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FOREWORD

e International Electrotechnical Commission (IEC) is a worldwide organization for standardization\com
national electrotechnical committees (IEC National Committees). The object of IEC is_ to p
brnational co-operation on all questions concerning standardization in the electrical and elegtronic fie
end and in addition to other activities, IEC publishes International Standards, Technjcal Specific

the subject dealt with may participate in this preparatory work. International, \governmental an
ernmental organizations liaising with the IEC also participate in this preparation. IEC collaborates

eement between the two organizations.

e formal decisions or agreements of IEC on technical matters express,as nearly as possible, an intern
sensus of opinion on the relevant subjects since each technical,'eommittee has representation fr|
brested IEC National Committees.

L Publications have the form of recommendations for international use and are accepted by IEC N
Immittees in that sense. While all reasonable efforts are made to ensure that the technical content
blications is accurate, IEC cannot be held responsiblesfor/the way in which they are used or fi
interpretation by any end user.

order to promote international uniformity, IEC National Committees undertake to apply IEC Publig
hsparently to the maximum extent possible in their national and regional publications. Any dive
ween any |[EC Publication and the corresponding national or regional publication shall be clearly indic
latter.

L itself does not provide any attestation. af’,conformity. Independent certification bodies provide con
essment services and, in some areas,.access to IEC marks of conformity. IEC is not responsible f
vices carried out by independent certification bodies.

users should ensure that they havgé_the latest edition of this publication.

mbers of its technical committees and IEC National Committees for any personal injury, property dam|
er damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fee
enses arising out of«thé publication, use of, or reliance upon, this IEC Publication or any oth
pblications.

ention is drawn tosthe Normative references cited in this publication. Use of the referenced publicat
ispensable forithe correct application of this publication.

ention is drawn to the possibility that some of the elements of this IEC Publication may be the sub
ent rights»lEC shall not be held responsible for identifying any or all such patent rights.

ational Standard IEC 62899-202-4 has been prepared by IEC technical committeg]

brising
omote
ds. To
htions,

Chnical Reports, Publicly Available Specifications (PAS) and Guides (hereafter (reférred to ag “IEC
blication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee intgrested

non-
losely

h the International Organization for Standardization (ISO) in accordancecwith conditions determined by

htional
bm all

htional
pf IEC
br any

ations
gence
hted in

ormity
br any

liability shall attach to IEC er\ts directors, employees, servants or agents including individual expeits and

age or
5) and
br IEC

ons is

ject of

119:

This International Standard is to be used in conjunction with IEC 62899-202:2016.

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

Draft Report on voting

119/370/FDIS 119/376/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.
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This document was drafted in accordance with ISO/IEC Directives, Part 2, and developed in
accordance with ISO/IEC Directives, Part1 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 62899 series, published under the general title Printed electronics,
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 rgconfirmed,
e wjthdrawn,
e rgplaced by a revised edition, or

e amended.

IMPORTANT - The "colour inside" logo on the cover page of this document indicates that it
contdins 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

2021

The IEC 62899-20x series relates mainly to measurement methods for materials of printed
electronics. The series also includes storage methods, packaging and marking,

trans

portation conditions.

and

The IEC 62899-20x series is divided into parts for each material. Each part is prepared as a
generic specification containing fundamental information for the area of printed electronics.

The |
p
p
p
p
fil
p
p
P
p

u
s
fl

P
P
a

Furthermore, each part will@lso include sectional specifications, blank detail specifica
and detail specifications of‘each material.

This
in pr
stora

exible substrate by the 90° peel method

mnd printed insulating layers

(Jubsequent parts will be prepared for other materials.)

EC 62899-20x series consists of the following parts:

brt 201: Materials — Substrates

brt 202: Materials — Conductive ink

ms — Contactless method

art 202-6: Materials — Conductive ink — Measurement method for resistance chs
der high temperature and humidity — Printed métal-based conductive layer on a flg
bstrate

art 202-7: Materials — Printed film — Measutement of peel strength for printed lay

art 203: Materials — Semiconductor ink.
art 204: Materials — Insulator ink <{Measurement methods of properties of insulato

bart of IEC 62899-deals with stretchable printed layers (conductive and insulating)
nted electronics” and contains the test conditions, the measurement methods an
pe conditions:

art 201-2: Materials — Substrates — Measurement methods for properties of-str€tchable
slibstrates

brt 202-3: Materials — Conductive ink — Measurement of sheet resistance of conductive

art  202-4: Materials — Conductive ink — Measurement methods for propertigs of
stretchable printed layers (conductive and insulating)

brt 202-5: Materials — Conductive ink — Mechanical bending test of a printed conddyctive
lalyer on an insulating substrate

nges
e Xible

er on

inks

ions,

used
d the
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PRINTED ELECTRONICS -

Part 202-4: Materials — Conductive ink — Measurement methods

for properties of stretchable printed layers (conductive and insulating)

1 Scope

This
of st
printi
wiring

Stret
stretd

wearable devices, skin patchable devices, and so on.

2 N

The f{
conte
cited
any g

IEC 6
frequ

IEC 6
1 50(
Insul

IEC 6
Dete
resist

IEC 4

I1ISO 1
soap

bart of IEC 62899 defines the terminology and measurement methods for the prop
etchable printed layers, such as conductive ink, for forming stretchable conducto]
ng, stretchable conductive films obtained from conductive ink, and stretchable p
) consisted by conductive ink with insulator.

hable electric wiring printed on stretchable substrates, for example fabric integ

ormative references

ollowing documents are referred to in the text in such a way that some or all of|
nt constitutes requirements of this document. For dated references, only the e
applies. For undated references, the latest edition“of the referenced document (incl
mendments) applies.

0243-1, Electric strength of insulating materials — Test methods — Part 1: Tests at f
pncies

15657-2, Electrical safety in low: voltage distribution systems up to 1000 V AQ
V DC - Equipment for testing,-measuring or monitoring of protective measures — P
htion resistance

2631-3-1, Dielectric and resistive properties of solid insulating materials — Par
mination of resistive properties (DC methods) — Volume resistance and vq
ivity — General method

2899-202Printed electronics — Part 202: Materials — Conductive ink

05-C10; Textiles — Tests for colour fastness — Part C10: Colour fastness to washing
or/seap and soda

erties
rs by
inted

thable printed layers (conductive and insulating) handled by this do¢ument apply to the

rated

their
dition
uding

ower

and
art 2:

3-1:
lume

y with

ISO 105-E04, Textiles — Tests for colour fastness — Part EQ4: Colour fastness to perspiration

ISO 291, Plastics — Standard atmospheres for conditioning and testing

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
addresses:

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

3.1

stretchable substrate
substrate material (e.g., plastic sheet) that can be mechanically deformed by applying tensile
loading (stress) and that exhibits reversible mechanical behaviour (elastic deformation) up to
at least 10 % tensile strain

Note 1
insulat

[SOU

to entry: In this document, the stretchable substrate is used to evaluate stretchable conductive laye
ing layers.

RCE: IEC 62899-101:2019, 3.132, modified — the note has been added.]

2021

rs and

3.2

stret
elect
than

[SOU

3.3

stret
electt
stretd

[SOU

3.4
stret
elect]

chable insulator
ic insulator (typically in the form of a film) that exhibits a decrease in resistivity o
10 % during mechanical deformation up to at least 10 % tensile strain

RCE: IEC 62899-101:2019, 3.131]

thable cover lay film

hable conductors

RCE: IEC 62899-101:2019, 3.130]

chable conductor
ic conductor that exhibits a decrease in conductivity of less than 10 % d

mechanical deformation up to at least 10-%" tensile strain

[SOU

3.5
stret
wiring

[SOU

4 A

The o

RCE: IEC 62899-101:2019, 3,129]

chable wiring
) system consisting of stretchable conductors with a stretchable insulator

RCE: IEC 628992101:2019, 3.133]

\tmospheric conditions for measurement and conditioning

tandard atmosphere for evaluation (test and measurement) and storage of the spegd

F less

ically insulating film made from a stretchable insulatof/and used as cover laygr for

uring

imen

shall
stand

be—atemperatureof 23—*€+ 2 C—and—retative humidity of(56+16)%;—conformi
ard atmosphere class 2 specified in ISO 291.

5 Measurement methods of properties of stretchable conductive inks

g to

The measurement methods of properties of stretchable conductive inks are compliant with
IEC 62899-202.
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6 Measurement methods of properties of stretchable conductive layers

6.1

6.1.1

o When the "stiffness of stretchable substrate" is close to "stiffness of functional layer", an
A-type test (I-shape test piece) is used. In the case that "stiffness of stretchable substrate”
is larger than “stiffness of functional layer”, a B type test (U-shape test piece) is used.

Stretch dependence of the conductive layer's resistance

General

e Prepare a test piece that is a stretchable substrate with a printed pattern of functional
layers.

e C
e S

o |If
al

Howse
funct
the fu

6.1.2

6.1.2

The s
measuring. The substrate for the test piece, shall be a stretchable substrate whi

estim

kind

6.1.2

The d

Key

1 s

U)ghl\)

t

ip the part without the functional layer pattern of the substrate.

retch the test piece.

onal layer is obviously smaller than the elongation of the substrate parts, the stiffne
nctional layer is judged to be high.

Test piece
1 Substrate

ubstrate shall not break at the maximum stretch length of the conductive film durin

ated to have higher stretchability than at least the conductive layer to be measured

2 A-type test piece

imensions of the A-type test piece are as shown in Figure 1.

S L S

- ¥
L -

Y
A

1 2 IEC

the elongation of the substrate and the elongation of the functional layer pattern paft are
most equal, it is judged that the stiffness of the functional layer is")lower thap the
suiibstrate.

ver, if the part without the functional layer selectively expands and the elongation ¢f the

ss of

g the

ch s

. The

pf stretchable substrate materials may be selected as agreed between user and supplier.

r

cliChaple subsSirate

stretchable printed conductor
80 mm to 240 mm (selected as agreed between the user and supplier)
10,0 mm £ 0,2 mm

10 mm £ 2 mm

Figure 1 — Test piece type A (I-shape test piece)

6.1.2.3 B-type test piece

The dimensions of the B type test piece are as shown in Figure 2.
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L+38mm

A

\i

A

A

=y
IEC
Key
1 stretchable substrate
2 stretchable printed conductor
L 80 mm to 240 mm (selected as agreed between the user and supplier)
W, 3,0 mm = 0,2 mm
We 5,0 mm £ 0,2 mm
S 10 mm £ 2 mm
Wg 10,0mm %= 0,2 mm

Figure 2 — Test piece type B (U-shape test piece)
6.1.3 Equipment and tools

The nesistance value is measured by the four-electrode method. The test equipment consists
of a gonstant-current source, a pair of clips (elifrent electrode), a voltmeter and a pair of|plate
clips |that can be motion controlled to any interval, as shown in Figure 3. The width gf the
plate(clip (W,) is more than 10 mm. The-plate clips are made of metallic material, and| their
surfafe to contact with the test piece shall be a shiny surface and gold-plated. If a B-type¢ test
piece is used, it will be set as showmin Figure 4.
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IEC
Key
stretchable substrate
stretchable printed conductor
comstant current source

volt meter

clip (current electrode)

plate clip (voltage electrode)

N O o~ W N =

o

inifial sample length

A

width of the plate clip

Figure 3 -~ Setting and circuit for the test piece type A
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IEC.

Key

1 stretchable substrate

2 stretchable printed conductor

3 conpstant current source

4 volt meter

5 clip (current electrode)

6 stdtic clip (insulator)

7 mgving clip (insulator)

L, initial sample length

Figure 4 — Setting and circuit for the test piece type B

6.1.4 Step-by-step stretch test (static)

6.1.4{1 Procedure

a) Segt the test piece to the test equipment‘T'he test piece is placed horizontally. Howegver if
the deformation of the test piece dueito its own weight can be ignored, a vertical test
m@achine may be used. For properclamping any pre-stressing as well as wrinkling or
slacking of the test piece should™be avoided. The initial sample length Ly should pe at
lefast 50 mm. A sample length Eg-0f 100 mm is recommended, or slacking of the test piece
should be avoided.

b) The initial resistance val@e)is measured and recorded. The stretch rate of this step is [0 %.

c) The test piece is strefchéd to £ % length, followed by 1 min waiting while passing constant
cdirrent, keeping fofr'one minute, after that, resistance value is recorded. The time required
far single stretching step up should be within 10 s.

d) The test pieCevis stretched to 2 x £ % length, followed by 1 min waiting while palssing
constant curtent, after that, resistance value is recorded.

e)

constant current, as shown in Figure 5, after that, resistance value is recorded
mlinimum stretch unit £ (%) is selected from 1 %, 2 %, 5 %, 10 %. At least 10 ste

The test-piece is stretched to N x E% length followed by 1 min waiting while pIsing

The
are

required to reach the upper limit. This operation is repeated until the resistance

value

becomes more than 1 000 times the initial value. The number of steps N is determined by

a reasonable agreement between the user and supplier.
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Key

-

N o o A wWwN

6.1

The report shall include the followingjitems:

a)
b)
c)
d)

e)
6.1
6.1

a)

b)

3 IEC

stretchable substrate

—

stretchable printed conductor
comstant current source

volt meter

clip (current electrode)

plate clip (voltage electrode)

stretched length (L, =L,+ N x E x 0,01 x L)

Figure 5 — Example of test piece being stretched (test piece type A)

.4{2 Reporting of the results

test piece identification;
test conditions (room temperature and room humidity);
test piece size: L, W58y L;

se¢lected stretch@nit (£ %), initial resistance value, resistance value in each stretch|step,
nprmalized resistance value at each stretch step by the initial resistance, the number of
steps that the resistance value reached 1 000 times or over of the initial value;

tester, testplace, and test time (for example company name, city, year).

.5 Cyclic stretch test (dynamic)
.5.1 Procedure
Set the test piece on the test equipment. The test piece is placed horizontally. However if

the deformation of the test piece due to its own weight can be ignored, a vertical test
machine may be used. For proper clamping, any prestressing as well as wrinkling or
slacking of the test piece should be avoided. The initial sample length Ly should be at
least 50 mm. A sample length Ly of 100 mm is recommended, or slacking of the test piece
should be avoided.

The initial resistance value is measured and recorded.

The test piece is cyclically stretched by the selected stretch ratio while measuring
resistance value, and recorded by the automatic recorder such as a data logger. The
stretch ratio shall be at least 10 %, and 20 % should be applied if there is no agreement
between user and supplier. Cyclic stretch frequency is 1 Hz. Cyclic stretch waveforms are
selected by agreement between the user and supplier, from sine wave, trapezoidal wave,
or triangular wave.
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In the case of a trapezoidal wave, the stretching time and returning time should be within
10 s, the stretch speed in the case of the sine wave and the triangular wave is determined
by the stretch ratio.

d) This cycle is continued until the resistance value becomes more than 1 000 times the
initial value. The maximum number of stretching cycles is 10 000. If the number of chosen
cycles is smaller, as agreed between the user and supplier, the test shall end once the
chosen number of cycles has been performed.

NOTE

In this test method, mechanically only the function of stretching the sample is necessary, there is no need
to measure tensile stress. Therefore, the test equipment can be easily configured by using a crankshaft type
mechanism for example such as IPC-TM-650. (In this case, the stretching waveform is limited to the sine wave
type.) Also, the linear motor mechanism easily realizes a triangular or trapezoidal stretching cycle.

6.1.5
The 1
a) te
b) te
c) te
d) cy
e) cy
f) cy
g) in

n
e

h) te
6.2
6.2.1

Wash
on th
wash

6.2.2

For t
elasti
are a

sfretched and the resistance value when the fest piece is not being stretched

2 Reporting of the results
eport shall include the following items:

st piece identification;

st conditions (room temperature and room humidity);

st piece size: L, W, S, Lg;

clic stretch rate (%);

clic stretch frequency (Hz);

clic stretch wave form;

itial resistance value, every 100 cycles; the resistabce value when the test piece is
prmalized resistance value, and the number_of cycles by which the resistance
ceeds 1 000 times the initial value;

ster, test place, and test time (for example;company name, city, year).

Washing durability
Test method and condition
ing durability is in accordance with ISO 105-C10. Especially when there is no agree

e washing method, the washing machine type is ISO 6330 A-typed washing maching
ng method is 4H, and the drying method is Line.

Test piece type A with cover insulator

c insulating-layer is formed by printing or laminating. The dimensions of the test
5 showaq.in Figure 6.

e test piece, a stretch insulation layer is added to the A-type test piece of 6.1.2.2

being
. the
value

ment
2, the

The
piece
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btchable conductor
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=

S

btchable insulator

—
=

S

N~ W N

80|mm to 240 mm (selected as agreed between the user and supplier)

Li 60lmm to 220 mm (subtract 20 mm from L)

S

10J0 mm = 0,2 mm

S 10J0 mm £ 2,0 mm

Figure 6 — Test piece type A with cover insulator
6.2.3 Test piece type B with cover insulator

For the test piece, a stretch insulation layer is added to the B-type test piece of 6.1.2.3| The
elastic insulating layer is formed by printing or lamiinating. The dimensions of the test piere as

showh in Figure 7.

L+ 8 mm

A
Y

A
Y

1L
4

IEC

80 mm to 240 mm (selected as agreed between the user and supplier)

§l~

3,0 mm = 0,2 mm

-

5,0 mm £ 0,2 mm

%)

10,0 mm £ 2,0 mm

Figure 7 — Test piece type B with cover insulator

6.2.4 Reporting of the results
The report shall include the following items:

a) washing method and conditions;
b) initial resistance value, resistance value after washing;
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st place, and test time (for example company name, city, year).
Sweat durability

Test method and condition

2021

Sweat durability is in accordance with ISO 105-E 04. The conditions for sweat durability may
be selected as agreed between the user and supplier.

6.3.2

The s

Test piece

ame test piece as in 6.2.

6.3.3
The 1

a) cq
b) in
c) te

Reporting of the results
eport shall include the following items:

ndition for sweat durability test;
itial resistance value, resistance value in after sweat durability test;
st place, and test time (for example company name, city, year):

7 Neasurement methods of insulation between conductive lines

7.1
7.1.1
7.1.1

The {1
or mq
stretd

Insulation resistance between conductive lines
Test piece
1 Substrate

ubstrate for the test piece shall be a stretchable substrate having an elastic area
re. Elastic polymer films and sheetsyior stretchable resin coated fabrics can be us
hable substrate. The type of stretchable substrate materials may be selected as a

between the user and supplier.

7.1.1

The
have

2 Dimensions of test (piece

limensions of the test piece are as shown in Figure 8. The test piece substrate
a margin of at least'd5 mm. The cover coating layer is formed as necessary. The

coating layer shall have)a margin of at least 1 mm from the conductive line edge.

7.1.2

Maint
termi
shall

Procedure

ain theotest piece horizontally and measure the insulation resistance betwee
nals(using a high resistance meter in accordance with IEC 61557-2. The applied vg
be( 500 V if not specified otherwise. Read the resistance value after 1 min fror

bf 50 %
bd as
jreed

shall
cover

 the
ltage
n the

volta

€ apptied.
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1 stretchable substrate
2 stretchable conductor
3 stretchable insulator

L 25 mm + 1 mm

0 1,0 mm = 0,1 mm

Weg 1,0 mm £ 0,1 mm

()

Figure 8 — Test piece for insulation resistance between conductive lines

7.1.3 Reporting of the results
The report shall include the following items:

a) test piece identification;

b) test conditions (room temperature.and room humidity);

c) sfructure of test piece (presence’/ absence of cover coating layer);
d) applied voltage (V);

e) insulation resistance (Q).

7.2 | Electric strength*between conductive lines
7.21 Test piece
72111 Substrate

Same as(in,7.1.1.1.

7.2.1.2 Dimensions of test piece

The dimensions of the test piece are as shown in Figure 9. The test piece substrate shall
have a margin of at least 5 mm. The cover coating layer can be formed if necessary. The
cover coating layer shall have a margin of at least 3 mm from the conductive line edge.

7.2.2 Procedure

Hold the test piece on a horizontal insulation table and measure the breakdown voltage
between terminals with an electric breakdown tester in accordance with IEC 60243-1. Apply
an AC voltage across the terminals, and gradually increase the voltage and read the voltage
value at which the dielectric breakdown occurred. At least five test pieces shall be measured
and the maximum, minimum and average values shall be recorded.
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1 stretchable substrate
2 strgtchable conductor
3 stretchable insulator

L 25/mm £ 1 mm

w_1,dmm £ 0,1 mm

Wy 1,d mm = 0,1 mm

Figure 9 — Test piece for electric strength-between conductive lines

7.2.3 Reporting of the results

The report shall include the following items;

a) test piece identification;

b) test conditions (room temperature and room humidity);
c) slructure of test piece (presence / absence of cover coating layer);
d) n

e) breakdown voltage (maximum, minimum and average values).

mbers of test piece;

7.3 | Insulation resistance of cover insulation layer side
7.31 Test piece
7.3.11 Substrate

Same 4as,n 7.1.1.1.

7.3.1.2 Dimensions of the test piece

The dimensions of the test piece are as shown in Figure 10. The test piece consists of a
substrate, a rectangular stretchable conductor of 70 mm x 210 mm, and a cover insulation
layer of 70 mm x 70 mm. The test piece substrate shall have a margin of at least 5 mm. An
error in the dimensions of £1 mm is allowed for the stretchable conductor and cover insulation
layer.
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Key

—_
=

1 s
2 str
3 str

7.3.2

Dimensions in millimetres

210 1

A

\{

IEC

btchable substrate
btchable conductor

btchable insulator

Figure 10 — Test piece for insulation resistance.of insulating layer

Procedure

Insulation resistance of the cover insulating layer side is measured by the following proc¢dure

using
IEC 4
the g
elect

The 1
if not
the reg

an electrode with a guard ring for volume resistivity measurement conformi
2631-3-1. As shown in Figure 11, the teSt piece is inserted between the electrodg
uard ring and the ground electrode. lt)is folded in half and sandwiched between
odes.

neasuring circuit is connected.as shown in Figure 12. The applied voltage shall be {
specified otherwise. Read the resistance value after 1 min from the voltage applied
sistance value calculated.from the current value after 1 min is recorded.

ng to
with
both

500 V
, and
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1 stretchable substrate
2 stretchable conductor
3 stretchable insulator

E cirgular electrode

Er gugrd ring electrode

Es grqund electrode

Figure 11 = Setting for the test piece
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Key
1 stretchable substrate
2 stretchable conductor
3 stretchable insulator
E circular electrode
Er guard ring electrode

Es ground electrode

Figure 12 — Setting and circuit for cover insulation layer
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