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£} FACTORY AUTOMATION COVERAGE
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FA:  Factory Automation 1/0 Control

PC.  Personal Computer Discrete IC Solutions
TSN: Time Sensitive Network

IC:  Integrated Circuit

TOSHIBA

Relay, Switch IC, Isolation, ...

Toshiba IC Solutions

Enhanced
Functionality

Digital Real-Time
Connection

Energy Efficiency
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&Y FACTORY AUTOMATION SOLUTIONS & PRODUCTS

T
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Reference Model

Single MCU
Multi-Axis Control

© 2020 Toshiba Electronics Europe GmbH

4



&Y REFERENCE DESIGN CENTER

Reference Solutions

TOSHIBA
Exemplary Design Solutions for
Various Industrial Applications

Toshiba Electronic Devices & Storage Corporation

&P Lurcpe (LMLA) - Laglish Q szarcH [ con
o SEMICONDUCTOR STORAGL 3
Semiconductor Top Products ¢ Design & Development Knowledge Where To Buy
Semiconductor & Storage Products Home Semiconductor Wgn lopm Reference Design Center
1o, Design Sources
3@: Direct Access to Circuit Diagrams,
= BOM, Design Manual and PCB Files

Reference Design Center
BRI RS
Contact Window

Access to Toshiba's Technical Experts

T| = “ O |
All Designs (48designs) EE
Sort: Tile | DesignFies | Date
and Sales Team
i B e S L i
https://toshiba.semicon- o B il i spre T
storage.com/eu/design- =
° 12
support/referencedesign.html e
TOSHIBA

=08 112019

92019
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PLC / MOTION CONTROLLER / REMOTE 10

Signal Processing

Communication I/F
ESD Prot. Ethernet
TSV Diodes TSN

-

Programming I/F

ESD Prot.
TSV Diodes

-

System Control
Processor
SOC

-

Digital I/F

Photo Coupler

'i

Photo Relay

O Terminal

R
R

]
]

to Motor,
Sensor,
Actuator,

USB/Bus “ Analog I/F Expansion Board

Over Current [| SwitchiC 9
Protection Photo Coupler VX
4 eFuse IC ® ®
3) s
Storage M Photo Relay XX

IO Terminal
Power Supply Power Management General Purpose

AC/DC Converter

»

Power Processing

Logic Op MOS

Amp FET

020

é

TOSHIBA

Key Products

(1) LV MOSFET

High Efficiency
for High Power Density

@ Photocouplers

Long LED life time, lowest
supply current, large line-up

@ Photorelays
Replacement of mechanical relays

@ Protection Devices

TVS diode for ESD protection of
data line and antenna.
eFuse IC against over-current

@ Others

For LDOs, Load Switches, Logic,
BUS switches, Diodes or Op.-Amps

please check toshiba.semicon-storage.com
© 2020 Toshiba Electronics Europe GmbH 7



https://www.toshiba.semicon-storage.com/

MOSFET FOR POWER SUPPLY & DC/DC conversion

Extensive Portfolio Application
Examples
Main DTMOS IV with integrated
. . . AC/DC Resonant
1 Switches High-Speed Diode, 600/650V Half-Bridge
Power Supply
DTMOS VI / DTMOS IV-H for 150W — 1.6kW

) PFC

Rectification UMOS VIII/IX/X, 40V ~ 120V

High-Speed Switching, 600/650V
And SiC Diodes

AC/DC Resonant

Full-Bridge
UMOS VIII/IX/X Power Supply

> 1kW

High Efficiency with High-Speed Switching Performance

TOSHIBA PFC: Power Factor Correction © 2020 Toshiba Electronics Europe GmbH 8


https://toshiba.semicon-storage.com/eu/application/power/half-bridge.html
https://toshiba.semicon-storage.com/eu/application/power/full-bridge.html

Power Application : Power supply

TOSHIBA HV & LV Power MOSFET - with best-in-class technologies

[Conduction / VFLoss }

PFC(Rectifier)
PFC(Switch), _a

[ Switching Loss |  “Sll§ | Recovery Loss ]

TOSH I BA © 2020 Toshiba Electronics Europe GmbH 9



PHOTOCOUPLER

. . Light
PrOdUCt H |gh||g hts Emission Estimated Light Output Degradation
High Reliability 2 100 I i e S P § Ne:v Long L|fe-. LED
F ST . : o ~Q 10% degradation
Long Lifetime, High operation = % ¢ :onal LED
. tem t 50 onventiona
high performance LED emperature 50% degradation

up to +125°C!

} 10 100 1k 10k 100k Stress Time [hrs]
High performance

detector chip for‘lowest Lowest Supply Current
power consumption

TmA
New low height sog "> “ 4

packages 2.3mm height TLP116A TLP2366 TLP2361 TLP2310
save space & cost

|C Output up to 50Mbps
Transistor Output
Photorelays

Isolation Amplifier

4 Large Product Portfolio

TOSH I BA © 2020 Toshiba Electronics Europe GmbH 11


https://toshiba.semicon-storage.com/eu/product/opto/photocoupler.html

PHOTORELAYS
Product Highlights

Excellent switching
characteristics
(high speed, low noise)

Low input current / low voltage

drive

Miniaturization of
mounting area

High reliability (long life)

No wear and tear induced
degradation

TOSHIBA

Replacement for
Mechanical relay

A
DIP4/DIP6/DIP8

L NEW 4
VSON4 SVSON4
X1.45mm X1.45mm

X14Amm(t)  x1.75mm(t)

<

SO6(ZEUS)

* U-MOSVI deployment
« DTMOS for next item

Latest UMOS Technology

Trench construction
Giule [rain

T (]
I+

F P

A

Cre ] e J
=
nﬁ*

- Small Package Size:
= 2.45mmx1.45mmx1.3mm

Smallest VSON Package -

© 2020 Toshiba Electronics Europe GmbH
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https://toshiba.semicon-storage.com/info/lookup.jsp?pid=VSON4&lang=ja
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Motor Drives & Robot Solutions
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SERVO DRIVE REFERENCE MODEL

3 BLDC servo motors control by a

single MCU MCU Board Encoder Board
« M4KN MCU, 160MHz, 512kB Flash,
100-pin
200W Power stage, e o k| 1) “n'___

3-phase inverter

« 6x TPW3R70APL, 100V/150A,
LV MOSFET, class leading low
on resistance: 3.7mQ

Demo Model

Base Board Power Boards 3 BLDC Servo
http://toshiba.semicon- Motor Control

storage.com/eu/semiconductor/design-
development/reference-model/servodrive.html

Modular and Versatile Platform - Supporting Various Use Cases

TOSHIBA "

© 2020 Toshiba Electronics Europe GmbH


http://toshiba.semicon-storage.com/eu/semiconductor/design-development/reference-model/servodrive.html

AGV Reference Model

3 BLDC servo motors control by a

single MCU

.« M4KQ MCU, 160MHz, 512kB, Flash,
144-pin

Power stage, 3-phase inverter
« TPH2R408QM low-voltage MOSFET,
class leading low on resistance: 3.5mQ

Toshiba SCiB™ SIP series as
replacement for lead-acid batteries
. SIP24 (24V)

https://www.scib.jp/en/product/s

ip/index.htm

TOSHIBA

SCiB™ is a trademark of Toshiba Corporation, registered in Japan and other countries

MCU Board

3-OmniWheel AGV

Power Board

ELDC
[(Servo) Motor

3-phase

Inverter

Toshiba TMPM4 Kxoxnx
FOC Motor Control MCU

Frotection
- PO el Conilro Bx ]
g , MOSFET
Fash CrJ ADC Canenl serming OpAmp
s {_.-ll:rn » Fozibar sens ng
Lortcy EMC
LD 4T
SEAM W 160 MH; T o .
T £arrant sersing MQSFET
Cor, Madulis - dvor on OpAmp
IO bac o
Tirer
l;:?;:f; PMD Serbor Dartrod Bx
UART -I_"u"E:l . Lurnenit snns g MICSFET
5Pl AL | OpAmp
| “hC tamn BRI T
T - rack
Toshiba Low Voltage
U-MOS 1X-H MOSFET

© 2020 Toshiba Electronics Europe GmbH 15


https://www.scib.jp/en/product/sip/index.htm

SOLUTIONS FOR MOTOR CONTROL AND DRIVE CIRCUITS

Leading edge MOSFET
reduces energy losses

Inverter

Improved power density

PDow.er and efficiency by SiC
SRS MOSFET & Diode
Precise motor control ® Pre ® Brushless
mgjor Control provides improved ® Driver Inverter Motor
energy efficiency g
.E . Brushless
Driver IC for Toshiba phase control 9 Motor Mftor Driver IC Motor
Brushl DC technology improves 5—Control
RHSIRESS energy efficiency 2 MCU . Brushed
g Motor Driver IC Motor
Driver IC for Toshiba original AGC o
. technology reduces ® . Stepper
Stepping Motor i energy losses Motor Driveric Motor

TOSH I BA © 2020 Toshiba Electronics Europe GmbH 16



LV/HV MOSFET FOR INVERTER

750V

500V

250V

°
DTMOS IV / HSD MOSFET i
HV 400~800 V, ~60 A
IPD
- 250~ N
600 V@
~5A
U-MOS IX-H MOSFET
40~150V, ~250 A
500 W 1000 W 1500 W Motor Power

High Voltage MOSFET

Fast switching reduces losses, High Speed Diode
optimizing efficiency

Intelligent Power Devices - IPD

Integrated solution based on MOSFET / IGBT
compact, protected, high efficiency

Low Voltage MOSFET
LOW RON, TCH = 175°C
40V/60V options for low V¢ spike

Low Rpson) Fast Switching, Wide Voltage Range

TOSHIBA

© 2020 Toshiba Electronics Europe GmbH 17



LOW VOLTAGE MOSFET FOR INVERTER

EFFICIENCY (%)

&80

TE

7 F

&R

Industry leading process enables
low On Resistance Rpg oy

improved trade off between Rpg oy,

and Qg Qs Qoss

Efficiency

= = TPH1R30&6P1
—TPH1R20&PL

4 -] g 14 15 13 20 22 24

OUTPUT CURREMT (A)

12 1z

TOSHIBA

%> '
&%4 Easy Design In

n TCH = 175°C (U-MOS |X‘H)
= high avalanche energy

= 40V/60V options for low V¢ spike

and shorter ringing

%
%+ Wide Line-Up
l..

supports voltages from 20V to 250V

huge variety of packages
(SMD and THD)

Top-side cooling (DSOP package)

Test Condition:

Vob = 30 V, Ibsr = -25 A, di/dt = 100 A/ps, T, = 25°C

SOT-1220  SOT-23F TSOP6F
VpeiSV/dV VpgSV/dAV o L 4 0
S Veesvidv T 1 vesvdv T R ) Joy2s Joy2s
-~ 20ns/div. | = 20ns/div ] ﬁ ]
PO -7 : - 1 S TSON soP DSOP
E : -7 SIS - I T Advance  Advance Advance
[ . . . :\ . I I I:I”A” ;I”” I;H: P "‘,\
R R Pl S L <@
Eoo TR AA A e I . 1] f.b . ] 3x3 5x6 5x6
Eo o\ Z/‘*—>'ﬁ I ﬁ T e o
o g S i S
TPH1R306PL TPH1R306P1 . ),
///

© 2020 Toshiba Electronics Europe GmbH
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http://buscen.pub.tsb-eu.com/communications/graphics/ProductImages/Toshiba_Modul_TO_220SIS_Web_Highres.jpg

INTELLIGENT POWER DEVICES - IPD

{ll' High Efficiency

Loss
[W]

6

nNow M

include driver and output stage

multichip MOSFET-output modules
reduce losses by 36% compared to
monolithic IGBT modules

—= TPD4144K (IGBT, 500V/2.0A)
— TPD4206F (MOSFET, 500V/2.5A)

-36%
(0.7W)

0 10§ 20 30 40 50

Peak Current = 0.1A Input Power [W]

TOSHIBA

( ) System Reliability

monitoring load conditions and
providing feedback to MCU

includes protection and diagnostic
circuits

—1 WEE (- £S5V

AVDOSIVIDE (45 WO (L5

420x

Fain conlraller

Ianlatinn

Motor Reference Design with IPD

"
%+ Wide Line-Up
l..

supports voltages from 60V to 600V
MOSFET or IGBT output transistor
sine wave or square wave drive type

surface mount (SMD) and through-
hole device (THD) and dual-in-line
(DIL) packages

.
6mr:}/ Q,‘b 3mm ./1
& P N,
f WSON-10
&

.
Smm™a
TS 3mm\.'

5mm
‘/-O WQFN-32
5mm\<

2.9mm~,
Z,

¥,
2.8mm™s

© 2020 Toshiba Electronics Europe GmbH
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https://toshiba.semicon-storage.com/eu/design-support/referencedesign.html

OPTICAL ISOLATION IN INVERTER SYSTEMS

(@)

3 Phase . . . o .
AC Power = ‘ Inverter Circuit (Gate Drive) Current Monitoring
Supply - § 7% i Isolation
— . Voltage < [ _—  Amplifier
200V ~ 400V E Monitoring ' e
3 L : == T'. '\ Motor
qh) Isolation E Pawer Stage
S Amplifier I
g il Isolation
O il f Am lifier
)=
. | I N . - I N - | -t I - \
@ Signal Control I/0 { | High Speed Logic I/0
<_E Transistor € [ Control (ASIC/MCU ¢ i > S i " Highs d\
CoupleI:'I I > ontro ( / ) ' ':} ﬂg ICgCouF;j:r @

* P/Ns: TLP383 / TLP293 « Smart Gate Driver: TLP5231

0 S REINE G INV/eN < Low If Transistor Couplers 9 Gate Driver « Rail to Rail Gate Driver: TLP5754
» Extended Top Range + 125 °C * Peak Output Current: 4A

Voltage/Current [ Isolation Amplifier * 50 Mbps to 20 kbps data rates
e « Analogue Output Type TLP7820 G High Speed I/0 + Ultra Low Power Consumption
+ Extended Top Range + 125°C

Monitoring - Digital Output Type TLP7830

TOSH I BA © 2020 Toshiba Electronics Europe GmbH 20
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Discretes Product Highlights
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01 U-MOS Low voltage MOSFETs
02 DTMOS Superjunction MOSFETs

03 SiC Diodes & MOSFETs
04 Photocouplers

05 Photorelays

06 eFuselIC
07 LDO

08 SMOS MOSFET

To s H I BA © 2020 Toshiba Electronics Europe GmbH 22




0

U-MQOS Low voltage Power MOSFET's

20~250V
For DC/DC conversion, Battery and Sync. Rectifier

.L\\‘ .
Tos H I BA )70 ! ectronics Europe GmbH 23



Low Voltage MOSFET: Wide Package Lineup

étop side )
cooling

compact @ .
bottom cooling \/
— _ 2N

Vpss= 30-250V [ } DSOP-Adv

SOP Advance N >xémm.
g:}SingIe 5x6 mm

TSON Advance
Single 3x3mm

Q / TO-220SMW
Vpss= 20-120V SOT-1220 9'2:4,,04
2.0x2.0 mm @ ‘ " 2y
/ P \_.
¢ ¢
SOT-23F TSOP6F :
2.9x2.8 mm 2.9x2.8 mm .
semi power _ high power
TO-2205IS T0-220
(Vpss: Drain-source voltage) Drain current of MOSFET

TOSH I BA © 2020 Toshiba Electronics Europe GmbH 24
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New 5x6 package, “SOP Advance(N)”

Introduction of new 5x6 package, “SOP Advance(N)” in addition to conventional “SOP Advance”

as parallel production for further assembly capacity increase.

=
g 5 :
SOP Advance S | gy g
SOP Advance(N) 1 (
: : 3|5 4—e g9 |
v 15 9 M
015005 8g L
Il
N A i
o595 ¥ 4 __ 1662005 ﬁ“t‘ T 028,005

04201

0.4 %05 h s GlR 5 $pos®@la
g 3
- ——

D] 4
5
(L]
o [

Dl

i 2

[La]
0560

Jll |
35102 __J.ﬁL,
11502

o
N
=, 0.25:0.15
o
(12

425102

.3 s 1
3692015

/More similar to
competitor’s package

- (615
I Example of
'+ apopular

competitor
5.15 package

TOSH I BA \ / © 2020 Toshiba Electronics Europe GmbH 25
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U-MOS IX & X to boost efficiency of switching application

30V : TPHR6503PL 0,65mQ (max) @ y .
'I U-MOS IX 40V : TPHR8504PL 0,85mQ (max) N
60V : TPH1R306PL 1,34mQ (max) SOP-Adv.

100V: TPH3R70APL 3,70mQ (max) >x6mm

« Excellent trade off: R 40 * Quss

« For highest efficiency in sync. rectifier & DC/DC

« low spike performance at selected 40V and 60V item

« Packages: 3x3mm, 5x6mm, DSOP, DPAK, TO-220FL /AB

Initial Item :
2 U-MOS X 80V: TPH2R408QM 2,43mQ (max) (5x6mm)
80V: TPN8R408QM 8,4mQ) (max) (3x3mm)

« Al UMOS X show low spike performance and high dv/dt capability
« Further improved FOM: RDS(ON) & Qg, Qsw, Qoss
« Better Vth distribution for simple paralleling

tcn=175°C supported by both series

TOSH I BA © 2020 Toshiba Electronics Europe GmbH 26
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U-MOSIX-H low spike MOSFET's

Low Vds spike type is designed to keep efficiency !!

Efficiency comparison between TPHTR204PL : High speed type
Low Vds spike type and high speed type TPHTR204PB : Low Vs spike type
Efficiency
a8V (et ”
+Vin * tl —n
- T 96
S v o f
. 00 S 4 T
et E
LC}J:} e, Egu I —— TPH1R204PL
F i Drive — TPH1R204PB
Circuit BB 1 . L . L L . L
* 0 8 16 24 32 40

OUTPUT CURRENT (&)

TOSH I BA © 2020 Toshiba Electronics Europe GmbH 27



New U-MOS X-H 80V Series
TPH2R408QM & TPN19008QM N-channel power MOSFETs

TPH4R008QM
TPH2R408QM
TPN190008QM
TPN12008QM
TPN8R408QM

4 mQ
2,43 mQ)
19 mQ
12 mQ
8,4 mQ

New devices can significantly enhance power supply efficiency

5x6 mm
5x6 mm
3x3 mm
3x3 mm

3x3 mm

SOP Adv (N)
SOP Adv (N)
TSON Adv
TSON Adv
TSON Adv

Application
» Telecom Power supply

* Industrial Power supply synchronous rectification at 24~28V output
Voltage

*  Motor drive Power stage at 36V power Tool

Features

. Lowest Rds(on) in Form factor avaiable

. Excellent low FOM Rds(on) x Q(oss) and Rds(on) x Q(sw)

*  5x6 Package SOP Adv "N” style for improved compatibility
«  t:175°C

Advantages

. Low conduction loss

*  High efficiency switching
. More thermal head room

Benefits
*  Lower heat generation
«  Smaller space consumption, helping to reduce costs

© 2020 loshiba Electronics kurope GmbH £0
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DTMOS High voltage MOSFETSs

600~800V Superjunction MOSFETs
For Power supply

W \
L\\‘
Tos H I BA )70 ! ectronics Europe GmbH 29



Toshiba DTMOS Superjunction MOSFET’s Overview
Toshiba’s MOSFET solution for significantly reduced Rds(on) vs chip area

DTMOS with deep trench filling process
¢ 4§ e

!5 600V

///65 mOhm

DTMOS IV : 600~650V various Chip options:
* W - suffix: Standard type
* X - suffix: High speed switching type
* WS5-suffix: High speed body diode included &

500 & 800V standard type

DTMOS V : 600~650V low EMI noise type

600V 9
40 mOhm
DTMOS VI: 650V for fastest switching %
* Lowest Qdg x Ron figure of merit
* Highest efficiency switching
* Introducing new power package: TOLL ’ % *) (r)l;aI;(TI:;Ii(s)(so:\&\ilta::‘es

© 2020 Toshiba Electronics Europe GmbH 30
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DTMOS series in Selection Guide

Solutions for each part of your application

A\ Efficiency
|

DTMOSVI
650V
.‘7;;1@;'!}45&')) | |
omosnn

l 650V

ZV'S PFC

R

TOSHIBA V Ease-of-use © 2020 Toshiba Electronics Europe GmbH 31




New series;: DTMQOSVI

High speed switching concept
High voltage series (Vpss=650V)

Tos H I BA > Tosh ectronics Europe GmbH 32



DTMOS VI Development Concept

DTMOSVI 650V is targeting strong reduction of RonxQgd

100
For highest efficiency switching TOSHIB -~
New SMD Package: TOLL TMOSIV-H
3 Packages with Kelvin source g AKX
O
0 $
¢ e o |\
™ iy —
'% TOSHIBA Comp. A medium \-\
Standard 3Pin Packages: *2DTMOSVI o N\ T
BTMOSV [ TosHiBA
DTMOSIV
‘ 0 O High Efficiency Power Supply
(Low Ron*A & Fast Switching)
1
0 0.2 04 0.6 0.8 1 1.2

Rpsiony MAX (Q)

TOSH I BA © 2020 Toshiba Electronics Europe GmbH 33



DTMOS VI

TOSH I BA © 2020 Toshiba Electronics Europe GmbH 34



DTMOSVI 650V Series Superjunction MOSFETs

Line up is expanding

New devices can significantly enhance power supply efficiency

DFN8x8 TO-220SIS TO-247 TO-247-4L

Application

R «  Switching power supplies of industrial equipment,
DS(ON) . .
max data centers and power conditioners of photovoltaic
() . generators

Features

TK210V65Z  TK190A65Z 25 1370 * Bestin class FOM: R(on)* Qgd product (-40% vs
previous generation DTMOS IV-H)

TK170V652 TK155A657 29 1635 » Packages with Kelvin source pin : DFN8x8 and TO247-4

TK125V65Z  TK110A65Z TK110N65Z  TK110Z65Z 40 9950 .
Advantages & Benefits

TKO99VESZ  TKO90AGSZ TKO9ONGSZ  TKO90ZESZ 47 2780 « Combination of lower conduction + switching losses

» Higher efficiency switching allows lower heat

TKO65N657 TKO65Z65Z 62 3650 generation and smaller form factor

» Smaller form factor can, help to reduce costs
TKO40N65Z  TK040Z65Z 105 6250

* All item at Mass Production level
» Further Package to come: TOLL with Kelvin source '
TOSH I BA © 2020 Toshiba Electronics Europe GmbH 35
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SiC Diodes & MOSFETs

650~1200V

\ \'
TOS H I BA o Tosh ectronics Europe GmbH 36



SiC Diodes

o

r*;'\

TOSHIBA
T0-220-2L TOSHIBA

TO-220F-2L

CURRENT '
DENSITY

TOSH I BA © 2020 Toshiba Electronics Europe GmbH 37




TOSHIBA

SiC Diodes: 2" generation of 650V SiC SBD

Verm | lrpey | TO-220F-2L | TO-220-2L TO-247
(Center tap)

TRS2E65F

2
3 TRS3E65F

| 4 TRS4AG5F  TRS4E6SF
| 6 TRSGA65F  TRS6E6SF
| 8 TRSBAGSF  TRSBE6SF

10 TRST0A65F TRSTOE6SF
| 12 TRS12A65F TRST2E65F TRST2N65FB

16 TRS16N65FB
20 TRS20N65FB
N

TRS24N65FB

Production Mass production
level

* SMD item under development: DFN 8x8 ;’

Thinner die

X 1,5 higher current density
versus 1st generation

Application
«  PFC at Power supply,
*  PV-Inverter and UPS

Features

* Low leakage current and low Vf

*  Low thermal runaway of Ir

»  x1,5 higher surge current Ifsm

*  Lower switching loss due to thinner wafer

Advantages

» Higher efficiency PFC operation

* Increased thermal margin

» High operation frequency allow small filter

Benefits
* Improved system performance & lower system costs
* Reduced form factor & cooling requirements

oshiba Electronics Europe GmbH
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SiC MOSFET (1200V) 2nd generation

——

Application

* 400V AC input AC-DC power supplies,

*  Photovoltaic (PV) inverters

*  Bi-directional DC-DC converters for UPS
«  Off-board charging of EV

* Inverter for battery storage system (BESS)

Features

* Low Rds(on) :70mQ (typ)

*  High Vih & wide Vass

« Low Qg 67nC (typ), Low Ciss: 1680pF (typ)
*  Built in Schottky Diode

Advantages
» High efficiency switching
TO-3PN package * High operation frequency allows smaller filter

« Simplified handling

Vpss (V) Rpsion) (M) Part number * High Vth helping to prevent malfunction
Typ) (Max) * High robustness

* Improved system performance
* Reduced form factor

» Reduced cooling requirements
TOSH I BA © 2020 Toshiba Electronics Europe GmbH 39



SiC MOSFET: TW070J120B - enabling simplified application design

Wide Vgss rating High Vth Built-in Schottky diode

= The wider VGSS ratings = The higher Vth compared with = Lower Diode forward voltage
compared with the others’ SiC the others’ SiC MOSFET. (Absolute value)
MOSFET. = SiC MOSFET's Vth: 5.0V (typ.) = SiC MOSFET's VF : -1.35V typ.
= SiC MOSFET's VGSS : -10V ~ 25V = spec. 4.2V ~ 5.8V
Wider Vass rating can make application design easy. Lower VDsF Absolute value due to built-in SBD
Higher Vth can avoid malfunction. — 15t Gen, >nd Gen. Built-in SBD
Comparison of Vggss, Vi, with Other Companies' Products ECEE min T W 100
— » 25
" mlhm = Ty '_5 = . Zof
':: . S .EJ - 13 ,[,‘/
Bt 20 T . 43 FL ) - B — GL-) Voa * 4V ’/
e =% 11 19 20 > 5 N /it
E o f— l'--;_____ - = = — -; O 7
g = =— S == Z '% 0.1
% i) — -4 o é 5
5 ol HE— 10— -1 1 g0t— 10— g — | : o—
- Ess Ee s B Ee
-20 a g 0001 | ' 0.001 pulse test
'§“ *; E‘ v f; E ; Y ' ¢ 0 1 2 3 4 S %
- E 5 3 : _ 3 3 Drain-source voltage Vpg (V)
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OPTICAL ISOLATION IN INVERTER SYSTEMS

)

3 Phase . . . o0 .
AC Power - ‘ Inverter Circuit (Gate Drive) Current Monitoring
Supply B § Volt 7% . Isolation
—_— = oltage 1 — ifi
200V ~ 400V E Monitoring ' A;riq]lr;f;r
3 L : == T'. '\ Motor
qh) Isolation E Pawer Stage
S Amplifier I
g ::ﬁ o3 Isolation
(V] B Amoplifier
)=
. | I N . - I N - | -t I - \
@ Signal Control I/0 { | High Speed Logic I/0
<_E Transistor € [ Control (ASIC/MCU € i > S i a igh S d\
CoupleI:'I I > ontro ( / ) ' ':} ﬂg IngCoul:;::i::r @

Isolation Amplifier

Analogue Output Type TLP7820 Gate Driver
Digital Output Type TLP7830

Smart Gate Driver: TLP5231
Rail to Rail Gate Driver: TLP5754
Peak Output Current: 4A

0 Voltage/Current

Monitoring

50 Mbps to 20 kbps data rates :
Ultra Low Power Consumption Signal Control I/O
Extended Top Range + 125°C

P/Ns: TLP383 / TLP293
Low If Transistor Couplers
Extended Top Range + 125 °C

e High Speed 1/0

TOSHIBA
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Recommended

1 - Isolation Amplifier LD CES BT

Analog Output:
Creepage / Clearance (mm) 8.0 7.0 8.0 ol p\*’um Voo
Positive phase
i v
Isolation Voltage (Vrms) S000 OO0 S000 I
AV
SOBLILFA) DIP8

A

Isolation Megative phase

Package a £200mV

Output
Configuration o
(Type F) Digital Output:
Analog Qutput TLPT820 TLPT920 TLPT920F N
fs=10MH
Digrtal Qutput TLPT830 TLPT930 TLPT930F ° ‘
1bit Data

Isolation
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2 - IGBT / MosFET Gate Driver Coupler Line-up

Peak Output :
P Delay Time
Current
(max.)
t6A 500 ns
t4A 150 ns
150 ns
+25A
200 ns
500 ns
1A 150 ns
200 ns
+ 0.6 A 500 ns
700 ns

Propagation

Supply

Voltage V.,

Package

15V ~30V
15V~30V
10V -~30V
15V~30V

10V ~30V
15V ~30V
10V -~30V

15V ~30V
15V ~30V

10V-~30V

10V ~30V

Threshold

Input Current

Iy (mMax.)

5mA

4 mA|6mA
2 mA
4 mA

2 mA
5 mA
7.5 mA

5mA
4 mA

2 mA
7,5 mA
5 mA

5 mA

Output

Rail to Rail
Rail to Rail
Rail to Rail

Rail to Rail

Rail to Rail

Rail to Rail

SO6

*

TLP152

TLP155E
TLP151A [H)

*1 SO6L, SO8L, SO16L and F type of DIP Photocouplers have 8mm clearance / creepage distances

(H) Photocouplers with a maximum operating temperature of 110°C

H| Photocouplers with a maximum operating temperature of 125°C

TOSHIBA

so6L*’

LF4
| _

TLP5754 'H
TLP5774 [H)
TLP5752 [H)

TLP5772 (H)
TLP5702 [H

TLP5751 (H)

TLP5771 (H)

TLP5701 [H

So6L*!

TLP5754(LF4) [H)
TLP5754H(LF4) M

TLP5774(LF4)* [H]

TLP5752(LF4) [H)
TLP5752H(LF4) H

TLP5772(LF4)* [H)
TLP5702(LF4) [H)

TLP5751(LF4) [H]
TLP5751H(LF4) Y

TLP5771(LF4)* [H]

TLP5701(LF4) [H)

Package
DIP8
So8L*’ SO16L*’ DIP8 ;
F type*
TLP358H H TLP358HF |H
TLP5214A (H)
TLP5832 [H) TLP352 H TLP352F H
TLP350H H TLP350HF H
TLP5231* ()
dual output
TLP351H H  TLP351HF H

* new product

© 2020 Toshiba Electronics Europe GmbH
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Recommended

2 - TLP5754H / TLP5752H / TLP5751H for new designs!

High operation temp. (+125°C) Gate Drivers in SO6L(LF4) Pkg.

Features: Applications:

« High operation temperature: Ta max. = 125 °C « MosFET and IGBT Gate Drivers
Peak Output Current: 4A, 2.5A and 1A Inverters for PV and FA

High Speed Switching: 150 ns (min.) Air Conditioners

Low Propagation Skew: 80 ns (max.) Induction Cooktops (IH)

Low Supply Current: 3mA (max.)

Home Appliances

Characteristics TLP5754H TLP5752H TLP5751H Rail to Rail:
Peak current (max) +4 A +25A +1A 4 . )

: .  Generates full swing voltage output signal
Operation temperature range UL « Contributes to low power consumption
Supply current (max) 3,0 mA  Reduces conduction losses by ~10%
Threshold input current (max) 4,0 mA -
tpHL / tpLH (max) 150 ns Vee —————___2

Vo E

Tpsk (max) 80 ns d : :(\?g) e ‘ |Rallto "
Supply Voltage 15V to 30V }Z E‘i@;ﬁ—l
Common Mode Transient Immunity +/- 35kV/us 2 = H
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Recommended

2 — New: TLP5231 for new designs!

2,5A Pre-Driver with dual output and integrated protection circuit

Features: Applications:

« Dual Output with integrated active timing control for driving « AC Servo / Robots / Power Conditioners
complementary external n-/p-channel MosFET buffers

* Industrial Inverters and Uninterruptible Power
« Overcurrent detection by monitoring collector voltage Supply (UPS)

« Power Device Protection by soft turn-off function

« Fault Feedback function to controllers Flexible Design:

« Under Voltage Lockout function applied to both positive and

negative power supply of gate circuit Power device gate drive dircuit (image)
« Direct Replacement of ACPL-339J ™ it N
2 CATHOOR DESAT 15
;;mx Vi 4]
Characteristics TLP5231 4 | canooe Veea| 1)) (
| (S | Vuma Youw u E.
Package height (max.) 2.3 mm 6] Ve
Peak output current +2.5 A (max) “":m” % m] Power device
- L8 Vimss Ve 2 ] c--- Ex.IGBT,MOSFET
Operating temp. range -40 to 110°C

Changeable

Smart Gate + p-ch / n-ch according to

Threshold Input Current 3.5 mA (max ;

p e o T e o
Propagation Delay time t, / t, 300 ns (Max) ratings
Common mode transient immunity +25 kV/ps (min.) No need to Changeable according to

change required gate current
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3 - High-Speed IC Coupler Line-up

Data Rate (typ.)

~ 50 Mbps

~ 20 Mbps

~ 15 Mbps

~ 10 Mbps

~ 5 Mbps

~ 1-2 Mbps

~ 100 Kbps

Output Form

Totem Pole

Open Collector

Totem Pole

Totem Pole

Open Collector

Totem Pole

Totem Pole

Open Collector

Open Collector

Package

Inverter Logic
Inverter Logic
Inverter Logic

Buffer Logic

Buffer Logic
Inverter Logic
Inverter Logic
Inverter Logic
Inverter Logic

Buffer Logic

Buffer Logic
Inverter Logic
Buffer Logic
Buffer Logic
Buffer Logic
Inverter Logic
Buffer Logic
Inverter Logic

Inverter Logic

Inverter Logic

Inverter Logic

*1 SO6L, SO8L have 8mm clearance / creepage distances

'[H) Photocouplers with a maximum operating temperature of 110°C
H Photocouplers with a maximum operating temperature of 125°C

Supply Voltage Vcc

27V-55V
27V-55V
27V-55V
27V-55V
22V-55V
27V-55V
27V-55V
27V-55V

2.7V -55V ACinput

9V -15V
45V -30V
IPM Drive
22V-55V
27V-55V
30V-20V
AC input
30V-20V
IPM Drive
45V -30V
IPM Drive

~40V-30V

45V -18V

SO6
TLP2367 H
TLP2368 H
TLP2366 H
TLP2370 H (L
TLP2372* H| L
TLP2361 H| (L
TLP2362 H
TLP2363* (for PLC)
TLP2391 H

TLP2345 (H)[L

TLP2348 (R) (L
TLP2312* WL
TLP2310 WL
TLP2395 H
TLP2398 H
TLP2355 W (L
TLP2358 ML
TLP2304 H
TLP109 H
TLP2309 (H]
TLP2303 H

so6L*’

.

TLP2767
TLP2768A
TLP2766A*
TLP2770

TLP2761

TLP2735
TLP2745
TLP2748

TLP2710

TLP2704

TLP2719*

TLP2703

L) Low power - maximum input threshold current (IFLH/IFHL) of 1,6mAor less

Package

I

I

x

pu

so6L*’
LF4

@

TLP2768A(LF4) H
TLP2766A(LF4)* H
O

TLP2761(LF4)

TLP2745(LF4)
TLP2748(LF4)

TLP2710(LF4)

TLP2704(LF4)

TLP2719(LF4)*

(AL
(H)(L

H

H

Recommended

for new designs!

L

sosL*’
2-ch

e 2

TLP2270 HI L

TLP2261 HIL

TLP2210 HIL

* new product
47



Recommended

3 - New: TLP2363 for new designs!

10 Mbps Photo-IC for PLCs (IEC61131-2)

Features: il . 33VorsV Moo
« Compliance with IEC61131-2 standard for PLC digital input modules 2av Controller
P VCC

(type 1) by combination with 2 resistors C+> . ] ; Ve 0 >
T v Douli

« Guaranteed minimum and maximum threshold input current at

: c
whole range of operating temperature ' :—sﬂ,gjiulr GND
« High immunity to slow input for both LED side and detector side to é TLP2363

contribute to the gradual shut-down/start up test for PLC

Input

A system can follow IEC 61131-2 type 1
when TLP2363 is used under below conditions. (Note)

Characteristics comparison  TLP2362*  TLP2363 T e A

Package SO6 5pin SO6 5pin 1.1kQ | 27k | 1kQ 3.3V

\
Supply Voltage VCC 15V to 30V 15V to 30V
Supply Current ICCH / ICCL (max.) 4.0 mA 4.0 mA ol
Threshold input current IFHL min. = 0.3 mA . ON
2
Threshold input current IFHL max. 5.0 mA 24 mA S | (Note) It is not guarantee of compliance
. . with tl fard.
Propagation Delay time t_, / t, 4 (max.) 100 ns 80 ns ) [ it fhe St_am a'_t _
P P o ' OFF Please utilize this material
Operating temp. range -40 to 125°C -40 to 110°C ST o ) e a5 as a reference only,
Isolation Voltage BVs (min.) 3750 Vrms 3750 Vrms IEC 61131-2 Type 1 *PLC : Programmable Lagic Controller
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3 - New: TLP2312 / TLP2372
2,2V operation 5Mbps and 20Mbps Photo-ICs in 5pin SO6 package

Recommended
for new designs!

Features:
« Can be operated by low supply voltage of 2.2V

« Operable for 2.5V / 3.3V / 5V supply voltage (VDD) systems

« Totem Pole Output with buffer logic

« High immunity to slow input (60s) for LED and Photodetector sides

Package SO6 5pin
Datarate 5 Mbps
Supply Voltage VDD 2.2V to 5.5V
Supply Current IDD (max. 0.5 mA
Threshold input current IFHL max. 1.6 mA
Propagation Delay time t;, / t, 4 (max.) 250 ns
Pulse width distortion |[tpHL-tpLH| 20 ns
Operating temp. range -40 to 125°C

Isolation Voltage BVs (min.) 3750 Vrms

TOSHIBA

SO6 5pin
20 Mbps
2.2V to 5.5V
0.5 mA
1.6 mA
60 ns
20 ns
-40 to 110°C
3750 Vrms

Applications: QJ

Programmable Logic Controllers (PLCs)
High-Speed Digital Interfacing
Industrial Inverters

- Input

TLP2312/TLP2372 Controller
Input e | @ @
terminal Rin i 0.1 pF
:}%ED-
A1

‘ ' G
_I_c SHELD 'L s

Unnecessary to build another power supply
circuit to operate these photocouplers
due to the low operatable supply voltage.

My TLP2312/TLP2372 v..
A
Gr}w—d -
R!N % @_H y o] terminal
3 : 8]
g S N
- b

threshold input current characteristic.

These photocouplers can be driven from a
microcontroller or ASIC directly due to the lo
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4 - Transistor Coupler Line-up

Recommended
for new designs!

- package
e, e e e
e » W e T e

5000 Vrms 5000 Vrms

Isolation Voltage 3750 Vrms 2500 Vrms 3750 Vrms
DC Input Standard TLP291(SE TLP291-4

DC Input Low If TLP293 [H TLP293-4 [
DC Input High Vceo

AC Input Standard TLP290(SE TLP290-4

AC Input Low If TLP292 [ TLP292-4 u|
Darlington High Vceo

On-Chip RBE Low If / High Speed

IE Photocouplers with a maximum operating temperature of 125°C

TOSHIBA

3750 Vrms

TLP185(SE
TLP183 [
TLP188

TLP184(SE
TLP182 [
TLP187

TLP2301 X

TLP785

TLP385
TLP383 M
TLP388 [u

TLP387
TLP2701 [H

© 2020 Toshiba Electronics Europe GmbH

50



Recommended
for new designs!

4 - TLP182/ TLP183/ TLP292/ TLP293/ TLP383

Low input current Transistor Couplers with linear CTR

Applications:

Lighting / DALI
Switching Power Supplies

Features:
« Stable and linear CTR over wide If range
« Stable and linear CTR over wide Ta range .

« CTR specified at If of 0.5mA « PLC
« Wide temp. Range to +125° C *
 Low profile packages SO6L, SO6, SO4 and SO16

1/O Interface Boards
FA (Inverter, AC Servo)

SO6L

Package 4pin " SO6 4pin SO16 e,
nnnnnnpnonan
= = = = = = s = LI LI LI
Schematic }:{ ﬁ:{ }I{ E:& j:{ m EEEE
= = = =] = - = =] == = T T T T To 0
50 to 600% @ IF = 16 mA
CTR [IC/IF] 50 to 600% @ IF = 0.5 mA and 5 mA LA & I?GB Ra?ﬂg @ If = OngmA
Delay time [tOFF] @islt‘j by 35 s (typ) @ s = 1.6 mA @gSIF“j i
Topr -55t0 125°C
BVs 5000 Vrms 3750 Vrms

© 2020 Toshiba Electronics Europe GmbH 51
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Photorelays for Industrial Control Equipment

UL 508 certified Photorelays - Definition

« UL 508 is a safety standard for industrial control equipment such as programmable logic
controllers (PLC), power units and uninterruptable power supplies (UPS).

« Devices used in such equipment are also defined by UL 508.
Specifically, switching devices including Mechanical relays and Solid State Relays are requested
to comply with the UL 508 standard. Photorelays belong to the “solid state relay” product group
and are within the scope of UL 508.

« Other, general purpose Photocouplers such as transistor couplers or logic output IC Couplers
are not in this scope.

« Criteria to meet UL 508 certification is to guarantee a case temperature Tc of 105°C.

« Customers can “easily” replace mechanical relays by Toshiba Photorelays in these applications!
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Photorelays for Industrial Control Equipment

UL 508 certified Photorelays - Line-up

(@Ta=25°C)

TLP240J 600 | 0.09 | 0.27 | 105 | -40~85 | 3.0 30 40 75 1 600

Programmable logic controller (PLC)
| / O interface
Building Automation Systems (HVAC, Thermostat)

TLP241A 40 20 | 6.0 | 105 | -40~85 3.0 006 | 01 300 1 40

Absolute Maximum Rating - | e | e :nO:Fx o P m » ‘\ ‘
Part « UL 508 certified :
number lowe | T max =~ typ. max typ. Vs max max p . |
(A) (MA) | (@) (@) (PP (ua (ms) (ms) « UL Product Category NRNT — industrial control switch
L A o and solid state control device for non-motor rated loads
TLP172GM | 350 | 011 | 0.33 | 105 | -40~85 | 30 | 22 | 35 30 | 1 350 1 | 05 » Operation Temperature Range Top: -40 to +85°C
TLP176AM | 60 | 07 | 21 | 105 | -40~85 | 30 | 015 | 2 | 100 | 1 60 3 | 05 . Case Temperature Tc (max.): +105°C
TLP3122A | 60 | 14 | 42 | 105 | -40~85 | 3.0 | 013 | 025 100 1 60 3 1
TLP240A 60 | 05 | 15 | 105 | -40~85 | 30 | 06 | 2 | 130 1 60 3 1
TLP240D | 200 | 0.25 | 0.75 | 105 | -40~85 | 3.0 | 5 8 80 | 1 200 | 3 1
TLP240G | 350 | 01 | 03 | 105 | -40~85 | 30 | 25 | 35 30 1 | 350 | 2 | 1 Applications:
TLP240GA | 400 | 012 | 0.36 | 105 | -40~85 | 30 | 17 | 28 | 80 | 1 400 2 1 e Industrial Control Equipment
2
5
2

TLP3556A 100 | 20 | 60 | 105 | -40~385 3.0 0.1 0.2 110 1 100 0.5

TLP3558A | 200 | 0.7 | 21 | 105 | -40~85 | 3.0 | 09 | 2 110 | 1 | 200 | 1 | 05
TiP3sasa | 30 | 50 | 150 | 105 | 4085 | 3 | 002 | 00z | 11001 1 | 30 | 5 | os « Replacement of various mechanical relays in AC Systems
TLP3545A | 60 | 4.0 | 12.0 | 105 | -40~85 | 3 |0.035| 0.06 | 640 | 1 60 | 5 | 05 (24V to 400V) or DC Systems (24V to 125 V)

TLP3546A | 100 | 35 | 105 | 105 | -40~85 | 3 | 0.05 | 008 450 K 1 | 100 | 5 | 05

TLP3547 | 60 | 50 | 150 | 105 | -40~85 | 5 |0022|005 80 1 | 60 | 5 | 1

TLP3548 400 | 04 | 1.2 | 105 | -40~85 1 3.0 5.0 | 410 1 400 1 1

TLP3549 600 | 06 | 1.8 | 105 |-40~85 | &5 | 135 | 20 4300 10 | 600 | 3 1 © 2020 Toshiba Electronics Europe GmbH 54



Recommended

TLP354xA / TLP355xA / TLP310xA / TLP314x for new designs!

High Current Photorelays with Top = -40 to + 110 °C

Features: Applications:
 High Current Relays in DIP6, DIP4, 2.54SOP4 and 2.54SOP6 packages * Thermostat / HVAC
- Extended Operating Temperature Range: -40 to +110°C * Factory Automation
* PLC - Programmable Logic Controller

Partnumber Package VoFF loN lone IFT Ron Ron CoFF loFr ton toFrF BVs

(min.) (max.) (max.) (max.) (typ.) (max.) (typ.) (max.) (max.) (max.) (min.)
TLP3543A DIP6 30V 5A 15 A 3 mA 20 mQ 40 mQ 1100 pF 1 pA 5 ms 0,5 ms 2500 V
TLP3545A DIP6 60 V 4 A 12A 3mA 35 mQ 60 mQ 640 pF 1 pA 5 ms 1ms 2500 V
TLP3546A DIP6 100V 35A 10,5 A 3 mA 50 mQ 80 mQ 450 pF 1 pA 5 ms 0,5 ms 2500 V
TLP3553A DIP4 30V 4 A 9A 3mA 25 mQ 50 mQ 450 pF 1 pA 3ms 1ms 2500 V
TLP3555A DIP4 60 V 3A 9A 3mA 45 mQ 100 mQ 250 pF 1 pA 2 ms 1ms 2500 V
TLP3556A DIP4 100V 2 A 6A 3 mA 110 mQ 200 mQ 110 pF 1 pA 2 ms 0,5 ms 2500 V
TLP3558A DIP4 200 V 07 A 21A 3mA 900 mQ 2000 mQ 110 pF 1 pA 1ms 0,5 ms 2500 V
TLP3106A 2.5450P6 30V 4,5 A 13,5A 3 mA 22 mQ 30 mQ 1200 pF 1 pA 2 ms 0,5 ms 1500 V
TLP3107A 2.5450P6 60 V 4 A 12A 3 mA 28 mQ 40 mQ 750 pF 1 pA 2 ms 0,5 ms 1500 V
TLP3109A 2.5450P6 100 V 3A 9A 3mA 50 mQ 65 mQ 460 pF 1 pA 2 ms 0,5 ms 1500 V
TLP3146 2.54SOP4 30V 33A 9A 3mA 30 mQ 50 mQ 450 pF 1 pA 2 ms 1 ms 1500 V
TLP3147 2.5450P4 60 V 2,5A 75A 3 mA 50 mQ 100 mQ 240 pF 1 pA 2 ms 0,5 ms 1500 V
TLP3149 2.5450P4 100 V 1,5A 4,5 A 3 mA 120 mQ 200 mQ 160 pF 1 pA 2 ms 0,5 ms 1500 V

TLP3145 2.54S0OP4 200V 04 A 12A 3 mA 1000 mQ 2000 mQ 160 pF 1 pA 0,5ms 0,5ms 1500 V 55



Recommended

Photorelays in VSON4 package for new designs!

VSON4 package is one of smallest packages for Photorelays

Features: Applications: '
- Ultra Small Package Dimension: 2.54 (W) x 1.54 (L) x 1.3 mm (H) *  Semiconductor Test Equipment Q
* Industrial Operating Temperature Range: -40 to +110°C © FA
« PLC

TLP3403 20V 1000 mA 0.18 Q 022 Q 40 pF 1n 2 ms 1 ms 500V
TLP3431 20V 450 mA 0.8 Q 1.20 Q 5 pF 4 1 nA 0.5 ms 0.5 ms 500 V
TLP3450 20V 200 mA 3Q 50 0.8 pF 24 1 nA 0.2 ms 0.2 ms 500V
TLP3440 40V 120 mA 120 14 Q 0.45 pF 54 1 nA 0.2 ms 0.3 ms 500V
TLP3441 40V 140 mA 50 10 Q 0.7 pF 35 1 nA 0.2 ms 0.2 ms 500 V
TLP3442 40 V 100 mA 150 20 Q 0.3 pF 4.5 1 nA 0.2 ms 0.2 ms 500V
TLP3475 50V 300 mA 10 1.5Q 12 pF 12 1 nA 0.5 ms 0.4 ms 500 V
TLP3412 60 V 400 mA 10 1.50Q 20 pF 20 1 nA 0.5 ms 0.5 ms 500 V
TLP3451 60 V 120 mA 10Q 15Q 0.7 pF 7 1 nA 0.2 ms 0.2 ms 500V
TLP3417 80V 120 mA 7Q 12 Q 5pF 35 1 nA 0.5 ms 0.2 ms 500 vV
TLP3419 80V 200 mA 6Q 8Q 6.5 pF 39 1 nA 0.4 ms 0.4 ms 500V
TLP3420 100 V 100 mA 8Q 14 Q 6 pF 48 1 nA 0.3 ms 0.3 ms 500V
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What is eFuse?
m Different from eFuse IC and conventional Fuse

Toshiba eFuse IC Conventional Fuse Chip Fuse Poly Fuse

Package size ~ 3X3mm . 3x10mm-~ ' 1mmx0.5mm~ ’ 1mmx0.5mm~ w
Repeatability OK - - One time One time OK
Clamp current/accuracy | 11% None None None
Clamp voltage accuracy 7% None None None
Short circuit response 150ns 1s ~ 55 ~ 0.1s ~
Thermal shut down 160°C None None None
m Application Example 5V~12V

Suitable for Hot Swapping application Power input
- USB connector for NBPC, Tablet

- SSD/HDD for Datacenter

- etc.

control
 —

If eFuse IC got certification of IEC62368, no need to
N Beneﬁt tO use TOShiba eFuse IC evaluate after circuit by customer.

v' It can protect internal IC from unexpected overcurrent and overvoltage.
v Because eFuse itself has IEC62368 Certification,
it can reduce the evaluation of final set to certify IEC62368.
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eFuse IC Road Map

TCK42xG Common drain MP:Mar. ‘21

FET drlver IC

18V~36V
Load SW-IC

~6V

Load SW-IC

TCK40xG Common source

Small Nch FET Driver IC

2.3 to 28V (40V abs max)
Auto Discharge WCSP6E
Over voltage protection 0.8x1.2mm

Small Nch FET Driver IC

2.7 to 28V (40V abs max)
Over voltage protection WCSP6F
Stable VGS control 0.8x1.2mm

Under
TCK32xG Dual OVP IC eFuse IC eFuse IC MP: Nov.'20 eFuse IC Development
5).9 Tl 36V,2A @ 18V,5A 3x3mm 15V,2A 3x3mm 30V, 4A 2x2mm
ual Input .
Uni-Direction e TCKES8xx Series TCKE7xxNL TCKE9xxNx
Auto selection 1.9%1.9mm Low Ron FLAG output

FLAG output

Low Ron:28mQ AP WSON10
TCK2292xG/2297xG 2A, SRC Over voltage & amping ﬂ Over voftage clamping & 5 s Over voltage clamping:

Over current clamping : Adjustable . 3V/ 5V/ 12V/None
1.1 ~ 5.5V,2A 0.5A~5A, Adjustable V WSONTOB Slew rate : AdJustabIe Slew rate: Adjustable
Low RON 25mQ % Slew rate control : Adjustable Famm Current [imit : 0.5A~2A Current limit : 0.5A~4A WSONS
Low 1Q 0.1pA~ WCSP6E Reverse current protection (Option) Reverse current block Auto retry(NA)/Latch(NL) 2x2mm
Selectable SRC 0.8x1.2mm Auto retry(NA)/Latch type (NL) Latch (NL)

Under

TCK2291xG 2A, RCB,TSD eFuse IC Development

1.1 ~ 5.5V.2A

Low RON 31mQ ‘@ TCK207AN 2A Low Vin MP: Mar-21 38 SV/12V 3x2mm

Low 1Q 11uA WCSPGE TCKE10512xx
0.75 ~ 3.6V.2A £ _

True RCB_TSD 0.8x1.2mm Lo RON 20m0 SO | TCK12xBG 1A Ultra-low Iq Dual type

TCK22xxx/1024G 2A OCP RCB DFN4A

5V/12V Dual eFuse IC WSON10
Over voltage clamping: 3x2mm
Adjustable

1.0 ~ 55V,1A
1.2x1.2mm Ultra-low Iq(ON) 0.22nA 4

Small package WCSPA4F

Mold package

1.1 ~ 55V, @
Low RON 31mQ

Low IQ 25pA~ WCSPGE WCSP4F(BSC) Slew rate : Adjustable t-lazz—. E
Selectable OCP 0.8x1.2mm 0.645x0.645mm Current limit : 05A~45A = =

Latch(NL)




Advantages of Toshiba eFuse IC (Electronic fuse)

Toshiba eFuse IC incorporates various high-performance and high-precision protection functions that cannot be realized with conventional fuses
in one package. Compared to the realization of functions by combining discrete passive components and multiple ICs, it contributes to higher
safety, lower cost by reducing the number of components, and size reduction by reducing the mounting area. In addition, since it can be used
repeatedly, it is an effective product for reducing maintenance costs for repairs and recovery time.

Power input

USB type C
USB2.0

- Short-circuit protection
* Over current protection
- Over voltage clamping

- Reverse current blocking

. Slew rate control IEC62368-1 certification (TUV)

» Thermal shut down
* International safety standard IEC62368-1 CB certification

L Redd

Toshiba efuse IC TCKES8 series also has high-speed short-circuit protection function, high-precision overcurrent protection function, high-
precision overvoltage clamp function, backflow prevention function, slew rate adjustment function, overheat protection function, etc. that could
not be realized with conventional fuses. | have them. Furthermore, it has acquired the certification of international safety standard (IEC62368-1)
and contributes to robust protection, safety and simplification of design, and cost reduction including repair and maintenance

TOSHIBA
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Toshiba eFuse IC Technology
Toshiba eFuse IC built-in various protection functions.

High protection performance can be achieved
by replacing conventional fuses and protection circuits.

Ultra Fast 150ns (typ.) High Accuracy . High Accuracy Very low & Adjustable
Short circuit Protection Over Voltage Protection Over Current Protection Inrush current

X Simulation data TC KE8 ’I 2 ILIMIT
— 15V |

High accuracy : i (typ')

over crrent clamp

o8 . v'-'-”. .
ih S Iy s0e

25C

—85C

1
. 1
N5 3
: 1 11
T : . 1 ; High accuracy
20N Fast trip ---< ] | 10.5 over current clamp
‘l v 150ns(typ.) i : 1
\

1
I J I | > 10

Y 0 1 2 3
UVLO 6V 15V 18V VIN 10UT [A]

Instantly shut off IOUT Keeping Vout Stable when Over ) .. The slew rate variable function
by Fast Trip function voltage input happen. Keeping lout under Limit current keeps the inrush current low

IEC62368-1 Qualified
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Toshiba eFuse IC for short-circuit protection of USB VBUS and IEC62368 certification

Toshiba eFuse IC has obtained IEC62368-1 certification.This product is suitable for
short-circuit protection of USB terminal Vbus and power supply terminal

Toshiba eFuse IC is
IEC62368-1 certified

4.5V~18V / 0.5~5A

Battery
Protection

eFuse IC Charger IC =

MOSFET

VBUS

e

103092UU0)

TX+/-, RX+/-
USB LDO
E" Controller 0 .
i >
<
T

Regarding the short-circuit protection function, it detects the short-circuit condition at high speed and controls the internal MOSFET to
quickly limit the output It is suitable for short circuit protection of VBUS terminal. Toshiba eFuse IC also has overvoltage protection and slew
rate adjustment functions.Since it is built-in, it is possible to integrate the functions of other power supply ICs into the Toshiba eFuse IC. The
specific usage is as follows. In the TCKES series, the operating voltage can be set from 4.5V to 18V, and the overcurrent limit can be set from
0.5A to 5A with an external resistor. For details, please refer to our application note and data sheet.
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18V, 5A eFuse IC with Adjustable OCP

Typical Applications

TCKESOO/SO 5/8 1 2 se r|eS Protection for power supply Low RON

. 5A max IOUT operation 22~28mQ(typ) Option: External NFET
18V, 5A eFuse IC with Small package T \ Reverse current Blocking
Main features Vin wN'L l—f‘;—l l'vuuT{—,'_'H'_T‘l"-"nuT
> Input Voltage : 4.4V ~ 18V I % T
> Low RON  : WSON10B 28mQ (typ) @lo=5A ey crer™ | --
» Adjustable Over current Protection by Eétgglil) R5e(s)i§tance nglgco?t(;cg”erﬁgmp g Hci)g\j/r; f(c:ilﬁzﬁ;t/
: 0. : +7% 3% .
> High Accuracy Over current Protection: +11% = Prgtffgfn
» High Accuracy Over voltage Clamp: £7% _ J L ~ | = |\
TCKESOS : 6.04V (typ) Undef\cllg)liltsa;caglﬁackout m'ihm L
TeKEBOD  No OV Goten Ledp
. NO i RiLim
» Adjustable Slew rate control by External Capacitance
» Thermal shutdown : 160°C (typ.) Adjustable | ) e
> Auto-retry /Latched type S'eWBr;tgdii”tm' = = = over current |
o .
IEC62368' 1 Application example of eFuse rB(;ticflﬁn
certified Product Over voltage  pocovery s eFuse
clamp TCKES800

TCKES8O5NA 6.04V Auto-retry o— Egggg —Pﬂ

TCKE8SOS5NL 6.04V Latched ~5.0A

TCKES812NA 15.1V Auto-retry

WSON108 TCKE812NL 15.1V Latched 5V power rail : TCKEB05 OVC = 6 V (typ.)
3.0x3.0mm TCKESOONA a2l Auto-retry 12V power rail : TCKE812 OVC =15 V (typ.)
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Features of LDO from Toshiba

LDOs offer stable and long operation

ﬁemove Noise fronﬁ/

Keep Stable Outpuﬁﬂ-ow power Loss

Power line

100

% %& a k:\:"' ] R ﬁ:ﬁ

80 :

N N

70 .
o 60 N N NL
E 50 I
% 40 \ /"/

: competior NI

20

10

0

10 100 1000 10000 100000 1000000

Remove Input noise by

\iQhPSRR advanced technoloy

When Load changes

lour

Vour

Competitor TCR15AG12

Keep Vout Stable when load

\\current suddenly changes./

by Low Dropout

Dropout Voltage
250

[
(=]
(=]

[y
(=]
(=1

[y
(=]
L=1]

Dropout voltage [mV]

o 200 400 600 800 1000 1200 1400 1500

IOUT [mA]
Low input voltage is

[ =]

\\acceptable by low dropout/

https://toshiba.semicon-storage.com/ap-en/product/linear/Ido-regulator.html

TOSHIBA

\ﬂong life operatiom

By Low Quiescent
Quescent current
50

s | =——=TCR3UG33A
40 A

- : ----- TCR2LN33
g_ 30 /! |
%20 i
210 !

0 =’ o

0o 1 2 3 4 5
Vi (V)
Keep Low IQ with Bypass mode

\w\hen VIN is lower than VO&
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1.5A Ultra Low Dropout LDO
High Ripple Rejection and Fast Load transient

Sensors need high PSRR requirement from 1kHz to several 100 kHz.
Toshiba LDO use breakthrough IP to achieve best PSRR.

PSRR comparison Load transient comparison

0 T T TR ‘W? NCP139 “ TCR15AG12 -

90 b= i i Best* PSRR T I 500mA/div

80 N ! T ] 17 .&LD v ; | | A - ._._._._OUT ( /di)

s —_—

0 N \j\ TCR15AG12 v
~ 60 \\ N p, Best* Response
S 50 \\ i 1 A LDQ
% 0 \ LAl —nop139 1 o \  Vour (t00mV/div
wn L, A T - |“~....fwwﬂ -

ll/ - \' i A

~ 30 \—e _. : :

20 . | _ t (100ps/div) |, _ |

10 ON SEMI: NCP139 TOSHIBA: TCR15AG12

0 181mV 69mV

10 100 lOOO]c (HZ)10000 100000 1000000 (1mA-500mA) S (1mA-500mA)
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LDO Package Variety

Wide packaging options

Toshiba's LDO regulators are available in a wide range of packages from
general-purpose packages to ultra-small WCSP and SDFN4 packages.

> o
. = X @
oﬁ,‘- WCSP4
WCSP4E 0.79%0.79%0.5mm SDFN4

WCSPA4F 0.645x0.645x0.43mm 0.8x0.8x0.38mm ~Sa .’
0.645x0.645x0.33mm

DFN5B
1.2x1.2x0,38mm

ESV(SOT-553)

SMV(SOT-25) 1.6x1.6x0,.55mm

2.9x2.8x1.1mm
TOSHIBA
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LDO Line-up

Part

Number

package

Feature

Unit: mm

Replacement for

Company Company Company
T Ri (0])]

Low 77 95
@ 1.5 | TCR15AG WCSPEF | o hout 55 | @Var-0sy - 25 | ooy - - ;
1.3 |TCR13AG WCSPeF | oW 5.5 v e - 52 90 - RP115 NCP706
) Dropout : & 21 oA @0.9V
Low 180 195 98
@ 0.8 |TCR8BMxx |DFNSB | -0 55 | osoomn | @somn | 20 | eoav - - -
Low 105 130 98
@ o TCRSBMxx | DFNSB | o 55 | 95 | 130 1 19 | 28 - RP105L NCP134AMX
. Low 150 330 86
TCR5AMxx | DFN5SB dropout 55 | asomma oA 38 | 1oy - RP105L NCP134AMX
Small 627 221 70
@ 0.42 | TCR4DGxx | WCSPAE | > o 55 | aeroma oo 65 | by - - NCP161AFC
660 140
TCR3UGXX | WCSP4F oA o300mA
667 196 70
TCR3UMxx DFN4 Super low Ig 5.5 @300mA @300mA 0.34 ©0.8v - - NCP170
i 667 206
TCR3UFxx SOT-25 @300mA @300mA
470 180 _
TCR3DGxXx | WCSP4E | Small pkg. o300mA o300mA LP5907UVE NCP160AFC
490 200 70
TCR3DMxx | DFN4 Standard 55 | ascoma o500mA 65 | ohoy |LP5907SNX  |RP114Kxx1D |NCP114xMX
i 300mA 510 220
TCR3DFxx | SOT-25 o00mA otoma LP5907MFX  |RP114Nxx1D |NCP114xSN
680 200
TCR2LNxx | SDFN4 . oo oo m ) TPS706xxDBV |RP110Kxx1D |NCP4685DMU
TCR2LExx | SOT-553 | oW g 55 700 220 ; - - -
TCR2LFxx SOT-25 @150mA @150mA - RP110Nxx1D |[NCP4682DSN
360 130
0.2 |TCR2ENxx | SDFN4 S < |_aisom o1 < 43 |TPS730xxDBV |RP109Kxx1D | NCP4586DMU
TCR2EEXX SOT-553 | 200mA : 380 150 @2.5V - - -
TCR2EFxx SOT-25 @150mA @150mA - RP109Nxx1D |[NCP4586DSN
TOSHIB : 193 64 85 )
TCR2DGxx | WCSP4 High R.R 55 | aromma o100mA 45 | 32, |TLV705xxYFM NCP729FC

nbH
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Features of MOSFET from Toshiba

Toshiba MOSFETs can support various switching applications

Low Power consumption Wide variety of Package Wide variety of Products

.
RON*A Comparison

(2*2mm p-ch base) 12-30V
y 30-60V
N y @ 80-120V
‘ 150-250V

SOT-23F UDFN6B WCSP6C 12-30V
, 2.9*2.4mm 2.0*2.0mm 1.0*1.5mm
A B TOSHIBA PD:1.0W PD:1.25W PD:1.2W 40-100V

Keeping top class RON by It can be used anywhere. 200-900V
Advanced trench process. Load SW/Switching/Signal control. Wide lineup of MOSFET

TOSHIBA
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Base Technologies of MOSFET

Base technologies: Keeping top class trench process*

Process view of SSM6J511NU RonA Reduction of Peh MOSFETS RonCiss Reduction of Nch MOSFET
12 1.2 T T
- § 1| om
o , =
g ~ 2 around 60 to 70%
0.8 ~ g 08
E ~ = reduction
L around 7086 &*
o i ™
%06 reduction 2 0.6 Ol
: N 2
' [
§0.4 L.Ir'u:if;ﬁI € 0.4 m
s Developmelnt z
g @ 20V MOSFETs E O 30V MOSFETs O
€0.2 [ 50V MOSFETS ¢ 92 I'| meov MosFETs
0] 0
U-MOS v U-MOS W1 U-MOS WII U-MOS VIII U-MOS VII U-M0S VIII-H U-MOS I¥-H

The following are Toshiba focus characteristics
with the latest trench process.
® Low Rpg0y) Reduce insertion loss

’ : ® Low Ciss Reduce switching loss
TSOPGE SOT-23F UDENG6B ® HighV,, Expand applicable applications
2.9*2.8mm 2.9*24mm  2.0*2.0mm Toshiba line-up these products in small packages.
PD:1.5W  PD:1.0W PD:1.25W

*Semi-power semiconductor devices under 2 X 2mm as of Jun. 2015. Toshiba survey.
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Small and High Power Dissipation(PD) Package Line-up

pedkagr—size | _z9@amn | 20tmm | 1extémm | 12c2mm | 1006 | 086

S-Mini/SOT23 SOT-323 (USM) SOT-416 SOT-723 SOT-883 CST3C
2.5%x2.9/2.4x2.9 (SSM) (VESM) (CST3)
Standard ' ' ‘ ‘ ’ & @
3pin ‘
SOT-23F SOT-323F(UFM) CST3B
2.4%x2.9mm *1.2x0.8mm
High PD ’ . &
SOT-26 SOT-363(US6) SOT-356
; E
Standard Q ‘ 2
6pin TSOP6F SOT-363F SOT-1220 WCSP6C
(UF6) (UDFN6B) *1.0x1.5mm
High PD New! ' :E
Over VR =28 B Toshiba focuses on
8pi High PD small and high-PD
pin packages.
TOSHIBA
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MOSFETs Roadmap (Single, Dual)

~2018 2019 2020 2021

Single MOSFET

SSM6K513NU
30V/+20V/15A
8mQ typ.@4.5V

<

UDFN6B
2.0x2.0mm

2X2mm
Low voltage drive
SSM6K516NU

30V/+20, -12V/6A ;2

48mQ typ.@4.5VDFN6B

Single MOSFET
High power dissipation

SSMEN819R ‘
100V/£20V/10A
TSOP6F

25.8mQ typ.@4.5V ;05 8m

Single MOSFET

SSM6K514NU
40V/+20V/15A

Single MOSFET

<

11.2mQ typ.@4.5V uprnes

2.0x2.0mm

2.0x2.0mm

Single MOSFET New!
High power dissipation

SSM6K809R ‘
60V/£20V/6A
TSOP6F

36mQ typ.@4.5V 575 eonm

Single MOSFET

WETH
SSM6K517NU

30V/+12, -8V/6A Q

30mQ typ.@4.5VbrFN6B

Pch MOSFET

Single MOSFET

SSM6]511NU
-12V/£10V/-14A

7.5mQ typ.@-3.6V | prnes

2.0x2.0mm

2.0x2.0mm

Single MOSFET New!
SSM6K518NU

20V/+8, -6V/6A Q

25mQ typ.@4.5VbFNEB
2.0x2.0mm

Single MOSFET
High power dissipation

SSM6J808R ‘
-40V/-20V,+10V/-7A
33mQ typ.@-10V _ TSOPsF

2.9x2.8mm

Single MOSFET
Small package

SSM3J64CTC
-12V/+10V/-1A
1.04Q typ.@-1.2V

&

CST3C
0.8x0.6mm|

TOSHIBA

SSM6K5xxNU ’ SSM6K5xxNU ,-(5,
30V/+£8V/10A 30V/+20V/15A .
5mQ typ.@4.5V  uDFNeB I 5MQ typ.@4.5V  2.x2mm

Power Delivery

Under
Single MOSFET —Planning Single MOSFET

Plannlng

2.0x2.0mm Class

Under

Low Vth Planning

50V (>30V) standard MOSFET
CST3C

-50V/£8V, Vth<1V(max)
-30V/£8V, Vth<1V(max) L&
1.2V and 0.9V drive SOT23

Dual MOSFET ~..

Small/high power dissipation

SSM6N seires ‘

20V/+10V/0.6A
420mQ typ.@4.5V [\ov b

—Under
Planning

Dual MOSFET
Small/high power dissipation

SSM6P series M
Z20V/£10V/-0.6A

New DFN6
1.1x1.0mm

© 2020 Toshiba Electronics Europe GmbH
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Small Package MOSFET line up

0.1 - 52 2.2
0.18 5 3 2
0.2 - 3 2.1
20 025 24 1.7 11
0.5 - 0.95 0.66
Nch 0.8
= 0.36 0.23
30 0.1 - - ~4.0
~(0.2 High speed *gﬁZc
o0 ~0.4 HighESD _ -
-12 -1.0 1.0 0.68 0.4
-0.1 - 18 8
-0.1 11 8.2 5.6
-0.25 3.2 2.3 1.5
-20 .0.33 - 2.2 1.2
Pch -0.7 1.1 0.78 0.51
-0.8
14 0.77 0.56 0.38
0| - - 14
30 92 - - 24
-60 -0.4 - - -
=2 20 018 5 3 2
g 20 -0.1 11 8.2 5.6
é 20 0.5 - 0.95 0.66
S -20 -033 - 22 1.2
TOSHIBA

1.5

1.5

1.6
0.75
0.51

0.19
~2.3
3.2

1.2

0.29
6
4.3

1.1

0.51
0.95

D
»

s

¢ ¢ €& ¢e fe¢ o e

- - - - SSM3K16FU -
- SSM3K35CT SSM3K35MFV. SSM3K35FS - -
SSM3K16CTC - - - - -
SSM3K35CTC - SSM3K35AMFV SSM3K35AFS - -
- - - - SSM3K36TU -
- - SSM3K56MFV SSM3K56FS - -
- SSM3K56ACT - - - -
SSM3K15AMFV SSM3K15AFS
SSM3K15ACTC ~ SSM3KISACT  Sem3iaaMEVF SOM3KA4FS* SSM3K15AFU SSM3K15F
SSM3K72CTC - - SSM3K72CFS  SSM3K7002CFU T2N7002AK
T2N7002BK*
- SSM3K72KCT* - SSM3K72KFS*  SSM3K7002KFU*  ceu3k7002KE*
SSM3164CTC* = = = =
- - - SSM3J16FU -
- SSM3135CT w SSM3J35Fw. - -
SSM3135CTC* - SSM3135A SSM3J35AFS - -
% - SSM3136FS SSM3136TU -
SSM3 TC* - - - - -
- - SSM3J56MFV - - -
- SSM3J56ACT - - - -
- SSM3J15CT SSM3J15FV SSM3J15FS SSM3J15FU SSM3J15F
- - - - - 251305
- - - - - SSM31168F

* High ESD protection Gate

SSM6N16FE =
SSM6N35FE SSM6N35FU
SSM6N35AFE SSM6N35AFU
= SSM6N36TU
SSM6N56FE =
SSM6N15AFE SSM6N15AFU
SSM6N44FE* SSM6N44FU*
= SSM6N7002CFU
SSM6N7002BFE* SSM6N7002KFU*

SSM6P35FU

SSM6P3
SSM6P35Am SSM6P35AFU A [Z0P

SSM6P36FE

SSM6P15FE

SSM6L35FE

SSM6L36FE

SSM6P36TU

SSM6P15FU

SSM6L35FU

SSM6L36TU
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http://toshiba.semicon-storage.com/ap-en/product/mosfet/detail.SSM3K16FU.html
https://toshiba.semicon-storage.com/ap-en/product/mosfet/detail.SSM6N16FE.html
http://toshiba.semicon-storage.com/info/lookup.jsp?pid=SSM3K35CT&region=apc&lang=en
http://toshiba.semicon-storage.com/ap-en/product/mosfet/detail.SSM3K35MFV.html
http://toshiba.semicon-storage.com/ap-en/product/mosfet/detail.SSM3K35FS.html
https://toshiba.semicon-storage.com/ap-en/product/mosfet/detail.SSM6N35FE.html
https://toshiba.semicon-storage.com/ap-en/product/mosfet/detail.SSM6N35FU.html
https://toshiba.semicon-storage.com/ap-en/product/mosfet/detail.SSM3K16CTC.html
http://toshiba.semicon-storage.com/info/lookup.jsp?pid=SSM3K35CTC&region=apc&lang=en
http://toshiba.semicon-storage.com/ap-en/product/mosfet/detail.SSM3K35AMFV.html
http://toshiba.semicon-storage.com/ap-en/product/mosfet/detail.SSM3K35AFS.html
https://toshiba.semicon-storage.com/ap-en/product/mosfet/detail.SSM6N35AFE.html
https://toshiba.semicon-storage.com/ap-en/product/mosfet/detail.SSM6N35AFU.html
http://toshiba.semicon-storage.com/info/lookup.jsp?pid=SSM3K36TU&region=apc&lang=en
https://toshiba.semicon-storage.com/ap-en/product/mosfet/detail.SSM6N36TU.html
http://toshiba.semicon-storage.com/info/lookup.jsp?pid=SSM3K56MFV&region=apc&lang=en
http://toshiba.semicon-storage.com/info/lookup.jsp?pid=SSM3K56FS&region=apc&lang=en
https://toshiba.semicon-storage.com/ap-en/product/mosfet/detail.SSM6N56FE.html
http://toshiba.semicon-storage.com/info/lookup.jsp?pid=SSM3K56ACT&region=apc&lang=en
http://toshiba.semicon-storage.com/info/lookup.jsp?pid=SSM3K15ACTC&region=apc&lang=en
http://toshiba.semicon-storage.com/info/lookup.jsp?pid=SSM3K15ACT&region=apc&lang=en
http://toshiba.semicon-storage.com/info/lookup.jsp?pid=SSM3K15AMFV&region=apc&lang=en
http://toshiba.semicon-storage.com/ap-en/product/mosfet/detail.SSM3K44MFV.html
http://toshiba.semicon-storage.com/info/lookup.jsp?pid=SSM3K15AFS&region=apc&lang=en
http://toshiba.semicon-storage.com/ap-en/product/mosfet/detail.SSM3K44FS.html
http://toshiba.semicon-storage.com/info/lookup.jsp?pid=SSM3K15AFU&region=apc&lang=en
http://toshiba.semicon-storage.com/info/lookup.jsp?pid=SSM3K15F&region=apc&lang=en
https://toshiba.semicon-storage.com/ap-en/product/mosfet/detail.SSM6N15AFE.html
https://toshiba.semicon-storage.com/ap-en/product/mosfet/detail.SSM6N44FE.html
https://toshiba.semicon-storage.com/ap-en/product/mosfet/detail.SSM6N15AFU.html
https://toshiba.semicon-storage.com/ap-en/product/mosfet/detail.SSM6N44FU.html
http://toshiba.semicon-storage.com/info/lookup.jsp?pid=SSM3K72CTC&region=apc&lang=en
http://toshiba.semicon-storage.com/ap-en/product/mosfet/detail.SSM3K72CFS.html
http://toshiba.semicon-storage.com/info/lookup.jsp?pid=SSM3K7002CFU&region=apc&lang=en
http://toshiba.semicon-storage.com/info/lookup.jsp?pid=T2N7002AK&region=apc&lang=en
https://toshiba.semicon-storage.com/ap-en/product/mosfet/detail.SSM6N7002CFU.html
http://toshiba.semicon-storage.com/info/lookup.jsp?pid=T2N7002BK&region=apc&lang=en
http://toshiba.semicon-storage.com/info/lookup.jsp?pid=SSM3K7002KF&region=apc&lang=en
https://toshiba.semicon-storage.com/ap-en/product/mosfet/detail.SSM6N7002BFE.html
https://toshiba.semicon-storage.com/ap-en/product/mosfet/detail.SSM3J64CTC.html
http://toshiba.semicon-storage.com/info/lookup.jsp?pid=SSM3J16FU&region=apc&lang=en
https://toshiba.semicon-storage.com/ap-en/product/mosfet/detail.SSM3J35CT.html
http://toshiba.semicon-storage.com/info/lookup.jsp?pid=SSM3J35FS&region=apc&lang=en
https://toshiba.semicon-storage.com/ap-en/product/mosfet/detail.SSM6P35FE.html
https://toshiba.semicon-storage.com/ap-en/product/mosfet/detail.SSM6P35FU.html
http://toshiba.semicon-storage.com/info/lookup.jsp?pid=SSM3J35CTC&region=apc&lang=en
https://toshiba.semicon-storage.com/ap-en/product/mosfet/detail.SSM3J35AMFV.html
https://toshiba.semicon-storage.com/ap-en/product/mosfet/detail.SSM3J35AFS.html
https://toshiba.semicon-storage.com/ap-en/product/mosfet/detail.SSM6P35AFE.html
https://toshiba.semicon-storage.com/ap-en/product/mosfet/detail.SSM6P35AFU.html
http://toshiba.semicon-storage.com/info/lookup.jsp?pid=SSM3J36FS&region=apc&lang=en
http://toshiba.semicon-storage.com/info/lookup.jsp?pid=SSM3J36TU&region=apc&lang=en
https://toshiba.semicon-storage.com/ap-en/product/mosfet/detail.SSM6P36FE.html
https://toshiba.semicon-storage.com/ap-en/product/mosfet/detail.SSM6P36TU.html
https://toshiba.semicon-storage.com/ap-en/product/mosfet/detail.SSM3J65CTC.html
http://toshiba.semicon-storage.com/info/lookup.jsp?pid=SSM3J56MFV&region=apc&lang=en
http://toshiba.semicon-storage.com/info/lookup.jsp?pid=SSM3J56ACT&region=apc&lang=en
http://toshiba.semicon-storage.com/info/lookup.jsp?pid=SSM3J15CT&region=apc&lang=en
http://toshiba.semicon-storage.com/info/lookup.jsp?pid=SSM3J15FV&region=apc&lang=en
http://toshiba.semicon-storage.com/info/lookup.jsp?pid=SSM3J15FS&region=apc&lang=en
http://toshiba.semicon-storage.com/info/lookup.jsp?pid=SSM3J15FU&region=apc&lang=en
http://toshiba.semicon-storage.com/info/lookup.jsp?pid=SSM3J15F&region=apc&lang=en
https://toshiba.semicon-storage.com/ap-en/product/mosfet/detail.SSM6P15FE.html
https://toshiba.semicon-storage.com/ap-en/product/mosfet/detail.SSM6P15FU.html
http://toshiba.semicon-storage.com/info/lookup.jsp?pid=2SJ305&region=apc&lang=en
http://toshiba.semicon-storage.com/ap-en/product/mosfet/detail.SSM3J168F.html
https://toshiba.semicon-storage.com/ap-en/product/mosfet/detail.SSM6L35FE.html
https://toshiba.semicon-storage.com/ap-en/product/mosfet/detail.SSM6L35FU.html
https://toshiba.semicon-storage.com/ap-en/product/mosfet/detail.SSM6L36FE.html
https://toshiba.semicon-storage.com/ap-en/product/mosfet/detail.SSM6L36TU.html
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TOSHIBA

Legal Disclaimer

The information contained herein is subject to change without notice. The information contained herein is presented only as a
guide for the applications and 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 for any patents or
patent rights of Toshiba or others. 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's 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 product
specifications. Also, please keep in mind the precautions and conditions set forth in the "Handling Guide for Semiconductor
Devices”, or the “Toshiba Semiconductor Reliability Handbook”, etc.. The Toshiba products listed in this document are intended
for usage in general electronic 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 extraordinary 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,
all types of safety devices etc.. Unintended usage of Toshiba products listed in this document shall be made at the customer’s
own risk. The products described in this document may include products subject to the foreign exchange and trade laws.
Toshiba does not take any responsibility for incidental damage (including loss of business profit, business interruption, loss of
business information, and other pecuniary damage) arising out of the use or disability to use the product.
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