o = 35

n_.Du = 82
o ° °N > 2
o 5 % S
© = o :
N % 8
© (e 0
owo 0
o o %
— < 5
O/ 2
O S
Ll “0 3

g
g

Part 250: Material technologies required i

>

¥

®

TECHNICAL
REPORT

Printed electronics —

smiart devices

C.
L

(ue)z1-9102:052-66829 ¥L O3l


https://iecnorm.com/api/?name=3f7e464e4b993f3dd71887f6ae3cd006

THIS PUBLICATION IS COPYRIGHT PROTECTED
Copyright © 2016 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.

Tel.: +41 22 919 02 11
Fax: +41 22 919 03 00

IEC Central Office
3, rue de Varembé

CH-1211 Geneva 20 info@iec.ch

Swiltzerland www.iec.ch
About the IEC
The International Electrotechnical Commission (IEC) is the leading global organization that prepares and)publishes
Interrjational 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 haye the
latest| edition, a corrigenda or an amendment might have been published.
IEC (atalogue - webstore.iec.ch/catalogue Electropedia - www.electropedialorg
The |stand-alone application for consulting the entre  The world's leading onling~dictionary of electroni¢ and
bibliographical information on IEC International Standards, electrical terms containing_20 000 terms and definitigns in

Techijical Specifications, Technical Reports and other
docurpents. Available for PC, Mac OS, Android Tablets and
iPad.

English and French, siths equivalent terms in 15 addjtional
languages. Also known as the International Electroteghnical
Vocabulary (IEV)online.

IEC publications search - www.iec.ch/searchpub IEC Glossary- std.iec.ch/glossary

The gdvanced search enables to find IEC publications by a 65 000 electrotechnical terminology entries in English and
variety of criteria (reference number, text, technical  French_extracted from the Terms and Definitions clayse of
comnyittee,...). It also gives information on projects, replaced IEC publications issued since 2002. Some entries have been
and withdrawn publications. collected from earlier publications of IEC TC 37, 77, 86 and
IEC Just Published - webstore.iec.ch/justpublished QEPR.

Stay pip to date on all new IEC publications. Just Published IEC Customer Service Centre - webstore.iec.ch/csc
detailp all new publications released. Available online and If you wish to give us your feedback on this publicatjon or
also dnce a month by email. need further assistance, please contact the Customer Sgrvice

Centre: csc@iec.ch.



mailto:info@iec.ch
http://www.iec.ch/
http://webstore.iec.ch/catalogue
http://www.iec.ch/searchpub
http://webstore.iec.ch/justpublished
http://www.electropedia.org/
http://std.iec.ch/glossary
http://webstore.iec.ch/csc
mailto:csc@iec.ch
https://iecnorm.com/api/?name=3f7e464e4b993f3dd71887f6ae3cd006

IEC TR 62899-250

Edition 1.0 2016-12

TECHNICAL
REPORT

@

colour
inside

Printed electronics —

Pa

smlart devices

INT

t 250: Material technologies required inprinted electronics for wearable

ERNATIONAL

ELECTROTECHNICAL
COMMISSION

ICS

29.035.01; 31.180; 59.080.80 ISBN 978-2-8322-3794-6

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

® Registered trademark of the International Electrotechnical Commission



https://iecnorm.com/api/?name=3f7e464e4b993f3dd71887f6ae3cd006

-2- IEC TR 62899-250:2016 © IEC 2016

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 and definitions ... 6
O A T = T =T AT ] I F N 6
5 MASBs—————————m—m—m——m—m—m——— e 6
5(1 GBNETAL . e I ....6
5|2 ACCESSOry type deVICES .. cuiiii e L 4
5{3 Textile integrated type ... 4
514 SKin patchable tyPe ..o A ....8
515 Body implantable type.......oooiiii e LN ...8

6 |New standardization project for WSD technologies ........cccooovveeee QO ....8
6} 1 Current WSD technologies and standardization activity..«...0...o.cooiiis ....8
6}2 Required standardization for WSD ..o e .10

7 |Possible WSD standardization items in TC 119 ... .12
71 3D-shaped formed and wired technologies........ 5 . ..., .12
712 Materials for large deformation and stretchahble €lectronic circuits...................... .12
713 Materials for making extremely thin electronic devices............cocoveiiiiiiiiiinnnn.. .12
714 Materials for electronic devices used indirect contact with human skin.............. .12
WSD market and PE material standardization.............cooooiiiiiiiiiiici .12
CONCIUSION o3 S .13
Figufre 1 — WSD technologies and market ...........c.cooiiiiiiiii e, -
Tablle 1 — Wearable teChnolOgies Map ....couuiiiiiii e ...9



https://iecnorm.com/api/?name=3f7e464e4b993f3dd71887f6ae3cd006

IEC

1) T

[

T -

9
w|
a
2) T
c

3)

C
p

4) I order to promote international uniformity, IEC National Committees undertake to apply IEC Publica

the latter.

5) IHC itself does not provide any attestation of ‘conformity. Independent certification bodies provide confd

6)
7)

a
s
A
o
e
A

8)

9) A
p

The
tech

nf the subject dealt with may participate in this preparatory work. International,'\-governmental and

nterested IEC National Committees.

HC Publications have the form of recommendations for interpational use and are accepted by IEC Na

mfisinterpretation by any end user.

N
members of its technical committees and IEC National Committees for any personal injury, property dama
P

ndispensable far theé correct application of this publication.

TR 62899-250:2016 © IEC 2016 -3 -

INTERNATIONAL ELECTROTECHNICAL COMMISSION

PRINTED ELECTRONICS -

Part 250: Material technologies required in
printed electronics for wearable smart devices

FOREWORD

he International Electrotechnical Commission (IEC) is a worldwide organization for standardization comp
| national electrotechnical committees (IEC National Committees). The object of IEC(is«to prg

echnical Reports, Publicly Available Specifications (PAS) and Guides (hereafter'\.referred to as
Liblication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee inter|

vernmental organizations liaising with the IEC also participate in this preparation. IEC collaborates cl
th the International Organization for Standardization (ISO) in accordance)with conditions determineg
jreement between the two organizations.

he formal decisions or agreements of IEC on technical matters express,las)nearly as possible, an interna
nsensus of opinion on the relevant subjects since each technical\ommittee has representation fro|

bmmittees in that sense. While all reasonable efforts are made to ensure that the technical content o
Liblications is accurate, IEC cannot be held responsibleyfor the way in which they are used or fo

pnsparently to the maximum extent possible in their national and regional publications. Any diverg
btween any IEC Publication and the corresponding.national or regional publication shall be clearly indica

sessment services and, in some areas,\access to IEC marks of conformity. IEC is not responsible fo
brvices carried out by independent certification bodies.

| users should ensure that they haye the latest edition of this publication.
b liability shall attach to IEC.o\its directors, employees, servants or agents including individual expert
her damage of any nature, whatsoever, whether direct or indirect, or for costs (including legal fees

penses arising out of.the publication, use of, or reliance upon, this IEC Publication or any othe
Liblications.

tention is drawn to.the Normative references cited in this publication. Use of the referenced publicatig

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

maih-task of IEC technical committees is to prepare International Standards. Howev

ising
mote

ternational co-operation on all questions concerning standardization in the electrical and eletctronic fields. To
tHis end and in addition to other activities, IEC publishes International Standards, Technical Specifica

ions,
“IEC
bsted
non-
psely
d by

ional
m all

ional
f IEC
any

tions
ence
ed in

rmity

I any

5 and
ge or
and
IEC

ns is

ct of

br, a
cted

hical committee may propose the publication of a Technical Report when it has colleg

data of a different kind from that which is normally published as an International Standard, for
example "state of the art".

IEC TR 62899-250, which is a Technical Report, has been prepared by IEC technical

com

The

mittee 119: Printed electronics.

text of this technical report is based on the following documents:
Enquiry draft Report on voting
119/104/DTR 119/123/RVC

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 publication has been drafted in accordance with the ISO/IEC Directives, Part 2.

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 publication will remain unchanged until
the stability date indicated on the IEC website under "http://webstore.iec.ch" in the data
related to the specific publication. At this date, the publication will be

e reconfirmed,

. ithdrawn,
. placed by a revised edition, or

° mended.

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

IMjORTANT — The 'colour inside' logo on the cover page of4this publication indicates
that it contains colours which are considered to be useful for the correct
unglerstanding of its contents. Users should thereforeprint this document using a
colour printer.
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INTRODUCTION

Recently, along with a variety of other expanding electronic technology applications, one in
particular has gained a lot of attention from different angles. It is referred to as "wearable
electronics". As the name of this new application implies, unlike other electronic technologies,
these are to be attached or applied directly to the human body, such as traditional eyewear.
Due to the particular characteristics of the human body, such as flexibility, this new
technology requires a variety of new and unique capabilities, which other electronics
applications do not need.

In orderto-reatise—such—apt teattonsetectronictechnotogies—are—evotving—rmany-areasOne
areg of spec erest in electronic technology is

hed
means for their evaluation. This Technical Report intends to resolve this’situation from ceftain
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PRINTED ELECTRONICS -

Part 250: Material technologies required in
printed electronics for wearable smart devices

Scope

This| part of IEC 62899, which is a Technical Report (TR), explores a new technological

to elstablish standardization activities in TC 119 (Printed electronics) in particulary ‘an
contribute to the development and market expansion of wearable smart device (W

techhology.

The

3

Normative references

e are no normative references in this document.

Terms and definitions

No terms and definitions are listed in this document.

ISO

and IEC maintain terminological databases for use in standardization at the follo

addiresses:

o |EC Electropedia: available at http://wwW_electropedia.org/

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

What are WSDs?

Wegrable smart devices are-a*newly evolving electronic application field where standard

con
devi
con
the

entional electronic devices may not be smoothly applicable. In this new field, elect
ces are applied ertvattached directly to the human body like eyewear, contraril
entional electronic devices, such as TV sets, that are most likely to be used away
pody. Due to the particular characteristics of the human body, these new devices|

required to have\nmew physical characteristics, such as flexibility and salt resistance (

swe

ht). In order-to address those demands, the electronics industry has come up with

processes to.produce those new devices.

5

5.1

field
d to
SD)

ving

5 for
onic

to
From
are
anti-
new

WSDs

General

Figure 1 shows an overview of WSDs, including categorization and examples. This graphic
introduces categories based upon characteristics, such as ‘prior art’, ‘stretchable’, ‘ultra-thin’
and ‘biocompatibility’, and some examples in each category. Technologies and challenges for
those examples are discussed in Subclauses 5.2 to 5.5.
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5.2

Accessory type devices are designed to be a good fit for ﬂqéshapes of the human body.
majar functions of these devices are to acquire vital da? Ahd/or movement of the body, ar

tran
orp
are

— RBracelets, watches and wristbands; (%)
— @yewear and headmounted devices; $\'

— garphones; A‘\Q)

— flnger rings, necklaces and the\'ﬂye.

In orlder to realize these devi @ adaptation of the following characteristics is required:

— g small footprint, ..

— rechanic ibilities to follow body movement, and
. nee@mplay functions with higher resolution and/or mechanical flexibilities.

Obv
addi
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Body implantable Phase 4
Low weight Implantable
Self-sustain

Conformal to organs

Safety to human body

Anything

Biocompatibility

Any place
Any sen
- Any network

. . Phase 3
Skin patchable devices Patchable

Flexible/Stretchable
Ultrathin
Conformal to skin

Textile-integrated
Flexible/Stretchable tabrics
Stretchable Integration of various

electronics

Accessary type devices
Low-power
Prior art Conformal to body

Source: Ministry of Trade, Industry and Emergy of Korea

Source: http://iecetech.org/issue/2015-01/What-s-up @

Figure 1 — WSD technologies and mark&Q)

A

Accessory type devices Q

tfer data to other devices and/or networks with
brtable music players, which require human intQ
hlready commercialized: §

b

tion. For example, the following W

-

ghtness, O®

bwer power, C)

o?$§)and most importantly, in addition to fulfilling these electrical or mechanical ne

The
dto

uman interaction, unlike cell phones

SDs

eds,
will

ki | safety requirements and requlations need to be developed. since WSDs

operate in close contact with the human body.

5.3

Textile integrated type

Textile integrated type WSDs combine integrated biomedical signal acquisition functions with
communication functions attached to clothing such as sportswear or underwear. This type of
WSD needs complementary technologies compatible with the electronic components and
textile products that make up the clothes. Specifically, highly flexible and stretchable wiring
technologies are required. Furthermore, electronic components need to withstand stresses
similar to those general clothing is subjected to, such as stresses which occur during washing

and

drying.

IEC
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Skin patchable type

WSD types used in patches directly applied to the skin or mucous membranes of the body
surface have been proposed. Such WSDs, in addition to the necessities of functional shape
and flexibility, require technology for obtaining very thin electronic elements. Additionally, in
order to evaluate the very thin electronic elements, new evaluation methods will be required.
Furthermore, because these types of WSDs are in continuous direct contact with the human
body, they require resistance to secretions from the body such as sweat or saliva.

5.5

Body implantable type

In F
impl

6

6.1

Igure 1, WSDS are shown 10 be expected to eventually develop Into types which
bnted into the human body. High biocompatibility is required for WSDs at this stage.

New standardization project for WSD technologies

Current WSD technologies and standardization activity

are

Table 1 shows a summary of electronic technologies and materials” applied to portable

elec
cond
cons

methods, which existing standards fail to meet.

ronic equipment and WSDs. WSDs are used in different envirohments and under diffe
itions compared to conventional electronic devices. New standards are required fof
truction and material performance of such devices, as,are new evaluation and tes

rent
the
bting
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Required standardization for WSD

A variety of portable electronic devices are available and commonplace, as consumers have
become comfortable using them in their daily lives. Manufacturing technologies for portable
electronic devices are studied with safety requirements and product performance criteria in
mind, which have been developed by each TC under the IEC or one of many other
organizations.

Required technologies for manufacturing portable electronic devices include those related to
following: downsizing and weight reduction, small power supplies, inductive power

the

Belog

acti

a)

irements will be determined.

\ities are shown.

Compact and lightweight

w, individual technical elements and their correspondence to existing standardization

Technologies for compact and lightweight electronic devices arefurther classified intd the
following areas:

+ small components,
+ high-density 3D electronics packaging, and

+ compact systems.

Smagll components are covered by IEC TC 47, IECTC 40 (Capacitors and resistor), and

TC
TC

b)

%1. Similarly, standardization for high-densityy3D electronics packaging is handled by,
91 and IEC TC 100.

Low power consumption

Powgr supply technologies to small electronic devices are divided into two areas:

Sta
sup

c)

small, thin and flexible batteries,

4 non-contact power supplies.

ply technologies isthandled by the WPC (Wireless Power Consortium).

High-definitiof, curved display

Whegn displays are used for WSDs, display equipment is required for the follo
techpologies:

Sta
d)

-+ s high resolution,

IEC
IEC

rdardization of batteties is covered by IEC TC 21. Standardization for non-contact power

ving

— near the eye,
— flexible displays.

ndardization for display devices are handled by IEC TC 100.
Free 3D design

To achieve high shape flexibility, the following technologies are needed:

— high flexion,
— 3D moulding and wiring,
— deformation and stretch,

— ultra thinness.
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Standardization for high-flexion flexible printed circuits has been carried out by IEC TC 91,
IPC and JPCA.

MID technology refers to the combination of 3D moulding and wiring technology. This
technology has been proposed by MIDIA (MID International Association).

The standardization activity for technology using 3D printers for the electronic circuit
formation is undetermined. 3D technology that combines printing and embossing are newly
developed so the standardization activity for the technology is yet to be defined. Very thin
electronic devices will achieve higher shape freedom in the future, as to date, however, they

are difficultto evaluate by the existing-standards
J J

e) Adhesion

Starjdardization of adhesives is covered by ISO TC 61/ SC 11 (polymeric adhesive). Howgver,
technology for the direct patching of electronic devices on human skin is not included.

f) Environmental compliance
Thete are a number of standardization activities for environmental corapliance:

+ EMC,

+ weather (light) resistance,

+ water resistance,

+ waterproofness,

+ resistance to bodily fluids (sweat, blood, etc<),
+ environmental pollution, the 3 Rs (reduce, reuse and recycle) / LCA (life-qycle
assessment).

EM( is covered by IEC TC 77. Weather (light) resistance, water resistance, the resistange to
bodily fluids (sweat, blood, etc.) arecthe challenges unique to WSDs. ISO TC 38 is| the
standardization activity for textiles, -and deals with many of the related issues. Watergroof
properties are covered by IEC TC(70. Environmental pollution, the 3 Rs/LCA is coverefl by
IEC[TC 111. Weather-resistancelof print is covered by ISO TC 42.

g) $afety
Safgty from various angles is required for WSDs:

4 electrical safety,

+ electromagnetic wave exposure, SAR (specific absorption rate),
+ static.electricity,

4 _optical and ultraviolet light exposure,

+ “biological skin safety and

— in vivo safety.

The safety of electrical, optical and ultraviolet light exposure is a common requirement for
general electronic devices. These issues are covered by IEC TC 108. The issues of SAR and
electromagnetic wave exposure are handled by IEC TC 106 and CISPR. Static electricity is
covered by IEC TC 101. For biological skin safety and in vivo safety, standards related to
medical fields should apply. They have been handled by IEC TC 62, ISO TC 194, ISO TC 210,
and IEC TC 106.

Existing TC-developed standards cover some of these technologies. However, these
standards do not cover specific requirements of WSDs technologies.
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For materials, WSD requirements are demanding. Miniaturization (reduced thickness in
particular), human body suitability, and biocompatibility are examples of such requirements.
High-performance demands apply to the following technologies:

a) 3D-formed and wired technologies;

b) materials for large deformation and stretchable electronic circuits;

c) materials and processes for making extremely thin electronic devices;

d) materials for electronic devices applied in direct contact with human skin surfaces.
Existing standards for materials and technologies are not sufficiently covered. Standardization

for few material requirements and saiety periormance iesiing methods for each techndlogy
shoyld be launched.

7 Possible WSD standardization items in TC 119

7.1 | 3D-shaped formed and wired technologies

Starjdardization for 3D wiring technology constructed by injection mollding using eleftro-
plating wiring has been discussed by MIDIA (MID International Association). Standardization
for 3D printing technology, however, which makes 3D-shaped dévices with such functions as
conductive wiring, have not been discussed by existing ‘standardization organizations.
Starjdardization of 3D circuit technologies constructed bysin-mould technology and printed
wiring has not been discussed by the existing standardization organizations either.

7.2 | Materials for large deformation and stretchable electronic circuits

Starjdardization of materials used for large deformation and stretchable electronic circuits| has
been discussed in the following three differenttechnologies:

o flexible printed circuit board technologies,

e donductive fibres, and

7o)

o gtretchable conductive circuits<by printing.

To date, materials for largesdeformation and stretchable electronic circuits have not een
listef in printed electronics 'standardization activities so far.

7.3 | Materials for making extremely thin electronic devices

It is|likely there_‘will be many cases in which existing evaluation methods do not apply to
materials for €xtremely thin electronic devices. Extremely thin electric devices are one of the
mosf promising application areas for printed electronics (PE). Technologies for making
extrgmelythin film devices are not necessarily limited to PE, as numerous evaluation methods
can pe‘applied to thin films.

7.4 Materials for electronic devices used in direct contact with human skin

Electronic devices used in direct contact with the human body are recognized as a promising
application field for PE technologies. Standardization on the effects of electronic devices on
the human body has been studied by existing TCs. However, standardization on the effects of
the human body on electronic devices has not. These standardization items will not only be
related to PE technologies but, also to all other wearable equipment that comes into contact
with the human body.

8 WSD market and PE material standardization

Figure 1 shows the relationship between required technology trends for WSD and market
growth expectations. When stretchable technologies are integrated with conventional
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