IEC 60749-26:2025-12 CMV(en)

IEC IEC 60749-26

®

INTERNATIONAL
STANDARD

Edition 5.0 2025-12

COMMENTED VERSION

Semiconductor devices - Mechanical and climatic test methods -
Part 26: Electrostatic discharge (ESD) sensitivity testing - Human body model
(HBM)

ICS 31.080.01 ISBN 978-2-8327-0973-3



IEC 60749-26:2025 CMV © IEC 2025

CONTENTS

O T T 1 5
1 S o0 o 1= YRS 7
2 NOIMAtIVE T OIENCES e et 7
3 Terms and definitions ... e 7
4  Apparatus and required eqUIPMENT. . ... 11
4.1 Waveform verification equipment..... ... 11
4.2 1O F=T o711 o X1 o7 0] o = 12
4.3 Additional requirements for digital 0SCilloSCOPES ......ceviviiiiiiiii i 12
4.4 Current-transducer{inductivecurrentprobe) Current probe..........cooiiiiiiin, 12
4.5 Evaluation 10ads. ..o 12
4.6 A B UL O .o 13
4.7 Human body model Simulator ....... ... 13
4.8 HBM test equipment parasitic properties.........ccooviiiiiii i 13

5  Stress test equipment qualification and routine verification .......................cc 14
5.1 Overview of required HBM tester evaluations..............ocoooiiiiiiiiiciici e, 14
5.2 Measurement ProCEAUIES .. ... e e 14
5.2.1 Reference pin pair determination..............coooiiiiii i 14
5.2.2 Waveform capture with current probe ... 14
5.2.3 Determination of waveform parameters...........coooooiiiiii 15
524 High voltage discharge path test..........ooi 19

5.3 HBM tester qualification ... ... 19
5.3.1 HBM ESD tester qualification requirements............cccoiiiiiii i, 19
5.3.2 HBM tester qualification procedure ... 20

5.4 Test fixture board qualification for socketed testers..........ccoeiiiiiiiiiiiiiin, 20
5.5 Routine waveform check requirements................ooiiiiiiiiiiii 21
5.5.1 Standard routine waveform check description ............coooiiiiiiiiii, 21
5.5.2 Waveform check freQUENCY .......ouiiiiiii e 21
5.5.3 Alternate routine waveform capture procedure ... 22

5.6 High voltage discharge path check ..., 22
5.6.1 Relay 1S S i 22
5.6.2 NON-TeIAY tESTEIS ...t e 22

5.7 Tester WavefOrmM FECOIMAS . ... e 23
5.7.1 Tester and test fixture board qualification records ..., 23
5.7.2 Periodic waveform check reCords ........ccoiiiiiiiiiii e 23

5.8 S = 111 2P 23
5.8.1 INItiAl SO U et 23
5.8.2 LI = 1111 T PP 23
5.8.3 Personnel safety ... 23

6  Classification ProCEAUIE .......c.iiiiii e 23
6.1 Devices for classification .........ooi i 23
6.2 Parametric and functional testing............oooiiiiiiiii 23
6.3 D EVICE SIS SING . . ittt 24
6.3.1 Device stressing Methods ... 24
6.3.2 NO CONNECE PINS oo 25
e Coporttrrirrrrererrereerrererereeereeeoereroeeeeeerereeeeeeeeeeee—————————————————————————————



IEC 60749-26:2025 CMV © IEC 2025

-2 ple—sepposolpe —— 0
6.4 Pin combination StreSSiNg .. ... it 25
6.4.1 Pin combination stressing options ..o 25
6.4.2 NO CONNECE PINS oo e 26
6.4.3 RS TU] o] oLV o] 1 0= P 26
6.4.4 NON-SUPPIY PINS e e e 26
6.5 PN GrOUPING S - 27
6.5.1 ST ] o o] 1A o1 g T e [ 01U 1= PP 27
6.5.2 Partitioning supply pin groups ... 27
6.5.3 Supply pins connected by package plane............cooiiiiiiiiiiiii 27
6.5.4 Supply pins connected by an above-passivation layer.................cccoooeiinnin. 28
6.5.5 Shorted NoON-sUPPIY PiN GrOUPS . c.uienii e 28
6.6 Pin stress combinations. ... ... 28
6.6.1 Pin stress combination categorization............cooooi 28
6.6.2 Non-supply and supply to supply combinations (1, 2, ... N) cceiiiiiiiiinnnnennn. 30
6.6.3 Non-supply to non-supply combinations...............ooooiiiii e 31

6.7 PP air ST ES S NG oot 32
6.8 Low-parasitic HBM simulator allowance ... 32
6.9 Testing after StreSSINg .. oo 32
T FailUre Criteria oo e e e 32
8 Component classification ... ..., 32
Annex A (rermativeinformative) Cloned non-supply (I1/0O) pin sampling test method ............ 34
A.1 PUIPOSE @Nd OVEIVIEW ...t 34
A.2 Pin sampling overview and statistical details.................coooiiiiiii 34
A.3 IC product SEIECIONS. ... . e 36
A.4 Randomly selecting and testing cloned 1/O pins .......ccoviiiiiiiiiiiee, 36
A.5 Determining if sampling can be used with the-supplied Excel spreadsheet............ 36
A.5.1 Using the Excel spreadsheet ... ... 36
A.5.2 Without using the Excel spreadsheet ... 36
A.6 HBM testing with a sample of cloned 1/O piNs.........ooiiii e 37
A7 Examples of testing with sampled cloned 1/OS.........ccooiiiiiiiiiii e, 37
A.7.1 EXaMPIE T e 37
A.7.2 E XA 2 e e 38
Annex B (informative) Determination of withstand thresholds for pin or pin-combination
SUD S S ot s 41
B.1 OV BV W et e e 41
B.2 TeStiNG PrOCEAUIES ..oniniit e e e e e s 41
B.3 RS C T ONS e 42
B.4 Example of using subset withstand threshold data ..., 42
Annex C (informative) HBM test equipment parasitic properties ..., 43
C.1 Optional trailing pulse detection equipment for apparatus..........ccccoovviiviiiieninnns 43
C.2 Optional pre-pulse voltage rise detection test equipment...........cccoiiiiiiiiiinnn. 45
C.3 Optional pre-HBM current spike detection equipment............cooiiiiiiiiiiiinn s 46
Cc4 Open-relay tester capacitance parasitics ........ccoooiiiiiiiii 48



IEC 60749-26:2025 CMV © IEC 2025

C.5 Test to Determine if an HBM Simulator is-atow-parasiticsimulater an N-

channel Low-Parasitic Simulator........o.oiiiiiii e 48

Annex D (informative) HBM test method flow chart ... 50
Annex E (informative) Failure window detection testing methods................coooi s 62
E.A MEtNOAOIOY e e e 62
E.2 Combined withstand threshold method and window search ......................c 62
E.3 Failure window detection with a known withstand threshold.......................... 62
Bl OGP Y e e 64
LISt Of COMMEBNTS .ot e e e e enns 65
Figure 1 — Simplified HBM simulator circuit with loads ..., 13
Figure 2 — Current waveform through shorting Wires ..., 16
Figure 3 — Current waveform through a 500 Q resistor.........ccoveiiiiiiiiiii e, 17
Figure 4 — Peak current short circuit ringing waveform..............c.coooiiii i 19
Figure A.1 — SPL, V,,-M¥M—and-z and V,, with the Bell shape distribution pin failure
Lo U1 Y PP 35
Figure A.2 — 1/0 sampling test method flow chart..............cooi 40
Figure C.1 — Diagram of trailing pulse measurement setup ............coooiiiiiiiiiii i, 43
Figure C.2 — Positive stress at 4 000 V... e 44
Figure C.3 — Negative stress at 4 000 V ... e 44
Figure C.4 — lllustration of measuring voltage before HBM pulse with a Zener diode or
8 ABVICE it e 45
Figure C.5 — Example of voltage rise before the HBM current pulse across a 9,4 V
A=Y 1= o 1 Lo T 46
Figure C.6 — Optional pre-current pulse detection equipment or apparatus........................... 47
Figure C.7 — Positive stress at 1 000 V... 47
Figure C.8 — Diagram of a 10-pin shorting test device showing current probe ....................... 49
Figure D.1 — HBM test method flow chart............oooiii e, 55

Table 1 — Waveform specifiCation..... ... 21
Table 2 — Preferred pin combinations Sets.......ccooiiiiiii 29
Table 3 — Alternative pin combinations sets.........ccooiiiii 29
Table 4 — HBM ESD component classification levels............ccocooiiiiiiiiiee, 33



IEC 60749-26:2025 CMV © IEC 2025

Table B.1 — Inclusion of lower ESD level high-speed pin data ESD information for
handling of ESDS in an ESD protected area (required) ..........cooiiiiiiiiiiiiiii e 42




1)

2)

3)

4)

5)

IEC 60749-26:2025 CMV © IEC 2025

INTERNATIONAL ELECTROTECHNICAL COMMISSION

Semiconductor devices -
Mechanical and climatic test methods -
Part 26: Electrostatic discharge (ESD) sensitivity testing -
Human body model (HBM)

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote international
co-operation on all questions concerning standardization in the electrical and electronic fields. To this end and
in addition to other activities, IEC publishes International Standards, Technical Specifications, Technical Reports,
Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC Publication(s)”). Their
preparation is entrusted to technical committees; any IEC National Committee interested in the subject dealt with
may participate in this preparatory work. International, governmental and non-governmental organizations liaising
with the IEC also participate in this preparation. IEC collaborates closely with the International Organization for
Standardization (ISO) in accordance with conditions determined by agreement between the two organizations.

The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international
consensus of opinion on the relevant subjects since each technical committee has representation from all
interested IEC National Committees.

IEC Publications have the form of recommendations for international use and are accepted by IEC National
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any
misinterpretation by any end user.

In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications
transparently to the maximum extent possible in their national and regional publications. Any divergence between
any IEC Publication and the corresponding national or regional publication shall be clearly indicated in the latter.

IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any
services carried out by independent certification bodies.

All users should ensure that they have the latest edition of this publication.

No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and
members of its technical committees and IEC National Committees for any personal injury, property damage or
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC
Publications.

Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is
indispensable for the correct application of this publication.

IEC draws attention to the possibility that the implementation of this document may involve the use of (a)
patent(s). IEC takes no position concerning the evidence, validity or applicability of any claimed patent rights in
respect thereof. As of the date of publication of this document, IEC had not received notice of (a) patent(s), which
may be required to implement this document. However, implementers are cautioned that this may not represent
the latest information, which may be obtained from the patent database available at https://patents.iec.ch. IEC
shall not be held responsible for identifying any or all such patent rights.

This commented version (CMV) of the official standard IEC 60749-26:2025 edition 5.0 allows
the user to identify the changes made to the previous IEC 60749-26:2018 edition 4.0.
Furthermore, comments from IEC TC 47 experts are provided to explain the reasons of the most
relevant changes, or to clarify any part of the content.

A vertical bar appears in the margin wherever a change has been made. Additions are in green
text, deletions are in strikethrough red text. Experts' comments are identified by a blue-
background number. Mouse over a number to display a pop-up note with the comment.

This publication contains the CMV and the official standard. The full list of comments is available
at the end of the CMV.
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IEC 60749-26 has been prepared by IEC technical committee 47: Semiconductor devices in
collaboration with technical committee 101: Electrostatics. It is an International Standard.

This fifth edition cancels and replaces the fourth edition published in 2018. This edition
constitutes a technical revision. This standard is based upon ANSI/ESDA/JEDEC JS-001-2023.
It is used with permission of the copyright holders, ESD Association and JEDEC Solid state
Technology Association.

This edition includes the following significant technical changes with respect to the previous
edition: |1
a) new definitions have been added;

b) text has been added to clarify the designation of and allowances resulting from “low
parasitics”. The new designation includes the maximum number of pins of a device that can
pass the test procedure.

The text of this International Standard is based on the following documents:

Draft Report on voting

47/2963/FDIS 47/2984/RVD

Full information on the voting for its approval can be found in the report on voting indicated in
the above table.

The language used for the development of this International Standard is English.

This document was drafted in accordance with ISO/IEC Directives, Part 2, and developed in
accordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, available
at www.iec.ch/members_experts/refdocs. The main document types developed by IEC are
described in greater detail at www.iec.ch/publications.

A list of all parts in the IEC 60749 series, published under the general title Semiconductor
devices - Mechanical and climatic test methods, can be found on the IEC website.

The committee has decided that the contents of this document will remain unchanged until the
stability date indicated on the IEC website under webstore.iec.ch in the data related to the
specific document. At this date, the document will be

— reconfirmed,

— withdrawn, or

— revised.


https://www.iec.ch/members_experts/refdocs
https://www.iec.ch/publications
https://webstore.iec.ch/?ref=menu

IEC 60749-26:2025 CMV © IEC 2025

1 Scope

This part of IEC 60749 establishes the procedure for testing, evaluating, and classifying
components and microcircuits in accordance with their susceptibility (sensitivity) to damage or
degradation by exposure to a defined human body model (HBM) electrostatic discharge (ESD).

The purpose of this document is to establish a test method that will replicate HBM failures and
provide reliable, repeatable HBM ESD test results from tester to tester, regardless of component
type. Repeatable data will allow accurate classifications and comparisons of HBM ESD
sensitivity levels.

ESD testing of semiconductor devices is selected from this test method, the machine model
(MM) test method (see IEC 60749-27) or other ESD test methods in the IEC 60749 series.
Unless otherwise specified, this test method is the one selected.

2 Normative references

There are no normative references in this document.


https://www.electropedia.org/
https://www.iso.org/obp
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