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INTERNATIONAL ELECTROTECHNICAL COMMISSION

FLEXIBLE PRINTED CIRCUIT BOARDS (FPCBs) - METHOD TO DECREASE

SIGNAL LOSS BY USING NOISE SUPPRESSION MATERIALS

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of IEC is to
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ational co-operation on all questions concerning standardization in the electrical and electronje f
end and in addition to other activities, IEC publishes International Standards, Technical Specif
hical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to
cation(s)”). Their preparation is entrusted to technical committees; any IEC National Committee in
e subject dealt with may participate in this preparatory work. International, govethmental 4
Fnmental organizations liaising with the IEC also participate in this preparation. IEC ‘collaborate
the International Organization for Standardization (ISO) in accordance with conditions detern
ement between the two organizations.

ormal decisions or agreements of IEC on technical matters express, as nearly‘as possible, an inte
ensus of opinion on the relevant subjects since each technical committee has representation
bsted IEC National Committees.

Publications have the form of recommendations for international usé&.and are accepted by IEC
mittees in that sense. While all reasonable efforts are made to ehsure that the technical conten
cations is accurate, IEC cannot be held responsible for the way in which they are used or
terpretation by any end user.

der to promote international uniformity, IEC National Gommittees undertake to apply IEC Puj
parently to the maximum extent possible in their national and regional publications. Any di
ben any IEC Publication and the corresponding natiapal.or regional publication shall be clearly ind
tter.

tself does not provide any attestation of confaermity. Independent certification bodies provide cqg
5sment services and, in some areas, access\to IEC marks of conformity. IEC is not responsiblg
Ces carried out by independent certification-bodies.

ers should ensure that they have the latest edition of this publication.

bbility shall attach to IEC or its directors, employees, servants or agents including individual exp
bers of its technical committees and IEC National Committees for any personal injury, property d3

damage of any nature whatseever, whether direct or indirect, or for costs (including legal fq
hses arising out of the publication, use of, or reliance upon, this IEC Publication or any o
cations.

tion is drawn to the Nermative references cited in this publication. Use of the referenced public]
bensable for the correct application of this publication.
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IEC TR 63018, which is a technical report, has been prepared by IEC technical committee 91:
Electronics assembly technology.

The text of this technical report is based on the following documents:

Enquiry draft Report on voting
91/1284/DTR 91/1309/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.

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.
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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,
e withdrawn,
e replaced by a revised edition, or

e amended.

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

that [it contains colours which are considered to be usefulb for the correct
undefstanding of its contents. Users should therefore print this  document uging a
coloufr printer.

IMPORTANT - The 'colour inside’ logo on the cover page of this publication ind}cates
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INTRODUCTION

In recent years, since the use of smart phones, and other mobile and display devices has
increased significantly, the supply of FPCBs has also been largely extended. Specifically,
since the FPCB devices seek high speed performance, the requirements with respect to
electromagnetic interference (EMI) suppression in the devices has also grown in importance.
Therefore, FPCBs used inside smart phones employ noise suppression materials (NSMs) to
solve EMI problems, as shown in Figure 1.

IEC
Figure 1 — Bare/shield FPCB

However, an application of noise suppression materials (NSMs) for FPCBs reaches the limit
concerping the problem of incrementation of signal loss! Therefore, FPCB and| NSMs
manufdcturers need to analyse signal loss variations of FPCBs shielded by NSMs, as|[shown
in Figure 2.

-
>

Transmission loss (dB)

——Bare FPCB

—— Shield FPCB

»
»

Frequency (GHz)

IEC

Figure 2 — Increment of signal loss using NSMs

As FPCBs are used with high frequency, the problem of signal loss becomes more significant.
As the user of FPCBs has a demand for the lowest value of signal loss by using NSMs,
suppliers of FPCBs have to anticipate an appropriate design in order to achieve an adequate
signal loss value.


https://iecnorm.com/api/?name=7cb285250209d82737cac43613ef4ed5

-6- IEC TR 63018:2015 © IEC 2015

FLEXIBLE PRINTED CIRCUIT BOARDS (FPCBs) - METHOD TO DECREASE

1 Sc

SIGNAL LOSS BY USING NOISE SUPPRESSION MATERIALS

ope

This Technical Report specifies a guideline for improvement of signal loss by using noise
suppression materials (hereafter referred to as NSMs) for FPCBs.

This Tg¢chnical Report also indicates a measuring method of signal loss variations of
using INSMs using network analyzer equipment. In addition, this method only measu
value o¢f the signal loss variation by using NSMs for FPCBs. This report, howgyver,
determlines nor indicates the structure or material of FPCBs.

FPCBs
res the
neither

2 Ngrmative references

The fojowing documents, in whole or in part, are normatively referenced in this documgnt and
are indispensable for its application. For dated references, only(the edition cited applies. For
undated references, the Ilatest edition of the referenced document (including any
amendments) applies.

IEC 62333-1:2006, Noise suppression sheet for digital devices and equipment — Part 1:
Definitions and general properties

3 Test guideline

31 Apparatus

3.11 Network analyzer

A network analyzer is utilized_to identify signal loss data at a specific frequency rgnge of
FPCBs|

3.1.2 Block diagram for signal loss measuring

Figure |3 indicate§’one of the examples of the network analyzer setup.

Network analyzer

1 OEEEJ
(EReS

Incident

Reflection S11 —

Transmission S21

IEC

Figure 3 — Signal loss test system
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3.2 Test specimen
3.2.1 Structure

Test specimens shall be designed by two structures, i.e. with and without NSMs in one FPCB
board. The part without using NSMs is called bare FPCB. The part using NSMs is called
shield FPCB, as shown in Figure 4. This test coupon shall also be designed as two types in
order to have an object of comparison. The first design shall be composed of one bare FPCB
with one shield FPCB. A design of this structure allows to compare the bare FPCB with the
shield FPCB, as shown in Figure 4 a. The second design shall be composed of one bare
FPCB with two over shield FPCBs. This structure allows to compare the bare FPCB with the
two over shield FPCBs, as shown in Figure 4 b.

Via hole

W1’

>5

Iv

IEC

Figure 4 a — Test specimen for comparing one t{QF CB with another shield FPCB

N
isa\QOI e

LW1 Bare FPCB

Lw1’ ) S_hi:Id_ 1-FPCB
Lw1” ) ;h;ld_Z- FPCB
Lw1” Shield 3 FPCB

Shield n FPCB

L J

IEC

Figure 4 b — Test specimen for comparing one bare FPCB with two over shield FPCBs
Figure 4 — Schematic diagram for two type of test specimen
The test specimen shall be divided into two halves with one board (bare FPCB and shield

FPCB) for equitable estimation with the same Cu line (LW1, LW1’...). This structure has the
merit of uniformly measuring at once a bare and a shield FPCB under the same conditions.
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The Cu line is formed with a linear distance of direction, because the variation of shield effect
is very weak for the curved line. The width of Cu line shall be chosen freely in the allowance
range of a manufacturing process. The size and spacing of via holes shall not be limited.
Especially, via holes offer an important role to contact the NSMs with the ground plan of
shield FPCB, as shown in Figure 2. However, the size, spacing and amount of via holes shall
be as agreed between user and supplier (AABUS).

The length of test specimens shall be over 5 cm in order to obtain stable values from
measuring equipment. The width and thickness of test specimens shall be in accordance with
the needs of the end user.

Figure A indicates one of the examples of a cross-section of a shield FPCB_where the shield
region [shall be formed just above the bare FPCB. The shield region contains the| shield
insulatlon layer, the shield conductive layer and the shield conductive adhesive layer.|Where
the shield conductive layer plays a role in an EMI absorber, the shield conductive agdhesive
layer glays a role for electric interconnection between the shield conductiye-Jayer with the
ground|layer, and the shield insulation layer plays a role to protect the shield conductivie layer
from direct contact with the external device.

Shield insulation layer — 5um A S p———
Shield conductive layer — 0,1/2um Shield region

Shield conductive adhesive layer — 10um

- CILPI— 12 am alnssssssssssssssssssssssss
C/L adhesive — 25um

Cu |Cu — 23um | | \\‘G@ ) Bare FPCB
PI — 50um O

Cu - 23um NSl

IgC

Figure 5 —.Cross-section of shield FPCB

However, generally the structure of a test coupon shall also be as agreed upon betwee’tn user
and sypplier (hereafter referred to as AABUS). The structure and materials of the test
specimlens is required depending on the user’s sample specifications. But the varigtion of
these tpst specimens is(not important, because the user for FPCBs shall check only thg signal
loss vafriation effect by using NSMs.

3.2.2 Preparation

The following'steps are needed to prepare the test.

a) Firdtprepare a 5 cm over length for a bare FPCRB Then apply NSMs lamination tol half of

the FPCB.
b) Each end of the test specimen shall consist of SMA (subminiature A) connectors.

c) To designate the Cu line width, write the number (or symbol) to the bare side end (or
shield side end) of test specimen near the SMA connector.

3.2.3 Test method

In order to measure the proper signal loss value, the following procedures shall be
respected.

a) The signal loss values of the test specimen shall be measured by composition of a
network analyzer, a test specimen and a coaxial cable.

b) The measurement conditions shall be set in the network analyzer, such as the frequency
range, dielectric constant, measurement point, etc.
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c) Coaxial connectors (SMA) of test specimens shall be connected with coaxial cables.
d) Measure the signal loss value of the test specimen for bare FPCBs.
e) Repeat a measurement of above for shield FPCBs.

f) In order to obtain the correct data, a direct hand contact to the specimen should be
avoided as the electrostatic capacity varies.

3.24 Calculation
The following applies to the calculation of the loss values.

a) Calculate the difference of the signal loss value between bare FPCBs and shield FPCBs
aC A Hp = - PSP = ,',, e H- HP =

C 103 poat a arra P, OwW OO O~

b) Estimate the shield effect of NSMs according to frequency. The signal loss (transthission
losg, S21) shall be increased by the shield effect of NSMs. The difference(ATL)| of the
sighal loss value between bare FPCBs and shield FPCBs shall be gradually.incregsed by
a hjgher frequency.

c) Reidesign a signal loss margin of the bare FPCB to predict anGapplication of| shield
materials (NSMs).

A

Transmission loss (dB)

} TT———Bare FPCB

ATL (dB)

Shield FPCB

Frequency (GHz)

IEC
Figare 6 — Difference of signal loss between bare and shield FPCBs

3.2.5 Test result

3.2.5.1 Comparison of signal loss between bare and shield FPCBs

Figure 7 indicates an example of the signal loss value of a bare FPCB and a shield FPCB.

Signal loss (S21) of a shield FPCB (at Cu signal line width 40 um) has been additionally
increased by 2 dB ~ 7 dB as compared with a bare FPCB at 10 GHz frequency. In addition, a
signal loss of a shield 2 FPCB with a thin Cu/Ag conductive layer (0,1 um) has been
increased to 5 dB as compared to a shield 1 FPCB with a thick Cu conductive layer (2 um).
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-1 —e— Bare

- Shield 1

-4 \\ v'\::.\"‘\"‘\.-.\,\. (Cu zam)

-5

6 N Y Shield 2
G Hﬂ\____- *— (Cu/Ag 0,1um)

S21 (dB)
o U

—
=1U \

11

12 >
_13 T T T T T T T T T 1

0,1 1 2 3 4 5 6 7 8 9 10

Frequency (GHz) 40mCu

signal line width

IEC

Figure 7 — Signal loss value of the bare and_shield FPCB

3.2.5.2 Comparison of cut-off frequency between baré_and shield FPCB

Table 1 presents a comparison of cut-off frequency bhetfween a bare FPCB and a shield FPC,
whose |shield FPCB has been divided into two types of-shield film. The 3 dB cut-off freguency
in Figure 7 is 5,15 GHz in the case of a bare FPCB,*2,71 GHz in the case of a shield 1 FPCB
and 0,87 GHz in the case of a shield 2 FPCB. Therefore, a bare FPCB can be applicable for a
5 GHz [frequency range, but a shield 1 FRECB cannot be applicable for an over |3 GHz
frequemcy range. Especially, a shield 2 FEPCB cannot be applicable for an over|1 GHz
frequency range.

Table 1 — Comparison of cut-off frequency with bare/shild FPCB

Structure
Classification Shield 1 Shield 2
Bare (Cu 2 um) (Cu/Ag 0,1 um
Cut-gff frequency (at'3.dB) 5,15 GHz 2,71 GHz 0,87 GHz

3.2.5.3 Effect of the Cu conductive layer thickness

The shietd+egionshal-beireluded-inthe-GCu-conductivetayer—as—showninHgure-5—Figure 8
presents a comparison of signal loss variation (S11, S21) according to the thickness of the Cu
conductive layer. Variation of signal loss according to the Cu conductive layer thickness (2 um

6 um, 12 um) of a shield FPCB (at Cu signal line width 40 um) is within the small range of
1 dB.
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Frequency (GHz)

Figure 8 — Signal loss variation according to the Cu ¢onductive layer thickness

Effect of the Cu signal line width

|
20 20,5

IEC

9 presents a comparison of signal loss variation according to the width of the Cy signal

line. Variation of the signal loss according to the width (40 um, 60 um, 80 um) of a Cy signal

line (at

S21 (dB)

Cu conductive layer thickness of 2 umjqds-within the small range of 1 dB.

ald 2
&=

—o— Bare (40 p

—e— Bare (60 p

—=— Bare (80 pun)
—&— Shield 1 (4P um)
—a— Shield 1 (6P um)
g— Shield 1 (8P um)
—2— Shield 2 (4P um)
4— Shield 2 (6P um)
)

0,1 1 2 3 4 5 6 7 8 9 10
! 2 um Cu
Frequency (GHz) conductive
layer
IEC

Figure 9 — Signal loss variation according to the Cu signal line width
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3.2.6 Analysis
3.2.6.1 A cause of the signal loss difference between bare and shield FPCBs

Figure 10 presents examples of two types of FPCB structure. The major cause of the signal
loss increment between bare FPCBs and shield FPCBs is the structure variation from the
micro-strip line without using NSMs to strip line using NSMs.

Via hole

q Cover layer PI *F
Adhesive

Cover layer PI

Adhesive

G(Cu) |S(Cu) | [ccu) G(Cu) | [s(Cu) ]
PI Pl
GND (Cu) GND (Cu)
Bare FPCB Shield FPEB
IEC IEC
Figure|10 a — <FPCB of micro strip line structure> Figure 10 b — <FPCB of strip line structufre>

Figure 10 — Two types of structure for EPCB

Generally, the transmission line of a bare FPCB in its first stage'shall be designed by al micro-
strip line structure in order to achieve the lowest signal loss."But, after an application of NSMs
to a bafre FPCB, the transmission line shall be changedcat‘the strip line structure and then the
signal loss increased.

3.2.6.2 A cause of the signal loss difference between shield films

In Figure 7, signal loss of a shield 2 FPCB_has been increased to compare it with a shield 1
FPCB.|A signal loss difference between, shiield 1 FPCB and shield 2 FPCB shall be analysed
as follgws. Figure 11 shows the distribution diagram of an electric field of two types of shield
FPCBs| Shield 1 FPCB is composed.©f a 2 um thickness of Cu conductive layer, the glectric
field anound the Cu signal line shall be uniform. But, on the other hand, a shield 2 FPCB is
composed of 0,1 um thickness-efia Cu/Ag conductive layer, therefore the electric field @round
a Cu signal line shall be non-uniform by the cause of incomplete electric conduction with a too
thin film. To simplify the tllustration, the ground interconnection line has been omitted in
Figure|11.

A major cause of the'signal loss variation according to the type of shield films is the fofmation
of an lnbalanced-¢electric field by using low conductive NSMs. In the case of the| shield
2 FPCB, a possibility of high resistance between a Cu conductive layer and a grounf layer
shall exist./The high resistance shall be caused by a thin Cu conductive layer and/or pgor via-
hole cgnrection.
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