TOSH | BA Photorelay TLP172AM ESD Countermeasures
Application Note

Photorelay TLP172AM ESD
countermeasures

Description

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

© 2024Toshiba Electronic Devices & Storage 1 2024-09-20
Corporation



TOSHIBA Photorelay TLP172AM ESD Countermeasures
Application Note

Table of Contents

TS od ] 1T o PP 1
L. IEFOQUCTION ..ttt 4
2. What iS @ PhOLOIEIAY 7 ...coviieiii it e e e et s e e e e e e e e et e e e e e e e e earreaa s 5
3. ESD and OVEINVOIAGE SUIGES .. .ccoiiiiiiie e 5
4. Overvoltage ProteCtion DEVICES ........coooiiiiiiee e 6
5. Effects of Attaching ESD Protection Devices to Photorelays .............oouviiiiiiiee i, 8
LRt U £ [ 0 To T 0 =T RE 8
5.2, EVAIUALION CIMCUIT....iiteiiiei ittt ettt ettt e e e ettt e s s bt et e e s aabe e e e e enbe e e e e anbeeeesanneeeeanns 10
5.3, EVAlUALION CONAITIONS ...ceeiitiiiieiiiieie ettt st e et e s bt e e e e s asbe e e e s aanbe e e e e snbeeeeeanneeeeanns 11
5.4, EVAlUALION RESUIES ... ..eeiiiiiiiiie ettt e ettt e e e st e e e e e e nbe e e e s anbeeeeeanneeeeanns 12
B. SUIMIMAIY ...ieiiiiiii ettt e ettt e e e e ettt e et t e e e e et e e e e e b h e s e e e e e e e eeee bR s e e e e et eeene b naa s e e eeeeennnnnnes 13
RESTRICTIONS ON PRODUGCT USE ..ottt ettt a et a e et e e eeaans 14

List of Figures

Figure 3.1 Classification of OVEervoltage PUISES.........cooiiiiii i 5
Figure 4.1 Operation of the protection device during normal operation and when a surge is applied.......... 6
Figure 4.2 Corresponding areas of ESD protection diodes and Zener diodes suitable for overvoltage
101 =T 1 1o o SR SPTRRR 7
Figure 5.1 Datasheet note describes abOUL ESD.........cccuuiiiiiiiiiii e e e e 8
Figure 5.2 MeasUremMENT CIFCUIL........ceiiiiiiiee it e ettt ettt e e s sttt ee s st e e e e sate e e e e snteeeeesnteeeesanneeeeesnneneaeanns 10
Figure 5.3 Human Body MOl (HBM) ......oooiiiiieiiiie ettt e e et e e e e nneae e e e snneeeaeanns 11
Figure 5.4 Machine MOl (IMM) ......coi ettt et e et e e e ettt e e s s tee e e e snteeeeeannaeeeesnneeeaeanns 11
Figure 5.5 TLP172AM ESD-HBM tESt FESUIL.....ccciiiiiiie ittt e e e nnee e e snaeeeeenes 12
Figure 5.6 TLP172AM ESD-MM tESE FESUIL.......oiiiiiiiiie ettt e e e et e e e e snnee e e e snaeeeeanns 12
© 2024 2 2024-09-20

Toshiba Electronic Devices & Storage Corporation



TOSH | BA Photorelay TLP172AM ESD Countermeasures
Application Note

List of Tables

Table 4.1 Features of ESD protection diodes and Zener diodesS.........ccuveeviiieiiieiieee e ssieeeee e 7
Table 5.1 TLP172AM main SPECITICALION..........uuiiiiieiiiiiiiiiieee e e e e e s e e e e e e e s e snnrraeeeeaeeeas 9
Table 5.2 DF2B29FU main SPECITICALIONS ........uueiiiieiiiiiiiiiiiee e sttt e e e e e e e e s st r e e e e e e e nnnnrneeneaeeeas 9
Table 5.3 MSZ30V Main SPECITICALIONS .......cieeiiiiiiie e e e e ettt e e e e s s e e e e e s s s e e e e e e e s s snreeeeeeeeeesnnnnnsnnees 10
© 2024 3 2024-09-20

Toshiba Electronic Devices & Storage Corporation



TOSHIBA Photorelay TLP172AM ESD Countermeasures
Application Note

1. Introduction

A photorelay (MOSFET output photocoupler) is, literally, a photocoupler whose output side consists of
MOSFETSs. 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 (MOSFETSs) 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.
A

1000
Lightning surge
> 10 e —
z T Induced lightning surge
20 10 discharge
e (ESD)
E 1
= Switching surge
0.1
|
0.01 ‘
»
0.1 1 10 100 1000
Pulse width (us)
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.

Current during normal operation ESD. overvoltage surge

\ ESD Current at the time of application
/ Object of Object of

protection protection

GND \ / GND

Protection device

Protection device

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.

© 2024 6 2024-09-20

Toshiba Electronic Devices & Storage Corporation



TOSHIBA

Photorelay TLP172AM ESD Countermeasures

Application Note

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 us condition)

*2 For 5 V line protection

*3 There is a product for the power supply line for protection from 8/20 us pulses assuming some induced

lightning surges.

Toshiba protection

Others (For regulator and

High power Zener(PD1W1))

¥ T
second order DC

' ESD Protection diode Zener diode for protection
Device largcl arca
ns order us order ms order
Switching surge
Serge’ SIS ESD(capacity surge) Induction surge

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

(Reference)

protection

-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
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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, itis 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 Vorr: 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.

Common | Storage temperature Tsig -55to 125
Operating temperature Topr -40to 110
Lead soldering temperature (10°s) Teal 260
Isolation voltage (AC, 680 s, RH. <60 %) BVg (Note 1) 3750 Vrms

Note: Using continuously under heavy loads (e.g. the application of high temperature/current/voltage and the
significant change in temperature, etc.) may cause this product to decrease in the reliability significantly even
if the operating conditions (i.e. operating temperature/current/voltage, etc.) are within the absolute maximum
ratings.

Please design the appropriate reliability upon reviewing the Toshiba Semiconductor Reliability Handbook
("Handling Precautions"/"Derating Concept and Methods") and individual reliability data (i.e. reliability test
report and estimated failure rate, etc).

Note 1: This device is considered as a two-terminal device: Pins 1 and 3 are shorted together, and pins 4 and 6 are
shorted together.

Note: This device is sensitive to electrostatic discharge (ESD). Extreme ESD conditions should be guarded against
by using proper antistatic precautions for the worktable, operator, solder iron, soldering equipment and so on.

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 Vore) 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.
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Table 5.1 TLP172AM main specification (Link)

TLP172AM

1-Form-A(Normally opened)

package 4 pin SO6
Operating temperature -40 to 110°C
Trigger LED current lgr(max) 3 mA
OFF-state output terminal voltage Vg 60 V
ON-state resistance Ryy(max) 20
ON-state current Iy 05A
ON-state current (pulsed) Ionp 1.5 A
Isolation voltage BVs(min) 3.75 kVrms
Turn-on time tON(max) 2 ms
Turn-off time tOFF(max) 0.5 ms

Table 5.2 DF2B29FU main specifications (Link)

bidirectional polarity

Electrostatic discharge voltage (IEC61000-4-2)(Contact)
Visp *Notel

+25 kv
Electrostatic discharge voltage(IEC61000-4-2)(Air)
Visp *Notel
Electrostatic discharge voltage(ISO10605)(Contact)
Vesp *Note2
+30 kv
Electrostatic discharge voltage(ISO10605)(Air)
Vesp *Note2
Peak pulse power Py 140 W Working peak reverse
Peak pulse current I, *Note3 3A voltage 24V or more
I Working peak reverse voltage Vg (max) 24V I
Reverse breakdown voltage
N 26V
Vgr (min)
Reverse current Iy 0.1 pA
I Clamp voltage Vc (max) *Noted 47V Iﬁ Clamp voltage 60V or
Dynamic resistance Ryyy (typ.) *Note5 1.1Q lower
Total capacitance Ct (typ.) *Note6 9 pF

Note 1: IEC 61000-4-2 compliant

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

Note 3: IEC 61000-4-5 compliant

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

Note 5: TLP parameters: Zo = 50 Q, t, = 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 lpp = 8t0 16 A with TLP characteristics.

Note 6: Capacity values are design guarantees.
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Table 5.3 MSZ30V main specifications (Link)

Unidirectional polarity

Electrostatic discharge
voltage +£20 kV
(Contact, Air) Visp *Note1

Peak pulse power Py *Note2 200 W
Zener Voltage 24V
Peak pulse current I, *Note2 40 A % or mo?e
Zener Voltage V; (typ.) 30V

Dynamic Resistance Rpyy (typ.) *Note3 125 Q
Clamp Voltage V¢ (typ.) *Note3,4 475V

ﬁ Clamp Voltage

Total 21 pF 60V or lower

Capacitance Ct (typ.) *Note5

Reverse Current Iz (max) 0.1 pA

Note 1: IEC61000-4-2 compliant

Note 2: IEC61000-4-5 compliant (tp = 8 / 20 us)

Note 3: TLP parameters: Zo = 50 Q, t, = 100 ns, tr = 300 ps,

averaging window: t1 = 30 ns to t2 = 60 ns, dynamic resistance is TLP Itp1 = 16 Ato Itr2 = 30 A
It is extracted using the least squares method in between.

Note 4: Inp =16 A

Note 5: VR =0V, 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.

TLP172AM

1 |6
_E_

— I
ESD
or Applicator
£Qutput)
;Iz -4 |

b

Input side

is open ¥ \\f
31

TTI_IT

Protection device

1. Anode (DF2B29FU or MSZ30V)
3. Cathode
4. Drain
6. Drain
Figure 5.2 Measurement circuit
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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.

Rcharge: ™Q Rdischarge: 1.5kQ

1.6
—L__ ] — 1.4
12
\ . < 1.0
Charge Discharge £ 0.8
High- S 0.6
Voltage = DUT 3 0.4

Supply C=100pF 0.2 J
0.0
-0.2

200 0 200 400 600 800 1000
Time (ns)
Test circuit example Test waveform example

Source: Basics of ESD Protection (TVS) Diodes (Toshiba)
Figure 5.3 Human Body Model (HBM)

Rcharge:1 MQ Ldischarge:0~5|J'H
—L_ | :
3
. =z -~
— Charge\ Gscharge <
Ign- =

Voltage — DUT g ¢
Supply B C=200pF O 4
-3

J_ -200 0 200 400 600 800 1000

— Time (ns)
Test circuit example Test waveform example
Source: Basics of ESD Protection (TVS) Diodes (Toshiba)
Figure 5.4 Machine Model (MM)
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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.

15
- 10
(6]
2
iy
€
3
o 5
0 I 1 1 1 1 1 1 1 1 1 1 1 1 1 1 J
n o n o n o n o LN o n o n o n o n o n o
S < o &N & M . S \Wmow 8 8NN 0 0 oo o 9
+l +l +l +l +l | +l +l +l +l +l +l +l +l +l +l +l +l +l
ESD applied voltage at which product failed [kV]
No protective device Zener diode M TVS diode
Figure 5.5 TLP172AM ESD-HBM test result
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2
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— o] on <t n (e} N~ o0 (o] (]
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ESD applied voltage at which product failed [kV]
No protective device Zener diode M TVS diode
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
(MOSFETSs) 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.

Toshiba Electronic Devices & Storage Corporation
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