IEC TR 63133:2017-10(en)

IEC TR 63133

TECHNICAL
REPORT

Edition 1.0 2017-10

colour
inside

Semiconductor devices-S T ANDARD PREVIEW

Scan based ageing level estimation for enyéc?{\d tor devices
stanaaras.iten.al

IEC TR 631332017
https/standards.iteh.ai/catalog/standards/sist/7204cfe6-a09£-4680-b786-
e0debeee6ad3/iec-tr-63133-2017




THIS PUBLICATION IS COPYRIGHT PROTECTED
Copyright © 2017 IEC, Geneva, Switzerland

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form
or by any means, electronic or mechanical, including photocopying and microfilm, without permission in writing from
either IEC or IEC's member National Committee in the country of the requester. If you have any questions about IEC
copyright or have an enquiry about obtaining additional rights to this publication, please contact the address below or

IEC Central Office
3, rue de Varembé
CH-1211 Geneva 20

Switzerland www.iec.ch

your local IEC member National Committee for further information.

Tel.: +41 22 919 02 11
Fax: +41 22 919 03 00
info@iec.ch

About the IEC

The International Electrotechnical Commission (IEC) is the leading global organization that prepares and publishes
International Standards for all electrical, electronic and related technologies.

About IEC publications

The technical content of IEC publications is kept under constant review by the IEC. Please make sure that you have the
latest edition, a corrigenda or an amendment might have been published.

IEC Catalogue - webstore.iec.ch/catalogue

The stand-alone application for consulting the entire
bibliographical information on IEC International Standards,
Technical Specifications, Technical Reports and other
documents. Available for PC, Mac OS, Android Tablets and
iPad.

IEC publications search - www.iec.ch/searchpub

The advanced search enables-to, find IEC, publications by a
variety of criteria (reference (number) text, |technical
committee,...). It also gives information on projects, replaced
and withdrawn publications.

IEC Just Published - webstore.iec.ch/justpublished

Stay up to date on all new IEC publications. Just Published
details all new publications released. Available online-and
also once a month by email.

Electropedia - www.electropedia.org

The world's leading online dictionary of electronic and
electrical terms containing 20 000 terms and definitions in
English and French, with equivalent terms in 16 additional
languages. Also known as the International Electrotechnical
Vocabulary (IEV) online.

IEC Glossary - std.iec.ch/glossary

65-000.-electrotechnical -terminology entries in English and
Erench extracted from ithe ‘Terms and Definitions clause of
IEC publications issued since 2002. Some entries have been
collected fromyearlier publications of IEC TC 37, 77, 86 and
CISPR.

IEC Customer Service Centre - webstore.iec.ch/csc
If-you'wish to give us your feedback on this publication or
needifurther assistance,(please contact the Customer Service
Centre: csc@iec.ch.



IEC TR 63133

Edition 1.0 2017-10

TECHNICAL
REPORT

colour
inside

Semiconductor dévices -

Scan based ageing level estimation forsemiconductor devices

INTERNATIONAL

ELECTROTECHNICAL

COMMISSION

ICS 31.080.01 ISBN 978-2-8322-4903-1

Warning! Make sure that you obtained this publication from an authorized distributor.

® Registered trademark of the International Electrotechnical Commission



-2- IEC TR 63133:2017 © IEC 2017

CONTENTS
FOREWORD ...ttt et et e e e et et e e et et e e e e e e e e e e e e e e e e e eanaeenns 3
INTRODUGCTION ..ottt et et e e e e e e e e e e e e et et e e e e e aa e e et e e an s e et e an e eenaeeneeen 5
1 oo ] o1 S PP 6
P N[0 4 4 =Y OV LT =) (= =Y g Lo = 6
3 Terms, definitions and abbreviated terms ..........coooiiiii i 6
3.1 Terms and definitioNs. .. ... 6
3.2 A DI EVIAtIONS .. e 7
o 1= o T8 = 2= 9
4.1 L@ Y=Y Y= USSP 9
4.2 Ageing level characterization technique (test method)............coooiiiiiiin, 9
4.3 Architecture and operation ... . ..o 11
4.4 Performance estimation storage element .............cooiiiiiiii i 12
4.5 SIimulation reSUIS ..o 14
4.6 EXperimental reSUIS ... 14
(27 o] [T To | =T o1 V2RI 17
Figure 1 — Reliability bathtub CUrve ... ... 5
Figure 2 — Schematic pflageing-leveliestimation technique ..« 4/ i W 9
Figure 3 — A guard band and estimated ageing level....p.......o0 i 10
Figure 4 — Ageing level monitoring and scan chain architecture ...................ccooiiin, 11
Figure 5 — State diagram for performance estimation controller................coooooiiiiiiiiinen, 12
Figure 6 — Modified'scanicelliarchitecture s iy asll /A VaclelralZnA0e LD ohn 13
Figure 7 — Operations of shadow latch, storage element, and PERC according to CLK
=] I = O I P 13
Figure 8 — Simulation results for a case in which ageing occurs on a data path..................... 14
Figure 9 — PECLKSs for various delay points and their results ... 16

Table 1 — Power consumption compared with prior Work ...........ccooiiiiiiiiiiii e, 15



1)

2)

3)

4)

5)

6)

7)

8)

9)

-3- IEC TR 63133:2017 © IEC 2017

INTERNATIONAL ELECTROTECHNICAL COMMISSION
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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 tesponsible fon thepway /injwhich /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, certificationbodies 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 certificationbodies.

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.

Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of
patent rights. IEC shall not be held responsible for identifying any or all such patent rights.

The main task of IEC technical committees is to prepare International Standards. However, a
technical committee may propose the publication of a technical report when it has collected
data of a different kind from that which is normally published as an International Standard, for
example "state of the art".

IEC TR 63133, which is a technical report, has been prepared by IEC technical committee 47:
Semiconductor devices.

The text of this technical report is based on the following documents:

Enquiry draft Report on voting
47/2405/DTR 47/2425/RVDTR

Full information on the voting for the approval of this technical report can be found in the
report on voting indicated in the above table.
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This document has been drafted in accordance with the ISO/IEC Directives, Part 2.

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

e reconfirmed,

e withdrawn,

e replaced by a revised edition, or
e amended.

A bilingual version of this publication may be issued at a later date.

IMPORTANT - The 'colour inside' logo on the cover page of this publication indicates
that it contains colours which are considered to be useful for the correct
understanding of its contents. Users should therefore print this document using a
colour printer.
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INTRODUCTION

A semiconductor device has an important role in reliability-critical applications, e.g., space, air
and road vehicles, medical equipment. Although new technology has improved performance,
power efficiency, cost efficiency etc., but the reliability becomes a serious threat [1]1. As can
be seen in Figure 1, failure rate is decreases in early life, and low constant failure rate is
preserved for a while, then wear out failure rate is increases significantly. Especially for
reliability-critical applications, it is important to precisely monitor the ageing level to forewarn
of any impending catastrophic failure. The semiconductor ageing is caused by
negative/positive bias temperature instability, hot carrier injection, and time dependent
dielectric breakdown, electro migration, and stress migration, etc. Path delay is known to be
increased due to various ageing failures. Although a few ageing monitoring techniques have
been developed [2 to 5], the ageing level has not been precisely diagnosed. For reliability-
critical applications, the ageing level information can be utilized for taking adequate measures
timely, e.g., device replacement, performance switching using dynamic voltage-frequency
scaling. This document describes an efficient technique to monitor the ageing and
characterize the ageing level.

2 4
o
o . . .
S Screens Ear/y life fallu'r'e region
= (infant mortalities)
“;
35
(o] -
(]
c -t L
S
c
)
(2]
£
' Wearout failure region
- : 3 3 (intrinsic failures)
Operating!tife-failure région
(extrinsic failures)
0 t o : Time
| Product useful life time {
| I

IEC

Figure 1 — Reliability bathtub curve

1 Numbers in square brackets refer to the Bibliography.
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1 Scope

This Technical Report specifies a design technique of performance estimation storage
element, which can monitor semiconductor ageing and characterize ageing level. The
estimated ageing level can be used to improve the reliability of system.

2 Normative references

There are no normative references in this document.

3 Terms, definitions and abbreviated terms

3.1 Terms and definitions

For the purposes of thisjdocument;-thexfollowing-terms-and definitions apply.

ISO and IEC maintain terminologicalydatabases: foruse «n: standardization at the following
addresses:

e |EC Electropedia: available at http://www:electropedia.org/
ISO Online browsing platform: available at http://www.iso.org/obp
3.1.1

transistor ageing
for a field effect transistor, increase with time of its threshold voltage

Note 1 to entry: This increase is caused by a combination of NBTI, PBTI, HCI, TDDB, EM, and SM.

Note 2 to entry: This effect decreases the drain current and transconductance and thereby increases the path
delay.

3.1.2
ageing level
degree of transistor ageing under known operating conditions

3.1.3

ageing level monitoring

method of evaluating transistor ageing that indicates either pass or fail at a selected ageing
level

Note 1 to entry: The amount of delay between two clock signals corresponds to the selected ageing level.

Note 2 to entry: A path delay longer than the clock delay plus guard band constitutes a failure.

3.14
guard band
timing margin that allows for the worst acceptable increase of path delay through a device
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3.1.5

scan cell

special purpose storage element employing design-for-testability, that is used for ageing level
monitoring

Note 1 to entry: A scan cell may also be used as a functional storage element when not in test mode.

3.1.6
scan chain
chain of scan cells where the output of one is the input to the next

Note 1 to entry: This type of series connection is usually called as a daisy-chain.

3.1.7
test access port
port through which test equipment may be connected

Note 1 to entry: |EEE standard 1149.1 [6] specifies four (optionally five) lines for a TAP, i.e., test data input, test
data output, test mode select, test clock and an optional test reset.

3.2 Abbreviations
3.21

CLK

CLocK

3.2.2
DFT
Design For Testability

3.2.3
EM
Electro migration

3.24
HCI

Hot carrier injection

3.2.5
NBTI
Negative bias temperature instability

3.2.6
PBTI
Positive bias temperature instability

3.2.7
PE

Performance evaluation



3.2.8
PECLK
Performance evaluation clock

3.2.9
PERC

Performance evaluation result cell

3.2.10
PESE

Performance evaluation storage element

3.2.11
PESI

Performance evaluation Sl

3.2.12
PESO

Performance evaluation SO

3.2.13
SC

Scan cell

3.2.14
SE

Scan enable

3.2.15
Sl

Scan input

3.2.16
SO
Scan output

3.2.17
SM

Stress migration

3.2.18
TAP

Test access port

IEC TR 63133:2017 © IEC 2017
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3.2.19
TDDB
Time dependent dielectric breakdown

4 Ageing level

4.1 Overview

Semiconductor ageing is a serious threat to the reliability of a system. The ageing level of
semiconductor components can be described as the degree of semiconductor ageing under
certain operating conditions, including voltage, frequency, temperature, and usage rate. Over
a certain lifetime of a semiconductor device, ageing is caused by several phenomena,
including NBTI, PBTI, HCI, etc., and results in signal delay [7 to 9]. Therefore, the
semiconductor ageing defect decreases the performance of a device, and ultimately causes
system failure. Ageing should be precisely monitored and alarmed during functional operation
for reliability. Thus, this document introduces the method to estimate the degree of ageing of
a semiconductor device, in other words, the ageing-level.

4.2 Ageing level characterization technique (test method)

The ageing is modelled as a signal delay, and the ageing level can be estimated by
monitoring the amount of induced delay at multiple delay points. The schematic of ageing
level estimation technique can be described as in Figure 2. Normal and phase shifted clocks
are applied to the device underrageingymonitoring. Then, the; ageingylevel can be estimated
through the ageing level-analyser-if‘any critical‘ageing failure’is notified from the device.

Ageing < Ageing level ¢ Pass/Fail Device under
level analyzer ageing monitoring
¢T Delayed
Phase shifter clock
A
Clock 3

IEC
Figure 2 — Schematic of ageing level estimation technique

The monitoring range of the delay points for the ageing level is limited to the guard band as
can be seen in Figure 3. The blue and red arrows indicate the ageing monitoring points
representing the pass and fail in delay test, respectively. The amount of the ageing level can
be estimated as the boundary value between blue and red arrows in which the delay test
started to fail. As the device gets older, the ageing level becomes nearer to the rising edge of
normal clock because more delay on the signal path due to the ageing causes earlier fail (red
arrow) in the delay test.
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