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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The proced d e ) e are
described in the ISO/IEC D1rect1ves Part 1.In partlcular the dlfferent approval crlterla needed fpbr the
different types of ISO documents should be noted. This document was drafted in accordanee with the

Hrawn to the possibility that some of the elements of this document may,-Be the subject of
4. ISO shall not be held responsible for identifying any or all such patent rights. Details of
ights identified during the development of the document will be in the Introduction and/or
on the ISO ligt of patent declarations received (see www.iso.org/patents).

Any trade ngdme used in this document is information given for the conveniéence of users and dogs not
constitute ar} endorsement.

For an explanation of the voluntary nature of standards, the meaning of ISO specific termp and
expressions |related to conformity assessment, as well as infermation about ISO’s adhererce to
the World Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT), see
www.iso.org/iso/foreword.html.

This document was prepared by Technical Committee IS0/ TC 107, Metallic and other inorganic codtings.

Any feedback or questions on this document should be directed to the user’s national standards bpdy. A
complete listing of these bodies can be found atwww.iso.org/members.html.
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ISO 7582:2023(E)

Introduction

This document was developed to provide the designation of characteristics and the characterization
methods of metallic coatings for electromagnetic interference (EMI) shielding, in response to worldwide
demand for the standardization of such products.

ISO 17334 specifies the requirements for autocatalytic copper coatings plus nickel-phosphorous alloy
coatings on platable plastics or metallic materials, to provide EMI and electrostatic discharge (ESD)
shielding mainly for the housing of computers, telecommunication and other devices. However, varieties
of metallic coatlngs Whlch are not spec1f1ed in ISO 17334 are used to prov1de hlgher EMI/ESD shielding
effec jve ot 3 .

applig

bvers are made from engineering plastics for mass reduction and varieties.of metallic
d to these parts to provide a high EMI/ESD shielding effectiveness.

ness or with
mobile parts

ber of electronic controlling units (ECUs), motors and connectors are used.in a-car. Their housings

coatings are

© IS0 2023 - All rights reserved
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INTERNATIONAL STANDARD ISO 7582:2023(E)

Metallic coatings for electromagnetic interference
shielding — Designation and characterization method

1 Scope

This document specifies the designation and the characterization methods metallic coatings that
provi']n n]nr‘frnmngnnfir‘ interference (FMI) chin]r]ing for parfc fabricated from p]acfi"s’ Ceramics'

glassés and other materials.

The designation consists of the EMI shielding effectiveness in a specific frequéncy rgnge and the
adhegion of metallic coatings to the substrate, as well as the substrate material and the principal
comppnent, manufacturing process and thickness of the metallic coatings.

The characterization methods consist of the methods to determine the EMI shielding effpctiveness of
metallic coatings and those to evaluate the adhesion of metallic coatingsto the substrate.

2 Normative references

The fpllowing documents are referred to in the text in such a way that some or all of their content
constjtutes requirements of this document. For dated references, only the edition cited applies. For
undafed references, the latest edition of the referenceddocument (including any amendmg¢nts) applies.

[SO 472, Plastics — Vocabulary

ISO 2080, Metallic and other inorganic coatings~— Surface treatment, metallic and other inorganic coatings
— Vogabulary

[SO 4525, Metallic coatings — Electroplated coatings of nickel plus chromium on plastics materials

ISO 16348, Metallic and other inoxganic coatings — Definitions and conventions concerning dppearance
IEC 69050, International electratechnical vocabulary

ASTM B533, Standard testinethod for peel strength of metal electroplated plastics

JIS H 8630, Electroplated coatings on plastics materials for decorative purposes

3 Terms.and definitions

For the purposes of this document, the terms and definitions given in ISO 472, ISO 2080, I§0 16348 and
IEC 60050 and the fn]]nvving qpp]y

ISO and [EC maintain terminology databases for use in standardization at the following addresses:

— ISO Online browsing platform: available at https://www.iso.org/obp

— IEC Electropedia: available at https://www.electropedia.org/

3.1

ABS

acrylonitrile-butadiene-styrene

plastic, based on terpolymers and/or blends of polymers and copolymers, made with acrylonitrile,
butadiene and styrene

[SOURCE: ISO 472:2013, 2.5]

©1S0 2023 - All rights reserved 1
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3.2

EMI shielding effectiveness

electromagnetic interference effectiveness
ratio of voltage signals transmitted by the samples with and without metallic coatings for the same
incident power of electromagnetic waves

3.3
LCP

liquid crystal plastic
plastic material with the property of liquid crystal

3.4

PBT

polybutylene terephthalate

polymer ma3
terephthalat

[SOURCE: IS

3.5

PTFE
polytetraflu
polymer of t¢

[SOURCE: IS

3.6
TRL calibra
through-ref
calibration
length “thr

3.7

VNA

vector netw
instrument f{
phase chang

h

) 472:2013, 2.729]

oroethylene
trafluoroethylene

472:2013, 2.796]

fion method
lect-line calibration method

Imethod to fix the systematic errors with thé network analyser measurements using a
0

gh”, alonger “through” (called “line”) afid high-reflect standards

ork analyser
o measure the transfer and/or impedance characteristics, that is, both magnitud
s, of a linear network, device, or material through stimulus response testing over a

frequency rajnge

4 Designation

4.1 Gener

A designatio

al

h shall consist of the following:

de by the polycondensation of butylene glycol and terephthalic acid .or~dimethyl

Zero-

e and
given

the lette

a)

5 SUM“ 35 the efementary Symbot indicating that the metatiic coating nas the abit

EMI shielding effectiveness (see 4.2);

b)
‘)

solidus (

d)

a letter designating the frequency band classification (see 4.3.1);

/);

the adhesion of the metallic coatings (see 4.4) followed by a solidus (/);

e)
f)

letters designating the substrate materials (see 4.5) followed by a solidus (/);

designating the coating process (see 4.6);

ty for

the letter “S” and a number designating the EMI shielding effectiveness (see 4.3.2) followed by a

the letter “A” with lowercase letters designating the adhesion test method and a number designating

an elemental symbol of the principal component element of the coatings with lowercase letters

© IS0 2023 - All rights reserved
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g) a number indicating the minimum local thickness in micrometres, followed by a space when the
subsequent metallic coating is applied.

For multi-layered metallic coatings, designations f) and g) shall be repeated from the bottom to the top.

See 4.6 for examples of designations.

4.2 Shielding effectiveness of electromagnetic waves

4.2.1 Frequency classification

The lettersshowm i Table T shattdesigmate the frequency banmdsof theetectronmmagneticiwaves under
consifleration.
Table 1 — Designation of frequency bands under consideration
Degignation Frequency band of the electromagnetic waves under General identification
consideration?
Hz
A 50 to 60 Ultra-low frequency waveb
B (3,0 x 103) to (3,0 x 10%) Very low frequency wave
C (3,0 x 10%) to (3,0 x 105) Low frequerlcy wave
D (3,0 x 105) to (3,0 x 10°) Medium wave
E (3,0 x 10°) to (3,0 x 107) Short wjave
F (3,0 x 107) to (3,0 x 108) Very high freqyency wave
G (3,0 x 108) to (3,0-%x109) Ultra-high freqyiency wave
H (3,0 x 109) to (3;0'x 1010) Centimetr¢ wave
I (3,0 x 1010) to (3,0 x 1011) Millimetrd wave
] (3,0 x 102%) to (3,0 x 1012) Sub-millimefre wave
a2 Lewer limit exclusive, upper limit inclusive.
b Frequency of commercial power saurte.
4.2.2| Electromagnetic interference shielding effectiveness
The lgtter “S” and a number shall designate the EMI shielding effectiveness as shown in Taple 2
Table 2 — Designation of EMI shielding effectiveness
Designation Shielding effectiveness?
dB
S- 31 or below
S35 31to 35
S40 36 to 40
S50 41to 50
S60 51to 60
S70 61to 70
S80 71 to 80
S90 above 80
a  Lower limit exclusive, upper limit inclusive.
©1S0 2023 - All rights reserved 3
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4.3 Adhesion of metallic coatings

4.3.1 General

The letters shown in Table 3 and Table 4 shall designate the adhesion of metallic coatings.

Table 3 — Designation of peel strength test

Designation Peel strength?
kN/m

Ap1,0 1,0 or above
Ap0,9 09to 1,0
Ap0,8 0,8t0 0,9
Ap0,7 0,7t00,8
Ap0,6 0,6 to 0,7
Ap0,5 0,5t0 0,6
Ap0,4 0,4t00,5
Ap0,3 0,3to 0,4

Ap- below 0,3

a  Lower limit inclusive, upper limit exclusive.

4.3.2 Peel[strength

The letter “Af with a lowercase letter “P” and a number shall designate the adhesion of metallic coatings
evaluated byja peel test (see 5.2). The number designates-the peel strength as shown in Table 3.

4.3.3 Thermal cycle

The letter “Al with lowercase letters “TC” and.anumber shall designate the adhesion of metallic coatings
assessed by p thermal cycle test as shown.in-Table 4. The number shall denote the service conflition
number detefmining the condition of thermal cycle test as specified in ISO 4525 and shall show tHe test
condition in Which the product does nétconstitute a failure (see 5.2).

Table 4 — Designation of thermal cycle test

) ) . . Temperature limits
Designation | Service condition number? oC

High Low
Arcd 5 85 -40
Apc4 4 80 -40
Aze3 3 80 -30
A2 2 75 -30
Apcl 1 60 =30

a  Service condition numbers in a thermal cycle test are defined in ISO 4525.

4.4 Substrate materials

The letters shown with lowercase letters as shown in Table 5 shall designate the substrate materials.

4 © IS0 2023 - All rights reserved
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Table 5 — Designation of substrate materials
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Designation Substrate material
PLyyx? Plastics
GLb Glasses
CEb Ceramics
OMb Other materials

a2  XXXshould be replaced by the relevant abbreviated term for the plastics
material (see ISO 472 or Clause 3). For other materials, a conventional
abbreviated term should be shown accompanied by a note explaining the
abbreviated term in a separate line below the designation.

EXAMPLE 1
EXAMPLE 2

4.5

An el
or all

b The note explaining the specific material may be given in a separate
line below the designation.

Metallic coatings

Polybutylene terephthalate is designated as PLppr.

Polyamide resin is designated as PLp, (where “PA” means polyamide’resin).

bmental symbol shall designate the principal element of thé metallic coating, i.e. tHose of metal
by coatings, and the subsequent lowercase letters shall deSignate the coating procesges as shown

in Talple 6. The following number shall indicate the minimum Yocal thickness of the metallic coating in

micrd

4.6

An ay

metres. The thickness shall be rounded off to one degcimal place.

Table 6 — Processes formetallic coatings

Designation Process
VE Vacuum evaporation
SP Sputtering
EL Electroless plating?
EP Electroplating
OoP Other process
a2 Electroléess)plating includes autocatalytic plating and immersion coating
(see I1SO 2080).

Examples of-déesignation

coati

tocatalytiéieopper coating of 1,0 um thickness plus autocatalytic nickel-8 % phosghorous alloy
g in thickness of 0,25 pm on an ABS substrate, which shows an electromagnetic shielding

effectiveness.of 80 dB at frequencies from 30 MHz to 3 GHz and a coating adhesion asgessed by the
thermalCycle test corresponding to service condition 2, shall have the following designatipn:

SAM F 580/A;c2/PLgs/ Cug 1,0 Nig, 0,3
SAM G S80/A2/PL s/ Cug 1,0 Nig, 0,3

NOTE

These coatings and their performance correspond to autocatalytic coating type 1 Grade 3 in

ISO 17334.

A sputter deposited copper coating of 0,6 micrometre thickness plus electroplated copper coating of
3,0 micrometre thickness plus electroplated nickel coating of 20,0 micrometre thickness on a PBT
substrate, which shows an electromagnetic shielding effectiveness of 72,7 dB and 101,4 dB at 1 GHz
and 100 GHz, respectively, and a peel strength of 0,89 kN/m, shall have the following designation (see
Annexes A and B):

SAM G $80/Ap0,8/PLppy/ Cugp0,6/ Cugp3,0 Nigp20,0

© IS0 2023 - All rights reserved


https://standardsiso.com/api/?name=a7ef1a6d18c82e9077d9b404a9c2f7bd

ISO 7582:2023(E)

SdM 1S9

0/Ap0,8/PLpgy/ Cugp0,6/ Cugp3,0 Nigp20,0

An electrolessly deposited copper coating of 0,6 pm thickness, an electroplated copper coating of
3,0 um thickness and an electroplated nickel coating of 1,0 pm thickness on a LCP substrate, shows an
electromagnetic shielding effectiveness of 75,3 dB and 106,3 dB at 1 GHz and 100 GHz, respectively, and
a peel strength of 0,88 kN/m, shall have the following designation (see Annexes A and B):

SAM G S80/A0,8/PL; p/ Cug; 0,6/ Cugp3,0 Nigp1,0

SdM 1S9

0/Ap0,8/PL; cp/ Cug; 0,6/ Cugp3,0 Nigpl,0

5 Charadterizatiommethods

5.1 Electn

The EMI shi
effectiveness

S =20log
where

S is tl

vV, istl

V, istl

The EMI shid

using the co3

The EMI sh
correspondi
using the fre

Examples of

5.2 Adhes

omagnetic interference shielding effectiveness

blding effectiveness is expressed in dB and is defined by Formula (1) wAth the shig
,S,in dB:

(+)

ne EMI shielding effectiveness;

v,
Vi

e received voltage transmitted by the sample with metallic coatings;

e received voltage transmitted by the samplé without metallic coatings.

elding

M

lding effectiveness for an electromagnetic wave of a frequency of (3,0 x 10%) Hz or below,
corresponding to the frequency band designatiptiof A to G shown in Table 1, should be evaluat

xial transmission line measurenrent configuration based on ASTM D4935-18.

lding effectiveness for an‘electromagnetic wave of frequency above (3,0 x 10

e
Jlg to the frequency band designation of H, [ and ] shown in Table 1, should be evaluat

e-space measurement configuration based on [EC 62431.

MI shielding effectiveness measurements are given in Annex A.

ion of metallic coatings

The adhesion of metallic coatings on insulating substrates shall be evaluated by a peel test or a th

cycle test.

ed by

') Hz,
ed by

ermal

The peel test

measures the force required to peel a metallic coating from a substrate. The procedu

res of

the peel test

NOTE

should be based on JIS H 8630 or ASTM B533.

are given in Annex B.

There are no International Standards specifying the procedures of a peel test. Examples of a peel test

The thermal cycle test assesses the adhesion of metallic coatings and monitors the effectiveness of
processes for preparing substrates for metallic coatings. Procedures and temperature limits for specific
service conditions of the thermal cycle test should be based on ISO 4525. After having been subjected to
three cycles of the thermal cycle test, the metallic coatings of samples shall show no visible defects such
as cracking, blistering, peeling, sink marks or distortion in accordance with ISO 4525.

© IS0 2023 - All rights re

served
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5.3 Sampling

The method of sampling should be selected from the procedures given in ISO 4519. When the size of the
products does not fit to the device for characterization, the specially made samples of which sizes are fit
to the characterization devices may be used instead of the products. Planar samples should be used in
the EMI shielding effectiveness measurements. The samples for shielding effectiveness measurements
shall have the same materials and the same coating configurations prepared with the same processes
as the products.

The samples for the peel tests shall be planar and shall have a thick electroplated copper coating as
specified in JIS H 8630 or ASTM B533. The electroplated copper coating shall be applied after the

botto rnafihg hy ncing the same process—as the prndnr‘fc’ which enhances the adhesi n, and shall
replage the upper coating layers of the products.

©1S0 2023 - All rights reserved 7
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Annex A
(informative)

Examples of shielding effectiveness measurement of metallic
coatings

A.1 Pringiple

This annex gives measurement methods of the EMI shielding effectiveness of metallic coatings. The
shielding effectiveness obtained from multi-layered metallic coatings on a plastics’)substrate for
electromagngtic waves of 1 GHz and 100 GHz in normal incidence are presented. Tlie multi-layered
metallic coatling consist of a copper bottom layer as the seed for subsequent processes, a second cppper
layer to give the conductivity and a nickel top layer as the magnetic/protective layer.

Figure A.1 sHows a schematic illustration of EMI shielding effectiveness measurement.

1

]

————— 2 3

/[

Key

1  LCP or PHT substrate

2 Cubottorh layer

3  CusecondTayer

4  Nitop layer

5 received voltage transmitted by the sample with metallic coatings (see 5.1), V;

6 received voltage transmitted by the sample without metallic coatings (see 5.1), V,

Figure A.1 — Schematic presentation of EMI shielding measurement and configuration of multi-
layered metallic coatings

8 © IS0 2023 - All rights reserved


https://standardsiso.com/api/?name=a7ef1a6d18c82e9077d9b404a9c2f7bd

A.2 Sample

ISO 7582:2023(E)

Samples with copper plus nickel multi-layered metallic coatings on LCP or PBT substrates were

prepared for EMI shielding effectiveness measurements (see Figure A.1).

Table A.1 shows the detailed information of configurations of multi-layered metallic coatings. The
designations of substrates and metallic coatings of these samples are shown in Table A.2.

Table A.1 — Configuration of samples

Cu bottom layer Cu second layer Ni top layer
Sample | Substrate s D
name Process | Thickmess | PTocess | 1 ICKIesS | PTocess | I igkness
pm pm Ym
LCP-1 LCP EL? 0,6 EP 3,0 EP 1,0
LCP-2 LCP Spb 0,6 EP 3,0 EP 1,0
LCP-3 LCP EL2 0,6 EP 3,0 EP 20,0
LCP-4 LCP Spb 0,6 EP 3,0 EP 20,0
PBT-1 PBT EL2 0,6 EP 3,0 EP 1,0
PBT-2 PBT Spb 0,6 EP 3,0 EP 1,0
PBT-3 PBT EL2 0,6 EP 3,0 EP 2p,0
PBT-4 PBT Spb 0,6 EP 3,0 EP 20,0
a  Conditions of electroless plating of Cu bottom layer are showyt in Reference [5].
b Conditions of sputtering of Cu bottom layer are shown i¥Reference [6].

A.3 |Method

A.3.1 Coaxial transmission line measurement

An elg¢ctromagnetic signal was transmitted via coaxial adapter to measure the shielding
by a YNA as shown in Figure A.2. The.measurement frequency was fixed to 1 GHz by coaxi

The fneasurement configuration is similar to the test method described in ASTM D
measfirements were performed at the Research Institute of Physical Measurement in

Institute of Advanced Industrial Science and Technology, Japanl[Zl,

bffectiveness
al line.

4935-18. All
the National

© IS0 2023 - All rights reserved
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\ 3
Key
1 coaxial adapter
2 coaxial adapter
3 VNA
4  sample

Figure A.2 — Coaxial transmissiondine measurement set-up

A.3.2 Fred-space measurement

An electromgignetic signal was focused by ahténnas in microwave and mm-wave frequencies in|order
to measure the shielding effectiveness by'V.NA (see Figure A.3). The antenna position was adjustef by a
micrometre.|The measurement frequency was fixed to 100 GHz by adjusting the position of waveguide
antenna.

The measurdment configurationisSimilar to the test method described in IEC 62431. All measurements
were performed at the Researeh'Institute of Physical Measurement in the National Institute of Advanced
Industrial Sdience and Techinology, JapanlZl.

10 © IS0 2023 - All rights reserved
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™3
Key
1 thgansmitting antenna
2 re¢ceiving antenna
3 VNA
4  sample

Figure A.3 — Free-space measurement set-up

A.3.3 Calibration

In both the coaxial transmission line and fre€-space systems, the TRL calibration method|described in
[EC 6P431 was adopted to measure the shielding effectiveness. In the TRL calibration, thiree different
types|of standards (i.e. through, reflectand line) are measured in the calibration scheme.

A.4 |Results

The %MI shielding effectiveness of the samples shown in Table A.1 was measured at 1 GHz and 100 GHz.

The measurement results-at’l GHz and 100 GHz are shown in Figures A.4 and A.5, respectlvely, and are
sumnparized in Table A.2.

EMI ghielding efféctiveness at 1 GHz lies between 68 dB to 90 dB for all the samples but is slightly
smaller than these at 100 GHz. Effects of substrate materials and coating thickness are notf observed.

The shielding effectiveness of all the samples is significantly high at 100 GHz. Seven samples show the
shielding ‘effectiveness higher than 100 dB, while PBT-3 (i.e. the sample Cu; 0,6 Cugp2,d Nigp20,0 on
PBT) khaws the shielding effectiveness 0f 90,4 dR

Sufficiently high shielding effectiveness of all the samples is successfully measured by using the
methods shown in 5.1 and described in Clause A.3. These samples show high shielding effectiveness
due to the metallic coatings of rather large thickness and with high adhesion to the substrate.

The designations of the EMI shielding effectiveness of these samples are summarized in Table A.2.

©1S0 2023 - All rights reserved 11
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100

80

60

40 +

LCP-1 LCP-2 LCP-3 LCP-4 PBT-1 PBT-2 PBT-3 PBT-4
Key
S shielding effectiveness in dB

NOTE LCP-1, LCP-2, LCP-3, LCP-4, PBT-1, PBT-2, PBT-3, PBT-4 are explained in Table AX{.

Figure A.4 — Electromagnetic shielding effectiveness at 1 GHz measured
using coaxial transmission line set-up

120

100 -

80 -

40

LCP-1 LCP-2.7 LCP-3 LCP-4 PBT-1 PBT-2 PBT-3 PBT-4

Key
S shielding effectiveness,in dB

NOTE LCP-1, LCP-2, iGP:3, LCP-4, PBT-1, PBT-2, PBT-3, PBT-4 are explained in Table A.1.

Flgure A.5 — Electromagnetic shielding effectiveness at 100 GHz measured
using free-space set-up

12 © IS0 2023 - All rights reserved
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Table A.2 — Summary of shielding effectiveness and their designations

Sample name | Designation of substrates and Shielding effectiveness Designation of shielding
metallic coatings? effectivenessP
at 1 GHz at 100 GHz
dB dB
: G S80
LCP-1 PL; cp / Cug; 0,6 Cugp3,0 Nigpl1,0 75,3 106,3 1590
. G S80
LCP-2 PL; cp / Cugp0,6 Cugp3,0 Nigpl,0 76,1 104,8 1590
LEP-3 B e e oo oo . 4oc o G S80
CTr-O TTTcp/ CUEU,0 CUEpo,U NIgpZ2U;U 79,1 TUJ,0 LSbo
. G §70
LCP-4 PL; cp / Cugp0,6 Cugp3,0 Nigp20,0 68,2 101,2 1sbo
. G 380
IBT-1 PLpgr / Cug; 0,6 Cugp3,0 Nigpl,0 76,6 101,9 15bo
. G 380
HABT-2 PLpgt / Cugp0,6 Cugp3,0 Nigpl,0 73,9 102,9 15bo
. G 90
HBT-3 PLpgr / Cug; 0,6 Cugp3,0 Nigp20,0 90,2 90,4 1sbo
. G §80
HBT-4 PLpgt/ Cugp0,6 Cugp3,0 Nigp20,0 72,7 101,4 15bo
a  Sg¢e4.5and 4.6.
b S¢e4.3

© IS0 2023 - All rights reserved
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Annex B
(informative)

Examples of adhesion measurement of metallic coatings — Peel

strength and substrate surface roughness

B.1 Prindiple

This annex gdives the results of a peel test of the metallic coatings on plastics and glass substrat
EMI shielding and presents the relationship between the peel strength and surface rotighness

substrate. The multi-layered copper plus nickel coatings used in the measurements,-0f EMI shig
effectivenesq shown in Annex A were not applied. Only a thick copper coating was applied on the
of JIS H 8630 and ASTM B533. A thick copper coating was electroplated on the-copper bottom c
layer as the deed for the subsequent coating process.

To obtain the copper seed layer on a plastics or glass substrate, surface conditioning of sub
specific to the substrate materials and to the coating process was applied. The surface conditioni
electroless pllating was chemical etching/catalysing and for sputtering was plasma treatments.
surface condjitioning processes can cause changes in the surfacegoughness and/or in surface che
states of the substrate, and can affect the adhesion of coatings. Surface roughness of the substratg
and without the surface conditioning was examined.

B.2 Sample

B.2.1 Substrate

As the plastits substrate, planar ABS, PBT, LGP and PTFE were used. ABS resin is known as a pl
substrate as|shown in Reference [8], while PBT, LCP and PTFE are relatively difficult to plate.
substrate is 4 flat alkaline-free glass called “E-glass”, which is also difficult to plate.

B.2.2 Sample for peel strength measurements

Copper coatipg in a thicknessof 30 pm was electroplated on the plastics or glass substrate with 0,
thick copper(seed layer, ofpthe basis of JIS H 8630 and ASTM D-4935 (see Figure B.1).

Detailed configuratigns of metallic coatings are listed in Table B.1.

es for
bf the
elding
basis
ating

strate
hg for
Chese
mical
p with

table
Glass

b-Lm-
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