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Description 

This document explains the ESD suppression effect to photorelays using TVS diodes and Zener diodes 
as an example of TLP172AM.  

Photorelay TLP172AM ESD 

countermeasures 

 

Precautions for use 
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1. Introduction 

A photorelay (MOSFET output photocoupler) is, literally, a photocoupler whose output side consists of 
MOSFETs. Therefore, ESD (Electro-Static Discharge) may cause the MOSFET to fail.  

The use of devices against malfunction caused by ESD is effective. Toshiba offers a lineup of TVS diodes 
and Zener diodes to protect devices from overvoltage pulses such as ESD and surges. In this document shows 
actual examples that explains how to protect photorelay output side (MOSFETs) against ESD damage and 
improvement level. 
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2. What is a Photorelay ? 

A photorelay is a semiconductor-relay with an infrared LED (light-emitting diode) on the input side and a 
photodiode array and MOSFETs on the output side. The input and output sides are electrically isolated.  
(Reference) Photorelay eBook (Toshiba) 

 

3. ESD and Overvoltage Surges 

     There is a lot of high-voltage noise source around us, which is accompanied by a sudden rise in voltage 
that damages electronic circuits called surges. Various surges can also occur in electronic circuits, and it is 
necessary to consider the protection of the circuit. Examples of surges include static electricity entering through 
connectors where electronic devices are connected to the outside, and surges caused by inductive loads.  
 

・What is an ESD? 

An ESD is an electrical discharge phenomenon that occurs when an object with a positive or negative 
charge accumulates and encounters or approaches. ESD, which occurs when the human body encounters 
electronic devices, can reach thousands of volts due to the rapid discharge phenomenon, resulting in short 
pulses on the order of nanoseconds. Semiconductor products that are sensitive to static electricity may be 
destroyed by ESD, so countermeasures must be taken.  
 

・Other noises 

In addition to ESD, there are lightning surges caused by lightning and switching surges, which are 
transient overvoltage induced by sudden current changes and inductance in circuits and wiring when switches 
and relays are turned on and off.  

 

Source: Overvoltage protection device Zener diode and ESD protection diode (Toshiba) 

Figure 3.1 Classification of overvoltage pulses 
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4. Overvoltage Protection Devices 

     This section describes devices that protect semiconductor devices from overvoltage pulses such as 

ESD. Toshiba offers a lineup of diodes for ESD protection (TVS diodes) and Zener diodes as diode-type 

protection devices against overvoltage pulses. Figure 4.1 shows how it is connected and how it works. 

 

Figure 4.1 Operation of the protection device during normal operation and when a surge is applied 

 
     The characteristics of each protection device are shown in Table 4.1, and the corresponding areas are 
shown in Figure 4.2.  
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Table 4.1 Features of ESD protection diodes and Zener diodes 

 

ESD Protection Diode 
(TVS diode) 

Zener Diode 

Main applications Purpose to protect the object 
from overvoltage pulses on the 
order of microseconds or less 
*1  

To protect from overvoltage 
pulse for mor than 
microseconds 
(ESD protection application 
also possible *1) 

Capacitance between 
terminals *2  

0.12 to 600 pF 30 to 600 pF 

Examples of use locations Connectors for USB, HDMI, etc. 
*3 

Power supply line, power 
control line 

Remarks  Toshiba lineups mainly low-
capacity products of 1 pF or less 

If the power dissipation is 
within the allowable range, 
overvoltage pulses close to DC 
can be protected. 

*1 Standards: IEC 61000-4-2, IEC 61000-4-5  (8/20 μs condition) 
*2 For 5 V line protection 
*3 There is a product for the power supply line for protection from 8/20 μs pulses assuming some induced 
lightning surges. 

 

Source: Overvoltage protection device Zener diode and ESD protection diode (Toshiba) 

Figure 4.2 Corresponding areas of ESD protection diodes and Zener diodes suitable for overvoltage 

protection 

  

(Reference)  

・Basics of ESD Protection (TVS) Diodes 

   ・Overvoltage protection device Zener Diode and ESD diode 

・Mini catalog Introduction of Toshiba TVS Diodes (ESD Protection Diodes) Line-up 

・Mini catalog Introduction of Toshiba Zener Diode for protection 

  

https://toshiba.semicon-storage.com/info/application_note_en_20220421_AKX00464.pdf?did=70015
https://toshiba.semicon-storage.com/info/application_note_en_20220527_AKX00461.pdf?did=68869
https://toshiba.semicon-storage.com/info/application_note_en_20220421_AKX00464.pdf?did=70015
https://toshiba.semicon-storage.com/info/catalog_en_20240709_ALQ00261.pdf?did=70693
https://toshiba.semicon-storage.com/info/catalog_en_20240709_ALQ00276.pdf?did=141580
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5. Effects of Attaching ESD Protection Devices to Photorelays 

In this section, ESD damage protection is shown by combining a protection element on the output side 
of a photorelay.  

 

5.1. Using Devices 

As an example, it is shown that the evaluation results using our photorelay and our ESD protection device. 
The photorelay used was an ESD-sensitive TLP172AM (off-state voltage rating VOFF: 60 V). 
TLP172AM is a product that is vulnerable to static electricity, which is noted in the data sheet, as shown 

in Figure 5.1. 

 

Figure 5.1 Datasheet note describes about ESD 

 
The protection device this time was selected DF2B29FU (TVS diode) and MSZ30V (Zener diode).  

 
In this example, control of 24 V and 20 V power supply lines using an off-state voltage of 60 V 

photorelay was assumed. Thus, devices that working peak reverse voltage VRWM and Zener voltage VZ of 24 
V or higher, and a clamping voltage of 60 V or lower (since it is necessary to reduce the ESD energy applied 
to the photorelay output terminals than the VOFF) were selected. 

How to select a protection device, please refer this link. 

     The main specifications of the photorelay and ESD protection devices are shown in Tables 5.1 through 
5.3.  

  

https://toshiba.semicon-storage.com/ap-en/semiconductor/knowledge/faq/diode_tvs-diodes/how-do-i-choose-an-esd-protection-diode.html
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Table 5.1 TLP172AM main specification (Link) 

 
 

Table 5.2 DF2B29FU main specifications (Link) 

 
 
Note 1: IEC 61000-4-2 compliant 

Note 2: ISO 10605 compliant (C = 330 pF, R = 2 kΩ) 

Note 3: IEC 61000-4-5 compliant 

Note 4: Measured with 8/20 μs pulses in the IEC 61000-4-5 standard.  

Note 5: TLP parameters: Z0 = 50 Ω, tp = 100 ns, tr = 300 ps,  

averaging window t1 = 30 ns to t2 = 60 ns, the dynamic resistor is extracted using the least squares method 

between IPP = 8 to 16 A  with TLP characteristics.  

Note 6:  Capacity values are design guarantees.  

https://toshiba.semicon-storage.com/ap-en/semiconductor/product/isolators-solid-state-relays/photorelay-mosfet-output/detail.TLP172AM.html
https://toshiba.semicon-storage.com/ap-en/semiconductor/product/diodes/tvs-diodes-esd-protection-diodes/detail.DF2B29FU.html
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Table 5.3 MSZ30V main specifications (Link) 

 

Note 1: IEC61000-4-2 compliant 
Note 2: IEC61000-4-5 compliant (tp = 8 / 20 μs) 
Note 3: TLP parameters: Z0 = 50 Ω, tp = 100 ns, tr = 300 ps,  
averaging window: t1 = 30 ns to t2 = 60 ns, dynamic resistance is TLP ITLP1 = 16 A to ITLP2 = 30 A 
It is extracted using the least squares method in between.  
Note 4: ITLP = 16 A  
Note 5: VR = 0 V, f = 1 MHz 

 

5.2. Evaluation Circuit 

     As shown in Fig. 5.1, a protection device was connected between the output side of the TLP172AM and 
the ESD tester, and the evaluation was performed. This time, the bidirectional type TVS diode was used. The 
Zener diode used a unidirectional type with two reverse series connections.  
 

 

Figure 5.2 Measurement circuit 

 

 

 

https://toshiba.semicon-storage.com/ap-en/semiconductor/product/diodes/detail.MSZ30V.html
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5.3. Evaluation Conditions 

Here ESD evaluations were performed under two types of device-level test conditions:  
(1) Human Body Model (HBM) 
(2) Machine Model (MM) 

 
An example of ESD test circuit and test waveform is shown in figures 5.2 and 5.3 respectively. The number 

of test samples was 10 pieces for each MM and HBM condition. ESD test waveforms were applied to the 
photorelay output in both directions by an ESD tester, and checked breakdown voltage before and after 
application. This sequence was repeated by changing of the applied voltage until the TLP172AM was 
destroyed*. 

 
* The voltage when the TLP172AM output terminals breakdown voltage was deteriorated after the test. 
 

 
Source: Basics of ESD Protection (TVS) Diodes (Toshiba)  

Figure 5.3 Human Body Model (HBM) 

 

 
Source: Basics of ESD Protection (TVS) Diodes (Toshiba)  

Figure 5.4 Machine Model (MM) 

  

https://toshiba.semicon-storage.com/info/application_note_en_20220527_AKX00461.pdf?did=68869
https://toshiba.semicon-storage.com/info/application_note_en_20220527_AKX00461.pdf?did=68869
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5.4. Evaluation Results 

Fig. 5.5 and Fig. 5.6 shows the ESD test results of TLP172AM (X-axis: Applied electro-static voltage, Y-
axis: number of failures). In case of TLP172AM without any protection device, the failure was observed at ±200 
V or less under the MM condition, and at ±1 kV or less under the HBM condition. However, by using protection 
devices, the failure voltage for the MM condition and the HBM condition was not less than ±300 V and ±3.5 kV 
respectively. 

 

Figure 5.5 TLP172AM ESD-HBM test result 

 

Figure 5.6 TLP172AM ESD-MM test result 
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6. Summary 

     In this document, as an example of how to reduce the risk of the ESD damage to photorelay, it was shown 
the ESD immunity of the TLP172AM when TVS diode or Zener diode are combined on the  output terminals 
(MOSFETs) and how the use of these protection devices can contribute the ESD immunity. 
     The results shown here are as examples. Users should be considered the selection of ESD protection 
devices and whether the suitable protection performance is achieved in actual circuits. 
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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 complying with safety standards and for providing adequate designs and safeguards for their hardware, software and systems which 

minimize risk and avoid situations in which a malfunction or failure of Product could cause loss of human life, bodily injury or damage to 

property, including data loss or corruption. Before customers use the Product, create designs including the Product, or incorporate the 

Product into their own applications, customers must also refer to and comply with (a) the latest versions of all relevant TOSHIBA information, 

including without limitation, this document, the specifications, the data sheets and application notes for Product and the precautions and 

conditions set forth in the "TOSHIBA Semiconductor Reliability Handbook" and (b) the instructions for the application with which the Product 

will be used with or for. Customers are solely responsible for all aspects of their own product design or applications, including but not limited 

to (a) determining the appropriateness of the use of this Product in such design or applications; (b) evaluating and determining the 

applicability of any information contained in this document, or in charts, diagrams, programs, algorithms, sample application circuits, or any 

other referenced documents; and (c) validating all operating parameters for such designs and applications. TOSHIBA ASSUMES NO 

LIABILITY FOR CUSTOMERS' PRODUCT DESIGN OR APPLICATIONS. 

• PRODUCT IS NEITHER INTENDED NOR WARRANTED FOR USE IN EQUIPMENTS OR SYSTEMS THAT REQUIRE 

EXTRAORDINARILY HIGH LEVELS OF QUALITY AND/OR RELIABILITY, AND/OR A MALFUNCTION OR FAILURE OF WHICH MAY 

CAUSE LOSS OF HUMAN LIFE, BODILY INJURY, SERIOUS PROPERTY DAMAGE AND/OR SERIOUS PUBLIC IMPACT 

("UNINTENDED USE"). Except for specific applications as expressly stated in this document, Unintended Use includes, without limitation, 

equipment used in nuclear facilities, equipment used in the aerospace industry, lifesaving and/or life supporting medical equipment, 

equipment used for automobiles, trains, ships and other transportation, traffic signaling equipment, equipment used to control combustions or 

explosions, safety devices, elevators and escalators, and devices related to power plant. IF YOU USE PRODUCT FOR UNINTENDED USE, 

TOSHIBA ASSUMES NO LIABILITY FOR PRODUCT. For details, please contact your TOSHIBA sales representative or contact us via our 

website. 

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

• Product shall not be used for or incorporated into any products or systems whose manufacture, use, or sale is prohibited under any 

applicable laws or regulations. 

• The information contained herein is presented only as guidance for Product use. No responsibility is assumed by TOSHIBA for any 

infringement of patents or any other intellectual property rights of third parties that may result from the use of Product. No license to any 

intellectual property right is granted by this document, whether express or implied, by estoppel or otherwise. 

• 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. 

• 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. 

• Please contact your TOSHIBA sales representative for details as to environmental matters such as the RoHS compatibility of Product. Please 

use Product in compliance with all applicable laws and regulations that regulate the inclusion or use of controlled substances, including 

without limitation, the EU RoHS Directive. TOSHIBA ASSUMES NO LIABILITY FOR DAMAGES OR LOSSES OCCURRING AS A RESULT 

OF NONCOMPLIANCE WITH APPLICABLE LAWS AND REGULATIONS. 
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