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AND PROCESS FOR PRODUCING THE SAME

T NVENTION
5 ie t entio
This invention relates to a flexible printed circuit
that is a functional component used chiefly in electric and
electronic equipments and a process for producing the same.
. cxription the Conventional Art
10 A flexible printed circuit (FPC) has enjoyed wide use
in the field of electric and electronic equipment. A flexible
printed circuit generally has a laminate structure comprising
a plastic film and a conducting layer, such as a metal foil.
_An illustrétive example-of the flexiblé_printed circuit is
15 shown in Fig. 6(A), in which a flexible printed circuitll
comprises a plastic base film 4 made of polyimide, polyester,
etc. having formed thereon a conductor circuit 3 by a printing
process, a subtracting process, etc., and the conductor circuit
3 is covered with a plastic cover film 2 similar to the base
20 film 4. incidentally, the adhesive layers are omitted in Fig.
6(2).

_Fig. 6(B) shows a general structure of the flexible
printed circuit. In Fig. 6(B), an adhesive layer 6 is provided
on a plastic base film 4 via which a conductér circuit 3 is

25 laminated, and another adhesive layer 6 is also provided on the
side of the plastic cover film 2. That is, the plastic films
I
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a pl'astic filmand a conducting | ayer, such as a nmetal foil. An

IJlustrative exanple of the flexible printed circuit

Is shown in Fig. 6(A

in which a flexible printed circuit 1 conprises a plastic base film4 nade

of polyimde, polyester, etc. having fornmed thereon a conductor circuit 3

by a printing process, a subtracting process, etc., and the conductor
circuit 3 is covered-with a plastic cover film2 simlar to the base film
4. Incidentally, the adhesive |ayers are omtted in Fig. 6(A). Fig. 6(B)
shows a general structure of the flexible printed circuit. In Fig. 6(B),
adhesi ve | @#/eand #s aneoerded together with their respective adhesive

10
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layers facing each other. Further, part of the plastic cover
film 2 can.be removed (indicated by numeral 5 in Figs. 6(A) and
6(B)) if necessary for electrical connection of the conductor
circuit 3 to other electronic components.

Flexible printed circuits are required to have
dimensional accuracy because electronic components such as
semiconductor devices are to be mounted thereon at small
pitches or they are to be connected to electronic equipment via
connectors, etc. at small pitches. Since a flexible printed
circuit has a laminate structure comprising plastic films and
a conducting layer as typically shown in Figs. 6(A) to (C),
their dimensional accuracy largely depends on the dimensional
_stability of the plastic films used. fhe ;lastic films for use
in the flexible printed circuit are therefore required to have
dimensionél stability, particulérly against heat because they
are usually handled under a high temperature condition in the
manufacture of flexible printed circuits.

. It is necessary to select plastic films having
satisfactory dimensional stability before a flexible printed
circuit with improved dimensional accuracy can be produced.
‘Close evaluation on the dimensional stability of plastic films
would be esseﬁtial therefor. '

However, in the practice of manufacture of flexible
printed circuits using conventional plastic films, dimensional

change of the plastic films with heat has often resulted in
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on & plastic base film4 via which a conductor circuit 3 is |l am nated, and
anot her adhesive layer 6 is also provided on the side of the plastic cover
film2. That is, the plastic filns 2 2 and 4 are bonded together with
their respective adhesive tayers facing each other. Further, part of the
pl astic cover film2 can be renoved (indicated by nuneral 5 in Figs. 6(A)
~and 6(B)) if necessary for electrical connection of the conductor
production of off-specification products, leading to faulty
electrical connections between the flexible printed circuit and

other electronic components such as connectors.

5 SUMMARY OF THE INVENTION
An object of the present invention is to provide a
flexible printed circuit having improved'dimensional accurat:y'
by using a plastic film with improved dimensiorial stability
particularly against heat.

10 Another object of the invention is to provide a process
for producing a flexible printed circuit having improved
dimensional accuracy.

The above objects of the present invention are
.accomplished by a process for producing; a flexible printed

15 circuit comprising laminating a plastic .film and a conducting

layer, wherein the plastic film exhibits a heat shrinkage rate

ellipse having an eccentricity of not more than 0.7.

F _DE PTION RAWIN
20 In the accompanying drawings:
Fig. 1 illustrateé the plot;. on polar coordinates
depicting a heat shrinkage rate ellipse of a plastic film;
Fig. 2 illustrates the plot on polar coordinates

depicting an ultrasonic wave propagation rate of a plastic

25 film;
Fig. 3 illustrates the plot on polar coordinates
Tl




circuit 3 to other electronic conponents. Flexible printed circuits are
required to have di nensi onal accuracy because el ectroni c conponents such as
sem conductor devices are to be nounted thereon at small pitches or they
are to be connected to el ectronic equi pnment via connectors, etc. at snal
pitches. Since a flexible printed circuit has a | am nate structure
conprising plastic filnms and a conducting |ayer as typically shown in Figs.
6(A) to (O, their dinmensional accuracy |argely depends on the dinmensional
stability of the plastic filnms used. The plastic filns for use in the

f1exi bl e prieRERLENg cai Podprierd: aderovavguitzansmissdinn intensity of a

plastic film;
Figs. 4(A) to 4(D) illustrate cross sections showing
the process fér producing a flexible printed circuit, in which

5 Fig. 4(A) is a plastic base film having thereon a copper foil
via an adhesive layer, Fig. 4(B) is the plastic base film with
its copper foil patterned into a circuit, Fig. 4(C) shows a
plastic cover film being laminated on the base film, and Fig.
4(D) is a finished flexible printed circuit;

10 Fig. 5 shows a flexible printed circuit having a bent
form;

Figs.. 6(A) to 6(C) illustrate crosé sections of
flexible printed circuits, in which Fig. 6(2) is a basic
.structure, Fig. 6(B).is a structure cohtaining two plastic

15 films each having an adhesive layer thereoﬂ, and Fig. 6(C) is
a structure containin§ three plastic films each having an
adhesive layer thereon;

Fig. 7 shows the size of a test piece of a plastic film
for measurement of heat shrinkage rates;

20 Figs. 8(A) and 8(B) show changes in eccentricity of the
heat shrinkage rate ellipse, the ultrasonic wave propagation
rate ellipse, and the polarized microwave transmission
intensity ellipse of a biaxially stretched plastic film
respectively in the machine direction and in the transverse

25 direction; and

Fig. 9 schematically shows polarized microwaves being
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di ménsional stability, particularly against heat because they are usually
handl ed under a high tenperature condition in the manufacture of flexible
printed circuits. It is necessary to select plastic filnms having

sati sfactory di nmensional stability before a flexible printed circuit with
I nproved di nensi onal accuracy can be produced. C ose eval uation on the

di nensional stability of plastic filnms would be essential .therefor.
However, in the practice of manufacture of flexible printed circuits using
conventional plastic filnms, dinmensional change of the plastic filnms with
heat has ofteansmitteddthrough a plastic film in the measurement of

polarized microwave transmission intensities.

5 ' The flexible printed circuit included under the scope
of the invention has a laminate structure of a conducting layer
and one plastic film as shown in Fig. 4(B), two plastic films
as shown in Fig. 6(B), three plastic films as shown in Fig.
6(C) or even more. The term "flexible printed circuit" as used

10 herein is intended to include not only a flexible printed
circuit with its conducting layer patterned into a circuit as
is usually meant but a laminate board before formation of a
circuit paftern.

The ellipse heat shrinkage rates 6f a plastic film can

15 be depicted on polar coordinates according to the followihg
method.

A reference axis is drawn on the surface of a stretched

plastic film in the stretching direction. A reference point P

is arbitrarily set on the axis, and the heat shrinkage rate of

| 20 the film in the direction forming an angle 8 with the axis from

the reference.point P is measured. Taking the measured value

of heat shrinkage rate as a distance r from the point P, the

distance r is plotted on the direction of the angle #©.

Measurement and plotting are fepeated at varied angles 8. The

25 averages of plots at each angle are connected to draw an

analytical ellipse round the reference point P. In the case of
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3 production of off-specification products, leading to faulty electrical
connections between the flexible printed circuit and other electronic
conmponent s such as connectors. SUMVARY OF THE | NVENTI ON An object of the
present invention is to provide a flexible printed circuit having inproved
di mensi onal accuracy by using a plastic filmwth inproved di nensi onal
stability
examinihg an unstretched film, the reference axis is set
arbitrarily.
The ﬁeat shrinkage rate is measured as follows. A test
piece of a plastic film is marked with two reference points.
5 After a heat and tensile load of 130°C x 1 kg/mm? was applied
to the test piece for 1 minute, the distance between the
reference points (IL;) is measured to the unit of ym. Then, the
film is heated at 150°C for 1 hour with no fensile load
applied, and the distance between the reference points (L,) is
10 measured to the unit of um. The heat shrinkage rate (R; %) is
obtained according to equation (1):
R = (I; - Ly)/L; x 100 cee (1)
The.test piece of a plastic film;used for measurement
of heat shrinkage rates can have the shape shown in Fig. 7.
15 The test piece of Fig. 7 is 140 mm in length and 20 mm in
transverse and marked with two reference points (a center of a
hole having a.diaﬁeter of 0.6 mm each) at a distance of 80 mm.
In general, an eccentricity (£) of an ellipse is given
through equation (2): .
20 £ = (a? - b*)Y%/a eee (2)
wherein a is the major axis radius, and b is the minor axis
:adius.' |
The flexibie printed circuit according to the present
invention is produced by laminating at least one plastic film
25 and a conducting layer. The eccentricity of the heat shrinkage

rate ellipse of plastic films to be used is usually measured

-6 -
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particul arly against heat. Another object of the invention is to provide a
process for producing a flexible printed circuit having inproved
di mensi onal accuracy. The above objects of the present invention are
acconpl i shed by a process for producing a flexible printed circuit
conprising lamnating a plastic filmand a conducting | ayer, wherein the-
plastic filmexhibits a heat shrinkage rate ellipse having an eccentricity
of not nore than 0.7. BRI EF DESCRI PTION OF THE DRAWNGS I n the acconpanying
drawi ngs: before laminating. Because the eccentricity is hardly affected
by laminating, the measurement could be made on a plastic film
striﬁped off a flexible printed circuit produced.

The technical idea of the present invention is

5 explained below. 1In order to settle the dimensional accuracy
problem of a flexible printed_ circuit, the inventors
extensively investigated the cause of the dimensional defect.
As a result, they have found out that the dimensional defect is
caused by the in-plane ahisotropy of heat shrinkage rate of the

10 plastic film. Considering that.piastic films are exposed in
high temperatures in an ordinary manufacturing process of
flexible printed-ciréuits, it could be easily anticipated that
the degree'of heat shrinkage of a plastic film is directly.
~concerned in the dimensional stability of'the film. It has now

15 been found that not only the degree of heat shrinkage but the
directionality of heat shrinkage, i.e., in-plane anisotropy of
heat shrinkage should be given adequate consideration in order
to prevent a faulty connection of a flexible printed circuit,
particularly one having a dense and fine conductor circuit

20 pattern.

Biaxially stretched films are often used in the
flexible printed circuit. When biaxial stretching conditions
are slightly changed, the anisotropy of heat shrinkage rate
tends to vary dependihg on the position of measurement.

25 Therefore, in using a biaxially stretched film, anisotropy of

heat shrinkage rate requires due consideration.

[ —
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Fig. 1 illustrates the plot on polar coordinates depicting a heat shrinkage

rate ellipse of a plastic film Fig. 2 illustrates the plot on polar
coordi nates depicting an ultrasonic wave propagation rate of a plastic
film Fig. 3 illustrates "the plot on polar coordinates 4 depicting a

pol ari zed m-crowave transm ssion intensity of a

The inventors have evaluated the in-plane anisotropy of
heat shrinkage rate of a plastic film in terms of eccentricity
of the heat shrinkage rate ellipse depicted by the above
method. In this case, the greater the eccentricity, the

S greater the anisotropy, and vice versa.

An example of such a heat shrinkage rate ellipse is
shown in Fig. 1. "6" is an angle formed between a reference
.axis and the direction in which a heat shrinkage rate is

. measured. "r* is a heat shrinkage rate, plotted as a distance
10 from the reference point P (indicated by hollow circles).

When the eccentricity of the heat shrinkage rate
ellipse is 0.7 or smaller, preferably 0.6 or smaller, the
resulting flexible printed circuit exhibits .satisfactory
_dimensional accuracy, and occurrence of éaulty connections to

15 other electronic components such as connectors is effectively
inhibited.

To the contrary, if a plastic film having the
eccentricity exceeding 0.7 is used, the resulting flexible
printed circuit has poor dimensional accuracy, causing faulty

20 connections at a considerable frequency due to large in-plane
variations of heat shrinkage rate.

In the present invention, a heat shrinkage rate of a
plastic film can be determined relatively by measuring a
characteristic value deeply correlated to the heat shrinkage

25 rate of a plastic film. Accordingly, the in-line anisotropy of

heat shrinkage rate of a plastic film can be evaluated by the
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plastic film Figs. 4(A) to 4(D) illustrate cross sections show ng the
process for producing a flexible printed circuit, in which Fig. 4(A) is a
pl astic base filmhaving thereon a copper foil via an adhesive |ayer, Fig.
4(B) is the plastic base firlmwth its copper foil patterned into a _
circuit, Fig. 4(C shows a plastic cover filmbeing |amnated on the base
film and Fig. 4(D) is a finished flexible printed circuit; Fig. 5 shows a
flexible printed circuit having a bent form Figs. 6(A) to 6(C) illustrate
cross sections of
eccentricity of an ellipse prepared by using such a
characteristic value in the same manner as described above.
Characteristic values which are deeply correlated with
a heat shrinkage rate and from which a heat shrinkage rate can
5 be determined relatively include a rate of in-plane propagation
of ultrasonic waves (hereinafter referred to as ultrasonic wave
propagation rate), an intensity of transmitted polarized
microwave (hereinafter referred to as polarized microwave
transmission intensity), and a Young’s modulus. An ultrasonic

10 wave propagation rate and a polarized microwave transmission
intensity are preferred for the sake of convenience of
measurement. -

The term "ultrasonic wave propagation rate" as used
_herein means the time (sec) required for ultrasonic pulses

15 (frequency: 25 kHz) to propagate through a plastic film for a
distance of 75 mm at 2312°C or the rate of propagation (m/sec)
calculated therefrom. The ultrasonic wave propagation rate can
be measured easily and in a short time by means of Sonic Sheet
Tester (SST) available from Nomura Shoji K.K.

20 Similarly to the heat shrinkage rate ellipse of Fig. 1,
the ultrasonic wave propagation rate ellipse is drawn on polar
coordinates in accordance with the following method, an example
of which is shown in Fig. 2.

A reference point P is arbitrarily set on the surface

25 of a plastic film, and a reference axis passing through

reference point P is drawn in an arbitrary direction. An

I
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flexible printed circuits, in which Fig. 6(A) is a basic structure, Fig
G(B) is a structure containing two plastic filnms each having an adhesive
| ayer thereon, and Fig. 6(C) is a structure containing three plastic fi
each having an adhesive |layer thereon; Fig. 7 shows the size of a test
piece of a plastic filmfor measurenment of heat shrinkage rates; Figs.
and 8(B) show changes in eccentricity of the heat shrinkage rate ellipse,
the ultrasonic wave propagation rate ellipse, and the polarized m crowave
transm ssion intensity ellipse of a biaxially stretched plastic f

10

15

20

25

ultrasonic wave propagation rate in the direction forming an
angle @ with the axis from the reference point P is measured.
Taking the measured value as a distance r from the point P, the
distance r is plotted on the direction of the angle 8.
Measurement and plotting are repeated at varied angles 6.  The
averages of plots at each angle are connected to draw an
analytical ellipse round the reference point P.

When the eccentricity of the ultrasonic wave
propagation rate eliipse is 0.4 or smaller, preferably 0.3 or
smaller, the resulting flexible printed circuit exhibits
satisfactory dimensional accuracy, and a faulty connection to

other electronic components such as connectors is effectively

 prevented from occurring.

To the contrary, if a plastic £film having the

eccentricity exceeding 0.4 is used in a flexible printed

- circuit, the film has a large in-plane variation in heat

shrinkage rate so that the resulting flexible printed circuit
has poor dimensional accuracy, causing faulty connections at a
high frequency.

The term "polarized microwave transmission intensity"
as used herein means the intensity of polarized microwave
having a frequency érbitra;ily selected from 12 to 13 GHz after
being transmitted through a plastic film in the thickness
.direction at 23+2°C as shown in Fig. 9. The polarized
microwave transmission intensity is measured easily and in a

short time with a molecular orientation meter MOA series

e
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respectively in the machine direction and in the transverse direction; and
Fig. 9 schematically shows pol arized m crowaves bei ng transmtted
through a plastic filmin the neasurenent of polarized m crowave
transm ssion intensities. DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS
The flexible printed circuit included under the scope of the invention has
a lamnate structure of a conducting |ayer

available from O0ji Keisokuki K.K.

Similariy to the heat shrinkage rate ellipse of Fig. 1,
the polarized microwave transmission intensity ellipse is drawn
on polar coordinates in accordancé with the following method,

5 an example of which is shown in Fig. 3. In Fig. 3 plots
(hollow circles) are not shown because the change in the angle
6 is continuous.
A reference point P is arbitrarily set on the surface
of a plastic film, and a reference axis passing through the
10 © reference point P is drawn in an arbitrary direction.
Polarized microwaves are transmitted through the reference
point P in-the thickness direction, and the intensity of the
transmitted microwaves is measured. Taking the measured value
as the distance r from the point P, the aistance r is plotted
15 on the direction of the angle 6. Measurement and plotting afé
repeated at varied angles 6 formed between the reference axis
and the direction of the electrical field of the polarized
microwaves. The averages of plots at each angle are connected.
to draw an analytical ellipse round the reference point P.
20 When the eccentricity of the polarized microwave
transmission intensity ellipse is 0.55 or smaller, preferably
0.45 or smaller, the resulting flexible printed circuit
exhibits satisfactory dimensional accuracy, and a faulty
connection to other electronic components such as connectors is
25 effectively prevented from occurring.
To the contrary, if a plastic £ilm having the

-
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and one plastic filmas shown in Fig. 4(B), two plastic filns as shown in
Fig. 6(B), three plastic filnms as shown in Fig. 6(C) or even nore. The
~term"flexible printed circuit” as used herein is intended to include not
only a flexible printed circuit with its conducting |ayer patterned into a
circuit as is usually nmeant but a | am nate board before formation of a
circuit pattern. The ellipse heat shrinkage rates of a plastic filmcan be
depi cted on pol ar coordinates according to the follow ng nethod. A
reference axis is drawn on the surface of a stretched .
eccentricity exceeding 0.55 is used, the film has a large in-
plane variation in heat shrinkage rate so that the resulting
flexible printed circuit has poor dimensional accuracy, causing
faulty connections at a high frequency.

5 The eccentricity of the ultrasonic wave propagation
rate ellipse or the polarized microwave transmission ellipse of
plastic films is usually measured before laminating the plastic
films. Because the eccentricity of these ellipses is hardly
affected by laminating, the measurement could be made on a

10 plastic film stripped off a flexible printed circuit produced.

The flexible printed circuit according to the present
invention is.a laminate of a plastic film and a conducting
layer. A biaxially stretched plastic film is preferably used.
The stretch ratio is usually 1.05 to 10, preferably 1.2 to 9 in

15 ° the machine direction (MD) and 1.2 to 9 in the transverse
direction (TD). The MD/TD stretch ratio is preferably 7/10 to
10/7.

The plastic film must have a heat shrinkage rate
ellipse whose eccentricity is not greater than 0.7 and

20 preferably has an ultrasonic wave propagation rate ellipse
whose eccentricity is not greater than 0.4 or a polarized
microwave transmission intensity ellipse whose eccentricity is
not greater than 0.55. In the case of a plastic film having
been stretched biaxially, the eccentricities of the heat

25 shrinkage rate ellipse, the ultrasonic wave propagation rate

ellipse, and the polarized microwave transmission intensity
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plastic filmin the stretching direction. A reference point Pis
arbitrarily set on the axis, and the heat shrinkage rate of the filmin the
direction formng an angle [err] with the axis fromthe reference point P
i s measured. Taking the neasured val ue of heat shrinkage rate as a distance
r fromthe point P, the distance r is plotted on the direction of the angle
[err]. Measurement and plotting are repeated at varied angles [err]. The
averages of plots at each angle are connected to draw an analytical ellipse
round the reference point P. In the case of
ellipse are constant in the machine direction as shown in Fig.
8(A), whereas they vary in the transverse direction, showing a
minimum at the center and a maximum at both ends as shown in
Fig. 8(B). Accordingly, in using a biaxially stretched film,

5 it is necessary that the eccentricity of the heat Shrinkage
rate ellipse be not greater than 0.7 at both ends in the
transverse direction, and it is preferable that the
eccentricity of the ultrasonic wave propagation rate ellipse
and that of the polarized microwave transmission intensity

10 ellipse be not greater than 0.4 and not greater than 0.55,
respectively, at both ends in the transverse direction.

The plastic film used in the manufacture of flexible
printed circuits is usually prepared separately. In some
cases, a film-forming plastic material is applied directly on

15 a metal foil as a conducting layer and caused to polymerized
into a film.

Examples of useful materials of the plastic f£film
include polyimide, polyether nitrile, polyether sulfone,
polyethylene terephthalate, polyethylene naphthalate, and

20 polyvinyl chloride. The plastic film preferably has an elastic
modulus of not less than 300 kg/mm?’, a linear expansion
coefficient of not more than 3 x 10%/°C, and a glass transition
temperature of not lower than 70°C. Of the above-mentioned
plastic materials, polyethylene terephthalate, polyethylene

25 naphthalate, and polyimide are prefefred from total

considerations of heat resistance, dimensional stability,

e
J—

e —

een Replaced

T -



6 exam ning an unstretched film the reference axis is set arbitrarily.
The heat shrinkage rate is neasured as follows. A test piece of a plastic
filmis marked with two reference points. After a heat and tensile | oad of
130[err]C x 1 kg/mierr] was applied to the test piece for 1 mnute, the
di stance between the reference points (L[err]) is neasured to the unit of
pm Then, the filmis heated at 150[err]C for 1 hour with no tensile | oad
applied, and the distance between the reference points (L[err]) is

electric characteristics, mechanical strength, chemical
resistance, and cost. The plastic film usually has a thickness

of 0.01 to 0.3 mm, preferably 0.025 to 0.125 mm.
The metals useful as a conducting layer include copper,
5 gold, stainless steel, aluminum, nickel, and alloys of these
metals. Taking softness, workability, electric
characteristics, and cost into consideration, copper and copper
alloys are preferred. The metallic conductor circuit usually
has a thickness of 0.002 to 0.100 mm, preferably 0.005 to
10 0.070 mm. The conductor circuit usually has a modulus of
elasticity of 2000 to 20000 kg/mm?, preferably 4000 to
12000 kg/mm?, -as measured as a foil. The modulus of elasticity
can be measured with a tensile tester (Tensilon Tester) in
~accordance with ASTM D-882-83. When the.elastic modulus of a
15 metallic conductor circuit or a metallic thin film is to Ee
measured éfter laminating or pattern formation, elements other
than the metallic circuit or metal thin film are removed by
' pl;sma etching or excimer laser etching, and only the metallic
circuit or metal thin film is subjected to the above-described

20 measurément.

Laminating of a plastic film and a conducting layer are
usually carried out with an adhesive. Examples of.suitable
adhesives include thermosetting adhesives (e.g., epoxy rubber
adhesives and polyester adhesives comprising a polyester resin

25 having added thereto an isocyanate hardening agent),

thermoplastic adhesives (e.g., synthetic rubber adhesives), and
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measured to the unit of [err]m The heat shrinkage rate (R, % is obtained
according to equation (1): R = (L[err] - L[err])/L[err] x 100

... (1) The test piece of a plastic filmused for neasurenent of heat
shrinkage rates can have the shape shown in Fig. 7. The test piece of Fig.
7 1s 140 mmin length and 20 mMmin transverse and marked wth two reference
points (a center of a hole having a dianmeter of 0.6 nmeach) at a distance
of 80 mm In general, an eccentricity ([err]) of an ellipse is given

t hrough equation (2): [err] (aferr] - bl[err])[err]/a
(2) adhesive agents (pressure-sen51t1ve adhesives, e.g., acrylic

adhesives). Thermosetting adhesives are preferred of them for
their satisfactory performance in terms of adhesion, heat
_resistance, wet heat resistance, workability, and durability.
5 The process for producing the flexible printed circuit
of the present invention will be described takirig for instance
the laminate structure shown in Fig. 6(B).
Two plastic films 2 aﬂd 4 are prepared. Polyimide
films are used for preference. These plastic films must
10 satisfy the condition that the eccentricity of the heat
shrinkage rate ellipse as obtained by the above-described
metﬁod be not greater than 0.7. It is desirable foi' the
plastic films to have an ultrasonic wave propagation rate
.ellipse having an eccentricity of not :greater than 0.4 as
15 obtained by the above-described method and/or to have a
pdlarized microwave transmission intensity ellipse having an
eccentricity of not greater than 0.55 as obtained by the above-
described method. Use. of plastic films having such small
anisotropy in heat shrinkage as specified in the present
20 invention leads to elimination of faulty connections of a
flexible printed circuit to other electronic components such as
connectors.
As shown in Fig. 4(A), an adhesive layer 6 is formed on
a plastic base film 4. The adhesive layer 6 is provided by
25 applying an adhesive to the plastic film 4 followed by drying

or sticking an adhesive layer formed on a release sheet onto
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wherein a is the mpjor axis radius, and b is the mnor axis radius. The
f.lexible printed circuit according to the present invention is produced by
| am nating at |east one plastic filmand a conducting |ayer. The
eccentricity of the heat shrinkage rate ellipse of plastic filns to be used
I's usual ly neasured 7 before lam nating. Because the eccentricity is
hardly affected

the plastic film 4 and stripping the release sheet. The
adhesive layer 6 usually has a thickness of 0.003 to 0.2 mm,
preferably 0.005 to 0.05 mm. A conducting layer 3a is then
formed on the adhesive layer 6. For example, a metal foil,
5 e.g., a copper foil, is put on the adhesive layer 6 and adhered
thereto by roll application. The conducting layer 3a can also
be formed by electroplating or .sputtering. In this case, the
adhesive layer 6 is unnecessary, and the conducting layer 3a is
formed directly on the plastic film 4. The conducting layer 3a
10 is subjected to patterning by a conventional technique, éuch as
a printing process, a subtractive process or an -additive
process to form the conductor circuit 3 as shown in Fig. 4(B).
Separately, the adhesive layer 6 is formed on the
-plastic film 2 for covering. The resuiting plastic film 2
15 having the adhesive layer 6 and the plastic film 4 having the
conductor circuit 3 are laminated with thé adhesive layer 6 of
the former and conductor circuit side of the latter facing each
other as shown in Fig. 4(C).
| The two plastic films are bonded by pressing under heat
20 (pressure bonding) or temporarily bonding by means of a roller
followed by application of heat and/or pressure. There is thus
produced the flexible printed circuit shown in Fig. 4(D) or
Fig. 6(B). The method and conditions of laminating are
selected appropriately according to the kinds of the plastic
25 film and the adhesive. |

The thickness of the flexible printed circuit is
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by I'am nating, the neasurenment could be made on a plastic film stripped off
a flexible printed circuit produced. The technical idea of the present

i nvention is explained below In order to settle the dinensional accuracy
problemof a flexible printed circuit, the inventors extensively

I nvestigated the ‘cause of the dinensional defect. As a result, they have
found out that the di nensional defect is caused by the in-plane anisotropy
of heat shrinkage rate of the plastic film Considering that plastic filns

i oxi bl o pRPHRLLY R0 1 BOO° it cBep e Bab Eict 0 £h 808, i cithifig, depending'
on its use, and the like. ' The shape of the flexible printed
circuit is not particularly limited, and the flexible printed
circuit can have various shapes, inclusive of a bent form as

S shown in Fig. 5, in conformity with usage. The size is not
limited, either. For example, the minimum circumscribed
quadrilateral of the flexible printed circuit has a long side
length L of 10 to 1000 mm, preferably 30 to 600 mm (see Fig.
5). |

10 The present invention :will now be iliustrated in-
greater detail with reference to Examples and Comparative
Examples, but it should be understood that the invention is not
construed as being limited thereto. Fig. 4 is referred to.
EXAMPLE 1
15 A 0.025 mm thick biaxially stretched polyixﬁide stock
£ilm roll (lot No. 1) and another lot (lot No. 2) of the same
kind were prepared.
' The heat shrinkage rate,.ultrasonic wave propagation
rate, and polarized microwave transmission intensity of these
20 .- stock films were measured to obtain their ellipses according to
the above-described methods, and the eccentricity of each
ellipse was calculated. The eccentricity was obtained for 20
pointé of measurement in the transverse direction (TD)
inclusive of both ends. The results of measurement.are shown

25 below.

—_—
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t he degree of heat shrinkage of a plastic filmis directly concerned in the
di nensional stability of the film It has now been found that not only the
degree of heat shrinkage but the directionality of heat shrinkage, i.e.,

i n-pl ane ani sotropy of heat shrinkage shoul d be given adequate
consideration in order to prevent a faulty connection of a flexible printed
circuit, particularly one having a dense and fine conductor circuit

pattern. Biaxially stretched filnms are often used in the flexible printed
circuit. When biaxial stretching conditions are slightly changed, the
ani sot r opy '

Heat Shrinkage rate Ellipse

Maximum "0.658 0.669
Minimum 0.457 0.450
S Average 0.568 0.575
Standard Deviation -0.068 0.072

Ultrasonic Wave Propagation
Rate Ellipse

Maximum : 0.346 0.353
10 Minimum 0.229 0.222
Average : 0.291 0.295
Standard Deviation 0.040 0.042

Polarized Microwave
Transmission Intensity

15 Ellipse 0.485
© Maximum 0.362
Minimum : - 0.424
Average 0.042
Standard Deviation
20
A cover film 2 of 250 x 120 mm was cut out of the
polyimide stock film roll of lot No. 1, and a base film 4 of
the same size was cut out of the polyimide stock film roll of
lot No. 2. |
25 An epoxy type thermosetting adhesive was applied to the

surface of the cover film 2 and dried to fbrm an adhesive layer
6 having a thickness of 0.015 mm. An epoxy type thermosetting
adhesive was applied to the surface of the base film 4 and
dried to form the adhesive layer 6 having a thickness of
30 0.025 mm.

A copper foil 3a having a thickness of 0.035 mm was put
on the adhesive layer 6 of the base film 4 and bonded by
rolling at a roller surface temperature of 120°CF The copper

foil 3a was etched by a subtractive process to form a printed
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tends to vary depending on the position of neasurenent. Therefore, in using
a biaxially stretched film anisotropy of heat shrinkage rate requires due

consi derati on. The inventors have eval uated the in-plane anisotropy of
heat shrinkage rate of a plastic filmin terns of eccentricity of the heat
shrinkage rate ellipse depicted by the above nethod. In this case, the

greater the eccentricity, the greater the anisotropy, and vice versa.

circuit 3 as shown in Fig. 4(B). Films 2 and 4 were laminated
with the adhesive layer 6 while the adhesive side of the film
2 and the circuit side of the film 4 facing each other as shown
in Fig. 4(C) by pressure bonding under conditions of 150°C x

5 1 hour x 30 kg/cm? to prepare a flexible printed circuit having
the structure of Fig. 4(D).

The plastic cover film 2 and the plastic base film 4
were stripped off the resulting flexible printed circuit, and
the in-plane anisotropy of heat shrinkage of each film was

10 evaluated in the same manner as described above. The results
were substantially equal to those for the respective stock
films. That 'is, the eccentricity of the heat shrinkage rate
ellipse was not greater than 0.7, that of the ultrasonic wave

'~ propagation rate ellipse was not greater éhan 0.4, and that of

15 the polarized microwave transmission ellipse was not greatér
than 0.55.

The dimensions of 21000 finished flexible printed
circuits thus produced were measured to find that none of them
showed a dimensional distortion of 0.15 mm or greater from the

20 specification. |

COMPARATIVE EXAMPLE 1

A polyimide stock film roll of the same kind as used in
Example 1 but of different production lot (lot No. 3) was
prepared, and the _eccentricitjr each of the characteristic

25 ellipses was obtained in the same manner as in Example 1. The

results obtained were as follows.
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An exanpl e of such a heat shrinkage rate ellipse is shown in Fig. 1.
"“[err]" is an angle forned between a reference axis and the direction in
whi ch a heat shrinkage rate is nmeasured. "r" is a heat shrinkage rate,
plotted as a distance fromthe reference point P (indicated by hollow
circles). When the eccentricity of the heat shrinkage rate ellipse is 0.7
or smaller, preferably 0.6 or smaller, the resulting flexible printed
circuit exhibits satisfactory di mensi onal accuracy, and occurrence of
faulty connections to other electronic conponents such as connectors is
ef f ecti vel yHeak Phxinkage Rate Ellipse:

Maximum = 0.908; Minimum = 0.502; Average = 0.719;

Standard'Deviation = 0.123

Ultrasonic Wave Propagation Rate Ellipse:

5 Maximum = 0.561; Minimum = 0.252; Average = 0.399;
Standard Deviation = 0.093
Polarized Microwave Transmission Intenéity Ellipse:
Maximum = 0-.82.7; Minimum = 0.383; Average = 0.567;
Standard Deviatioﬁ = 0.134
10 A cover film 2 of 250 x 120 mm was cut out of the

polyimide stock film roll of lot No. 3, and a base film 4 of
the same size was cut out of the polyimide stock film roll of
lot No. 1 used in the Example 1. And flexible printed circuits
“having a structure shown in Fig. 4(C) wer; manufactured by the
15 same manner of the Example 1. |

On measuring the dimensions, 2054 out of 21000 flexible
printed circuits thus produced suffered a dimensional
aistortion of 0.15 mm or greater from the specification, and 39
out of the 2054 flexible printed circuits showed a dimensional

20 distortion of 0.18 mm or greater.

As described above, the flexible printed circuit of the
present invention and the process for producing them according
to the preseﬁt invention are characterized in that the plastic
film used therein exhibits a heat shrinkage rate ellipse having

25 an eccentricity within a specific range. Because the in-plane

anisotropy of heat shrinkage of such a plastic film is thus
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To the contrary, if a plastic filmhaving the eccentricity exceeding 0.7 is
used, the resulting flexible printed circuit has poor dinensional accuracy,
causing faulty connections at a considerable frequency due to | arge
i n-plane variations of heat shrinkage rate. In the present invention, a
heat shrinkage rate of a plastic filmcan be determ ned relatively by
measuring a characteristic value deeply correlated to the heat shrinkage
rate of a plastic film Accordingly, the in-line anisotropy of heat
shrinkage rate of a plastic filmcan be evaluated by the
reduced, the resulting flexible printed circuit has improved
dimensional accuracy and is thereby free from poor connections
to other electronic components such as connectors.
"While the invention has been described in detail and
5 with reference to specific examples thereof, it will be
apparent to one skilled in the art that various changes. and
modifications can be made therein without departing from the
spirit and scope thereof. For example, the presént invention
also can be applied to an ordinary composite sheet not only to
10 the flexible printed circuit. The composite sheet according to
the present invention may be also applied to IC card, credit

card or the like.
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eccentricity of —an ellipse prepared by using such a characteristic
value in the sane nanner as descri bed above. Characteristic val ues which
are deeply correumﬂﬂ"nmmlmmim shrinkage rate and from which a heat
shrinkage rate c relatively include a rate of in-plane
propagati on of qurd%oﬁic“ma&es*(hereinafter referred to as ultrasonic wave

propagation rate), an intensity of transmtted polarized m crowave
(hereinafter referred to as polarized mcrowave transni ssion intensity),

and a Youn%'s ”delfi An ul trasonic

1 _1. A composite sheet comprising:
2 a plastic film; and
3 a conducting layer;

4 wherein said plastic film has a heat shrinkage rate
S ellipse having an eccentricity of not more than 0.7.
1 2. The composite sheet according to claim 1,
2 wherein the heat shrinkage rate ellipse is defined by a
3 reference axis in a stretching direction of said plastic film
4 and a reference point arbitrarily set on the reference axis,
5 and the heat shrinkage rate ellipse is a set of distances from
6 the reference point, representing magnitudes of heat shrinkage
7 rates of said plastic film in directions‘having a measurement
8 angle @ with respect to the reference axis.
1 3. The composite sheet according to claim 2,
2 wherein said plastic film is a biaxially stretched film.
1 4. A composite sheet comprising:
2 a plastic film; and |
3 a conducting layer;
4 wherein said plastic film has an ultrasonic wave
5 propagation rate ellipse having an eccentricity of not more
6 than 0.4.

—_—
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wave propagation rate and a polarized mcrowave transmssion intensity are
preferred for the sake of conveni ence of neasurenent. The term "ultrasonic
wave propagatl ’ herein neans the time (sec) required for,
ul trasonic puI g ma"m !#5 kHz) to propagate through a plastic film
for a distance of 75 nm"at s23 err]C or the rate of propagation (nifsec)
cal cul ated therefrom The ultrasonic wave propagation rate can be neasured

easily and in a short tinme by neans of Sonic Sheet Tester (SST) avail able
from Nomura Shoji K K Simlarly to the heat shrinkage rate ellipse of Fig.

1, 1 5. The composite sheet according to claim ¢,
2 wherein the ultrasonic wave propagation rate ellipse is defined
3 by a reference point arbitrarily set on said plastic film and
4 a reference axis passing through the reference point in an
5 arbitrary direction on said plastic film, and the ultrasonic
6 wave propagation rate ellipse is a set of distances from the
7 reference point, representing magnitudes of ultrasonic wave
8 propagation rates of said plastic film in directions having a
9 measurement angle 6 with respect to the reference axis.

1 6. The composite sheet according to claim 5,

2 wherein said plastic film is a biaxially stretched £ilm.

1 _ 7. A composite sheet comprislng:

2 a plastic film; and

3 a conducting layer;

4 wherein said plastic film has a polarized microwave

5  transmission intensity ellipse having an eccentricity of not

6 more than 0.55.

1 8. The composite sheet according to claim 7,

2 wherein the polarized microwave transmission intensity ellipse

3 is defined by a reference point arbitrarily set on said plastic

4 film and a reference axis passing thfough the reference point

S in an arbitrary direction on said plastic film, and the

6 polarized microwave transmission intensity ellipse is a set of
- 23 - This Sheet Has Been Rep
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the ultrasoni c wave propagati rate ellipse is drawn on pol ar coordi nates
I-n accordanQe,mFthfhé’TB%Taﬁfﬁg met hod, an exanple of which is shown in
Fig. 2. Areferen “m arbltrarlly set on the surface of a plastic
film and a r gﬁ\ﬁmg“w sing through reference point Pis drawn in an
arbitrary dir *10 ‘ul trasoni ¢ wave. propagation rate in the
direction forn1ng an :

7 distances from the reference point, representing magnitudes of
8 polarized microwave transmission intensities of said plastic
9 film in directions of electrical fields of a polarized
10 microwaves having a measurement angle 6 with respect to the
11 reference axis.

1 9. The composite .sheet according to claim 5,
2 wherein said plastic filﬁ is a biaxially stretcheéd film.

1 | 10. A process for producing a composite sheet
2 comprising the steps of:

3 | preparing a conducting layer;

4 préparing a plastic film having a heat shrinkage rate
5 ~ellipse having an eccentricity of not moée than 0.7; and

6 laminating the plastic film and the conducting layer.
1 11. The process according to claim 10, wherein the
2 step for preparing the plastic film comprises the following

3 steps:
4 drawing a reference axis in a stretching direction of

S the plastic film;

6 setting a reference point arbitrariiy on the reference
7 axis;

8 measuring heat shrinkage rates of the plastic film in
9 directions having a measurement angle 6 with respect to the
10 reference axis;
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angle [err] with the axis fromthe reference point P is neasured. Taking
t.he measured value as a distance r fromthe point P, the distance r is
plotted on the direction of the angle [err]. Measurenment and plotting are
repeat ed at “wmmﬁ”ﬂ |m The averages of plots at each angle are
connect ed tonnn ﬂjt ellipse round the reference point P. Wen
the -eccentritity ‘of " tfe * uItrasonlc wave propagation rate ellipse is

0.4 or smaller, preferably 0.3 or smaller, the resulting flexible printed
circuit exhlblts satisfactory dinmensional accuracy, and a faulty connection

to ot hkr el ectroni Plodhine & seducf sdstemecest drom thef refeiresicg point,

12 representing magnitudes of the heat shrinkage rates so as to

13 obtain the heat shrinkage rate ellipse of the plastic film;
14 calculating the eccentricity of the heat shrinkage rate

1s ellipse; and

16 selecting a plastic film having the heat shrinkage rate
17 ellipse having the eccentricity of not more than 0.7.
1 12. The process according to claim 11, further

2 comprising the step of stretching the plastic film biaxially.

1 13. . A process for producing a composite sheet
2 comprising the steps of:

3 . preparing a conducting layer;

4 preparing a plastic film having an ultrasonic wa\}e
S propagation rate ellipse having an eccentricity of not more

6 than 0.4; and

7 lamihating the plastic film and the conducting layer.
1 . 14. The process according to claim 13, wherein the
2 step for preparing the plastic film comprises the following
3 steps:

4 setting a referénce point arbitrarily_on'the plastic
5 film; |

6 - drawing a reference axis passing through the reference
7 point in an arbitrary direction on the plastic film;
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prevented fromoccurring. To the contrary, if a plastic filmhaving the
eccentricity exceeding 0.4 is used in a flexible printed circuit, the film

has a |arge in-plane variation in heat shrinkage rate so that the resulting

flexible printed circuit has poor dinmensional accuracy, causing faulty
connecti ons lmmlnlmmlit“mcy The term "pol ari zed m crowave transm ssion
i ntensity" zlm #ans the intensity of polarized mcrowave having
a frequency arbitrarily Sel'ected from12 to 13 GHz after being transmtted
through a plastic filmin the thickness

8 measuring ultrasonic wave propagation rates of the
9 plastic film in directions having a measurement angle 6 with
10 respect to the reference axis;

11 plotting a set of distances from the reference point,
12 representing magnitudes of the ultrasonic wave propagation
13 rates so as to obtain the ultrasonic wave propagation rate

14  ellipse of the plastic film;

15 calculating the eccentricity of the ultrasonic wave
.16 propagation rate ellipse; and

17 selecting a plastic film having the ultrasonic wave

18. propagation rate ellipse having the eccentricity of not more

19 than 0.4.

1 . 15. The process according to claim 14, further

2 comprising the step of stretching the plastic film biaxially.

1 16; .A. process for producing a comﬁosite sheet
2 comprising thé steps of: |
3 preparing a conducting layer;
4 preparing a plastic film having a polarized_micrbwave
5 transmission intensity ellipse having an eccentricity of not
6 more than 0.55; and
7 laminating the plastic film and the conducting layer.
1 17. " The process according to claim 16, wherein the
2 step for preparing the plastic film comprises the following
I
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direction at 23+2C as shown in Fig. 9. The polarized nicrowave

t.ransm ssi mﬁ—FHt—ensLL;LJS\fTeaSur,ed. easily and in a short tinmne with a
nmol ecul ar mwt ion meter MOA series avai l able from G i Kei sokuki K. K

Simlarly t m fml "ﬂage rate el lipse of Fig. 1, the polarized

m cr owave t sity ellipse is drawn on polar coordinates in
accordance with the "ol ISowi* ng nethod, an exanple of which is shown in Fig.
3. In Fig. 3 plots

3 steps:

4 _ setting a reference point arbitrarily on the plastic
5 film;

6 drawing a reference axis passing through the reference
7 point in an arbitrary direction on the plastic film;

8 measuring polarized microwave transmission intensities
9 of the plastic film in directions of electrical fields of a
10 polarized microwaves having a measuremenf angle 6 with respect

.11 to the reference axis;

12 plotting a set of distances from the reference point,
13 representing magnitudes of the polarized microwave transmission
14 intensities 'so as to obtain the polarized microwave
15 transmissién intensity eilipse of the plastic film;
16 _ calculating the eccentricity of tﬂe polarized microwave
17 transmission intensity ellipse; and |
18 selecting a plastic film having the the polarized
19 microwave transmission intensity ellipse having the
20 eccentricity of not more than 0.55.

1 18. The process according to claim 17, further

2 comprising the step of stretching the plastic film biaxially.
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(hol'low circles) are not shown because the change in the angle [err] is
continuous. A reference point Pis arbitrarily set on the surface of a
plastic film and a reference axi s passing through the reference point Pis
drawn in an arbitrary direction. Polarized mcrowaves are transmtted
through the reference point P in the thickness direction, and the intensity
of the transmtted m crowaves is neasured. Taking the neasured value as the
distance r fromthe point P, the distance r is plotted on the direction of

the angle [err]. NbasurenentAEEgsgégiééﬂiﬂgiglééiggﬁég at varied angl es
[err] forned between the ref

A flexible printed circuit comprising a plastic film

and a conducting layer, wherein the plastic film exhibits a

heat shrinkage rate ellipse having an eccentricity of not more

5 than 0.7 and preferably exhibits an ultrasonic wave propagation

rate ellipse having an eccentricity of not more than 0.4 and a

polarized microwave transmission intensity ellipse having an

eccentricity of not more than 0.55. The flexible printed

.circuit has improved dimensional accuracy owing to the

10 dimensional stability of the plastic film.l
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and'the direction of the electrical field of the pol ari zed m crowaves. The
averages of plots at each angle are connected to draw an anal ytical ellipse

round the refer oi ot . P. en the eccentricity of the polarized
m cr owave tran#ﬁ%%ﬁ:%qu y—ellipnse is Q.85 or snonller prpfihb_j_y
0.45 or smaller, the resultlng flexible printed circuit exhibits
satisfactory dlnen3|0nal accuracy?;ﬁpd a fjrlty connection to other

el ectroni c conponents such as con i sf effectively prevented from
occurring. To  the contrary, astfic film having the
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12 éccentricity exceeding 0.55 is used, the filmhas a large in- plane
vari ation in -heat shrinkage rate so that the resulting flexible printed

ci.rcuit has poqggggggﬂéﬂgggLéaycuracy, causing faulty connections eé a high
frequency. The eccentriciiy Of THe =T asSomn C wavepropageatton .atc-%+lipse
or the polarized mcrowave transm sg n~e||ip§ELof plastic filnms is usually

measur ed before |aninating the plastic¥ Mns. cause the eccentricity of
these el.lipses is hardly

—  ANALYTICAL £ 11172

£
¢ MBIOR M5 Ryl
o __MINoR Ax15 papivs
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affected by Il am nating, the neasurenent could be made on a plastic film
stripped off .a flexible printed circuit produced. The flexible printed

circuit accordi ggs i‘nvention is a lamnate of a plasfic film
and a conducti nt S plastic filmisg pref ly

used. The stretch ratlo S usually 1.05 to 10 preferably 1.2 to 9 in the
machine direction (M) and 1.2 to 9 in the transverse direction (TD). The
MO/ TD stretch ratio is preferably 7/10 to 10/7. The plastic film-nmust have
a heat shrinkage rate ellipse whose eccentricity is not greater than 0.7

and
3a

A
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pr ef erably has an ultrasoni c wave propagation rate ellipse whose
eccentricity.is not greater than 0.4 or a polarized mcrowave transni ssi on
intensity elli pgdmu
of a plastic fi =t-ehre .
the heat shrinkage rate ellipse, the uItrasonl C wave propagatl on rate
el lipse, and the polarized m crowave ansm s n intensity 13

2 3

—

————

——
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el1i'pse are constant in the machine direction as showm in Fig. 8(A),
_Whereas they vary in the transverse direction, showing a mnimmat the
center and a ngodgsREE_at -nds as shomm in Flg 8(B) Accordl in

usi-ng a bi axi 3 =t tty of
the heat shrinkage rate ellipse be not greater than 0.7 at both ends in the
transverse direction, and it 1is preferable that the eccentricity of
the ultrasonic wave propagation rate ellipse and that of the polarized

m crowave transmission intensity ellipse be not greater than 0.4 and not
greater than 0. 55, respectlvely, at both ends in the transyerse di rection.
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The plastic filmused in the manufacture of flexible printed circuits is
_Gsual l'y prepared separately. In sone cases, a filmformng plastic
material is ao\.;fa_. 1oL N a netal f0|I as a conductlng Iaye and
caused to pol yfrerT O S € Samae
plastic filminclude poI y| m de, poI yet her ni t r| I e poI yet her sul f one,

pol yet hyl ene terepht hal at e, polyenhylene n and pol yvi nyl
chloride. The plastic filn1preferjhgr s |c nodul us of not |ess
t'han 300 kg/mmjerr], a linear expans coe t of not nore than 3 x

10[err]/[err]C, and a glass transitio

. 0.8

06}
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tenperature of not |ower than 70[err]C. O the above-nenti.oned plastic

_fmaterials, polyethylene terephthalate, pol yet hyl ene napht hal ate, and
polyi mi de ar grom total considerations of heat resispjance,

di mensi onal st “tA—etectTiT unou AaCter TSt TS TTeChanTat

strength, chemi cal re5| stance, and ?'? plastic filmusually has a
025 Yo

thlckness of 0.01 to 0.3 mm prefera y‘ 0.125 mm

POLARLED MICROWIVE.

TRANSM [TTER-
- ROTATION DIRECTION

. 5 \ o 4 NF SAMPLE.

GAMPLE (FiLM )

DIRECTION OoF
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The netal 8 us&ful as a conducting | ayer |nclude copper, gold st ai Iess Jeed 4
steel, alum num nickel, and alloys of these netals. Taki ng F%Ddg

sof t ness, morkability, el ectric characteristics, and cost into

consi deration, copper and copper alloys are preferred. The netallic

conductor circuit usually has a thickness of 0.002 to 0.100 nm preferably
0.005 to 0.070 mMm The conductor circuitgusually has a nDdqus of

elasticity of 2000 to 20000 kg/mmferr]Y preferably 4000

kg/mierr], as neasured as a foil The nDdqus o) icity st S

measured with a tensile tester (FeRXIBLE BRINEE é*ﬁ%ﬁﬁ?grdance TTh ASTNﬂﬁQﬂ

D-882-83. . Vhen the elastic, oAl 48t for ProDUCING THE SaME 26 FEB 1998
EAQEEBQHND.QE.IEE.IH!EHIIQE

1. Field of the Inventi

This invention relates to a flexible printed circuit
that is a ?unqtiongl component used chiefly in electric and
electronic equibments and a process for producing the same.

A flexible printéd ¢circuit (FPC) has enjoyed wide use
in the field of electric and electronic equipment. A flexiple’
printed circuit generally has a laminaie structure comprising
a plastic film and a conducting layer, such As a metal foil.
aAn illustrétive example of the flexiblé printed circuit is
shown in Fig. 6(A),  in which a flexible printed circuit 1
comprises a plastic base film 4 made of polyimide, polyester,
etc. having formed thereon a conductor circuit 3 by a printing
process, a subtracting process, etc., and the conductor circuit
3 is covered with a plastic cover film 2 similar to the base
film 4. Incidentally, the adhesive layers are omitted in Fig.
6(A).

| Fig. 6(B) shows a general structure of the flexible
"printed circuit.. In Fig. 6(B), an adhesive layer G'is provided -
on a plastic base film 4 via which a conductor circuit 3 is
laminated, and anbiﬁef.adhésiVe iayér.s is also provided on the
'side of the plastic cover film 2. That is, the plastic films

REPLACENEEHTSHEETS SG
A Description : paged ... to paged 2!,
A Claim(s) :paged ¥ to paged 2]

J Drawing(s) : pmgﬂ 1.to paged..l.
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nmetal | i'c conductor circuit or a metallic thin filmi
| am nating or pattern formation, elenents other thar
or netal thin filmare renoved by plasna etching or
and only the netallic circuict-or netal thin filmis

R

efci mer | aser etching,

sybj26tREB 138 h

[_..1

1”4

above-descri bed nmeasurenent: Lam nating of a plastiq flil mand a conglu¢ti ng

| ayer are usually carried,out with an adhiesive. Exgnpreés of sultable

adhesi ves include thernosetting adhesiveS‘(e g., epqxy rubber adhesiveées and
pol yest er adhes v$s co r|34ggtoé)t ester resin _having added thereto an

| socyanat e “h

er with their respective adhesive

layers fac1ng each other. Further, part of_the plastic cover
film 2 can be removed (indicated by numeral 5 in Figs; 6(A) and
6(B)) if necessary for electrical connection of the conductor
circuit 3 to other electronic components.

Flexible prlnted circuits are required to have
dimensional accuracy because electronic components such as
semiconductor devices are to be mounted thereon at small
pitches or they are to be connected to electronic eqﬁipment via
'connectors, etc. at small pitches. Since a flexible printed
.circuit has a laminate structure comprising plastic films and
a conducting lafer as typicaI@y shown in Figs. 6(A) to (C),
their dimensional accuracy largely depends on the dimensional
stability of the plastic films used. fhe ﬁlastic films for use
in the flexible printed circuit are therefore required to have
dimensional stability, particularly against heat because they
are usually handled under a high temperature condition in the
manufacture of flexible printed circuits.

. It is necessary to select plastic £films having
satisfactory dimensional stability before a.flexible brinted
circuit with improved dimensional accuracy can be produced.
‘Close evaluation on the dimensional stability of plastic films
would be essential therefor.

However, %pathe practice of manufacture of flexible
printed circuits déihg-conventional’plastic films, dimensional

change of the plastic films with heat has often resulted in



thernnﬁ1asfic adhesi ves (e.g., synthéiic r ubber SONT SHEET| 15
adhesi ve agents (pressure-sensitive adhesives, i@ﬂ€2$11@$¥9 achegi ves) .
Thernosetti ng adhesives are preferred of themfofp {heir égpbééa;t ry
performance in ternms of adhesion, heat resistanc .| wtb Rkkt siistjance,

workability, and durability. The process for profluging the flexilblle printed
circuit of the present invention will begdescribedTaking for instlnce

production of off-specification products, leading to faulty
electrical connections between the flexible printed circuit and

other electronic components such as connectors.

SUMMARY OF THE INVENTION
An object of the present invention is to provide a
flexible printed circuit having improved dimensional accuracy
by using a plastic film with improved dimensionial stability

particularly against heat. '

Another object of the invention is to provide a process
for producing a flexible printed circuit having improved
dimensional accuracy.

The above objects of the present invention are
accomplished by a process for produciné a flexiblg printed
circuit comprising laminating a plastic.film and a conducting
layer, wherein the plastic film exhibits a heat shrinkage rate

ellipse having an eccentricity of not more than 0.7.

BRIEF DESCRIPTION QF THE DRAWINGS

In the accompanying drawings:

Fig. 1 illustrates éhe plof on polar coordinates
depicting a heat shrinkage rate ellipse of a plastic film;

Fig. 2 illustrates the plbt on polar 'éoordinates
depicting an ultrasonic wave propagation rate of a plastic
£ilm; |

Fig. 3 illustrates the plot on polar coordinates



the | afrinate structure shown in Fig. 6(B). Two pl
pr.epar ed Polyimde filnms are used for preferenc ege-
nmust satisfy the condition that the eccentricity ¢f |the ?ﬁgi khge rate
el li pse as obtained by the above-described nethodib ﬁ%@qgﬁié er ghan 0.7.
| is desirable for the plastic films to have an Ul tirasonic wa _
propagation rate ellipse having an eccenjricity of| not greater than}0.4 as

- obtai ned by the above-descri bed nethod =amd/ or to have a—petar+zed M cr owave

transm ssigon intensity ellipse having 'an eccentricity of not greater_ than
0.55 as obCGfPAE§LRG tan@q;kﬁﬁ@ed microwave transmission intensity of a

L TATNIAREET Y ar &

M clfilms

plastic film; .

: Figs. 4(A) to 4(D) illustrate cross sections showing
the process for producing a flexible printed circuit, in which’
Fig. 4(A) is a plastic base film having thereon a copper foil
via an adhesive layer, Fig. 4(B) is the plastic base film with
its copper foil patterned into a circuit, Fig. 4(C) shows a
plastic cover film being laminated on the base film, and Fig.
4(D) is a finished flexible printed circuit; )

Fig. 5 shows a flexible printed circuit having é bent
form;

Figs.. G(Aj “to 6(C) illustraté cross sections of
flexible printed éircuits, in whj'.ch Fig. 6(A) is a basic
structure, Fig. G(B)'is a structure co;taining two plastic
films each having an_édhesive layer thereoﬁ, and Fig. 6(C) is
a structure containing three plastic films each having ﬁn
adhesive layer thereon; “

Fig. 7 shows the size of a test piece of a plastic film
for measurement of heat shrinkage rates;

Figs. 8(A) and 8(B) show changes in.eccentricity of the
heat shrinkage rate ellipse, the uitrasonic wave propagation
rate ellipse, ahd the polarized microwave transmission
intensity ellipse of a biaxially stretched plastic £film
respectively in the machine direction and in the transverse
direction; and

Fig. 9 schematically shows polarized microwaves being



descri Bed ret hod. Use of plastic fflns havi ng such shall_anisotro Lﬂi”
heat shrinkage as specified in the present invention I IARKLI on
of faulty connections of a flexible printed circuit ¢} gﬁﬂﬁggygggguf. niic
conponents such as connectors. As shown in Fig. 4(A)}| an adEE iﬁ@ | ayer 6
Is formed on a plastic base film4. The adhesive | ayef 6 Er ﬁded by
appl ying an adhesive to the plastic film4 followed byidrying or sti kgng

an adhesive |ayer forned on a rel ease skheet onto E

transmitted through a piastic film in the measurement of

polarized microwave transmission intensities.

The flexible printed circuit included under the scope
of the invention has a laminate structure of a conducting layer
and_one plastic film as shown in Fig. 4(B), two plastic films
as shown in Fig. 6(B), three plastic films as shown in Fig.
6(C) or even more. The term "flexible printed circuit" as used
herein is intended'to include not only a flexible printed
circuit with its condqcting layer patterned into a circuit as
is usually meant buf a laminate board ﬁefore formation of a
circuit pattern.

The ellipse heat shrinkage rates ;f a plastic film can
be depicted on polar‘coordinates according to the following
method.

| A reference axis is drawn on the surface of a stretched
plastic film in the stretching direction. A reference point P
is arbitrarily set on the axis, and the heat shrinkage rate of
the film in the direction forming an angle 6 with fhe axis from
the reference point P is measured. Taking the measured value
of heat shrinkage rate as a disténce r from the point P, the
distance r is plotted on the direction of the angle 8.
Measurement and plotting are repeated at varied angles 8. The
averages of plots at each angle are connected to draw an

analytical ellipse round the reference point P. In the case of



16 theplastic film4 and stripping the rel ease sheet. _ The_adhesive—hayer
6 usually has a thickness of 0.003 to 0.2 nm prefera nggggﬁ@fﬂﬁﬁﬁ'mm
A conducting layer 3a is then forned on the adhesive e anpl e,

a metal foil, e.g., a copper foil, is put on the adhegive ] ndf -
f b o y rzgg¥§§h%§?so b?
6

adhered thereto by roll application. The conducting I _
formed by electroplating or sputtering.gln this case, {tlhe adhesive e
i s unnecessary, and the conducting Iayer-Sauis formedidirectly on the !

plastic film4. The conducting |ayer 3a -
examining an unstretched film, the reference axis is set

arbitrarily.

The heat shrinkage réte is measured as follows. A test
piece of a plastic film is marked with two reference points.
After a heat and tensile load of 130°C x 1 kg/mm? was applied
to the test piece for 1 minute, the distance between the
reference points (Llf is measured to the unit of pum. Then, the
film is heated at 150°C for 1 hour with no fensile load
applied, and the distance between the reference poiﬂts (L) is
measured to the unit' of um. The heat shrihkage rate (R; %) is
obtained according to equation (1):

R = (L, - Ly)/L; x 100 'j eee (1)

The test piece of a plastic film;used for measurement
of heat shrinkage rates can have the shape shown in Fig. 7.
The test piece of Fig. 7.is 140 mm in length and 20 mm'in
transverse and marked with two reference points (a center of a
hole having a.diaﬁeter of 0.6 mm each) at a distance of 80 mm.

~ In general, an eccentricity (€) of an ellipse is given
through equation (2): '

€ = (a? - b%)l2/g | cee (2)
wherein a is the major axis radius, and b is the minor axis
radius.

Tﬁe flexible printed circuit according to the present
invention is produced by laminating at 1eést one plastic film
and a conducting layer. The eccentricity of the heat shrinkage

rate ellipse of plastic films to be used is usually measured



is subfected to patterning by a conventional techniq steh—as—a priTli ng
procesg, a subtractive process or an additive procesgziﬁﬁﬁé}jﬁﬁhbigggﬁ ctor
circuit 3 as shown in Fig. 4(B). Separately, the adheSIVE”TQVé? B Ts ifar med
on the plastic film2 for covering. The resulting p|as FEBnpgsth|ng

t He adhesive layer 6 and the plastic film4 having thg “on uct or CIFCPI¢ 3
are lamnated with the adhesive layer 6 gf the forner aEd_ggndue%or—C|r§u!t
side of the latter facing each other as shown in Fig. 4(C3 The two plastic
films are bonded by pressing under heat "(pressure bondtgy—or tenporarily
bondi ng by Refazectaminating. Because the eccentricity is hardly affected

by laminating, the measurement could be made on a plastic film
stripped off a flexible printed circuit produced.

The technical idea of the present invention is
explained below. In order to settle the dimensional accuracy
problem of a flexible printed_ circuit, the inventors
extensively investigated the cause of the dimensional defect.
As a result, they have found out that the dimensiohal defect is
caused by the in-plane anisotropy of heat shrinkage-rate of the’
plastic film. Ctnsidering that plastic films are exposed in
high temperatures ln an ordinary manufacturing process of
flexible printed circuits, it'coula be éasily anticipated that
the degree of heat shrinkage of a plastic film is directly
concerned in the dimensional stabilitj oflthe film. It has now
been found that not only the degree of heat shrinkage but the
directionality of heat shrinkage, i.e., in-plane anisotropy of
heat shrinkage should be given adequate consideration.in order
to prevent a faulty connection of a flexible printed circuit,
particularly one having a dense and fine conductor circuit
pattern.

Biaxially stretched films are often used in the
flexible printed circuit. When biaxial stretching conditions

 are slightly changed, the anisotropy'éf heat shfinkage rate
tends to vary depending on the position of measurement.
Therefore, in using a biaxially stretched film, anisotropy of

heat shrinkage rate requires due consideration.



foll owéd by application of heat and/or pressure. There.i
flexible p?/i n!togd circuit shown in Fig. 4(D) or Fig. LACE‘W“W O
conditions of lamnating are selected appropriately apcprdrng to the Kiinds
of. the plastic filmand the adhesive. The thickness f tz?ptgefggal el
printed circuit is 17 usually 50 to 800 [err]m prefeéer y 100 to BOD
[err]m while depending 8

i ensranasany

TR and

The inventors have evaluated the in-pléne anisotropy of
heat shrinkage rate of a plastic film in terms of eccentricity
of the heat shrinkage rate ellipse depicted by the above
method. In this case, the greater the eccentricity, the
greater the anisotropy, and vice versa.

An example of such a heat shrinkage rate ellipse is
shown in Fig. 1. "6" is an angle formed between a reference
axis and the direction in which a heat shrinkage rate is
measured. “r" is a heat shrinkage rate, plotted as :a distance
from the reference pdint P (indicated by hollow circles).

When the eccentricity of the heat shrinkage rate
ellipse is 0.7 or sinaller, preferably' 0.6 or smaller, the
resulting flexible printed circuit exhibits satisfactory
dimensional accuracy, and occurrence of f:aulty connections to
other electronic components such as connectors is effectively
inhibited.

To the contrary, if a plastic £film having the
eccentricity exceeding 0;7 is used, the resulting flexible
pfinted circuit has poor dimensional accuracy, causing faulty
connections at a considerable'freéuency due to large in-plane
variations of heat shrinkage rate.

In the present inveﬁtion, a heat shrinkage rate of a
plastic film can be determined .relatively by inéasuring a
characteristic value deeply correlated to the heat shrinkage
rate of a plastic film. Accordingly, the in-line anisotropy of

heat shrinkage rate of a plastic film can be evaluated by the



on its use, and the |like. The shape of the flexible pPr-REed T TGHT G Inot
particularly linmted, and the flexible printed circuiiﬂﬁﬁﬁﬁﬁ:@égﬁéﬁﬁéﬁé

shapes,
usage.

pr esent

reference to Exanpl es and Conparative Exanples, but it

i nclusive of a bent formas shown in Fig. 5,
The size is not limted, either. For exanple
ci rcunscri bed quadrilateral of the flexible printed ciir
length L of 10 to 1000 mm preferably 3@ to 600 nm (sde

confornmty wih
4 HEED 1%

uit has.a lon

invention will now be illustrated in greater detail with

U
t hat t he i eceemtadcitynotof an ellipse prepared by wusing such a

characteristic value in the same manner as described above.

Characteristic values which are deeply correlated with

a heat shrinkage rate and from which a heat shrinkage rate can

be determined relatively include a rate of in-plane propagation
of ultrasonic waves (hereinafter referred to as ultrasonic wave
propagation rate),' an intensitj of transmitted polarized
microwave (hereinafter referred to as polarized microwave
transmission intensity); and a Young’e modulus. An ultrasonic
wave propagation rate and a polerized microwave transmission
intensity are preferred forl the sake of convenience: of
measurement. - -

The term "ultrasonic.wave propagation rate" as used
herein means the time (sec) required fer ultrasonic pulses
(frequency: 25 kHz) ;6 propagate through a plastic film for a
distance of 75 mm at 2312°C or the rate of propagation (m/sec)
calculated therefrom. The ultrasonic wave propagation rate can
be measured easily and in a short time by means of Sonic Sheet
Tester (SST) available from Nomura Shoji K.K.

Similarly to the heat'shrinkage rate ellipse of Fié. 1,
the ultrasonic wave propagation rate ellipse is drawn on polar
coordinates in accordance with the following method, an example
"of which is shown in Fig. 2.

A reference point P is arbitrarily set on the surface

of a plastic film, and a reference axis passing through

reference point P is drawn in an arbitrary direction. An

be under st ood



construed‘as being linited thereto. Fig. 4 is referr? TRRAVPLE A
0.025 mmthick biaxially stretched. polyi mde stock f M . )
and another lot (lot No. 2) of the same kind were prép red. Theg%g
shrinkage rate, ultrasoni c wave propagation rate, and V\)E

0l2:h FE&d
transm ssion intensity of these stock filns were neaguted to obtain
el l'i pses according to the above-desgrg bed net hods, and eccentricit
each ellipse was cal cul ated. The eccemtricity was obtiai ned for 20 pe+nts
of nmeasurenent in the transverse direction (TD)

ultrasonic wave propagation rate in the direction forming an

angle 6 with the axis from the reference point P is measured.

Taking the measured value as a distance r from the point P, the
disiance r is plotted on the direction of the angle 6.
Measurement and plotting are repeated at varied angles ©. - The
averages of plots at each angle are connected to draw. an-
analytical ellipse round the reference point P.

When the eccentricity of the ultrésonic wave
propagation rate ellipse is 0.4 or smaller, prefera_bly 0.3 or
smaller, the resulting flexible printed circuit exhibits
satisfactory dimensional accuracy, and a faulty connection to
other electronic coxi\éonents ‘such as conr;ectors is effectively
prevented from occurring..

To the contrary, if a plastj:c film having the
eccentricity exceeding 0.4 is used in a flexible printed
circuit, the film has a large in-plane wvariation in heat
shrinkage rate so that the resulting flexible printed circuit
has poor dimensional accuracy, causing faulty connections at a
high frequency. |

The term "polarized microwave transmission intensity"
as used herein means the iﬁtensity of polarized microwave
having a frequency érbitraz_:ily selected from 12 to 13 GHz after
being transmitted through a plastic film in the thickness
.direction at 23+2°C as shown in Fig. 9. . The polarized
microwave transmission intensity is measured. easily and in a

short time with a molecular orientation meter MOA series

of



i ncl usive

Lot No. 1
0. 658
Aver age

of both ends. The results of neasurenent are shown below
Lot No. 2 Heat Shrinkage rate Ellipse  Mud ;

0. 669 M ni mum
0. 568 0. 575
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available from 0ji Keisokuki K.K.

Similarly to the heat shrinkage rate ellipse of Fig. i,
the polarized microwave transmission intensity'ellipse is drawn
on polar coordinates in accordance with the following method,
an example of which is shown in Fig. 3. In Fig. 3 plots
(hollow circles) are not shown because the change in the angle
@ is . continuous.

A reference point P is arbitrarily set orn the surface
of a plastic film, and a reference axis passing through the
reference point P is drawn in an arbitrary direction.
Polarized microwaves are transmitted through the reference
point P in the thickness direction, and the intensity of the
transmitted microwaves is measured. Taking the measured value
as the distance r from the point P, the éistance r is plotted
on the direction of the angle 6. Measurement and plottlng are
repeated at varled angles 0 formed between the reference axis
and the direction of the electrical field of the polarized
microwaves. The averages of plots at each angle are connected

to draw an analytical ellipse round the reference point P.

When the eccentricity of the polarized microwave

.transmission intensity ellipse is 0.55 or smaller, preferably

0.45 or smaller, the resulting flexible printed circuit

exhibits satisfactory dimensional accuracy, and a faulty

18

connection to other electronic components such as connectors is -

effectively prevented from occurring.

To the contrary, if a plastic film having the



St andard Devi ati on 0. 068 0.072 U tr afhFLACRMENT SHEET
0

M ni mum
0. 291

Propagation Rate Ellipse Maxi num 1376 0.
0. 229 0. 222 Aver ags. 2 6 FEB 1998
0. 295 Standard Devi ati on 0.04 % 842

Pol ari zed M crowave Transmi ssion Intensity Ellipse

0. 485

353

0. 493 Maxi mum - 12 0. 362 0. 356

| .eccentricity exceeding 0.55 is use"d, the film has a large in-

plane variation in heat shrinkage rate so that the resulting
flexible printed circuit has poor dimensional accuracy, causing
faulty connections at a high frequency.

The eccentricity of the ultrasonic wave propagation
rate ellipse or the polarized microwave transmission ellipse of
plast:ic films is usually measured before laminating the plastic
films.. Because the eccentricity of these ellipéés is hardly
affected by laminating, the meagﬁrement could be made on a
plastic £film strippéd off a flexil?le printed circuit produced.

The flexible printed circuit according to the present
invention is.a’ laminate of a plastic film and a conducti-ng
layer. A biaxially stretched plastic film is preferably used.
The stretch ratio is usually 1.05 to 10, p;referably 1.2 to 9 in
the machine direction’ (MD) and 1.2 to 9 in the transverse
direction (TD). The MD/TD stretch ratio is preferably 7/10 to
10/7. |

The plastic film must have a heat shrinkage rate
eilip%e whose eccentricity is not greater than 0.7 and
preferal_:ly has an ultrasonic wave propagation rate ellipse
whose eccentricify is not greatér than 0.4 or a polarized

microwave transmission intensity ellipse whose eccentricity is

not greater than 0.55. In the case of a plastic film having

been stretched biaxially, the eccentricities of the heat
shrinkage rate ellipse, the ultrasonic wave propagation rate

ellipse, and the polarized microwave transmission intensity



M ni nufn 0. 424 0.427 Average (REPLACEMENT &

0..042 0. 045 Standard Deviation A cover film2 of 250 x"IZ'O“'“mn vvai‘s:““"""
cut out of the polyimde stock filmroll of ot No. 1, and ajbd
the sane size was cut out of the polyimde stock filmroll of
epoxy type thernosetting-adhesive was applied to the surface
film2 and dried to forman adhesive | aygr 6 having a thickng¢ss of 0. 015
nm An epoxy type therm)settl ng adhesi ve—=was applied to the surface ofTthe

base film4 and
ellipse are constant in the machine direction as shown in Fig.

8(A), whereas they vary in the transverse direction, showing a
minimum at the center and a maximum at both ends as shown in
Fig. 8(B).: Accordingly, in using a biaxially stretched film,
it is necessary that the eccentricity of the heat ehrinkage
rate ellipse be not greater than 0.7 at both ends in the
transverse direction, and it is preferable that .the
eccentricity of the ultrasonic wave propagation rate ellipse
and that of the polarized microwave transmission— intensity
ellipse be not greater than 0. 4' and not greater' than 0.55,
respectlvely, at both ends in the: transverse dlrectlon.

The plastic fJ.lm used in the manufacture of flexible
printed circuits is usually prepared separately. In some
cases, a film-forming plastic material is' applied directly on
a metal foil as a conducting layer and caused to polymerized
into a film.

Examples of useful materials of the plastic film
include polyimide, polyether nitrile, polyether sulfone,
polyethylene terephthalate, polyethylene naphthalate, and
polyvinyl chloride. The plastlc film preferably has an elastic
modulus of not 1less than 300 kg/mm?, a linear expansion
coefficient of not more than 3 x 10'5/°c, and a glass transition
temperature of not lower than 70°C Of the above—ment:.oned
plastic materials, polyethylene terephthalate, polyethylene
naphthalate, and polyimide are preferred from total

considerations of heat resistance, dimensional stability,



dried to formthe adhesive |ayer 6 haVLng a thick < 025 .~ copper
foil 3a having a thickness of 0.035 mm was put on?l ?Lﬁﬁﬁﬁ%@wméjgy 6 of

[
the base film 4 and bonded by rolling at a roller é rfat@”tenperjéi%e of

120[err]C. The copper foil 3a was etched by a su traﬁgb VEEB 1998 o form
a‘printed 19 circuit 3 as shown in Fig. 4(B). |Fi and

| am nat ed 14

electric char€cteristics, méchanical strength, chemical
.resistance, and cost. The plastic film usually has a thickness
of 0.01 to 0.3 mm, preferably 0.025 to 0.125 mm.

The metals useful as a conducting layer include copper,
gold, stainless.steel; aluminum, nickel, and alloys of these
metals. Taking softness, workability, electric .
characteristics, and cost into cohsideration, copper and copper
alloys are preferred. The metallic conductor cifcuit usually
has a thickness of 0.002 to 0.100 mm, preferably 0.005 to
0.070 mm. The conductor circuit usually has a modulus of
elasticity of 2d06 to 20000 kg/mm?, preferably 4000 to
12000 kg/mm?, -as measured as a foil."The.modulus of elasticity
can be measured with a tensile tester (Tensilon Tester) in
accordance with ASTM D-882-83. When the.elastic modulus of a
metallic conductor circuit or a metallic thin film is to be
measured éfter laminating or pattein formation, elements other
than the metallié circuit or metal thin film are removed by
plésma etching or excimer laser etching, and only the metallic
circuit or metal thin film is subjected to the above-described
measurement, |

Laminating of a plastic f£ilm and a conducting layer are
usually carried-out with an adhesive. Examples of suitable
adhesives include thermosetting adhesives (e.qg., époxy rubber
adhesives and polyester adhesives comprising a polyester resin
having added thereto an isocyanate hardening agent),

thermoplastic adhesives (e.g., synthetic rubber adhesives), and



with the adhesive layer 6 while the adhesive side of the film-2-apd—he
cisrcuit side of the film4 facing each other as sh@?ﬁ@ﬁ@ﬁ@é@ﬁﬁ&
pressure bondi ng under conditions of 150[err]C x 1 hogt—x-80~Kgr¢my tio
prepare a flexible printed circuit .having the strucfuye ?{ EBQ199§( ) .} The
pl'astic cover film2 and the plastic base film4 wefe s?r Eped of f |t e
resulting flexible printed circuit, andghe in-plan ni helat _
shri nkage of each fil mwas eval uated i A~&he same mapjner as descri bed fabove.

The results_were substantially equal to those for thke—+espectTve STOCK

filns. ThaAdhesiyecagenks: (presgusve-sensibiveshdhakiyesyakeg., acrylic

adhesives). Thermosetting adhesives are preferred of them for
their satisfactory performance in terms of adhesion, heat
. resistance, wet heat resistance, workability, and' durébility.

The process for producing the flexible printed circuit
of the present invention will be described taking for instance
the laminate structure shown in Fig. 6(B).

Two plastic films 2 and 4 are prepafed'. Polyimide
films are used for preference. These plastic f:ilms must
satisfy the condition that the eccentricity of the heat
shrinkage rate ellipse as obtained by the above-described
method be not’ greater than 0.7. It is desirable for the
plastic films to have an ultrasonic wave propagation rate
ellipse having an eccentricity of not ;greater than 0.4 as
obtained by the above-described method .and/ or to have a
polarized microwave transmission intensity ellipse having an
eccentricity of not greater than 0.55 as obtained by the above-
described method. Use of plastic films having such small
a_hisotropy in heat shrinkage as specifiéd in the present
invep?ion leads to gliminatibn of faulty connections of a
fléiible printed circuit to other electronic components such as
connectors.

As shown in Fig. 4(A), an adhesive layer 6 is formed on
a plastic base film 4. The adhesive layer 6 is provided by
applying an adhesive to the plastic film 4 followed by drying

or sticking an adhesive layer formed on a release sheet onto



el lipse was not greater than 0.7, that of the uItraso'ni c mnue_p-r—%pqgation

rate ellipse was not greater than 0.4, and that On Ga}; ‘”@Hﬂﬁ crowave
transm ssion ellipse was not greater than 0.55. THE di-heRstons—of] 41000
finished flexible printed circuits thus produced razggi%?% of fy nd t hat
none of them showed a di mensional distortion of 0}1 g  fromthe
speci fication. COVPARATI VE EXAMPLE 1 Aqpol yim de g§tqQck filmroll—bf|the
sanme kind as used jn Exanpl e 1 but of—-&'i-‘ﬁferent prioducti on | ot (IﬂNo. 3)

was
the plastic film 4 and stripping the release sheet. The

adhesive layer 6 usually has a thickness of 0.003 to 0.2 mm,
preferably 0.005 to 0.05 mm. A conducting layer 3a is then
formed on.the adhesive layer 6. For example, a metal foil,
e.g., a copper foil, is put on the adhesive layer 6 and adhered
thereto by roll application. The conducting layer 3a can also
be formed by electroplating or sputtering. In this case, the
adhesive layer 6 'is unnecessary, and the conducting layer 3a is
formed directly on the plastic film 4. The conducti;).g layer 3a
is subjected to patterning by a conventional technique, such as
a printing process, a subtractiye process or an additive
process to form the conductor circuit 3 és shown in Fig. 4(B).

Separately, the adhesive layer 6 is formed on the
plastic film 2 for covering. The resuiting plastic film 2
having the adhesive layer 6 and the plastic film 4 having the
conductor circuit 3 are laminated with thé adhesive layer 6 of
the former and conductor circuit side of the latter facing each
other as shown in Fig. 4(C).

The two plastic films are bonded by pressing under heat
(pressure bonding) or temporarily bonding by means of a roller
followed by application of heat and/or pressure. There is thus
produced the flexible printed cj.rcuit shown in Fig. 4(D) or
'Fig. 6(B). The method and conditions of laminating. are
selected appropriately according to the kinds of the plastic
film and the adhesive. |

The thickness of the flexible' printed circuit is



prepared, and the eccentricity each of the charactenp 'ﬁyg&ﬁi SRR
obtained in the sanme manner as in Exanple 1. The regtfts  ubtaiielWer
fol | ows. 20 Heat Shrinkage Rate Ellipse: Mxi num|=1{0.908; mu
0. 502; Average = 0.719; Standard Deviation = 0.123 UItra%é?ﬁ’ié\Aﬂﬁé% !
Propagati on Rate Elli pse: l
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usually 50 to 800 um, preferably 100 to 600 um, while depending
on its use, and the like. The shape of the flexible printed
circuit is not particularly limited, and the flexible printed
circuit can have various shapes, inclusive of a bent form as
shown in Fig. 5, in conformity with usage. The size is not
limited, either. For example, the minimum. circumscribed
quadrilateral of the flexible printed circuit has a long side
length L of 10 to 1000 mm, preferably 30 to 600 mm (see Fig.
5) . . ’ -

The present invention -will now be illustrated in

greater detail with reference to Examples and Comparative
. Examples, but it should be understood that the invention is not
construed as being limited thereto. Fig. 4 is referred to.
EXAMPLE 1

A 0.025 mm.thick biaxially stretched polyiﬁide stock
film roll (lot No. 1) and another lot'(lot No. 2) of the same
kind were prepared.

The heat shrinkage :ate,-ultrasonic wave propagation
réte, and polarized microwave transmission intensity of these
stock films were measured to obtain their ellipses according to
the above-described methods, and the eccentricity of each
ellipse was calculatéd. The eccentricity was obtained for 20
points of measurement in the transverse. direEtion (TD)
inclusive of both ends. The results of measurément are shown

below.

as



Maxi murh = 0. 561; M ni mum = 0.252; Average = 0.399; Stanc
0.093 Pol ari zed M crowave Transm ssion Intensity Ellipsae:
M ni rum = 0. 383; Average = 0.567; Standard Devi ation = Q. JSQAREB/Q?‘?&l I‘ m 2
of 250 x 120 mm was cut out of the polyi'mde stock filmjrqll of |ot No. |3,

and a base film4 of the sane size was cut out of the pdl yrmde stock film
roll of lot No. 1 used in the Exanple lrgAnd flexible priinted circuits
having a structure shomm |n Flg 4(C) were nanufactured by the sanme nanner

Qf the Exa '
- Lot No. 1 Lot No. 2 "

Heat Shrinkage rate Ellipse - -
Maximum . .0.658 0.669
. ‘Minimum . 0.457 0.450
Average g 0.568 0.575
Standard Deviation 0.068 0.072

Ultrasonic Wave Propagation |
Rate Ellipse

Maximum . 0.346 0.353
Minimum 0.229 0.222
Average, : 0.291 0.295
Standard Deviation 0.040 0.042

Polarized Microwave
Transmission Intensity

Ellipse 0.485 0.493
" Maximum 0.362 0.356
Minimum 0.424 0.427

Average 0.042 0.045

Standard Deviation
"

A cover film 2 of 250lx 120 mm was cut out of the
polyimide stock film roll of lot No. 1, énd a base film 4 of
the same size was cut out of the polyimide stock film roll of
lot No. 2.

An epoxy'type thermosetting adhesive was applied to the
surface of "the cover film 2 and dried to form an adhes;ve layer
6 having a thlckness of 0.015 mm. An epoxy type thermosetting
adhesive was applied to the surface of the base film 4 and
dried to form the adhesive layer 6 having a thickness of
0.025 mm.

A copper foil 3a having a thickness of 0.035 mm was put
on the adhesive layer 6 of the .base film 4 and bonded by
rolling at a roller surface temperature of 120°C. The copper

foil 3a was etched by a subtractive process to form a printed



On neasuring the di nensi ons, 2054 out of 21000 fld e
t hus produged suffered a dinmensional distortioﬁggiﬂékﬁ”‘ o eell
fromthe specification, and 39 out of the 2054 flgxijble printed ciircuits
showed a di nensional distortion of 0.18 nmor gredtdr.2AFERIE?S beéd above,
the flexible printed circuit of the present inventlign and the progess for
produci ng them according to the presentqgnvention are characterizediin that
the plastic filmused therein exhibits—a—heat shrilnkage rate ellipse having
an eccentricity within a specific range. Because the in-plane ani sotropy of
heat shrinkageudt 3uas$ showmasin Fifg.l fi(BY .t hP4lms 2 and 4 were laminated

with the adhesive layer 6 while the adhesive side of the film
2 and the circuit side of the film 4 facing each other as shown
in Fig. 4(C) by pressure'bonding under conditions of 150°C x
1 hour x 30 kg/cm? to prepare a flexible printed circuit having
the structure of Fig. 4(D).

The plastic cover film.2 and the plastic base film 4
were stripped off the resulting flexible printed'circuit; and
the in-plane anisotropy of heat shrinkage of eacﬁ film was
evaluated in the same manner as described above. The results
were substantially equal to those for the respective stock
films. That -is, the eccentricity of tﬂe heat shrinkage ;ate'
ellipse was not greater than 0.7, that of the ultrasonic wave
propagation rate ellipse was not greater fhan 0.4, and that of
the polarized microwave transmission ellipse was not greater
than 0.55.

The dimensions of 21000 finished flexible printed
circuits thus pfoduced were measured to find that none of them
showed a dimensional distortion of 0.15 mm or greater from the
specification. | .

E LE

A polyimide stock film roll of the same kind as used in
Example 1 but of different production lot (lot No. 3) was -
prepared, and the eccentricity each of the characteristic

i ellipses was obtained in the same manner as in Example 1. The

results obtained were as follows.



21 reduced, the resulting flexible printed'circuit has i nproved di nensi onal
accur acy and I's thereby free from poor connections to other_electranic

conponents such as connectors. While the invention Aﬁ?ﬁﬁ
detail and with reference to specific exanples thef

ﬁ{; EJ'?S’«GL’ F gﬁ%‘d

made therein w thout departing fromthg

-+-4--Pre;
to one skilled in the art that various changes and )dlfl%%#agﬁg ch r

1
|

Heat Shrinkage Rate Ellipse:

Maximum = 0.908; Minimum = 0.502; Average = 0.719;
Standard Deviation = 0.123

Ultrasonic Wave Propagation Rate Ellipse:
Maximum = 0.561; Minimum = 0.252;-Average-= 0.399;
Standard Deviation = 0.093

Polarized Microwave Transmission Intensity Ellipse:
Maximum = 0.825; Minimum = 0.383; Average = 0.567;

Standard Deviation = 0.134

in
par ent
be

A cover film 2 of 250 x 120 mm was cut out of the

polyimide stock film roll of lot No. 3, and a base film 4 of

the same size was cut out of the pblyimide stock film roll of
lot No. 1 used in the Example 1. And flexible priﬁted circuits
having a structure shown in Fig. 4(C) wer; manufactured by the
same manner of -the Example 1.

On measuring the dimensions, 2054 out of 21000 flexible
printed circuits thus produced suffered a dimenéional
distortion of 0.15 mm or greater from the specification, and 39
out of the 2054 flexible printed circuits showed a dimensional
distortion of 0.18 mm or greater.

As described above, the flexible printed circuit of the
present invention and the process for producing them according
to the present invention.are characterized in that the plastic
film used therein exhibits a heat shrinkage rate ellipse having
an eccentricity within a specific range. Because the ih-plane

anisotropy of heat shrinkage of such a plastic film is thus



spirit’ and scope thereof. For exanple, the present |nJ lgﬁﬁﬁﬁﬂﬁiﬁﬁﬁﬁl'e

applied to an ordinary conposite sheet not only to th
circuit. The conposite sheet according to the present}ipvention may be @l so
applied to IC card, credit card or the Iike. WHAT | S| ciee PEB 1988 1
A conposjte sheet conprising: a plastic film and
21

reduced, the résulting flexible printed circuit has improved
dimensional accuracy and is thereby free frbm.poor connections
to other electronic components such as connectors.

While the invention has been described in detail and
with reference to specific examples thereof, it will be
appérent to one skilled in the art that various changes. and
modifications can be made therein without departing from the
spirit and scope thereof. For example, the presént invention
also can be applied to an oﬁdinary composite sheet ﬁbt only to
the flexible printed circuit. The composite sheet according to

the present invention may be also applied to IC card, credit

card or the like.



a conducting layer; wherein said plastlc f|In1has a heat shrinkage rat

el.li pse having an eccentricity of not nore than 0.7. 2. The--corpoest
sheet accor dimg to—ctairmt—wherei n the heat shrinkage ﬁEELéEL}@%HfﬁH

defined by a r a stretching direction off gard-ptastic T|
and a referen mm I@g"ﬂ"ﬂlly set on the reference axi kg hgoghe
el e pse ' '

shrinkage rate

e

m
Ly

\_..L

of di gggmnces fromthe referen@e poi nt,

representing nmagni tudes of heat 'shrinkage rates of said |pliastic—fit+r
di rections having a neasurenent angle [err] with respectj to the refere
WHAT IS CLAIMED IS:

axi s.

o)

nce

1. A composite sheet comprising:
a plastic film; and
a conducting layer;

wherein said plastic film has a heat shrinkage rate

~ellipse having an eccentricity of not more than 0.7.

2. The composite sheet according to claim '1,
wherein the heat shrinkage .rate ellipse is defined by a
reference axis in a stretching direction of said plastic film
and a reference point arbitrarily set on the reference axis,
and the heat shrinkage rate ellipse is a‘set of distances from
the reference point, ﬁepresenting magnitudes of heat shrinkage
rates of said plastic'film in directionsfhaving a measurement

angle 6 with respect to the reference axis.

3. The composite sheet according to claim 2,

.wherein said plastic film is a biaxially stretched film.

4. A composite sheet comprising:

a plastic film; and

a conducting layer;

wherein said plastic film has an ultrasonic wave
propagation rate ellipse having an eccentricity of not more

than 0.4.




3. The conposite sheet according to claim2, wherei

i s-a biaxial IyW A corrpositga sheet
plastic film n uctin%\“ayer; wherein said plas
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?Lé:\agém C wave \ﬁ‘mi\ﬁ“;“\g\m! * elli ps.‘e havi ng an ecce
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5. The composite sheet according to claim 4,
wherein the ultrasonic wave propagation rate ellipse is defined

by a reference point arbitrarily set on said plastic film and

a reference axis passing through the reference point in an’

arbitrary direction on said plastic film, and the ultrasonic
wave propagation rate ellipse is a set of distances from the

reference point, representing magnitudes of ultrasonic wave

propagation rates of said plastic film in directions having a .

measurement angle 6 with respect to the reference axis.

6. The composite sheet according to claim 5,
wherein said plastic film is a biaxiallj stretched £ilm.

7. A composite sheet compris'ing:

a plastic film; and

a conducting layer;

wherein said plastic film has a poiarized microwave
transmissif)n intensity ellipse having an eccentricity of not

morxre than 0.55.

8. The composite sheet according to claim 7,
wherein the polarized microwave transmission intensity ellipse
'is defined by a reference point arbitrarily set on Sa.tid plastic
film and a reference axis passing through the reference point
in an arbitrary direction on said plastic £ilm, and the

- polarized microwave transmission intensity ellipse is a set of

e



5. - The conposite sheet accordlng to cIa|n14 wher ej
wave propagation rate ellipse is defined by a referenc
set on said pl erence axi s passing
point in an arbi on said plastic film

wave propagatlo 'I“Imll I“ Bﬁe“)ml a set of di stances fr
poi nt, representi*ngcmagni & uckes *of ul ni ¢ wave propaga
pl astic f|In1|n di rections having a neesu;enent angle [

the reference axis. 6. . The conposite sheet accordin 'm 5,
wher ei n safliispances cfrfon rhhes referenceal ppist;ecrepresénting magmtudes of

polarlzed microwave transmission intensities of said plastic
film in directions of electrical fields of a polarized
microwaves. having a measurement angle 6 with respect to the

reference axis.

9. The composite sheet according to claim 5,
wherein said plastic film is a biaxially stretchéd film.

10. A process for producing a composite sheet
comprising the steps of:

preparing a conducting layer;

preparing a plastic film having a heat shrinkage rate
ellipse having an eccentricity of not moée than 0.7; and

laminating the plastic film and the conducting layer.

11. The process according to claim 10, wherein the
step for preparing the plastic film comprises the following
steps: |

drawing a reference axis in a stretching direction of
the plastic film; |

setting a ieference point arbitrarily on thg reference
axis;

measuring heat shrinkage rates of the plastic film in
directions having a measurement angle 6 with respect to the

reference axis;



7. A conposite sheet conprisin a Iastlc film ang—a-coenduet 1 g
| ayer ; wher rerPn said Dl asti r"rrfpl | n’th_S a Bo| arized micro E{}Lﬁ@ﬂ‘émx%sl‘ﬁﬁ&xl
intensity ellip havi ng an eccentricity of not nore thanrors55.78. T
conposi t e sheet m lﬂ‘““‘ Hmu m 7, wherein the pol arizéd zw?ngg/vqg%
transm ssi on |n s defined by a referenc oin arbltrarL
set on said plastlc flﬁn1and a referencggaxis passing thr en

poi nt

in an arbitrary direction on sai@ prastic film and the

he

L€ .

plotting a set of distances from the reference point,
representing magnitudes of the heat shrinkage rates so as to

obtain the heat shrinkage rate ellipse of the plastic film;

calculating the eccentricity of the heat shrinkage rate

ellipse; and

selécting a plastic film having the heat shrinkage rate
ellipse having the eccentricity of not more than 0.7.

12. The process according to claim il, further

comprising the step of stretching the plastic film biaxially.

13. . A process for produciﬁg a composite sheet
comprising the steps of:

preparing a conducting layer;

pPreparing a plastic film having an ultrasonic wave
propagation rate_ellipse having an ecc?ntricity of not more
than 0.4; and

laminating the plastic film and the conducting layer.

_ 14. The process aécording to claim 13, wherein the
step for preparing the pléstic film comprises the following
steps:

| setting a reference point arbitrarily on the plastic
film;
drawing a reference axis passing through the reference

point in an arbitrary direction on the plastic film;



pol ari zed microwave transmission intensity ellipse is é=¢
di stances fromthe reference point, representing magni tjl AL
m crowave transm ssion intensities of said plastic filumijn directions

Ry 1T RN W eydtiveely

osi te sheet
according to cla|n15 L 26
——

measuring ultrasonic wave propagatién rates of the
plastic film in directions having a measurement angle 6 with

respect to the reference axis;

plotting a set of distances from the reference point,

representing magnitudes of the ultrasonic wave propagation
rates so as to obtain the ultrasonic wave propagation rate
ellipse of the plastic film;

calculating.the'eccentricity of the ultrasonic wave
propagation raﬁe ellipse; and )

selecting a plastic'film having the ultrasonic wave

propagation rate ellipse having the eccentricity of not more

than 0.4.

15. The process according to claim 14, further

comprising the step of stretching the plastic'film biaxially.

16; A process for producing a composite sheet
comprising the steps of:
| | preparing a conducting layer;
preparing a plastic film having a polarized microwave
transmission intensity ellipse having an eccentricity of not
more than 0.55; and | |

laminating the plastic film and the conducting layer.

17. The process according to claim 16, wherein the

step for preparing the plastic film éomprises the following

-



wherein said plastic filmis a biaxi aI‘I y s'tretched film 10. A process
for producing a conposite sheet conprising the steps of:~—preparing a
conducting layer; preparing a prastic filmhaving a heat[@ﬁlﬁm : H'JT_%&ET

el I'i pse having $’Illm m:m Inm f not nore than 0.7; and |@nrnatt
| ‘ast filman | ayer.. 11. The procdss to
plastie L e prected cord

claim 10, wherein the step fsor *prepari the plastic filimjc
foll owi ng steps: drawing a reference in a stretchi pgldirection of
stéps:
setting a reference point arbitfarily on the plastic
film;

drawing a reference axis passing through the r'e‘ference'
point in an arbitrary direction on the plastic film;

measuring polarized microwave transmission intensities
of the plastic film in directions of electrical fields of a
polarized microwaves having a measuremenf angle 6 with respect
to the reference axis; )

‘plotting a set of distances from the reference point,
representing magnitudes of the polarized microwave transmission
intensities 'so as to obtain the polarized microwave
transmission intensity eilipse of the plastic film;

. calculating the eccentricity of th'e polarized microwave
transmission intensity ellipse; and

selecting a plastic film having the the polarized
microwave transmission intensity ellipse having the

eccentrici—ty of not more than 0.55.

18. The process according to claim 17, further

comprising the step of stretching the plastic film biaxially.



the plastic film setting a reference point arbitrarily on the reference
axi s; neasuring heat shrinkage rates of the plastic filmin directions
having a nmeasurenent angle [err] with respect to the reference axis;
plotting a set of distances fromthe reference point, representing
magni t udes of the heat shrinkage rates so as to

28
" FLEXIBLE PRINTED CIRCUIT

AND PROCESS FOR PRODUCING THE SAME

ABSTRACT OF THE DISCLOSURE
A flexible printed circuit comprising a plastic film
and a conducting layer, wherein the plastié film exhibits a

heat shrinkage rate ellipse having an eccentricity of not more

than 0.7 and preferably exhibits an ultrasonic wave propagation.

rate ellipse having an eccentricity of not mbre than 0.4 and a
polarized microwave transmission intensity éllipge having an
eccentricity of not more than 0.55. The flexible printed-
.circuit has improved dimehsional accuracy owing to the
dimensional stability of the plastic film.

'FIG. 1 |
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opt ai n 'the heat shrinkage rate ellipse of the plastic film calculating the
eccentricity of the heat shrinkage rate ellipse; and selecting a plastic
ffln1having t he heat shrinkage rate ellipse having the eccentricity of not
mere than 0.7. 12, The process according to claim 11, further
conprising the step of stretching the plastic filmbiaxially. 13. A
process for producing a conposite shelg7 conprising the steps of: preparing
a conducting layer; preparing a plastic Tilmhaving an ultrasonic wave

FIG.1

REFERENCE
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- O EXPERIMENTAL DATA
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a MAJOR AXIS RADIUS

b MINOR AXIS RADIUS
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FIG.2 26 FEB 1998 |

REFERENCE POINT P

O EXPERIMENTAL DATA
—— ANALYTICAL ELLIPSE

REFERENCE "1 2 maJOR AXis RADIUS

b MINOR AXIS RADIUS

ULTRASONIC WAVE PROPAGATION RATE ELLIPSE



propagation rate ellipse having an eccentricity of not nore than 0.4; and

| am nating the plastic filmand the conducting | ayer. 14. The process
according to claim 13, wherein the step for preparing the plastic film
conprises the follow ng steps: setting a reference point arbitrarily on the
plastic film drawing a reference axis passing through t he reference point
in an arbitrary direction on the plastpfilm

FIG.3

REFERENCE POINT P

—— ANALYTICAL ELLIPSE
REFERENCE a MAJOR AXIS RADIUS

AXIS b MINOR AXIS RADIUS

POLARIZED MICROWAVE
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26 neasUring ul trasonic wave propagation rates of the plastic filmin
directions having a neasurenent angle [err] with respect to the reference
axis; plotting a set of distances fromthe reference point, representing
nagnltudes of the ultrasonic wave propagation rates so as to obtain the
ultrasoni c wave propagation rate ellipse of the plastic film calculating
the eccentricity of the ultrasonic wa@/
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propagati.on rate ellipse; and selecting a plastic film having the
_ultrasonic wave propagation rate ellipse having the eccentricity of not
nore than 0.4. 15. The process according to claim 14, further
conprising the step of stretching the plastic filmbiaxially. 16. A
i process for producing a conposite sheet conprising the steps of: preparing
a conducting |ayer; preparing a plagyyc filmhaving a polarized m crowave
transm ssion intensity ellipse haviTg—an eccentricity of not

REPLACEMENT SHEET
26 FEB 1998
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17.

the plastic filmconprises the follow ng
point arbitrarily on the plastic film

27 steps:

nore than 0.55; and laminating the plastic filmand the conducting | ayer.
The process according to claim16, wherein the step for preparing

setting a reference
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.drawi ng a reference axis passing through the reference point in an
arbitrary direction on the plastic film neasuring polarized mcrowave
transm ssion intensities of the plastic filmin directions of electrical
fi el ds. of a polarized m crowaves having a neasurenment angle O w th respect
to the reference axis; plotting a set of distances fromthe reference

poi nt, representing nagnltudes of the gl ari zed m crowave transm ssion

intensities so
el l'ipse of the
m cr onwave

as to obtain the pol afizetnicrowave—transnisstonr—nhensi ty
ﬁl astic film  cal C6|8’11Ing the eccentricity of the poljari zed
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transnission intensity ellipse; and sel ecting a plastic filmhaving the the
pol ari zed m crowave transmission - intensity ellipse havi ng t he
gccentricity of not nore than 0.55. 18. The process according to claim
17, further conprising the step of stretching the plastic filmbiaxially.
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