
 

ESD TR5.5-05-20 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

For Electrostatic Discharge 

Sensitivity Testing 

 

Transmission Line Pulse (TLP) –  

Transient Response Evaluation 
 

 

 

Authors: 

Working Group 5.5, 

Transmission Line Pulse 
EOS/ESD Association, Inc. 

    
 

 

 

 
Electrostatic Discharge Association 

        7900 Turin Rd., Bldg. 3 

        Rome, NY 13440  



ESD TR5.5-05-20 
   
 

Electrostatic Discharge Association (ESDA) standards and publications are designed to serve the 
public interest by eliminating misunderstandings between manufacturers and purchasers, facilitating 
the interchangeability and improvement of products, and assisting the purchaser in selecting and 
obtaining the proper product for his particular needs. The existence of such standards and publications 
shall not in any respect preclude any member or non-member of the Association from manufacturing 
or selling products not conforming to such standards and publications. Nor shall the fact that a standard 
or publication that is published by the Association preclude its voluntary use by non-members of the 
Association whether the document is to be used either domestically or internationally. Recommended 
standards and publications are adopted by the ESDA in accordance with the ANSI Patent policy. 

Interpretation of ESDA Standards:  The interpretation of standards in-so-far as it may relate to a specific 
product or manufacturer is a proper matter for the individual company concerned and cannot be 
undertaken by any person acting for the ESDA. The ESDA Standards Chairman may make comments 
limited to an explanation or clarification of the technical language or provisions in a standard, but not 
related to its application to specific products and manufacturers. No other person is authorized to 
comment on behalf of the ESDA on any ESDA Standard. 

THE CONTENTS OF ESDA’S STANDARDS AND PUBLICATIONS ARE PROVIDED “AS-
IS,” AND ESDA MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESSED OR 
IMPLIED, OF ANY KIND WITH RESPECT TO SUCH CONTENTS. ESDA DISCLAIMS 
ALL REPRESENTATIONS AND WARRANTIES, INCLUDING WITHOUT LIMITATION, 
WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE OR 
USE, TITLE, AND NON-INFRINGEMENT. 

ESDA STANDARDS AND PUBLICATIONS ARE CONSIDERED TECHNICALLY SOUND 
AT THE TIME THEY ARE APPROVED FOR PUBLICATION. THEY ARE NOT A 
SUBSTITUTE FOR A PRODUCT SELLER’S OR USER’S OWN JUDGEMENT WITH 
RESPECT TO ANY PARTICULAR PRODUCT DISCUSSED, AND ESDA DOES NOT 
UNDERTAKE TO GUARANTEE THE PERFORMANCE OF ANY INDIVIDUAL 
MANUFACTURERS’ PRODUCTS BY VIRTUE OF SUCH STANDARDS OR 
PUBLICATIONS. THUS, ESDA EXPRESSLY DISCLAIMS ANY RESPONSIBILITY FOR 
DAMAGES ARISING FROM THE USE, APPLICATION, OR RELIANCE BY OTHERS ON 
THE INFORMATION CONTAINED IN THESE STANDARDS OR PUBLICATIONS. 

NEITHER ESDA, NOR ITS PRESENT OR FORMER MEMBERS, OFFICERS, 
EMPLOYEES OR OTHER REPRESENTATIVES WILL BE LIABLE FOR DAMAGES 
ARISING OUT OF, OR IN CONNECTION WITH, THE USE OR MISUSE OF ESDA 
STANDARDS OR PUBLICATIONS, EVEN IF ADVISED OF THE POSSIBILITY 
THEREOF. THIS IS A COMPREHENSIVE LIMITATION OF LIABILITY THAT APPLIES 
TO ALL DAMAGES OF ANY KIND, INCLUDING WITHOUT LIMITATION, LOSS OF 
DATA, INCOME OR PROFIT, LOSS OF OR DAMAGE TO PROPERTY AND CLAIMS OF 
THIRD PARTIES. 

 

 

 
 
 
Published by: 
 
Electrostatic Discharge Association 
7900 Turin Road, Bldg. 3 
Rome, NY 13440 
 
Copyright © 2020 by EOS/ESD Association, Inc. 
All rights reserved 
 
No part of this publication may be reproduced in any form, in 
an electronic retrieval system or otherwise, without the prior 
written permission of the publisher. 
 
Printed in the United States of America

DISCLAIMER OF 
WARRANTIES 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

DISCLAIMER OF 
GUARANTY 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

LIMITATION ON 
ESDA’s LIABILITY 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

CAUTION 
NOTICE 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



ESD TR5.5-05-20 
   

 

i 

(This foreword is not part of ESD Association Technical Report ESD TR5.5-05-20) 

 

FOREWORD 

The transmission line pulse (TLP) technique is a method for pulse testing a semiconductor device 
to evaluate its voltage-current response, which is commonly used as an ESD characterization tool. 

The basic requirements of TLP methodology are defined in the standard test method ANSI/ESD 
STM5.5.1, which is focused on the quasi-static behavior of the device under test (DUT). All the 
relevant quasi-static device parameters obtained from TLP characterization following ANSI/ESD 
STM5.5.1 are obtained by averaging in a pre-defined measurement window. However, many 
semiconductor devices show peculiar physical effects when stressed by the fast-rising edge of the 
TLP voltage/current waveform, which in some cases may induce premature and unexpected 
failures during ESD testing.  

These effects are not completely addressed by the TLP characterization test method in ANSI/ESD 
STM5.5.1. Therefore, to have a complete picture of device behavior in the ESD regime, an 
extension of the analysis into the initial transient phase is also necessary. 

This technical report1 was published on June 15, 2020, and was designated ESD TR5.5-05-20. At 
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1 ESD Association Technical Report (TR):  A collection of technical data or test results published as an 
informational reference on a specific material, product, system or process. 
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ESD Association Technical Report for Electrostatic Discharge Sensitivity Testing – 
Transmission Line Pulse (TLP) – Transient Response Evaluation 

 

1.0 PURPOSE 

The purpose of this technical report is to address two key points: 

1) Measurement issues: under what conditions it is possible to perform a valid measurement of 
transient response and know that the results are real characteristics of the device being tested 
and not set-up artifacts. 

2) Report a collection of already available and published characterization examples, useful to 
assess better the relevance of this type of measurement and the expected impact on ESD 
performances (especially during CDM stress). 

The starting point of this report is the TLP system and its related requirements, as described in 
ANSI/ESD STM5.5.1. The most important modifications needed to address the initial transient 
response will be presented here. 

 

2.0 PROBLEM DEFINITION AND MAIN CHALLENGES 

2.1 Goal: What do We Want to Measure? 

The transient response of circuit elements is important for the effectiveness of ESD protection 
design not only at the device level for HBM and CDM protection but also in system-level ESD 
protection. A circuit element with low dynamic impedance and a low clamping voltage measured in 
a time range between 50 ns and 100 ns may be ineffective as an ESD protection device if the low 
impedance state takes a long time to turn on, or there is a large voltage overshoot required to enter 
the low impedance state. It is, therefore, extremely helpful to know the transient responses of all 
circuit elements in an ESD protection design, both the circuit elements providing protection as well 
as the circuit elements being protected. It can also be useful to examine the transient response of 
the full protection design to determine if the protection elements and the circuit elements requiring 
protection work well together and as expected. The list of potential circuit elements and circuits 
suitable for study with transient TLP is quite long. Transient response TLP may have applications 
outside of the field of ESD. The following list includes some of the most obvious candidates for 
study, but it is by no means complete: 

• Diodes, especially those used as steering diodes in protection design 

• MOS transistors 

• SCR (npnp) structures 

• Transient Voltage Suppressors (TVS) used as protection elements on printed circuit boards 

• Gate oxides 

• Full I/O buffers 

 

2.2 Differences with Respect to ANSI/ESD STM5.5.1 

The current EOS/ESD Association, Inc. standard test method for TLP and VF-TLP, ANSI/ESD 
STM5.5.1 [1], gives guidance for obtaining valid current versus voltage measurement using TLP 
methods. That document defines TLP methods (pulse duration in the order of 100 ns), VF-TLP 
methods (pulse duration shorter than or equal to 10 ns), and long pulse TLP methods (pulse 
duration more than 200 ns). In principle, this document applies to all, but in practice, most transient 
analysis will be done with VF-TLP systems. The standard test method targets device behavior 
characterization, assuming that the DUT is in a quasi-static state during the measurement windows 
for current and voltage. The waveforms used to obtain the quasi-static information may also be 
used to derive information on the transient behavior of the DUT. The current TLP document, 
ANSI/ESD STM5.5.1, discusses bandwidth requirements for quasi-static measurements but does 
not give guidance on how to obtain time-dependent information from TLP data. This technical report 


