TOSHIBA

R23

Server

Solution Proposal by Toshiba

0000
0000

I

© 2019-2024 Toshiba Electronic Devices & Storage Corporation



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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Server Detail of power supply circuit (1)

DC-DC converter for 48 V system
Power supply for 1.2 V and 100 A output isolated DC-DC converters A MOSFET having a high speed and a low on-

(Vinoo = 40 10 59.5 V, Voyr = 1.2V, lgyr = 100 A) resistance is suitable for the DC-DC power
supply.

A transistor output photocoupler is typically
o O @ used for feeding back voltages to the primary in

the DC-DC power supply.
The IC output photocoupler for high speed
communication is used for signal isolation.

Input O— — 5 N-ch

Wi% -

Output

- @@OSFET i @ | Proposals from Toshiba

ol c@ 1 - Suitable for efficient switching of

. N

\9./ [ mosker power supply
hotocoupler™ J \ \
- ©) — Mg—;;;@ U-MOS Series MOSFET 0

Photocouplef™— | - Realize high speed isolated signal
transmission
Transistor output photocoupler @

Reference Design from here —» N[l QEE |C output photocoupler 9
for high speed communication <&

777

* Click the number in the circuit diagram to jump to the detailed description page.
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https://toshiba.semicon-storage.com/ap-en/design-support/referencedesign/12V-100A-Output-DC-DC_Power_Supply_RD040.html

Server Detail of power supply circuit (2)

DC-DC converter for 48 V system

300 W isolated DC-DC converters power supply A MOSFET having a high speed and a low on-
(VIN(DC) =361t0 75V, Vour = 120V, Igyr = 25 A) resistance is suitable for the DC-DC power
supply.
A transistor output photocoupler is typically
InDpit g: @‘N-ch ©N-ch used for feeding back voltages to the primary in
MOSFET r MOSTET | % the DC-DC power supply.
| %I - aans O bc The IC output photocoupler for high speed
] @ @ | § —0 P communication is used for signal isolation.
— ] I Nwch ‘VN ch :
MOSFET MOSFET | @) ]
- o= @ — Proposals from Toshiba
- . t |@ I M'é'sc?n\/ - Suitable for efficient switching of
°|°c°”pD N N-ch@ power supply @ @
Photocoupler = | MO|SFET U-MQOS Series MOSFET N N\
% - Realize high speed isolated signal
transmission
Transistor output photocoupler @

Reference Design from here —» N[l QEE |C output photocoupler e
for high speed communication <&

* Click the number in the circuit diagram to jump to the detailed description page.
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https://toshiba.semicon-storage.com/ap-en/design-support/referencedesign/300W-Isolated-DC-DC_PowerManagement_RD024.html

Server Detail of power supply circuit (3)

AC-DC converter for 12 V system (bridgeless PFC)
A MOSFET having a high voltage and a low on-

1.6 kW power supply resistance is suitable for the PFC circuit of the
(V|N(AC) = 90 to 264 \/, VOUT = 120 V, |OUT = 667 A / 133 A) AC-DC power Supp|y

A transistor output photocoupler is typically
used for feeding back voltages to the primary in
the AC-DC power supply.

@ The IC output photocoupler for high speed

©

communication is used for signal isolation.

N-ch N-ch

= | |
AC Input
90 to 264 V |

/ MO‘SFET MOSFET |
nIB J J Jlg o ‘\FM%;:H—oa;t Proposals from Toshiba
|

(6)

L Mg;pET -, MngET - Mg‘;pﬁ e @ :?Ll:;;II;/Ie for efficient switching of power
g (4) 9 EE— U-MOS Series MOSFET \| &/ @
A coupler. | ) h\@[ - Realize high speed isolated signal
SBD: Schottky barrier diode ] — T MOSCFET transmiSSion

@ |C output photocoupler
for high speed communication

- Suitable for efficient switching of power

Reference Design of the power supply circuit from here — supply _
DTMOS Series MOSFET
Reference Design of PFC circuit from here — SIC MOSFET

- Suitable for high efficiency and
miniaturization of power supply
* Click the number in the circuit diagram to jump to the detailed description page. SiC Schottky barrier diode

©00 ©

~
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https://toshiba.semicon-storage.com/ap-en/design-support/referencedesign/16kwacdcserver.html
https://toshiba.semicon-storage.com/ap-en/design-support/referencedesign/Bridgeless-PFC_PowerManagement_RD033.html

Server

Detail of power supply circuit (4)

AC-DC converter for 12 V system (interleaved PFC)
1.6 kW power supply
(V|N(AC) = 90 to 264 V, VOUT = 120 V, |OUT = 667 A / 133 A)

06 996

e, .

Ul
AC Input @ 6 sic N-ch N-ch
90 to 264 V \ SBD
N/ 2l MOSFET MOSFET |§
gl .
® °
N-ch 1 | Y
> MOSFET T :
| I
N-ch N-ch N-ch . (e
™ MOSFET —» MOSFET —» MOSFET l
- e @
- N-ch
—

Photo-
coupler |

SBD: Schottky barrier diode

— MOSFET
©

Reference Design of the power supply circuit from here —

Click Here

Reference Design of PFC circuit from here — Click Here

MOSFET ~ Output

* Click the number in the circuit diagram to jump to the detailed description page.

A MOSFET having a high voltage and a low on-
resistance is suitable for the PFC circuit of the
AC-DC power supply.

A transistor output photocoupler is typically
used for feeding back voltages to the primary in
the AC-DC power supply.

The IC output photocoupler for high speed
communication is used for signal isolation.

Proposals from Toshiba

Suitable for efficient switching of power
supply
U-MOS Series MOSFET
Realize high speed isolated signal
transmission
|C output photocoupler

for high speed communication
Suitable for efficient switching of power
supply
DTMOS Series MOSFET
SiC MOSFET
Suitable for high efficiency and
miniaturization of power supply
SiC Schottky barrier diode

©

N

©O00 ©
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https://toshiba.semicon-storage.com/ap-en/design-support/referencedesign/16kwacdcserver.html
https://toshiba.semicon-storage.com/ap-en/design-support/referencedesign/Interleaved-PFC_PowerManagement_RD032.html

Server Detail of power supply circuit (5)

AC-DC converter for 48 V system

A MOSFET having a high voltage and a low on-
resistance is suitable for the PFC circuit of the

AC-DC power supply.
@!D p pply

@ SiC SBD

A transistor output photocoupler is typically
used for transmitting control signals to the

secondary side in the AC-DC power supply.
. @ T The IC output photocoupler for high speed
I% O communication is used for signal isolation.

©
©®
e
©
]
|
r

A

DC
Output

O Proposals from Toshiba

Suitable for efficient switching of power
supply
U-MOS Series MOSFET
: Realize high speed isolated signal
I transmission
Hiremea e IC output photocoupler
SBD: Schottky barrier diode \ 5 ) ~for high speed communication
- Suitable for efficient switching of power
supply
DTMOS Series MOSFET
SiC MOSFET
- Suitable for high efficiency and
miniaturization of power supply
* Click the number in the circuit diagram to jump to the detailed description page. SiC Schottky barrier diode

e
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AC
Input ‘
100 to 240 V

[
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«
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Server Detail of power line to storage devices

Power line to storage devices

33V/5V/12V @
' » eFuse IC ' > —>
(9) (7)
Zgner SBD
Diode

SBD: Schottky barrier diode

* Click the number in the circuit diagram to jump to the detailed description page.

- eFuse IC protects devices from overcurrent and

overvoltage caused by hot-swapping or
accidental short circuits.
- Zener diode is suitable for protection against

spike voltages that occur during hot-swapping.
Schottky barrier diode(SBD) is effective against
negative spike voltages that occur on the output
side.

Proposals from Toshiba

- Built-in protection function against short
circuit, over current, over voltage, etc.
Electronic fuse (eFuse IC)

- Suppress input spike voltage
Zener diode

- Low V, suppresses negative voltage surges
Schottky barrier diode

© 2019-2024 Toshiba Electronic Devices & Storage Corporation
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Server Detail of peripheral interface

Peripheral e e s To improve the reliability of the set, ESD
protection is required for connectors that may

come into contact with the human body.

Small TVS diodes with low terminal capacitance
I —> —> are suitable for ESD protection.

TVS @

1

Proposals from Toshiba

- Absorb static electricity from external
terminals to prevent malfunction of the

| @ & circuit and device breakdown

Av

* Click the number in the circuit diagram to jump to the detailed description page.
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Server Detail of the fan unit

- By using brushless DC motor drivers, three-
phase brushless DC motors can be controlled

. . . easily.
Fan drive circuit y

® 10

Motor.ControI MOSEET —7
Driver —

Brushless

Proposals from Toshiba

- Easy control of motors
Three-phase brushless DC motor driver IC

®
10

- Suitable for high efficiency switching
Semi-power MOSFET

* Click the number in the circuit diagram to jump to the detailed description page.
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Server Detail of over temperature monitoring unit

Over temperature monitoring is required at
multiple points on the circuit board such as
MOSFET, PMIC and Processor.

Over temperature monitoring circuit

@. Low power dissipation of set can be realized by
Oviar = using the over temperature detection IC with
| "7 —— Temperature —» low current consumption.
Detection IC

Small package products contribute to the

reduction of circuit board area.

Proposal from Toshiba

- Monitor temperature at multiple points with
small package and low current consumption
Over temperature detection IC @

(Thermoflagger™) \_ 4

* Click the number in the circuit diagram to jump to the detailed description page.
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Device solutions to address customer needs

As described above, in the design of the server system, "Low power

consumption and low heat generation”, "Improved set reliability"” and
"Miniaturization of circuit boards" are important factors. Toshiba's

proposals are based on these three solution perspectives.

Low power consumption iabil Miniaturization of
and low heat generation Improved set reliability circuit boards

Low
power consumption

Small size

Low heat generation

packages

High heat dissipation
efficiency

© 2019-2024 Toshiba Electronic Devices & Storage Corporation 15



Device solutions to address customer needs

Low
power consumption

. Small size
Low heat generation

packages

High heat dissipation
efficiency

U-MOS Series MOSFET

Transistor output photocoupler

IC output photocoupler
for high speed communication

DTMOS Series MOSFET
SiC MOSFET

SiC Schottky barrier diode
Schottky barrier diode
TVS diode

Zener diode
Semi-power MOSFET

POOOOOO © ©®@
O
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Device solutions to address customer needs

Low
power consumption

. Small size
Low heat generation

High heat dissipation paCkages
efficiency

@® Three-phase brushless DC motor driver IC @
@ Electronic fuse (eFuse IC) O
Over temperature detection IC
® (Thermoflagger™) ® ®

© 2019-2024 Toshiba Electronic Devices & Storage Corporation 17
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Value provided

U-MOS Series MOSFET

TPH9R00CQH / TPN12008QM / TPN1200APL

Low T
power consumption Sma" size

Low heat generation

High I;:?itc?eirs‘iiypation packages

Improved on-resistance and switching characteristic contribute to realizing the set with high

efficiency.

Low on-resistance

Reduction of Ry oy makes heat
generation and power consumption small.
Rpsiony has been reduced by 42 %
compared to Toshiba’s conventional 150 V
MOSFETs. Note 1]

Comparison of on-resistance

c (150 V MOSFETs)
E - _ 130
= U
> 42 % £ o
i %
w10 =
8 =L
©® < 100
> 5 =
s S o
— =
5 0 30
-2 TPH1500CNH  TPHOR0OCQH

(U-MOSVI-H)  (U-MOS X -H)

[Note 1] Toshiba internal comparison

Small gate switch charge
Qsw

The Qg is small and contributes to the
reduction of switching loss. The Rpgony X Qs
has been reduced by 16 % compared to that
of competitor’s 150 V MOSFETs. MNote 2]

Comparison of Rpgiony X Qsw
(150 V MOSFETs)

XG%

Part number
Package

Package size [mm]
Vpss [V]
Ip [A]

Rosony [MQ]
@Vg =10V

Generation

A company TPHOROOCCOH

*: Silicon limit

[Note 2] Comparison with competitor's product with equivalent ratings.
As of June, 2023. Based on Toshiba's measurement data.

Typ.
Max

Wide variety of packages

5 x 6 mm sized SOP Advance(N) package
and 3 x 3 mm sized TSON Advance
package are available.

Suitable packages for various applications
can be selected.

Lineup

TPHORO0CQH TPN12008QM TPN1200APL
SoP ‘ TSON
Advance(N) Advance ‘
5x6 3x3
150 80 100
64 (108%) 26 (60%) 40 (66%)
7.3 9.6 9.8
9.0 12.3 11.5
U-MOSX-H U-MOSX-H U-MOSIX-H

#®Return to Block Diagram TOP
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1b

Value provided

U-MOS Series MOSFET

TPHR6503PL / TPHR8504PL / TPWR6003PL / TPWR8004PL

Low T
power consumption Sma" size

Low heat generation

High I;:?itc?eirs‘iiypation packages

Improved on-resistance and output charge characteristic contribute to realizing the set with high

efficiency.

Low on-resistance

Reduction of Ry oy makes heat

generation and power consumption small.

Rpsiony has been reduced by 28 %
compared to Toshiba’s conventional 30 V
MOSFETs. Note 1]

Comparison of on-resistance

g (30 V MOSFETs)
= _
= 09 2 72
Y \-2‘8% S ™
[N} —_
> 07 R
© S
’%‘ 0.6 ;.i 6B
= 05 5
= a
S 04 € g
:xD TPHRO9003ML TPHR6503PL

(U-MOS VII-H) (U-MOS I-H)

[Note 1] Toshiba internal comparison

Small output charge Q¢

The Qg is small and contributes to the
reduction of output charge loss.

The Rpsony X Qoss has been reduced by 5 %
compared to that of competitor's 40 V
MOSFETs. Note 2]

Comparison of Rpgign X Qoss
(40V MOSFETs)

\5%

Part number
Package

Package size [mm]
Viss [V]

Ip [A]

Rosony [MQ] Typ.
@Vgs=10V Max

Generation

A company TPWRA004PL

*: Silicon limit

[Note 2] Comparison with competitor’s product with equivalent ratings.
As of June, 2023. Based on Toshiba's measurement data.

Wide variety of packages

In addition to SOP Advance(N) package,
double side cooling DSOP Advance package
with same land pattern is available.

Suitable packages for various applications can
be selected.

Lineup

TPHR6503PL TPHR8504PL TPWR6003PL TPWR8004PL
SoP ‘ DSOP Q
Advance(N) Advance

5x6
30 40 30 40
150 (393%) 150 (340%) 150 (412%) 150 (340%)
0.41 0.70 0.36 0.65
0.65 0.85 0.60 0.80
U-MOSIX-H U-MOSIX-H U-MOSIX-H U-MOSIX-H

#®Return to Block Diagram TOP
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U-MOS Series MOSFET i Small size

TPHR8504PL / TPH1R306PL / TPH2R408QM / TPH3R10AQM S
Improved on-resistance and output charge characteristic contribute to realizing the set with high
efficiency.

: Small reverse recovery
Low on-resistance

Small output charge Q¢

charge Q,,

Reduction of Ry oy makes heat The Qqss is small and contributes to the The Q,, is small and contributes to the

generation and power consumption small. reduction of output charge loss. reduction of reverse recovery loss.

Rpsiony has been reduced by 39 % The Rpsiony X Qoss has been reduced by 28 % Q,, has been reduced by 20 % compared to

compared to Toshiba’s conventional 80 V compared to that of competitor’s 60 V that of competitor’s 80 V MOSFETs. [Note 2]

MOSFETs. [Note 1] MOSFETSs. [Note 2]

Comparison of on-resistance Comparison of Rosion X Qoss
3
Z ( ) _ 10 (60V MOSFETs) Part number TPHR8504PL TPH1R306PL TPH2R408QM | TPH3R10AQM
T 4 IE' SOP Advance
. (N)
v 35 - )/ Package ‘
gﬁ 3 Yg/a % -28 % 5x6 mm
= E 25 p Voss [V] 40 60 80 100
= . é & 100 I, [A] 150 (340%) 100 (260%) 120 (200%) 120 (180%)
- . =
2 ] z Rosony [MQ)] Typ. 0.70 1.0 19 25
S 05 ] @Ves =10V | Max 0.85 1.34 243 3.1
0 - 50 Generation U-MOSIX-H U-MOSIX-H U-MOSX-H U-MOSX-H
TPH4R008NH TPH2R408QM A company TPH1R206PL - o
(U—MOS V[H—H} (U—MOS X—H} * S|I|con I|m|t

#®Return to Block Diagram TOP

[Note 2] Comparison with competitor’s product with equivalent ratings.

[Note 1] Toshiba internal comparison As of June, 2023. Based on Toshiba's measurement data.

© 2019-2024 Toshiba Electronic Devices & Storage Corporation 20



@ U-MOS Series MOSFET oo e small iz

TPH2R408QM / TPH9RO0CQ5 Hig"';?itc?eirs‘ii;ation packages
Improved on-resistance and reverse recovery characteristic contribute to realizing the set with high
efficiency.

: Small reverse recovery
Low on-resistance

Small output charge Q¢

charge Q,,
Reduction of Ry oy makes heat The Qqcs is small and contributes to the The Q,, is small and contributes to the
generation and power consumption small. reduction of output charge loss. reduction of reverse recovery loss.
Rpsiony has been reduced by 39 % The Rpsiony X Qoss has been reduced by 7 % Q,, has been reduced by 41 % compared to
compared to Toshiba’s conventional 80 V compared to that of competitor's 150 V that of competitor’s 150 V MOSFETs. Note 2]
MOSFETs. [Note 1] MOSFETs, INote 21

Comparison of on-resistance  Comparison o reverse recovery charge

> (80 V MOSFETSs) {150V MOSFETs)
o - Part number TPH2R408QM TPH9R00CQ5
. 4
I SOP Advance(N)
v o
3 33 \.3:9 % o 41% Package 5 x 6 mm
= ]
g % 25 £ 40 Vs V] 80 150
< 1 i o I Iy [A] 120 (200%) 64 (108%)
— : 20
5 1 RDS(ON) mQ] Typ. 1.9 73
S 05 10 @Ves =10V Max 2.43 9.0
0 0 Generation U-MOSX-H U-MOSX-H
TPH4R008NH TPH2R408QM A company TPHOROO0COS * Silicon limit
(U-MOS VII-H) (U-MOS X -H) :

#®Return to Block Diagram TOP

[Note 2] Comparison with competitor’s product with equivalent ratings.

[Note 1] Toshiba internal comparison As of June, 2023. Based on Toshiba's measurement data.

© 2019-2024 Toshiba Electronic Devices & Storage Corporation 21
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U-MOS Series MOSFET

TPHR6503PL / TPH2R408QM / TPH3R10AQM

Value provided

Small size

High heat dissipation
ef

eatdisi packages

Improved on-resistance and wide Safety Operating Area (SOA) contribute to realizing the set with

high efficiency and reliability.

Low on-resistance

Rpsiony (Max) @Vgs = 10V

Reduction of Ry oy Makes heat generation and power
consumption small.

Rpsiony has been reduced by 39 % compared to Toshiba’s
conventional 80 V MOSFETs. Note 1]

Comparison of on-resistance Comparison of Safety Operating Area (SOA)

(80 V MOSFETs) . (100 V MOSFETSs)
. 1
3.5 -390 =
: \3‘9 % T +76 %
c g o
£ 25 S o6
= 2 -0
" = 04
! I
0.5 ® 02
©
° 0
(RO renonay TPH3R70APL TPH3R10AQM
(U-MOSVI-H)  (U-MOS X -H) UMOSTH)  (UMOS %)

[Note 1] Toshiba internal comparison [Note 1] Toshiba internal comparison

Wide Safety Operating Area (SOA)

The adoption of the latest process has increased the safety
operating area by 76 % compared to Toshiba's conventional
100 V MOSFETs. [Note 1]

Expands the operating range in the transient area.

Lineup

Part number TPHR6503PL TPH2R408QM TPH3R10AQM
SOP Advance(N)
Package ‘ 5 % 6 mm
Vpss [V] 30 80 100
Ip [A] 150 (393%) 120 (200%) 120 (180%)
Rosiony [MQ] Typ. 0.41 1.9 2.5
@V =10V Max 0.65 243 3.1
Generation U-MOSIX-H U-MOSX-H U-MOSX-H

*: Silicon limit
#®Return to Block Diagram TOP
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@ Transistor output photocoupler Noise  Smallsis

immunit ackages
TLP383 / TLP291(SE Yy  packag

Value provided

Contribute to the elimination of equipment maintenance by improving reliability and the reduction
of the board footprint area.

High current transfer ratio

Wide operating temperature range

These are photo couplers of high isolation type that consists of a It is designed to operate even under severe ambient
phototransistor optically coupled to an infrared LED. It achieves temperature conditions, such as inverters, robots, machinery,
high current transfer ratio. and high output power supplies.

Lineup

Industrial equipment/ - ' ' Lileln Gt o part number TLP353 TLP291(SE
| ' isolation and

General purpose inverter i L .= noise .
Servo amplifier ; g4 " g | blocking Package 4pin SO6L SO4
Robot = ' B a

Machine Tool 1
High output power supply

_ J'.l'-l'&l-l-l'\ '{

; ) BV [Vrms] 5000 3750
Security equipment E T

Semiconductor tester SRR Topr [°C] -55to 125 -55to 110
PLC (Programmable Logic Controller) iy

Server @ Return to Block Diagram TOP
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immunity packages

TLP2767 / TLP2370

IC output photocoupler for high speed communication ‘ Nose Smallsize

Value provided

Photocoupler that consists of an infrared light-emitting diode and an integrated photodetector
with high gain and high speed.

High speed Operating tempel;ature is Wide range of power supply
expanded to 125 °C voltages 2.7 to 5.5 V
The propagation delay is 20 ns (Max) for It is designed to operate even under The products can be used even in
TLP2767 and 60 ns (Max) for TLP2370. severe ambient temperature conditions, systems in which 3.3V and 5.0 V are
Margin design becomes easier than such as inverters, robots, machinery, and mixed, thereby possible to standardize
general phototransistor couplers. high output power supplies. components.

Lineup

\ . OVe | O Voo Part number TLP2767 TLP2370
l M1 6 I M1 pJ
dey | te, | | Package So6L ‘ 5pin SO6 ‘
1+ I T lo 1+ | I 4|i o R “
Ve A 0O Vo Ve @4 —O Vo Vop V] 271055 271055
3- | M2 5 3 I M2 IZI >
| ||Z| | | lop (Max) [mA] 2.5 04
1
P ' /: t,g (Max) [ns] 20 60
SHIELD | OGND SHIELD OGND BV [Vrms] 5000 3750
. 4 . 4
TLP2767 (Inverter logic output) TLP2370 (Buffer logic output) Topr [°C] -40 to 125 -40 to 125

Internal Circuit
#®Return to Block Diagram TOP
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@3 DTMOS Series MOSFET T

High I;?itc?eirs‘iiypation packages

TKO40N65Z / TK040Z65Z / TKO90A65Z / TKO99V65Z / TKO90U65Z

Value provided

The Rpgon) X Qgq is reduced by 40 % (compared with Toshiba’s conventional products) to improve
power efficiency, and contributing to miniaturization of the set.

Rpsion) X Qgq 40 % reduction Various package lineup
The Rpsony X Qgq Of figure of merit has been reduced by 40 % Various package line up from the TO-247-4L package with Kelvin
with gate design and process optimization. terminal to thin surface mount type package (DFN8x8) with
(Comparison of DTMOSIV -H Products: Toshiba internal package thickness 0.85 mm.

comparison)

100 : 984
R | < BT
(DTMOSIV-H) 982 ineup
60 9 Part number TKO40N65Z | TK040Z65Z | TKO90A65Z | TKO99V65Z | TKO90U65Z
()
L-C) 40 % ® & 97.8 0.36 % Package TO-247 . To-247-4LI TO-220SIS i DFNSXS- g TOLL Q
g . 4
30 reduction ) improvement
o 5 °7° @2.5 kW Voss [V] 650 650 650 650 650
0 974 I [A] 57 57 30 30 30
o Conventional product Roson [ |_TyP- 0.033 0.033 0.075 0.080 0.07
g 972 (DTS @Vgs = 10V | Max 0.040 0.040 0.090 0.099 0.09
10 Oy Polarity N-ch N-ch N-ch N-ch N-ch
001 0.03 0.06 01 0 1000 5000 3000 Generation DTMOSVI | DTMOSVI | DTMOSVI | DTMOSVI | DTMOSVI
RDS(ON) (Q) OUtpUt pOWEF (W) @®Return to Block Diagram TOP
(Note) Toshiba internal comparison (Note) Toshiba internal comparison
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di (nC)

@b DTMOS Series MOSFET T

High I;?itc?eirs‘iiypation packages

TK110N65Z / TK110Z65Z / TK110A65Z / TK125V65Z / TK110U65Z / TK155U65Z

Value provided

The Rpgon) X Qgq is reduced by 40 % (compared with Toshiba’s conventional products) to improve
power efficiency, and contributing to miniaturization of the set.

Rpsion) X Qgq 40 % reduction Various package lineup
The Rpsony X Qgq Of figure of merit has been reduced by 40 % Various package line up from the TO-247-4L package with Kelvin
with gate design and process optimization. terminal to thin surface mount type package (DFN8x8) with
(Comparison of DTMOSIV -H Products: Toshiba internal package thickness 0.85 mm.

comparison)

100 ) 984
R | < BT
(DTMOSIV-H) 982 ineup
60 9 Part number | TK110N65Z | TK110265Z | TK110A65Z | TK125V65Z | TK110U65Z | TK155U65Z
(]
o [ ] O o . ' n . g ‘
40% E 978 0.36 % Package 115047 T TO-247-4L  |TO-220SIS | DFN8x8 TOLL
30 reduction o improvement
g 976 @2.5 kW Vpss [V] 650 650 650 650 650 650
B 974 Iy [A] 24 24 24 24 24 18
o Conventional product Roson [ | Typ. | 0092 0.092 0.092 0.105 0086 0.122
g 972 (DTS @Vgs =10V Max | 0.11 0.11 0.11 0.125 0.11 0.155
10 Oy Polarity N-ch N-ch N-ch N-ch N-ch N-ch
001 0.03 0.06 01 0 1000 2000 3000 Generation DTMOSVI | DTMOSVI | DTMOSVI | DTMOSVI | DTMOSVI | DTMOSVI
RDS(ON) (Q) OUtpUt pOWEF (W) @®Return to Block Diagram TOP
(Note) Toshiba internal comparison (Note) Toshiba internal comparison
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[ ) Low T
ower consumption .
SiC MOSFET i Noise
ow heat generation

High heat dissipation immunity
efficiency

TWO015N65C / TW027N65C / TW048N65C / TW015Z65C / TW027Z65C / TW048Z65C

Value provided

The performance index Rpgon) X Qgq . Which shows switching characteristics, is reduced by 80 % compared with
Toshiba’s existing products. This contributes to lower loss of power supply in application.

Built-in Schottky barrier

Low Rpsony X Qgq Wide V¢ specification diode

The specification of the gate-source voltage is
-10 to 25V, which is wider than that of other
companies' products N°tel  allows a wider margin for

For the latest products, the performance index Built-in Schottky barrier diode reduces Vg during

Rosion X Qga» Which shows the relation between reverse conduction to 1.35 V (typ.). In addition, by

conduction loss and switching loss, is reduced by energizing the Schottky barrier diode, fluctuation

the drive voltage and makes gate drive design

80 % compared with Toshiba’s existing products in Rpsion) Caused by the spread of defects is

considering overshoot easier. (Recommended drive

by optimizing its cell structure.
e d voltage: 18 V) suppressed.
Comparison of Rosn X Qe Comparison o Vs specifcation
Y[ G s w Part number TWOT5N65C | TW027N65C | TW048N65C | TWO15Z65C | TW027Z65C | TW048Z65C
10 L, +25
. +22 +21 -
= os 20 = +19 Package TO-247 . TO-247-4L(X) B
< -80% 15 I
g 06
T Y ; Voss [V 650 650 650 650 650 650
£ 2| o I [A] 100 58 40 100 58 40
0.2 5
> 71; - . -4 Rosion [Q] Typ. 0.015 0.027 0.048 0.015 0027 0.048
o Toshiba  Company A Company 8 Company . Company D Lo 0 @Vgs =18 V| Max | 0.021 0.037 0.065 0.022 0.038 0.069
Measurement conditions Toshiba Company A Company B Company C Company D P0|arity N-ch N-ch N-ch N-ch N-ch N-ch
Rpsony: Ves = 18V, I =20 A, T, = 25 °C [Note] Toshiba internal comparison based on the datasheet of
Q4 Vpp =800V, V=18V, 1, =20A, T,=25°C each company's 1200 V voltage products as of July 2023. @®Return to Block Diagram TOP

(Toshiba internal comparison, as of May 2022)
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SiC Schottky barrier diode e nowe  Smalsie

Low heat generation

High heat dissipation immunit ackages
TRS12A65F / TRS24N65FB / TRS2E65H / TRS12E65H / TRS4V65H / TRS12V65H = "

Value provided

SiC SBDs [Notell with low loss and high efficiency are realized by adopting new metal and
(0] timiZin deVice deSi n. [Note1] SBD: Schottky barrier diode

Improvement of power

Low forward voltage (Vi) Expansion of package series

supply efficiency
For the latest products, new metal and thin wafer Compared with our existing products, the tr.ade off In addition to the existing package series,
technology are introduced. V; = 1.2V (Typ.) is of Vex Qc Mere?l of the latest products have improved. DFN8x8 surface mount package type has
o . . :
realized as compared with V; = 1.45V (Typ.) of ASEIE UL o OF GemTEreion @teme; [ prey e prepared. It contributes to miniaturization and
i . have also achieved under 800 W output condition in . . :
our existing products. V¢ is reduced by about high power density of equipment.
17 % our test.
0.

[Note2] The V; x Q. (product of forward voltage and total charge) is an index representing the loss performance of the SiC SBD.

. o, When comparing the products with the same current rating, the smaller the index, the lower the loss.
Comparison betuween Toshiba's latest L e

product and competitor products NN .
08.4 N ;Y II__> Di Part number TRS12A65F TRS24N65FB TRS2E65H TRS12E65H TRS4V65H TRS12V65H
: Toshiba's latest product
> | o1 1 ¥ ° @ B
98.3 © T / Vi o T | Vour Package S\ W\ W\
% MOSFET TO-220F-2L | TO-247 (Cénter tap) - TO-220-2L DFN8x8
982 —Toshiba 7. S Vean [V 650 650 650 650 650 650
3 - | A 12 12 /24 * 2 12 4 12
% 51 YomponyA J:_ Measurement conditions roc) [Al /
§ ) —Company B V,y = 200 V AC lesm [A] 92 92 /184 * 19 74 28 60
Company C Vour = 400V DC V. (Typ) V] 1.45 1.45 1.2 1.2 1.2 1.2
280 f = 65 kHz PP @l = 12 A @l = 12 A @,=2A | @,=12A | @,=4A | @,=12A
—Company D - h
MOSFET: TK040Z65Z : Per Leg / Both Legs
97-90 . o o o - L MOSFET external gate resistance = 4.7 Q ®Return to Block Diagram TOP
' ' et ' ' T,=25°C (Toshiba internal comparison, as of July 2023)
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Schottky barrier diode fe smal iz

CUHS20F30 / CUHS20F40 / CUHS10F60 / CUHS15F60 / CUHS20F60 / CUHS15560 / CUHS20S60 &

Value provided

Wide lineup of small package with high power dissipation and reverse voltage. Low V; Schottky
barrier diode suppresses negative voltage surges.

Small package with high Wide lineup of reverse T

power dissipation voltage oW Ve
Wide lineup of power dissipation. Lineup of reverse voltage Vi is 30V, 40 V Low V¢ Schottky barrier diode suppresses
US2H package has low thermal resistance. and 60 V (Max.). negative voltage surges.

(Ringay = 105 °C/W [Note])

[Note] Assembled on FR4 circuit board (25.4 x 25.4 x 1.6 mm, Cu Pad: 25.4 x 25.4 mm)

(reference) CUHS10F60
S " Teingie puiee S = Part number | CUHS20F30 | CUHS20F40 | CUHS10F60 | CUHS15F60 | CUHS20F60 | CUHS 15560 | CUHS20S60
Mounted on an FR4 board 1n) 1}
~ {254 mm = 254 mm = 1.6 mm
%\J/ Gu Pag: 645 mm?) [ Package US2H ,
= £ 100 e . ": - g | ' .
g [ i == Vg [V] 30 40 60 60 60 60 60
(O]
o Q. it I H—t o [A] 2 2 1 15 2 15 2
e s . 1 ©
= I
22w US2H Vg@(ry_p'% 2/] 035 0.39 0.56 0.55 041 0.48 0.35
(%] F—
22 (2.5x 1.4 mm) I (Max) [WA] 60 60 40 50 70 450 650
= A R AT @v, =30V | @V, =40V | @V, =60V | @V,=60V | @Vy =60V | @Vy=60V | @V, = 60V
= : Transient thermal resistance is low
0.0 0.01 1 10 100 1000

and thermal design is easy. ®Return to Block Diagram TOP

Pulse width t; (s)
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immunity packages

‘ TVS diode woee | (D

DF2B7ASL / DF2B5MA4SL / DF2B6MA4SL

Value provided

Absorbs static electricity from external terminals, prevents circuit malfunction,
and protects devices.

Improved ESD pulse Suppress ESD energy by low Suitable for high density

absorption clamp voltage mounting

Improved ESD absorption compared to conventional Protect the connected circuits and A variety of small packages are available.

products. (50 % reduction in operating resistance) . . .
. . devices using proprietary technology.

For some products, both low operating resistance

and low capacitance are realized and ensures high

signal protection performance and signal quality.

ESD Pulse Absorption Performance

Toshiba internal comparison Lineup

T 30 Unidirectional Bidirectional
= New device Part number DF2B7ASL DF2B5M4SL DF2B6MA4SL
= EE - ?
S AS L Conventional device Package SL2
20 - (EAP-II)
DF2B7M2SL
is | Vesp [kV] +30 +20 +20
%o _ @) Veawm (Max) [V] 55 3.6 55
Higher ESD ab ti i .
Ig tﬁ;n the iorsleor;tli?;[:dg\iir::me Swtabl'e fgr paths such Suitable for paths with both C(Typ.) [pFI 8.5 0.2 0.2
? (50% reduction in dynamic resistance) af:' Iliﬁgeylucpsslgor;aiisﬁ;l'h;i:_} polar signals such as audio R (Typ.) Q] 02 05 0.5
0 4int, 5int, 7in1. signals oz : : :
0 10 20 30 40 50 Purpose Power line protection Signal line protection

v [V]

(Note) This product is an ESD protection diode and cannot be used for purposes other than ESD protection. #Return to Block Diagram TOP
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Zener diode Mok St
CSLZ Series / CUHZ Series / CRx Series o

A wide lineup of packages and Zener voltage are available to meet diverse needs.

Suitable for overvoltage
surge protection

Variety of package lineup Wide lineup of V,

It can protect not only against ESD surges Various lineups of surface mount products. Lineup of V, (typ.) is from 5.6 V to 36 V.
but also overvoltage surges close to DC. CSLZ Series: 0.62 x 0.32 mm It can be used for required supply voltage.
CUHZ Series: 2.5 1.4 mm For 3.3 V: CSLZ5V6, CUHZ5V6
Surge tolerance varies depending on the series. CRx Series: 3.5 x 1.6 mm For 5 V: CSLZ6V2, CUHZ6V2, CRY62
Prsvi - T, data in the data sheet is a guide. Please refer it. Other packages and products are here (Link) For 12'V: CSLZ16V, CUHZ16V, CRZ16
(Reference) CUHZ Series Pgepy - t,, :
Lineup
g 1000 =
= I*_I_IPRSM sltuerbEV] 33 5 12
S [ . voltage

o Ta- 250 CRx Al Pat 1 CSL75V6 | CUHZSV6 | CSLZ6V2 | CUHZ6V2 | CRY62 | CSLZ16V | CUHZ16V | CRZ16
— 100 Rectangular pulse SerleS 1.6 x 3.5 x0.98 mm
¢ = V,[V] | 531060 | 53t06.0 | 581066 | 581066 | 561068 153 t0 17.1153 to 17.114.4 to 17.6
o — I, [MA] 5 10 5
o- ™~ CUHZ US2H (SOD-323HE) SL2 US2H sL2 USZH 5 FLAT SL2 USZH s- FLAT
% . Serles o D15 50 7 Abse DE [ (SOD-962) | (SOD-323HE)| (SOD-962) | (SOD-323HE) (SOD-962) | (SOD-323HE)
= 10 Package % ' % ' ‘
wn
2 CSLZ SL2 (SOD-962)
S Series N 062x032x0.3 mm

#®Return to Block Diagram TOP

Pulse width t,, (ms)
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@ Semi-power MOSFET = ot

High heat dissipation
efficiency

SSM6K341NU / SSM3K341R

Low on-resistance, small and high power dissipation packages contribute to miniaturization and low
power consumption of the systems.

Low loss (reduced chip Small and high heat )
. ... Low voltage drive
resistance) dissipating package
Using low chip resistance technology to Small and high heat dissipating packages Power consumption of the set can be
contribute to reduced power (UDFN6B, SOT-23F) contribute to space reduced by low voltage drive.
consumption systems. saving during mounting.

RonCiss reduction of N-ch MOSFET i
(Note) Toshiba internal comparison

1.2
Part number SSM6K341NU SSM3K341R

10 60 to 70 % reduction
| Package UDFN6B @ SOT-23F '

v
.4
Q 08
S Vpss [V] 60 60
g 06 I, [A] 6 6
=
g o4 L.— Rosion [MQY Typ. 36 36
0o || @ 30V MOSFETs - @Vgs =45V Max 51 51
W 60 V MOSFETs Polarity N-ch N-ch
0.0 :
U-MOSVI U-MOSVI-H  U-MOSIZ-H @ Return to Block Diagram TOP

since 2008 since 2012 since 2016
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efficien

Three-phase brushless DC motor driver IC e -

High heat dissipation
cy

TC78B025FTG / TC78B027FTG / TC78B009FTG

| Value provided |
One hall sine wave PWM control driver for three-phase brushless DC motor. It is suitable for controlling

server fans.

Built-in one hall phase Built-in closed loop speed

Small package

difference detection circuit control
Monitoring one hall element output NVM [Noteljs implemented. It realizes VQFN24 and WQFN36 are suitable for
voltage and controlling a motor. Possible closed loop speed control function mounting limited space.
to reduce motor unit BOM. without an external MCU. It contributes

to reduce system cost.

[Note] No-volatile memory

Lineup

TC78B025FTG / TC78B027FTG TC78B009FTG Part number TC78B025FTG TC78B027FTG TC78BO09FTG
Operation voltage [V] 4.5 to 16 5to 16 5.5 to 27
s Drive type Sine wave PWM drive PWM drive
,-”// RH“& 1 hole element input position detection Sensorless
} Closed loop speed control function, configurable speed curve
Others Standby mode
Soft start
Built-in driver (3.5 A (Max)) Built-in pre driver for N-ch MOSFET drive
Package P-VQFN24-0404-002 P-VQFN24-0404-003 P-WQFN36-0505-0.50-001
P-VQFN24-0404-002 / P-WQFN36-0505-0.50-001
P'VQFN24'O4O4'003 (5 X 5 X 08 mm) @Return to Block Diagram TOP

(4x4x09mm)
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Electronic fuse (eFuse IC) Sl sz

Low heat generation

TCKES8 Series / TCKE7 Series ) 4 S

Value provided

Electronic fuse (eFuse IC) can be used repeatedly to protect circuits from abnormal conditions such as
overcurrent and overvoltage.

Can be used repeatedly IEC 62368-1 certified Various protection functions
When overcurrent flows through the electronic Toshiba’s eFuse ICs are certified to the TCKES8 Series: Short-circuit pro;ccection, overcurrent
) ) .. i i _ . protection, overcurrent clamp function, overvoltage clamp
fuse (eFuse IC), the internal detection circuit :gigrgrlzfcfdniilrizfiet!t()llcs)tia(rjrae;dt lliErgit6e2r35)6§n1d(Gg function, thermal shut down, inrush current suppression,

operates and switches off the internal MOSFET. It backflow prevention (optional), etc.

contribute to robust protection and

is not destroyed by a single overcurrent and can simplification St design. TCKE7 Series: Short-circuit protection, overcurrent
be used repeatedly.

protection, overvoltage protection, thermal shut down,
FLAG signal output, backflow prevention (built-in), etc.

R . - . Lin
Reference circuit example of TCKES8 Series Reference circuit example of TCKE7 Series —
i Part number TCKE80ONA/NL | TCKE8O5NA/NL | TCKE812NA/NL TCKE712BNL
MOSFET for backflow prevention
(option) A Y
vour¢ Ef—:f VIN ﬁm vout Package WSON10B ‘ Q WSON10 Q
3.0x3.0x0.75 mm 3.0 x3.0 x0.75 mm
Fiae Ll meuse Vi V] 441018 4410132
o+ On -~ Cour T Ron (Typ.) [MQ 28 53
Return function NA: Automatic return Latch type (external
I Ruum Rum NL: Latch type (external signal control) signal control)
77 77 777 Vove (Typ.) VI - 6.04 15.1 Adjustable

#®Return to Block Diagram TOP
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@ Over temperature detection IC (Thermoflagger™) o Smal sz

. High I;?itc?eirséiypation packages
TCTH Series

TCTH series can detect temperature rise at multiple points on the circuit board.

Temperature rise can be detected at multiple

Low current consumption and small package

points
TCTH series detect an increase in resistance during over temperature by TCTHO1 series has lop = 1.8 pA (Typ.)
supplying a constant current (1 pA or 10 pA) to PTC (Positive Temperature and TCTHO2 series has Iy, = 11.3 pA (Typ.).

Coefficient) thermistors. Multiple PTC thermistors connected in series

_ _ o These packages are small size ESV type.
enable to detect over temperature at multiple points on the circuit board.

Example of over temperature detecting circuit by
Thermoflagger™.

Lineup

TCTHO1T1AE TCTHO12AE TCTHO21AE TCTHO22AE

Part number TCTHOT1BE | TCTHO12BE | TCTHO21BE | TCTHO22BE

PTC ESV
thermistor Detection Package 1.6 x 1.6 x 0.55 mm
Detection temperature
temperature i 120°C
120°C te[:;:‘;:::re Vpp [V] 171055
8oc Iop (Typ.) [MA] 1.8 11.3
PTCO Output current (Typ.) [HA] 1 1 10 10
Over temperature :
d 5 Abnormal latch function - Yes - Yes
Detection etection IC . . .
O —— Output circuit type AE: push pull, BE: open drain

e Thermoflagger™

#®Return to Block Diagram TOP
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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/ap-en/contact.ht
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Terms of use

This terms of use is made between Toshiba Electronic Devices and Storage Corporation (“We") and Customer who downloads or uses this Reference Design. Customer shall comply with this terms of use. This Reference Design means
all documents and data in order to design electronics applications on which our semiconductor device is embedded.

Section 1. Restrictions on usage

1. This Reference Design is provided solely as reference data for designing electronics applications. Customer shall not use this Reference Design for any other purpose, including without limitation, verification of reliability.
2. Customer shall not use this Reference Design for sale, lease or other transfer.

3. Customer 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 product or system whose manufacture, use, or sale is prohibited under any applicable laws or regulations.

Section 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, Customer is 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. Customer 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. Designing electronics applications by referring to this Reference Design, Customer must evaluate the whole system sufficiently. Customer is solely responsible for applying this Reference Design to Customer's own product design
or applications. WE ASSUME NO LIABILITY FOR CUSTOMER'S PRODUCT DESIGN OR APPLICATIONS.

5. WE SHALL NOT BE RESPONSIBLE 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 WITHOUT LIMITATION, WARRANTIES OR CONDITIONS OF FUNCTION AND WORKING, WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, ACCURACY OF INFORMATION, OR
NONINFRINGEMENT.

Section 3. Terms and Termination

It is assumed that Customer agrees to any and all this terms of use if Customer downloads or uses 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 without any cause. Upon termination of this terms of use, Customer shall eliminate this Reference Design. Furthermore, upon our
request, Customer shall submit to us a written confirmation to prove elimination of this Reference Design.

Section 4. Export Control

Customer 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 Act and the U.S. Export Administration Regulations. Export and re-export of this Reference Design is strictly prohibited except in compliance with all applicable export laws and regulations.

Section 5. Governing Laws
This terms of use shall be governed and construed by laws of Japan, without reference to conflict of law principle.

Section 6. Jurisdiction
Unless otherwise specified, Tokyo District Court in Tokyo, Japan shall be exclusively the court of first jurisdiction for all disputes under this terms of use.
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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.

¢ 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.

e 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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TOSHIBA

* S-FLAT™ and Thermoflagger™ are trademarks of Toshiba Electronic Devices & Storage Corporation.
* All other company names, product names, and service names may be trademarks of their respective companies.



