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,f';' Characteristics of Motor Control Devices
S

Optimal choices of motor control devices are important for the success of electric home appliances. You can find motor control
devices ideal for your applications in Toshiba’s product portfolio: intelligent power devices (IPDs) that provide control over a
motor via microcontroller signals; motor driver ICs; and microcontrollers capable of generating a variety of motor control
sequences.

B Microcontrollers designed for motor control

® No external component is required for motor control. Applications can be
executed at the same time.

@ Available with a wide range of 1/0 counts and ROM sizes optimized for
particular applications.

® 8-bit to 32-bit CPUs suitable for various motor control requirements

® Supports complicated motor control such as abrupt acceleration,
constant-speed control and braking.

® Use of a Flash ROM allows motor control parameters to be changed and their
history to be saved.

M IPD drivers

® Capable of operating from commercial power supply, eliminating the need for a
buck converter.

® Capable of controlling a motor in tandem with a microcontroller.

® New packages help simplify pc board traces.

® Available with a wide range of electrical ratings for brushless dc motors.

H Motor control drivers

® Provides easy motor control. Capable of controlling a motor in tandem with a
microcontroller.

® Purely hardware motor control eliminates the need for software development,
reducing time-to-market.

® Motor controllers and drivers are available for brushless and brushed dc
motors, and stepping motors.

Energy-saving

Inverter

Environment Harmonic regulation Comfort and Safety
EMC

RoHS

Enabling Technologies

Energy-saving: Vector control
DSPs and RISC microcontrollers with vector control capability =TMP77CM70T/TMP19A71

Harmonic reduction: Partial sliding-mode (SM) control
PFC circuit plus control device (microcontroller)~GT30J121 + diode bridge
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Available in the DIP26 Package
B Package Features

M Device Features

® 3.6-mm body thickness

® Control and high-voltage pins are
completely isolated.

® Wide lead pitches
(High-voltage pins: 3.8 mm; control
pins: 2.0 mm)

B TPD4125K Block Diagram

® The bootstrap operation eliminates the
need for a power supply for high-side
drivers.
® Built-in bootstrap diodes

® Overcurrent protection, thermal
shutdown and undervoltage protection

.~ Overview of Toshiba’s Semiconductor Devices for
- Home Appliances
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Motor Controllers

M Sine-Wave PWM Motor Controllers

The TB6539NG/FG, TB6551FG and TB6556FG use a sine wave to control the motor drive current. This helps to reduce the
noise and vibration emitted by the motor. The TB6556FG also features auto lead angle control.

TB6539NG/FG, TB6551FG, TB6556FG High-side

>

Hall IC { —> — — $
W— -

I . =

— —

—p Low-side

—
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Toshiba Microcontrollers for Motor Control

Toshiba’s microcontrollers with a motor control circuit support inverter control of 3-phase DC and AC motors. Motor drive signals
are coordinated with feedback signals from the motor, thus controlling the motor with less load imposed on the CPU. The
product offerings include a variety of microcontrollers supporting 120-degree commutation and vector control.

- Suitable 1st-Gen.

PMD

Vector Control of
Sensorless BLDC Motors




Features of Toshiba’s Motor Control Microcontrollers

eration P
B Features
The second-generation PMDs incorporate a three-phase PWM generator, a position sensing circuit, interlock timers and
protection circuits. These hardware units enable inverter motor control using eight-bit microcontrollers. 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 sine-wave generator, the PMD can also easily support AC inverters.

H Microcontrollers for Motor Control (870/X, 870/C1 Series)

Interlock Timer . Position Sensing Position
Timer . o Icr:c?(r- Position sensing start condition Detection -
¢ Position sensing start timing e Interlock timer or software Inputs
o Abnormality detection 0 C  BFT S
O il Conditions for position sensing
Capture Function/Timer Clear © Sampling during PWM on-time or continuous sampling
e Position-sensing interval e Number of matches (noise removal)

measurement
e Counter clearing on position

sensing ‘ Interlock ‘ Interlock

3-Phase
Sine-Wave Generator 3-Phase PWM Generator PWM
Outputs MU
Voltage Amplitude Data m Turn-On Pattern Selection: H, L, PWM, PWM
Mo nfurt
Electrical-Angle Timer . PWM Pulse Width Control Registers T MO

3

Sine-Wave Data Table »
(Dedicated on-chip RAM)

Programmable Dead Time

Motor Protection : EMG Stop/Restart Settings _ Emergency Stop Input

Waveform Synthesis

Waveform Arithmetic
Circuit

ation PMC

H Features

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.

High-Speed Computation PMD
* Multiply-Accumulate (MAC) 3-Phase PWM Generator 3-Phase PWM Signals (6 Outputs)
TMP19A71: 32x32+64 64 bit *PWM resolution TMP19A71: 35.7 ns U,X coe
°ALU ® Selectable commutation patterns VY Power [\f\;. AC-D
« Barrel shifter ) eH.LPwWM, PW — Y P e Motor
® Programmable PWM pulse width W,Z .

Performs the above computational e Programmable dead time
operation in a single cycle.

TMP19A71: 17.8 ns (56 MHz) ‘ t

PWM Timer Emergency

Triangular and saw-tooth Shutdown h EMG h Emergency
waveforms Protection Signal
High-Speed AD Conversion ‘ Interlocked
TMP19A71: 2.6 us AD Conversion Trigger Generator

( Samples optimal motor current.)
AD sampling synchronized to the PWM timer.
AD sampling synchronized to the normal timer.
ping sy AD Converter Input

TMP19A71: 19 registers (Motor Current)

<

Conversion Result Storage
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-~ TLCS-870/C1 Microcontroller Series
< Designed for Home Appliance Applications

Performance equivalent to 16-bit microcontrollers and a maximum memory address space of 128 Kbytes
Toshiba offers TLCS-870/C1 Series of 8-bit microcontrollers that deliver performance equivalent to16-bit microcontrollers. The
TLCS-870/C1 Series achieves high-speed processing capability at low internal clock frequencies by executing each instruction
in one clock cycle. Toshiba's proprietary memory segmentation method allows addressing of up to 128 Kbytes of memory.

8-bit | TLCS-870 Family
Suitable for
home appliances Ew 8-bit microcontrollers
® Performance equivalent to 16-bit
microcontrollers
® Address space expanded to 128 Kbytes
® 5-V/ operation

TLCS-870/C1

Minimum instruction execution time: 100 ns
[10 MHz (4.5 to 5.5 V)]
Conventional 8-bit .

microcontrollers ® Address space expanded 1‘
to 1 Mbytes <
B[ TLCS-870/X <
1‘ ® Core architecture optimized
A for C compiler

4] TLCS-870/C
Minimum instruction execution time: 250 ns
LT [16 MHz (451055 V)]

® Toshiba Integrated Development Environment (TIDE)
® Emulators
e |n-circuit emulator
Compact, low-cost, yet highly functional in-circuit emulator
Supports on-chip debug emulation.
® On-chip debug emulator
Business-card-sized compact emulator
No need for power supply (USB bus powered)

On-chip debug emulator

TMP89FM42UG, TMP89FH42UG

44-pin high-performance general-purpose microcontroller
housed in a small package

H TLCS-870/C1 Core
® Operating voltage: 4.5t0 5.5V at 8 MHz; 2.7 to 5.5V at 4.2 MHz
e Clock gearing: 1/4, 1/2, 111

B Peripheral Functions

© 32-KB or 16-KB flash ROM and 3-KB RAM

e Constant-voltage detection circuit (Two voltage levels detectable; reset
or interrupt selectable)

e Power-on reset circuit (Threshold voltage: 2.4 V = 0.2 V)

e 8-bit timer/counter: 4 channels (Resolution: 125 ns at 8 MHz)

e 16-bit timer/counter: 2 channels (Resolution: 250 ns at 8 MHz)

o UART/SIO*: 2 channels (UART: 128 Kbps, SIO: 4 Mbps at 8 MHz)

e UART: 1 channel

e [2C/S10*: 1 channel (I2C: 381 Kbps, SIO: 4 Mbps at 8 MHz)

® 10-bit AD converter: 8 channels

o Built-in pull-up resistors

® On-chip debug function
* Up to 2 SIO channels can be used simultaneously.

B Packaging: LQFP44 (10 x 10 mm)

TMP89FM42LUG, TMP89FH42LUG
High-performance 8-bit microcontrollers in a small package
with a flash ROM erasable and programmable at a low voltage

ETLCS-870/C1 Core
e Operating voltage: 2.7 to 3.6 V at 4.2 MHz; 2.2 t0 3.6 V at 2 MHz
e Erase/program voltage: 3.0 to 3.6 V at 4.2 MHz

B Peripheral Functions
e Same as TMP89FM42.
H Packaging: LQFP44 (10 x 10 mm)

TMP89FM43LQG
High-performance 8-bit microcontroller in an ultra-small package
with a flash ROM erasable and programmable at a low voltage

B TLCS-870/C1 Core
e Operating voltage: 2.7 to 3.6 V at 4.2 MHz; 2.2 t0 3.6 V at 2 MHz
e Erase/program voltage: 3.0 to 3.6 V at 4.2 MHz

M Peripheral Functions
e Same as TMP89FM42.

B Packaging: VQON44 (5.3 x 5.3 mm)

8BMHz = oo 10-bit Analog
= i FRom AD input
32kHz = @ ch)
Pulse output €— 8bit UART/ TXD/RXD
Timer/counter timer | RAM SI0 <> SCLK/SI/
input — (4ch) (1ch) SO
Pulse output €¢— 16-bit Is% SDA/SCL/
i (sl IO < scLK/SI/
Timer/counter
input — > @) | grgcq (e T | so
Interrupt ————»  Core
/O port <« /O UART ¢ » TXD/RXD
36 (1ch)
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i Roadmap for Toshiba’s IPD Motor Controllers

S~

Current Rating

6 Inputs
TPD4105K/AK

6 Inputs
TPD4104K/AK

6 Inputs
TPD4113K/AK

PWM Generator
TPD4112K

PWM Generator

TPD4111K

6 Inputs

TPD4125K/AK

6 Inputs

TPD4124K/AK

6 Inputs

TPD4123K/AK

PWM Generator

TPD4122K

PWM Generator

TPD4121K

-

_..—f"f Roadmap for Sine-Wave Motor Driver ICs

S~

Toshiba offers a line of three-phase brushless motor drivers that generate a sine wave by hardware.

(Generation) @

N

6-V type of TB6539

TB6551FG

P\

Low-voltage
Available

Prototype Available

TB6539NG/FG

Sine-wavg'_ controller
IGBT (500 V/1 A)— 2-in-1

. 2

TB6551+TPD4103AK(IGBT)

@ Sensorless + sine-wave
TB6582FG

Under development
Enables use of lower-cost

components than TB6556

" TB6584FNG

TB6556 Available
+ reduced Hall signal error

TB6574FG

A
) TB6551 + auto lead angle control a Sine-wave driver 45V/1.8 A

TB6556FG 4 TB6585FG

@ 150-degree commutation Available

150/120-degree commutation; on-chip Hall amp

TB6586FG/AFG/BFG

Available
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Block Ijiagram Examples for Home Appliances Using Toshiba’s Recommended Semiconductor Devices

Z _Refrigerators

Refrigerators are quite similar to air
conditioners, in terms of the purpose
their inverter compressor motors serve.
However, refrigerators use
high-performance microcontrollers and
sensors to control internal temperature
and humidity. The use of inverter
technology helps achieve higher
efficiency (energy conservation), lower
vibration and lower noise levels.

Benefits of Electronic Design

® Higher efficiency through inverter
control

® Temperature control

® Defrosting timer and automatic
defrost detection

® Reduced board size for greater
interior space

® Individual compartment temperature
settings, enabling optimal food
storage

® LCD display of operating status

H Block Diagram Example

B T T T T T T -
|} I
|} I
[ F | |
: ! ! ) 2SK3868/TPD4125K : :
(=) I
i k5 S5 se : i !
! ®© © = | 1
CAC | g £ £2 23 - | | l :
i Line Aburgg = ! i l
i sorber 1 !
I
- S " " R | =0k
I
| T t t t | B
1 —O —O —O : | b)) 1
i ! -
| 1 i g 1
I \ 1 | o I
[ | |
: ¢ ’ 7 A S T T A S
i SW :
: Driver g&g"p‘?{/ — Driver | !
: A 1
I
i Microcontroller for Compressor Control i
i LEP : Microcontroller TMP88FH41 I
i Indoor Lighting for Main Control | _ Coupler |_ | eInverter output frequency control )
i Three-Way Valve TA7291PG TMP86FS49B sio | TLP781 3-phase PWM waveform synthesis |
: for 2-Evaporator | < : —— TMP86Cx49 :
: Switching Bridge Driver N 3
|
i . TA7288PG : = @i Eaaian
: Autol\r/rll;':lktg:r Ice ¢ DC Motor |« « Refrigeration cycle i r Display Section
i Driver control | SRR 7
: Cooling fan R )
| Compressorfan I8 | | LED |
efrostin -
i Door SW Input o Timer con'?rol : i LCD Backlighting | !
: <»| *Door open detection ) : _>| Buzzer Output ‘ |
R Unerer e o lce making control | Microcontroller for Kev Inout | :
il i 4—{ ey Inpu |
i ( ) Fan Motor Driver <« : — OpelggggoPlanel :
: TA84006FG _ TMP86C829B LE D. Outputs_ i
. Motor Damper T | OQu_lck fre_ezmg :
i ) - *Quick refrigeration |
: () Stepper Motor Driver | ¢ Reset IC : : oQuick ice making |
; TA7774PG/FG/FAG TAB000S | | | :
Note: This block diagram serves only as an application example and may not be identical to the specifications of products and boards shown in the photographs.
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o Block Diagram Examples for Home Appliances Using Toshiba’s Recommended Semiconductor Devices

~ . Air Conditioners

Inverter air conditioners utilize an
inverter circuit to drive a compressor
motor. For motor control, various
semiconductor devices are used, such
as microcontrollers, insulated gate
bipolar transistors (IGBTs) and
photocouplers. Microcontrollers provide
overall system control,
pulse-width-modulation (PWM)
generation and system protection
functions. IGBTs and photocouplers
reside in the inverter driver circuit and
its interface, respectively.

Benefits of Electronic Design

@ Higher efficiency through inverter control
® Remote control of air flow directions
® Smaller and slimmer products

® Energy savings through use of DC

® Automatic filter cleaning

H Block Diagram Example

motors
Operation Mode Display

Power Level Displa:
pay Outdoor Unit |—1 L|
| |
TPD4124AK
Temperature Sensors o Suool (100 Hz) TPD4125AK
(room lemperature, ower Supply PFC Single-Chip Inverter IC
heat exchanger) iE Indoor Unit I I 2
TMP19A71
I > TMP91FW64 TMP88FW45 TB6551FG
Remote = TMPB6FS498 Controller
Controller I TMP86Cx49 Cleprin Sonneldy N -(F)vercurrent protectilon A
« Compressor restart ' » Frequency contro
TMP86Cx25 delayp < Operation Data » Compressor restart
UL « Indoor fan starting delay
compensation - EEPROM « Coolant control
« Power » Temperature arithmetic (Data control) e Inverter control
« Operation modes processing : Outdgor pDC flan v
(sleep, normal) » Outdoor unit operation speed contro AC Power
+Heat/ cool / commands Coupler
dehumidify *
« Temperature 7 ‘ 4 TLP351/TLP701
e Timer TB! FG/AF! .
« Air volume TB6SSSFG || 'Tppaiotk || TD62003A Driver i"up'e’
TB6608FNG TPD4122K TransistorArra
y
TPD4123AK GT15J321 X6
Filter Cleaner Indoor Fan Louver Motor D-IGBT
Motor Driver Drive Circuit Drive Circuit
‘ \ 4 \ 4
Two-Way X
Filter Filter 1 ot Valve Fourv V\fay
Cleaner Cleaner Indoor Fan I\(/)Iu;/err —— ave
Fan Motor Actuator Motor 2ie P
Note: This block diagram serves only as an application example and may not be identical to the specifications of products and boards shown in the photographs.
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Block Diagram Examples for Home Appliances Using Toshiba’s Recommended Semiconductor Devices

:;i .~ Automatic Washing Machines (Washer-Dryer Combos)

Direct-drive (DD) inverter motors are
well suited as the main motor of
washing machines. The DD inverter
motor helps reduce wash/spin noise
and vibration. Use of an inverter motor
enables a washing machine to adjust
the amount of water to suit the
washload. IGBT modules are used for
motor drive, and microcontrollers for
overall control.

Benefits of Electronic Design

® Energy and water savings plus quiet
operation through inverter control

@ Integration of washer and dryer
functions

@ Automatic control of water flow and
washing time, according to the type of
fabric and washload

.
C—
e
H Block Diagram Example
SRR T T !
: i : GT10J321x6 }
| ]
1 ] ! ]
| ) 1 1
(ine [ e i *'< *'< *'< |
Absorber ‘ ‘ {
? 1 . L = . }
T : ; : : Position
i ) i ‘ Sensing
Power i 1 i 4 l< 4 I< 4 I< 1
Switch i } i ;
| ) | ]
SEVE® 1= — | L N ]
e L TLP351 | | | TLP351 || | TLP351 Protection
560G — TLP701 TLP701 TLP701 Circuit
Q Powor | S
= Switch ————— TD62930P/F \4—'
Dryer Dryer | TB6588FG
Heater 1 Heater 2 TMP88FW44 Motor Driver
TMP88FW45
UL L7 || TPD4124AK
S . eInverter control ULE Single-Chip ‘M
e Automatic washing Motor Controller| | InverterIC | Air Blower Fan
cycle control (DC Motor)
> Washing
( ( ( ( Rinsing ’
Spin-drying .
---------- TLP781 e Timer control Operation Panel (Key Input)
g : o Water level setting TMP86C829B
; : o Water flow setting o Operating modes
""""" ¢ Automatic power-off (standard, spin-dry,
e Dryer Control hand-wash,
" pre-wash soak, memory)
- *.CD display (clock/timer)
(M) @) (%} > @ - Water flow setting
Drain Water [Softener | CRG8 | Tpap (o2l 8 g2 * Start/stop
Valvg Supply | Supply Water |32|/25|/T8
otor alve 20z =23
\ Valve Pump =gl 02 §m EEPROM
(Data Control)
Note: This block diagram serves only as an application example and may not be identical to the specifications of products and boards shown in the photographs.
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Block Diagram Examples for Home Appliances Using Toshiba’s Recommended Semiconductor Devices

« . Dishwashers

An inverter motor gives a powerful water jet, low vibration and low noise. IGBTs are used for motor drive and microcontrollers for
overall control.

Benefits of Electronic Design M Block Diagram Example

® For example, in Japan, electricity costs
only two-thirds of town gas that would be Drying Heater
consumed for hand-washing.

[

prge % TPD4124AK

Sr?e ? + L E@/D

Single-Chip Inverter IC Position
Sensing
ol

Power
Switch

L TMP88FW45 |
7 | l O Inverter control I@I

8

|4 _
10 Washing Operation Panel (Key Input)
™0 [TLp78t Rinsing <

Hot water supply

- O Operating mode
| Drying Washing
-+
Drain Water Blower 0%3 @ Door Switch Wash course
Valve Supply Fan EEPROM
Motor Valve |

(Data Control)

C

7

>
iR

W\

Note: This block diagram serves only as an application example and may not be identical to the specifications
of products and boards shown in the photographs.
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Block Diagram Examples for Home Appliances Using Toshiba’s Recommended Semiconductor Devices

« . Induction Rice Cookers

Induction rice cookers use a type of pot specifically designed for induction heating. This allows for quick, yet perfect boiling at
high temperatures. IGBTs are used for the induction-heating system.

In addition, phototriac couplers are used for the side heater, microcontrollers for overall control, and transistors for driving cooling fans.

Benefits of Electronic Design M Block Diagram Example
® Programmable cook-end time

Induction Heating

Section Iron Pot
Rectifier Bridge Heating Coil
J_ 000 J_ L IGBT
1 1 -
GT60M303
4 Drive Signal
| IGBT Drivers |
Pot Temperature —p-
Cover Temperature —p . "
IGBT Temperature —p> ontroller LCD
Reset Circuit > TMP86Cx27F >
(Fosoi ot ) [ o
Fan |
TA8409FG |
Q
Linum | CoverHeator [+~ 38 |- CIX8 Y3
Battery g TLP560J
l 9 | Triac cP:hotoltriac
= < oupler
[Body Heater [« !:Ll—oé Triac ETLPSSOJ

Note: This block diagram serves only as an application example and may not be identical to the specifications
of products and boards shown in the photographs.
12
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Block Diagram Examples for Home Appliances Using Toshiba’s Recommended Semiconductor Devices

 al
«~ . Induction Cooktops

Induction cooktops supply energy directly to the cooking vessel by the magnetic field. Generally, induction cooktops can be used
to roast and grill. The heat level can be adjusted from very high to low (simmering) for good cooking. IGBTs are used for
induction heaters; microcontrollers for temperature control; and phototriac couplers for cooling fans for control circuitry, etc.

Benefits of Electronic Design W Block Diagram Example
® Safer than traditional stoves because Power SW
there are no open flames — IGBT:GT40J321
® Heats cooking vessels evenly and are ) GT50J328
energy-efficient { Elmahdrgvesse. GT60J323
® Memory settings for heat levels and 'U' GT60J323H
cooking times =
—| ‘|’
L I 1 R RS e ]|. Microcontroller for Overall Control
TLP701ITLP700 TLP701/TLP700 TMP86FH12
TMP86FS27
- O Inverter control >
O Cooking vessel ¢ EEPROM
ﬂ ﬂ Cooling Fan temperature control
- O Roaster control
Roaster Radiant } _{ O Radiant heater control
Heater Heater - O Fan control
— Tr|acs TLP560J A
Mlcrocontroller for User Interface ocontroller for Displa
Note: This block d TMP86CS28 TMP86CH72
- . ote: This block diagram serves
i 1 only as an application OLCDs < OLEDs
example and may not be O Encoder & key entry —»| OFluorescent display
identical to the specifications O Timer & cooking profile settings tubes
of products and boards O Child lock
shown in the photographs.

&
-

Block Diagram Examples for Home Appliances Using Toshiba’s Recommended Semiconductor Devices

— :
« . Microwave Ovens

Microwave ovens employ microwave radiation to cook or heat food by moving water, fat and sugar molecules.

Recently, superheated steam ovens got much public fanfare. Since they remove excess fat and salt from food, they are popular
as a healthier way of cooking. IGBTs
are used for driving magnetrons;

H Block Diagram Example

microcontrollers for controlling the - —
amount of heating; and photocouplers £ J_ LIBCELEE
for driving fan motors. s — IR
S £ —
" " " A4 Magnetron
Benefits of Electronic Design AC | £ T 1 ’
Line 7] %
® Inverter control of the heating power 5 T
® Automatic cooking with food temperature 8
Sensing - o
® Selectable cooking modes Driver |4 TMP86FS28

TMP86FS49B

Olnverter control

. O Door open/close sensing

Ccht)'lﬁ;'r ';22 Olnfrared temperature sensing
9 O Thermistor temperature sensing

Steam @ Air L
Heater Heater Heater O Fan control
O Steam control —» EEPROM
" |OHeater control <

Taes TLP560J L
OCO olie (0 e errace
TMP86C420/TMP86C822
Note: This block diagram serves only as an application OKey entry (cooking menu)
example and may not be identical to the OLCDs
specifications of products and boards shown in O Timer & temperature settings
the photographs.

13
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Block Diagram Examples for Home Appliances Using Toshiba’s Recommended Semiconductor Devices

.~ Water Heaters

Water heaters are broadly categorized
into gas, electric and solar-powered
heaters. AlImost the same kinds of
semiconductor devices are used in all
of them. Hot water is circulated to
bathrooms, floor heating systems and
so on. The water is adjusted to a
temperature specified via a remote
controller (PLC communication) by
mixing hot and cold water at a mixing
valve.

Microcontrollers are used for control of
the heater and remote controller; and
triacs for the PLC communications IC
and pump motors.

PLC: Power-Line-Communication

Benefits of Electronic Design

® Remote control

® Water temperatures can be separately
set for the bath, kitchen and so on.

® Automatic bathtub filling, heating and
topping-up

H Block Diagram Example

o

-

1y

Sensors TPD4122K
N Single-Chip
MCU Inverter IC Fan Motor
Comm. IC TMP91FW64 MCD TPD4123AK DCM
T6B70BFG | | TMP86FS49B || TB6S7SFNG =g i~
TB6588FG gle- e
T6B70BFNG — ] Inverter IC
Regulator
TA7805AF — Photocoupler— Triac Pump Motor
TA78DM12S ACM
e —~
L a |
= ‘ | AC-DC Converter | .:
J

Remote Controller (Bath)

Remote Controller (Kitchen)

Display
(VFT or LED) Regulator
| TA7805AF
MCU
TMP86FS28 Comm. IC
TMP86CM72 — T6B70BFG Interphone
TMP86CM74A | | T6B70BFNG | | | TA2181AFNG
[ (Transmitter)
Spesch IC TA2056FNG
TA7368PG (eceken)
TA7368FG
Speaker ]
(Speech Navigation) :l:

Display
(LCD or LED) ’W’.
| TA7805AF
MCU
TMP86FS28 Comm. IC
TMP86FS23 — T6B70BFG Interphone
TMP86FM25 T6B70BFNG | | | TA2181AFNG
[ (Transmitter)
Speech IC TA2056FNG
TA7368PG et
TA7368FG
Speaker I
(Speech Navigation) T

Note: This block diagram only represents a typical application circuit.

Block Diagram Examples for Home Appliances Using Toshiba’s Recommended Semiconductor Devices

*3"’5; . Bidet Toilets (Warm-Water Cleaning Toilet Seats)

The most basic feature of a bidet toilet is
that a jet of water cleanses a user of a
bidet toilet. The nozzle is also
self-cleaning. The advanced features
include massage options, which provide
a vibrating and pulsating jet of water.

Benefits of Electronic Design

® Automatic cleansing of a toilet bowl after
use

® Automatic lid opening and closing

® Automatic air deodorizing

H Block Diagram Example

Remote Controller

LCD Display

MCU
TMP86FS28
TMP86FS23
TMP86FM25

(iRED)

Transmitter

&

Seat Heater

i

Water Heater

Blow Dryer Heater

—’WIJUUG\—

Warm-Water Cleaning Toilet Seat
TLP560J
’ Remote Receiver‘ ‘ Posterior Sensor‘ _
Triac . Photo- | AC-DC Converter .:
coupler
TLP560J MCD -
— |— TB6551FG | Deodonzglg’;an Motor
Triac H Cm%gr TMP91FW64
TMP86FS49B | | | MCD
TB6551FG | Blow Dry&r: ’F\Aan Motor
TLP560J t
MCD or Transistor Array
inn — Photo- ||
Trac = coupler for a Stepper Motor " Nozzle Motor
TA84002F

Note: This block diagram only represents a typical application circuit.
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Realizing processing capability equivalent to 16-bi
extendable up to 128 Kbytes
Toshiba has newly developed TLCS-870/C1 Series of 8-bit mi

t microcontrollers and memory address space

crocontrollers that deliver high-speed processing capability

equivalent to 16-bit microcontrollers. The TLCS-870/C1 Series achieves high-speed processing capability at low internal clock

frequencies by operating one instruction cycle in a single clock
addressing up to 128 Kbytes of memory address space.

Toshiba Microcontroller Core Lineup

cycle. Toshiba’s proprietary memory segment method allows

Series Road Map

8 A TLCS-900 Family y :
g 32-bit ROM M : In mass production
s A Suitable for -bi B - Under dovel '
£ el High-Speed sok| | I m -vriervorive
5 " - :Und [ i
8-bit | TLCS-870 Family home appliances, TLCS-900/H1 n erpannlnlsl s with LoD ]
_O"INE L suitable for home appliances audio equipmentand  Minimum instruction S Wi river
portable devices execution
8-bit microcontrollers fimedi2ohe 89FS60
= High-speed processing capability . .
equivalent to 16-bit microcontrollers 16-bit 32-bit A 60 K o
= Address space extended to 128 Kbytes i ti
: gx:ft)i;rggg:g function : Lgx zg‘iz:r o IO: TLCS-900/H1 9
TLCS-870/C1 TLCS-000/L1 [ A [89Fm43L [BoFMa2T]
Minimum instruction Minimum instruction exezion fime: 5003
execution time: 100 ns time: 111 ns LA ClP 89FM40 | 89FM42 89FM46 [+
8-bit Adirss speceetended o1 M b | 89FM42L
microcontrollers . 7OIX Ne << - 89FMA46L|
. <
= Copanttecure < 89FH42 [l 89FH46
optimized for C compiler 16 K 89FH40
¢ 3 89FH42L i 89FH46L
< TLCS-870/C
TLCS-870 < Minimum instruction N
exectfion fime: 250 ns 42-pin  44-pin  48-pin 64-pin 80-pin
GAA 16-bit 32-bit Flash version or mask version can be selected.

Features of TLCS-870/C1 Series

The new 8-bit CPU core delivering high-speed processing capability and memory address space extension, while offering

instruction code compatibility with TLCS-870/C
B High-speed processing at a low clock frequency

One instruction cycle operated in a single clock cycle

The core architecture is configured to reduce the number of clock cycles
required to complete one machine cycle to a single clock cycle. This achieves
processing performance four times that of TLCS-870/C Series at the same

m Address space extendable to 128 Kbytes

Toshiba’s proprietary memory management method (segment method) NEW
Toshiba’s proprietary memory segment method manages instruction codes and
data independently in separate memory address spaces. This new method
enables memory address space extension without affecting processing speed
or code efficiency for small- to large-sized programs exceeding 64 Kbytes.

Internal clock

internal clock frequency.

TLCS-870/C
Series

v 3 7

TLCS-870/C1

Segment method

Conventional 8-bit product
P

Segment method

Code  —

Data L

Code: Instruction op-codes and operands

segment
64-Kbyte data
segment
Data: Sources and destinations of load
and arithmetic instructions, etc.

Compact core and object sizes Software design facilitated

Code 64-Kbyte code

Additional code

Code and data in the same area

Data

Compared to the address bus

Series

One machine cycle
Advantages of low-frequency operation

= Compared to the TLCS-870/C, power consumption can be reduced at the
same performance level.
= Noise generation can be reduced.

Low-frequency
operation
(8 MHz)

At higher frequencies...
(16 MHz —
24 MHz — 32 MHz)

TLCS-870/C1 Series: Minimum instruction execution time of 100 ns
TLCS-870/C Series: Minimum instruction execution time of 250 ns
sk The minimum instruction execution time is reduced by more than half compared to TLCS-870/C.

extension method, core and code
sizes are reduced. The instruction set
is compatible with TLCS-870/C.

Unlike the bank switching method,
small- to large-sized programs need
not be modified. Processing speed
and code efficiency are unaffected
even if the code size exceeds 64
Kbytes.

Program size (data + code)
A
Accessible to the address
space (128 Kbytes)
doubled over 870/C

by the segment method

128 KB

96 KB

64 KB

32 KB

16 KB

8 KB —

w

TLCS-870/C1 Series
128 Kbytes (Max)
Code : 64 Kbytes

Data : 64 Kbytes

TLCS-870/C Series

64 Kbytes
(data + code)

15
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These microcontrollers with a motor control circuit incorporate an inverter control
function for 3-phase DC and AC motors. The motor control circuit supports
hardware configuration where motor drive signals are linked with feedback signals
from the motor, thus controlling the motor with less load imposed on the CPU. The
lineup includes a variety of microcontrollers supporting 120-degree commutation

Microcontrollers

ers with m

and vector control.

m Microcontrollers with motor control circuit (PMD)

Sine wave drive

Rotor position detection function

Motor control timer and timer capture

PWM waveform generation function
Overload protection function

Abnormality protection function

Automatic commutation start and automatic
position detection start

= AD converter trigger generation function

Third-generation PMD
AL 8- and 11-channel
size el@ = M :In mass production 10-bit high-speed ADCs
I : Under development -
120/ m Second-generation PMD Second-generation PMD TMP19AT1
0 Flash ROM Flash ROM
256 K
TMP88FW45 TMP88FW44
""""""""""""""""""""""""""""""""""""""""""" D | Sy |
16-channel 10-bit ADC 16-channel 10-bit ADC
64K TMP88CS42 | TMP88CS43
Third-generation PMD
4-channel 10-bit ADC
"""""""""""""""""""""""""""" 211 e
Second-generation PMD _
8-channel 10-bit ADC TMP77CM70T
32K
TMP89FM82T | TMP77FM70T
Second ionPMD  Second-g ion PMD
4-channel 10-bit ADC 8-channel 10-bit ADC
TMP88CH40 TMP88CH41
16 K
TMP88CH40l TMP88FH41
8K TMP88F846 PMD 1 ch PMD 2 ch
28-pin 42/44/48-pin 64-pin 80-pin 100-pin
= PMD: Programmable Motor Driver
B Product lineup
Series ROM RAM PMD - . Supply Version with
Name Part Number Flash (bytes) | (bytes) 1/10 (channel) Additional Functions Voltage (V) OTP/Flash Package
® Power-on-reset circuit
@ \/oltage detector circuit
TMP88F846UG [ ] 8K 33 @ Built-in oscillator (20 MHz) - LQFP44 (10 x 10 mm)
® 10-bit AD converter
L ©® UART/SIO
TMP88CH40NG/MG § TMP88PH40NG/MG SDIP28/SOP28
512 19 1 ® 10-bit AD converter 451055
TMP88CH40IMG ® UART/SIO ; - TMP88PH40MG SOP28
TMP88CH41NG/UG 16K TMP88PH41NG/UG SDIP42/LQFP44 (10 x 10 mm)
33 ® Power-on-reset circuit
TMP88FH41UG ° oA S eteclonCireuit = LQFP44 (10 x 10 mm)
870/X ©® UART/SIO
TMP88CS42NG/FG 55 ® 10-bit AD converter TMP88PS42NG/FG SDIP64/QFP64
64K | 2K || 2 | SUART 451055 ({E320]mim)
TMP88CS43FG 71 © PWM TMP88PS43FG QFP80 (14 x 20 mm)
® 10-bit AD converter
TMP88FW44FG ® | 120K | 4K |ot 2 :gfg‘T 451055 = QFP100 (14 x 20 mm)
°PWM
© 10-bit AD converter
TMP88FW45FG ® | 120K | 4K |71 2 :gfém 451055 = QFP80 (14 x 20 mm)
° PWM
® 10-bit AD converter
870/C1 TMP89FM82TDUG ® | 32K | 2Kk 39| 1 :gfém 451055 = LQFP48 (7 x 7 mm)
® SEI
. Internal:
770 TMP77CM70TUG % 32K | 1K [18] 1 :L(/’_\'g'.}.g?occ’""e"e' 3.0t03.6 TMP77FM70TUG LQFP64 (10 x 10 mm)
1/0:4.5t05.5
® 10-bit AD converter
TX19A | TMP19A71CYUGIFG 256K | 10K |75 2 | oUORSIO 301036 | TMPIOATIFYUGIFG e Py
® Encoder input

sk Some of the flash memories use the SuperFlash® technology under the license of Silicon Storage Technology, Inc. SuperFlash® is a registered trademark of Silicon Storage Technology, Inc.

16
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Microcontrollers for Home Appliances

E]
=
rinoe
!

i -

-~

The following tables show microcontrollers suitable for home appliances. In addition to those listed below, Toshiba offers a wide

range of microcontrollers with a variety of on-chip peripherals. For details, please refer to the Microcomputer Product Guide.

Note: "x" in part numbers indicates the ROM size: 4 for 4 Kbytes, 8 for 8 Kbytes, C for 12 Kbytes, H for 16 Kbytes, K for 24 Kbytes, M for 32 Kbytes,
P for 48 Kbytes, S for 60 or 64 Kbytes and W for 128 Kbytes.

B General-Purpose Microcontrollers

Number Operating
Part Number ROBM/RAM Features of PRy Sl Temperature| Package
(Bytes) 1/O Ports | Voltage (V) c)
TMP86F409 4 K/512, Flash ROM; UART x 1 ch; SEl x 1 ch;
TMP86F809 8 K/512, 10-bit AD x 6 ch; 8-bit timer x 2 ch; 26 SDIP32
TMP86FHO09A 16 K/512 16-bit timer x 1 ch; key-on wakeup 271055
Flash ROM; UART x 2 ch; SEI; 12C; 10-bit AD x 6 ch; SSOP30/
i i T ! 24/26
TMP86FH92/93 i s 8-bit timer x 2 ch; 16-bit timer x 1 ch; LVD/POR SDIP32
o 8 K/512 )
8 TMP86Cx46/47 16 K/512 SIO; UART; 10-bit AD x 8 ch; 1.8t05.5 SDIP42/
o 32 K/1 K 16-bit timer x 1 ch; 8-bit timer x 2 ch; 33/35
S high-current ports x 19 pins LQFP44
& | TMP86FH46A/47A | 16K (Flash)/512 271055
16 K/512 HSIO x 2 ch; UART x 2 ch;
TMP86Cx49 32K K I:C x 1 ch; 10-bit AD x 16 ch; 1.8t05.5 LQFP64/
60 K/2 K 16-bit ) 56
-bit timer x 2 ch; QFP64
TMP86FS49B 60K (Flash)y2 K | 8-bittimerx4ch 271055 | 401085
36 2.2t03.6
& TMP89FM43LAG 16 K2 K Flash ROM; UART/SIO x 1 ch; UART x 1 ch; ECIS
o | TMP89Fx42 3 K2 K SIO x 1 ch; 10-bit AD x 8 ch; 16-bit timer x 2 ch; 38 LQFP44
(&) -bit ti - high-
2 | TMP89Fx46 8-bit timer x 4 ch; high-current ports 40 LQFP48
Q 271055
E Flash ROM; UART/SIO x 1 ch; UART x 1 ch; QFP64/
® | TMP89Fx60 60 K/3 K SIO x 1 ch; 10-bit AD x 8 ch; 16-bit timer x 2 ch; 56 LQFP64
8-bit timer x 4 ch; high-current ports
UART/SIO x 3 ch; I)C x 2 ch, QFP100/
¢ | TMP91FW64 128 K/8 K 10-bit AD x 16 ch; 8-bit timer x 6 ch; 16-bit timer x 5 ch; 83 LQFP100
8 32-kHz timer for software RTC; ROM patch x 6 banks; Flash ROM
- 45t05.5
%' Flash ROM; 16-bit 900/L1 core; UART/SEI x 3 ch; 12C x 1 ch; QFP80/
S | TMP91FU62 96 K/4 K 10-bit AD x 16 ch; 8-bit timer x 4 ch; 16-bit timer x 4 ch; 71 LQFP80
32-bit timer for software RTC; ROM patch
B Microcontrollers with an LCD Driver
Number Operating
Part Number ROM/RAM Features of Power Supply Temperature Package
(Bytes) 1/O Ports Voltage (V) c)
8 K/512 LCD driver (32 to 8 segment pins & 4 common pins);
TMP86Cx29B 16 K/1.5 K SI0; UART: 10-bit AD x 8 ch; 5 1.8t05.5 QFP64/
32K15K 18-bit timer x 1 ch; 8-bit timer x 4 ch; LQFP64
TMP86FM29 32K/M.5K high-current ports x 4 pins 1.8103.6
TMP86Cx27 ‘312 E//: E LCD driver (40 to 8 segment pins & 4 common pins);
g IGBT control timer x 1 ch; SIO; UART; 10-bit AD x 8 ch; 55 QFP80
TMP86FS27 60 K (Flash)/1 K 8-bit timer x 2 ch; high-current ports x 8 pins 271055 —40 to 85
TMP86CS28 60 K/2 K LCD driver (40 to 1 segment pins & 4 common pins); ' ’ QFP80/
UART/SIO x 1 ch; UART x 1 ch; 8-bit timer x 4 ch; 62 LQFP80
TMP86FS28 60 K (Flash)/2 K 16-bit timer x 2 ch; 10-bit AD x 8 ch
TMP86Cx25 32 K2K LCD driver (60 segment pins & 4, 8 or 16 common pins); 1.8105.5
SOT21 UART/SIO x 1 ch; SIO; 8-bit AD x 8 ch; 18-bit timer x 1 ch; 42 QFP100
TMP86FM25 32 K (Flash)/2 K 8-bit timer x 4 ch; high-current ports x 4 pins 1.8103.6
B Microcontrollers for Static Inverters
Number Operating
Part Number ROMBAM Features of Power Supply Temperature Package
(Bytes) 1/O Ports Voltage (V) c)
TMP86CH12 16 K/512 URGAT 1) @l SO 1) i
10-bit AD x 8 ch; IGBT timer x 1 ch; 22 SSOP30
TMP86FH12 16 K (Flash)/512 _bit ti - 8-bit i
( ) 16-bit timer x 1 ch; 8-bit timer x 2 ch ATHES s
32K/ K 40 to 8 x 4 com; UART x 1 ch; SIO x 1 ch;
TMP86Cx27 48 K2 K 10-bit AD x 8 ch; IGBT timer x 1 ch; 8-bit timer x 2 ch <& CIARED

17
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Motors are commonly used in home appliances. Traditional AC motors are being replaced by DC motors, which are favorable in terms
of control characteristics and efficiencies. Toshiba offers various motor controllers and drivers for brushed DC motors,

3-phase brushless motors, stepper motors and solenoids.

For details, please refer to the Toshiba Semiconductor System Catalog for Motors and Mechatronics.

Applications Part Number Features
TA7262FG 3-phase brushless motor driver; 25 V/1.5 A
o o
2} Cooling fans
% TB6537PG/FG 3-phase PWM sensorless motor controller; 5.5 /20 mA
f‘g’, TB6548FG+TA84005FG 3-phase PWM sensorless motor controller/driver; 25 V/1.0 A
E ATB6575FNG 3-phase PWM sensorless motor controller; 5.5 V/20 mA
Automatic ice TA7291P/FG/SG Bridge motor driver; 25 V/2 A (1.2 A)
makers TA8409FG/SG Bridge motor driver; 25 V/1 A
Switching valves TA7774PG/FG/FAG Stepper motor driver; 17 V/0.4 A
TB6520PG+TA8483CP 3-phase sensorless motor controller/driver; 35 V/2.0 A
TB6539NG/FG Sine-wave PWM motor controller; 18 V/20 mA
TB6551FG Sine-wave PWM motor controller; 12 V/2 mA
Indoor fans ATB6556FG Sine-wave PWM motor controller with an auto lead angle control function; 12 V/2 mA
ATB6586FG/AFG PWM motor controller for 150° commutation; 16.5 V/3 mA
ATB6582FG Sensorless sine-wave PWM motor controller; 16.5 V/2 mA
g *TB6584FNG Sine-wave PWM motor controller with an auto lead angle control function; 16.5 V/2 mA
% TB6539NG/FG Sine-wave PWM motor controller; 18 V/20 mA
é TB6551FG Sine-wave PWM motor controller; 12 V/2 mA
'3: Outdoor fans ATB6556FG Sine-wave PWM motor controller with an auto lead angle control function; 12 V/2 mA
ATB6581HG Sine-wave PWM motor driver; 500 V/1.0 A
ATB6582FG Sensorless sine-wave PWM motor controller; 16.5 V/2 mA
*TB6584FNG Sine-wave PWM motor controller with an auto lead angle control function; 16.5 V/2 mA
Louvers TA84002FG 2-phase bipolar stepper motor driver; 35 V/1 A
Filter Actuator ATB6608FNG 2-phase bipolar microstepping motor driver; 15 V/0.8 A
cleaning Fan ATB6585FG Sine-wave PWM motor driver; 45 V/1.8 A
Dishwashers Pumps ATB6575FNG 3-phase PWM sensorless motor controller; 5.5 V/20 mA
Wasr_\ing Drying fans ATB6575FNG 3-phase PWM sensorless motor controller; 5.5 V/20 mA
Machines ATB6588FG 3-phase PWM sensorless motor driver; 50 V/2.5 A
Ventilators Fan ATB6585FG Sine-wave PWM motor driver; 45 V/1.8 A
A: New product +: Under development
o '
=VYVdc >
ralF e F .
H Overview B TB6539NG noise test result (Presented only as a guide)

The TB6539NG/FG, TB6551FG, TB6556FG and TB6581HG
are 3-phase, full-wave brushless motor controllers.

Sine-wave drive provides quiet motor operation. In addition,
the use of lead angle and PWM control enables 80 | ‘
high-efficiency drive. 70

60
. //

P —
40 =
30

o —+— Sneaeane
Ty = My 1 T T

OO 100 200 300 400 500 600 700 800 900 1000
Rotation Speed [rpm]

Square-wave drive

Noise Level [dB]
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Functions
Part Number Ratings Hall Sensor Al Di:?s:tﬁgﬁﬁgn ;| Level-Shift | Overcurrent | Thermal | Undervoltage Package
Inputs PWM Gircuit Drivers Protection | Shutdown Protection
TPD4121K 250 V/1 A Y - Y Y Y Y Y DIP26
TPD4122K 500 V/1 A Y - Y Y Y Y Y DIP26
TPD4123K 500 V/1 A - Y - Y Y Y Y DIP26
TPD4123AK 500 V/1 A - \% - Y - % \% DIP26
TPD4124K 500 V/2 A - Y - Y Y Y Y DIP26
TPD4124AK 500 V/2 A - Y - \ - Y \ DIP26
TPD4125K 500 V/3 A - Y - Y Y Y Y DIP26
TPD4125AK 500 V/3 A - Y - Y - Y Y DIP26
TPD4111K 250V/1 A Y - Y Y Y Y Y HZIP23
TPD4112K 500 V/1 A Y - Y Y Y Y Y HZIP23
TPD4113K 500 V/1 A = v = Y Y v Y HZIP23
TPD4113AK 500 V/1 A - Y - Y - Y Y HZIP23
TPD4110AK 500 V/2 A - Y - Y - Y Y HzIP23
TPD4104K 500 V/2 A - Y - Y Y Y Y HzIP23
TPD4104AK 500 V/2 A - Y - Y - Y Y HZIP23
TPD4105K 500 V/3 A - Y - Y Y Y Y HZIP23
TPD4105AK 500 V/3 A - Y - Y - Y Y HZIP23
Peripheral ICs and Sensors
Toshiba offers a complete line of peripheral ICs for various home appliances.
v,
Ol
Part Number Package '?EE(F;;:]%EE; V(gﬁ:ézﬁ?\% Features
Communications between water heater and control unit
DC power line carrier communications
T6B70BFG SOP16 Water heaters 45105.5 Pseudo-sine-wave generation
Detection of an external carrier signal
T6B70BFNG SSOP16 Water heaters 45t05.5 Smaller package version of T6B70BFG
NS “,“- |
T e -
- Magnetic Flux Density
Part Number Polarity Output Configuration Package %&%ﬁ%}g‘ |Bon| / |BoFFl Features
(Typ.)
TCS10SPU Push-pull
TCS10SLU S Open-drain
TCS11SLU Inverted output; open-drain Appliances with Highly sgnsitive .
TCS10NPU Push-pull e (Magnetic flux density |Bon| =
TCS10NLU N Open-drain UFV Zi (;evcralgﬁs;ors 1.8mT/0.8mT loiv’grtr’;’:n) consumption
TCS11NLU Inverted output; open-drain R - (5.5 pAtyp. @ Vec =2.5V,
TCS10DPU Push-pull TCS10SPU)
TCS10DLU SandN Open-drain
TCS11DLU Inverted output; open-drain

19
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‘Discrete Devices for Inverter Home Applications

s

H Inverter Output IGBTs
Discrete IGBTSs for inverters with built-in emitter-to-collector free-wheel diode

e

V
Part Number Ic (A) Vces (V) V((“:,T:;;) Ic( (;) Package
GT10J321 10 600 2.45 10 TO-220NIS
GT15J321 15 600 2.45 15 TO-220NIS
GT20J321 20 600 2.45 20 TO-220NIS

B Power MOSFETSs for Inverters
@ Carrier lifetime control for improving intrinsic diode speed (HSD Series: tr = 100 ns, conventional series: trr = 500 ns)
® Improved trade-offs between ON resistance and leakage current, thanks to design optimization

B Photocouplers (Transistor Output)

Ratings Characteristics
Part Number Package
Vbss (V) Ip (A) RDS(ON) (Q) Max trr (ns) Typ.
2SK3868 500 5) 1.7 150 TO-220SIS
2SK3313 500 12 0.62 90 TO-220NIS
2SK3314 500 15 0.49 105 TO-3P(N)
2SK3936 500 23 0.25 380 TO-3P(N)
2SK3131 500 50 0.11 105 TO-3P(L)
2SK3947 600 6 1.4 150 TO-220SIS
2SK4015 600 10 0.86 170 TO-220SIS
2SK4016 600 13 0.50 160 TO-220SIS
2SK3906 600 20 0.33 400 TO-3P(N)
J'?_" -

Current Transfer Ratio| Vceo | Isolation Voltage Current Transfer Ratio(%)
Part Number Features (%) V) |(@1 minutey(vime) Rank Min Max | @I, Vee

TLP781 4-pin DIP See right-side table. 80 5000 = 50 600
TLP181 6-pin MFSOP See right-side table. 80 3750 Y 50 150
GR 100 300

BL 200 600 -

GB 100 5V i
YH {45] 150
GRL 100 200
GRH 150 300
BLL 200 400

B Photocouplers (IC Output)

R | o Ut i | Voo |t Vol
TLP701 6-pin SDIP, Direct drive of a small-power IGBT/MOSFET 0.7 0.6 A 5 10 to 30 5000
TLP351 8-pin DIP, Direct drive of a small-power IGBT/MOSFET 0.7 +0.6 A 5 10 to 30 3750
TLP700 6-pin SDIP, Direct drive of a medium-power IGBT/MOSFET 0.5 +2.0 A 5 15 to 30 5000
TLP350 8-pin DIP, Direct drive of a medium-power IGBT/MOSFET 0.5 +25A 5 15 to 30 3750

B Photocouplers (Triac Output)

Foawes | PRQISHe | Onst | Fesllowepstie | MexTiagerlfo | lsoaionvolage
TLP560J 6-pin DIP 600 0.1 1.2 10o0r7 2500
TLP561J 6-pin DIP, Zero cross 600 0.1 1.2 10or7 2500
TLP360J 4-pin DIP 600 0.1 1.2 10o0r7 5000
TLP361J 4-pin DIP, Zero cross 600 0.1 1.2 10 or7 5000
TLP666L(S) 6-pin DIP, Zero cross 800 0.1 1.2 10 5000
TLP669L(S) 6-pin DIP, Zero cross 800 0.1 1.2 100or5 5000
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Toshiba's transistor arrays have a proven track record as drivers of inductive loads (relays, solenoids and stepper motors),

capacitive loads, LED lamps and so on. Transistor arrays are available with various functions, voltage and current ratings,
packages and so on for a wide range of applications.
Small surface-mount packages help reduce system size and weight.

Applications

Air conditioners

Function Recommended Parts
Stepper motors TD62003APG/AFG TD62004APG/AFG
Relays  TD62083APG/AFG/AFNG | TD62084APG/AFG/AFNG
LEDs  TD62308APG/AFG |
IGBT gate drivers TD62930FG

Qil fan heaters

Level shifters

TD62503, 504FG/FNG

Triac couplers

TD62783, 784AFG/AFNG

TD62083, 084AFG/AFNG

TD62308AFG TD62064APG/AFG
Bidet toilets Steppermotors -~ - - - - - -~ - - - - - - - - - - -~ - - ——— — - — — — — — —— — — — =
TD62308BFG TD62064BFG
LEDs TD62783APG/AFG/AFNG TD62083APG/AFG/AFNG
Washing machines Level shifters TD62503, 504PG/FG/FNG
IGBT gate drivers TD62930FG

Cloth dryers

Triac couplers

TD62783, 784AFG/AFNG

TD62083, 084AFG/AFNG

Refrigerators

Triac couplers

TD62783, 784APG/AFG/AFNG

TD62083, 084APG/AFG/AFNG

Vacuum cleaners

Triac couplers

TD62783, 784AFG/AFNG

TD62083, 084AFG/AFNG

Water heaters

Relays

TD62387AFG/AFNG

TD62083AFG/AFNG

Sensor drivers

TD62783, 784AFG/AFNG

TD62785FG

Microwave ovens

Lamps, LEDs

TD62003, 004APG/AFG

Triac couplers

TD62783, 784AFG/AFNG

TD62083, 084AFG/AFNG

Power Drivers
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AC Input VoEs I VCE (sat) te
Voltage Part Number ) ) FRD Typ. Typ. Package
V) (V) (us)
y GT50M322 900 50 Y 2.1 0.25 TO-3P(N)
100
Vit GT50N322A 1000 50 Y 2.2 0.10 TO-3P(N)
Resonance

220V GT40Q321 1200 42 Y 2.8 0.41 TO-3P(N)
GT35J321 600 37 Y 1.9 0.19 TO-3P(N)IS

GT40J321 600 40 Y 2.1 0.15 TO-3P(N)

Current 220V GT40J322 600 40 Y 2.0 0.24 TO-3P(N)

Resonance GT50J328 600 50 Y 2.0 0.10 TO-3P(N)
GT60J323 600 60 \% 1.9 0.16 TO-3P(LH)

GT60J323H 600 60 \% 2.1 0.12 TO-3P(LH)
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- Power Drivers

ng IGBT

et F

V
Part Number Vs (V) Ic (A) Pc (W) Vor e i\ “T(”S) FRD Package
Ic (A) YP-
GT20J321 20 45 20 40 Y TO-220NIS
GT30J121 30 170 30 50 - TO-3P(N)
GT30J324 600 30 170 2.45 30 50 TO-3P(N)
GT50J325 50 240 50 50 TO-3P(LH)
GT50J121 50 240 50 50 - TO-3P(LH)
P ¥
E -3" e
. Peak Drain Current Ipp (A)
Input Fluorescent Light (Intended only as a guide) Part Number
Bulb-shaped fluorescent lamp 0.7A 25K3462, 25J610, 2SK3342, 2SJ512
32w 12A 2SK3563, 2SK4103
AC 100V 32W +40W 26A 2SK3563, 2SK4103
32 W x 3 lights 35A 2SK3561, 2SK3568, TK8BA50D, TK12A50D
32 W x 4 lights 46 A 2SK3934, TK15A50D
32W 0.7A
2SK3767, 2SK4002
AC 200V 32W +40W 1.3A
32 W x 3 lights 1.8A 2SK3567, 2SK4003
< Circuit Example >
= = ——
Driver g H -
3
AC S
Input @ % = o =)
) S
=
[T
m = =
>—1 |
Driver g H
'k" (o] gl
13- S A
Part Number Ip (A) Vbss (V) Robs(on) Max(W) Remarks Package
2SK3313 12 500 0.62 High-speed diode TO-220NIS
2SK3868 5 500 1.7 High-speed diode TO-220SIS
2SK3947 6 600 1.4 High-speed diode TO-220SIS
2SK4015 10 600 0.86 High-speed diode TO-220SIS
2SK4016 13 600 0.50 High-speed diode TO-220SIS




Semiconductor Devices for Power Supplies

< Application Circuit Example >

g Secondary rectifier

> O
AC\qlgO v z DC output
i
O
(AC 200V f <
% g
Power transistor
T
eCuiTi <
o e
H High-Efficiency Diodes (HEDs)
Reverse Peak Repetitive Reverse Voltage
Package Recovery
Time (Max) 200V 300V 400V 600 V
S-FLAT CRHO1 - - -
35ns
" CMH04 = CMHO05A -
= 50 ns - - CMHO05 -
] M-FLAT
S 35ns CMHO07 - CMHO8A -
(@) 2A
o] 50 ns = = CMHo08 -
= [0
R L-FLAT 55 e CLHo1 CLH02 CLH03 -
s | c
w | @ 3A CMHoO1 - CMHO02A -
Q M-FLAT
© 50 ns - - CMHO02 -
[0
z L-FLAT . CLH05 CLH06 CLHo07 -
ns
5A 5DLZ47A = 5GLZA47A 5JLZ47A
TO-220NIS #
50 ns - - - 5JL247
TO-220SM U5DL2C48A U5FL2C48A = =
35 ns
5A 5DL2CZ47A 5FL2CZ47A 5GL2CZ47A -
TO-220NIS
50 ns - - - 5JL2CZ47
= TO-220SM o U10DL2C48A U10FL2C48A - U10JL2C48A
ns
g 10A 10DL2CZ47A 10FL2CZ47A 10GL2CZ47A 10JL2CZ47A
= TO-220NIS
= 50 ns - - - 10JL2CZ47
e
=N TO-220NIS 16DL2CZ47A 16FL2CZ47A = -
@) = 16 A 35 ns
B | B TO-3P(N) 16DL2C41A 16FL2C41A - =
= | O
8| T TO-220SM U20DL2C48A U20FL2C48A U20GL2C48A U20JL2C48A
(0]
% O TO-220NIS o 20DL2CZ47A 20FL2CZ47A - -
ns
& 20 A TO-3P(N) 20DL2C41A 20FL2C41A 20GL2C41A 20JL2C41A
[0
z TO-3P(N)IS 20DL2CZ51A 20FL2CZ51A - -
TO-3P(N) = - - 20JL2C41
50 ns
TO-3P(N)IS - - - 20JL2CZ51
30A TO-3P(N) 50 ns - - - 30JL2C41

#: No center lead
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Semiconductor Devices for Power Supplies

B Shunt Regulators

Absolute Maximum Ratings Reference Voltage
Part Number Package Comment
VKA (V) Ik (mA) Typ. (V) Accuracy (%)
TA76431S 37 150 2.495 +2.2 LSTM
TA76431F/FR 37 150 2.495 +2.2 PW-Mini F/FR: Pin order reversed
TA76L431FB 20 50 2.495 +1 S-Mini
TA764L431S 20 50 2.49 +1 LSTM
TA76L431FT 20 50 2.49 +1 UFV
TA76432S 20 20 1.26 +1.4 LSTM
TA76432F/FR 20 20 1.26 +1.4 PW-Mini F/FR: Pin order reversed
TA76432FC 20 20 1.26 +1.4 SMV
TA76432FT 20 20 1.26 +1.4 UFV
TA76432AS 20 20 1.26 +1 LSTM
TA76432AF/AFR 20 20 1.26 +1 PW-Mini F/FR: Pin order reversed
TA76432AFT 20 20 1.26 +1 UFV
TA76433FC 15 20 1.26 +1.4 SMV Independent K-Vce
H Series Regulators
) Absolute Maximum Ratings Features Fixed/
Part Number | Polarity - — Variable Output Voltage (V) Package
Output Current (mA) | Input Voltage (V) | LDO |3-Terminal | ON/OFF | Tracking
TA48xxBF + 1000 16 Y Y F |1.5/1.8/2.5/3.3/5/8/9 New PW-Mold
TA48SxxAF + 1000 16 Y Y F |1.5/1.8/2.5/3.3/5/9 New PW-Mold 5-pin
TA48S00AF + 1000 16 Y Y V |15t09 New PW-Mold 5-pin
TA4800AF + 1000 16 Y V [15t09 New PW-Mold 5-pin
TA48MxxF + 500 29 Y Y F |25/3/3.3/3.45/4/5 PW-Mold
TA48LSxxF + 300 14 Y Y F |1.5/1.8/2.5/3.3/5 PS-8
TA48LSO00F + 300 14 Y Y V [15t05 PS-8
TA48LxxF + 150 16 Y Y F [1.8/2/25/3/3.3/5 PW-Mini
TA58MxxF + 500 60 (gilse) Y Y F |5/6/8/9/10/12/ 15 New PW-Mold
TA58MxxS + 500 60 (I%ilse) Y Y F |5/6/8/9/10/12/ 15 TO-220NIS
29
TA58MSxxF + 500 60 (Pulse) Y Y F |38.3/5/6/8/9/12 New PW-Mold 5-pin
29
TA58MSO00F + 500 60 (Pulse) Y Y V |2.475t024 New PW-Mold 5-pin
TA58LxxF + 250 60 (,2:,?"56) Y Y F |5/6/8/9/10/12/ 15 New PW-Mold
29
TA58LxxS + 250 60 (Pulse) Y Y F |5/6/8/9/10/12/ 15 TO-220NIS
TA58LTOOF + 150 60 (gilse) Y V |2.5to0 13.4 (Tracking) New PW-Mold 5-pin
38
TA58STOOF + 50 60 (Pulse) Y Y Y V |2.5t013.4 (Tracking) SOP-8
TA78DSxxF + 30 60 (I%ilse) Y Y Y Y F |5/6/8/9/10/12/ 15 PW-Mini
29
TA78DSxxBP| + 30 60 (Pulse) Y Y F |5/6/8/9/10/12/ 15 LSTM
TA78xxAF + 1000 20 Y F |3.3/4/5/7/8/9 New PW-Mold
TA78xxF + 1000 35/40 Y F |5/5.7/6/7/8/9/10/ 12/ 15/ 18/ 20/ 24 PW-Mold
TA78xxSB + 1000 35/40 Y F |5/5.7/6/7/8/9/10/ 12/ 15/ 18/ 20/ 24 TPL
TA78MxxF + 500 35/40 Y F | 5/6/8/9/10/ 12/ 15/ 18/ 20/ 24 PW-Mold
TA78MxxSB | + 500 35/40 Y F |5/6/8/9/10/ 12/ 15/ 18/ 20/ 24 TPL
TA78LxxF + 150 35/40 Y F |5/6/7/8/9/10/ 12/ 15/ 18/ 20/ 24 PW-Mini
TA78LxxPF + 150 35/40 Y F |5/6/7/8/9/10/12/ 15 PS-8
TA78LxxAP + 150 35/40 Y F |5/6/7/7.5/8/9/10/ 12/ 13.2/ 15/ 18/ 20/ 24 LSTM
TA78LxxS + 100 35 Y F |5/7/8/9/10/12/15 TO-92
TA79xxSB - 1000 —35/-40 Y F |-5/-6/—-7/-8/-9/-10/ —12/-15/ -18/ —20/ —24 | TPL
TA79LxxF - 150 —35/-40 Y F |-5/-6/-8/-9/-10/ —12/-15/ —18/ —20/ —24 PW-Mini
TA79LxxP - 150 —35/-40 Y F |-5/—6/-8/-9/-10/-12/-15/ —18/ —20/ —24 LSTM




H DC-DC Converter ICs

Part Number Type Ing:tn \g/;;lt(a\;;)e OUt%l,J; .V(tzll;age Out';\)/llgx(i:r)rent Oscille_art;c:(llzlr_‘ezq)uency Package
TB7100F Buck 3.0t0 5.5 Variable 0.7 550
TB7101F(T5L1.2,F) Buck 2.7t05.5 1.2
TB7101F(T5L1.5,F) Buck 2.7t05.5 1.5
TB7101F(T5L1.8,F) Buck 2.8105.5 1.8 1.0 1000
TB7101F(T5L2.5,F) Buck 3.5t05.5 25
TB7101F(T5L3.3,F) Buck 431055 3.3
TB7101AF(T5L1.2,F) Buck 2.7t05.5 1.2 PS-8
TB7101AF(T5L1.5,F) Buck 2.7t05.5 1.5
TB7101AF(T5L1.8,F) Buck 2.8t05.5 1.8 1.0 1000
TB7101AF(T5L2.5,F) Buck 351055 25
TB7101AF(T5L3.3,F) Buck 431055 815
TB7102F Buck 2.7t05.5 Variable 1.0 1000
TB7102AF Buck 2.7t05.5 Variable 1.0 1000
TCV7100F Buck 271055 Variable 25 800 SOP Advance
TCV7101F Buck 2.7t05.5 Variable 3.8 600
TC7704FNG Buck 2.7t05.5 Variable 1.0 3000 SSOP16
TCV7102F»« Buck 2.7t05.5 Variable 3.0 1500 SOP Advance
TCV7103F Buck 271055 Variable 5.0 1500 SOP Advance
¥: Under development
B MOSFETSs for Power Supplies
Ratings Characteristics
Part Number Voss (V) Io (A) Vin (V) Ros oy Max (@) | Qg Typ. (nC) t Typ. (ns) Package
2SK3757 2.0t04.0 2.45 9 1000
2SK3766 2 3.5t04.5 2.45 8 1000
25K3869 450 10 AT 0.68 28 1000
2SK3935 17 0.25 62 1400
2SK3563 5 1.5 16 1400
TK8A50D 8 0.85 16 1200
TK12A50D 500 12 2.0t0 4.0 0.52 25 1300
2SK4012 13 0.4 50 1000
TK15A50D 15 0.3 40 1300
2SK3767 2 5 9 1000
2SK3567 3.5 2.2 16 1400
TK6A60D 6 2.0t04.0 1.25 16 1000
25K3667 600 7.5 1.0 33 1200
TK10A60D 10 0.75 25 1300 10:22081
TK12A60U 12 3.0t0 5.0 0.4 14 380
TK13A60D 13 2.0t04.0 0.43 40 1050
2SK4013 800 6 2.0t04.0 1.7 35 1200
TK15A60U 600 15 e 0.3 17 530
TK20A60U 20 0.19 27 450
2SK3566 2.5 6.4 12 720
2SK3564 3 D 4.3 17 850
2SK3798 4 3.5 26 1100
2SK3565 900 25 28 900
2SK3742 ° 4.0t05.0 25 25 900
2SK4014 6 AT 2 45 1100
2SK3799 8 1.3 60 1700
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. LED Lamps
.__,.-"-. g
T
- A
TL12WO01-D TLWK1100C
Po|arixy(1>—N—C2> 2 1
10502
8.0
‘47704,‘ Cathode index 32
- : )
Cathode index = H
2 Y| eade
(1.4)
2 IJ_I —1
pase, *T][
1. Anode Tolerance: + 0.15 U Tolerance: + 0.2
2. Cathode *kDimensions include burrs.
B Features B Features

26

® Package dimensions: 10.5 (L) x 5.0 (W) x 2.1 (H) mm
® Applications: Light sources for lighting equipment

H Optical and Electrical Characteristics
(IF =250 mA, Ta = 25°C)

® PLCC package: 3.2 (L) x 2.9 (W) x 1.9 (H) mm
® Two luminous intensity bins available
® Applications: Light sources for LCD backlighting, lighting

equipment, etc.

H Optical and Electrical Characteristics
(IF =20 mA,Ta = 25°C)

) ) Typical Chromaticity ) Typical Luminous | TYPical Chromaticity .
Part Number Typl'fli'x"g?mg’us C(ioordmatce; T\S;g'ﬁ:é:?/r:"(a\;? Part Number . |?\}?r22g3)/ gfordlnat%sy T\);F;'ﬁ:ég%r:‘/(a\; ;3'
TL12W01-D(T30) 40 0.32 0.31 34 TLWK1100C(T11) 1700 0.31 0.3 3.2
or Indicat

B Features B Package Dimensions

® Designed for flush mounting

® Transparent, colored, and colored diffusion lens types

B Product Offerings Ta=25C % Wl'a—ioéf

IF Absolute Typical Characteristics @ = 20 mA 3 3

Color | Part Number Lens F{'\g%)r(\igr;n(unTA) Lumino(ﬁcg tensity] 5 el Viewin(g)AngIe é 3 ;'1\0_ 2_ % -

TLRMEG68TG(F) | Transparent colorless 50 330 626 2.0 80 g é l ' 3 3
Red | TLRMEG8CG(F)| Transparent red 50 260 626 | 1.9 80 el Ul Siw

TLRME68DG(F) |  Red diffused 50 140 626 | 19 100 ozmax JI 3
TLYEG68TG(F) Transparent colorless 50 340 587 2.0 80 0.45 2 b

Yellow| TLYE68CG(F) Transparent yellow 50 300 587 2.0 80 1 @:
TLYE68DG(F) Yellow diffused 50 150 587 2.0 100 254 1
TLGE68TG(F) | Transparent colorless 50 155 571 2.0 80 —= °

Green| TLGE68CG(F) Transparent green 50 110 571 2.0 80 @; 1. Anode
TLGE68DG(F) Green diffused 50 45 571 2.0 100 2. Cathode

Fresh | TLFGE68CG(F) | Transparent green 50 70 565 2.0 80

9'€€N| T FGE68DG(F) |  Green diffused 50 30 565 | 2.0 100




- General-Purpose Discrete Devices

\/,
b M
Io(A Vceo=10V Vceo= 15V Vceo =20V Vceo =30V
c(A) PNP NPN PNP PNP NPN PNP + NPN NPN
1 - - ®TPC6D02@2 = = ®HN4B101J =
H2SC5784
15 (D2SA2058 - - o] ©25C5819 -
@TPC6503
»2SC5755
> ®2SA2066 ©®2SC5785 _ _ _ @TPC6902@1 _
@TPC6602 @TPC6501 ®TPCP8902@1
@TPCP8504
25 — = - H2SA2061 - -
©25A2059 2SC5976
3 - - - @TPC6603 - ®
&5 = - = - (1D2SC5738 -
©®2SC5714
4 = ©®2SC5713 - @TPCP8601 ©2506125 3% (H2SC5906 =+
5 - - = = = H2SC6062 =k
Vceo =50V Vceo =80V
PNP PNP + NPN NPN PNP NPN
®@TPC6901A@1 | ®TPC6701
! ©28A2070 | 9TPCP8901@1 | ©2SC5810 - -
15 - - - - -
»2SA2056
2 ©®2SA2060 = ®TPCP8701 ©®2SA2206 =
@TPC6601
»2SC5692
25 @TPCP8602 - 2506033 3 - ©2SC6124
©2SC5712
_ _ ©®2SC6126 = _
3 ©TPC6502 ©2SC6076
@TPCP8505
515 - - - - -
4 = = H2SC5703 = =
_ _ ®TPCP8H01@4 3 _ _
@2SC5886A
Package(DTSM, @VS-6, ®VS-6 (2in1), ®PS-8, ®PS-8 (2in1),®PW-Mini, ®PW-Mold, ® SMV
sk: Ultra-high speed vr: Under development @1: NPN + PNP, @2: PNP + SBD, @3: PNP + S-MOS, @4: NPN + S-MOS
S|
G
Average Forward Peak Repetitive Reverse Voltage
Current Package 100V 400 V 600 V. 800V
0.3A VS-6 - TPC6KO01 - -
0.5A HM-FLAT = HMGO1 - -
07 A CRGO1 CRGO02 - =
) S-FLAT - CRGO07 - -
- CRGO03 CRGO04 CRGO05
1A = cMcCo1 - =
M-FLAT - CMCo02 - -
2A = CMGO02 CMG03 -
3A L-FLAT - CLGO05 = -
10A TO-220SM = = = U10LC48
»
et e
Average Forward Brdiaa Reverse Recovery Peak Repetitive Reverse Voltage
Current 9 Time (Max) 400V 600 V 800 V
02A i 100 ns _ _ CRF04
SFLAT 100 ns - - CRF02
05A M-FLAT 100 ns - - CMF03
0.7A S-FLAT 100 ns = CRF03 =
1A 100 ns = CMF02 _
2A M-ELAT 100 ns — CMFO1 _
5A TO-220NIS 100 ns 5GUz47 5JUZ47 -
B, C AR,
P Prsm (W) ¢ Zener Voltage Range (V) Part Number Package
07W 50 6.210 9.1 CRY62
' 10 to 47 CRZ10 S-FLAT(SMD)
1.0W 90 18 to 51 CMzB18 M-FLAT(SMD)
2.0W 180 12 to 53 CMZ12 M-FLAT(SMD)

#: Recommendation at tw = 1 ms; square pulse
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OVERSEAS SUBSIDIARIES AND AFFILIATES

(As of April 01, 2008)

Toshiba America
Electronic Components, Inc.

Headquarters-Irvine, CA

19900 MacArthur Boulevard,

Suite 400, Irvine, CA 92612, U.S.A.

Tel: (949)623-2900 Fax: (949)474-1330

Buffalo Grove (Chicago)

2150 E. Lake Cook Road, Suite 310,
Buffalo Grove, IL 60089, U.S.A.

Tel: (847)484-2400 Fax: (847)541-7287

Duluth, GA (Atlanta)

3700 Crestwood Pkwy, #160,

Duluth, GA 30096, U.S.A.

Tel: (770)931-3363 Fax: (770)931-7602

Raleigh, NC

3120 nghwoods Blvd., #108, Raleigh,
NC 27604, U.S.A

Tel: (919)859-: 2800 Fax: (919)859-2898

Richardson, TX (Dallas)

777 East Campbell Rd., #650, Richardson,
TX 75081, U.S.A.

Tel: (972)480-0470 Fax: (972)235-4114

San Jose Engineering Center, CA
2590 Orchard Parkway San Jose,

CA 95131, US.A.

Tel: (408)526-2400 Fax:(408)526-2410

Wixom (Detroit)

48680 Alpha Drive, Suite 120, Wixom,
MI 48393 U.S.A.

Tel: (248)347-2607 Fax: (248)347-2602

Toshiba Electronics do Brasil Ltda.
Rua Afonso Celso, 552-8 andar, CJ. 81

Vila Mariana Cep 04119-002 Sa”o Paulo SP, Brasil
Tel: (011)5576-6619 Fax: (011)5576-6607

Toshiba India Private Ltd.

6F DR. Gopal Das Bhawan 28,

Barakhamba Road, New Delhi, 110001, India
Tel: (011)2331-8422 Fax: (011)2371-4603

Toshiba Electronics Europe GmbH

Dusseldorf Head Office
Hansaallee 181, D-40549 Dusseldorf,

Germany
Tel: (0211)5296-0 Fax: (0211)5296-400

Minchen Office

Biiro Miinchen Hofmannstrasse 52,
D-81379, Miinchen, Germany

Tel: (089)748595-0 Fax: (089)748595-42

France Branch

Les Jardins du Golf 6 rue de Rome F-93561,
Rosny-Sous-Bois, Cedex, France

Tel: (1)48-12-48-12 Fax: (1)48-94-51-15

Italy Branch

Centro Direzionale Colleoni,

Palazzo Perseo 3,

|-20041 Agrate Brianza, (Milan), Italy
Tel: (039)68701 Fax: (039)6870205

Spain Branch

Pgrque Empresarial, San Fernando, Edificio Europa,
Planta, E-28831 Madrid, Spain

Tel (91)660-6798 Fax: (91)660 -6799

U.K. Branch

Delta House, The Crescent Southwood Business Park
Farnborough, Hampshire GU14 ONL, U.K.

Tel: (0870)060-2370 Fax: (01252)53-0250

Sweden Branch
Gustavslundsvagen 18, 5th Floor,
S-167 15 Bromma, Sweden

Tel: (08)704-0900 Fax: (08)80-8459

Toshiba Electronics Asia
(Singapore) Pte. Ltd.

438B Alexandra Road, #06-08/12 Alexandra
Technopark, Singapore 119968

Tel: (6278)5252 Fax: (6271)5155

Toshiba Electronics Service
(Thailand) Co., Ltd

135 Moo 5, Bangkadi Industrial Park, Tivanon Road,
Pathumthani, 12000, Thailand

Tel: (02)501-1635 Fax: (02)501-1638

Toshiba Electromcs Tradmg
(Malaysia) Sdn. Bhd

Kuala Lumpur Head Office

Suite W1203, Wisma Consplant, No.2,

Jalan SS 16/4, Subang Jaya, 47500 Petaling Jaya,
Selangor Darul Ehsan, Malaysia

Tel: (03)5631-6311 Fax: (03)5631-6307

Penang Office

Suite 13-1, 13th Floor, Menara Penang Garden,
42-A, Jalan Sultan Ahmad Shah,

10050 Penang, Malaysia

Tel: (04)226-8523 Fax: (04)226-8515

Toshiba Electronics Philippines, Inc.
26th Floor, Citibank Tower, Valero Street, Makati,
Manila, Philippines

Tel: (02)750-5510 Fax: (02)750-5511

Toshiba Electronics Asia, Ltd.

Hong Kong Head Office

Level 11, Tower 2, Grand Century Place, No.193,

Prince Edward Road West, Mongkok, Kowloon, Hong Kong

Tel: 2375-6111 Fax: 2375-0969

Beijing Office

Room 814, Beijing Fortune Building, No.5 Dong San Huan Bei-Lu,
Chao Yang District, Beijing, 100004, China

Tel: (010)6590-8796 Fax: (010)6590-8791

Chengdu Office

Room 2508A, 2 Zongfu Street, Times Plaza,
Chengdu 610016 Sichuan, China

Tel: (028)8675-1773 Fax: (028)8675-1065

Qingdao Office
Room 4(D-E), 24F, International Financial Center,

59 Xiang Gang Zhong Road, Qingdao 266071, Shandong, China

Tel: (532)8579-3328 Fax: (532)8579-3329

Toshiba Electronics Shenzhen Co., Ltd.
28/F, Excellence Times Square Building, 4068 Yi Tian Road,
Fu Tian District, Shenzhen 518048, China

Tel: (0755)2399-6897 Fax: (0755)2399-5573

Toshiba Electronics (Shanghai) Co., Ltd.

Shanghai Head Office

11F, HSBC Tower, 1000 Lujiazui Ring Road,
Pudong New Area, Shanghai 200120, China
Tel: (021)6841-0666 Fax: (021)6841-5002

Hangzhou Office

502 JiaHua International Business Center,
No.28 HangDa Road, Hangzhou, 310007, China
Tel: (0571)8717-5004 Fax: (0571)8717-5013

Nanjing Office

23F Shiji Shangmao Plaza,

No.49 Zhong Shan South Road, Nanjing, 210005, China
Tel: (025)8689-0070 Fax: (025)8689-0125

Toshiba Electronics (Dalian) Co., Ltd.
14/F, Senmao Building, 147, Zhongshan Road,
Xigang Dist., Dalian, 116011, China

Tel: (0411)8368-6882 Fax: (0411)8369-0822

Tsurong Xiamen Xiangyu Trading Co., Ltd.
14G, International Bank BLDG., No.8 Lujiang Road,
Xiamen, 361001, China

Tel: (0592)226-1398 Fax: (0592)226-1399

Toshiba Electronics Korea Corporation

Seoul Head Office

891, Samsung Life Insurance Daechi Tower 20F, Daechi-dong,
Gangnam-gu, Seoul, 135-738, Korea

Tel: (02)3484-4334 Fax: (02)3484-4302

Daegu Office

16F, Hosoo Bldg. 50-3 Dongin-Dong 2(i)-GA,
Jung-gu, Daegu, Korea 700-732

Tel: (053)428-7610 Fax: (053)428-7617

Toshiba Electronics Taiwan Corporation

Taipei Head Office
10F,, No.10, Sec.3, Minsheng E.Rd., Taipei City 10480, Taiwan
Tel: (02)2508-9988 Fax: (02)2508-9999

Kaohsiung Office

16F-A, Chung-Cheng Building, 2, Chung-Cheng 3Road,
Kaohsiung, 80027, Taiwan

Tel: (07)237-0826 Fax: (07)236-0046

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 patents or other rights of TOSHIBA or the third parties. 070122_C

GaAs(Gallium Arsenide) is used in some of the products. The dust or vapor is harmful to the human body. Do not break, cut, crush or dissolve chemically. 021023_J

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 control laws. 060925_F

The products described in this document may 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_H
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