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Self-protected Photorelay
TLP241BP

Description
This document explains about the self-protected photorelay, TLP241BP.

. Do not design your products or systems based on the information on this document. Please contact
your Toshiba sales representative for updated information before designing your products.
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1. What is Photorelay ?
1.1. Structure

Photorelay is a semiconductor-relay. In input side there is infrared LED and in output side thare
are Photo Diode Aray (referred to as PDA) and MOSFETSs. It is isolated electrically between input side
and output side by resin.

Figure 1.1.1 shows an internal structure of photorelay. Input LED and Output PDA are facing

and isolated by resin.
Lead Frame I .

Silicon Resin

Epoxy Resin

;\f/i-—'

Figure 1.1.1 Photorelay internal structure
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1.2. Operating principle
To turn on of the photorelay (normally open type), apply input LED current so that the LED
emits infrared light. The infrared light is received by output PDA and the PDA has electromotive
force. This electromotive force drives the gate of the output MOSFETSs, turning on the output side.

isolation

INPUT OUTPUT
Figure 1.2.1 Operating principle of photorelay
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1.3. Cause of failure and type of protection

Photorelay is highly reliable switch but there are some causes of failure. If over absolute
maximum rating current is applied to output side, MOSFETs overheat and might be broken down
with its heat. And when back electromotive force from inductance generates temporary over
voltage, it might break down photorelay. So, Toshiba develop protection photorelay to make
more reliable. As written table 1.3.1, over temperature protection is for overheating and over
voltage protection is for over voltage surge. By these protections in the photorelay prevent failure
and make more whole set reliable.

Table 1.3.1 Cause of failure and type of protection

Cause of Related Type of

. Reason (example) - . TLP241BP
failure Characteristics protection
. Ta
Heating by over current Over Temperature
Overheat ) T; i Supported
Ambient temperature T Protection (OTP)
opr
] Vorr Over Voltage
Overvoltage Back electromotive force . Supported
Vove Protection (OVP)

o Over Current
Overcurrent Short circuit Ton . No Supported (note)
Protection (OCP)

(note) It is possible to detect over current as an over temperature protection indirectly through
over current heat-up.
<Meaning of above Symbols>

Ta : Ambient temperature

T; : Junction temperature

Tsp : Thermal shutdown temperature

Vorr : OFF-state output terminal voltage

Vovc : Over voltage clamp

Ton : ON-state current
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2. Self-protected Photorelay
2.1. TLP241BP

The table 2.1.1 shows the self-protected photorelay TLP241BP main specification.
Symbols Vovc and Tsp mean “Voltage Over Voltage Clamp” and “Thermal Shut-Down”
respectively. Those are related with the over voltage protection and the over temperature

protection. Definitions is explained in later chapter.

*

Table 2.1.1 TLP241BP main specifications

Output

Package

Over voltage clamp Vgyc (max)

Over voltage clamp Vgyc (min)

Thermal shutdown temperature Tgp (typ.)
Isolation voltage BV¢(min)

OFF-state output terminal voltage Vgopg (min)
OFF-state current Igrr (max) (Vorr=40 V)
OFF-state current Igrg (max) (Vorr=60 V)
ON-state current Igy (max) (Vorr=80 V)
Trigger LED current Ig (max)

ON-state resistance Rgy (max)

Turn-on time toy (Max) (Ig=10 mA)
Turn-off time torr (Max) (I;=10 MmA)

Operating temperature Tqp

1-form-A
DIP4
100 V
80V
145 °C
5,000 Vims
80V
1 pA
10 pA
1.4 A
3 mA
0.28 Q
1.4 ms
0.5 ms
-40 to 110 °C
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2.2. TLP241BP internal circuit

As mentioned in Chapter 1, the TLP241BP has protections in addition to conventional
photorelay. The TLP241BP has OTP (Over Temperature Protection) and OVP (Over Voltage
Protection). Figure 2.2.1 shows internal circuit of this photorelay.

O : I O
% F
—
SZ\\\SE OTP+OVP |
\ l n _I je—1 S Z
O ! L
SE Control ' O
circuit
OTP: Over temperature protection I
OVP: Over voltage protection
Figure 2.2.1 Internal circuit
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2.3. TLP241BP operation timing diagrams

Figure 2.3.1 shows timing diagrams of TLP241BP. Input (LED side) current is called Ir and
output (MOSFET side) current is called Ion.

In "Normal Operation” same as usual photorelay, Ion turns on when applied Ir. In “OTP”
over current (it means over absolute maximum rating current.) is applied and TLP241BP becomes
over-heating. When sensing chip temperature T; reaches Tsp, OTP activates and TLP241BP shuts
down until Ir is reset. In “OVP” when output side is off and applied over voltage, OVP activates
and clamps MOSFETs. And momentary current flows.

Detailed operation of OTP and OVP shows on later pages.

3 o v
—1 4 RL DD
o—0— —O \:lj
TLP241BP — Vour

2 3

]

To Reset OTR Ik set to zero.

VOVC Tel o Qvervoltage
H surge

" |
Vour —
L —— Restart Approx._10ps

OVP : Clamp
Overheated
S I B | e h
TSD _———— _———
Sensing /_\/\_/\

chip T /\

Normal oTP OVP :

Operation Shutdown = Restart (I reset) Clamp

Figure 2.3.1 TLP241BP timing diagram
© 2024 9 2024-11-11

Toshiba Electronic Devices & Storage Corporation Rev.2.0



TOSHIBA TLP241BP

Application Note

3. Over Temperture Protection

3.1. What is OTP ?

An OTP is a function that stops photorelay operation when the temperature of the device
becomes too high and there is a risk of failure. Temperature of photorelay T; is detected as a
voltage by a sensing circuit in control logic. This over temperature protection protects the
photorelay from thermal destruction and contributes to avoiding the risk of failure of the entire
set.

3.2. OTP operating principle
Figure 3.2.1 shows relationship between voltage of OTP circuit in control logic and MOSFET
threshold gate voltage. They are connected in parallel. In case of normal temperature, MOSFET
gate is applied enough voltage to its turn on. When the T; becomes high and OTP circuit voltage
becomes lower than the MOSFET threshold gate voltage, current flows to OTP circuit and not
enough voltage to turns on is applied to MOSFET gate. Then the MOSFET turns off.

Voltage of
sensing chip

MOSFET threshold gate voltage

T~

i OTP circuit

=)

Figure 3.2.1 OTP operation principle

Ta
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3.3. How to return from OTP
There are some methods how to return from protection mode. In case of shutdown type,
it needs specific operation to resume. In case of auto-return type, it returns automatically after
a lapse of time. The TLP241BP adopts shutdown method. To return from OTP mode, it is
necessary to set Ir = 0 mA once and then set to enough If to restart of the operation. Otherwise,

the TLP241BP keeps shutdown mode even if the temperature is falling.

Detect overheating

Shutdown output side

Ion stop and T; drop

Ir=0mA Hold Ir

Return from OTP Keep shutdown

A\ 4
Normal operation

Figure 3.3.1 Method and operation of OTP
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3.4. Operation example of OTP
Let’s look how to operate the OTP using an oscilloscope. In the circuit shown in Figure 3.4.1
left, during normal operation at 25 °C, the output side turns on when the LED current If is
applied on the input side, resulting in the waveform shown in Figure 3.4.1 right. This operation
is same as a typical 1-form-a (normally open) photorelay.

I : 10 mA/div
Vour : 10 V/div
I : 100 mA/div

X axis : 100 ms/div

IF
_)1

o—o] trigger

TLP2418BP

Figure 3.4.1 Measurement circuit and waveform of TLP241BP (normal operation)

Next, raise the ambient temperature T to 160 °C using the same circuit as in Figure 3.4.1.
While changing the temperature, we can see that the Igy of the TLP241BP turns off, i.e., shuts
down due to overheating, as shown in Figure 3.4.2.

This is because the TLP241BP temperature (Tj) exceeds the thermal shutdown temperature
Tsp while the temperature is changing.

I : 10 mA/div
Vour : 10 V/div
I : 100 mA/div

ON
X axis : 100 ms/div

Tj>Ts|) = OTP

Figure 3.4.2 OTP operation by ambient temperature change
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After returning the ambient temperature to room temperature, current is now applied to
the output side to heat the TLP241BP by electric power. The rated current is 1.4 A, but 3 A is
applied here to activate the protection function. A Figure 3.4.3 right shows the measured

waveform. Ir is 10 mA, which is sufficient, but the output side current has stopped flowing. This
is because the temperature of the product rose due to the large current flow, and as a result,
the over temperature protection function was activated, and the output side turned off.

I : 10 mA/div

I : 1500 mA/div

ON

X axis : 100 ms/div

TLP241BP

Figure 3.4.3 OTP operation by over current

With Ir input, the output side is de-energized (Iony = 0 A) to lower the temperature of the
device. Even if the temperature of TLP241BP decreases and Tj < Tsp, the TLP241BP keeps in

protection mode (shutdown), so no current flows at the output side even if Vpp is applied, as
shown in Figure 3.4.3.

I : 10 mA/div
VOUT : 10 V/div
ON : 1500 mA/div

I
X axis : 100 ms/div

Output side is latched

Figure 3.4.4 Latch off status by OTP
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Resetting Ir once, resets the over temperature protection (unlatches off) and current flows
to the output side again (See Figure 3.4.5).
I : 10 mA/div

Ion : 1000 mA/div

X axis : 100 ms/div

Figure 3.4.5 Latch off released by Ir reset
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3.5. Depending on Ir of shutdown temperature Tsp

The shutdown temperature (Tsp) is change depending on Ir. Fig 3.5.1 shows the typical
characteristic. Recommended operating Ir is designated as 7 to 14 mA. The recommended

operating conditions are given as a design guide necessary to obtain the intended performance
of the device.

If Ir is applied below the lower limit of the recommended operating condition, the over
temperature protection function may not work and If is applied higher than the upper limit of

the recommended condition, Tsp tends to decrease.

160
\\
9 \\\
&
8140 AN
|_
120
0 5 10 15 20 25
I(mA)
Figure 3.5.1 Tsp—Ir characteristic
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4. Over Voltage Protection

4.1. What is an OVP ?

The OVP is a protection function that clamps voltage applied to MOSFETs so that release
energy to prevent failure when it is off state and applied over Vorr voltage from surge and so on.
The minimum clamp voltage is “Over Voltage Clamp Vovc”, the TLP241BP prevents from failure
with this protection and contributes to end set safety. This protection function is effective for
momentary surge voltage such as generated from inductive loads. Applying high voltage between
output terminals continuously may cause failure of the photorelay.

4.2. OVP operating principle

Leak current in output MOSFETs is small if applied voltage is lower than Vorr. However,
when applied voltage is higher than Vorr, a large current flows due to the avalanche breakdown.
In that case, if MOSFETs are off, the large current flows with high voltage, leading to the
destruction of the MOSFETSs.

The OVP function makes a path to MOSFETs gate through active clamp diodes to turning on
of the MOSFETs. This mechanism releases energy and protects against overvoltage that destroy
the photorelay.

Output OFF
Short mode failure

L
Without OVP function \
\V74 _
IF=0 mA i Control
(Input OFF) Over voltage b et :

>
L

V4

A4
4
§S | Output ON
o (Over voltage clamp)
|} Prevent from failure
Clamp diode current On-state
With OVP function o—  [lcamp_diode rrent
¥ OTP+OVP ‘
Nl i
] »
o— SE Control >
circuit
—
Figure 4.2.1 Voltage clamp operation when OVP occurs
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4.3. Operating waveform of OVP

Let's check actual OVP operation according to the circuit from figure 4.3.1. Vpp = 85 V,
which exceeds the OFF-state output terminal voltage (Vorr) of TLP241BP, is applied for 10ms but
LED on input side is OFF. That result is figure 4.3.2 in which yellow waveform, green waveform
and blue waveform show Vop, Vout and Ion respectively. Because the clamping voltage (Vovc) of
the TLP241BP is approximately 89 V, it will not clamp when Vpp = 85 V; thus, Ion is not flow. If
it is a photorelay without OVP function, the overvoltage will cause avalanche breakdown that
damages device.

Ton
[ I ] R ——
k— & \ Apply 85 V (100 V)
g ' 1000 m which exceeds
h 74 §: Vour B0 Vorr of TLP241BP to
L: 4 / MOSFETs.
C— [ m] i

Vbb 1 1 V/div

Ion : 5 mA/div
X axis : 2 ms/div

Figure 4.3.2 Waveform when Vpp = 85 V
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Next, Voo = 100 V (yellow waveform) is applied to MOSFETs of TLP241BP for 10 ms. It
is obvious from figure 4.3.3 that Vour (green waveform) is suppressed to approximately 89V, the
clamping voltage Vovc, before it reaches 100V. Under such condition, there is a concern that
overvoltage exceeds Vorr Of photorelay may damages device seriously. But TLP241BP will
temporarily turn on MOSFETs by using clamp diodes, then dissipating energy through the current
path to protect MOSFETs. This can also be seen that Ion is flowing at 100 mA.

Figure 4.3.4 shows the rising edge of OVP. It takes about 3 ps that Vour reaching the
clamp voltage for the OVP to start operating. For example, when an inductive surge voltage of
about 100V for 50 ps is applied, the OVP function protects photorelay and circuit about 3 ps after
applied.

VDD ;5 V/diV
Vour : 5 V/div
Ion : 10 mA/div
X axis : 2 ms/div

VDD=100 Vv

potential difference
of 11 V.

108
’_—_—_____-_—___"___‘_—"__—-.——

Ion= 100mA

Dissipating overvoltage
energy when OVP is
activated.

@ Voyr rises-momentarily-due to -Vpp.

OVP operates and Vour is clamped to Vove.

About 3 ps = taked time for activating OVP

5us 10 s 15 s 20ps

Ion

Voo : 2 V/div

Ton 5 mA/div
X axis : 5 ps/div

10 ps 15 ps 20 s

-10 s 5ps ohs 5us
Figure 4.3.4 Rising edge of OVP
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5. Precautions for use

The over temperature protection of this device is a function to stop the output current at
high temperature, not a function to prevent thermal destruction of the product itself. Therefore,
it does not protect against heating from external sources other than current. In addition, the
device may be destroyed due to inadequate over temperature protection against sudden heating
is the event of a short circuit.

The overvoltage protection of this device is a function to protect against overvoltage for a
short period of time. Never apply continuous overvoltage, as the voltage and current may cause
of malfunction of the device.

6. Conclusion

This document explained about the self-protected photorelay. We will continue to develop
products with variety of self-protection type photorelays. Please check the latest product
information on our website.
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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.

e« PRODUCT IS NEITHER INTENDED NOR WARRANTED FOR USE IN EQUIPMENTS OR SYSTEMS THAT REQUIRE
EXTRAORDINARILY HIGH LEVELS OF QUALITY AND/OR RELIABILITY, AND/OR A MALFUNCTION OR FAILURE OF
WHICH MAY CAUSE LOSS OF HUMAN LIFE, BODILY INJURY, SERIOUS PROPERTY DAMAGE AND/OR SERIOUS PUBLIC
IMPACT ("UNINTENDED USE"). Except for specific applications as expressly stated in this document, Unintended Use
includes, without limitation, equipment used in nuclear facilities, equipment used in the aerospace industry, lifesaving and/or
life supporting medical equipment, equipment used for automobiles, trains, ships and other transportation, traffic signaling
equipment, equipment used to control combustions or explosions, safety devices, elevators and escalators, and devices related
to power plant. IF YOU USE PRODUCT FOR UNINTENDED USE, TOSHIBA ASSUMES NO LIABILITY FOR PRODUCT. For
details, please contact your TOSHIBA sales representative or contact us via our website.

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

e Product shall not be used for or incorporated into any products or systems whose manufacture, use, or sale is prohibited under
any applicable laws or regulations.

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 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 (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.

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