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Application Example for EV Charger

AC Input 300-400V Isolaltion DC Output
65VAC DC : 400V
Main 1
PFC
itch I
@ Switc : —[>|—
Diode
b - . X
An ilog Bridge ‘~\\or \mj
) Feedback | "3
> . Seconda
»| Gate Driver > ry
MCU I Rectification
< VoltageSense |« i
600V DTMOSIV 600V DTMOSIV 1200V SiC SBD 1200V SiC MOSFET
TK20N60W TK20NG6OWS5 TRS20J120C TWO069J120A
TK25N60X TK25N60X5 \ 4
TK31N60OW TK31N60W5
TK31N60X TK39N60W5 Photocoupler Gate Drive
TK39N60W TK62N60W5 TLP183 Photocoupler
TK39N60X TLP293 TLP5214
TK62N60W 650V DTMOSIV TLP383 TLP5754
TK62N60X TK28N65W5 TLP385
TK35N65W5 TLP2301 Isolation Amplifier/
650V DTMOSIV TK49N65W5 Delta-Sigma Modulator
TK28N65W TLP7820
TK35N65W TLP7920
TK49N65W TLP7830
TLP7930
650V SiC SBD
TRS8E65F*
TRS10E65F*
TRS20N65D
TRS24N65D
*: Underdevelopment . . . .
X These devices are not used into the automotive.

TOSHIBA © 2016 Toshiba Corporation

Leading Innovation >>>



Recommendable Devices for EV Charger

. . Circuit
Absolute Maximum Ratings Configuration Rpsony max(Q) | Qg typ. | Ciss typ.
Package name (Toshiba) Series Part Number Circuit Remark
VDss(V) VGss(V) ID(A) Configuration Vgs= 10V (nC) (DF)
TK20N60W +30 20 N-ch 0.155 48 1680 DTMOSIV
TK31N60W 600 +30 30.8 N-ch 0.088 86 3000 DTMOSIV
TK39N60OW +30 38.8 N-ch 0.065 110 4100 DTMOSIV
Standard TK62N60W +30 61.8 N-ch 0.04 180 6500 DTMOSIV
TK28N65W +30 27.6 N-ch 0.11 75 3000 DTMOSIV
TK35N65W 650 +30 35 N-ch 0.08 100 4100 DTMOSIV
TK49N65W +30 49.2 N-ch 0.055 160 6500 DTMOSIV
TK20N60WS5 +30 20 N-ch 0.175 55 1800 DTMOSIV
TK31N60WS5 +30 30.8 N-ch 0.099 105 3000 DTMOSIV
TK39N60WS5 600 +30 38.8 N-ch 0.074 135 4100 DTMOSIV
TK62N60W5 - DTMOSIV
High-Speed  Diode +30 61.8 N-ch 0.045 205 6500
TK25N60X5 +30 25 N-ch 0.14 60 2400 DTMOSNV-H
TK28N65W5 +30 27.6 N-ch 0.13 90 3000 DTMOSNV
TO-247 TK35N65W5 650 £30 35 N-ch 0.095 115 4100 DTMOSIV
TK49N65W5 +30 49.2 N-ch 0.057 185 6500 DTMOSIV
TK25N60X +30 25 N-ch 0.125 40 2400 DTMOSIV-H
High-speed switchin TK31N60X 600 +30 30.8 N-ch 0.088 65 3000 DTMOSIV-H
gn-sp 9 TK39N60X +30 38.8 N-ch 0.065 85 4100 | DTMOSN-H
TK62N60X +30 61.8 N-ch 0.04 135 6500 DTMOSIV-H
SiC MOSFET
Absolute Maxi Rati R Q typ. Ciss typ.
Pl e e . solute Maximum Ratings - . . pson) Max(Q) | Qg typ iss typ
(Toshiba) Series Part Number Circuit Configuration Remark
Vpss(V) Vess(V) In(A) Ves=20V (nC) (pF)
Silicon +25
. TW069J120A 1200 47 N-ch 0.069 75 1700 New Product
Carbide -12
TO-3P(N)
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Recommendable Devices for EV Charger

SiIC SBD
Absolute Maximum Ratings L Electrical Characteristics(Max) (Per Leg)
FEEER PERNITIEER || || s Ir(A) THC) | Tatg(C) Con(f:ilgrﬁggttion Trrm(LA)
RRM F(DC) PP j stg RRM(H! Vem(V) @Irm(A) Cj(pF) (Typ.) Conditions
TRSSE65F* 8 (51) (20) 1.7 8 (32)
. VrR=650V
Single f=1MHz
TRS10E65F* 10 (67) (20) 1.7 10 (39)
TO-220-2L 650
20 200
TRS20N65D (Both Legs) | (Both Legs) 90 1.7 10 55
GG~ Vr=650V
175 55~175 Center Tap f=1MHz
24 220
TRS24N65D (Both Legs) | (Both Legs) 90 1.7 12 65
TO-247
TRS20J120C | 1200 20 310 Single ) 2 20 105 \’fizlf,ﬁ_?zv
TO-3P(N)
*: Underdevelopment
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Recommendable Devices for EV Charger

Photocoupler

Current Transfer Ratio Collector  [Turn-on/Turn-offf  Operating Isolation
Package name Part -Emitter (IF—16r;1r»LnF;]I_e—1 o) Temperature Voltage
(Toshiba) Function Number Voltage T
CTR(IC/IF) (%) Vceo(V) ton/toff(Typ.) Topr(C) BVs
(us) (Vrms)
DC input General-purpose| TLP291(SE 50 to 600 80 0.5/40 -55to 110 3750
OpenCollector
S04 Output Low Input TLP293 50 to 600 80 0.4/35 -55to 125 3750
General-purpose| TLP185(SE 50 to 600 80 0.5/40 -55to 110 3750
0 lﬁH Low Input TLP183 50 to 600 80 0.4/35 -55 to 125 3750
(o3 O
4pin SO6 20kbps TLP2301 50 (min.) 40 15/8 *1 -55to 125 3750
General-purpose TLP385 50 to 600 80 0.5/40 -55to0 110 5000
4pin SO6L Low Input TLP383 50 to 600 80 0.5/40 -55 to 125 5000
Gate Drive Photocoupler
Threshold Supply Propagation Operating Isolation
LED Input Voltage Delay Time | temperature Voltage
Package name Function Part Ior(Max.) Current Operating (Max.)
(Toshiba) Number (A) Range
IFH (Max.) Vee (V) TpHL/TpLH Topr (C) BVs
(mA) (us) (Vrms)
Gate Driver
RtoR*? TLP5754 4.0 15 to 30 0.15 -40to 110 5000
UVLO
SO6L
— +4.0
Smart 1 e
) Gate Driver 11 e i
Over Current il ===t~ TLP5214 6.0 15 to 30 0.15 -40to 110 5000
Protection C'IZ}—C_%
Active Miller Clamp Lt "
SO16L RtoR*2, UVLO |
%1 Propagation Delay Time (Max.) TpLH/TpHL (ps) (IF=1mA,RL=10kQ)
%2 RtoR : Rail to rail output
TOSHIBA © 2016 Toshiba Corporation
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Recommendable Devices for EV Charger

Isolation Amplifier / Delta-sigma Modulator

Package name Function Part Gain Supply Supply Equivalent Operating Isolation
(Toshiba) Number (Ta=25°C) Current Voltage input temperature Voltage
(Max.) _ resistance
IDD1 (mA);1 VDD1 (V) RIN Topr (°C) BVs
IDD2 (mA)~ VDD2 (V) (kQ) (Vrms)
Isolation Amplifier
8.2(typ.)
Analog Output
!’ (Analog Output) TLP7820 o 1on022 78 -40 to 105 5000
RankB: 8.16 0to>.
so8L [1] : 2] to 8.24
: RankA: 8.12
2 - N 7] to 8.28
3 - : 6 None: 7.95
] i g TLP7920 t0 8.44 12 4.5105.5 78 -40 to 105 5000
[4] 5] 10 3.0to 5.5
SHIELD (V/V)
DIP8
, Delta-Sigma Modulator
_ (Digital Output) 12 4.5t0 5.5
TLP7830 8 3.0t05.5 78 -40 to 105 5000
SO8L g : g -1to +1
E_ ASADC/ \I& Decode _z| o
Encode AN (/0)
BF |
: 12 4.5t05.5 )
] 5] TLP7930 8 30t055 78 40 to 105 5000
SHIELD
DIP8

%3 IDD1 : Input side supply current
%4 IDD2 : Output side supply current

TOSHIBA © 2016 Toshiba Corporation
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Circuit Topology
&
Example of Recommended Device
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Circuit Topology : 1® Input (1)
Single Phase Input : PFC+LLC Solution ( 1.5kW~ 2.0kW )

PFC Main Switching
LLC:ZVS
r \ 4
AC220V o
o zﬁu
'f o
_d N\

}Hé T+

DTMOSIV(1pc) for PFC

TK39A60W
TK3TN6OW

TOSHIBA

Leading Innovation >>>

SiC SBD (1pc) for PFC

TRSS8EG5F (Feb./16 ES)
TRS10E65F (Mar./16 ES)

DTMOSIV(2pcs) for Main Sw'g

TK20N60WS5
TK25N60X5

© 2016 Toshiba Corporation




Circuit Topology : 1® Input (2)

Single Phase Input : Bridge-less PFC+FB Solution ( 3.3kW )

Bridge-less PFC

AC220V *
~ 000

—

Main Switching
Full Bridge ZVS

V..

—+—o-l

DTMOSIV (2pcs) for PFC
TK31TN60W
TK39N60W

TOSHIBA

Leading Innovation >>>

| ' Hfé T,
-fFO-I ‘ o o
R

SiC SBD(2pcs) for PFC
TRS10E65F (Feb./16 ES)

Note:there is
possibility to use 2phase inter-leaved

DTMOSIV (4pcs) for Main Sw'g
TK31N60W5
TK39N60WS5

© 2016 Toshiba Corporation 10



Circuit Topology : 3® Input (1)
Three Phase Input : Vienna PFC+3Level LLC ( 6.6 ~15kW )

Vienna Rectifier Main Switching
(3 Phase PFC) Three-Level LLC
30 —e
380V { % %
o—o g =
T 7 ]
z
o—"000 * W * fz ol
T T
az :E —
o—T0 tr-ry i
A N SN I I
1 | |
SiC SBD (6pcs) DTMOSIV (6pcs) for PFC DTMOSIV(8pcs) for Main Sw'g
for Rectification TK62N60W / TK62Z60X TK39N60WS5 / TK49N65W5
TRS20J120C TK100L60W TK62N60W5

TK49N65W

Remarks : MOSFETs will used with 2 parallel operation for exceeding 10kW power.

In future, it will be possible to change 1200V SiC MOSFET instead of the above 600V SIMOS.
TOSHIBA p g & U 10 10SI111Vd LUIPUIdLIUII
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Circuit Topology : 3® Input (1)

Three Phase Input : Vienna PFC+3Level LLC ( < 15kW)
Applied Synchronous Rectification by SiC MOSFET

Vienna Rectifier Main Switching
(3 Phase PFC) Three-Level LLC
30 —
380V + L ~L DL ]_
o—TD E_';E*—G%}— 1 —t—0
5T
T ——4 GM}T - o
T 13 } i
un —— _I
f f ¥ T T
Synchronous Rectification
TWO069J120A
(1200V/69mQ/SiC MOSFET

TOSHIBA © 2016 Toshiba Corporation
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Circuit Topology : 3® Input (2)
Three Phase Input : IGBT Solution (_< 30kW )

PFC by IGBT Main Switching SR
FB ZVS by IGBT TRS20J120C
e Tt >}/ . or Si FRD

30

a1 1
i

k4% /|| |

1200V Fast Sw’g IGBT SiC SBD 1200V Faster Sw’g IGBT
under-considering TRS20J120C

TOSHIBA © 2016 Toshiba Corporation
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Feature of Toshiba
Power Devices & Photocoupler

TOSHIBA © 2016 Toshiba Corporation
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Power MOSFETs

TOSHIBA © 2016 Toshiba Corporation
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Power Device Market Trend (Power Density)

*1
100M Now/Near future /IGBT/IEGT
ow power consumption and high power application.
\O
1OM _ . G2 “,&c,\\o
'6(\ \\ °
o U ’ SiC Future action SiC/GaN

@
\

’<>E 100K IGBT/IEGTﬁ . W.B.G. materials
= S
S 10K |~ E
1K™
100 [~
10 | .

10 100 1k 10k 100k ™ 10M  100M 1G
Frequency (Hz)

*1 1 IEGT : Injection Enhanced Gate Bipolar Transistor
*2 1 SMPS : Switched-mode power supply

TOSHIBA © 2016 Toshiba Corporation
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Toshiba's MOSFETs Meet a Wide Range of Application Needs.

Small Low-On-Resistance The combination of excellent trench process and packaging technologies
MOSFETsMOSFET provide low on-resistance. This helps to improve the performance of your
Vpss=12~60V applications.

Latest Trench MOS

Low Voltage
MOSFETs

<@ )’ "

U-MOSVIII-H / U-MOSIX-H Series

High-efficiency MOSFET series for AC-DC and DC-DC power
supplies,fabricated using the latest Gen-8 / 9 trench-gate process

Super-Junction DTMOSIV Series
Mid-High Voltage New TT-MOSVII Series

MOSFETs The super-junction DTMOS Series achieves low on-resistance and

P VDSS= 200V~900V low gate charge (Qg) due to the use of the latest super-junction
Y e / structure.

‘ ® WY The latest addition to the m-MOS portfolio, the T-MOSVII Series
v offers reduced capacitances due to optimized chip design and is

cvailable with a greatly wider range of electrical characteristics. Y

Automotive-grade MOSFETSs feature low on-resistance, low capacitance,
high current and high quality, and help improve the performance and
reduce the power consumption of automotive applications.

TOSHIBA © 2016 Toshiba Corporation
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Toshiba's POWER MOSFETs

Low Voltage MOSFETs

High Voltage MOSFETs

DTMOSIV standard High-Speed Switching
with a high-speed diode Series V=600V, 650V
Start the development of the 800V product

T-MOSVII High Voltage (Vpss=800~900V)

New Package for DTMOSIV-H
TO-247 4pin package for High Power SPS

the latest Gen-8 trench-gate process
U-MOSVII-H Sseries Vs =20 V to 250 V

Development of the U-IMIOSIX-H series is started
by the latest generation

I develop a new package and extend development
for industry, Automotive

These devices help
to save energy and
Improve power
efficiency.

TOSHIBA © 2016 Toshiba Corporation
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Power MOSFET Design Road Map

U-MOS
30V
~250V

DTMOS
600V/650V

p-MOS/DTMOS
800V/900V

CY:2014 2015 2016
U-MOSIX-H(40V-60V) A
U-MOSVII-H(40-60V)
B/

DTMOSIV(500V/600V/650V) Standard, Fast Diode

DTMOSV
DTMOSIV-H(600V)
High-Speed Switching /

Tt-MOSVII(800V/900V)

DTMOSIV(80C

TOSHIBA
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Structures of Toshiba MOSFETs

U-MOS
Trench Structure

Source  Gate

0
n+ nt) (7] | nt)
P
o
n+

é Drain

a structure that yields a lower
on-resistance than other MOSFET
structures. The trench structure is primarily
used for relatively low-VDSS MOSFETSs.

DTMOS

Super-Junction Structure

<
P P
n
N N/
n+
<g Drain

on-resistance lower than the conventiona
theoretical limit of silicon.

n-MOS
Double-Diffusion Structure

Source ? o Gate

:ﬂ+ ﬁ: ]
™) (™)

channels. This structure is especially we
suited to high withstand voltage and
high-current devices.

A high level of integration yields a high-
performance Power MOSFET with low
on-resistance and low power loss.

TOSHIBA
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TOSHIBA
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DTMOS
(Toshiba SJMOS)



TOSHIBA SJMOS'’s (DTMOS) Trend

DTMOS supporting higher efficiency & comp Planer MOSFET

. . T-MQOS
design for high power converter, by Lowest R Source( Gat)e
combination with variable packages. 11

SEEaNE
Q) W] (@,
60
[ Company B "
50 -
—_ 5 Drain
(o]
E 40 © Vpss=600V
M o O DSS= (—Tar ror Super Junction
% 30 DTMOSI | Ne)?t Gen. MOSFET
- Company A P (Vpss=650V) (DTMOS)
< 20 o A ] Source? ?Gate
DTMOST |—
DS‘ DTMOSII )y ‘ SHCaNE
10 N o—
_/ (650V)
0 DTMOSIV DTMOSV
1998 2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 -~
Y orai
rain
TOSHIBA © 2016 Toshiba Corporation
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Variation of DTMOSIYV series
Example : TK31N60 .

DTMOSIV SE-H
HBESYIpSeSoII\B(oQ/Stﬁe sglr-\mgst}/!e Low Qggpsée za:;psewitching

For customers who are looking For customers who re looking

for solutions to reduce the for solutions to achieve high-
recovery loss of body diode of efficiency
MOSFET

] ] v PFC circuit in High efficiency
v H.alf—'Bltldge or Full-Bridge power supply for server,
circuit in AC-DC power Telecom or PCS for PV

supply . o inverter
v Motor drive application

. ————|
IN TOSHIBA, WE ARE EXPANDING OUR LINEUP IN

‘ ORDER TO COVER WHAT VARIOUS APPLICATIONS NEED

TOSHIBA © 2016 Toshiba Corporation
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DTMOSIV(V,,=600V) High speed version “X”

Rpsion) — Qgq trade-off improvement

Rosiony — Qqq Trade off Characteristic

NG6OW

80 KTypical
70 TK31N60X <& E.TK31N60OW
g 60 )
£ 5 TK39N60X & < 0 gy
(@) MO
O WD
S 40 74//0 O
= S/k/y o, [PWBOR045CP o .
g 30 —& -pTMOSIV S 62NBOX STW77NMB5M5
@ 20 — =DTMOSIV-H
n:a O Cool CP
10 X MD5
O I I I I T T
0 10 20 30 50 60 70

40
Qga (NC)

This series is based on DTMOSIV

technology, but with lower gate
capacitance by change in gate

design (Q 4 decrease by around
30%) . 2> Faster switching leads
to higher efficiency

Qg Waveform

(DTMOSIV-H ) TK62N60X

Qgd

Qgs1

TOSHIBA

Leading Innovation >>>
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(DTMOSIV.) TK62N6OW

T Sopped ‘
t:20us/div
I Qg:20nC/div

VGS:2V/div |

: 171nC ]
_72nC i / :
«— =

1D:20A/ div|

VDS:200V/div ]

- oo

171nC

72.2

nC

38.0

nC

© 2016 Toshiba Corporation
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DTMOSIV-H (Vpss=600V) High-Speed Switching series

Classification expressed by last letter of part name
“W" ... Standard type
“X" ... High-speed switching type

() /)
8x8 » 0 (0 D 0 D-3F D-24
I Q,
MAX
R d B8
(A) Q)
w W W W w w
15.8( 0.19 38 - | TK16V60W TK16E60W TK16A60W TK16J60W | TK16N60OW
0.155/ TK20V60W
20 0.17 48 - (0.17Q) TK20E60W TK20A60W TK20J60W | TK2ON60OW
TK25Z60X
25 L5y - 40 e SNCOX TK25E60X TK25A60X TK25N60X Under
0.135 (0.135Q) development
TK31Z60X
30.8 | 0:088/] gg | g5 | TN31VEOWRTKSIVEOXT 1 ecow | Tk31E60X | TK31A60W TK31J60W | TK3TN6OW | TK31N6OX|  Under
0.098 (0.0980)) (0.098Q) development
TK39Z60X
38.8| 0.065 §J 110 | 85 TK39A60W TK39J60W | TK39N60W J TK39N60X Under
development
TK62Z60X
61.8 | 0.040 j 180 § 135 TK62J60W | TK62N60W | TK62N60X Under
development
Under Making ES Under
Investigation ES available MP
Note: Specification and schedule of products under development are subject to change.
TOSHIBA
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DTMOSIV High-Speed (Fast Recovery) Diode Ver. “W5"

Fast body diode version based on DTMOSIV, which make more efficient

+ High-Speed body diode Comparison for Specification
TK16A60W5 TK16A60W Type Standard High Speed
(High-Speed diode type) |HES=— (Standard type) Diode

Part No. TK16A60W TK16A60W5

< Test Condition > Rating 600V / 15.8A 600V / 15.8A

Vpp=400V On Resi

Ior=7.9A(Iorx 1/2) n Resistance

Tc=25C (Roson) 0.19Q MAX 0.23Q MAX
Beverse Recovery 280ns 100ns
time (trr)

High-Speed body diode can reduce “Recovery Loss” due to
70% faster reverse recovery time

IPA65R190CFD

Infineon CFD2 series

Tc=_1 50°C IPA65R190CFD

- 160ns Infineon CFD2 series

More lower switching loss at
high temperature can be
achieved by better temperature
dependency of DTMOSIV.

Ipr=7.9A

TK16A60W5
(High-Speed Diode type)
TOSHIBA -7 s © 2016 Toshiba Corporation
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DTMOSIV (Vpss=600V,

w/Fast Diode) series Product Lineup

DPAK D2PAK 8x8mm
(T0-252) (TO-263) DFN TO-220 TO-220SIS TO-3P(N) TO-247
I Rps(on) Q (\" S i;s()OV) ter
( A’) MAX (n0) DS(pF) ne)
Q Typ. Typ.
() yp Typ. yp
ngg%%v)% TK5AGOWS
5 0.95 / 0.99 U.nder Under 115 370 65
d development
evelopment
TK7P60WS5
7 0.65 / 0.67 (0.67Q) TK7A60W5 16 490 75
TK8P60W5
8 0.54 /0.56 (0.56Q) TK8A60W5 22 590 80
9.7 0.45 TK10A60W5 23 720 85
TK16V60W5
0.23 (0.24Q)
15.8 /0.24 TK16G60W5 Under TK16E60W5 | TK16A60W5 | TK16J60W5 | TK16N60W5 43 1350 100
development
20 L7/ UL TK20E60W5 | TK20A60W5 | TK20J60W5 | TK20N60W5 55 1800 110
/0.19 (0.19Q)
. . . TK25V60X5
25 | 0.14/0.15 | High-Speed Switching 01%) | TK25E60X5 | TK25A60X5 TK25N60X5 60 2400 120
X" w/HSD naer
development
0.099 TK31V60W5
30.8 /0.109 (0.1090) TK31J60W5 | TK31N60W5 105 3000 135
38.8 0.074 TK39J60W5 | TK39N60WS5 135 4100 150
61.8 0.045 TK62J60W5 | TK62N60W5 205 7100 170
Under Making ES Under Note: Specification and schedule of products under development
Investigation ES available MP are subject to change.
TOSHIBA © 2016 Toshiba Corporation
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DTMOSIV (Vpss=650V, w/Fast Diode) series Product Lineup

12PAK D2PAK
(TO-262) (TO-263) DFN8x8 TO-220 TO-220SIS TO-247
Ros(on) Q Ciss t
g - rr
b1 max gy |(Vos=300V) 1 )
(A) (pF)
(o)) Typ. T Typ.
I
13.7 0.30 TK14C65W5 | TK14G65W5 TK14E65W5 | TK14A65W5 | TK14N65W5 40 1300 100
17.3 0.23 TK17A65W5 50 1800 110
(0.19 TK(22)V65X5 TK(22)A65X5
(22) /0 '20) Under Under TBD TBD TBD
: development development
0.13 TK28V65W5
27.6 /(d 14) Under TK28N65W5 20 3000 115
) development
35 0.095 TK35A65W5 | TK35N65W5 | 115 4100 130
49.2 0.057 TK49N65W5 | 185 6500 145
Under Making ES Under
Investigation ES available MP
Note: Specification and schedule of products under development are subject to change.
TOSHIBA

© 2016 Toshiba Corporation
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Advantage of New Package for Hi-power SPS:TO-247 4L

While packages such as TO-247 are usually used for high-speed switching and high current
applications, big package size causes longer internal wiring causing larger internal
inductance. TO-247-4L is developed to eliminate the effect of the internal source inductance
when driving FET by separating signal source pin.

( For 3pin package (TO-247) )

Both the source wire inductance (L) and drain
current slope (dly/dt) induced reverse voltage affects
gate-source voltage (Vss) when driving the FET.

Drain

Source

Vprv Vis

I-Source

(= I-source*d | D/dt)

( For 4pin package (TO-247-4L) )

Effect of source wire inductance (L) and drain
current slope (dly/dt) induced reverse voltage is
eliminated by separating signal source wire, which
optimizes high-switching capability.

Drain

Gate ‘
[ ]

C I Source
v \} (Power)
DRV Vas 1
O
Source
I-Sourn:e

(Signal)

di

Ves = Vpry

[ Ves =Vpry — Vis = Vpry — LE
TOSHIBA
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Turn-On Loss Reduction by TO-247 4L

Part No. : TK62Z60X (600V, 0.040QQMAX.)
Test Condition : Vop=300V, Vee=+10V/0V, Ip=30.9A, Rg=27Q, L=0.5mH, Ta=25C

Vss:10V/div Ip: L0A/div
) _ : ) _ ) ) _ 3pin —_— 3pin .
S R 4p|n B — 4p|n —
R . Vpg: 100V/div Eon:200pJ/div
: : 3pin — 3pin —
4pin —
t:40ns/div

Ip (3pin conection) : : : : ~~__| Eon (3pin connection)
dlp/dt=388A/us R | =516|.IJ/PU|SE

Approximately
19% Reduction

Eon (4pin connection)
=416uJ/Pulse

Eon reduction available by using “Signal source” terminal.

TOSHIBA © 2016 Toshiba Corporation

Leading Innovation >>>

30



Turn-Off Loss Reduction by TO-247 4L

Part No. : TK62Z60X (600V, 0.040QQMAX.)
Test Condition : Vop=300V, Vee=+10V/0V, Ip=30.9A, Rg=27Q, L=0.5mH, Ta=25C

Vgs:10V/div |p: L0A/div
: : : ) ) ' : ) 3pin — 3pin —
4pin — 4pin e
- : S I I e |\ - 100\/div E «:200uJ/div
JT—_ Io (3pin connection) BN - - - ' Dsgpin — Offgpin —_—
dlp/dt=393A/us 4pin —
I, -
o t:40ns/div

Io (4pin connection) . - - - Eotf (3pin connection)
dlp/dt=550A/us ...... S S S o = 268uJ/Pulse

Approximately
25% Reduction

Eots (4pin connection)
=200uJ/Pulse

Eotf reduction available by Signal source terminal.

TOSHIBA © 2016 Toshiba Corporation
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Lineup of New Package for Hi-power SPS:TO-247 4L

+ Concept & Feature + Package Image & Pin configuration
v Expanding a lineup with DTMOSIV-H 1. Drain
(Fast Switching type) series. 2. Source (Power)
3. Source (Signal)
v By excluding a Source Inductance from 4. Gate
driving circuit. 1Drain |

= To improve switching behavior and
efficiency by reducing switching losses

4.Gate E}

3.Source (Signal)

+ Line up Idea & Target Schedule 2Source(Power)

Vpss & Schedule (CY)

Chip Design Part No.

Roson) Max — 2015/1Q  2015/2Q 2015/3Q  2015/4Q 2016/1Q
TK25Z60X 600V 125mQ 3

[

N of o7
AN

TK31Z60X 600V  88mQ £S5
DTMOSIV-H a
TK39Z60X 600V  65mQ 25

A“

TK62Z60X 600V 40mQ B

” .

Note: Specifications of products under development may change without prior notice.

TOSHIBA © 2016 Toshiba Corporation
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Design Road Map for SiC Product

14(FY)

15(FY) 16(FY)

1Q 2Q 3Q 4Q 1Q

2Q 3Q 4Q 1Q 2Q

1st Generation :PKG Line Up
- Current Rating

‘

SiC SBD 1:=6A,8A,10A,12A,16A,20A,24A T0-220-2L  TO-247  TO-220F-2L
650V 2nd Generation
-Concept
Downsizing of Die =Cost Performance UP
lesm Up=>Destruction Ability Up
I I I I
e st Generation -pkG Line up i
*Current Rating
1.2kV

1,=20A

TO-3P(N)

SiC MOSFET
1.2kV

1st Generation

-Target Spec

Vpp=1200V /Rpgon=69mQmax
TO-3P(N)

TOSHIBA

Leading Innovation >>>
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Development Concept of 2"d Gen. 650V SiC SBD (1)

Improved Forward Performance by thinner Wafer process
Ron=1.2mQ=0.8mQ-cm?

Thinner Wafer Technology Current Density — Forward Drop
in 2"d Generation (@Rated Current Region)

/ \ 2000 ; /
1St Gen. an Gen ;}\Oé\ r /
- o
Thickness 1/3—— T 1500 Q“"}x@ / ' $
_— 2 F 9 &
\ / = S § e§
2 1000 ”V/:‘\\ / @0
- g \.// 0
o 9
E N
: £ 500
“Forward on resistance” it
per unit area .
is Reduced to 2/3 level 0 : 2 3 4
compared with 15t Generation’s VF (V)
TOSHIBA
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Development Concept of 2"d Gen. 650V SiC SBD

Much improved Forward Drop Characteristic by MPS
structure, and Surge Current Capability also improved

MPS Techology
in 2"d Generation

/ 15t Gen.

(l) Anode

Metal

2"d Gen. \

O Anode

MMNHM

"

i

K (|) Cathode

P
N
5

Metal
Cathode/

-

Improved I, Capability

Note MPS:Merged Pin Schottky barrier diod

TOSHIBA
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e

Current Density (A/cm2)

7000 -

6000 -

vy
-
o
o

4000 -

3000

2000

1000

Current Density — Forward Drop

(@Hi-current Region)

Effect by | /
Thinner Wafer & — / P
MPS
(in 2" Generation) L // (a‘\'f\"‘(\
S
Effectby |——— e
MPS structure A
2 4 6 8 10
VF (V)

© 2016 Toshiba Corporation 36



2"d Gen. SiC SBD IFSM Capability

IFSM (Surge Current Capability) Comparison g Toshiba 2"

100
CREE
90 ® |
- 20 === INfineon
i 70 S11D2 &iﬁ j___/
60 . /
|~ .
50 - —o— Toshiba 1st
e
E 40 @ =8 Rohm
¥ 30 |
20
10
0]
0] 2 4 6 8 10
Current Rating IF(AV) (A)
TOSHIBA © 2016 Toshiba Corporation

Leading Innovation >>> 37



2nd Gen. 650V SiC SBD Line up Plan

TO-220-2L TO-220F-2L
(2Leads) (2Leads) Dl SASRIA
Verm Curfent
rating i -
2k L =R [=
TRS2E65F
2 ES: May/'16 TRS2P65F
MP: Sep./’16
TRS3E65F
3 ES: May/'16 TRS3P65F
MP: Sep./’16
TRS4E65F TRS4A65F
4 ES: Mar./'16 ES: Mar./'16 TRS4P65F TRS4V65F
= MP:July/'16 MP: Aug./'16
TRS6E65F TRS6AG65F
6 ES: Feb./'16 ES: Mar./'16 TRS6P65F TRS6V65F
MP: June/'16 MP: July/’16
TRS8E6SF TRS8AG65F
8 ES: Mar./'16 ES: Apr./'16 TRS8P65F TRS8V65F
MP: July/’16 MP: Aug./'16
TRS10E65F TRS10A65F
10 ES: Feb./'16 ES: Mar./'16 TRS10P65F TRS10V65F
MP: June/'16 MP: July/'16

38



15t Gen 650V /1200VSiC SBD Line up

TO-220 -2L TO-220F-2L TO-247 TO-3PN
(2Leads) (2Leads) (Center Tap)
Verm Current
rating H
V) (A) =l H .
6 TRS6E65C TRS6A65C
MP:OK MP:OK
8 TRS8E65C TRS8A65C
MP:OK MP:OK
10 TRS10E65C TRS10A65C
MP:OK MP:OK
650 12 TRS12E65C TRS12A65C TRS12N65D
MP:OK MP:OK MP:OK
16 TRS16A65C TRS16N65D
MP:OK MP:OK
TRS20N65D
20 MP:OK
TRS24N65D
24 MP:OK
TRS20J120C
TOSHIBA
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C coupler

m IGBT/MOSFET Driver
Counlers

iVl Drivel COUWDIErNs
1 —~ —_ -y - ~ ~ ' ~ - ~ —_
- ~ @] | alllglls
— - __:___. — | N N e NN d DN D S
L LouUlallull aliidjoidl ISl
TOSHIBA  © 2015 Toshiba Discrete Semiconductor Technology Corporation. 44
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__TOSHIBA Photocouplers for Inverter systei

Block diagram

inverter circuit (gate drivel) eed back (Current detect »>

IGBT IGBT Isolation
driver driver Amp

200V 3 Isolation
~ -%’ ] GBT driver GBT 1GBT Amp

s B S E o
@) IGBT A GELghEN
- . driver ¢
Q Isc;\latlon 0]
o — :l’hﬁ{
c
o
@)

Three Phase
AC Power

&
>
Q_,
0O
(@)
>
T
)
9
]
S~
o
—i
n
o
Q
Gl
!
)
I
I
I
I
I
[
| |
I
I
1
<—I—
|i
-y
[92]
i®)
(D
)
o
—
(@)
©
(@]
]
S~
a

DC
: > | ~ 5V MCU / ASIC / FPGA

Signal .T 383 TIEI;Z?,B IGBT Current-Voltage TLP7820

control I/0 * Gate driver 4, ZALPS 55 Detection i 2

High speed TLP2761
Logic I/0 %52

0.5mA Low input Tr Smart gate driver : Isolation amp : TLP7820
coupler TLP5214 Analog output

TLP383 / TLP293 Over current protection Gain error £0.5~

LED input current Rail to Rail : TLP5754 3%(25°C)

Low Iy, 10Mbps :
TLP2761

Trigger current 1.3mA
20M Logic IC: TLP2768A

TOSH!ZA  © 2015 Toshiba Discrete Semiconductor Technology Corporation. 45/62
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Line-up of IGBT Driver coupler

IG8T Driver

OCP : Over current protection

AMC: Active miller clamp

8mm :%
v

Creepage & clearance 5mm 4mm 7 or 8mm 7 or 8mm 8mm
Isolation voltage 3750 Vrms 3750 Vrms 5000 Vrms 3750 Vrms 5000 Vrms 5000 Vrms
Output peak 506 508 SDIP6 DIPS8 So6L SO16L
t Data rate 0 ’
curren g Haifand
6.0A 500 ns TLP358H
4.0 A 150 ns Orange colored area TLP5754 (-&Iiiignt
. Topr=125°C (Rail to rail) . -
High temp. series . Rail to rail)
10 TLP250H
500 ns o TLP700H TLP350H
2.5A ~200ns | TLP152 [ TLP700A | TLP352 | TLP5702
~150 ns Yellow colored area | TLP5752
Ton=110 °C . .
(Low skew) Higf?"[)er:mp. series (Rail to rail)
~150 ns TLP5751
1.0A (Low skew) (Rail to rail)
10 10
700 ns [ ~TLP351H
o 10 1£TLP701 H |10
0.6A 500 ns Il TLP151A TLP2451A ~ TLP701A TLP351A TLP5701
1
~200kns TLP155E TLP705A
10:Vce=10 to 30v| (Low skew) | Blue Letter : Recbmmended
Product

*The products without the mark of 10 are Vcc=15 to 30V.

*The product without the temperature notation is Tgmzloo"c (Max).

TOSHIBA
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Low Input IGBT/MOSFET Gate Driver Coupler
TLP5771 / TLP5772 / TLP5774

Low Input Rajl-to-rail output SO6L package version appeared!
Fundamental terms

Feature

% Rail to Rail Output :

% Input threshold current : 2.0mA (Max)

Output Voltage=Power Supply Voltage(Vcc)
% Thin package : 2.3mm (Max)
% Isolation voltage : 5kVrms (Min)
% Supply voltage : 10V ~ 30V
% Toshiba’s SO6L recommended land
pattern can accept Avago’s Stretched-SO6.

Product name

* Compact motor driver
* Industrial sewing
machine

Application

* PV inverter 0 7
* Inverter e
*AC servo '

% Mass production
starts in Thailand from
January 2016!

e :\ Thailand Produced

o

Package SO6L &
Creepage / Clearance 8mm(min)

Output peak current +1.0/+2.5/+4.0A
Operation temperature -40°C ~ 110°C

Supply voltage 15V ~ 30V 10V ~ 30V
Supply current 3mA (Max) 3mA (Max)
Propagation delay time 150ns (Max) | 150ns (Max)
Input threshold current 4mA (Max) 2mA (Max)

TLP5771 (Iout £1A)

TLP5772 (lout £2.5A)

TLP5774 (lout £4A)

& TLP577x series is ideal for better noise environment because they are possible to drive directly from the MCU at
low input current, also ideal for MOSFET drive because of wider supply voltage range.
& TLP575x series is ideal for industrial application to drive large IGBT because of Supply voltage range from 15V.

TOSHIBA
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IG8T Driver

Low power loss (Rail to rail) IGBT/MOSFET driver coupler

TLP5751 / 5752 / 5754

0

Generating a full swing
voltage output signal .
Contribute to low power

1.0A 2.5A 4.0A
Featu?gtput output outp hat’s Rail to rail zconsumption.

- Rail to rail output
- High speed 150ns(Max)
- Low skew £80ns

- Supply current 3mA(Max) s
- Threshold current 4mA(Max)
- Operating temp. T,,.:-40~110°C
- Direct replacement of ACPL-P340 "
series
Company A TOSHIBA Existing

ACPL-P340 TLP5751 TLP701A
Pﬁgikgar?te 3.6mm 2.3mm 4.25 mm
Von Vc-0.3V Vc-0.3V V-4V
VoL 0.2V 0.2V 1.0V
Peak current 1.0A — 1.0A 0.6A
L -40 to 105°C -40to 110°C -40 to 100°C
ton/ton 200 ns t 150 ns 500ns
ek +100ns +80ns N/A
Vee 15 ~ 30V 15 ~ 30V 10~30V
BV, 5000 V, s 5000 V. 5000 V, s
TOSHIBA
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Internal circuit

1. ANODE+~
Y 2 NCe
3: CATHODE~
4: GND«
5 Vo (OUTPUT)
. B Vcee

N

1.0

2.

=

3 SHIELD.
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Isolation Ampilifier

TOSHIBA  © 2015 Toshiba Discrete Semiconductor Technology Corporation. 49
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ISElationaAM

Isolation amplifier Development schedule

Nov. Dec. Jan. Feb. Mar.
Analog output Height :
a2l | Meight: |
3 _ LA 2.3mm
§ Thin P. TLP7820
Q .
& so8sL” MP:0K
S +++ACPL-C79x compatible
flE (Company "A") *s
o “NEW
% Standa X e
@ PKG II TLP7920
& DIPS8
",E -+ +ACPL-790x compatible -
7)) (A Company "A") “NEV \_,3
2 —-j.'

Digital output type Heigt:t“:‘

2.3mm
‘_TLP7830 TLP7830
s0sL I MP

ES

+++ACPL--C797 compatible
(Company "A")

J VE J.’ 3
"“»P’Y

TLP7930 |I TLP7930
DIPS8 ES MP

+++ACPL-7970 compatible
(Company "A")

Safety standard approval

TOSHIBA ¢ 2015 Toshiba Discrete Semiconductor Technology Corporation. 50

Leading Innovation >>>



1-3) Inverter Application Example

®Motor
Phase Current

D - . e Monitor FA
Inverter Network

oo/l o [ [HARE c:%% Cﬂﬁ'p'ipﬁ}

200/ | A Voltage
400V — Monitor

D _{}%j;_{} Couplirl_| Coupler I—'%

& '

-t ®O0ver
Current
detector

I/0

=

b
by
Ll

(s FEETTE

FAN ) Coupler | Y S Coupler
. < b > 5 h
Display__, 3 . MCU / ASIC/ DSP ) i !

Panel !
®Monitoring Motor Phase current = Monitoring of Motor Torque for adequate control. i '
@Monitoring rectified DC voltage whether adequately convert from utility AC power supply. f '
(3®Monitoring current with feedback to MCU (fail-stop function) protects driver when over f —t
current is detected.

TOSHIBA 51
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Isolation AMP Analog output type OEIdor A

TLP7820 / TLP7920

TLP7820 and TLP7920 are first analog output type isolation amplifier in Toshiba. TLP7820

These are compatible with company "A”, ACPL-C79x and ACPL-790x. SOS8L

This contributes to low capacity power supply cause of

lower power consumption designing than company "A” . Q

TLP7820 is housed in Toshiba new thin package SO8L(height:2.3mm).

It can reduce a mounting space more than A company item. . In MP l
Vb1 - - __ | Ty —————— L ____ Vb2

v.. TLP7920
DIP8

I I
| | u -
Vin+] ' |azapc| |encibrive {[@T DEC] libit bad |ath LPF
Viy. B ' B

Recovery V REFRX —||'rimMing

YR 16/Jan™

Company "“A” TOSHIBA TOSHIBA Company ”
ACPL-C79x TLP7820 TLP7920 ACPL-790x

Height 3.6 mnf0%less 4.0 mm
Output type Single phase =0~2.5V
Operati o

tempgreartal.J;Zn:TODr -40 to 105 °C
Input Voltage Range +200mV/£300mV 7

Gain error(25°C) :I:O,5/:|:1/:|:3°/9"_nwess' +0.5/£1/+£3 'elS':I:O,S/:Izl/:I:BO/o

LI 7 >~ I H
Vo1 Supply current :Ipp; [13(Max18.5)mA 9.5(Max14)mA W 13(Max18.5)mA
Isolation voltage :BV, 5000 Ve
TOSHIBA  © 2015 Toshiba Discrete Semiconductor Technology Corporation. 52
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[y
(8, ]

Featura@nput side low supply current

Iop1 (Maxy=14.0mA

[y
N

(=}

(<]
T

w
T

Supply current lpp; (MA)

o
'

| IDDl(typ)=9'38mA J 1
____— S——
"
—V\/DD1=4.5V
oo —VDD1=5.0V
TLP7820, Ta=27C ——\/DD1=5.5V
-0.2 0 0.2 0.4

Input Voltage V, (V)

= -
T} N wn

Supply current lpp; (MA)

ISelaticonAME;

Reference

IDD].(MAX) = 18 5 SmA

y—

IDDl(typ)= 14. OmA

——VDD1=4.5V
oo ——VDD1=5.0V
ACPL-C790, Ta=27C ——\/DD1=5.5V

-0.4 -0.2 0 0.2 04

Input Voltage: Vv, (V)

Input side supply current of Analog output type is

30% lower than company A.

TOSHIBA ¢ 2015 Toshiba Discrete Semiconductor Technology Corporation.
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(Reference) TLP7820 Evaluation result

Reference
OVin-VOP/VOM OVIN-4Vo
TLP7820 V-VOP/VOM TLP7820 Vy-4Vo
3 3
g |
2.5 1 8 > /’
2 / E
& 2 7 5 1 /
8 / 2~
5 52
S 1.5 P —— VOP 3 ;a)
= /) VOM T N
2 1 g -1
S / o /
0.5 7 g -2 /
/ S
0 . -3
-0.4 -0.2 0 0.2 0.4 -0.4 -0.2 0 0.2 0.4

Input Voltage Vi (V) Input Voltage Vy (V)

Test condition : VDD1=5.0V,VDD2=5.5V,Ta=27°C
Test result : INL,,, = 0.0189%
INL,o, = 0.0098%
input full scale range = +304mV
Gain = 8.2 time
CMRR,, = 86.16dB

XThis result is made by ES sample.

TOSHIBA ¢ 2015 Toshiba Discrete Semiconductor Technology Corporation. 54
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'igo |EJ'E’£)IJ /-Ujl :

)
EMI ~ TLP7820 vs COmPEtltOr ~ Reference
N TLP7820(Anang output) | Competitor
*ACPL-C79B(Avago)
*HCPL-7840(Avago)
+AMC1200 (TI)
80 80
——background —— background
70 70
—_ ——TLP7820 SN1 — Company A (New Part)
% 60 % 60 — Company A (Conventional part)
g 50 _E 50 | Company T (Conventional part)
g 40 g 10 1
E 30 w E 30 RN | - — >
9 20 W S 20 m NN
S 10 S 10
[T (TT]
0 0
10 100 1000 10 100 1000
Frequency[MHZz] Frequency[MHZz]

<<Test condition>>
-VDD1=VDD2=5V, Ta=25°C

- Input differential voltage Vin+ - Vin-=0mV (offset voltage condition)

- Output: open

- Sample size: TLP7820...2pcs, other item...1pc

TLP7820 has a better EMI performance against competitors.

TOSHIBA 2015 Toshiba Discrete Semiconductor Technology Corporation.
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IselatiocnpAMP;

2-1) Isolation Amp. Developing Item, comparison Chart (analog output)

() : Target Spec TLP7820 TLP7920 ACPL-C79x | ACPL-790x HCPL-7840 AMC1200
in front of “[1”: (typ.), inside of []:

specification value.

Package / Isolation Voltage (AC1min) SO8L/5 kVrms | DIP8/5 kvrms | SSO-8/5kVrms S DIP8/3.75 kVrms SOP8/2.8 kVrms
(Maximum Allowable Operating Insulation Voltage

Viorm) (1230 Vpeak) | ripvesoniiosovmeto | 1230 Vpeak | 891 Vpeak 891 Vpeak 1200 Vpeak
D4 Option

Output voltage (differential analog Single Phase, 0 ~ 2.5V Single phase, 0 ~ 2.5V g EiEse; 129 S8 Silnggjg‘a;\f'
output) ’ ’
Operating Temperature T, -40 ~ 105 C -40 ~ 105 C -40 ~ 100 C -40 ~ 105 C
Input (Primary) side supply voltage Vpp; 45~55V 45~55V 45 ~55V 45~55V
Output (Secondary) side supply voltage 3.0~55V 3.0~55V 45~55V 2.7~55V

VDD2

Input Voltage Range(Liner area / Full-
scale)

+200 mV / £300 mV

+£200 mV / £300 mV )

+200 mV / £300 mV

+250 mV / £320 mV

Gain (T,=25%)

8.2 times / _—

Gain error (T,=25%C)

+0.5/ +1/ 43 0/( about

Magnitude of Gain
Change vs. Temperature

Gain and
0.00012 V/V/C \\ﬁset volta%

\ 8.2 times

8 times

8 times

\ £0.5/+1/43%

+5 %

+0.5%

-0.00041 Vv/V/C

0.00025 V/V/C

+0.00045V/V/C
(£56 ppm/C)

Nonlinearity over £200 mV Input Voltage 0.02 [Max0.13] % 0.05 [Max0.13] % 0.0037 0.075 %
INLygo@razsc [Max0.35] %
Nonlinearity over £100 mV Input Voltage o) 0.0027 [Max0.2] % N/A

INL;go

U.0ZT . 0

Input Offset Voltage

+0.9 +0.73
[-0.7~2.1]mV

+0.6 [-1~2] mV

+0.3 [£3] mV

+0.2 [£1.5] mV

Magnitude of Input Offset
Change vs. Temperature

[-0.6~2.4] MV
q

2 [Max6] uVv/C

3 [Max10] pV/C

P ,

3 [Max10] pv/C

+1.5 [Max£10]
uv/C

T(

A |
Lowe
Small-Signal Bandwidth (-3 dB) [Min140] 200 kk’  Power |[Min140]200kHz || [Min50] 100 kHz | [Min60] 100 kHz
- Vonsumption J
Equivalent Input Impedance N 78 kO | 22 kO 500 kQ 28 kQ
N
i 13[Max18.5] mA 13[Max18.5 5.4 [Max8] mA
Input Side Supply Current Ipp, 8.6 [Max12] mA [Max18.5] m [ :1)54 1 10.86 m:XIS.S] [Max8] m

Lea{

Output Side Supply Currentlyn,

£ ™ FMMAr9d1 M1 saa A

7 [Max121 mA

11.56 [Max15.5]

4.4 [Max7] mA




RESTRICTIONS ON PRODUCT USE

Toshiba 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.

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.

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, 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, devices related to electric power, and equipment used in finance-related fields. IF YOU
USE PRODUCT FOR UNINTENDED USE, TOSHIBA ASSUMES NO LIABILITY FOR PRODUCT. For details, please contact your TOSHIBA sales representative.

Do not disassemble, analyze, reverse-engineer, alter, modify, translate or copy Product, whether in whole or in part.

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.

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.

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.

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.

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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