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Maximum Ratings and Electrical Characteristics

1.Definition of Maximum Ratings

For semiconductor devices, applied voltage, current, temperature, and power loss are major factors
that limit operational functionality.

Maximum ratings are the maximum allowable values that must not be exceeded to ensure effective
operation and sufficient reliability of semiconductor devices, defined as absolute maximum ratings.

Absolute maximum ratings (hereafter referred to as maximum ratings) are defined as "limit values that
must not be exceeded even momentarily, and no two items should reach these Ilimit values
simultaneously." Exceeding the maximum ratings may cause destruction, damage, and degradation,
leading to failures due to rupture or combustion.

1.1.1. Maximum Ratings (Switching Diodes and Schottky Barrier Diodes)

(1) Reverse Voltage (VRr)
The maximum allowable value of reverse voltage that can be applied at the specified ambient
temperature.

(2) Peak Reverse Voltage (Vrw)
The maximum allowable instantaneous value of reverse voltage (DC + AC signal) that can be applied
at the specified ambient temperature.

(3) Forward Current (IF)
This is the maximum allowable forward current at the specified ambient temperature.
It usually decreases with the rise in ambient temperature.

(4) Junction Temperature (T))
It is the maximum allowable temperature of the junction during operation. The forward current value
and operating temperature range of the device must be set within this value.

(5) Storage Temperature (Tstg)
This is the allowable range of ambient temperature that can be stored when not in operation. This range
ensures that the device characteristics do not degrade during storage.

1.1.2. Maximum Ratings (Variable Capacitance Diode)

(1) Reverse Voltage (Vr)
This is the maximum allowable reverse voltage that can be applied at the specified ambient temperature.

(2) Peak Reverse Voltage (Vrw)
This is the maximum allowable instantaneous value of reverse voltage (DC + AC signal) that can be
applied at the specified ambient temperature.

(3) Junction Temperature (T;)
This is the maximum allowable temperature of the junction during operation. The forward current value
and operating temperature range of the device must be set within this range.

(4) Storage Temperature (Tstg)
This is the allowable range of ambient temperature that can be maintained when not in operation. This
range ensures that the device characteristics do not degrade during storage.

©2014 - 2025 4 2025-06-13
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2. Electrical Characteristics

2.1. Electrical Characteristics (Variable Capacitance Diode)

Item Symbol Function Description

Reverse Voltage VR Reverse voltage generated when specified reverse current flows

Reverse Current Ir Leakage current flowing when specified reverse voltage is applied

Capacitance Coy E_quwalent cafacnance betv\{gen terminals when applying the specified reverse
bias voltage (*V) at the specified frequency

Capacitance ratio C+lv/C+?y |Ratio of capacitance at reverse bias voltage (-v) to capacitance at v

. . Series equivalent resistance when applying the specified reverse bias voltage

Series resistance rs o
at the specified frequency

Performance index Q Performance index when applying the specified reverse bias voltage at the

specified frequency

2.2. Electrical Characteristics (Switching Diode)

Item Symbol Function Description
Reverse Voltage VR Voltage generated when the specified reverse current flows
Reverse Current Ir Leakage current flowing when the specified reverse voltage is applied
Forward voltage VE Terminal voltage generated when the specified forward current is applied
Capacitance Cr Equivalent capacitance between terminals when the specified reverse bias

voltage is applied at the specified frequency

Series resistance

s

Series equivalent resistance when the specified forward current is applied at the
specified frequency

Minority carrier
lifetime

Minority carrier lifetime when the specified forward current is applied and then
the specified reverse current is immediately applied

2.3. Electrical Characteristics (Schottky Barrier Diode)

Item Symbol Function description
Reverse voltage VR Voltage generated when the specified reverse current is applied
Reverse current Ir Leakage current that flows when the specified reverse voltage is applied
Forward voltage VF Terminal voltage generated when the specified forward current is applied
Forward current I Forward current that flows when the specified reverse voltage is applied
Capacitance Cr E_quwalent capacitance _b_etween terminals when applying the specified reverse
bias voltage at the specified frequency
©2014 - 2025 5 2025-06-13
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Explanation

3. Radio-Frequency Diode

3.1.1. Variable Capacitance Diode

A variable capacitance diode is commonly called a varicap diode, and unlike rectifying diodes and
switching diodes that utilize the rectifying action of a PN junction, or constant voltage diodes that utilize
Zener breakdown and avalanche breakdown, it utilizes the change in the PN junction capacitance of the
diode with reverse bias voltage.

TV tuners and FM/AM tuners using this variable capacitance diode can be made smaller, thinner, and
lighter.

3.1.2. Basic operating principle of variable capacitance diode

When a PN junction diode is reverse-biased, the depletion layer changes due to this reverse bias
voltage VR. The PN junction capacitance varies depending on the depletion layer region.

When the depletion layer region is wide, the capacitance is small, and conversely, when the depletion
layer region is narrow, the capacitance is large.

In other words, a variable capacitance diode changes the depletion layer with the reverse bias voltage
VR, and this change in the depletion layer alters the junction capacitance.
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Figure 3.1 Operation Description Diagram
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3.1.3. Equivalent Circuit of Variable Capacitance Diode

When representing a variable capacitance diode with an equivalent circuit, it appears as shown in
Figure 3.2.
i
G

: Junction Capacitance
G rs : Series Resistance
R | | . Ry : Junction [ oss Resistance
o [ 1 Cocase Rp-case : Case Loss Resistance
T (Depends on the tand of the resin used in the case.)
; Rp-case Chp-case : Case Capacitance
| | : Ls . Lead Inductance
Cathode 6

Figure 3.2 Equivalent circuit of Variable Capacitance Diode

When the operating frequency is low, the lead inductance Ls can be ignored, and when the junction capacitance C; is
large, the case capacitance Cp-case Can be ignored.

3.1.4. Types and characteristics of variable capacitance diodes
Variable capacitance diodes can be broadly classified into three types based on impurity concentration
distribution: abrupt junction type, step junction type, and super step junction type. This is shown in Table
3.1.
Here, n is the coefficient that determines the slope of the capacitance (C)-reverse voltage (Vr)
characteristic.

C=K (VR Q)N e (1
K: A constant determined by impurity concentration, dielectric constant, and junction area
¢: Diffusion potential

There is a relationship.

Table 3.1 Types and characteristics of variable capacitance diodes

Impurity .
Classification concentration - Main use Features
distribution
P
Graded junction \ ¥ 1 General The variable range of capacitance is
¢ J \ > 3 purpose narrow, and itis rarely used as a variable
ype \ For switching capacitance diode.
N
pt Good stability of C-V curve, no pairing
For AFC required even when used for tuning.
Step junction type >~ : For tuning However, the capacitance change ratio
2 For modulation | is small, and a high control voltage is
N required.
P’ — The capacitance change ratio can be
5 increased even if the operating voltage
.Su;z_er S:ep > %Above For tuning range is narrow, but on the other hand,
junction type /'_ many diffusion processes are required,
'N and the stability of the C-V curve is poor.
©2014 - 2025 7 2025-06-13
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3.1.5. Basic parameters of variable capacitance diodes

VRr: Reverse Voltage
Applied permissible voltage in the reverse bias state of a variable capacitance diode

Cr: Capacitance between terminals
Total capacitance between anode and cathode shown in the equivalent circuit of Figure 3.2

Csv: Capacitance between terminals at Vr=3 V (similarly for Cgy, C2sv, etc.)
Csv/Cov: Capacitance ratio between terminals at Vr=3 V, 9 V (used for tuning variable capacitance
diodes)

K: Capacitance ratio

K = (Terminal capacitance at each voltage)—(Terminal capacitance at reference voltage)

Terminal capacitance at reference voltage

Q: Performance index

The ratio of energy stored to energy consumed by the resistive component in a circuit or material.
Ignoring lead inductance Ls and case capacitance Cy.case in the equivalent circuit of Figure 3.2

1

VSO RSPR )
)

wCirs+ L+7
s RPj Rp—case

Can be expressed.
Generally,

Represented by.
rs. Series resistance

It can be expressed by a single parameter representing the performance index Q, which can be
expressed by the following equation.

1 dx 1 dx

S QNG + 59 aPm +Reoiiiii (4)

Is =

S;: Junction area, un: Electron mobility, up: Hole mobility,

N (x): Impurity concentration distribution on the N side, P (x): Impurity concentration distribution on the
P side,

Rc: Contact resistance

Matching:

In the case of a tuning variable capacitance diode, the variable capacitance diode used in the same tuner
must have matched characteristics.

This is necessary to ensure the tracking of the tuner, and the pair deviation of the terminal capacitance at
each reverse voltage Vr is generally less than 3%.

© 2014 - 2025 8 2025-06-13
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3.1.6. Voltage dependence of capacitance

Depending on the impurity concentration distribution, variable capacitance diodes can be broadly
classified into graded junction type, step junction type, and super step junction type.
When given by a function with N-type impurity distribution,

E= [ED G e ©)

V= = [EG)AX oo (6)
Ere0s;

S @)

€0 : Permittivity of vacuum
er :  Relative permittivity can be expressed.

Also, the capacitance-reverse voltage relationship can be expressed as C = K (Vr + ¢)-n as mentioned
above, and in the case of a graded junction type
n=1/3, in the case of a step junction type n=1/2, and in the case of a super step junction type n=1/2 or
more.

3.1.7. Temperature and pressure dependence of capacitance

The capacitance temperature change of a variable capacitance diode is due to ) the temperature
change of the diffusion potential, @ the temperature change of the permittivity. This can be expressed
by the following equation.

Here, the temperature change of the dielectric constant in the first term is about 35ppm/°C for silicon.
Also, the temperature change of the diffusion potential in the second term is about -2 mV/°C.

In a variable capacitance diode, as long as there is voltage dependence of capacitance, it is impossible
to completely eliminate the temperature dependence of capacitance. However, when obtaining the same
capacitance ratio, the temperature dependence of capacitance can be somewhat reduced by choosing n
at a certain reverse voltage Vr.

3.1.8. Variation of average capacitance due to AC signal voltage

A variable capacitance diode utilizes the change in the depletion layer by changing the reverse bias
voltage of the PN junction, and this change in the depletion layer results in a change in junction
capacitance. Therefore, as shown in Figure 3.3, when an AC signal is superimposed on a certain DC bias
voltage, the depletion layer changes due to the influence of this AC signal.

For this reason, the average value of the capacitance differs when this AC signal is applied and when it
is not.

This is because the relationship between the capacitance shown in equation (1) and the reverse voltage
is generally not a linear function.

© 2014 - 2025 9 2025-06-13
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Figure 3.3 Capacitance Fluctuation as a Function of Reverse Voltage

The variation of average capacitance can be expressed by the following equation.

Cjac _ 1 r2m vsinwt) _p
ot =aels (1+VR+(p ) 7A@ 9)

Cijac : Capacitance when an AC signal is applied
Cipc : Capacitance when a DC bias is applied
usinwt : AC signal level

The rate of capacitance variation AC is given by the equation below.

AC = I2GDCL 400(%) ..o, (10)
Cipc
Ciac = ifozn K(VR + @ + vsinwt) "d(wt) ...ovviiniiniiiinienn. (11)

Note that equations (9) to (11) are valid only in intervals where n can be approximated as constant, and
caution is needed in cases where n changes due to reverse voltage, such as in super staircase junctions.

In variable capacitance diodes, it is impossible to completely eliminate the fluctuation of average
capacitance due to AC signal voltage, just like the temperature dependence of capacitance.

However, even if the same capacitance change ratio is taken, it can be somewhat reduced by selecting
n at a certain reverse voltage Vr.

3.1.9. Voltage and frequency dependence of Q

The performance index Q changes with reverse voltage because the junction capacitance C; and series
resistance rs change. However, since the change in junction capacitance C; is much larger than the
change in series resistance rs, the voltage dependence of Q is dominated by the voltage dependence of
the junction capacitance C;.

According to equation (3), the frequency dependence example of Q is inversely proportional to the
frequency when the series resistance rs is constant.

As the frequency increases, Q may decrease due to the influence of lead inductance Ls and the case
loss resistance Rp-case-

© 2014 - 2025 10 2025-06-13
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3.1.10. Application of variable capacitance diode to tuning circuits

Bias method of variable capacitance diode
In electronic tuners, it is necessary to apply a DC voltage to the variable capacitance diode. The bias
method is shown below.

Table 3.2 Bias method of variable capacitance diode

Bias Circuit Example (1) Bias Circuit Example (2)
c W/t 1=
W L R
Circuit = cI T
— i -
77 Q Vi 77 <@ Vr
Cl,C2»C Cl,C2»C
C1=C2=0.1yF ,R =100 kQ C1=C2=0.1yF ,R =100 kQ
w = 1/VLC = 1/VLC
Let the Q of L be QL and the Q of varicap C | Let the Q of L be QL and the Q of varicap C
be qc, then the circuit Q is given by the | be qc, then the circuit Q is given by the
following equation. following equation.
Q Q=X (2-1) Q=——— e, (2-2)
Qc+Q 1,1 11
o T
C1 is much larger compared to C. Since R
is not added in parallel to C and L, the circuit | Since R is added in parallel to C and L, the
Q is not affected by R. Therefore, R does | circuit Q is affected by R and decreases as
not necessarily need to be large. shown in equation (2-2). Especially when C
is small, it is affected by R.
Suitable for stages requiring high Q of the | Suitable for stages that do not require high
circuit. Q circuits or stages where Q is intentionally
Recommended reduced.
circuit stage (Example)
AM tuner/antenna circuit, RF (Example)
FM tuner/antenna circuit, RF, OSC AM tuner/OSC

Two examples of the bias method of the variable capacitance diode are shown in Table 3.2, and
selecting according to the usage stage is very effective. Additionally, as a precaution, it is considered
appropriate for the bias resistor R to be 200 kQ or less, considering the leakage current

Determination of constants for tracking circuits
The superheterodyne tuner creates an intermediate frequency fir from the received frequency fs and
the local oscillation frequency fo. The relationship between fs, fo, and fir is as follows.

f||== |fo—fs|

AM: fir = 450 kHz (considering coupling with PLL IC)
FM: fir = 10.7 MHz
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Regarding the FM tuner, in the conventional circuit using a Variable capacitor, it is only necessary to
replace the Variable capacitor with a variable capacitance diode, so the tracking circuit and determination
of circuit constants can be done as before.

Regarding the AM tuner, compared to the conventional tracking-less Variable capacitor circuit, the
antenna tuning circuit and RF tuning circuit are the same, but the local oscillation circuit is different. In the
case of a tracking-less Variable capacitor, to satisfy equation (2-3) for a certain L, the capacitance versus
rotation angle characteristic for the local oscillation is changed based on the capacitance versus rotation
angle characteristic for the antenna and RF tuning. Since the capacitance versus voltage characteristic
of the variable capacitance diode is the same for each stage used, ingenuity is required in the local
oscillation circuit to satisfy equation (2-3).

© 2014 - 2025 12 2025-06-13
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Below, using representative circuit examples, calculation formulas for determining constants are shown.

(1) Calculation of FM tracking circuit constants

Here, we replace the LC resonant circuit with an equivalent circuit and demonstrate the calculation of
the two-point tracking circuit constants under the following conditions. Two-point tracking is adjusted so
that the FIF becomes 10.7 MHz at only two points (generally the maximum and minimum frequencies) of
the reception frequency.

(a) Operating voltage range of the variable capacitance diode: V1 = Vmin to Vmax
(b) Capacitance variation range of the variable capacitance diode: C = Cmax (at Vmin) to Cmin (at Vmax)
Note that the C-Vt characteristics of the variable capacitance diodes used in each stage are all the

same.

(c) Reception frequency range: fsmin (at Cmax) to fsmax (at Cmin)

(d) Local oscillation frequency range: fomin (at Cmax) to fomax (at Cmin)
Note that fOmin = fsmin £ 10.7 MHz, fomax = fsmax = fomax + 10.7 MHz
(However, Japan is -, US/Europe is +)

Table 3.3 Calculation of two-point tracking circuit constants for the tuner

Antenna RF circuit Local oscillation circuit
Ce
I
L1 c \[ A& ¢ L
. AV 2 c V& 7! @)
Equivalent
circuit
C1: Total capacitance including adjustment C2: Total capacitance including trimming
trimmer capacitance, circuit capacitance, and capacitance for adjustment, circuit
active element capacitance. capacitance, and active element capacitance.
1 1
fS _— W ............... (2'4) fo -_ W .................. (2'8)
Therefore
Therefore
2
fsmax ) _ Cmax+Cq _ 2
(fsmin ~ Cmin+Cy T (2 5) (fomax ) = sz.11x+C2 ............ (2-9)
fomin Cmin+C;
Hence
Calculation fgmax However |fomax= fsmaxtfie
Cmax— fomin Cmin fomin=fgmintfig
formula for C, = e R (2-6)
. . fgmax
circuit (f—) -1 Consequently
constants s
Also Cmax—<ff°me,‘X > min
Lo 1 (2-7) ..Cy= ... (2-10)
17 4n2fgmax?(Cmin+Cy)" """ <f0mz.lx ) 1
fomin
Also
1
. P pr T T ST (2-11)
(fs - fo) —fs
— 109
T
Example = —
Of circuit :5 107k = 4’:_ ____________________________________________ hn _____ le—fIF
constant R
calculation = s
103 76 I 78 80 I 82 84 86 I 88 90
fs  (MHz)
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(2) Calculation of AM (medium wave) tracking circuit constants
AM medium wave has a larger change ratio in reception frequency compared to FM. Therefore, in two-
point tracking, there is a part where fir deviates significantly from the 450 kHz wave. Hence, three-point
tracking using the padding capacitor method is performed. In three-point tracking, fr matches 450 kHz at
only three points—Ilarge, medium, and small—within the reception frequency, and slightly deviates at
other frequencies. However, this is not a level that becomes a problem in implementation. Below, the
calculation of tracking circuit constants is shown based on the following conditions.

(a) Usage voltage range of variable capacitance diode: V1 = Vmin to Vmax
(b) Capacitance change range of variable capacitance diode: C = Cmin (at Vmax) to Cmax (at Vmin)
Note that the C—Vt characteristics of the variable capacitance diodes used in each stage are all the
same.
(c) Reception frequency range: fs = fsmin to fsmax
(d) Local oscillation frequency range: fo = fOmin to fomax
(e) Three-point tracking points for received frequency: fs1 (atCs1), fs2 (atcsz2), fs3 (atCss)
(f) Three-point tracking points for local oscillation frequency: fo1 (atCs1), f02 (atCs2), fo3 (atCss)
fo1 =fs1 + 450 kHz
fo2 = fs2 + 450 kHz
fo3 = fs3 + 450 kHz

Table 3.4 Calculation of three-point tracking circuit constants for AM (medium wave) tuner

Antenna-RF circuit Local oscillation circuit
G
E I
L1 c \/A& S C1
SZT L2 { c SZ+ 7!@
Equivalent
circuit c1. Total capacitance including adjustment | cp: Padding capacitance
trimmer capacitance, circuit capacitance, and | c2: Total capacitance including adjustment
active element capacitance. trimmer capacitance, circuit capacitance, and
active element capacitance.
1 1
fg=————— e 2-12 foh =—F——mm—o—0—— .. 2-16
s = e (2-12) T (2-16)
Therefore I Lo+ CarCp
2
(Bmex ) Gmaxtly (2-13) | AlsO )
S 1 — — -
Hence Cek = pr o TR SRR (2-17)
: 2 However, k=1,2,3
Calculation Cmax—{ 8™ ) chin ( )
fgmin Therefore
formula for C, =  amm PPV (2-14) s . 2 g . 2
circuit (fsmi) -1 C, = (fo1°—f02°)Cs1Cs2+(fo2*—fo3%)Cs2Cs3 +
fomin - f012—F022)Cs3+(foz2—fo32)Cs3+
constants s (for 0z ) 2s3 (foz°~fo3”)Cs3
Also (foz>—f01%)Cs1Cs3 (2-18)
) SR T s IR
L, = ——— s (2-15) s o
4m?fgmax?(Cmin+Cy) Co = (foz“—f01°)(Cs2+Cs1)(C2+Cs32) (2_19)
P (f012~fo2%)Co+fo12Cs1~fo2°Csz
Also,
_ Cs1+Cp+Cp )
L, = T2t Zap(CatCany’ (2-20)
(fo—fs) 15
48
Example £ ‘\ —
of circuit T TN B L] .
constant T N - \
calculation = N
440
800 800 1000 1200 1400 1000
fs (kHz)
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3.1.11. PIN diode

A PIN diode is a type of diode that has a PIN junction, which is formed by placing an intrinsic
semiconductor layer (I layer) between a general PN junction diode. The PIN diode can change the high-
frequency series resistance rs by controlling the forward current of the PIN junction, and it is used for
various applications such as microwave line switching, TV/radio band switching, and AGC.

3.1.12. Operating principle and structural diagram of the PIN diode

When a forward bias voltage like that in Figure 3.4 is applied to the PIN diode, electrons and holes are
injected into the | layer. These injected electrons and holes either recombine to form a forward current or
accumulate in the I layer. The accumulated electrons and holes in the | layer increase the conductivity of
the | layer, reduce the series resistance rs at high frequencies, and enable the operation as a high-
frequency variable resistance element.

Figure 3.5 shows the structural diagram of the PIN diode.

P | N
OF S 0O
@t ~Q
O 0
@1 <O
@1 0
1> 0O

"

Fig. 3.4 Operating Diagram

Anode

Al S0
e =2
i /
N[ [P N*

| layer

o
5

Cathode

Fig. 3.5 Structural Diagram
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Basic parameters of PIN diode

rs: Series resistance
The series resistance rs of the PIN diode in forward bias is,

P T PP (1)

ri: Resistance of the | layer
r.: Can be expressed as semiconductor contact resistance.

12

ry = W ........................................................................... (2)
L : Thickness of the | layer
I : Direct current
He : Electron drift mobility
Un - Hole drift mobility
T : Carrier lifetime in the | layer
_ Pn+ln+ pP+lP+ pcn+ PCP+
e = A T A
Pc
= XC .......................................................................................... (3)
pnt, pP* . Specific n'*resistivity P*of the layer
LY 1t Specific n*resistivity P*of the layer
Pen” :  Specific contact resistance between n*metal and layer
pPt . Specific contact resistance between P*metal and layer
pPt . Specific contact resistance between P*metal and layer
Pec . Total equivalent specific contact resistance
A :  Diode area
Substituting equations (2) and (3) into equation (1), equation (4) is obtained.
12 [
[ T m T T e s 4
ST tGetmy ' a (4)

Cr: Capacitance between terminals
The total capacitance between the anode and cathode is dominated by junction capacitance and case

capacitance.
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3.1.13. Applied circuit example

Figure 3.6 is a r-type attenuator, Figure 3.7 is an example of a Radio-frequency switch circuit.

+V
C [l]
INPUT P QUTPUT
o—i| k] o
Il | ~J
Il | I I |
7 77
Figure 3.6 T-Type Attenuator
—V-—l — +V
o OUTPUT
INPUT o—]| SH T > o
T ||
/77
INPUT o—]| <G T =

Figure 3.7

Radio-frequency Switch circuit
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3.1.14. Schottky barrier diode

A diode that utilizes rectification due to the contact between metal and semiconductor, called a Schottky
barrier diode because it was proposed by Schottky.

It is characterized by creating a Schottky barrier between the deposited metal and the N-type epitaxial
layer. Typical metals that create a Schottky barrier include molybdenum (Mo) and titanium (Ti). The
Schottky barrier diode has a forward voltage as low as a Ge diode and, unlike point-contact diodes, does
not have complex factors like needle pressure, making it easier to handle in manufacturing.

This diode is primarily used in mixer and detector circuits above the UHF band, offering superior noise
performance compared to point-contact types, and is mechanically and electrically strong, providing
reliability benefits. Figure 3.8 shows the structure of a Schottky barrier diode.

Anode

Mo Al

N+

N*

1

Cathode

Figure 3.8  Schottky barrier diode structure diagram
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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”.

o 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.

o 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.

o 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.

¢ 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.

o 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.

Toshiba Electronic Devices & Storage Corporation
https://toshiba.semicon-storage.com/
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