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WHAT IS A PHOTORELAY ?




Classification of Relay

* Low current switching mechanical relays, often below 2 A,
Signal Relay used for applications such as signal, circuit, high frequency control etc.

Mechanical Relay * Includes high frequency relays.

(Contact Relay)
+ Mechanical relays whose switching current is above 2 A

Power Rela * Includes general purpose relays for control panel, high DC current
y 9 y 9
controlling power relays etc.

+ Uses MOSFET as output device.
+ Mainly used to replace signal relays
Photorelay + Able to control both AC and DC loads
(MOSFET output)
Semiconductor Product with , according to the
Relay (Contactless standard of Toshiba.
Relay)
SSR + Uses phototriac, phototransistor or photothyristor as output device.
(Solid State Relay) * Phototriac, photothyristor used devices are limited to use for AC loads.

This classification may differ from actual classification in different catalog distributor (e.g. Digikey / Mouser etc.).
We recommend searching with the product’'s name directly.
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Structure of Photorelay

SO6 Package S-VSON Package
‘ 3.7 X7.0X21mm . 2.0 X 1.45 X 1.65 mm
4 A Y
Frame Type Substrate Type

Silicon Resin
Lead Frame I \ I

\—*dJ_i_l Epoxy Resin

PDA Chip

Substrate

MOSFET: Metal Oxide Semiconductor Field Effect Transistor
PDA: Photo Diode Array
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How a Photorelay Operates (in Case of 1 Form A Type)

<
PDA A
LED N L MOSFET

VS

'. ) /

LIGHT |
— ~
[1] [2] [3]

‘ MOSFETs turn on, thus the circuit on the

Apply a current to the LED to ‘ The PDA that received light
output side turns on.

emit light from the LED drives the gates
of MOSFET.
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ADVANTAGES OF PHOTORELAY
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Photorelay VS Mechanical Relay

Photorelay Mechanical Relay
(MOSFET output photocoupler)

— | COIL = I_ METAL
‘{ k= Zx CONTACT
PDA |_
LED / Slz_ a MOSFET

\ ELECTROMAGNETIC FORCE
! 7 CTROMAG C FORC
}

LIGHT i I

Comparison with Mechanical Relay

A

A

. Miniaturization of mounting area

. High reliability (long lifetime)

. Low input current / driving voltage

. Excellent switching characteristics (high speed, low noise)
. Supporting hot switching

UG PR WNPR
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Toshiba Photorelay Package Trend

Package Trend (unit: mm)

| 39 T 42_2’ Miniaturization 1.45
SOP SSOP USOP VSON

We have a line-up of products in small packages such as VSON and S-VSON.
Replacing with photorelays greatly contributes to the miniaturization of circuits.
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High Reliability (Long Lifetime)

Photorelay Mechanical Relay
(MOSFET output photocoupler)
— | COIL - METAL
‘{ k5 2 CONTACT
PDA H
tep N2 Slz_ | MOSFET

: ‘{ |I<: 4 ELECTROMAGNETIC FORCE
|
|

A
L) N o
~Q’ Q

A photorelay operates by receiving LED light with photodiode array, converting it into voltage signal which
drives MOSFETs. Since there are no mechanical contacts, like mechanical relay
(no limit on the number of switching times, and it's maintenance free).
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Low Input Current / Driving Voltage

Photorelay
(MOSFET output photocoupler)

I

Fewer parts needed
Can be driven by just
two batteries

/

[1

Mechanical Relay

More parts are
needed to drive

Since an LED is used on the input side which driven by current signal, and necessary input current (trigger LED
current: IFT) to turn on the output is as low as 3 to 5 mA (max), thus a photorelay

But it is necessary to consider LED lifetime when designing Ir specification.
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Excellent Switching Characteristics (High speed, Low noise)

Photorelay Mechanical Relay
(MOSFET output photocoupler) _——sBackelectromotive
force by coil
/
INPUT INPUT
(LED) (Coil)
S e | ps ms </
OUTPUT OUTPUT
(MOSFET) (Metal Contact)
Bounce
Benefits of replacing mechanical relay with photorelay
*Reduction of noise
input: no back electromotive force
output: no bounce

Switching speed is 1/10 to 1/100 of mechanical one

Since photorelay uses an LED on the input side and MOSFETs on the output side, noise caused by back electromotive
force or bounce does not exist anymore. It also does not produce operation sound like mechanical relay (hitting of
contacts).
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Support Hot Switching

Case of HOT Switching Case of COLD Switching
ON / OFF signal
Load (L, R, C etc.) — |
SW: ’ P
photorelay
Vee ——— Driver SW:
T photorelay 777

This means that the switch (SW) operates

This means that the switch (SW) operates with without voltage applied on the output side.

voltage applied on the output side.

Mechanical relays have shorter lifetime when used in HOT switching.
Photorelay can be used in both HOT switching or COLD switching cases as long as the maximum rating is maintained.
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Comparison of Performance with Mechanical Relays

Mechanical Relay
(Signal Relay)

Photorelay

Remarks

(Feature of Photorelay)

Lifetime

Contact capacity

(ON-state current)
Contact resistance
(ON-state resistance)
Contact voltage
(OFF-state output terminal
voltage)

Isolation voltage

Operation / Release time
(Turn-on time / Turn-off time)

Operation sound
Miniaturization
Input power dissipation

Contact form

OFF-state current

* X
(With contact limit)

* %k k k(2 A)
*T, 85 °C/ AC-DC applicable
About 0.1 Q
(Degraded by on / off)

* ok ok k
(e.9. AC 250V, DC30V)

* Kk K
(e.g. 1kV,.J)

* X

(about 5 ms)
% % (exist)

* %k
(e.g. 60 mm?)

% (coil)
(>100 mW)

1¢, 2c mainly

% % % % (not exist)

* Xk Kk

(No contact limit)

% %k %k (up to 5 A)
*T, 25 °C/Vopr = 60 V basis
About 0.02 to 25 Q
(Stable)

* %k Kk
(e.g. line up with 20 to 600 V)

* Kk Kk
(max: 5 kV,..)

* %k
(about 0.1 ms)

* Xk Kk

(No sound)
% % % %k
(S-VSON: 2.9 mm? - 1.45 x 2.0 mm)

% % % % (LED)
(e.g. 0.5 mW)

1a, 1b, 2a, 1a1b
* % % (>20 pA)

In recent years, replacement of mechanical relays and reed relays is accelerating.

Long lifetime

High reliability

High speed
No noise

Smaller size

Reducing power
consumption
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TERMINOLOGY OF PHOTORELAY
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Electrical Characteristics Comparison: Mechanical Relay vs. Photorelay

Mechanical Relay
Characteristics

Explanation

Equivalent in

Rated coil voltage and
(Coil) Nominal operating
current

Contact form

Contact resistance
Contact capacity

Maximum allowable power

Maximum allowable voltage

Voltage and current that applied to the coil by design to
make relay function normally

The type and the number of contacts in the circuit
e.g. Normally Open x 1 Contact (1a)
Normally Close x 1 Contact (1b)
Change-over contacts X 1 Contact (1¢)

Total resistance in the ON-state

The voltage and the current of load that contact can handle

The upper limit of energy consumption of load that relay
can function normally

The maximum open circuit voltage
Requires derating according to driven load and current.

Photorelay Characteristics

Input forward current (I¢) , Input forward
voltage (Vf), Recommended Input
Current

Contact Form
e.g. Normally ON x 1 Contact (1a)
Normally OFF x 1 Contact (1b)

ON-state resistance (Ron)

OFF-state output terminal voltage (Vor),
ON-state current (lon, lonp)

Output power dissipation (Po)

OFF-state output terminal voltage (Vorr)

© 2024 Toshiba Electronic Devices & Storage Corporation 18



Electrical Characteristics Comparison: Mechanical Relay vs. Photorelay (cont'd)

Mechanical Relay

Characteristics

Maximum allowable current

Explanation

The maximum current that the contact can handle
Requires derating according to driven load and
voltage

Equivalent in
Photorelay Characteristics

ON-state current (lon, lonp)

Operation time
Switching

The time interval from the power applied to the coill
until the closure of the contact. (Bouncing time is not
included)

Turn-on time (ton)

(time)
characteristics .
Release time

The time interval from the power removed from the
coil until the return of the contact to it's initial
position. (Bouncing time is not included)

Turn-off time (topg)

Mechanical life

The minimum number of operation cycles the relay
can undergo without load on the contact.

Estimate the lifetime from the LED
degradation data and trigger LED
current maximum value

Lifetime

Electrical life

The minimum number of operation cycles the relay
can undergo with a specified load on the contact.

Estimate the lifetime from the LED
degradation data and trigger LED
current maximum value

Operating temperature

The temperature of the environment when the relay
is operating.

Operating temperature (Topr)

© 2024 Toshiba Electronic Devices & Storage Corporation
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Terminology of Photorelay 1

The maximum value which can not be exceeded during operation, even for an instant

Absolute maximum rating o When temperature condition is unspecified, T, = 25 °C.

Input forward current IF The rated current which can flow continuously in the forward direction of the LED
I(rr;ElusteZO)rward current lrp The rated current which can flow momentarily in the forward direction of the LED
o Input forward current
- deprla:tinz ara curre Ale/AT, | The Rate of change of maximum of Input forward current to ambient temperature
Input reverse voltage VR The rated reverse voltage which can be applied between the cathode and anode of LED
Junction temperature T; The highest temperature of LED junction which can be allowed during operation
OFF-state output v The rated voltage that can be applied between the output terminals of MOSFETs in the OFF-state.
terminal voltage OFF In the case of AC, it means peak voltage.
ON-state current | The rated current which can flow between the MOSFETs' output pins in the ON-State
ON In the case of AC, it means peak current.
o
] ON-sjtate current Alon/AT, The reduction ratio of on-current against ambient temperature increasin
= d g9 Y g
© erating
ON-state current | The rated current that can flow instantly between output terminals of MOSFETs in ON-state
(pulsed) ONP (100 ms, DUTY = 1/10)
Junction Temperature T; The highest temperature of the junction of detector side which can be allowed during operation

Q Absolute Maximum Rating : The maximum value that can not be exceeded during operating, © 2024 Toshiba Electronic Devices & Storage Corporation 20
even for an instant.



Terminology of Photorelay 1 (cont'd)

Description
Isolation voltage BV The isolation voltage between input and output at the specified voltage value (High POT)
Ambient temperature Ta The ambient temperature at which the photorelay can function normally
Storage temperature Tstg The ambient temperature range at which the device can be stored

The rated temperature at which the pins of the device can be soldered without loss of

Lead soldering temperature Tsol functionality

© 2024 Toshiba Electronic Devices & Storage Corporation 21



Terminology of Photorelay 2

Electrical Characteristics

Description

Input forward Voltage \' The voltage drop between the LED's anode and cathode at a certain forward current rating
Input reverse current IR The leakage current flowing at the LED's reverse direction (from cathode to anode) under a certain reverse voltage
I(rLIEp;;c capacitance Ct The electrostatic capacitance between the anode and cathode pins of the LED
o The minimum value of input current required to transition the output state of the relay
The relay must be used at a current higher than the maximum specified in this item to let it transition normally.
[a) Trigger LED current - . . e
w T Form-A: The minimum input forward current Ir required to let the output MOSFETSs transition into ON-state
lrc Form-B: The minimum input forward current I required to let the output MOSFETs transition into OFF-state
o The maximum value of input current to restore the output state of the relay
The current must be lower than or equal to the minimum specification in this item to ensure that the relay is restored.
Return LED current . . . e
lrc Form-A: The maximum input forward current Ir required to let the output MOSFETs transition into OFF-state
T Form-B: The maximum input forward current Ir required to let the output MOSFETs transition into ON-state
N ON-state resistance Ron The resistance between the MOSFETs' output pins at a specified ON-state rating
[e]
s OFF-state current loFr The leakage current passing through the MOSFETs' output pins in OFF-state
[}
a
Output capacitance Corr The electrostatic capacitance between the MOSFETs' output pins (between the two drains)

© 2024 Toshiba Electronic Devices & Storage Corporation
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Terminology of Photorelay 2 (cont'd)

Electrical Characteristics

Current Limit

Total capacitance (input
to output)

Isolation voltage

Turn-on time

Turn-off time

Equivalent rise time

lLim
Cs
BVs

ton

torr

ERT

The load current maintained when the current limit function kicks in
The electrostatic capacitance between the input and output pins

The maximum allowable voltage between the input and output pins

The time taken for the output waveform to change upon input of a specified current into the LED
Form-A: Time required for the output voltage waveform transition to 10 % upon turning on the LED
Form-B: Time required for the output voltage waveform transition to 90 % upon turning off the LED
The time taken for the output waveform to change upon turning off the specified current into the LED
Form-A: Time required for the output voltage waveform transition to 90% upon turning off the LED

Form-B: Time required for the output voltage waveform transition to 10% upon turning on the LED

An indicator of the output transition characteristics for applications with high frequency or high speed
signals

ERT is expressed with the formula ERT = /tﬁout — t7, Where tiin is the input waveform rise time and trout is the
output waveform rise time after transition within relay.

The lower the ERT value, the closer the output signal is compared to the original input waveform.

© 2024 Toshiba Electronic Devices & Storage Corporation 23



Terminology of Photorelay 2 (cont'd)
Electrical Characteristics

Reference data

Others

MOSFET ON-state
voltage drop Von

Relative output

. Corr/Corr(0 V)
capacitance

Current limit
function

Low product of
CandR

The voltage drop between the output pins when the MOSFET is turned on

The capacitance between the output pins relative to the capacitance between the
output pins at zero volts

A function whereby the load current is maintained at a certain range according to
specification when an overcurrent is detected
This helps to protect the photorelay and related parts in the circuit from damage.

An indicator of photorelay output characteristics in applications with high frequency
or high speed signals

C refers to Corr - Electrostatic capacitance between the MOSFETs' output pins

R refers to Ron - Resistance between the MOSFETs' output pins at a specified ON-
state rating

High Corr may cause following phenomena:

-Signal may pass through relay even if the relay is at OFF-state (signal leak or lower
isolation level).

Longer output signal rise time (waveform distortion)

*High Ron leads to signal loss (voltage drop and insertion loss reduction).

Therefore in such applications, low Corr and Ron, thus low product of C and R
characteristic, is important.

© 2024 Toshiba Electronic Devices & Storage Corporation 24



Terminology of Photorelay 3

Recommended supply voltage which has taken derating of maximum specifications
Supply voltage Vop into consideration
In the case of alternating current, it means the peak voltage.

Recom.mended Recommended LED input forward current which has taken derating of maximum
operating Input forward current Ir £ ations | derati
conditions Specifications Into consideration

Recommended load current which has taken derating of maximum specifications into

ON-state current lon consideration
In the case of AC, it means the peak current.

Recommended operating temperature which has taken derating of maximum
specifications into consideration

Operating

temperature Topr

Q Recommended operating conditions is only a reference to achieve the intended performance of the device,
which has taken margin into consideration.
Also, it is necessary to design in detail according to the customers’ actual usage conditions.

© 2024 Toshiba Electronic Devices & Storage Corporation 25



Key Characteristic : ON Resistance (Rgy)

Ta=25°C |F=5mA,t<1s IDN:1A IF:EmA,t<ts
12 0.5 —
N / /. [
' / 04 g
/ YN [k
— — 03 =
<T @]
~ 0 e
- e 02
- JE—
-04 / ,...--"""""—-
08 // 01 A resistance is seen
. 0 during on state
02 0.1 0 01 0.2 40 20 0 20 40 60 80 100
You [V L Fig 3. Characteristics under a high
) . Ig 3. Characteristics under a hi
Fig. 1 lon = Von Fig. 2 Ron =T, J 9

temperature
) ON Resistance (Roy)

*Fig. 1 shows a photorelay output current — voltage characteristic which is equivalent to contact resistance characteristics of mechanical relay

The grater slope of this line means smaller Ry, value.

*The Ry of output MOSFETs has a trade-off relationship with the off-state output voltage. Higher off-state voltage usually means higher Ry and
power consumption.

-Ambient temperature can influence Ry (Fig. 2). Roy and power consumption become higher when ambient temperature is higher.

-Please take sufficient Vo margin into account in your design. It is desirable to choose a photorelay with the smallest Ry in this Ve range.

*To prevent breakdown of the device due to heat generated by increased power consumption, the ratings should be set to ensure that the load
current does not exceed a certain level under high temperature.

It is recommended the photorelay with the lowest RON be selected ensuring a sufficient off-state voltage margin
for the load voltage to be used.

© 2024 Toshiba Electronic Devices & Storage Corporation 26



Key Characteristic : Output Capacitance (Cy;)

Mode | Equivalent | Operation Example
_ | Circuit

% LED: ON Resistor VDD

N/ = — C —
------- UDUT
— v Vb x R,
. . . . OUT RGN x RL
Unlike mechanical relays, ON-state resistance and output capacitance are _
inherent characteristics of photorelays (semiconductor relays), which LEDIOFF | Capacitor <— ]| SquareWave Instantancous
. . . . . . current Tiows a e
requires consideration when replacing mechanical relay with photorelays. Sp— rise and fall of the
H i COFF square wave
The diagram on the right shows the operation example of the waveform -T- | - >
due to ON-state resistance and output capacitance. R |1 k

-Output capacitance is the electrostatic capacitance between the MOSFETs' output pins when there is no
input current (MOSFET is OFF). In a non conductive state, the AC signal leaks through this capacitance.
*The difficulty of flow of current in an AC circuit is known as impedance. In a DC circuit, this is known as
resistance. The impedance of electrostatic capacitance becomes smaller with higher frequencies and larger
with lower frequencies— also to say that current flows more easily.

*When the LED is OFF, it is desirable to have a smaller leak current on the output side. A smaller electrostatic
capacitance helps limiting this leak current (especially at high frequencies).

© 2024 Toshiba Electronic Devices & Storage Corporation 27



Switching Time (ton/toff)

1000 1000
V=10V
R, = 2000 —|
T =25°C ton
) 0
= ton T !
= | .
+ 100 _ — w 100
z N\ L
t[]FF Y
— torr
I'U'IDC - 10 'U'
1l T T T 1 R, =200 ©
‘ ‘ I = 5 mA
10 10
1 10 100 -40 -20 0 20 40 60 a0 100 120
|- (mA)

F|g 1 tON’ tOFF - IF F|g 2 tON’ tOFF - T

a

-Switching time for standard products ranges from 0.2 ms to 2.0 ms, differing with products.
Higher input currents imply higher LED emission intensity, which brings about faster switching speed.

*With higher ambient temperatures, LED emission intensity drops together with PDA capabilities resulting in
increasing of switching times.
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CXR

When using a photorelay to control high speed (> several MHz) input square waves, distortion of the wave can be observed
(Fig. 1). This leads to degradation of signal quality and signal strength after passing through the photorelay, and signal leakage
when the photorelay is off state.

Input Signal Insertion Loss: LED ON Insertion Loss: LED OFF

ok o
¢J
o a A NO

Output Signal

Distorted square wave -10

1 1] 1

-16

eSS 2R
::/7«::: |

0.1 1 10
flGHz]

[dB]
[dB]

Low CXR 0

product
Less distortion\ L

0.1 1
flGHZz]

At high frequencies, impedance due
to the output capacitance is lowered.
The signal can passed easily even in
the OFF-state.

At high frequencies, impedance from
the frame and wires become significant,
making it difficult for the signal to pass.

Conventional Also, C and L cause resonance.
product

The lower the product of C and R, the closer the output is to the original waveform
Fig. 1 (Better impedance matching characteristic).

= Possible to replace reed relays
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LED Lifetime Estimation

The LED degradation rate changes with the input current and time.
The LED life estimation is based on LED long term data taken from one lot and thus can only be used for reference purposes.

F50% Lifetime: The projected lifetime for 50 % of cumulative failures. This is the time period up to where the projected long-term light output
degradation curve of the average light output (AVG) reaches the failure criteria.

F0.1% Lifetime: The projected lifetime for 0.1 % of cumulative failures. This is the time period up to where the projected long-term light
output degradation curve AVG-30 reaches the failure criteria.

- — AVG (%) — AVG-30 (%) — Projected F50% operating life  ——  Projected F0.1% operating life
= 140 — 10000000
@ =
o D
S 120 = 1000000
=
o 100 g
2 S 100000
= —
@ B0 W
o o
b = 10000
S 6 D
—
E 40 Qu_.{ 1000 Failure criteria for light output
= o© degradation APo < -50%
3 20| I.=50mA - 100 . . p .
p—
= T,=40°C /K0
= 0 I } — } } } } t i
1 10 100 1000 10000 100000 7 10 108 60 % 0 =0 0 T
Ti me(h) Ambient Temperature (°C)
Fig. 1T GaAs LED projected light output degradation data Fig. 2 GaAs LED projected operating life data

© 2024 Toshiba Electronic Devices & Storage Corporation

30



Toshiba Photorelay Datasheet Example

Input (LED) forward current

The maximum allowable forward current that can be input
into the LED without damaging it.

Please design input forward current within this specification.

Absolute Maximum Ratings (Note) (Unless otherwise specified, Ta = 25 °C)

OFF-state output terminal voltage
The maximum voltage which can be applied between
the MOSFETs' output pins in the OFF-state. It
provides an indication of the power source to use.

ON-state current

The maximum current which can flow between the
MOSFETs' output pins in the ON-state

Design of both DC and AC currents should be kept
within this value.
lon(max) changes with ambient temperature.

Isolation voltage
The resistance between the input and output pins

v Characteristics Symbol Hote Rating LIt
LED  Jinput forward current || Ir 30 mA
Input forward current derating {Taz25°C) AlplATy 0.3 mASC
Input reverse voltage Vi 5 v
Input power dizsipation Pp 50 i
Input power dizsipation derating {Taz25°C) APR/AT, 05 mWC
Junction temperature T; 125 c
Detector JOFF-state output terminal voltage IS YT 20 vV
ON-state current | o 1 A
ON-state current derating (Ty225°C) AlrpAT 5 =10 mASC
OM-state current {pulsed) {t = 100 ms, Duty = 1/10) lose 3 A
Qutput power dissipation Po 240 vy
QOutput power dissipation derating (Ty225°C) APR/AT, 24 mWiFC
Junction temperafure T 125 *C
Commaon | Storage temperature Tty -40to 125
Operating temperature T <40 to 440
Lead soldering temperature (10 ) Ten 264
Izolation voltage AC 60 s RH. =60% I: B Hhberte—t 568 Vms

*Extracted from TLP3403 datasheet

with specified voltage applied.
The limit within which isolation breakdown does not
OCCur.

© 2024 Toshiba Electronic Devices & Storage Corporation 31



Toshiba Photorelay Datasheet Example

Electrical Characteristics (Unless otherwise specified, Ta = 25 °C)

Characteristics Symbol | Mote Test Condition Min Typ. Max Unit
LED (Input forward voltage Vi lg = 10 mA 1.1 1.27 14 v
Input reverse current Ig V=5V 10 s
Input capacitance Cy V=0V f=1MHz — 30 — pF
Detector |OFF-state current lorr Vapr= 20V — — 1 na,
utput capacitance ey =yttt — 40 — pF
Coupled Electrical Characteristics (Unless otherwise specified, Ta = 25 °C)
Characteristics Symbol [ Mote Test Condition Min Typ. Max Unit
Trigger LED current = ) — —_ 3 mA
Return LED current Ige lopr = 10 p& 0.1 — —
(Oh-state resistance <Esau log=d8 lo=8mA t<1g — D.18 022 9]
Isolation Characteristics (Unless otherwise specified, Tg =5 25 °C)
Characteristics Symbol [ Note Test Condition Min Typ. Max Unit
Total capacitance (input to output) Cs {Mote 1) Ve =0V, f=1 MHz - 1.0 — pF
Isolation resistance Rg {Mote 1) | Ve =500% R.H. =60 % - 1014 — 9]
Isolation voltage BWs |(Note 1) |AC, 60s 500 —_ —_ Vs

MNote 1: This device is considered as a two-terminal device: Pins 1 and 2 are shorted together, and pins 3 and 4 are

shorted together.

Switching Characteristics (Unless otherwise specified, Th = 25 °C)

| Characteristics | Symbol [ MNote Test Condition Min Typ. Max Unit
Tum-on time =: oh b2 o P — — 20 ms
Turn-off time :; = B =2000 Vop=10V lz=5mb _ o 1.0
I
-3 4 R, Voo
o0—0— I | |
Vour Vour

3
10 %
ﬁ _o—‘ ton torr

Output capacitance

The electrostatic capacitance between the MOSFETs' output pins
(capacitance of the PN junction between the two drains)

This leads to signal leakage through this “capacitor” in the
OFF-state when using AC power source.

Trigger LED current

The minimum value of the input current I necessary to
turn the output MOSFETs into the ON-state

ON-state resistance

The resistance between the MOSFET output pins when
the MOSFETSs turns on at a specified input LED current

Turn-on time
Time required for output waveform to drop to 10%
upon turning on the LED

Turn-off time

Time required for output waveform to return to 90%
upon turning off the LED

*Extracted from TLP3403 datasheet
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SELECTION GUIDE
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Photorelay Selection Guide and Points to Note (1/3)

Voltage and current maximum ratings

Unlike mechanical relays where exceeding the maximum ratings may not cause circuit to break down immediately,
photorelays are susceptible to excess voltage and current. Care needs to be taken for design within the specified
maximum ratings.

Lifetime (Reliability)

Cycle lifetime is specified for mechanical relays due to contact wear and welding.

Conversely, since photorelays turn on and off with respective MOSFET operation, there is no mechanical contact
and therefore no need for maintenance like mechanical relays. When used within the specified ratings,
photorelays provide long lifetime.

ON-state resistance
Mechanical relays hardly have any ON-state resistance, while photorelays have a range of high to low Ry
products. High current photorelay with a Ry, lower than that of mechanical relays also exists.

© 2024 Toshiba Electronic Devices & Storage Corporation
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Photorelay Selection Guide and Points to Note (2/3)

@ Output OFF-state

OFF-state output terminal voltage

Complete isolation is achieved in mechanical relays when the contact is open. On the other hand, photorelays
are not completely isolated due to the existence of PN junction. Compared to mechanical relays, the OFF-state
terminal voltage is lower, and therefore we recommend a protection diode added to the circuit.

OFF-state current (leakage)

There is hardly any leakage current in mechanical relays. In photorelays, leakage current flows when voltage is
applied on the output side. For applications where leakage is a concern, please consider Toshiba’s low leakage
(pA order) products.

® Switching time
Toshiba has photorelays with typical switching times less than 1 ms even about 0.01 ms, unlike mechanical relays,
which takes a few milliseconds even for signal relay.
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Photorelay Selection Guide and Points to Note (3/3)

® Input power consumption
Mechanical relay power consumption, even for low power consumption signal relays, are typically from 100 mW
onwards. For photorelays, trigger currents of about 3 mA can operate the MOSFETs. Typically I around 5 mA
(below 10 mW) is sufficient. There are also products with I = 0.2 mA (max), further lowering the power
consumption.

@ Driving current

Mechanical relays can be driven by both DC and AC. However, most of the photorelays are DC driven.

@ Contact form
Mechanical relays have a range of contact forms (Form-A, Form-B, Form-C) to choose from. Photorelays are
typically Form-A. (Some products also support Form b)

9 Size

Small sized mechanical signal relays takes up 60 mm? area.
However, the area photorelays taken is considerably smaller, such as 2.9 mm?2(2.0 mm X 1.45 mm), making it
possible to mount more parts in a limited area.
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05

DESIGN CONSIDERATION
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* Photorelay Failure Modes p.39

* |- Design Consideration p.40-42
* Overvoltage / Overcurrent on Input Side p.43-44
* Input Side Design Consideration p.45-49
 Overvoltage / Overcurrent on Output Side p.50-56

 Output Side Design Consideration p.57-58
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Photorelay Failure Modes

Below are the causes of photorelay failures when used beyond specified voltage and current limits.

To reduce the risk of such failures, the section [Design Considerations] is provided for your reference.

Factor Cause Area of defect Phenomena Cause of defect Countermeasure
Detection of . Overvoltage or . Open: 1. Load-included noise in the circuit 1. Re-design the protection circuit
— Electrical stress Melted wire — — . o — .
defect over current on Does not turn on by I 2. Surge in the circuit 2. Countermeasure against surge
the input side
LED chip Short: 1. Load-included noise in the circuit 1. Re-design the protection circuit
burnout Does not turn on by I 2. Surge in the circuit 2. Countermeasure against surge
. ESD damage 3. Countermeasure against ESD
LED chip junction Short / Leak: . Load-included noise in the circuit 1. Re-design the protection circuit
destruction Does not turn on by I 2. Surge in the circuit 2. Countermeasure against surge
. ESD damage 3. Countermeasure against ESD
Package discoloration Short / Leak: 1. Over current (higher than maximu ratings) Re-design the circuit
(caused by heat) Does not turn on by I 2. Overvoltage (resistance / voltage)
Overvoltage or Melted wi Open: 1. Load-included noise in the circuit 1. Re-design the protection circuit
elted wire
over current on Does not turn on by I 2. Surge in the circuit 2. Countermeasure against surge
the output side
| |MOSFET chip Short: . Load-included noise in the circuit 1. Re-design the protection circuit
burnout Does not turn on by I 2. Surge in the circuit 2. Countermeasure against surge
. ESD damage 3. Countermeasure against ESD
MOSFET chip junction Short / Leak: 1. Load-included noise in the circuit 1. Re-design the protection circuit
destruction Does not turn on by I 2. Surge in the circuit 2. Countermeasure against surge
. ESD damage 3. Countermeasure against ESD
Package discoloration Short / Leak: . Over current (higher than maximu ratings) Re-design the circuit
(caused by heat) Does not turn on by I 2. Overvoltage (resistance / voltage)
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I Design Consideration

To turn the photorelay ON, the input current (I;) should be designed higher than trigger LED current (l).
Based on the maximum of trigger LED current, | should be taken into consideration like the equation below.

ol: LED Degradation Rate Derive a1 from the related (X)—3o curve (e.g. Fig. 1).

(Multiplication factor) The higher the ambl_ent temperature or I value, the greater the degradation rate. Also, LED used changes with product. If required, please
contact us for more information.
o2: IFT-Ta Characteristic ) ,
(Multiplication factor) Refer to the datasheet for I; - T, and derive a2 (e.g. Fig. 2).

o3: Drive Factor  Power supply fluctuations, tolerance levels

— X — X330
5
140 | 1oy =400mA
120 2 4"
=
100 —
S 80 &
PP i i ) A ] A 1 o 1 R 5
J &
1 1< 1oma S
20 | Duty=100% -
Ta=85°C
Du 10 100 1000 10000 100000 0-40 20 0 20 40 60 80 100
Stress Time (h) Ambient Temperature (°C)
Fig. 1 GaAs LED projected light output degradation data Fig. 2 1T,

e.g. ler(max) = 3 mA. When designing for use in T, = 85 °C, with lifetime of 100khrs: Design I.(ON) = 3 mA X 143 X 1.5 = 6.53 mA < Set I above 6.53 mA.
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I Design Consideration

Points to note for Voltage driven design (Determining LED limiting resistor value)

» The voltage drop due to LED input current, temperature dependency (lower temperature with higher Vi) and voltage drop of input signal are

some of the factors to take into consideration.

» Please refer to respective maximum values in the datasheet, and make sure to design within the specified absolute maximum I value.
» Also, check that the power supply (V) used is able to support input current larger than designed I.(ON) value.

C 1 toa0 KO
O ))—E —Lh O

Vo(sat)

<
'’4

Vee(min) — Vi(max) — Vg (max)

RS :
IN= Design I:(ON)

*Riy >
N l:(max)

V

CC

O H oa0 KO

<

D C —O

Ve(sat)

Vee(min) — Ve(max) — Vg(sat)(max)

Design I(ON)
* R|N >Vcc(max) — Vi(min) —V(sat)
l-(max)

R|N é
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Recommended LED Driving Circuit Example

Representative photorelay drive circuit

C-MOS + Ve
I R1$ 1
— P
H VF 5 SIZ
O_
V < 3
H 16
IEI)_. Al v o——
OL/OH
777 777
NSO AH— V.
—_
[ﬁ R1 1
VF 5 ﬂz
VIN ; O 3
VOL/OH

LOAD

LOAD —O

Calculation of LED current limiting resistor required for
proper operation of photorelay

Vee = Vou = Vi(ON)
5—-20mA

R, =
Calculation of LED forward voltage Vg required for

proper return operation of photorelay
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Overvoltage / Overcurrent on Input Side

Causes of output failure due to external surges
When a reverse voltage greater than that of the rated maximum is applied to the LED

* Shorted input terminals = LED does not turn on
* Openinput terminals = LED does not turn on

Countermeasures against output failure due to external surges

For applications that may have reverse voltage surges on the input side, connect a
reverse diode to the input terminals to prevent excess reverse voltages on the LED
diode. The representative circuit is shown below.

1 6
o— —0 —o
A 5 5
o- —0 =5
o3 4

Surge voltage protection circuit example for input side
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Overvoltage / Overcurrent on Input Side

Input power supply ripple-induced defects

When a current greater than that of the rated maximum is applied to the LED

« Shorted input terminals = LED does not turn on
* Openinput terminals = LED does not turn on

/\/\

A

Vee(max) | \’ Vee(min)

Countermeasure for input power supply ripple
When there is a ripple in the input side power source, please note the following.

» Check and confirm the LED trigger input corresponding to V(min) of LED.
« Do not exceed the max rated current for input current at V(max).
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Input Side Design Consideration

If not turned on due to insufficient input side current
The design input current did not take into sufficient consideration
changes to the I¢; therefore the photorelay ceased to turn on after a
period of operation time.
It is important to take into consideration
in your design.

If not turned on due to insufficient input side current

Please set the appropriate design I; according to the below recommendation
(p. 40-41) at the early stages of circuit design.
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Input Side Design Consideration

Design failure example

Typical value of the trigger LED in the datasheet is 1 mA (ambient temperature is T, = 25 °C)

= Mr. A sets the I design value at 1 mA.

The set was successfully tested on a prototype circuit in the laboratory
(the air conditioning in the laboratory was set at 25 °C).

Coupled Electrical Characteristics (Unless otherwise specified, T, = 25 °C)

Charactenistics Syl Test Condition Min Typ. Max Linit
Trigger LED current I= ey = 500 m& i 3 mA
Retumn LED cument Iz ep = 100 A 0.1 0.5 mA
CiM-state resistance o o = 300 m&, == 5 mA i 2 0

* Extracted from TLP172AM datasheet
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Input Side Design Consideration

Causes
3
1,,,= 100mA
t<ls . . .
.7 rises with ambient temperatures.
: As shown in the left figure, the design I = 1T mA < .
When 1 mA is applied, the photorelay does not operate even if I; is

|y (mA)

: / turned on.

40 -0 0 A 0 60 B0 100
T (°C)

Coupled Electrical Characteristics (Unless otherwise specified, T, = 25 °C)

Charachenstics Syrnibeod Test Conditson Min Typ. Max Linik
Trigger LED cumrent l=r oy = 500 m& 3 &,
Return LED casment lec oep = 100 ph 0.1 0.5 e,
OM-state resistamnce Rown o = 500 mé, 1= 5 maA 1 2 0o

* Extracted from TLP172AM datasheet
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Insufficient input side design consideration

Design failure example

The maximum value of the trigger LED current in the datasheet is 3 mA (ambient
temperature T, = 25 °Q).

= Mr. A set the I design value at 3 mA. The prototype circuit in the laboratory operated

successfully.

Coupled Electrical Characteristics (Unless otherwise specified, T, = 25 °C)

Characteristics Synibpd Test Condition Min Typ. Mz Linit
Trigger LED cumrent l=r oy = 500 m& 3 &,
Returmn LED cument lze oep = 100 p& 0.1 0.5 &,
OM-state resistance Raw oy = 500 m&, 1= 5 maA 1 2 0

* Extracted from TLP172AM datasheet
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Input Side Design Consideration

Cause

Light output (Po) relative change (%)

140

120

100

80

60

40

20

— AVG (%) —— AVG-30 (%)

As shown in the figure on the left, the light output of LEDs
deteriorates with the energization time because defects in

the crystal increase as the LEDs are energized.

In this case, the optical output has degraded by 10 % from
the initial state, so Iy has actually increased by 10 % (I =
3.3 mA).

1, =40°C

This results in I 3 mA < I 3.3 mA,

10 100 1000 10000 100000
Test nDuration (h)
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Overvoltage / Overcurrent on Output Side

Output failure due to external surge

There are cases in the load power supply whereby the induced impulse noise of the power line overlaps
with ESD surge etc., causing damage to the photorelay output chip(short or open).
Output terminal is short = Photorelay is on even when input LED is not.
Output terminal is open = Photorelay does not turn on.

IFIEEI( rtrrrrrrrrrrTrrTrTTrrrTT rrrrrrrrrrTrT T T Tl
100%
0% + _

| @30ns - \—F~—=

ablns \
0% —+ \

|
[

«— 30ns —» t
d—EUnS 1 1 N T v v |
e tr=06to1ns 500V/div 1pS/div
ESD noise waveform example : ns order Impulse noise waveform example : us order
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Overvoltage / Overcurrent on Output Side

Countermeasures against output failure due to external surges

W Add a varistor (variable resistor)
Varistor: Typically (small currents) acts like a condenser, but with high currents from overvoltage acts
like a resistor to draw away the short circuit current, thereby protecting the circuit

MW Selection method

Choose a varistor with limit voltage not more than that of the OFF-state terminal voltage of the photorelay.
(Guideline: Vg X 0.7).
In case of ESD: Stacked type varistor for ESD protection is typically used.

In case of used with commercial AC power supply: Please refer to the table below.

Recommended
varistor rated
voltage

Photorelay  Surge current
Vorr tolerance

Power supply

voltage

AC 100V line 220to 270V 400 to 600 V Above 1000 A

AC 200V line 430to 470V 600V Above 1000 A

1 6
OoO—— O LOAD
o 2 5_0 U 1
o—3 14
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Overvoltage / Overcurrent on Output Side

Output device failure due to reverse voltage

When controlling an inductive load and turning the photorelay from on to off, the inductance current
suddenly changes from (V. /R) to zero, which has a large current change (dl/dt).

As a result, high counter voltage is induced according to the relationship E=L-(-dl/dt). When this voltage
exceeds the OFF-state terminal voltage of the photorelay, it may become a cause of output chip damage.

Photorelay OFF Reverse voltage: E=L-(-dl/dt)
L
<4 VO
R S
Vee
iy
A
vEC
» f
0
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Overvoltage / Overcurrent on Output Side

Countermeasures against output device failure due to reverse voltage

It is recommended to include a protective element to prevent overvoltage from inductive loads.
The point is to keep overvoltage values within the rated V.

1 6
o— O

2 5 Provide path for excess energy through the diode.
Oo— —O -
o2 B e

1 6
o — © Absorb the energy with a snubber circuit.
0—2 =20 _

—

o— ° o Prevent overvoltage with a varistor.
0—2 =0 u _

Note : When using protection elements such as diodes, snubbers (C-R), varistors etc,, it is necessary to place them close to
the load and/or photorelay or the effect will diminish.
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Overvoltage / Overcurrent on Output Side

Output device failure due to inrush current

In-rush current occurs when power is supplied to the load controlled by the photorelay.
Depending on the type of load, the magnitude of the in-rush current changes. The below explains the
characteristics of the various types of loads.

1. Heater Loads (resistive load)
Typically no in-rush current.
However, there are some heaters with changing resistance as temperature changes. For such heaters,
in-rush current occurs due to the low resistance at room temperature.

When this in-rush current exceeds the rated current for photorelay pulse ON, it may cause output chip
damage.

<Heater types with in-rush currents>

® Pure metal type heater (3 to 5 times of rated current)
® Ceramic type heater (3 to 5 times of rated current)

® Lamp heater (10 to 15 times of rated current)

2. Lamp Loads
Incandescent light bulb + halogen lamp (including lamp heater etc.) produce in-rush current of around
10 to 15 times that of rated current.

It is a cause of output chip damage when this in-rush current exceeds the photorelay rated pulse
current repeatedly.
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Overvoltage / Overcurrent on Output Side

Output device failure due to inrush current

3. Motor Loads
When inductive loads from the motor starts, in-rush current of around 5 to 10 times of the rated
current flows. It may cause output chip damage when this in-rush current exceeds the photorelay rated
pulse current repeatedly.

4. Transformer Loads
When power is supplied on the input side of a transformer, excitation current about 10 to 20 times that
of the photorelay rated current flows within a short duration of 10 to 500 ms. When excitation current
exceeds the photorelay rated ON current repeatedly, it may cause chip damage.
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Overvoltage / Overcurrent on Output Side

Countermeasure against breakdown of output elements due to inrush current

When selecting a photorelay, please check the inrush current of the load and select a product that is less
than paused ON-state current rating of the photorelay.

Detector

OFF-state output terminal voltage Vorr 60 V
ON-state current lon 500 mA
ON-state current derating (T, =25°C) Alon/AT4 -5.0 mA/°C
ON-state current (pulsed) (t =100 ms, duty = 1/10) lonp 1.5 A
Output power dissipation Po 300 mw
Output power dissipation derating (T, =25°C) APo/AT, -3.0 mW/°C
Junction temperature T; 125 °C

* Extracted from TLP172AM datasheet
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Output Side Design Consideration

Design failure example

From the datasheet, absolute maximum rating of ON-state current is 500 mA.

=Mr. A took a margin and configured the circuit with 15y = 400 mA, 80 % of the rating.

Although the set was successfully tested in a prototype circuit in the laboratory,
. (The air conditioning in the laboratory was set to 25 °C.)

Absolute Maximum Ratings (Unless otherwise specified, T, = 25 °C)

Characteristics Symbol Note Rating Unit
LED |[Input forward current lg 30 mA
Input forward current derating (T2 =25°C) AlglAT, -0.3 mA/°C
Input forward current (pulsed) (100 us pulse, 100 pps) lep 1 A
Input reverse voltage VR 6 V
Input power dissipation Pp 50 mwW
Input power dissipation derating (Ta=225°C) APR/AT, -0.5 mW/°C
Junction temperature T 125 °C
Detector |OFF-state output terminal voltage Vorr 60 vV
ON-state current lon 500 mA
ON-state current derating (Ta=25°C) Algn/AT, -5.0 mA/°C
ON-state current (pulsed) (t =100 ms, duty = 1/10) lonp 1.5 A
Qutput power dissipation Po 300 mwW
Output power dissipation derating (Ta 225°C) APGIAT, -3.0 mW/°C
T 125 °C

Junction temperature

* Extracted from TLP172AM datasheet
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Output Side Design Consideration

Design failure example (Cause)

l,,, (MA)

600
550
500
450

400
350
300
250

200
150
100
50
0

The ON-state current of photorelays, which are semiconductor
devices, must be derated according to the ambient temperature.
As shown in the left figure, the rated on-current at an ambient
temperature of 60 °C is 500 mA — {5 mA/°C x (60 °C - 25 °Q)} =

325 mA, which is lower than the ON-state current at 25 °C.

-40  -20 0 20 40 60 80 100 120

T,d (°C)
* Extracted from TLP172AM datasheet

On-current should be designed considering temperature derating.
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LINE-UP FOR HIGH-CURRENT CONTROL




High Current Photorelay Line-up

For the full line up of photorelays, please refer to the photorelay webpage of Toshiba.
Searching by parameters function is also available on the website.

_

TLP3146 TLP3147 TLP3149 TLP3145
33 A (2.5A) (1.5 A) 0.4 A)

New
Product

TLP3100 TLP3102 TLP3103 TLP3105
(2.5 A) (2.5 A) (2.3 A) (1.4 A)
TLP3106A TLP3107A TLP3109A
45A) 4 A) (3 A)
TLP3122A
(1.4 A)
TLP3553 TLP3553A TLP3555A TLP3556A TLP3558A
(3 A) (3.5 A) (3 A) (2 A) (0.7 A)
TLP241A TLP241BP TLP241B TLP223GA TLP223)
(2 A) (14 A (2 A) (0.12 A) (0.09 A)
TLP3543 TLP3543A TLP3544 TLP3545A TLP3546A
4 A) (5A) (3.5 A) 4 A) (3.5 A)
TLP4590A
1-Form-B
(1.2 A)
TLP3547 TLP3823 TLP3825 TLP3548 TLP3549
(5A) (3 A) (1.5 A) (04 A) (0.6 A)

*Line up is as of Dec./2023. You can find the latest line-up from Toshiba website. © 2024 Toshiba Electronic Devices & Storage Corporation 60
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APPLICATION EXAMPLES




Contents

* HVAC (Including Thermostat) p.63
* Surveillance Camera D.64
* FA with STO Function p.65
* E-meter, Smart Meter D.66
 Power Monitoring System (BMS etc.) 0.67
* Security (e.g. Passive Sensors) p.68

» PLC (Programmable Logic Controller) p.69
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HVAC (Including Thermostat)

Function of relay

Photorelays are used for signal transmission in thermostats for heating, ventilation, and
air conditioning control in building automation and for damper motor control in valve

controls.

Traditionally, mechanical relays have been used, but with the increasing current rating
of photo relays, photorelays are increasingly being used.

HVAC: Heating, Ventilation and Air Conditioning

Sensor

® ‘o,

| Damper

VAV
WYariable Valve
Controller

] |

Room/Office to cool I

Thermostat

Merits of photorelay

No noise

Long lifetime
High capacity

__________________________________

__________________________________

Room controller

Micro computer

LED O

port

O O

Input  Output |

Photorelay

Variable Valve Controller

_________________________________

Control circuit

O O

Input Output

O O

Photorelay

O O

Input  Output

O O—

_________________________________
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Surveillance Camera

Function of relay

Photorelays are used as switches for the light and sound output of

the camera set.

Example: Isolation>2 kV
60 V/2 A switch
2pieces for alarm

Merits of photorelay

No noise
Long life
Small size

CODEC
Microphone
O [a)
5 ﬂ 0 > ADC
Memory
"'[;I-‘ 4_0_ a H 4 DAC Power l_{[“_l
w |
Speaker /
DDR .
Memory Clocking HD-SDI _@
Motor Control 4_‘ v | + |7 Video Video
- I\Am\pliﬁer o
v Video Engine | '@
CCD/CMOS Sensor
[a)
I B s
— ranslator > !
' HD Coprocessor ! SD Card
e e T ' RTC
------------------- .
1
Temp _ ! VCA Processor i Auto-lris
Sensor v e eee—___ i Control
ancdolr/eo v USB 10/100
Power / Interface Ethernet
Interfaces
12 to 24 V DC System
Power
OR o (ovar) ¢ ] 5 —
POE Serial Port LAN Plug
. Controller
PoE t
oE inpu
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FA with STO Function

Function of relay

Safe torque-off function is a safety function that turns off the motor output torque by
forcibly turning off the driving signal of the servo amplifier, etc. on the circuit from the
safety input signal, thereby cutting off the motor current.

Photorelays are used to transmit monitor signals to PLCs and other devices.

Servo Amp.

DC 24V ol
E Drive
- % c Circuit

Merits of photorelay

« Small Size

Blocking Signal

Safety

Circuit

Monitor Signal

— Ozs[z_‘

L-side
Drive
Circuit

Use servo amplifier, CNC, Robot etc.

 High Speed
N
—()
N
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E-meter, Smart Meter

Function of relay

Photorelay is used as a contact output for external communication.

Measurement Unit

|
External Output

Terminal

—_—_— e e e — = —a

LOAD

|

Interface

e

_____________

_____________

~§|: XZig;j

Communication Unit

Interface

Merits of photorelay
« High withstand voltage
* Reinforced insulation

* Long life
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Power Monitoring System (BMS etc.)

Function of relay Merits of photorelay

Photorelays are used in circuits for monitoring the charge voltage of battery cells. ) E(r)nnagil “Sée

The relay is expected to make many contacts apd photorglays are highly recommended + High withstand voltage
as they have no such a concept as contact lifetime(long lifetime).

Power supply system
Input AC [, [essssesa] @|| Output DC L.
P “q F” g Power monitoring system
Transformer
L B1 -
Power monitoring system Battery ”
o= o= — Measurement/
EEEEREER R ) A S Test of
battery volatge
ERERERRRERN — and remaining
e [ — — capacity
EERERRRNRN S BM
Battery: 1x24
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Security (e.g. Passive Sensors)
Merits of photorelay

Function of relay - Small size
When a suspicious activity is detected by the passive security sensor, it is detected by a * Low power consumption
* High capacity

motion sensor and the information is transmitted to an assembly terminal or other
devices by turning ON/OFF a photorelay.

(@) .
Passive Sensor
On/O0ff signal

. . —
Passive sensor o~ @ ¥ eI

output IC Photorelays

Alarm  Security
Company

5-24V DC
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PLC (Programmable Logic Controller)

Function of relay

A mechanical relay is traditionally used as the contact output of the PLC output stage.
However, semiconductor relays (photorelays, PDA couplers + MOSFETs) have become the

common choice due to their superior reliability.

Inputsignal
(Sensor, Switch, etc.)

Tr/IC
Coupler

[1

]

7 7R = (

[]

[1

5

[1

|1

[1

[1

. ‘

[

EEERENE

Logic
Processor

Merits of photorelay
« High reliability

« Small size

* High capacity

Contact
Output

AC /DC Load
(Motor, Lamp,
Heaters,
Valves, etc.)
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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".
« TOSHIBA reserves the right to make changes to the information in this document and related Product without notice.

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

« Though TOSHIBA works continually to improve Product's quality and reliability, Product can malfunction or fail. Customers are responsible for co_mplyin%with safety standards and for provi_din% ]
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.des%ns chudmg; 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 alopl|cab|J|ty of any information contained in this document, or in charts, diagrams, programs, algorithms, sample
_zi\pdpllcatlon circuits, or any other referenced documents; and (c) validating all o eratlngié)arameters for such designs and applications.

SHIBA 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 SER|OUS 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, egwpment 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.
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 b)(].TOSHIBA for any infringement of patents or any other intellectual property rights of
third parties that may result from the use of Product. No license to any intellectual property right’is granted by this document, whether express or implied, by estoppel or otherwise.

ABSENT A WRITTEN SIGNED AGREEMENT, EXCEPT AS PROVIDED IN THE RELEVANT TERMS AND CONDITIONS OF SALE FOR PRODUCT, AND TO THE MAXIMUM EXTENT ALLOWABLE BY
LAW, TOSHIBA_I(QI_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 g 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.

GaAs (Gallium Arsenide) is used in Product. 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 émass destruction wea ons%‘ Product and related software and technology may be controlléd under the
applicable export laws and regulations including, without limitation, the Japanése Foreign Exchange and Foreign Trade Law and the U.S. Export Administration Regulations. Export and re-export of
Product or related software or technology are strictly prohibited except in compliance with all applicable export laws and regulations.

* Please contact ¥our 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
regulatlons 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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