IEC TS 62876-3-1:2022-02(en)

IEC TS 62876-3-1

TECHNICAL
SPECIFICATION

Edition 1.0 2022-02

&
,r\’.
o |
A0
SV
<2
O
R
: - ®)
Namomanufacturing — Reliability assessmen -Q
Pant 3-1: Graphene-based material — Stability>Temperature and humidity test



https://iecnorm.com/api/?name=b8521f0f7953e3bd6a6f7b0c511f4b5b

THIS PUBLICATION IS COPYRIGHT PROTECTED
Copyright © 2022 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
your local IEC member National Committee for further information.

IEC Secretariat Tel.: +41 22 919 02 11
3, rue de Varembé info@iec.ch
CH-1211 Geneva 20 www.iec.ch
Switzerland

Abouf the IEC

The Ipternational Electrotechnical Commission (IEC) is the leading global organization that prepares and, ‘puljlishes
Internptional Standards for all electrical, electronic and related technologies.

About IEC publications
The tgchnical content of IEC publications is kept under constant review by the IEC. Please make-sure' that you haje the
latest jedition, a corrigendum or an amendment might have been published.

IEC puyiblications search - webstore.iec.ch/advsearchform IEC Products & Services Portal ~products.iec.ch
The apvanced search enables to find IEC publications by a Discover our powerful searchi‘ehgine and read freely fall the
variety of criteria (reference number, text, technical publications previews. With-a subscription you will alwayp have
comm|ttee, ...). It also gives information on projects, replaced  access to up to date content tailored to your needs.
and withdrawn publications.
. . . . Electropedia - www:€electropedia.org

IEC Just Published - webstore.iec.ch/justpublished The world's leading online dictionary on electrotechrjology,
Stay dp to date on all new IEC publications. Just Published  containing mere than 22 300 terminological entries in English
detail§ all new publications released. Available online andonce  gnd Freneh, Wwith equivalent terms in 19 additional langfiages.
a month by email. Also krmown as the International Electrotechnical Vocdbulary

(IEV) online.
IEC Customer Service Centre - webstore.iec.ch/csc

If you ish to give us your feedback on this publication or need
furthe assistance, please contact the Customer Service
Centrg: sales@iec.ch.



mailto:info@iec.ch
https://www.iec.ch/
https://webstore.iec.ch/advsearchform
https://webstore.iec.ch/justpublished
https://webstore.iec.ch/csc
mailto:sales@iec.ch
https://products.iec.ch/
http://www.electropedia.org/
https://iecnorm.com/api/?name=b8521f0f7953e3bd6a6f7b0c511f4b5b

IEC TS 62876-3-1

Edition 1.0 2022-02

TECHNICAL
SPECIFICATION

“col@ur
inside

Nanomanufacturing — Reliability assessmenf—<
Pant 3-1: Graphene-based material — Stability: Temperature and humidity test

INTERNATIONAL
ELECTROTECHNICAL
COMMISSION

ICS 07.120 ISBN 978-2-8322-1082-8

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

® Registered trademark of the International Electrotechnical Commission


https://iecnorm.com/api/?name=b8521f0f7953e3bd6a6f7b0c511f4b5b

-2 - IEC TS 62876-3-1:2022 © |IEC 2022

CONTENTS
O T T I S 3
LN I 75 16 L@ 1 ] P 5
1 1S T oo o 1= S 6
2 NOIrmMative referenCeS ... e 6
3 Terms and definitioNs ... 7
3.1 (CT=T a1 =TI 1= o o 1= PP 7
3.2 Terms regarding reliability.......o.ceieieuieiiii ittt 7
€ 7= =Y - | P PRUPRUPU  J SR 9
411 Sample under test. ... D e 9
412 Sample descCription ... GBS ...10
5 [Reliability Stress SCre@ning .....c.oouiiiiiiiiiii e e ... 10
51 GBNEIAL. ..t s ...10
542 End of life criteria.... ..o T ...10
513 AcCeptanCe Criteria .....ooo i i e ...10
514 Environmental stress tests ... ... 11
515 ST 11 =Y o o = e R ... 11
516 SEVEIIY it S .. 11
5J7 Measurement Methods ... ... o T e ... 11
B MeasUuremMentS . ..o e ... 11
61 LT o= - | I PR ... 11
6J2 Measurements during the test.......... 0 ... 12
643 Identification of permanent changeEs: ... ... ...12
7 |Data analysis / Interpretation of reSURS..........ccooiiiiiiii i ... 12
™ Presentation of the results A e ... 12
712 Evaluation of pass/fail Criteria............cooiiiiiii ... 13
73 Calculation of the MTTF (mean time to failure) ..o, ... 13
T I == =Y o Lo o T PP ...13
Anngx A (normative) Environmental tests ... ... 14
Anngx B (normative) (Additional information regarding test conditions and procedures ....., ...15
B|1 Test matrix for demonstrating acceleration factors .............cc.ooiiiiiiiiiiie, ...15
B(2 Procedure to select test samples ... ...15
L] o111 oY = Yo 4 A P ... 17
FigutexI”— Determination of the TTF by direct reading from the experimental data or

extrapolation (arbitrary €Xample) ... 12
Table 1 — Times to failure (TTF) for devices in two life test conditions ............................. 13
Table A.1 — Tests and their severities ... ... e 14
Table B.1 — Test matrix for temperature and humidity relation...................cocooiiiiiin. 15

Table B.2 — Number of test samples required to achieve a specified LTPD ...............cc.ceene. 16


https://iecnorm.com/api/?name=b8521f0f7953e3bd6a6f7b0c511f4b5b

IEC TS 62876-3-1:2022 © |IEC 2022 -3-

9)

IEC IS 62876-3-1 has been prepared by IEC technical committee 113: Nanotechnolog
elecfrotéchnical products and systems. It is a Technical Specification.

INTERNATIONAL ELECTROTECHNICAL COMMISSION

NANOMANUFACTURING -
RELIABILITY ASSESSMENT -

Part 3-1: Graphene-based material —
Stability: Temperature and humidity test

FOREWORD

THe International Electrotechnical Commission (IEC) is a worldwide organization for standardization comp
al| national electrotechnical committees (IEC National Committees). The object of IEC is to premote interng
cd-operation on all questions concerning standardization in the electrical and electronic fields. To this en
inladdition to other activities, IEC publishes International Standards, Technical Specifications, Technical Re
Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC, ‘Publication(s)”).
preparation is entrusted to technical committees; any IEC National Committee interested in the subject dea
may participate in this preparatory work. International, governmental and non-goveramental organizations li
with the IEC also participate in this preparation. IEC collaborates closely with. the) International Organizati
Standardization (ISO) in accordance with conditions determined by agreement\between the two organizati

THe formal decisions or agreements of IEC on technical matters express;, as’/nearly as possible, an interng
cdnsensus of opinion on the relevant subjects since each technical ‘€ommittee has representation frg
inferested IEC National Committees.

IEIC Publications have the form of recommendations for international use and are accepted by IEC N3
Committees in that sense. While all reasonable efforts are made to ensure that the technical content d
Pdblications is accurate, IEC cannot be held responsibl€ fof the way in which they are used or fo
m{sinterpretation by any end user.

In| order to promote international uniformity, IEC National Committees undertake to apply IEC Public
trgnsparently to the maximum extent possible in their(hational and regional publications. Any divergence be
arly IEC Publication and the corresponding national or regional publication shall be clearly indicated in the

IEIC itself does not provide any attestation of‘conformity. Independent certification bodies provide conf
agsessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible fd
sgrvices carried out by independent certifieation bodies.

All users should ensure that they have‘the latest edition of this publication.
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members of its technical committees and IEC National Committees for any personal injury, property dam
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fee
eXdpenses arising out of the -publication, use of, or reliance upon, this IEC Publication or any othe
Pyblications.

N¢ liability shall attach to IEC or_its,\directors, employees, servants or agents including individual experjs and
)

Attention is drawn t6 the Normative references cited in this publication. Use of the referenced publicati
inflispensable for the*correct application of this publication.

Aftention is drawnto the possibility that some of the elements of this IEC Publication may be the subject of
rights. IEC shall not be held responsible for identifying any or all such patent rights.
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The text of this Technical Specification is based on the following documents:

Draft Report on voting

113/592/DTS 113/616/RVDTS

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 Technical Specification is English.
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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/standardsdev/publications.

A list of all parts in the IEC TS 62876 series, published under the general title
Nanomanufacturing — Reliability assessment, 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

e reconfirmed,

e Withdrawn,

-

bplaced by a revised edition, or

e amended.

IMPORTANT - The "colour inside” logo on the cover page of this document 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

Graphene, a single-layer of carbon atoms arranged in a honeycomb lattice, has a high potential
for future nanotechnology applications due to the excellent conductivity, transparency and
flexibility of the material. Many research organizations and industrial companies are developing
fabrication technologies for graphene films on substrates, as dry powders or graphene in liquid
dispersions for a wide variety of applications. Therefore, the need for a system of standardized
tests for the key control characteristics to benchmark graphene material in its different physical
and chemical modifications remains critical. The absence of such a system slows down the
development process and hinders companies to be commercially successful. To improve this
situation, IEC TC 113 is developing a comprehensive system of material specifications
(IEC[62565-3-X series) which list application relevant key control characteristics (KCCs) and
the related measurement standards (IEC 62607-6-X series) for graphene materials in‘general.
That|includes graphene, few-layer graphene and multilayer graphene, graphene oxide‘and ¢ther
grapphene-related materials.

dition to the KCCs to qualify graphene material after fabrication, it iscalso important to
obtajn information on its long-term stability. This document defines the conditions for a set of
s tests to qualify graphene material for an acceptable level of reliability and durabil|ty in

e tests are performed using samples with graphene material layers on the same subsjtrate
used in the final product. If the graphene material layer iy the final product is embegded
een other materials, the test samples are prepared in-the same way. The basic idealis to
re test samples which are representative for the/application, so that the results of the
reliability screening allow the prediction of the reliability: of the layer in the final product.| The
results of these tests will help to establish acceptance criteria for the graphene material
including its manufacturing process. This document'does not address the quantitative reliapility
measgures and life predictions of the product, which would involve further testing based oh the

— gpecify the requirements for a general reliability stress screening (RSS) standard for nano-
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— glive direction to the supplier and to the end user on the production and purchase of nano-
gnabled electrotechnical~products to meet and verify reliability qualification standards for

This|[doCument is meant to be a general document that can be applled to aII mod|f|cat|o1s of
grapheneg 1 ' natogue
systematics mlght be useable for other 2D materlals Nevertheless, as |t is expected that failure
mechanisms are material dependent, a direct comparison of time-to-failure values is not
recommended.

As such, the results of this reliability screening test give guidance to optimize graphene material
fabrication processes and the use of graphene materials in a product design.

In some cases, it may be required that prior to the tests the environmental chamber be
evacuated to vacuum so the intrinsic KCCs are measured (without influence from other
environmental contaminants).

It is the intent of this document to be compatible with and work in conjunction with the
performance standards defined in the IEC 62607 series.
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1

This|part of IEC TS 62876 establishes a standardized method to determine the

of fillns of graphene-based material by a

It esfablishes a general methodology for reliability stress screening (RSS) to qualify the u
grap

2

The following documents are referred to in the text in such a way that some or all of their co
consftitutes requirements of this document. For dated references, only the edition cited apy
For
amendments) applies.

IEC

IEC
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NANOMANUFACTURING -
RELIABILITY ASSESSMENT -

Part 3-1: Graphene-based material —
Stability: Temperature and humidity test

anpp

n

tability

temperature and humidity test.

elected stress factors in this test to drive the failure;mechanisms are low temperature,
mperature, change of temperature and dam@’ heat with respect to test severity,
sequence, sample quantities and acceptance griteria.

o (D

he RSS test procedure defined here supports reliability assessment in the design p
a product by providing guidelines forselecting appropriate measurement methods
w to define specific pass/fail criteria.

he described methodology does net’replace traditional reliability tests on the final prg
I¢vel and will not provide full reliability data which allow the estimation of product lifeti
I{the samples pass the test, the'design is called qualified in accordance with IEC 62876

ormative references

undated references, the latest edition of the referenced document (including

50068:2-1, Environmental testing — Part 2-1: Tests — Test A: Cold

5e of

hene-based material in its subsequent product value stage(The intention is to preparg test
samples undergoing the same or similar failure mechanisms a@s’the graphene-based mater
the flnal product.

jal in

high
test

hase
and

duct
mes.
L3-1.

htent
lies.
any

60068-2-2, Environmental testing — Part 2-2: Tests — Test B: Dry heat

IEC 60068-2-14, Environmental testing — Part 2-14: Tests — Test N: Change of temperature

IEC 60068-2-78, Environmental testing — Part 2-78: Tests — Test Cab: Damp heat, steady state
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3 Terms and definitions

For the purposes of this document, the following terms and definitions apply.

ISO and IEC maintain terminological databases for use in standardization at the following

addr

esses!

e |EC Electropedia: available at http://www.electropedia.org/

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

3.1

3.1.
key
KC
key

ontrol characteristic

erformance indicator

matgrial property or intermediate product characteristic which can affect safety or compli

with
final

Note
proce

Note
correl

3.1.2

regulations, fit, function, performance, quality, reliability or subsequent processing o
product

to entry: The measurement of a key control characteristic is described“in a standardized measur
Hure with known accuracy and precision.

P to entry: It is possible to define more than one measurement niethod for a key control characteristic|
ption of the results is well-defined and known.

grapphene layer

gra;Eene
single-layer graphene

mon
singl

blayer graphene
le layer of carbon atoms with eachiatom bound to three neighbours in a honeyq

struqture

Note

Note
graph

Note

to entry: It is an important building.block of many carbon nano-objects.

P to entry: As graphene is_ a\single layer, it is also sometimes called monolayer graphene or single

B to entry: Graphene has*edges and can have defects and grain boundaries where the bonding is disru

[SOYRCE: ISO/TS 80004-13:2017, 3.1.2.1]

grap

Note

3.2

hene-based material

ene and abbreviated as 1LG\to/distinguish it from bilayer graphene (2LG) and few-layer graphene (FLG).

ance
f the

bment

if the

omb

Hlayer

bted.

few-layer graphene, graphene nanoplate and functionalized variations thereof as well as

hene oxide and reduced graphene oxide

1 to entry: "Graphene material" is a short name for graphene-based material.

Terms regarding reliability

3.21

end

of life

life cycle stage of a product starting when it is removed from its intended use stage

Note

1 to entry: In the context of IEC TS 62876-3-1, "end of life" is reached when a failure is observed.
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3.2.2
failure
loss of ability to perform as required

Note 1 to entry: A failure of an item is an event that results in a fault (IEV 192-04-01) of that item.

Note 2 to entry: Qualifiers, such as catastrophic, critical, major, minor, marginal and insignificant, can be used to
categorize failures according to the severity of consequences, the choice and definitions of severity criteria
depending upon the field of application.

Note 3 to entry: Qualifiers, such as misuse, mishandling and weakness, can be used to categorize failures
according to the cause of failure.

[SOURCE: IEC 60050-192:2015, 192-03-01]

3.2.3
failufre criterion
pre-defined condition for acceptance as conclusive evidence of failure

Note || to entry: In the context of IEC TS 62876-3-1, the failure criterion is a pre-defined-change of a key control
charafteristic (KCC) which is tested during reliability stress screening.

Note P to entry: If more than one KCC is observed during the test, end of life is réached if any of the KCCs repches
the fajlure criterion.

[SOURCE: IEC 60050-192:2015, 192-03-03, modified — The tefm KCC has been integrated into
Notel 1 to entry in the explanation of the failure criterion in this specific case. Note 2 to entry
has been added.]

3.2.4
lot tplerance percent defective
LTPD
percent defective units that the sampling planswill reject 90 % of the time

Note || to entry: A single sampling plan for attributes consists of a sample of size » and an acceptance numper c.
The procedure operates as follows: select n items at random from the lot. If the number of defective items |n the
sample set is less than ¢, the lot is accepted’ Otherwise, the lot is rejected.

3.2,

meah time to failure

MTT

expectation of the time«to failure under stress

Note | to entry: In the'ease of non-repairable items with an exponential distribution of operating times to failure
(i.e. a constant failureirate), the MTTF is numerically equal to the reciprocal of the failure rate. This is also true for
repairable items_if\after restoration they can be considered to be "as-good-as-new".

Note P to entrys  Operating time is the time accumulated from the first use, or from restoration, until failure.

Note B t0entry: For the estimation of the MTTF from test results, the MTTF is calculated as the arithmetic|mean
value|of\tHe measured times to failure. If not all samples have failed, the behaviour of the remaining units might be
extrapolated to the time when the sample under test falls below the failure criterion.

[SOURCE: IEC 60050-192:2015, 192-05-11, modified — In the definition, "under stress" has
been added after the word "failure" and Note 3 to entry has been added.]

3.2.6
reliability
ability to perform as required, without failure, for a given time interval, under given conditions

Note 1 to entry: The time interval duration may be expressed in units appropriate to the item concerned, e.g.
calendar time, operating cycles, distance run, etc., and the units should always be clearly stated.

Note 2 to entry: Given conditions include aspects that affect reliability, such as: mode of operation, stress levels,
environmental conditions, and maintenance.

[SOURCE: IEC 60050-192:2015, 192-01-24, modified — Note 3 to entry has been omitted.]


https://www.electropedia.org/iev/iev.nsf/display?openform&ievref=192-04-01
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3.2.7
reliability stress screening
RSS
process for detecting flaws by applying environmental and/or operational stresses to precipitate
them as detectable failures.

Note 1 to entry: In the context of IEC TS 62876-3-1, the flaws are related to changes in the key c
characteristics of the graphene layers for a given application.

[SOURCE: IEC 60050-192:2015, 192-09-19]

3.2.

ontrol

sample under test

SUT

manuyfactured product or clearly defined part of a product undergoing testing

3.2.9

time|to failure

TTF

timeJaccumulated from the first application of stress until failure

Note [l to entry: The functionality of SUT is tested before and after the application of stress.

Note P to entry: SUT need not be functionally operating under stress test.\Nevertheless, it is mentioned in th
repor{ if the SUT was operating or not.

[SOUYRCE: IEC 60050-192:2015, 192-05-01, modified 3'In the term and definition, "oper
timel has been replaced by "time". In the definitiony{ "accumulated from the first use, or

restd

the definition more appropriate for the scope. Thée original Note 1 to entry has been repl

and

4.1

General

Sample under test

The |[sample under test (SUTI) shall be clearly defined. In the content of this document
alwalys a substrate covered with a layer of a graphene material. Typical examples for subst
are the following:

silica on silicon (SiO, on Si) — typical values of the thickness of the SiO, layer are 9
nd 300 nnJ;

iC (0004);
pper(Cu);

e test

ating
from

ration," has been replaced by "accumulated-from the first application of stress" to rgnder

aced

Note 2 to entry has been added to take\info account the specific application and scople.]

it is
ates

D Nm

p I\J/nthylpnn fprpphfhnlnfp (PFT);

quartz.

The graphene material layer may consist of, for example,

a) graphene,

b) few-layer graphene, or

c) graphene oxide,

which might be

1) grown on the substrate,

2) transferred from another substrate to the substrate, or

3) printed on the substrate as an ink.
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The SUTs shall be selected randomly from a larger population of samples such that the SUTs
are representative for the product.

Although it is anticipated that a homogeneous set of the SUTs be used for all tests in a reliability
stress screening programme, it is recognized that this is not always possible or practical. When
this is the case, the specific description of the samples used in each test shall be stated.
Justification for the comparability of the samples shall be documented.

In addition, the level of manufacturing maturity of each SUT type shall be defined; for example,
the product is in production with all documentation or the product is in development and was
made_with significant engineering support

4.2 | Sample description

The BUT shall be described in a way that all information regarding the preparation of the sample
is digclosed, especially those preparations which reduce the severity of the test.conditions| with
respect to the expected failure mechanisms. Cover layers or housings that/afé applied only for
the test and are not part of the product design are not allowed as they distort the test resylts.

The thickness of the substrate, any kind of buffer layers, cover layers) and residuals remajning
from|the manufacturing method of the layer can have a strong influence on the results of the
reliability stress screening. Therefore, this information shall be\provided in the test reporf, for
example as a drawing showing the substrate layer sequence with’dimensions and manufacturing
metHod.

5 Reliability stress screening

5.1 General

The design of the tests in this document.s based on assumptions on the failure mechanjisms
which are driven by the stress test level(severity). In order to qualify and certify the reliapility
of graphene layers on a substrate it is*necessary to identify potential failure mechanismg and
thus[to underpin/confirm those assumptions using failure mode and effect analysis (FMEA).
This|can be done as a minimum-by an analysis of failed samples during the development df the
final|product design. It can andshould also be done proactively, based on general principlges of
physjcs and chemistry, established knowledge about material failure mechanisms for the
matgrial or device type under test, and/or experience with similar materials or devices. Thg test
repoft shall contain theé)justification that the failure mechanisms and related failure modes$ are
undgrstood and relévant for the normal use of the final product.

5.2 End of-life criteria

End pf life criteria for the SUTs shall be defined based on changes of key control characteristics.
The keyscontrol characteristics selected depend on the application. The sample reaches it§ end

of life—f any of the selected l(n\]/ control characteristics leaves its allowed range defined Ify its

failure criterion.

EXAMPLE In case where the electrical resistivity is of relevance for the application, the KCC sheet resistance is
assumed to be a mandatory key control characteristic. If the sheet resistance is not used, the reasons for that are
given.

5.3 Acceptance criteria

The number of failures in a test shall be equal to or less than the number allowed by the agreed
LTPD value according to Table B.2. For an initial product qualification as described in this
document, an LTPD value of 20 % is sufficient. This translates to zero failed samples out of
11 tested. If this criterion is fulfilled, the specific combination of graphene and substrate can be
called qualified according to this document.
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NOTE Table B.2 gives an overview of the numbers of allowed failures via the number of samples tested depending
on the chosen LTPD value.

5.4 Environmental stress tests

The minimum set of tests is defined in Annex A. Other tests may be added depending on the
application. For each test there are two values given for the severity of the test.

— Required: These conditions are relevant for the pass/fail decision in the test.

— Optional, for information only: It is suggested to extend the test duration if the samples do

regarding failure modes and the related failure mechanisms. The failures shall be amalysed
to improve the product. These results are not part of the test report.

5.5 | Sequence

The tests listed in Annex A shall be run in parallel because the stress applied during thg test
can induce unnoticed damage on the sample even if the sample does not fail. This damage can
lead|to early failures in the subsequent test. Therefore, sequential tests;-are more difficlilt to
interpret, and results may not be comparable. Nevertheless, if for any reason only a sequgntial
test procedure is practical, it should be noted in the test report that-the tests were sequential
and that an unrepresentative fail due to the sequential test could have been the result. A good
reaspn for sequential testing is the cost of testing. The cost of’testing rises fast if the tests| with
many samples are done in parallel. For preliminary results; the uncertainty resulting [from
sequential testing can therefore be acceptable.

5.6 | Severity

The severity and duration of the variables in the<tests shall be clearly defined. For the purpose
of th|s document, the values in Table A.1 shallapply. Annex B provides additional informpation
on tgst conditions regarding the selection of temperature and relative humidity (Clause B.1) and
sample numbers (Clause B.2) to achieve-the targeted LTPD.

5.7 Measurement methods

The measurement method to e€valuate changes of the key control characteristics shall be clgarly
defined for each reliability 'stress screening. Most of the measurements are defined in the
IEC 62607 series. Where. this is not possible other test methods may be defined. If a previgusly
unddfined test methogd-is*used, the test method and details used shall be technically justified
and |ncluded in the RSS.

EXAMPLE If sheét.conductance or sheet resistance is assumed to be a mandatory key control characteristi¢, one
of the|following/methods may be used:

— |EC TS.62607-6-4, Nanomanufacturing — Key control characteristics — Part 6-4: Graphene — Surface
cpbnduetance measurement using resonant cavity

— IECN\I'S 62607-6-9, Nanomanufacturing — Key control characteristics — Part 6-9: Graphene-based matgrial —
Sheet resistance: Eddy current method

— IEC TS 62607-6-10, Nanomanufacturing — Key control characteristics — Part 6-10: Graphene-based material —
Sheet resistance: Terahertz time-domain spectroscopy

Measurement of sheet resistance by the four-point probe method will form the subject of a future Part 6-8.

The decision on which method is the best is made based on an analysis of the failure mechanisms including the
results from the FMEA.

6 Measurements

6.1 General

Measurements of the key control characteristics shall be performed according to the procedures
described in the related measurement standard.
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Measurements during the test

The key control characteristics selected as pass/fail indicators shall be monitored during the
test. Mandatory is a measurement before and after the test but continuous monitoring during
the test is recommended, even for one or a small number of key control characteristics. If the
samples need to be taken out of the climatic chamber from time to time for intermediate
measurements, it shall be justified that this does not influence the test results. The test results

shall

6.3

7.1

The
vers
crite
(tims

estimate the future TTF. Figure 1 shows examples for both cases: TTF1 can directly be t

from
poss|
curv

It is
SiC(

be plotted versus testing time to establish the time to failure for each sample.

Identification of permanent changes

ly this requires the SUTs to be removed from the climatic chamber for each measuren
procedure shall be reported in the test results.

Data analysis / Interpretation of results

Presentation of the results

results of the measurement of the selected key control characteristics shall be pl
Is test duration for each of the SUTs. These plots are part’of the test report. If the f3
ion is reached during the reliability stress screening¢this point in time is called the
to failure). If the SUT remains intact, the measured KCC values may be extrapolats

the measurements because the SUT fails during the test. In case of TTF2, this i
ible as the SUT still functions after the test has'been finished. Therefore, the measure
e shall be extrapolated. The method of extrapolation shall be explained in the test rep

worth mentioning that the resistance of graphene films such as CVD grown an
DO01) can many times be restored-\following vacuum annealing.
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Figure 1 — Determination of the TTF by direct reading
from the experimental data or extrapolation (arbitrary example)
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The test duration is the actual time for which the SUT has undergone the reliability
screening.

test

After ordering the N screened SUTs according to their TTFs, the results of all test conditions

shall be presented in a single table, see Table 1 for example, and for further evaluation. This
table is part of the test report.
Table 1 — Times to failure (TTF) for devices in two life test conditions
Failure number Condition 45 °C / 85 % RH Condition 85 °C / 85 % RH
TTE ] TTE ]
1 1700 850
2 1 900 1100
3 Not yet apparent 1 300
N-1 Not yet apparent 1950
N Not yet apparent Not yet apparent

7.2 | Evaluation of pass/fail criteria

The product, i.e. the combination of substrate and graphéne layer, has passed the test if the

number of failed SUTs during the required testing time.(Table A.1) is less than the numb|
LTPD listed in Table B.2 (e.g. LTPD 20 %: zero faildres’out of 11 SUTs or one failure out
SUTS$). Failures which occur after the standard RSS in the extended optional screening
will ot be taken into account.

7.3 | Calculation of the MTTF (mean time-to failure)

For ¢ach test condition, the mean time to failure shall be calculated as the simple arithn
meah value of the observed TTFsEven if it is recommended to test until all SUTs fail
might not be practical if the TTEs are very long. In those cases, a best guess extrapolati
the $UT behaviour to failure might be an adequate way to estimate the TTF for the surv
SUTSs.

NOTH Extrapolation to the<}FF might be difficult if the exact failure mechanism and failure mode are not kno
most fases a linear extrapolation is a good strategy. Strictly speaking the best way is to test until all SUTs
failed| Nevertheless there’is always a trade-off between cost of testing and quality of the results. It is pr3
experjence that a test\duration which leads to 80 % of failed SUTs is sufficient.

8 Test report
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ctical

The téstreport shall contain the following information:

— full description of the SUTs;

— sketch showing the structure of the sample, including the substrate, sequence of layers on

top the substrate and their thickness;
— description of sample preparation;
— the sequence of tests for every group of SUTs;

— a table with headings for the test name, test duration and severity of the test, numb
devices in the test, number of devices that failed during the test results;

— key control characteristics and test method to verify the pass/fail criteria;

— description of and justification for all measurements reported, including the plots of the
measurement results during the test;

— description of and justification for all passes/fails reported including the TTF table.

er of

KCC
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Annex A
(normative)

Environmental tests

Table A.1 — Tests and their severities

Test name Requirements LTPD | Quantity | # fail Reference
[%]
Col tow Reetired: 26 + 6 HE-66668-2-4
temperature

Temperature: —40 °C, uncontrolled
humidity

Duration: 500 h

storage

Optional, for information only:

Extension of the duration up to 2 000 h
or to failure

Dry heat — high Required: 20 11 o] IEC 60068-2-1¢
t t
emperature Temperature 85 °C at < 40 %RH

storage
Duration: 500 h
Optional, for information only:
Extension of the duration up to 2 000 h
or to failure
Chapge of Required: 20 11 0 IEC 60068-2-2

temperature
f Temperature cycle -40 °C to +85 °C,

dwell time at extremes

1 h, ramp 1 °C/min, uncontrolled
humidity

Number of cycles: 500

Optional, for information, only:

Extension up to 2 000 cycles or to
failure

Damp heat, Required: 20 11 0 IEC 60068-2-7B
teafy stat

steaply state Temperature/humidity 85 °C/85 % RH

Duratien: 500 h

Qptional, for information only:

Extension to 2 000 h or to failure
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B.1

Additional information regarding test conditions and procedures

15—

Annex B
(normative)

Test matrix for demonstrating acceleration factors

It is widely assumed that nanomaterials and nano-subassemblies can have degradation
mechanisms driven by temperature and humidity. Even if the details are not clear at this point

in tir
facto
degr
temg
resu
well

as the understanding of failure mechanisms.

Table B.1 — Test matrix for temperature and humidity (relation

IT, It SCCITTS tU IUU pldbtibdi tU Illdlr\c billlpic dbbulllptiullb ilkb Allilblliub typU dbbb‘ib‘l :ltion
rs or other models. It is not the intention of this document to give guidelines regafding
bdation mechanisms, but it seems appropriate to suggest recommended Yaldes for
erature and humidity to reduce the manifold possible selections. This will help to' compare
ts taken in different research laboratories and the comparison of material modifications as

Absblute Relative humidity [%]
huNFdity Temperature [°C]

[9jm°] 25 40 45 55 65 75 85 95 110 125
19,5 85 38 30 19 12 8 6 4 2 D
48,5 sat. 85 67 42 27 18 12 9 5 ¢
55,5 - sat. 85* 53 34 23 16* 11 7 Y
88,0 - - sat. 85 55 37 25 18 11 7
136,0 - - - sat. 85 57 39 27 17 1
2(3,0 - - - - sat. 85 58 41 25 6
296,0 - - - - - sat. 85* 60 37 23
4721,0 - - - - - - sat. 85 52 3
585,0 - - £ - - - - sat. 85 46

1070,0 - - - - - - - - sat. 5

NOTE sat. means saturated\

In on
used

- d

amp_heat, steady state: 85 °C/85 % RH
amp heat, steady state: 45 °C/85 % RH

der to defime priorities regarding test conditions, the following test conditions should be
to validate alternative acceleration models (identified by an asterisk (*) in Table B.1)

— dry heat: 85 °C (which is basically identical to damp heat, steady state): 85 °C/16 % RH

The minimum sample size shall be determined with respect to the LTPD = 20 % sampling plan.

B.2

Procedure to select test samples

Test samples shall be selected from fabrication statistically independently. Table B.2 provides
the number of test samples required to achieve the required LTPD value. For the purpose of
this document, an LTPD value of 20 % seems to be sufficient. Nevertheless the LTPD value
shall be specified in the test report together with the number of tested and failed samples.

NOTE An LTPD value of 20 % allows zero failures if 11 samples are tested or one failure if 18 samples are tested
and so on.
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