (high), the PMD becomes active. 

Two Safety Features: Overload Protection Input and 
Emergency Stop Input

Manual Restart
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Features of PMD 2: 870/C1 Core

◆ On-Chip Debug Function
The on-chip debug function enables debugging of 
motor control programs on an inverter board with 
only simple connection.   

◆ High-Speed Processing
The TLCS-870/C1 core is capable of executing one 
instruction in a single clock cycle (1.6 times faster than 
the TLCS-870/X core). 

TLCS-870/C1 Core
125ns@8MHz

TLCS-870/X Core
200ns@20MHz

◆ Multiple Sine-Wave Tables
In addition to automatic calculation by sine-wave table 
RAM, sine-wave data can be transferred by software. It 
is thus possible to realize multiple maps.   

◆ Trapezoidal Wave Generation
Waveform amplitude can be set to be higher than the 
PWM frequency, enabling trapezoidal wave generation.

Duty
100%

0%

Duty
100%

0%

Computation
LogicSine-Wave Data Table 

RAM

Electric Angle Counter

Amplitude Setting

PWM Duty

Auto transfer Software transfer

ROM Table

◆ Improved PWM Frequency Resolution
Conventional (100ns@20MHz） → Improved（41.7ns@8MHz）

x1.6

PMD2:870/C1 Core
(8MHz)

Sine-wave drive870/C1 Core Improved PMD
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PMD Starter Board (TMP88PS43/TMP88PS42)

Switch for selecting sensorless or 
sensored brushless DC motor

TMP88PS43FG OTP Motor 
connector

RS232C
cross cable

Brushless 
DC motor

DC power supply adapter
Input  : 100 V to 240 V
Output : 20 V

Motor output signals
U, V, W, X, Y, Z

Position-sensing signals 
PDU, PDV, PDW

Main switch
Motor switch

Motor speed, lead angle
adjustment knobs

Motor speed, lead angle
displays

AC induction motor

A low-voltage (20V) evaluation board is available, which is ideally suited for 
PMD beginners. We also provide motor control software supporting all the 
PMD microcontrollers in the TLCS-870/X Series. 
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The following four types of motor drive methods are 
supported:
・ Sensored BLDC motor sine wave drive
・ Sensored BLDC motor square wave drive
・ Sensorless BLDC motor square wave drive
・ AC induction motor drive

Application Specifications

Application Specifications

Microcontroller

Oscillation 
frequency

Power supply

Position sensing 
circuit

Overcurrent 
detection

Drive channel 
selection

Operation control

Motor output 
signals
Position sensing 
signals

TMP88PS43FG TMP88PS42NG/FG

20 MHz

Control: +5 V  Motor drive: +20 V

A sensorless or sensored motor can be 
selected with a slide switch.
EMG signal detection, overload protection 
signal detection
For using one PMD channel, an internal 
or external driver can be selected with a 
jumper. It is also possible to drive two 
channels simultaneously using internal 
and external drivers. 

Motor speed and lead angle can be 
adjusted with knobs.
Upper phase (U, V, W) and lower phase (X, 
Y, Z) signals can be displayed on LEDs. 

The PDU, PDV, and PDW signals can be 
displayed on LEDs.

U, V, WU, V, W, X, Y, Z

PDU, PDV, PDW

_EMG,  _CL

Bootstrap capacitors

U, V, W, X, Y, Z

Interface 
drivers

Power 
drivers

PMD
MCU

Comparators

Motor

Motor Drive Methods

(BLDC: Brushless DC)

For the sample program that can be used on this evaluation 
board, please contact your local Toshiba sales representative. 
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• The information contained herein is subject to change without notice. 021023_D

• Toshiba is continually working to improve the quality and reliability of its products. Nevertheless, semiconductor devices in general can malfunction or fail due to their 
inherent electrical sensitivity and vulnerability to physical stress. It is the responsibility of the buyer, when utilizing TOSHIBA products, to comply with the standards of 
safety in making a safe design for the entire system, and to avoid situations in which a malfunction or failure of such TOSHIBA products could cause loss of human 
life, bodily injury or damage to property. In developing your designs, please ensure that TOSHIBA products are used within specified operating ranges as set forth in 
the most recent TOSHIBA products specifications.  
Also, please keep in mind the precautions and conditions set forth in the “Handling Guide for Semiconductor Devices”, or “TOSHIBA Semiconductor Reliability 
Handbook” etc.  021023_A

• The TOSHIBA products listed in this document are intended for usage in general electronics applications (computer, personal equipment, office equipment, 
measuring equipment, industrial robotics, domestic appliances, etc.). These TOSHIBA products are neither intended nor warranted for usage in equipment that 
requires extraordinarily high quality and/or reliability or a malfunction or failure of which may cause loss of human life or bodily injury (“Unintended Usage”). 
Unintended Usage include atomic energy control instruments, airplane or spaceship instruments, transportation instruments, traffic signal  instruments, combustion 
control instruments, medical instruments, all types of safety devices, etc. Unintended Usage of TOSHIBA products listed in this document shall be made at the 
customer’s own risk.  021023_B

• The products described in this document shall not be used or embedded to any downstream products of which manufacture, use and/or sale are prohibited under any 
applicable laws and regulations. 060106_Q

• The information contained herein is presented only as a guide for the applications of our products. No responsibility is assumed by TOSHIBA  for any infringements of 
patents or other rights of the third parties which may result from its use. No license is granted by implication or otherwise under any patent or patent rights of 
TOSHIBA or others. 021023_C

• Please contact your sales representative for product-by-product details in this document regarding RoHS compatibility. Please use these products in this document in 
compliance with all applicable laws and regulations that regulate the inclusion or use of controlled substances. Toshiba assumes no liability for damage or losses 
occurring as a result of noncompliance with applicable laws and regulations. 060819_Z

• The products described in this document may include products subject to the foreign exchange and foreign trade laws.  021023_F

• The products described in this document contain components made in the United States and subject to export control of the U.S. authorities. Diversion contrary to the 
U.S. law is prohibited.  021023_G 

• TOSHIBA has made this document deliberately in order to make its contents as accurate as possible. Nevertheless, if any trouble should occur due to any error 
contained in this document,TOSHIBA shall not have any liability therefore. Also, please keep in mind the precautions and conditions set forth in the “Instruction 
Manual or Operation Manual of TOSHIBA Products,” or “The Precautions or Procedure Files described in the Installation Disk such as Floppy Disk or CD-ROM etc.”
Please constantly pay attention to the latest information on the TOSHIBA products which is to be released through the web page of TOSHIBA microcomputer 
development system. (http:/www.semicon.toshiba.co.jp/eng)  060824_N


