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Toshiba Electronic Devices & Storage Corporation provides
comprehensive device solutions to customers developing new products

by applying its thorough understanding of the systems acquired through
the analysis of basic product designs.
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The EV Charging Ecosystem Overview

8 AC charging OBC/BMS oy DC charging
g  Currently up-to 22kW = jies * Fast charging 50-300kW
- 120 Volt, 240 Volt - Up to 480 Volt
* Level1&2 * Level 3
>
SAE J1772 connector 0:{];0 5 AN  CCS connector
AC version ‘% 2° 3 phase AC + DC
.

J1984eyd OA

l Migrating?

m NACS J3400 connector
NACS J3400 connector m °c 0 o

cec- AC, DC and AC+DC versions
AC, DC and AC+DC versions

Residential Charging Stations Public Fast Charging Stations

OBC: On Board Charger . : .
BMS: Battery Management System This pre?centatrl]on Wlll focqs on Level 3
ast charging stations
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Stackable Level 3 EV Charging System

N\ N
= (7 N
3‘F')A\h(;56 (/ Bidirectional Totem Pole PFC ._\ /_. DAB/LLC DC/DC Converter \ DC
400V ﬂ% ﬁ 400V — 800V
X-22kW \Kk _@ \Kk X- 22kW
N © -) Y
| MCU Module (TMPM4K) ]

Only one EV-charging system needs to be developed
B Synchronization between EV-charging systems required

© 2024 Toshiba Electronic Devices & Storage Corporation
© 2024 Toshiba America Electronic Components Inc.



DC Fast Charging Platform Single Stack Block Diagram

3-Phase PFC DC/DC

AC Input (Bidirectional Voltage Conversion & DAB/Filter
Totem Pole) Isolation

Dashed
line
delineates ‘
different NCU* Isolation
isolated
voltage
regions

Isolation

The number of instantiations
of some blocks has been

* MCU Block is ideally split into two MCUs to help reduced for clarity
maintain VOItage domain isolation between PFC and DAB © 2024 Toshiba Electronic Devices & Storage Corporation 6
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Device solutions to address customer needs

As described above, in the design of Off-board Chargers, “Improvement of

reliability”, “Reduction of power consumption” and “Miniaturization” are

important factors. Toshiba's proposals are based on these three solution
perspectives.

Improvement of

Reduction of
reliability

power consumption

Miniaturization

High

Robustness efflctency Small size

package
Low loss
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Device solutions to address customer needs

PCOOOO®e®

SiC Series 1200V MOSFET

Gate Driver

Isolation Amplifier

Superjunction Series 650V MOSFET
MCU

H-Bridge Driver

Brushed MCD

Robustness

High
efficiency Small size
. package

Low loss
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AC Input and PFC Stage

3-phase AC 400 V

@

A A\ ,~ DC750V
o
Voltage
. Sense
AN T |
Mo o / | Totem Pole
Filter Shunt Vo m \ I
i)
o GE
O
Each Gate
Isolation @
Amp | Current ~ - \_/
v‘ /\ Sense 4’ Gate
v ] » Voltage . N\ Driver
\_/ "L_Sense

@ =
. 0
c

-1t is necessary to select the product with the

suitable voltage and current ratings for each
application.

-1t is necessary to select a gate driver according to
the characteristics of the switching device to be
driven.

-The use of latest process technology such as SiC
allows for fast switching of high voltage signals

Proposals from Toshiba
-SiC 1200V MOSFETs \"/

-Gate driver to drive SiC MOSFETs @

-Isolation Amplifiers @
- MCU ¥
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DC/DC Voltage Conversion, Isolation and DAB Output Filter

Current @ 9 i -1t is necessary to select the product with the
e S = AL suitable voltage and current ratings for each
_ RENR VIR 2N G : | ¢ ° | application.
B'g;‘s‘(’)‘\’/'tage s : ! ] LDO&(\)'S\I}age side -It is necessary to select a gate driver according to
6= M : 2 —° the characteristics of the switching device to be
Vc()}l_"(a ei L %l . __iVo(lLt\%ge driven. ‘
— I — -The use of latest process technology such as SiC
T allows for fast switching of high voltage signals
| (g ai) (i ) || Proposals from Toshiba
i ' i - SiC 1200V MOSFET
s . ? S S

To each gate identified as “1”

2 O®

i - Gate driver
|SC,’&?TE|8 n — Csurrent N
—» ense J’ Gate
From High Voltage ~ Mcu \. Driver Isolati A lifi
Voltage side Sense - Isolation Amplifier ©)
@ @ @ - SuperJunction 650V MOSFET 4

To each gate identified as “4”

Isolation - T
Current -MCU
ﬂtmp jsei ] N Gate
From Low "\ MCU :
Voltage side 'Lﬁig: ‘u"Se:nlta el . x_Diwer

o ens ——

® |
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Additional Controls for Safety and Reliability for Charging Systems

-1t is necessary to select the product with the
suitable voltage and current ratings for each
application.

DC Input
100V to 200V

-1t is necessary to select a gate driver according to
the characteristics of the switching device to be
driven.

-The use of latest process technology such as SiC
allows for fast switching of high voltage signals

MCD .
Brushed Proposals from Toshiba

MCD Driver
-MCD H-Bridge Driver to control Bi-stable @

latching relays

H-Bridge
Driver

- MCD Brushed driver to operate locking plug @

V Y

Charging Station EV Vehicle
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High

SiC Series 1200 V MOSFET

TWO015N120C / TWO030N120C / TW045N120C / TW015Z120C / TW030Z120C / TW045Z120C ol

Back to AC Input and PFC Stage

Back to DCDC Conversion, Isolation DAB
Efficient high-power switching with good heat conductivity.

Built-in SBD Wider Vs Rating

Low VF with built-in SBD Low Ron & di values allows for efficient and fast Wider VGSS ratings compared with the
- Toshiba V=135V typ. switching competition’s SIC MOSFETs

- Competitor Vi = 3.2~4.6V typ. The lowest value compared to competitors and

-> Good reliability due to lower ON resistance! Toshiba’s 2nd generation. VGSS: -10V ~ 25V (Recommend: 18V)

Built-in SBD gives low ON Line up

The lowest R, *Qgq anywhere!

resistance! Part number TWO15N120C TW030N120C TWO045N120C[TWO015Z120C TW030Z120C [TW045Z120C
12
0
150% - o Package T0-247 TO-247-4L
8
c S os
3 oz * 2 T
5 = g Dg 06 8 Abs Max I (A) 100 60 45 100 60 45
Lo *
= o o ES Ryson TYP (@) 15 30 45 15 30 45
O = Qqq (NC) 158 82 57 158 82 57
0.2
100% ‘ ‘ Ciss (VDS=300V) (pF) 6000 2925 1969 6000 2925 1969
0.0 - _ _— SR —
MOSFET MOT‘;FET Jpd Gen 3rd Gen 1A B c D
(General) (Built-in SBD) | I
\ Toshiba / Competitors
© 2024 Toshiba Electronic Devices & Storage Corporation 13
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e

Line up of SiC MOSFET (1200V)

Absolute Maximum Ratings

Electrical Characteristics

Back to AC Input and PFC Stage

Back to DCDC Conversion, Isolation DAB

' I R G
Generation | Package Part Number Vpss Ve D T Tetg DS(ON) Qq iss
v wxt Do o P, yp. tp.
: X2 (MQ)%3 (nC) (pF)%4
TWO15N120C 100 15 158 6000
TWO30N120C 60 30 82 2925
TO-247 TWO045N120C 40 45 57 1969
TWO060N120C 36 60 46 1530
3rd
Generation TW140N120C 1200 -1205 20 175 -?55 140 24 691
TW0152120C 100 15 158 6000
TW0302120C 60 30 82 2925
TO-247-4L | TWO045Z2120C 40 45 57 1969
TW0602120C 36 60 46 1530
TW1402120C 20 140 24 691
Note : The information in this table is subject to change without notice. X1 Vggs pulse X5 1 Vgs=20V, T,=25°C
%2 :T,=25°C
%31 Vg=18V, T,=25°C
4 Vps=800V, f = 100kHz

© 2024 Toshiba Electronic Devices & Storage Corporation
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e

Generation Package

3rd

Generation

TO-247

Part Number

TWO15N65C

X1 : Vgss pulse
X2 :T,=25°C

Back to AC Input and PFC Stage

Li n e u p Of S i C M OS F ET (6 5 OV) éi xﬁzZlgalvT?izigngz Back to DCDC Conversion, Isolation DAB

TWO027N65C

TWO048N65C

TWO083N65C

TW107N65C

TO-247-4L

TWO015Z65C

TWO027765C

TW0482765C

TWO083Z765C

TW107265C

TWO015U65C

TWO027U65C

TW048U65C

TWO083U65C

TW(030)V65C

TW(050)V65C

TW(090)V65C

TW(120)V65C

650

Absolute Maximum Ratings Electrical Characteristics
& I e He " o
x2 (@ (O (PF)3X4
100 15 128 4850 OK OK OK
58 27 65 2288 OK OK OK
40 48 41 1362 oK OK OK
30 83 28 873 OK OK OK
20 107 21 600 OK OK OK
100 15 128 4850 OK OK OK
58 15 128 4850 OK OK OK
40 27 65 2288 OK OK OK

10~ 30 17 55~ 48 41 1362 OK OK OK

25 20 175 83 28 873 OK OK OK

100 15 128 4850 2Q 2024 3Q 2024 4Q 2024
58 27 65 2288 2Q 2024 3Q 2024 4Q 2024
40 48 41 1362 2Q 2024 3Q 2024 4Q 2024
30 83 28 873 2Q 2024 3Q 2024 4Q 2024
(58) (30) (65) (2288) 2Q 2024 3Q 2024 4Q 2024
(40) (50) (41) (1362) 2Q 2024 3Q 2024 4Q 2024
(30) (90) (28) (873) 2Q 2024 3Q 2024 4Q 2024
(20) (120) (21) (600) 2Q 2024 3Q 2024 4Q 2024

Note: The information in this table is subject to change without notice.

© 2024 Toshiba Electronic Devices & Storage Corporation
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@ SiC MOSFET Module Development Roadmap

Rated Voltage
/Current

Package / Circuit

Product Name

Back to AC Input and PFC Stage

Back to DCDC Conversion, Isolation DAB

CY2023 CY2024 CY2025 CY2026

Mass Production Tch(Max)=150°C
1.2kV 2-153A1A
600A MG600Q2YMS3
k o A e Tch(Max)=150°C
1.2kV
400A |MG400Q2YMS3 ’
400a |MG400V2YMS3 ’
] . on Tch(Max)=150°C
sic- | 279 | mG2s0v2vms3 >
MOs _ i [ [ | | | | |
FET
Module | 3505 AMG250YD2YMS3 ES > MP(8/'23)
2ss Prod = Tch(Max)=175°C
o, IXPLV
Oo humidity resistance improved version
3 3KV Teh(Man)=175°C ‘
300A MG800FXF1ZMS3 . > et 1 |\/|P(12/23)
] humidity resistance improved version
Teh(Max)=175°c
humidity resistance improved version

ES Engineering sample, MP: Mass Production Production lead time : 7 month

© 2024 Toshiba Electronic Devices & Storage Corporation
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@ The SiC-Cube - 3-Phase PFC (Toshiba Reference Design)
M4K

Back to AC Input and PFC Stage
BaCkbone Back to DCDC Conversion, Isolation DAB
\board

Reference Design subject
to change and availability . Copper current rails
;- ensure simple PCB

@82 Inductor technology
A\ \ board

Capacitor
board

Metal studs are used
as board to board
conductor

"“Bridge-leg
boards

© 2024 Toshiba Electronic Devices & Storage Corporation
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Smart Gate Driver

package

TLP5214/TLP5214A/TLP5814H

Back to AC Input and PFC Stage

Back to DCDC Conversion, Isolation DAB
Highly integrated 4.0A output current SiC gate drive photocoupler in an efficient SO16L package

Protects against overcurrent

2 Protective Functions Small Size Package

of power devices

Gate driving with isolation with two LEDs  Soft shut down in time to prevent the driven In an efficient SO16L package
Feedback function for fault mode trar?sisto.r from any short circuit breakd?wn
* Active mirror clamp to help flow damaging

Built-in protective functions current away from driven device

"g veez Line up

! | Part number TLP5214 TLP5214A TLP5814H*
ANODE o i Total Supply Voltage (V) 15 to 30 15to 23
CATHODE o SF i r Vout Peak Output Current (A) -40/ +4.0 -48/ +6.8
i _I:—:l_ _[} pESAT Supply Current (mA) 38 68
E } r{[& Threshold input current MAX (mA) 6 3.0
SHIELD Vee Switching time tpLH/tpHL MAX (ns) 150 150
DESAT leading ed?pes)blankmg time Typ. 02 11 NONE
Veet : VCLAMP VtClamp threshold voltage for Mirror
i < Package SO 16L SO 8L
Vs o—y _———

VLED
* Under Development

© 2024 Toshiba Electronic Devices & Storage Corporation 18
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@ Smart Gate Driver TLP5212, TLP5214/A Summary

PrOtECtive funCtion-1 SOft Shout dOWI‘I Back to DCDC Conversion, Isolation DAB

VCE '65—V =

Soft shut dd)wn with i |n.

® gate driving
wnth isolation

IGBT driver
coupler

@ Feed back
function for
fault mode

High speed coupler

\raiii

@ Protective

functions
J‘ | "Jl;-,
. 0 =~ k %
Tt
= Rl
- i

SGD protects
against overcurrent of
power devices.

°5HIB;.

2) BUw

Broken

Jua.Lind

01

Back to AC Input and PFC Stage

IGBT's short circuit wﬂhstand time

VoutS

hort

Protective function-2 Active mirror clamp

O
2
S OFF — ON
= —
dVo/dt
4 Cee |
: N
O "i
. _n_ OFF N Current flows active mirror clamp
MOS
Cause the IGBT —Protect the IGBT malfunction
malfunction

© 2024 Toshiba Electronic Devices & Storage Corporation
© 2024 Toshiba America Electronic Components Inc. 19



“) Smart Gate Driver TLP5214A vs. TLP5214

H Differences between TLP5214A and TLP5214
Longer soft shutdown time (~3.5 > ~7,,,,,)

Added "DESAT filter time" for high noise immunity

Back to AC Input and PFC Stage

Back to DCDC Conversion, Isolation DAB

TLP5214

||

V/FAULT

TLP5214A

(90,5 1yp)

tDESAT(LEB) 0.2us (typ.) 1.1us (typ.)

tDESAT(10%) 3.5ps (typ.) 7.0ps (typ.)

DESAT filter time - 90ns (typ.)
0.5ps (max.) 0.55p (max.)

ANODE o—

CATHODE o—

VGG

FAULT ¢

Vs

\,
-':jl 50 %

-4~ 50 %

! IRESETIFALLT)

o—

o1

VCcC2

3]

WVEI
[&
VCLAMP

VLED

Operation behavior

[during protection mode] © 2024 Toshiba Electronic Devices & Storage Corporation
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Gate Driver Coupler with Active Miller Clump function o 10 AC it a5 S0

@ TLP5814H Under Development

Built in MOSFET for miller clump prevent self turn on of power devices easily.

m To avoid self turn-on.

Adding a shunt circuit Using a negative gate power supply

- Active Miller Clamp function It is necessary to add a bypass
o L . g " SiC-MOSFETs have a lo ate negative
H!gh peak output current element and its control circuit. b:as tolerance, n‘:akingv:hgijs gativ
* ngh CMTI Lo countermeasure unsuitable.

I
Part name TLP5814H ‘.G?E}
Peak output current (Max.) +6.8/-48 A

Peak clamp sink current (Max.) 6.8 A Miller current_.r
v Miller current

CMTI (Min.) +70 kV/us . .
Self turn on prevention with TLP5814H
Operating temp. (max) 125 °C ]
Supply voltage 15t0 23V R, ,—-ﬁu— SIC MOSFET
Vo } Provides robust self-turn-on prevention

Ii for SiC-MOSFETs
AMP 6.8A (Max.) IGBT

Milier C””e"_tON Reduced negative bias power supply circuit

sosL 0

Creepage : 8 mm
DTI: 0.4 mm
Bvs : 5000 Vrms

\ 7

VCLAMP

@-

e . © 2024 Toshiba Electronic Devices & Storage Corporation
Development schedule and specifications are subject to change © 2024 Toshiba America Electronic Components Inc. 21



Back to AC Input and PFC Stage

Back to DCDC Conversion, Isolation DAB

@ Smart gate driver comparison table

* Under development

ltem Symbol TLP5214 TLP5214A TLP5814H*

Total supply voltage VCC2-VEE 15~30V 13~ 23V
Negative supply voltage VE-VEE -15V~0V -
Positive supply voltage VCC2-VE 15V ~ 30 - (VE - VEE) -
Positive supply voltage VCC1 33~55V 13 ~23V
Threshold input current [FHL 6 mA 3 mA
Peak output current |OPH/IOPL -4.0/ +4.0 A (max.) -4.8/ +6.8 A
Propagation delay time tpLH. tpHL 50 ~ 150 ns 150 ns max
Propagation delay skew tpsk -80 ~ +80 ns (max.) -75 ~ +75 ns
DESAT threshold voltage VDESAT 6~75V | 59~75V
I(?:;apnrmg cap. charge current ICHG _0.24 mA

’ , . None
DESAT leading edge blanking
time (typ.) tDESAT(LEB) 0.2 ps 1.1 ps
Soft shut down time (typ.) tDESAT(10%) 3.5 us 7.0 s
Clamp pin threshold voltage VtClanp 30V S5\ 25V
(typ.)
(CtI;F;n.)p low level sinking current IcL 18 A 18A 3.8 A
UVLO P threshold (typ.) UVLO+ 116 V 116 V 125V
UVLO N threshold (typ.) UVLO- 103V 103V 11.0V
Common Mode
Transient Immunity (min.) CMTI £ 35 kV/ps £ 35 kV/ps £ 70 kV/ps
Fault reset method LED trigger LED trigger

© 2024 Toshiba Electronic Devices & Storage Corporation
© 2024 Toshiba America Electronic Components Inc.
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@ Toshiba Gate Driver Couplers

For more efficient and reliable Systems

MOSFET / IGBT SiIC MOSFET

Target Devices

Application .@ OA. .@ j‘j: i;;[!g,ﬁ:z’
- Ta: 110> 125°C Ta: 125 °C
é Under 100 kHz 50 to 400 kHz
s Under 50 kV/pis 50 to 100 kV/ps
= Around £5 A Around =5 A
£10V/ +18V,-10V +18V -5V

Existing Product Examples
~ TLP5774H / TLP5754H - ' |

TLP152 / TLP151A 'Q:

Gate Driver for power MOSFETs Gate Driver for IGBTs Gate Driver for power MOSFETs, IGBTs Smart Gate Driver for IGBT s

and IGBTs and SiC MOSFETs and SiC MOSFETs and SiC MOSFETs

Main Specification: Main Specification: Main Specification: Main Specification:

100/110°C, 20kV/ps, £2.5A, 10 to 30V 125°C, 50kV/ps, £5A, 15 to 30V 125°C, 35kV/us, £4A, 15/10 to 30V 110°C, 25kV/ps, £2.5A, 15 to 30V

© 2024 Toshiba Electronic Devices & Storage Corporation 23
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@/ IGBT/MOSFET Gate Driver Coupler Lineup et Conin. o

Blue letter : Recommended package Red letter : New Products

Creepage & clearance 5mm 8mm 8mm 8mm 7 or 8mm
Isolation voltage 3750 Vrms 5000 Vrms 5000 Vrms 5000 Vrms 3750 Vrms
peak output | Propagation | 506 e SO6L SO8L SO16L @ DIP8 _ =
current Delay time(max) - "Q % ' 1%
6.0 A 500 ns TLP358H*H
5.0A 500 ns TLP5705H+H
4.0 A 150 ns TLP5754*R TLP5754H*R*H TLP5214*R*OC*AMC
’ TLP5774*R*10 TLP5774H*R*H*10 TLP5214A*R*OC*AMC
150 ns TLP5752*R TLP5752H*R*H
TLP5772*R*10 TLP5772H*R*H*10
TLP5702 TLP5212*oc*AMC
25 A 200 ns TLP152710 TLP5702H+H TLP5832 TLP5222+0c*AMC *AR TLP352™
300 ns TLP5231*r*0C
TLP250H*H
500 ns
TLP350H*H
TLP5751*R TLP5751H*R*H
s 150 ns TLP5771*R*10 TLP577 1H*R*H*10
200 ns TLP155E*10
0.6 A 500 ns TLP151A*10 TLP5701*10 TLP351A*10
700 ns TLP151*10 ;r'L-P351H*10

*R=Full swing output (rail to rail) * L =Low LED current: IFLH=2mA (max) * AMC = Active Miller clamp
*H =Operation temperature: 125 °C (max)*  * AR = Auto Reset from the protection mode . o .
: : i © 2024 Toshiba El D &s C
10 =Operation voltage: 10 V (min) * OC = AMC Over voltage detection (VDESAT) © 2024 ngh:b: Aﬁﬁ{ﬁg'é,eftvr'jﬁfc Co,;";i?,im‘;r,ﬂifa“c’”



High

Isolation Amplifier

TLP7820/TLP7830 Low loss

Back to AC Input and PFC Stage

Back to DCDC Conversion, Isolation DAB

. Efficient and robust isolation amplifiers for voltage or current sensing applications

Adapted for voltage or

) ) Robust strong device
current sensing operations

Low height package

High temperature stability (120ppm/K)
EMI Robustness

Minimal gain variation exhibited

Meets maximum operating insulation
voltage of 1414V.

(DIN EN/EN/IEC 60747-5-5 Option (D4) )

Line up

Part number TLP7820 TLP7830

Package ’ SO 8L

SO 8L package has creepage of 8mm.

Pin to pin compatible to popular isolation
amplifiers such as ACPL-C79x, and
exhibits lower input power consumption

TLP7820 for current sensing
TLP7830 for voltage sensing

TLP7820 analog out

Isolation Voltage (Vrms) 5000
Max Allowable Operating Insulation Voltage (V,ogy) 1414 (EN 60747-5-5)
Output Voltage (differential analog output) (V) 0~25V
Gain (Ambient temp 25°C) 8.2x -
Output type / Clock type - 1 bit digital / CLK output
Input side supply voltage Vppq (V) 4.5~5.5
Output side supply Voltage Vpp, (V) 3.0~5.5
+/-300mV Input voltage range (mV) +/- 300 +/- 320
max L. N\-F- Input voltage range - linear area  (mV) +/- 200 +/- 200
Operating Temperature (°C) -40 ~ 105
© 2024 Toshiba Electronic Devices & Storage Corporation 25
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../補足資料/アイソレーションアンプ.pptx

&) Isolation Amplifier Line-up

Creepage
Pag 8 mm 7 or 8 mm
/ Clearance
Isolation Voltage 5000Vrms 5000Vrms
Output type
SOS8L DIP8
Analog output TLP7820 TLP7920
s Positive phase .
¥ : : Gain .
Rank Gain Rank Marking Min) (Typ)  (Max) Unit
/\I\/ = = None (+3 %) Bank AB | 795 | 82 | 844 | wv
£200mV 9 Rank A (+1 %) AB 812 | 82 | 828
tsolation " NESAWEPRase  { ook B (05 %) B 816 | 82 | 624

Digital output

.ﬂansmissica
[ 1]

+200mVv " 1bit Data
Isolation

TLP7830

TLP7930

Back to AC Input and PFC Stage

Back to DCDC Conversion, Isolation DAB

Analog output
Analog signal input
(max+300mV)

Analog signal output

(max +2.5V) /\/\/\/\: (VoP)

Digital output

Analog input signal /\/

Bit stream data

[T [T [T T[]

L L L L]

[1 (1 1701

ATADC 3 Decode
/Encode | | -

A

SHIEL

LI L] [T L

© 2024 Toshiba Electronic Devices & Storage Corporation
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&) Isolation Amplifier Reference Circuits

B Current sensing

Floating
O Hu+

positive
power
supply

JI_ {I—;?it\i:r =
| —

IN ouTt

Ragulator

T8LO5

TLP

Motor “

-

e b

7820 |

G Ra
W—t
Rasyare

A

O Hv-

H Voltage sensing

? HV+
positive
power
supply

Gate

j I_ Driver

Loﬂ.—,
T

Gate R2

: I_ Driver

positive
power
supply

O +5Vv

[ -

¢
Bl

O HVv-

TLP
7830

b0 V..t

Back to AC Input and PFC Stage

Back to DCDC Conversion, Isolation DAB

HAnaloqg output H Internal circuit

Input (VIN+ applied, VIN-=GND)

................. ) AU

! i g'

| |azanc Driver () § PEC H1sitoac| | LeF
; i ‘—‘—\— [ B

VIN-§ ‘ .
'SHIELD Re‘é;*fery ﬁ
i h |
GND1 __________________________________________________
1] ] 8
2] 4\ + [ ]7
> |
3] = [ ]6
A
4 L —sniEs [ 156

H Internal circuit

O +5Vv

W (ol AN [

H Digital output

Input (Vin: applied, Vin.=GND)

+320mV rosamsammessmms | j\ *************** J
Ving o Y u f
ov " | [AzADC Driver (—— | ! PEC 1 Bur E
Vin- — ‘—'—l\— \ :
-320mV -. | | isHIELD| _ CLK
3 ! i Recovery !
GND1 o~ i
Output MCLK, MDAT @ . -
Vop2 IOMHZ(typ) |: :|
. 1 i 8
- . —
wew) [ [ERRARARIRER]
GND - rrtrerirrers 2 [ |H/Encode | ; )7

Vo2

GND

mmrT R

.................................... 4[4 J_:|5

X
SHIELD
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@/ TLP7820/7920 vs. Competitor’s item

ACPL-C79x ACPL-790x
Package / Isolation Voltage (AC1Tmin) SO8L / 5kVrms DIP8 / 5kVrms SSO-8 / 5kVrms DIP8 / 5kVrms
Maximum Allowable Operating Insulation Voltage V, TLP7920 890Vpeak
D4 Option perating 9¢ Yiomu 1414 Vpeak e iy 1230 Vpeak 891 Vpeak

Output voltage (differential analog output) Single Phase, 0 ~ 2.5V Single phase, 0 ~ 2.5V

Operating Temperature T, -40 ~ 105 °C -40 ~ 105 °C
Input (Primary) side supply voltage Vpp, 45~55V 45 ~55V
Output (Secondary) side supply voltage Vpp, 30~55V 30~55V

Input Voltage Range(Liner area / Full-scale) +200 mV / £300 mV +200 mV / £300 mV

Gain (T,=25°C) 8.2 times 8.2 times

Gain error (T,=25°C) +05/+1/+3 % +05/+1/+3 %

Magnitude of Gain e
Change vs. Temperature

U.UuUTZ V/ V/-L.

Nonlinearity over +200 mV Input Voltage 0.02 [max.0.13] %
INLygo@Tazs°c Similar

0.01 [max.0.06] %

0.05 [max.0.13] %

Gain and
INL;q0 Offset voltage

Nonlinearity over £100 mV Input Voltage

0.02 [max.0.06] %

Input Offset Voltage +0.9 [-0.6~2.4] mV +0.6 [-1~2] mV

Magnitude of Input Offset
Change vs. Temperature \

2 [max.6] nv/°C 3 [max.10] pVv/°C

TOrOOTE

Small-Signal Bandwidth (-3 dB) [min.140] 200 kHz [min.140] 200 kHz

Equivalent Input Impedance 78 kQ 22 kQ

Input Side Supply Current Ipp, 8.6 [max.12] mA mA 13[max.8.5] mA

Output Side Supply Currentlpp, 6.2 [max.10] mA (L sitea [max.12] mA

Back to AC Input and PFC Stage

Back to DCDC Conversion, Isolation DAB

HCPL-7840 AMC1200
DIP8 / 3.75kVrms SOP8 / 2.8kVrms
891 Vpeak 1200 Vpeak
Single phase, 1.29 ~ 3.8V Single phase,
1.29~3.8V
-40 ~ 100 °C -40 ~ 105 °C
45 ~55V 45 ~55V
45~55V 27 ~55V

+200 mV / £300 mV +250 mV / £320 mV

8 times 8 times
5% +0.5%
0.00025 V/V/°C +0.00045V/V/°C
(56 ppm/°C)
0.0037 [max.0.35] % 0.075 %
0.0027 [max.0.2] % N/A

+0.3 [£3] mV +0.2 [£1.5] mV

3 [max.10] pVv/°C +1.5 [max.£10] pVv/°C

[min.50] 100 kHz [min.60] 100 kHz

500 kQ 28 kQ

10.86 [max.15.5] mA 5.4 [max.8] mA

11.56 [max.15.5] mA 4.4 [max.7] mA
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@ TLP7830/7930 vs. Competitor’s item e o s

HCPL-7860 ACPL-C797 ACPL-7970 ACPL-796)
Package/Isolation Voltage(ACTmin) DIP8/3.75 kVrms SO8L / 5 kVrms DIP8/ 5 kVrms SSO-8 /5 kVrms DIP8 / 5 kVrms SO-16 /5 kVrms
EE%;EE”CL:E?;: (TR 891 Vpeak 1414 Vpeak ey f?gov\‘j;:';k 1414 Vpeak 891 Vpeak 1230 Vpeak
Output type / CLK type 1bit digital / CLK output 1 bit digital / CLK Output 1 bit digital / CLK Output 1 bit digital / CLK input
Operating Temperature T, -40~85 °C -40~105 °C -40~105 °C -40~105 °C
Input side supply voltage Vpp, 45~55V 45~55V 45~55V 45~55V
Output side supply voltage Vpp, 45~55V 3.0~55V 3.0~55V 3.0~55V
Input voltage range 1320 mV +320 mV +320 mV 1320 mV
Input voltage range(liner area) +200 mV +200 mV +200 mV +200 mV
Gain error(Ta=25°C) +1 % +1 % +1 % +1 %
Gain error(Ta=T,,) 2 % +2 % +2 % 2 %
VREF Drift vs. Temperature@vbpi=5v 60 ppm/°C 60 ppm/°C - 60ppm/°C 60 ppm/°C
Differential Nonlinearity DNL +1 LSB +0.9 LSB s|\‘|5|l)n|;“aar:d +0.9 LSB +0.9 LSB
Integral Nonlinearity INLyoo@Tagsec 3[+30] LSB 4(+15) LSB Offset voltage 3[+15] LSB 3[+15] LSB
SNDR 66 dB (min. 65)75 dB [min.65]75 dB [min.65]75 dB
Offset Error 0[£3] mV +0.6(-1~2) mV +0.9 (-0.3~2.7) mV +0.3[-1 ~g] mV +0.4[£2] mV +3[-1~4.5] mV
Offset Drift vs. Temperature 2 [max.10] uv/°C 1.2 (max.3) uV/°C 1.2 (max.3) uVv/°C 1 [max.3.5] uv/°C 2 [max.6] uV/°C —[max.3.5] uv/°C
Average Input Resistance 450 kQ * 78kQ 24kQ) 33kQ
Input side supply current Ipp; 10[max.15] mA = Se A Lower STrTTax TAITTTA 14[max.19] mA

Power

Output side supply current Ipp, @5V 10[max.15] mA 4.9(max.8) mA consumption 5.2[max.8]JmA 6[max.8] mA
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DTMOS-VI 650V SuperJunction MOSFET

package

TK190U65Z / TK155U65Z / TK110U65Z / TKO90U65Z / TKO65U65Z Lo

Back to DCDC Conversion, Isolation DAB

Low on-resistance contributes to reduce system power consumption and more efficient switching

Low Rpson) ¥ A Low Switching Losses Efficient Packages
Rps(on) Per unit area is reduced for better Low Qg4 allows for faster switching Powerfully efficient TOLL packages are
efficiency and power savings available

Large contribution in light — heavy load
Also available in DFN, TO-220 and TO-

247 type packages.

100 i ‘

Line up
3 packages with Kelvin sourcing: Part number TK190U65Z TK155U65Z TK110U65Z TKO90U65Z TKO65U65Z

TOSHIBA

DTMOS IV-H.
Comp. A fast \

1 Q Package TOLL
TOLL
‘ Package body size 10 x 11.7 x 2.3 mm
\ Standard 3-pin packages: Rason) Max (Q) 0.19/0.21 0.155/0.17 0.11/0.125 0.090/0.099 0.65
TOSHIBA e Qga (NC) 25 29 40 47 62
DIMOSH
b DTMOS 17 ‘ 0 0 Ciss (VDS=300V) (pF) 1370 1636 2250 2780 3650

"Iigh Efficiency Power Supply

(Low Ron-A & Fast Switching)
|

Qgd typ. (nC)

0 0.2 0.4 0.6 0.8 1 1.2
Rosion) MAX _ (Q)

© 2024 Toshiba Electronic Devices & Storage Corporation 30
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@ DTMOSVI (Vpss=650V) series Lineup & Schedule Idea

Back to DCDC Conversion, Isolation DAB

DFN8x8 TO-220 TO-220SIS TO-247 TO-247-4L
R Q ciss
DS(ON) 9 =
Max Typ. (VDST y?;)(?OV)
(@) (nC) oF)
TK210V65Z TK190E65Z TK190A65Z TK190U65Z
0.19/0.21 MP : OK MP : OK MP : OK MP : OK 25 1370
TK170V65Z TK155E65Z TK155A65Z TK155U65Z
0.155/0.17 MP : OK MP : OK MP : OK MP : OK 29 1635
TK125V65Z TK110E65Z TK110A65Z TK110N65Z TK110Z65Z TK110U65Z
0.11/0.125 MP : OK MP : OK MP : OK MP : OK MP : OK MP : OK 40 2250
TK099V65Z TKO90E65Z TK0O90A65Z TKO90N65Z TK090Z65Z TKO90U65Z
0.090/0.099 MP : OK MP : OK MP : OK MP : OK MP : OK MP : OK 47 2780
TKO65N65Z TK065Z65Z TK065U65Z
0.065 MP : OK MP : OK MP : OK 62 3650
TKO40N65Z TK040Z65Z
0.040 MP : OK MP - OK 105 6250

© 2024 Toshiba Electronic Devices & Storage Corporation
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@ New SMD Package “TOLL” for DTMOS

TOLL package will provide “High Efficiency” by Kelvin connection and

“High Power Density” by compact package size

D2PAK DFN8x8

*Higher Current
& Lower Ron
*Foot print size
reduction

15.3

Higher Current
& Lower Ron
High reliability
*Enable visual Inspection

s Lower Inductance
*Better Heat Radiation

# Target Application
: Server & Telecom Power, Industrial Power, PV inverter, etc.

© 2024 Toshiba Electronic Devices & Storage Corporation
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High

M C U Robustness efficiency Small size
0 package

Low loss

M4K Series ARM Cortex-M4

Back to AC Input and PFC Stage

Back to DCDC Conversion, Isolation DAB

System cost down, high efficiency system, development efficiency improvement

Built-in Arm® Cortex®-M4 Suitable for sensing analog Small self-contained MCU
CPU core signal system with memory
Built-in Cortex-M4 core with Thumb instruction Built-in multi-channel ADC and CPU system Cortex-M4 and Toshiba process technology bring
set improves energy efficiency. Various executes sensing data processing efficiently at to the small package an entire system with code

and data flash for reduced footprint and reduced

development tool and their partners allow users low cost
power consumption.

many options.

Part number TMPM4KNWAFG TMPM4KNWADFG
Package LQFP 100 QFP 100

Code - Maximum operation frequency 160 MHz 160 MHz
Flash Lay Code Flash 128 KB 128 KB
Data Flash 32 KB 32 KB

o R A RAM 24 KB 24 KB
IHOSC :
Timer Up to 12ch Up to 12ch

Arm Cortex-m4 I f—
processor with FPU

UART / SIO 4/2 4/2
f— f— e , ,
RAM
ADC 32ch (12bit) 32ch (12bit)
I/0 (Mux'd - MAX) 87 87
© 2024 Toshiba Electronic Devices & Storage Corporation 33
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Performance

@ MCU Roadmap

>

Arm® Cortex®-M4@120MHz

TMPM470 %88;5;512'(

256 to 512K
100pin with CAN

i

~ TMPMA475

Arm® Cortex®-M3@80MHz
| TMPM376FD 512K IHOSC accuracy UP

1000 Ligh performance
256K
100pin

TMPM370FY

128K
64pin
128K
48pin

128K
44pin

TMPM372FW

TMPM373FW

~ TMPM374FW

!
_‘———
—
-—

FPU support

Arm® Cortex®-M3@40MHz

64K
30pin

64K
QFN32pin
with PreDriver

~ TMPM375FS

TMPM37AFS

I

TXZ+™ Family
Z+ ™4A Serie

Arm® Cortex®-M4@160MHz

TXZ+™M4K group(2) : 22 products TXZ+™M4M group : 18 products

128 to 256K
100pin

TMPM4KNFxA

TMPM4MNFxA

TMPM4KMFxA

gopin 256K TMPMAMMFxA B

TMPMA4KLFxA [k

’ 512 to 1024K (
100pin
l |512to 1024|<[

64pin

TMPM4MLFxA 74

128 to 256K
100pin

128 to 256K
Opin

128 to 256K

512 to 1024K
100pin

512 to 1024K
64pin

Code Flash endurance UP
Supporting functional safety design
CAN support (M4M group)

(new PMD, new AD)
Supporting functional safety design

Back to AC Input and PFC Stage

Back to DCDC Conversion, Isolation DAB

f

Next generation
Multiple motor
Lineup

TXZ+™ Family

Z+ ™4A Serie

-High performance
-Big memory

Cortex®-M4@120MHz -4ch motor control
TXZ+™M4K group(1) : 6 products
( 128~256K
[ 64pin
( 128~256K
L 48pin
( 128~256K
[ 44pin
TXZ+™ Family
Z+ ™4E Seri
Cortex®-M4@80MHz
TXZ+™ MA4L group : 4 products
( 128~256K
[ 64pin -High
r 128~256K Performance
L 48pin +Built-in
128~256K peripherals
[( 44pin
( 0
U ROM

>

2018

2021

CS commencing time
© 2024 Toshiba Electronic Devices & Storage Corporation
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Back to AC Input and PFC Stage
Back to DCDC Conversion, Isolation DAB

@ TXZ+™ Family/ M4K Group Overview

Arm® Cortex®-M4 core max. frequency 160MHz

Sophisticated control with high-precision analog circuits

10MH
® Cortex-M4 core, Memory, System Control ® Peripherals (Timer) Internal ONHz
- Supply voltage 45to0 5.5V - 32(16)-bit timer 6(12)ch OSC built-in '-III"'
- Max frequency 160MHz - Independent Watchdog timer(WDT) 1ch
- Operation temperature -40 to 105°C
. System Analog
- Memory Code Flash 1024KB to 128KB (W/E 100K times) ® Peripherals (Analog) IHOSC Arm .
Data Flash 32KB (W/E 100k times) - 12-bit AD converter 32ch (3unit/min. 1us) Cortex-M4 FPU ‘Ml
RAM 64KB to 24KB - OP-AMP 3ch PLL/CG @160MHz OP-AMP
- Low power Clock gear(1/1 to 1/16 dived) INT
o Stand-by mode(IDLE/STOP1) ® Peripherals (Connectivity & Motor Control) DMAC Memory

- Built-in OSC(IHOSC) 10MHz - CAN -
- External interrupt(INT) 22ch - UART ach POR/LVD !_CM
- DMAC Tunit . - TSPI(SPI/SIO) 2ch OFD ! Data Flash i _
- Power on reset(POR)/ Low voltage detection(LVD) -12C 2ch  RAM Timer
- i . Debug -

Frequency detection(OFD) ~ 1ch _ - Advanced Vector Engine plus(A-VE+) 1ch TIMER
- Debug circuit JTAG/SW,TRACE(4bit), NBDIF - Advanced programmable motor driver(A-PMD) 3ch 10 port WDT

S (80,64pins: SW only) - Advanced encoder input(A-ENC32) 3ch

- CRC calculation circuit(CRC) 1ch

Connectivity Motor control

® Memory, Package

Notel) *x" of Part number means sign of code flash size.

Note2) **: Under development

Part Numnber Code Flash Data Flash RAM Package UART a A-VE+
TMPMAKNFxAFG P-LQFP100-1414-0.50 | TSPI
TMPMAKNFRADEG V. 256K8 P-QFP100-1420-0.65 | A-PMD
TMPMAKMEXAFG ‘u'u' 1288 32KB 24KB P-LOFPE0-1212-0.50 12C B ———
TMPIMAKL FxAUG ' P-LOFP64-1010-0.50 L — A-ENC32
TMPMAKLFXAFG P-LOFPB4-1414-0.80 ———————
. —
Part Number Code Flash Data Flash RAM Package
TMPMAKNExAFG™ P-LOFP100-1414-0.50
TMPMAKNFxADFG** 10: 1024KB P-QFP100-1420-0.65
TMVPMAKLFAUG* D: 512KB 32kB 64KE prFp5¢_|g1 0.0.50 Note3) Specification given in this page is the maximum specification of M4K group(2).
TMPMAKL FxAFG** P-LOFP64-1414-0.80 Please refer to a function table for details.

© 2024 Toshiba Electronic Devices & Storage Corporation
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H = B ri d g e D rive r Robustness il e

package

TC78H660FTG/TC78H660FNG

Back to Additional Controls for Safety and Reliability

H-Driver to control bi-stable dual latched relays for home chargers

Efficient design to handle

Low R Small package
dual latched relays DSON packag
This 2 channel MCD is designed to drive Good efficiency from the low on- Available in a small 16 lead QFN
two H bridges via PWM controlled resistance to help run cool and save 3.0x3.0mm package can help save board

constant current. power Space

VARAIRYA o Sample Line Up

L1 L2 L3

{weinr -
‘ IN1A | F I:_:%in_l Part number TC78H660FTG TC78H660FNG
IN1B | 1 ' F E rmd!
# L Package QFN16 3x3mm SSOP 16 5.0x6.4mm
] MCD Operating Voltage (V) 2.5V t0 16.0
- %J e T I Output Current (A) 2.0
Contactor ' IN2A 1 = iy :
RELAY || RELAY : 1 L‘H RDSON (Q) 0.48
IN2B —
_"%_%_?F | Relay | Built-in V. Regulator? Yes
; Error Detect Functions Thermal Shutdown, Over Current Under Voltage Lockout
Application Outline TC78H660 Use Case
© 2024 Toshiba Electronic Devices & Storage Corporation 36
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@"Special" use case: MCD as H-Bridge Driver for latching relays

Back to Additional Controls for Safety and Reliabilit:

H-Bridge Driver Open / Close Unit Applications using latching relays
VNN o K = ek
g ot ol K : = 1 N G
Relay PR 3 AF
INlA_ = = m———— C;& : r o<
I | 3 7 l i I ”
IN1B | : W : oeeeooobzzzzzzzozooo: %lé 9f. -
_| I_ L_Df__: T =S ccRCRS : Shunt Shunt .
Single-Coil Latching Relay §100V E L resistor | resistor |
| e ) - . e e B H §—-§§ %gg H
Contactor REI:AV lﬁ"i‘ RELAY : et - %gg %%g ' L
Single-Coil Latching Relay i I ..--f.‘lz---?-. N S
N2a | - * 3‘ DA M) FA A
i Cable 5
IN2B | -

1x TC78H660* for driving 2x bi-stable latching relays

*Using Toshiba MCD for latching relays for above application examples is under customer’s own responsibility, no guarantee by Toshiba
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@ TC78H660FTG/FNG 18V/2.0A 2ch Brushed DC Motor Driver

Back to Additional Controls for Safety and Reliability

Dual channel integrated H-Bridge / Small Package

« Operation supply voltage range
VM = 2.5V to 16V
* Multi I/F
"Phase & Enable” and “IN" input mode
* Low Voltage Interface
Operates input signals with 1.8V
« Low Rds(on)
Rosm+ = 0.48Q(Typ.)
« Energy saving
Ultra-low stand-by current 0.1pA (max)
* Current detection
No need of external current detection resistor (ACDS)
* Single power supply
BOM reduction with integrated regulator

Block Diagram

AGND VM

wa
E

0

-

STBY

;
w

VREF L

el

eg |
DAC

IN1B / Enable A [
IN1A/ Phase A [}

tHA
ol 8
|S 0
x| ¥
Q,

IN2B / Enable B []
IN2A / Phase B []

Control
Circuit | |
mOUT_B+

MODE / ERR %OUT_B- (@
oscm [ 1SD | | I(
r1PGND_B
T

TC78H660FTG
o’ QFN16
(3.0mm x 3.0mm)

. TC78H660FNG
SSOP16
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7

MCD Driver for Locking Charge Plug

TB67H450AFNG / TB67H451AFNG

Small size

Robustness
package

For added safety, an MCD can manage and drive the locking mechanism on the charging plug

Wide voltage range
operation

This brush motor controller part can fully

operate from 4.5V (ideal for batteries) to

44.0V.

Low Repoy allows for low standby current,
better power savings when not in use.

Back to Additional Controls for Safety and Reliability

Small package

Small 8pin HSOP package provides
flexible use in tight spaces.

Line up

Part number
Package
Operating Voltage (V)
Output Voltage/Current (V/A)
Roson (Q)

Standby Current (uA)
Under Voltage
Lock Out
Return after Under Current
error detection (ISD)
Thermal
Shutdown (TSD)

TEERERE

PP

TB67H450AFNG TB67H451AFNG
HSOP 8 pin 4.9 x 6.0mm
45to 440
50/35
0.60
Yes

Return by Power On

Latch Operation
Auto Resume
Auto Resume
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DC Motor for the mechanical lock
using TB67H451A as motor driver

* 50V, 3.5A Brushed DC Motor Driver

« Small 8-pin package

» Drop-in replacement to Tl equivalent

electromechanical
cable lock mechanism

S

P-HSOPS8
(4.9%x6.0mm)

h

Use case: MCD for charging cable lock/unlock mechanism

Back to Additional Controls for Safety and Reliability

Control
Logic

4| UVLO

Pre-

driver

%ISD—

Current
Comp

Bridge

71 GND

RS

ouUT1

ouT2

h

%
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(7]

Back to Additional Controls for Safety and Reliability

TB67HA450AFNG / TB67H451AFNG 50V/3.5A, 1ch Brushed DC Motor Driver

Small Package / Compatibility / Low Standby Current

8pin Package

Industry standard package and pinout
Energy saving

Standby current TpA max

Automatic standby mode

Low Rds(on)

Rosonn+y = 0-6Q(Typ.)

Wide operating voltage

VM=4.5V to 44V

Constant current function
Adjustable with VREF voltage and sense resistor
Various Abnormal-state detection
Under Voltage Lockout (UVLO)

Over Current (ISD)

Thermal Shutdown (TSD)

Compatibility

P Allegro Tl Toshiba Toshiba
Specification It
SRR RS VLI YW TB67HAS0A TB67HA51A
Output voltage/current | 40V/3.5A | 50V/3.6A 50V/3.5A
Operating voltage 8~40V 6.5~45V 4.5~44V
Standby current T0pA max. THA max.
Output on-resistance 0.6Q
Under Voltage
Lockout Return by power on
Ret
Ae\f:errn Over Current Latch Latch
(ISD) Operation Operation
Error Auto Auto
Detection|  thermal Auto Resume Auto Resume
Shutdown
(TSD) Resume Resume

© 2024 Toshiba Electronic Devices & Storage Corporation
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If you are interested in these products and
have questions or comments about any of them,
please do not hesitate to contact us below:

Contact address: https://toshiba.semicon-storage.com/us/contact.html
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Terms of use

This terms of use is made between Toshiba Electronic Devices and Storage Corporation (“We") and customers who use documents and data that are consulted to design electronics applications
on which our semiconductor devices are mounted (“this Reference Design”). Customers shall comply with this terms of use. Please note that it is assumed that customers agree to any and all this
terms of use if customers download this Reference Design. We may, at its sole and exclusive discretion, change, alter, modify, add, and/or remove any part of this terms of use at any time
without any prior notice. We may terminate this terms of use at any time and for any reason. Upon termination of this terms of use, customers shall destroy this Reference Design. In the event of
any breach thereof by customers, customers shall destroy this Reference Design, and furnish us a written confirmation to prove such destruction.

1. Restrictions on usage
1.This Reference Design is provided solely as reference data for designing electronics applications. Customers shall not use this Reference Design for any other purpose, including without
limitation, verification of reliability.
2.This Reference Design is for customer's own use and not for sale, lease or other transfer.
3.Customers shall not use this Reference Design for evaluation in high or low temperature, high humidity, or high electromagnetic environments.
4.This Reference Design shall not be used for or incorporated into any products or systems whose manufacture, use, or sale is prohibited under any applicable laws or regulations.

2. Limitations

1.We reserve the right to make changes to this Reference Design without notice.

2.This Reference Design should be treated as a reference only. We are not responsible for any incorrect or incomplete data and information.

3.Semiconductor devices can malfunction or fail. When designing electronics applications by referring to this Reference Design, customers are responsible for complying with safety standards
and for providing adequate designs and safeguards for their hardware, software and systems which minimize risk and avoid situations in which a malfunction or failure of semiconductor
devices could cause loss of human life, bodily injury or damage to property, including data loss or corruption. Customers must also refer to and comply with the latest versions of all relevant
our information, including without limitation, specifications, data sheets and application notes for semiconductor devices, as well as the precautions and conditions set forth in the
"Semiconductor Reliability Handbook".

4.When designing electronics applications by referring to this Reference Design, customers must evaluate the whole system adequately. Customers are solely responsible for all aspects of their
own product design or applications. WE ASSUME NO LIABILITY FOR CUSTOMERS' PRODUCT DESIGN OR APPLICATIONS.

5.No responsibility is assumed by us for any infringement of patents or any other intellectual property rights of third parties that may result from the use of this Reference Design. No license to
any intellectual property right is granted by this terms of use, whether express or implied, by estoppel or otherwise.

6.THIS REFERENCE DESIGN IS PROVIDED "AS IS". WE (a) ASSUME NO LIABILITY WHATSOEVER, INCLUDING WITHOUT LIMITATION, INDIRECT, CONSEQUENTIAL, SPECIAL, OR INCIDENTAL
DAMAGES OR LOSS, INCLUDING WITHOUT LIMITATION, LOSS OF PROFITS, LOSS OF OPPORTUNITIES, BUSINESS INTERRUPTION AND LOSS OF DATA, AND (b) DISCLAIM ANY AND ALL
EXPRESS OR IMPLIED WARRANTIES AND CONDITIONS RELATED TO THIS REFERENCE DESIGN, INCLUDING WARRANTIES OR CONDITIONS OF MERCHANTABILITY, FITNESS FOR A
PARTICULAR PURPOSE, ACCURACY OF INFORMATION, OR NONINFRINGEMENT.

3. Export Control
Customers shall not use or otherwise make available this Reference Design for any military purposes, including without limitation, for the design, development, use, stockpiling or
manufacturing of nuclear, chemical, or biological weapons or missile technology products (mass destruction weapons). This Reference Design may be controlled under the applicable export
laws and regulations including, without limitation, the Japanese Foreign Exchange and Foreign Trade Law and the U.S. Export Administration Regulations. Export and re-export of this Reference
Design are strictly prohibited except in compliance with all applicable export laws and regulations.

4. Governing Laws
This terms of use shall be governed and construed by laws of Japan.
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RESTRICTIONS ON PRODUCT USE

e Toshiba Electronic Devices & Storage Corporation, and its subsidiaries and affiliates (collectively "TOSHIBA"), reserve the right to make changes to the information in this document, and related
hardware, software and systems (collectively "Product") without notice.

e This document and any information herein may not be reproduced without prior written permission from TOSHIBA. Even with TOSHIBA's written permission, reproduction is permissible only if
reproduction is without alteration/omission.

e Though TOSHIBA works continually to improve Product's quality and reliability, Product can malfunction or fail. Customers are responsible for complying with safety standards and for providing
adequate designs and safeguards for their hardware, software and systems which minimize risk and avoid situations in which a malfunction or failure of Product could cause loss of human life,
bodily injury or damage to property, including data loss or corruption. Before customers use the Product, create designs including the Product, or incorporate the Product into their own
applications, customers must also refer to and comply with (a) the latest versions of all relevant TOSHIBA information, including without limitation, this document, the specifications, the data
sheets and application notes for Product and the precautions and conditions set forth in the "TOSHIBA Semiconductor Reliability Handbook" and (b) the instructions for the application with which
the Product will be used with or for. Customers are solely responsible for all aspects of their own product design or applications, including but not limited to (a) determining the appropriateness of
the use of this Product in such design or applications; (b) evaluating and determining the applicability of any information contained in this document, or in charts, diagrams, programs, algorithms,
sample application circuits, or any other referenced documents; and (c) validating all operating parameters for such designs and applications. TOSHIBA ASSUMES NO LIABILITY FOR
CUSTOMERS' PRODUCT DESIGN OR APPLICATIONS..

¢ PRODUCT IS NEITHER INTENDED NOR WARRANTED FOR USE IN EQUIPMENTS OR SYSTEMS THAT REQUIRE EXTRAORDINARILY HIGH LEVELS OF QUALITY AND/OR RELIABILITY,
AND/OR A MALFUNCTION OR FAILURE OF WHICH MAY CAUSE LOSS OF HUMAN LIFE, BODILY INJURY, SERIOUS PROPERTY DAMAGE AND/OR SERIOUS PUBLIC IMPACT
("UNINTENDED USE"). Except for specific applications as expressly stated in this document, Unintended Use includes, without limitation, equipment used in nuclear facilities, equipment used in
the aerospace industry, lifesaving and/or life supporting medical equipment, equipment used for automobiles, trains, ships and other transportation, traffic signaling equipment, equipment used
to control combustions or explosions, safety devices, elevators and escalators, and devices related to power plant. IF YOU USE PRODUCT FOR UNINTENDED USE, TOSHIBA ASSUMES NO
LIABILITY FOR PRODUCT. For details, please contact your TOSHIBA sales representative or contact us via our website.

¢ Do not disassemble, analyze, reverse-engineer, alter, modify, translate or copy Product, whether in whole or in part.
e Product shall not be used for or incorporated into any products or systems whose manufacture, use, or sale is prohibited under any applicable laws or regulations.

e The information contained herein is presented only as guidance for Product use. No responsibility is assumed by TOSHIBA for any infringement of patents or any other intellectual property rights
of third parties that may result from the use of Product. No license to any intellectual property right is granted by this document, whether express or implied, by estoppel or otherwise.

o ABSENT A WRITTEN SIGNED AGREEMENT, EXCEPT AS PROVIDED IN THE RELEVANT TERMS AND CONDITIONS OF SALE FOR PRODUCT, AND TO THE MAXIMUM EXTENT ALLOWABLE
BY LAW, TOSHIBA (1) ASSUMES NO LIABILITY WHATSOEVER, INCLUDING WITHOUT LIMITATION, INDIRECT, CONSEQUENTIAL, SPECIAL, OR INCIDENTAL DAMAGES OR LOSS,
INCLUDING WITHOUT LIMITATION, LOSS OF PROFITS, LOSS OF OPPORTUNITIES, BUSINESS INTERRUPTION AND LOSS OF DATA, AND (2) DISCLAIMS ANY AND ALL EXPRESS OR
IMPLIED WARRANTIES AND CONDITIONS RELATED TO SALE, USE OF PRODUCT, OR INFORMATION, INCLUDING WARRANTIES OR CONDITIONS OF MERCHANTABILITY, FITNESS FOR
A PARTICULAR PURPOSE, ACCURACY OF INFORMATION, OR NONINFRINGEMENT.

e Product may include products using GaAs (Gallium Arsenide). GaAs is harmful to humans if consumed or absorbed, whether in the form of dust or vapor. Handle with care and do not break, cut,
crush, grind, dissolve chemically or otherwise expose GaAs in Product.

¢ Do not use or otherwise make available Product or related software or technology for any military purposes, including without limitation, for the design, development, use, stockpiling or
manufacturing of nuclear, chemical, or biological weapons or missile technology products (mass destruction weapons). Product and related software and technology may be controlled under the
applicable export laws and regulations including, without limitation, the Japanese Foreign Exchange and Foreign Trade Law and the U.S. Export Administration Regulations. Export and re-export of
Product or related software or technology are strictly prohibited except in compliance with all applicable export laws and regulations.

e Please contact your TOSHIBA sales representative for details as to environmental matters such as the RoHS compatibility of Product. Please use Product in compliance with all applicable laws and
regulations that regulate the inclusion or use of controlled substances, including without limitation, the EU RoHS Directive. TOSHIBA ASSUMES NO LIABILITY FOR DAMAGES OR LOSSES
OCCURRING AS A RESULT OF NONCOMPLIANCE WITH APPLICABLE LAWS AND REGULATIONS.
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