TOSHIBA SiC MOSFET

Application Note

SiC MOSFET
Absolute Maximum Ratings and
Electrical Characteristics

Description

SiC is a compound semiconductor material consisting of silicon (Si) and carbon (C). SiC MOSFET using
SiC materials is a new-generation power device that can achieve higher withstand voltage and lower on-
resistance than conventional Si MOSFET.

This document focuses on the absolute maximum ratings and electrical characteristics listed in SiC
MOFET datasheet.
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1. Absolute Maximum Ratings

1.1. Absolute Maximum Ratings

Absolute maximum ratings are specified for each item that must not be exceeded during operation even
instantaneously.

The maximum allowable values of the current that can be applied to SiC MOSFET and the voltage that can
be applied are specified as the maximum rated values. Recognizing the maximum rating in designing circuits
is very important not only for the effective operation of SIC MOSFET but also for reliable operation that is
sufficiently high for the target operating hours.

Characteristics may not be recovered if used beyond the rating. When designing a circuit, pay attention to
fluctuations in the supply voltage, variations in the characteristics of electrical components, the stress higher
than the maximum ratings at the time of circuit adjustment, changes in ambient temperature, fluctuations in
the input signal, etc., and avoid even one of the ratings.

However, even if the product is used under the operating conditions (operating temperature, current, voltage,
etc.) within the absolute maximum rating, if the product is used continuously under high loads (high
temperature and large current, high voltage application, large temperature change, etc.), the reliability of the
product may be significantly reduced. Therefore, in order to ensure reliability, we recommend an appropriate
reliability design considering de-rating.

1.2. Parameters Specified as Absolute Maximum Ratings
Items specified vary depending on the product. T, = 25°C unless otherwise specified.

Item Symbol Unit Description

Drain-Source Voltage Vpss V The maximum voltage allowed between the drain
and source with a short circuit between the gate
and source.

Gate-Source Voltage Vess V The maximum voltage allowed between the gate
and source with a short circuit between the drain
and source.

Drain DC Ip A The maximum DC current that can pass through

current the drain to source.

Pulse Iop A Maximum allowable peak drain current for pulsed
operation.

Power Dissipation Po W The maximum power that can be dissipated by a

(Tc=25°C) MOSFET

Avalanche current las A The maximum peak non-repetitive current that is

permitted under avalanche conditions
Avalanche energy Eas mJ The maximum non-repetitive energy that the
MOSFET can dissipate under avalanche
breakdown conditions

Channel temperature Teh °C The maximum allowable chip temperature at
which a MOSFET operates

Storage temperature Tstg °C The maximum temperature at which a MOSFET

range may be stored without voltage applying

Isolation voltage Viso(RMS) \Y, The maximum voltage at which a MOSFET can

maintain isolation between the designated point
on the case and electrode leads

Tightening torque TOR N-m The maximum torque that may be applied in the
axial direction when tightening a screw
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1.3. Drain-Source Voltage Vbss
The drain-to-source voltage when the gate-to-source is short-circuited. If a voltage exceeding the rating is
applied, there is a risk of SIC MOSFET failure due to entering the breakdown mode. Also, do not use the gate
open from the source. Since SiC MOSFET has a very high input-impedance, external noises can bias the gate-
source and "on" the gate-source, possibly causing degradation or destruction of the device. If it happen, connect
a pull-down resistor in parallel between the gate and source.

1.4. Gated-Source Voltage Vess
The maximum voltage allowed between the gate-to-source with SiC MOSFET drain and source short-circuited.
This rating is attributable to the withstand capacity of the gate oxide, but the value is determined in consideration
of the practical voltage and reliability.
Generally, Vgss rating of Si MOSFET takes the same value for positive and negative, but for SiC MOSFET, it
may differ for positive and negative. When designing, make sure that Vgss is not exceeded maximum rating
due to noises, etc.

1.5. Drain Current Ip

Generally, the maximum continuous (DC) current that the power MOSFET can pass in the forward direction
is specified as Ip, whereas the pulsed current that the power MOSFET can pass in the forward direction is
specified as Ipp. Likewise, the DC and pulsed currents in the reverse (diode) direction are specified as Ipr and
Iore, respectively (under ideal heat dissipation conditions).

However, the maximum current values in the forward direction are limited by the power loss caused by drain-
source on-state resistance, and those in the reverse direction are limited by the power loss due to the forward
voltage across the diode. Since current ratings are affected by heat dissipation conditions, maximum allowable
current values are specified so that the channel temperature will not exceed the rated Tch (max) Value.

I = Tch (max) — TC
b RDS(ON)(max) X Rth(ch—c)

jA— Tch (max) — TC
bP RDS(ON)(max) X rth(ch—c) (t)
Teh maxy: Channel Temp. max.
Tc: Case temperature (25°C)
Rinen-c): Steady-state thermal resistance
I'h ch-c) (t): Transient thermal resistance
Rbsoony (max): Maximum value of the on-resistance between the drain-source at the maximum
channel temperature

The drain current Ip that the MOSFET device can carry is restricted not only by power loss but also by the
current-carrying capability of a package, the maximum channel temperature, the safe operating area and other
factors.

1.6. Power Dissipation Pp
Pp is the maximum power that the MOSFET can dissipate continuously under the specified thermal conditions.
The allowable power dissipation varies with the conditions under which the MOSFET is used (such as ambient
temperature and heat dissipation conditions).
Pp is calculated as the maximum power dissipation for a device with an infinite heat sink at 25 °C ambient.

P = Tch(max) —25°C
b R th(ch —¢)

W)

In addition, the power dissipation Ppp during the transient period is calculated as follows according to the
transient thermal resistance in the individual datasheet.
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Figure 1.1 Example of Pp- T¢ Characteristics

1.7. Avalanche Current las, Avalanche Energy Eas
When a SiC MOSFET is used as a high-speed switching device, the self-inductance of the circuit itself and
stray inductances cause a high surge voltage to be applied between the drain and source at turn-off, sometimes
causing the surge voltage to exceed the rating of the device and enter the breakdown mode. At this time, an
avalanche current flows, and if the current or energy exceeds the device limit, destruction will occur. This mode
is called avalanche destruction. In addition, the allowable current is called the avalanche current (Ias) and the
energy is called the avalanche energy (Eas).

1.8. Channel Temperature Tch, Storage Temperature Tstg

The materials that constitute a power MOSFET and their reliability determine the maximum channel
temperature Tch (max)- The maximum channel temperature must be considered not only in terms of the functional
operation of the power MOSFET, but also in terms of its reliability such as device degradation and lifetime.

Storage temperature Tsy is the temperature range in which a power MOSFET can be stored without voltage

applying. The materials that constitute the power MOSFET and their reliability also determine the storage
temperature range.

1.9. Isolation Voltage Visorwms)
For devices housed in a fully molded package, isolation voltage represents the level of electrical isolation
between the designated point on the case and the internal circuit and electrode terminals.
Visorms) IS tested by applying AC voltage to the power MOSFET for a specified period of time. Isolation voltage
is specified as the RMS of AC voltage.

1.10. Tightening Torque TOR
When attaching MOSFET devices to a thermal fin, the prescribed tightening torque must be followed.
If the torque is too low, the mounting screws will loosen. If the torque is too high, the device could be damaged.
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2. Thermal Resistance

2.1. Thermal Resistance Characteristics

ltem Symbol Unit Description
Channel to case thermal | Rinche) | °C/W | Thermal resistance with the case temperature kept at
resistance an ambient temperature at 25 °C under ideal heat
dissipation conditions.
Channel to ambient Rthch-a) | °C/W | Thermal resistance from channel to ambient
thermal resistance temperature at 25 °C.

2.2. What is Thermal Resistance?

Thermal resistance is the ability of a material to resist the flow of thermal energy.

The power consumed by a semiconductor chip is converted into heat, which is transferred to the case
(package) and eventually released into ambient air through a thermal fin or other thermally conductive
material. An increase in power dissipation (Pp) causes a further increase in the device temperature (AT).

AT can be calculated as AT=R x Pp. Here, R is a constant defining a relationship between AT and Pp.
This constant is called thermal resistance.

2.3. Thermal Resistance Calculation
The thermal resistance of the product spec mainly include the following.

a) R theh-c): Channel to Case Thermal Resistance
This is the thermal resistance when the case temperature is kept at an ambient temperature at 25 °C, which
is equivalent to the condition with an infinite hestsink attached.

Tch(max) —25°C

: (°c/w)
D(Tc=25°C)

Rin(ch-o) =

b) R wen-a: Channel to ambient Thermal Resistance
Thermal resistance from channels to the ambient air at 25 °C and it is Rinch-c)t Rtn(c-a)-
Note, however, that thermal resistance varies with board assembly condition and other factors.
Tch(max) —25°C

Pp(r,=25°¢)

(°C/W)

Rin(ch-a) =

2.4. Transient Thermal Resistance and Steady-state Thermal Resistance

The transient thermal resistance is the function of time while device is affected by thermal capacitance.
Steady-state thermal resistance is a property during the time the device is no longer affected by thermal
capacitance. The figure below shows a example of transient thermal resistance curve.

=== == = e =

rthich-c) (*C/W)

e

Channel to case thermal resistance

0.0

0.00001 0.0001 0.001 0.0 0.1 1 10
Pulse width t, (s)

Figure 2.1 Example of riech—c) - tw Characteristics
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3. Safe Operation Area

3.1. What is the Safe Operating Area?

The Safe Operating Area represents the range of current/voltage values that can be applied to the device at
a time. There are forward bias and reverse bias safe operating areas.

In designing, the current/voltage applied at the same time is plotted in the safe operating area to find if there
are any problems, which is transferred from Ip, Vps waveform during switching operation. If the waveform is not
within the safe operating area, it is necessary to take measures including device or circuit change.

3.2. Forward Bias Safe Operating Area

The forward-bias safe operating area shows the area of current and voltage that SiC MOSFET can safely
operate except the turn-off period. Channel-temperature increases when SiC MOSFET is operated. If the
operating waveform is within the safe operating range, the channel temperature is under the maximum rating.
The secondary breakdown limit is the area where the temperature rises rapidly because current does not flow
uniformly inside the chip and a portion of the current is concentrated. Except for the turn-off period, the
operation waveform of SiC MOSFET must be designed within the forward-bias safe operating area (e.g.
review of the heat dissipation design). The forward bias safe operating are is limited from current, on-
resistance, Thermal (loss), secondary breakdown and voltage and is specified by:

1. Current limit

Area limited by drain current rating. Limited by Ipmax for DC (continuous) and lppmax) for pulse.
2. On-resistance limit

This area is theoretically limited by the on-resistance Rps(on) (max), and Ipis equal to Vps/ Rps(on).
3. Thermal limit

The area limited by the power-loss Pp. Pp (allowable losses) = Ip X Vps
4. SB(Secondary Breakdown) limit

Area equivalent to secondary breakdown due to current concentration.
5. Voltage limit

This area is limited by the drain source voltage Vpss.

1000 =
— I, max (pulse) * f 3
1 ” Ip max (continuous) ) =
100
2~ < ; ' =
< N 10 ps* 1
—~— 10 r =ﬂ ] 5 4
D it I\ B f
T 1L - 1] I I
= - This area is limited e 100 us*
o 1 === bY Ros(on)
3 N 1 ms* ]
c .
‘© 01 i DC operation |
= T.=25°%C 3 i
Q I N
|
. -5
0.01 |* Single pulse T, =25 °C ==z =]
Curves must be derated HHH :
linearly with increase in !
temperature. Vpgs max
0_001 L Lol lllily
0.1 1 10 100 1000 10000
Drain-source voltage Vpg (V)
Figure 3.1 Example of forward bias safe operation area
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3.3. Reverse Bias Safe Operating Area
The reverse-bias safe operating area shows the current and voltage areas where SiC MOSFET can safely
turn off. During the process of turning SiC MOSFET from on-state to off-state, a surge-voltage is generated to
SiC MOSFET due to the inductance of the circuit. It is necessary to design the circuit so that the operating
locus of the cutoff current and the surge voltage generated of the turn-off at that time to be within the reverse-

bias safe operating area (e.g., reduction of circuit inductance, addition of surge absorbing circuit, and
relaxation of turn-off speed).

il
1
1
i
< i
= i
Q "
- |
5 I
D 1
= i
3 i
° ]
£ I
g |
o B
T.n=175°C H ii

Vgg =+20V/-5V [T I

Rg=1.00 /
04 G " Vpgg max
1 10 100 1000 10000

Drain-source voltage Vpg (V)

Figure 3.2 Example of reverse bias safe operation area

4. Electrical Characteristics

Electrical characteristics specified in SiC MOSFET datasheet are explained by item. Ta = 25 °C unless
otherwise specified.

4.1. Static Characteristics

Item Symbol Unit Description

Gate leakage current less MA | The leakage current that occurs when the specified
voltage is applied across gate and source with drain and
source short-circuited.

Drain cut-off current Ibss MA | The leakage current that occurs when a voltage is
applied across drain and source with gate and source
short-circuited.

Drain-source Breakdown V(@Rr)pss vV The withstand voltage between the drain and source
Voltage with the gate and source are short-circuited.
Gate threshold voltage Vin vV Vth stands for "threshold voltage." Vth is the gate

voltage that appears when the specified current flows
between drain and source.

Drain-source on- Ros(on) Q The resistance across drain and source when the
resistance MOSFET is in the "on" state.

4.1.1. Gate-Leakage Current less

Igss is the leakage current when a specified voltage is applied between the gate and source with the drain and
source shorted.

Positive or negative may occur depending on the direction of the applied voltage.

© 2020 9 -0Q.
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4.1.2. Drain Cut-off Current lpss

Ipss is the leakage current when a specified voltage is applied between the drain and source with the gate and
source shorted.

4.1.3. Drain-Source Breakdown Voltage V@eRr)pss
V(er)pss IS specified as voltage with shorted gate and source when a specified drain current Ip is applied.
Vpss of SIC MOSFET has a positive thermal coefficient.In a low-temperature environment, It is less than Vpss
specified at 25 °C.

1300

; Common source
- Ip=1mA
w -
Vas =0V
7] as
o 1250 Pulse test
= L~
P
it ] /r
o
S "
o 1200
=]
> L~
] -
e
3
@ 1150
£
©
—
[m]
1100
-100 -50 0 50 100 150 200

Ambient temperature T, (°C)

Figure 4.1 Example of Vpss- Ta Characteristics

4.1.4. Gate Threshold Voltage Vin

Vi is the gate-voltage when a specified current flows between the drain and source. Vi has negative
temperature coefficient, which make it easier to turn on with lower voltages in high temperature environment. It
is necessary to check for malfunction due to noise or mis-firing.

7.0

— Common source
= Vps = 10V
- &0 Ip =20 mA
= Pulse test
N
@ ~
o
& 50
©
4 N
o N
o 40 P
< ‘ ™
] N
o
£
@ 3.0
©
]
20

-100 -50 0 50 100 150 200

Ambient temperature T, (°C)

Figure 4-2 Example of Vin- Ta Characteristics

4.1.5. Drain-Source On-Resistance Rps(on)

Rbsony is the drain-to-source resistance when SiC MOSFET is on. Rps(on) of SiC MOSFET is temperature-
sensitive and must be noted. Rpsoony in SIC MOSFET mainly consists of a channel resistance component with
a negative temperature coefficient and a drift-layer resistance component with a positive temperature coefficient.
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Figure 4.3 Example of Rpsion) - Ta Characteristics

4.2. Dynamic Characteristics

Item Symbol Unit Description
Capacitance Ciss pF Ciss is the input capacitance, Crss is the reverse
Crss transfer capacitance, and Coss is the output
Coss capacitance. Capacitances affect the switching
performance of a power MOSFET.
Output Capacitance Charge Eoss ud This is the energy required to charge Coss.
Energy
Gate resistance Iy Q The gate resistance inside SiC MOSFET.
Switching time tdon) ns tgon IS the turn-on delay time, t; is the rise time,
tr taott is the turn-off delay time, and ts is the fall time.
ta(ofh
t
Switching loss Eon mJ | Eonis aturn-on loss and Eq is a turn-off loss.
Eoff

4.2.1. Capacitance Characteristics Ciss, Crss, Coss

In a power MOSFET, the gate is insulated by a thin silicon oxide. Therefore, a power MOSFET has
capacitances between the gate-drain, gate-source and drain-source terminals as shown in Figure 4.4.
The gate-drain capacitance Cgq and the gate-source capacitance Cy4s are mainly determined by the structure of
the gate electrode, while the drain-source capacitance Cgs is determined by the capacitance of the vertical p-n
junction. For the power MOSFET, the input capacitance (Ciss = Cgd + Cgs), the output capacitance (Coss = Cds +
Cgd) and the reverse transfer capacitance (Crss = Cgq) are important characteristics.

Figure 4.5 shows the dependency of Ciss, Ciss and Coss 0N drain-source voltage Vps.
Switching characteristics of a MOSFET manly vary with the input capacitance Ciss and the output impedance
of the drive circuit.

Gate current flows from gate to source instantaneously to charge the input capacitance. Therefore, the lower
the output impedance of the drive circuit, faster the switching speed. Large input capacitance of a MOSFET
causes a large power loss at light load. Ciss, Crss and Coss hardly vary with temperature.
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Figure 4.4 Capacitance equivalent circuit
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Figure 4.5 Example of C - Vps Characteristics

4.2.2. Output Capacitance Charge Energy Eoss

Eoss is the energy required to charge Coss. It can be derived from the characteristic between Coss and Vps. C
(V) is a function of Vps dependent output capacitance Coss.

Qoss = [ 2 C(V) dv

o

Eoss = Qoss*Vps
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Figure 4.6 Example of Egss- Vpbs Characteristics

4.2.3. Gate Resistance rg
Gate resistance inside MOSFET.

4.2.4. Switching-time tdon), tr, td(off), toff

The remarkable property of SiIC MOSFET being a majority carrier device is its superiority to bipolar
transistors in high-speed operation and high-frequency switching operation. The following figure shows the
switching time measurement circuit and the definition of the waveform.

Vesz

_J(f%
£ _10%
oV Y 7
Vasr
v
bo In Vos Vos s} o
a0 %) 90 %
10 %
td{off) b ld(on) | i
Vis2 Eof Eon
7ir
(a) Switching time measurement circuit b) Waveform definition

Figure 4.7 Definition of Switching Time Measurement Circuit and Waveform

The symbols used in the above input and output waveforms are briefly explained below:

1) tdn): turn-on delay time
The time between when the gate source voltage reaches 10% of the set voltage and when the drain
current rises to 10% of the set current at turn-on.

2) tr: Rise time
The time it takes for the drain current to rise from 10% to 90% of the set point at turn-on.

3) ton: turn-on time
Turn-on time is equal to tyen) + tr.
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4) td(of: turn-off delay time
The time from when the gate-to-source voltage reaches 90% of the set voltage at turn-off until the drain
current drops to 90% of the set current.

5) tr: fall time
The time it takes for the drain current from 90% to drop to 10% of the setpoint at turn-off.

6) toff: turn-off time
Turn off time is equal to tyom + ts.
4.2.5. Switching-loss Eon, Eoft
1) Eon turn-on switching loss

This is the loss that occurs during the period from 10% of the gate to source voltage until the drain-to-
source voltage drops to 2%.

2) Eott turn-off switching loss
The loss that occurs during the period from 90% of the gate-to-source voltage until 2% of the drain current.

4.3. Gate Charge Characteristics

ltem Symbol Unit Description
Gate input charge Qq nC | The total amount of charge that the gate voltage can
reach from zero to the specified voltage.
Gate-Source charge 1 Qgs1 nC | The amount of charge that charges the gate-to-

source voltage prior to a drop in the drain-to-source
voltage until MOSFET begins to turn on.
Gate-drain charge Qg nC | Qgu is the amount of charge in the mirror period
during which the drain-to-source voltage drops and
charges the capacitance between the gate and
drain.

4.3.1. Gate Charge Qg, Qgs1, Qgd
The gate which is the input terminal, is isolated. The amount of charge Q seen from the gate terminal is an
important parameter. The figure below shows the definition of the gate charge amount.

Qgs=Qg'di
Qgs=Qgsl+Qgsz

Gate voltage
Ves 9
. Qgsi
< “ig= Miller plateau »
Vth di bl Qgsz oy
. QSW
Qg 5
~ > Q
A "
Vbs Drain voltage
>t

Figure 4.8 Definition of the amount of gate charge
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4.3.2. Calculation of Total Gate Charge

During the turn-on of a power MOSFET, a current flows to the gate, charging the gate-source and gate-
drain capacitances. The amount of gate charge is measured using a test circuit shown in Figure 4.9 (a). A
constant current is applied to the gate to obtain a graph like the one shown in Figure 4.9 (b) showing a
change in gate-source voltage Vgs over time. The time axis can be expressed in terms of gate capacitance
Qg by multiplying time by constant gate current ic. Gate charge is calculated as follows:

Qg = [, ic(t)dt

A
vDD
R, 9
s Vour > Gate-source
voltage
VDS
Timet -
v Gate-source charge Q,
7 (Q=igxt)
(a) Gate Charge Measurement Circuit (b) Gate-Source Voltage Waveform

Figure 4.9 Gate Charge Measurement Circuit and Gate-Source Voltage Waveform

4.4. Source-Drain Characteristics

Item Symbol Unit Description
Diode forward current (DC) Ie A The maximum permissible forward current
(DC) of the diode.
Diode forward Irp A The maximum permissible forward current
current (pulse) (pulse) of the diode.
Forward voltage (diode) Vpsr \% Drain-to-source voltage when forward current

is applied to the diode.

Reverse recovery time tir ns The time (tx) and charge (Qx) until the
reverse recovery current disappears in the
reverse recovery operation of the body

Reverse recovery charge Qr NC | diodes under the specified measuring
conditions.
Peak reverse e A The peak current at that time is I.

recovery current

4.4.1. Diode Characteristics
SiC MOSFET is structurally equipped with a body diode (PN-junction diode) between the source and drain.
In addition, some SiC MOSFET products has a built-in SiC SBD in parallel with a body diode in the same
direction as the anode to cathode. The "Internal Circuit Diagram" in the data sheet is the same regardless of
the presence or absence of SBD. In particular, PN junction diodes and SBD are not separately described.
The current rating of the diodes is defined separately for SIC MOSFET current rating Ip (continuous), Ipp
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(pulsed), and separately for the electrical characteristics of the datasheet. For the voltage rating Vrrm Of the
diode, values not listed in the electrical characteristics are the same as the drain-source voltage rating Vpss of
SiC MOSFET. The figure below shows a sample Ipr - Vps response for a MOSFET with a built-in SiC SBD. The
forward current I to forward voltage Vr characteristics of SBDs are subject to Vgs=0 to - 5V conditions of Ipr -
Vps characteristics.

== — |
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— -~ Ve =0,-1, 5V —
& {
o 1
= = 7
3
V4 i
2 7 1
‘© 0.1 J
L ;
© ¥
@ |
5 0.01
D |
5 Common source
o T,=25T
Pulse test
0.001
0 04 0.8 12 -16 -20

Drain-source voltage Vpg (V)

Figure 4.10 Ipr- Vps Characteristics (Including Ir- Ve Characteristics of Built-in SBDs)

The figure below shows the measurement circuit of the diode reverse recovery characteristics and the
definition of the waveform.

<

a

a
7T

Figure 4.11 Measurement circuit for diode reverse recovery characteristics

difdt

[
e e e

Figure 4.12 Diode Reverse Recovery Characteristic Waveform Definition
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RESTRICTIONS ON PRODUCT USE

Toshiba Corporation and its subsidiaries and affiliates are collectively referred to as “TOSHIBA”.
Hardware, software and systems described in this document are collectively referred to as “Product”.

e TOSHIBA reserves the right to make changes to the information in this document and related 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.

e 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.

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 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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