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FOREWORD

ternational Electrotechnical Commission (IEC) is a worldwide organization for standardization ¢
onal electrotechnical committees (IEC National Committees). The object of IEC is to promote int
eration on all questions concerning standardization in the electrical and electronic,fields. To thi
tion to other activities, IEC publishes International Standards, Technical Specifications, Technical
ly Available Specifications (PAS) and Guides (hereafter referred to as “[EC- Publication(s
ation is entrusted to technical committees; any IEC National Committee interested in the subject
brticipate in this preparatory work. International, governmental and non-govetnmental organizatio
e IEC also participate in this preparation. IEC collaborates closely with(the International Organ

rmal decisions or agreements of IEC on technical matters expresss. as nearly as possible, an int
hsus of opinion on the relevant subjects since each technieal ‘eommittee has representatiof
tted IEC National Committees.

ublications have the form of recommendations for interhational use and are accepted by IEQ
ittees in that sense. While all reasonable efforts are ‘made to ensure that the technical contg
ations is accurate, IEC cannot be held responsible_for the way in which they are used o
erpretation by any end user.

er to promote international uniformity, IEC National Committees undertake to apply IEC Py
arently to the maximum extent possible in their\national and regional publications. Any divergenc{
C Publication and the corresponding natiomal or regional publication shall be clearly indicated in

5elf does not provide any attestation of-conformity. Independent certification bodies provide (
Ement services and, in some areasy 'access to IEC marks of conformity. IEC is not responsib
bs carried out by independent certification bodies.

ers should ensure that they havethe latest edition of this publication.

bility shall attach to IEC or its” directors, employees, servants or agents including individual ex
ers of its technical committees and IEC National Committees for any personal injury, property d
damage of any nature\whatsoever, whether direct or indirect, or for costs (including legal
5es arising out of-the publication, use of, or reliance upon, this IEC Publication or any
ations.

on is drawn-to.the Normative references cited in this publication. Use of the referenced publi
Ensable forthe correct application of this publication.

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

pmprising
Ernational
5 end and
| Reports,
)’). Their
dealt with
hs liaising
zation for

brdization (ISO) in accordance with conditions determined by agreement,between the two organigations.

Prnational
from all

National
nt of IEC
r for any

blications
b between
the latter.

onformity
e for any

perts and
amage or
fees) and
bther IEC

cations is

of patent

es. It is

51-8 has bheen prnpnrnd h‘,’ |IEC technical committee 47 Semiconductor devid

an International Standard.

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

Draft Report on voting

47/2786/FDIS 47/2793/RVD

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

The language used for the development of International Standard 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 62951 series, published under the general title Semiconductor
devices — Flexible and stretchable semiconductor devices, can be found on the IEC website.

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

e recopfirmed,
e withdrawn,
e replaced by a revised edition, or

e amepded.

IMPORTTANT — The "colour inside” logo on the cover page of this.document indicateg that it
contains colours which are considered to be useful for the correct understanding of its
contenits. Users should therefore print this document using a-colour printer.
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SEMICONDUCTOR DEVICES -
FLEXIBLE AND STRETCHABLE SEMICONDUCTOR DEVICES -

Part 8: Test method for stretchability, flexibility,
and stability of flexible resistive memory

1 Scope

This pjrt of IEC 62951 defines terms and specifies the test method for evalualing the
stretchaility, flexibility, and stability of flexible resistive memory. The test method-des¢riptions
include |experimental procedures and the equipment to be used. It also in€ludes |general
requirerhents for test conditions such as the temperature and relative humidity’ of thg testing
environment. The test method described in this document focuses on stabjlity. evaluatign rather
than reljability.

2 Norfmative references

There afe no normative references in this document.

3 Terms and definitions
For the purpose of this document, the following térms and definitions apply.

ISO and IEC maintain terminological databases for use in standardization at the fpllowing
addressfes:

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

e |SO|Online browsing platform; available at https://www.iso.org/obp
3.1

flexible|[resistive memolry
flexible device that works by changing the resistance between dielectric materials

3.2
bending radius
measur¢d 16 the inside curvature, is the minimum radius one can bend a pipe, tubg, sheet,
cable orl hese

3.3

resistance of low resistance state

LRS

one of stable resistance states induced by applying higher voltage (unipolar switching) or
positive bias (bipolar switching)

3.4

resistance of high resistance state

HRS

one of stable resistance states induced by applying lower voltage (unipolar switching) or
negative bias (bipolar switching)
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set voltage

14

set

voltage for switching to low resistance state

3.6

reset voltage

v,

reset

voltage for switching to high resistance state

4 Test method

41 @

This do
flexibilit
flexible
that the
deformd
in IEC ¢
memory

and stability, and includes a description of the experimental setup.

One of
perform
cracks i
In partid
the stre
observir
specifie

In orde
parame

eneral

cument applies to flexible resistive memory in order to evaluate dts-.‘stretg
y, and stability. This type of semiconductor device is used mostly iniproducts reg
br wearable electronics, which are often stretched or bent when used! Hence, iti
main performance parameters of the device be maintained under me

2951-1, and Table 1 in this document summarises them-.as applicable to
. This document focuses on experimental methods for testing stretchability, f

the most problematic issues in the reliability)of resistive memory is its in
bnce degradation rate under mechanical deformation. This deterioration is ca
N electrodes and the resistive materials uséd-in these types of semiconductor
ular, degradation is accelerated when _cracks occur in the encapsulation laye

g the deterioration of an organic semiconductor while flat and bent and while
d humidity and temperature higherthan room temperature.

to evaluate the performancé and its change or degradation, below perfd
ers need to be evaluated before and after bending and stretching.

Table 1 — Performance parameters of resistive type memory

hability,
lated to
5 critical
chanical

tion. Detailed performance parameters and characterisation procedures are described

esistive
exibility

creased
used by
Hevices.
r due to

5s caused by bending. Therefore, this evaluation suggests an experimental method for

eld at a

rmance

Characteristics Performance parameters
ItV characteristics (switching behaviour) Vietr Vieset
Switching endurance Resistance change as a function of cycle {ime
Retention test Current change as a function of time

4.2 Test equipment and tools

A variety of experimental approaches have been employed to test the stretchability and
flexibility of flexible devices. Each has advantages and disadvantages, requiring a user to
decide which type is appropriate to their application. If a setup from a similar application is
considered, care should still be taken to consider the device size or material used to make it.
In this evaluation of resistive memory, the experimental setup shown in Figure 1 should be used.
Details of each experimental setup and test procedure are explained in 4.3.
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A\Q) IEC
Key \O

1 Probe|for characterisation; \\
Specien (resistive memory); C)

Substfate used in device fabrication;

Jig for stretchability test; O
Jig fon flexibility test ( rnge stress);
Jig foq flexibility t ompressive stress).

Fi&)u\% — Examples experimental setup for testing stretchability (top)
N

o o A~ W N

and flexibility (bottom)

For stability tests, an environmental chamber shall be used in order to maintain a test
environment at a suggested temperature and relative humidity such as those listed in Table 2
of 4.3.3.
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4.3 Test procedures
4.3.1 Stretchability test

Stretchability testing is carried out in order to investigate whether the performance of resistive
memory is maintained while under the tensile stress induced by stretching. In particular, tensile
stress in resistive memory can induce changes in resistivity, voltage, mobility and drain current.
Figure 2 shows schematics of stretchability testing and denotes key parameters that should be
reported following a test. Note that the grip shall be longer than the substrate, as explained in
Annex A. The amount of stretching can be determined based on strain, stress or force, but of
these, strain is the only geometry-dependent parameter and is independent of other factors
such as the dimension of the substrate or material type. Moreover, strain is easy to measure
without additional equipment. The strain (¢) induced by stretching is determined by

Ly —L
e=—2—""1,100 (%) (1)
Ly

where If, and L, are the substrate length prior to stretching and after stretching, respgctively.
Wy and |, are the length prior to stretching and after stretching;tespectively, measufed from
the middle of the sample.
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Key

1 Thickness of substrate (7)

A W N

t) Stretching test (top view, before)

Lo ]

¥
==

IEC

Length of substrate before stretching (Z);
Length of substrate after stretching (Z,);

Width|of substrate before stretching (7);

5 Width|of substrate after stretching, afthe middle point of the sample (7).

4.3.2 Flexibility test

Figure 2 — Schematic for stretchability test denoting parameters

before and during testing

e
L

IEC

d) Stretching test (top view, during); actugl case

Flexibility testing\is performed to investigate how the performance of resistive megmory is
maintained under a tensile stress induced by bending and includes tensile and compressive
components._Similar to the stretchability tests, tensile or compressive stress imposged on a
device ¢afivinduce changes in resistivity, voltage, mobility, and drain current. In geperal, a

bending tést shall include Tensile and compressive aspects because their impact on the material
and device may differ. Figure 3 shows schematics for flexibility testing including the key
parameters which should be reported after testing. The amount of bending can be determined
based on strain, stress or force, but of these, strain is the only geometry-dependent parameter
and is independent of other factors such as the dimension of the substrate or material type.
Strain is also easy to measure without additional equipment. The strain (¢) induced by bending

is determined by

8=t/—2><100 (%)
Ry

(2)
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o= 100 (%) (3)

C

A detailed description of Formulae (2) and (3) for tensile and compressive, respectively, can be
found in Annex A.

> ke '

IEC IEC IEC

a) Bending test (for tensile stress) b) Bending jig c) Resistive meTory on

the substrage
R}\
RC

IEC

d)| Bending test (for compressive stress)

Key

1 Bending radius of curvature under tensile stress (R,);
2. Bending radius of curvature under compressive stress (R,);

3 Substfate thickness (¢).

Figurel 3 — Schematic for flexibility test denoting parameters before and during festing

4.3.3 Stability testing

One mepsurement of performance parameters under mechanical deformation (stretched or bent)
is insufficient<te.ensure that resistive memory maintains its critical performance. Instgad, it is
necessdry, to) investigate how long device performance is maintained under me¢hanical
deformdtioh/given constant environmental conditions. Hence, a stability test should bg carried
out in a confrolled environmental chamber, because the performance degradation in resistive
memory significantly depends on environmental conditions. In particular, temperature and
relative humidity should be set at specified, application-dependent values and maintained
during the test period. This document does not specify the temperature and relative humidity
required during a test period, but

Table 2 lists typical test conditions as an example. Any combination of temperature and relative
humidity can be applied during stability testing, because thermal properties such as the
transition and melting temperatures of organic materials used to fabricate resistive memory
differ. The reader should set the environmental conditions and record them in the test report.
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After determination of environmental conditions such as temperature and relative humidity, the
duration of stability testing shall be determined. This shall be determined according to the
materials used in device, applications of device and environmental conditions. The performance
parameters before and after stability test should be investigated and reported including the
duration of stability test as described in 4.4. Typical performance parameters for flexible
resistive memory are described in I[EC 62951-9.

Table 2 — Example temperature and relative humidity conditions

Relative Temperature
Humidity (°C)
%% 55 65 75 85 5
55 v v v v v
65 v v v v v
75 v v v v v
85 J V J N J
95 v v v v v
4.4 Testreport
The repprt shall include the following items:
a) test @pparatus;
b) spedimen identification (types of resistive memory);
c) date|of test;
d) sample dimension;
e) exp¢grimentally determined performance parameters (flat and under mechanical defqrmation)
such as |-V characteristics (set andvweset voltages), switching endurance and retentipn time;
f) stretched length or induced strain of resistive memory;
g) bending radius or induced-strain of resistive memory;
h) atmaspheric (or laboratory, environmental chamber) conditions of test;

i)

duration of stabilityltest.



https://iecnorm.com/api/?name=df5e6ac0c681ca4565cd84d8d908f297

-12 - IEC 62951-8:2023 © |IEC 2023

Annex A
(informative)

Induced strain on a substrate due to bending

A.1 Detailed derivation of the strain formula by bending

Figure A.1 schematically shows the deformation of a substrate under pure bending.

m p

e f
S R I
dx

n
q IEC,

a) Side view of substrate before bending

IEC

b) Side view of substrate after bending

Figure A.1 — Deformation of a substrate induced strain by bending

Formula (2) of 4.3.2 may be derived as follows, referencing Figure A.1. The initial length of ef
is dx, while its length after bending is

Ly = (p—y)do

= (p —y)dx/p

= dx — ydx/p.

1 See Formula (2) in 4.3.2.
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