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FLEXIBLE PRINTED CIRCUIT AND MANUFACTURING METHOD THEREFOR

BACKGROUND OF THE INVENTION

This invention relates to a flexible printed circuit of
a functional part used mainly in electric and electronic fields
and a manufacturing method therefor.

Hitherto, printed circuits rich in flexibility have
beén_commonly_called flexible printed circuits and generally
used in fields of electronics, etc. Generally, to form the
flexible printed circuit, a material film is stretched in two
directiéns of machine and transverse directions and two or more
plastic films are cut out to a predetermined size from the
stretched film.and are laminated on each other. The machine

and transverse directions mean longitudinal and lateral

directions of the material film. Fig. 16A shows an example of -

the flexible printed circuit. ‘A flexible printed circuit 1
comprises predetermined metal electric circuit 3 formed';n a
plastic film 4. made of polyimide, polyester, etc., (for a base
layer) by a printing technique, a subtractive method, or the
like and a plastic film 2 (for a cover layer) similar to the
plastic film 4 furthermore formed on the metal electric circuit
3. Generally, an adhesive is used to laminate the plastic
films 2 and 4 (laminate bond). An adhesive layer is not shown
in Fig. 16A.

Fig. 16B shows a generaI structure of the flexible

printed circuit. As shown here, the flexible printed circuit
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10 flexible printed circuit, a material filmis stretched in two
directions of machi ne and transverse directions and two or nore

plastic filnms are cut out to a predeterm ned size fromthe stretched
filmand are | am nated on each other. The nachine - ransyerse
directions nean longitudinal and lateral 15 directicnggéﬁfq i %ﬁﬁ%ﬂ
film Fig. 16A shows an exanpl e of the flexible Lt A
flexible printed circuit 1 conprises predeterm ned netal electric
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| ayer) by a printing technique, a subfracti

pl astic film4 furthernore formed on the metal el ectric

layer 8, and an adhesive layer 8 formed on a plastic film 2

(for a cover layer) with both plastic films 2 and 4 laminated
on each other with their respective adhes&ve layers 8 facing
each other. |

The flexible printed circuit, on which electronic parts
such as semiconductor devices are mounted, requires precision
of its shape. However, warpage called a curl as shown in Fig.

17A occurs in the manufacturing process of the flexible printed

circuit. That is, in manufacturing of the flexible printed

circuit, plastic films are laminated by pressurization and heat
treatment of laminate, etc., and in addition, heat treatment is
executed in curing a thermosetting adhesive, in a printing
process, etc. When the plastic film lamination (flexible
printed circuit) subjected to such heat treatment is restored
to room temperature,-a curl occurs. The curl bccurring on the
flexible printed circuit is not a simple curlllike warping in
one direction and is a. so~called twisted curl of Warping in
opposite directions " in two diagonal line directions on a
rectangular flexible printed circuit as shown in Fig. 1751
For example, sticking of a thick curl prevention film
is proposed as a methéd of preventing the flexible printed
circuit from curling in Japanese Patent Application No. Hei. 7-
95987. However, such a method somewhat suppresses curl .owing

to the tare weight of the curl prevention film and is not much
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3. GEneraIIy, an adhesive is used to lam nate the plastic films 2 and

4 (lam nate bond). An adhesive |layer is not shown in Fig. 16A. 25
Fig. 16B shows a general structure of the flexible THI® SHREP #iAS  § 58

As shown here, the flexible printed circuit REPLACED

2 conprises an adhesive |layer 8 fornmed on a plastirtrt+m<—fof

a base layer), netal electric circuit 3 forned on the adhesive | ayer

8, and an adhesive layer 8 formed on a plastic film2
effective for fundamental curl suppression; in addition, there

is a fear of impairing flexibility, an important property of
the flexible printed circuit. If flexibility is impaired, a
new problem that the essenfial'property of the flexibility

5 printed circuit cannot be satisfied occurs. Therefore, the
mefhod cannot fundamentally solve the curl problem and if curl
is suppressed, the essential performance of the flexible
printed circuit is not provided. |

Thus, curl occurrence raises a problem from the

.0 beginning of development of the flexible printed circuit and is
still an important problem to be solved at present after a
lapse of . about twenty years since that time. Providing
sufficient flexibility of the flexible printed circuit in
addition to suppressing curl occurrence is also left as an

5 important.problem tolmake the most of the essential performance
of the flexible printed circuit.

On the other hand, a comparatively thin reinforcing
plastic film (stiffener) to such a degree that it does not
impair flexibility is stuck on some flexible printed circuits

0 used at places where reasonable rigidity as well as flexibility
is required, such as connectors. 1In this case, as shown in
Fig. 26A, plastic films 2 and 4 and a reinforcing plastic film
7 usga with the flexible printed circuit differ in thickness
and material lot, thus the structure of the flexible printed

5 circuit becomes asymmetrical in the cross-sectional direction.

Such a flexible printed circuit of asymmetrical structure on
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(for a cover layer) with both plastic filnms 2 and 4 | am nated 5 on each

other with their respective adhesive |ayers 8 facing each ot her.

The flexible printed circuit, on which electronic parts such as

sem conduct or devices are nounted, requires precisior t e.
However, warpage called a curl as shown in Fig. 10 'P%E gzg' §ﬁ§%§?
manuf acturi ng process of the flexible printed O 08 i I n
manuf acturing of the flexible printed circuit, plastic filns ar e

| ami nat edwhy chr @Uiz idrt iy pRMtic £ilkl eah@e@tﬁk | g1 PRL EhefthSre and
in addition, heat treatnent is executed in curing a thernosetting

adhesi ve, disadvanitagieogs ¥rom @ Gteswl pddint ofWirit hecdlaséh€efi | m
| am nation (flexible
Further, to form flexible printed c1rcu1Ls, plastic
films are stacked via an adhesive layer and the plastic films
5 = in stacked relation are crimped for lamination. However, since
the plastic films, metal electric circuit, and the adhesive
layers vary in thickness, the entire flexible printed circuit
also varies in thickness; partially excessive préssure is
applied to the flexible printed circuit crimped under
10 mechanical pressure with a general press, etc., for extending
thelflexible printed - circuit itself in a transverse direction,

and the flexible printed circuits thus manufactured may vary in

performance, etc., in some cases.

15 SUMMARY OF THE INVENTION
It is therefore an object of the invention to provide
a flexible printed‘circuit whose cufl occurrence is prevented,
and a manufacturing method therefor.
According to a first aspect of the invention, there is
20 - provided a flexible printed circuit comprising two or more
plastic films laminated on each other, the two or more plastic
films being stretched in two directions of a machine direction
and a transverse direction, wherein two plastic films of the
laminated plastic films positioned on both outermost lgyers
5 have the following relationship: Two ellipses of coefficient

of linear expansion are created on coordinates in corresponding
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printed circuit) subjected to such heat treatnment is restored to room

tenperature, a curl occurs. The curl occurring on the flexible
printed circuit is not a sinple curl |ike warping in ,
and is a so-called twisted curl of warping in 20 op oyW§éﬁﬁ¥W¥ﬁﬁﬁﬁﬁﬁN ifn
two diagonal line directions on a rectangul ar fl RERLAGEDed
circuit as shown in Fig. 17B. For exanpl e, stlcklng of a
thick curl prevention film - .is proposed as a nmethod of preventing the
flexible a'rﬂ:tse@f £ilm ShEEAEESTEPMITEWd D1ids AP FI8HE B3 8Nne LRBY ?ﬁ ' on
No. Hei. 7- 95987. However, such a met-hod sonmewhat “suppresses

oW ng destdi:ltﬂaﬁl b%ﬂ.@wWéhdhér@meé@l&p';Béd HEeveRd ¢hdy h@t@'ﬂdlhchHEeF“Ch
point and coordinate axes X and Y. At this time, the maximum
value of a linear expansion coefficient difference between the
5 two plastic films is equal to or less than 1.4 # 104.(1/°C):
(A) comprising the steps of defining a predetermined
base point P on the film surface of the plastic film, measuring
a coefficient of linear expansion at a position separate from
an arbitrary axis in angle 6 direction on the first and second
10 resin films, the arbitrary axis being selected on the first and
second resin films so as to pass through the base point P with
the base point P.as a center and direct an arbitrary direction,
on the other hand, preparing a coordinate system with the
arbitrary axis as a Y axis and an axis crossing the Y axis at
L5 90 degreés as an X axis, in this coordinate system, defining an
intersection of the X and Y axes as the base.point P in the
linear éxpansion coefficient measurement and magnitude of a
linear expansion coefficient measurement value as distance r
from the base point P, then plotting a tip point of this
20 distance r in the measurement angle § direction with respect to
the Y axis, plotting it multiple times by changing the
measurement angle 6, and drawing an analysis line throughout
360-degree directions with the base point P as the center so as
to pass through average points of the plotted points for
5 creating an ellipse.

According to the invention, there is provided a

- 5 - This Sheet Has Been Replaced
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Is a fear
flexible printed circuit. |If flexibility is inpaired|, THIS SHEET mVsRE

that the essential property of the flexibility 5 ri nt REPCACEI T C
be satisfied occurs. Therefore, the met hod cannot T undamert-at-

effective for fundanental curl suppression; in addition, there

of inpairing flexibility, an inportant proTZiLy of t he

solve the curl problemand if curl i s suppressed, the essentia
per f ormance of the flexible printed circuit is not provided.

Thus,
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Cur|f1%§ﬁ‘ﬁlre9%qﬁ@c§%?£&tﬂr@@%ff§fﬂé N&vo or more plastic films

laminated on each other, the two or more plastic films being
stretched in two directions of a machine direction and a
transverse direction, wherein two plastic films of the
laminated plastic films positioned on both outermost layers
have the following relationship: When two ellipses of
coefficient of linear expansion are created on coordinates in
cofresponding parts of film surfaces of the two plastic films
by the method (A) described above and are overlapped so that
they match in center point and coordinate axes X and Y, the
total area of portions where the ellipses do not overlap is
equal to or less than 6.5 x 107'° [(1/°C) x (1/°C)].

According to the invention, there is provided a
flexible printed circuit comprising twé or more plastic films
laminated on each other, the two or more plastic films being
stretched in two directions of a machine direction and a
transverse direction, wherein two plastic films of the
laminated plastic films positioned on both outermost layers
ha&e the following relationship: When ultrasonic propagation
velocity ellipses are created on coordinates in corresponding
parts of film surfaces of the two plastic films by a method (B)
described below and are overlapped so that they match in center
point and coordinate axes X and Y, a shift angle difference
between crystal orientation main axeé of the ellipses (a0) is
within 30 degrees: |

(B) comprising the steps of defining a predetermined
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10 begi nni ng of devel opnent of the flexible printed circuit and is
still an inportant problemto be solved at present after a ~  |apse of
about twenty years since that tine. Provi di ng _sufficient
flexibility of the flexible printed circuit in afidiHI$ GHEED HAS BEEN
suppressing curl occurrence is also left as an 15 il mpor t REALAGEDDI em {0
make the nost of the essential performnce of the TTexrble printed
circuit. On the other hand, a conparatively thin reinforcing
pl astic fid4ed Pdiffterebh tReSHEimd WL @e dhathd tpl%e;%d“@tllm, measiRahg
flexibility is stuck on sone flexible printed circuits used at plraces
wher e reasonabtrasomidipyopsga®idn aseldextPiatty pOSltlbﬁ ééﬂHté@@ £eph as
connectors. In this case, as shown in Fig. 26A, plastic filnms 2 and
4 and a r eémfaorkditmpqyt astiisc in lamgle 6 direction on the first and second

resin films, the arbitrary axis being selected on the first and
5 second resin films so as to pass through the base point P with
the base point P as a center and direct an arbitrary direction,
on the other hand, preparing a coordinate system with the
arbitrary axis as a Y axis and an axis crossing the Y axis at
90 degrées as an X axis, in this coordinate system, defining an
10 intersection of the X and Y axes as the base point P in the
ultrasonic propagétion velocity measurement and magnitude of a
ultrasonic propagation velocity measurement value as distance
from the base point P, then plotting a tip point of this
distance r in the measurement angle @ direction with respect to
15 the Y axis, plotting it multiple times by changing the
measurement angle 6, and drawing an analysis- line throughout
360-degree directions with the base point P as the center so as
to pass through average points of the plotted points for
creating an ellipse having a crystal orientation main axis in
20 a long-axis direction and a crystal orientation subaxis in a
short-axis direction.

In the flexible printed circuit as described, the two
plastic films of the laminated plastic films positioned on both
the outermost'layers may be laminated on each other with the

'5 same surfaces of the two plastic films facing each other.

Further, in the flexible printed circuit as described,
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7 used with the flexible printed circuit differ in thickness and

mat eri al

| ot, thus the structure of the flexible printed 25 circuit

beconmes asymmetrical in the cross-sectional direction. —Sueh-2a

flexible printed circuit of asymetrical structure on

4

THIS SHEET HAS BEEN
which the reinforcing plastic film7 is stuck-is fREALAEERDr e

di sadvant ageous from a stand point of curl occurrence.

Furt her,

LO

to formflexible printed circuits, plastic
metal electric circuit is formed in at least one of Lwo or more

laminated plastic films stretched in two directions of a
machine direction and a transverse direction and wherein a
product of thickness and tensile modulus of the metal electric
circuit is 500 kg/mm or less.

According to the invention, there is provided a
flexible printed circuit comprising two or more plastic films
laminated on each other, the twb or more plastic films being
stretched in two directions of a machine direction and a
transverse direction, and having a board face on which a
reinforcing plastic film is stuck, wherein a plastic film of
the laminated plastic fi;ﬁs positioned on an outermost layerlon
a side where the reinforcing plastic film is not stuck and the
reinforcing plastic film have the following relationship: Two
ellipses of coefficient of linear expansion are created on
coordinates in corresponding parts of film surfaces of the two
plastic films by the method (A) described above and are
overlapped so that they match in center point and coordinate
axes X and Y. At this time, the maximum wvalue of a linear
expansion coefficient difference between the two plastic films
is equal to or less than 1.4 x 10-° (1/°C).

According to the invention, there is provided a
flexible printed circuit comprising two or more plastic films
laminated on each other, the two or more plastic films being
stretched in two directions of a machine direction and a

transverse direction, and having a board face on which a

- This Sheet Has Been Replaced -8 -




films are stacked via an adhesive layer and the plastic filns 5 I n
stacked relation are crinped for |Iamnation. However, since t he
plastic filnms, metal electric circuit, and the adhesiyve | ayers_vary
in thickness, the entire flexible printed circuit THE SHEBTHHASSEEN
t hi ckness; partially excessive pressure is appl} ed t ®ephecHD exi blje
printed circuit crinped under 10 nmechani cal pressure With a general
press, etc., for .extending the flexible printed circuit itself in a
tranSVerSQéﬂﬁﬁﬁﬁdﬁHh plasti@ngliimei§l exbke RhdHeath | retidSid NESim 18f
manuf actured may vary in performance, etc., in so cases. 15
SUMVARY Ot hEHE ahlWHENEdD1astic films poéitiénédi'%r@faqf duR ralisCl a9kt BR
i nvention to provide :

a side where the reinforcing plastic film is not stuck and the

reinforcing plastic film have the following relationship: When
5 two ellipses of coefficient of linear expansion are created on

coordinates in corresponding parts of film surfaces of the two
plastic films by the method (A) described above and are
overlapped so that they match in center point and coordinate
axes X and Y, the total area of portions where the ellipses.do

10  not overlap is equal to or less than 6.5 x 107'° [(1/°C) x
(1/°C)7J.

According to the invention, there is provided a
flexible Printed circuit comprising two or more plastic films
laminated on each other, the two or more plastic films being

15 stretched in two directions of a machine direction and a
transverse directioﬂ, and having a board face on which a
reinforcing plastic film is stuck, wherein a plastic film of
the laminated plastic films positioned on an outermost layer on
a side where the reinforcing plastic film is not stuck and the

20 reinforcing plastic film have the following relationship: When
ultrasonic propagation velocity ellipses are created on
coordinates in corresponding parts of film surfaces of the two
plastic films by the method (B) described above and are
overlapped so that they match in center point and coordinate

25 axes X and Y, a shift angle difference between crystal

orientation main axes of the ellipses (a80) is within 30
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a flexible printed circuit whose curl occurrence is prevented, and a

manuf acturing net hod therefor. According to a first aspect of
the invention, there is 20 . provided a flexible printed circuit
conprising two or nore plastic filnms |anmi nated on _each other, the two
or nore plastic films being stretched in two direassARgr gl ﬁ%ﬁ i ne
direction and a transverse direction, wherein fwo phﬁﬁihﬁgg 5 pf

t he - | am nated plastic filnms positioned on bot h~ourermost—-ayersd 25
have the fqldraddg relationship: Two ellipses of coefficient of

| i near expansion are created on coordi nates in correspondi ng
In the flexible printed circuit as described, a

plurality of plastic films stacked via an adhesive layer may be
temporarily crimped by a roll laminate method in stacked

5 relation and then pressurized under gas pressure in an
autoclave and crimped.

According to the invention, there is provided a method
of manufacturing a flexible printed circuit comprising the
steps of stacking a plurality of plastic films via an adhesive

10 layer, temporarily crimping the stacked plastic films by a roll
laminate method in stacked relation, and then pfessUrizing them
under gas pressure in an autoclave, thereby crimping them.

In the above methods (A) and (B), an arbitrary axis is
selected arbitrarily on the two plastic films, and a coordinate

15 system with the arbitrary axis as a Y axis and an axis crossing
the Y axis at 90 degrees as an X axis is prepared. However, it
is allowed to settle an axis of the machine direction of
plastic film stretch as the Y axis and an axis of the
transverse direction of plastic film stretch as an X axis.

© 20 In the invention, the coefficient of linear expansion
o is derived as follows: When a plastic film is heated, it
expands in response to the characteristics of the plastic film.
At this time, the coefficient of linear expansion o can be
found according to the following expression (1) from the change
5 ratio of the length of the plastic film, p, to temperature t at

the measurement time (dp/dt) and the length of tﬁe film, p0, at

10 . heet Has Been Replaced
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parts of filmsurfaces of the two plastic filnms by a nethod (A) _
descri bed bel ow and are overl apped so that they match in center poi nt

and coordinate axes X and Y. At this time, the maxi a

| i near expansion coefficient difference between the Tﬂgsigﬁﬁ?c@i§§F films
Is equal to or less than 1.4 x 10[err] (1/[err]O):

conprising the steps of defining a. predeterm ned base poi nt P on the
filmsurface of the plastic film measuring a coefficient of linear

expansi on gtca REYaKONBSEPRA 2k EsEhER FI e80+88PI8Y aYpBEhS HdyAEEA

[err] dlrectlon on the first and second
published by Maruzen Shuppan).

o= 1/p,x dp/dt e (1)
However, the coefficient of linear expansion o mentioned in the
5 invention refers to that in region ‘of glass transfer
temperature of plastic film (Tg) or less. Since Tg of the

plastic films to which the invention is applied is in the
temperature range exceeding the room temperature (about 23°C)
and a twisted curl becomes a problem in a temperature region
10 near'the room temperature, the coefficient of linear expansion
at Tg or softening point or less becomes the target. Tg of
" polyimide films is 300°C or more, which exceeds the operating
temperature range, and does not clearing appear, thus the
necessity for considering Tg of polyimide films is small.
15 In the invention, the fotal area of portions where
~ellipses do not overlap (C) is defined by the following"
expression (2) representing the integral value of linear
expansion coefficient square value differences (aac). That is,
in the invention, the total area of portions where ellipses do
20 not overlap (C) is synonymous with the integral value of linear
expansion coefficient square value differences (aac). In the
following expression (2), 0 is a linear'expansion coefficient
measurement angle with the axis of the machine direction of

stretch as the reference and aac (@) is defined by the

25 following expression (3). The ellipses in the invention
contain perfect circles.
I —
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10 resin filns, the arbitrary axis being selected on the first and
second resin filnms so as to pass through the base point P with t he

base point P as a center and direct an arbitrary dire L 7151 poemmnpe s
ot her hand, preparing a coordinate systemwth the ar%fl}g A*guéa slas

a Y axis and an axis crossing the Y axis at 15 90 . S,
in this coordinate, systeth defining an I ntersection of the X and Y
axes as the base &)Fn%/:bf A (Bdo -(2)near expansi on coefficient

measur enent and nagni tude of a | i near expansi on coefficient

measur enent val ue | stanae,.r 2 romthe base point P, then plotting
a tip point of thlAga(éo— laﬁi &)aﬁcre (re)i{] t he "H8asur enent angle [err]

direction with respect to the Y axis, plotting it nultiple tines by
changi ng the FuffERgY!, erfiY angtesOnian@rdpayatd A f0BbY sty linNethe

t hr oughout

' invention refers to a measurement value of the propagation time

5 (s) or the propagation velocity (m/s) when a ultrasonic pulse
(frequency: 25 MHz) is passed through a plastic film and
propagates in the plastic film at a predetermined distance.

In the in?ention, the flexible printed circuit is not
limited if it comprises two or more plastic films laminated

10 (laminated and bonded) and is intended for use as a printed
circuit. Therefore, in the invention, printed circuits not yet
?ormed with metal electric circuit or those formed with a metal
thin film before formation of an electric circuit pattern are
also contained in the flexible printed circuits.

L5 In the invention, the expression "both the outermost
layers" of "two plastic films positioned on both the outermost
layers, of laminated plastic films" does not mean both the
outermost layers of the flexible printed circuit and is used to
mean both the outermost layers in the plastic film laminate.

0 Therefore, for example, if a flexible printed circuit comprises
a shielding layer formed on a plastic film laminate by
painting, printing, etc., the shielding layer is not contained
in "both the outermost layers" in the invention. Even for a
flexible printed circuit on which a reinforcing plastic film is

5 stuck, if the reinforcing plastic film is contained in a

plastic film laminate and is stuck on the board face, it forms

o
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360-degree directions with the base point P as the center so as to
pass through average points of the plotted points creating an

el lipse. - According to the |nvent|dﬂﬂsSHg e & OV|ded
a 6 :

circuit conprising two or nore plastic filns ot her
the two or nore plastic filnms being stretched in two dlrectlons of a

“machine direction and a
one of "both the outermost layers" in the invention.

In the invention, the expression "curl suppression"”
refers to the case where the curl degree (%) defined below
becomes 5% or less. Assume.that the length of the long side of

5 the smallest rectangle in which a flexible printed circuit is
inscribed is the longest 1length of the flexible printed
circuit, L. Fig. 14 shows an example of smallest rectangle 21
in.which a flexible printed circuit la like a substantial V-
shape is inscribed. As shown here, in the flexible printed

10 circuit la; the length of the long side of the rectangle 21
indicated by the dotted line becomes the longest length L. As
shown in Fig. 15, one end of the flexible printed circuit la is
fixed to a reference plane 6 and the height of the maximum
warpage of the flexible printed circuit la from the reference

15 plane 6, h, is found and is defined as curl amount h. The
pefcentage of.the.curl amount h to the longest length of the
flexible printed circuit, L, namelf, (h/L) x 100 is defined as
the curl degree (%).

Iﬁ the invention, the tensile modulus is a value

20 indicating the rigidity of a metal thin film forming metal
electric circuit and refers to elastic stress per unit elastic
strain (kg/mm?). It is measured as follows: When a
predetermined load is imposed on a metal thin film (metal foil)

forming metal electric circuit with a tensile tester and

:5 constant elastic strain is given, the elastic stress is
measured as the tensile modulus. The tensile modulus is
laced - 13 -
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transverse direction, wherein two plastic filns of the 5 | am nat ed
plastic filnms positioned on both outernost |ayers have the
foll'owing relationshinp: Wen two ellipses of coefficient of

| i near expansion are created on coordinates in THIS ISEEPD MASREBdaf t s of
filmsurfaces of the two plastic filns by the|net hoRERLACEBescri bed
above and are overl apped so that 10 they match in center point and
coordi nate axes X and Y, the total area of portions where the

el lipses deedotredesie nétal foilequak EAnObel €58dtAaNa Gy calllWide as
[(1/[err]C) x (1/[err]O]. According to the invention, there
I S provi detha tensilé|mxdibles psf rd ewktd Y i itn CROIMAW ] i) dadd B wBIE avledsSt i C
films 15 | am nat ed on each other, the two or nore plastic filns being
stretched ifi awbitinretheonthah metathfoéldi sechi as and ewaporation film,

is formed as the metal thin film of metal electric circuit. 1In
5 this case, preferably the composition of metal foil used
instead is made the same, the same heat history is given, and
the resultant crystal state, etc., is set like the metal thin
film of the actual flexible printed circuit;
Next, the technical philosophy of the invention will be
10 discussed.
To solve the problem of curl occurrence of flexible
printed circuits, the inventor et al. first carried out a
detailed analysis of the cause of curl occurrence of flexible
printed circuits. As a result, the inventor et al. have found
15 that curl occurrence is caused by the linear exﬁénéion :
coefficient difference between plastic films. If different
materials are laminated, it can be easily imagined that warpage
(curl) occurs because they differ in coefficient of linear
expansion. Normally, flexible printed circuité use plastic
20 films (for example, base and cover layer films) made of the -
same material and therefore formerly it was considered that the
plastic films made of the same material do not differ in'
coefficient of linear expansion. However, the inventor et al.
actually measured coefficients of linear expansionin detail
.25 and found that the plastic films of each flexible printed

circuit differ in coefficient of linear expansion. Nobodies in

This Sheet Has Been Replaced - 14 -




transverse direction, wherein two plastic filns of the | am nat ed.
plastic filnms positioned on both outernost |ayers have the foll ow ng
rel ati onshi p: When ultrasoni c propagation 20 velocity ellipses are
created on coordinates in correspondi ng parts of filmsurfaces of the
two plastic filns by a nmethod (B) descri bed Pehfvwst s semer|l apped
so that they match in center poi nt and coor dj nat e pgresced and Y, a
shift angle difference bet ween crystal orientattTomman axes of the
el lipses (dis rﬂﬁekﬁal@%rlﬂ\té&"@l@{%ﬁ@%ﬁ@ﬁd found this knoWwBbdg@8MAAHiL$INY
the steps of defining a predeterm ned

the inventor et al. found it.

The inventor et al. continued to examine the linear

expansion coefficient difference and found. that each

5 bidirectionally stretched plastic film used with a flexible
printed circuit shows anisotropy in its coefficient of linear
expansion. That is, a predetermined base point P is defined on

the film surface of the plastic film and the coefficient of
linear expansion in angle 0 direction with respect to the axis

10 of the machine direction of plastic film stretch passing
through the base point P with the base point P as the center is
measured. On the other hand, a coordinate system with the axis

of the machine direction of plastic film stretch as a Y axis

and the axis of the transverse direction of plastic film

15 stretch as an X axis is prepared. In this coordinate system,
the intersection of the X and Y axes is defined as the base
point P in the linear expansion coefficient measurement and the
magnitude of the linear expansion coefficient measurement value

is defined as distance r from the base point. P, then the tip

20 point of this distance r is plotted in the measurement angle 6
direction with respect to the Y axis. It is plotted multiple
times by changing the measurement angle 0 and an analysis line

is drawn throughout 360-degree directions with the base point

P as the center so as to pass through average points of the

15 plotted points. Then, an ellipse as shown in Fig. 1 is
provided. In the figure, MD denotes the axis of the machine
Sheet Has Been Replaced - 15 -

T



7 base point P on the filmsurface of the plastic film measuring
a ultrasonic propagation velocity at a position separate from an
arbitrary axis in angle [err] direction on the first a -
films, the arbitrary axis being selected on the first
resin filnms so as to pass through the base point P wt
point P as a center and direct an arbitrary direction, on the other
hand, preparing a coordinate systemwth the arbitrary axis as a Y
axi s and anreeitson @ISidtardtth Y 2XdSid] and TDY98eHBEERELRS A, sX c?f('§he' n
this coordinate system deflnlng an 1 i ntersection of the X and Y axes
as the baseapeieirsE idirdttion of stretch (X axis). Solid line arrow A

indicates the crystal orienﬁation,main axis of the plastic film

and dotted line arrow B indicates the crystal orientation

5 subaxis of the plastic film. Also, B is a linear expansion

coefficient measurement angle with respect to MD. r represents

the linear expansion coefficient magnitude as a distance from

the base point P and has a tip ploéted with O. Such plotting

is called polar coordinate plotting. As seen from the ellipse

10 provided by the polar coordinate plotting (see Figqg. 1),

- normally the crystal orientation main axis of the plastic film

(arrow A) becomes a direction inclined from the machine

direction of stretch (MD) and the coefficients of linear

expansion also vary depending on the direction- (anisotropy)

LS because of anisotropy of the crystal orientation. Resultantly,

it is considered that the analysis line of the coefficients of

linear expansion of the bidirectionally stretched plastic film
shows an ellipse.

Next, as shown in Fig. 2, when ellipses on coordinates

0 provided for two stretched plastic films made of the same

material are overlapped so that they match in center point and

coordinate axes, it is seen that the two plastic films differ

in crystal orientation direction and coefficient of linear

expansion in parts (directions). Normally, a raw material film

5 is stretched in two directions, from which plastic films used

with a flexible printed circuit are cut out to a predetermined

= - ThlS Sheet Has Been Replaced:
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ul trasoni c propagation velocity neasurenent and magni tude of a
ul trasoni ¢ propagation vel ocity neasurenent val ue as.distance. from

the base point P, then plotting a tip point of this | THIS SREEStRARCBEEN iin t he
measurement angle [err] direction with respect to 15 tREPLACEKXis, |

plotting it multiple tinmes by changing the measur enent angl e O,
and drawi ng an anal ysis |ine throughout 360-degree directions wth
the base point P as the center so as to pass through average points

of the platted ﬁe%' Wetor®, she resgswwgl gﬂge{;ié DpecnRYiRg aa&éyéfaéhe

ori ent at 3% Sitai ong- |on an

orientati QRS LS d 1 lffer 1ﬁh9655§¥%he éﬁgiéﬁncoeff1c1ent may | Pethe

flexible™printe CIrCUI as descri
that the stress applied when the plastlc film is stretched in

two directions varies from one part of the plastic film to
5 another.

The inventor et al. examined a method for controlling
the linear expansion characteristic difference between the
plastic films provided when ellipses created by polar
coordinate plottiné are overlapped and suppressing curl

0 occurrence of flexible printed circuits. In the process, the
inventor et al. hit on an idea of using indexes of the maximum
value of the linear expansion coefficient difference (aa) and
the total area of portions where ellipses do not overlap (C)
and répeated various experiments based on the idea.

5 Resultantly, the inventor et al. have found that if the maximum
value of the linear expansion characteristic difference (ax)
provided when ellipses created for two pléstic films positioned
on both the outermost layers, of two or more laminated plastic
films making up a flexible printed circuit are overlapped is

0 equal to or less than 1.4 x 107 (1/°C), curl occurrence of the
flexible printed circuit is suppressed. Likewise, the inventor
et al. have found that if the total area of the portions where
the ellipées do not overlap when they are overlapped (C) is set
equal to or less than 6.5 x 107! [(1/°C) x (1/°C)], curl

5 occurrence of the flexible printed circuit is also suppressed.

The point to be noted is that only the two plastic

__~_—_~____________
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plastic filnms of the lam nated plastic filns positioned on both t he
outernpst | ayers may be | am nated on each other wwth the 25 sane
surfaces of the two plastic filnms facing each other. Furt her,
in the flexible printed circuit as descri bed, THIS SHEET HAS BEEN
8 metal electric circuit is fornmed in at | epst ongpphcgmo oOr |nore
| am nated plastic filns stretched in two directions of—= merct
direction and a transverse direction and wherein a product of

thiCknessfffﬁstEB%E&?OH@deﬁsEgtﬁh@hgebﬁke?ﬁggﬁiféyers, of laminated

plastic films making up the flexible printed circuit need to

satisfy at least one of the two conditions. Theréfore, a
plastic film positioned on an intermediate layer need not be
5 considered. .

Next, examples of the experiment results from which the
predetermined values were derived are shown in graphs of Figs.
4 and 5. In the experiments, the curl amounts were measured by
the above-described method and the coefficients of linear

.0 expansion were measured by TMA (thermal mechanical analysis).
The maximum value of the 1linear expansion coefficient
difference (aa) and the total area of portions where ellipses
do not overlap (C) were derived by a method described later.

The graph of Fig. 4 represents the relationship between

5 the ratio between the curl amount and length [curl degree (%)]
and the maximum value of the linear-expansion coefficient
difference (ax). As shown here, it is seen that both indicate
a lineér relationship and that the maximum value of the linear
expansion coefficient difference (aa) at which curl occurrence

] is reliably suppressed (the curl degree is 5% or less) is 1.4
x 107 (1/°C).

On the other hand, the graph of Fig. 5 represents the
relationship between the ratio between the curl amount and
length [curl degree (%)] and the total area of portions where

5 ellipses do not overlap (C). As shown here, it is seen that

both indicate a relationship like a quadratic curve and that

heet Has Been Replaced
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5 circuit is 500 kg/mm or | ess. According to the invention,

there is provided a flexible printed circuit conprising two or nore
plastic filns | am nat ed on each other, the two or nore plastic filns
bei ng stretched in two directions of a nachi Hergisregiransepeena | 10
transverse direction, and having a board face on wHich AREPLACED
reinforcing plastic f|In1|s stuck, wherein a plastic—firtmrof —the

| am nat ed plastlc filns p05|t|oned on an out er nost Iayer on a side

wher e t het t1c 'a%%apB?S%bEtﬂmllg] wl’?eggt%ff Uﬁé(ﬁﬁr}{io r&q?: quaéjegcgf gr cing

plastic f| ave t relations

coeffici q\gh&f édf@%e&%&ﬁfén}fésuﬁéirfef{f@ijﬁds%ressed ?Qﬂédbﬂgieaebgee

correspondi'ng parts of aces
is 5% or less) is 6.5 x 107'% [(1/°C) x (1/°C)].

The two indexes of the maximum value of the linear

5 expansion coefficient difference (aa) and the total area of

portions where ellipses do not overlap (C) can and should be
used at the same time.

Further, the inventor et al. thought that an index for

furthermore facilitating control of the linear expansion

0 .characteristic difference might exist and repeated examinétion

based on the knowledge that anisotropy of the coefficients of

linear expansion as described above is caused by the fact that

the stress applied when a plastic film is stretched in two

directions varies from one part of the plastic film to another

5 and thus the stretch coefficient varies from one part to

another. The inventor et al. supposed that since a

bidirectionally stretched plastic film is high in crystal

orientation degree in high stretch coefficient direction and

the material strength of the plastic film itself raises, its

0 Young’'s modulus might also increase. Further, since the

Young’s modulus of each plastic film (E) and the ultrasonic

propagatlon velocity in the plastic film (S) show a correlatlon

as indicated by general expression (4) given below, tﬁe

inventor et al. hit on an idea that there might be a

5 correlation between the coefficient of linear expansion (a) and

the ultrasonic propagation velocity (S), and repeated various

This Sheet Has Been Replaced
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plastic films by the nethod (A) descri bed above and are - overl apped

so that they match in center point and coordi nate axes X and Y. At
this time, the maxi numvalue of a linear 20 expansi on coefficient
difference between the two plastic filns i s [ofmRlsifERT AAs SN § han
1.4 x 10[err] (1l/[err] Q. Accordi ng tjo théﬁﬁ%nﬂﬁ@ﬂ on, fhere
I's provided a flexible printed circuit conprvst '
plastic filns | am nat ed on each other, the two or nore plastic filns

CenD e BB bl 1 U AGE ReByTRRRLIS S b o
al. have found that the ultrasonic propagation velocity (S) and
the coefficient of linear expansion (a) of a bidirectionally
stretched plastic film show an extremely good correlation and

5 that the ultrasonic propagation velocity (S) can be used as an
index indicating the coefficient of linear expansion (a).
EopS? - (4)
where p is the plastic film density.
An example of the experiment results from which the
0 correlation was derived is shown in a graph of Fig. 34. 1In the
experiment, the coefficients of linear expansion were measured
by the above-mentioned TMA (thermal mechanical analysis) and
the ultrasonic propagation velocities were measured with SST
[sonic sheet tester, ultrasonic propagation velocity measuring
5 instrument (on sale from Nomura Shoji Kabusikigaisha)]. As
shown in Fig. 34, it 1is seen that'both indicate a linear
relationship and shows an extremely good correlaﬁioﬁ.
The inventor et al. continued to examine the ultrasonic
propagation velocities and can recognize that bidirectionally
0 stretched plastic films used with flexible printed circuits
show anisotropy in the ultrasonic propagation velocities as
with the linear expansion coefficients. .That is, when a
predetermined base point P was defined on the film surface of
a plastic film, a polar coordinate system was set, ultrasonic
5 propagation velocities were measured thrdﬁghout 360-degree

directions with the base point P as the center, and an analysis

- 20 - . This Sheet Has Been Replaced




9 reinforcing plastic filmis stuck, wherein a plastic film of
the lamnated plastic filns positioned on an outernost |ayer on a

side where the reinforcing plastic filmis not stuck and-ithe
reinforcing plastic filmhave the follow ng reIatlons1ﬂbﬂsﬁﬁﬁﬁrHA§BEﬁyw

el lipses of coefficient of |inear expansion are creat ¢d _on REPLACED
coordi nates in corresponding parts of filmsurfaces of the two
plastic films by the method (A) described above and are over | apped so
that they m&hwad C@dwi B8 Nin a'%ﬂeco%éur@-aéléscrlbedaxﬁ%\@%@ngxéangti'SF
total area of portions where the ellipses do 10 not overlap 1S equal to
or less thesefficiedd|wesbuléméhelrhk) ellipse as shown in Fig. 27 was

O

provided on the coordinates. At this time, arrow A in the

long-axis direction of the ellipse indicates the crystal

S orientation main axis of the plastic film and likewise arrow B

in the short-axis direction of the ellipse indicates the

crystal orientation subaxis of the plastic film. As seen from

the ellipse provided by the polar coordinate plotting (see Fig.

27), the crystal orientation main axis of the plastic film

10 (arrow A) becomes a direction inclined from the machine

direction of stretch (MD) and the ultrasonic propagation

velocities also show anisotropy because of anisotropy of the
crystal orientation.

The inventor et al. examined a method for controlling

15 the ultrasonic propagation velocity (namely, linear expansion

characteristic) difference between the plastic films providgd

when ellipses created by polar coordinate plotting are

overlapped and suppressing curl occurrence of flexible printed

circuits. Resultantly, the inventor et al. have found that

20 when ellipses creéted for two plastic films positioned on both

the outermost layers, éf two or more laminated plastic films

making up a flexible printed circuit are overlapped, as shown

in Fig. 28, if the shift angle difference between crystal

orientation main axes of the ellipses (a0) is within 30

’5 degrees, curl occurrence of the flexible printed circuit is
suppressed.
This Sheet Has Been Replaced 21 -




(1/[err]Q]. According to the invention, there is provided a
flexible printed circuit conprising two or nore plastic filns
| am nated on each other, the two or nore plastic fi J 3

. . : : : . HAS BEEN
stretched in two directions of a machine direction ar?ng%g§§;CE ransver se

direction, and having a board face on which a e+-rf-ererag—ptasti ¢
filmis stuck, wherein a plastic film of the lamnated plastic filns
positioned on an outernDst | ayer on a side where the reinforcing

plastic filmis ngt s ﬁk\c;\;nﬁ'iahezs;?@ ?régéﬂégrﬁﬁélgr&i@éiéﬁsﬁLﬁn&@@w@eﬁhe

fol l owing rel ations | rasoni ¢ propagation velocity
ellipses U 5o a%%e%e%een ltheceewlaﬁésﬁtlan&qéﬁ eﬁnr(dwslp@ééﬁe@f ($i1

surfaces plastic filns by the net descri bed a ove
and are and the Shlft angle difference between crystal orientation main
axes (a0). As shown here, it is seen that both-indicate a
5 linear relationship and that the maximum value of the shift
angle difference between crystal orientation main axes (aB) at
which curl occurrence is reliably suppressed (the curl degree

is 5% or less) is 30 degrees.

The shift angle difference between crystal orientation

10 main axes (aB) can be used instead of the two indexes described
above of the maximum value of the linear expansion coefficient
difference (ac) and the total area of portions where ellipses
do not overlap (C), and two or all of them can also be used
together.

15 If the shift angle difference between crystal
orientation main axes (a0) is used, only the two plastic films
positioned on both the outermost layers, of laminated plastic
films making up the flexible printed circuit need to satisfy
the condition and a plastic film positioned on an intermediate

20 layer need not be considered as in the case where the maximum
value of the linear expansion coefficient difference (ac) and
the total area of portions where ellipses do not overlap (C)
are used as indexes.

Hereupon, as described above, one of the three

25 conditions, that is, the maximum~value of the linear expansion

coefficient difference (ax), the total area of portions where
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overl apped so that they match in center point and coordinate 25 axes X
and Y, a shift angle difference between crystal orientation main
axes of the ellipses ([err]) is within 30

10 degr ees. In the flexible prg
descri bed, a plurality of plastic filnms stacked
| ayer may be tenporarily crinped by a roll | am]
st acked

ircuit as

ellipses do not overlap (C), and the maximum value of the shift

angle difference between crystal orientation main axes (a0) are

satisfied by only the two plastic films positioned on both the

outermost layers. Therefore, the directions of the coordinate

5 axes of the ellipses may be selected arbitrarily on the plastic

film. In other words, thé Y axis of the coordinate is not

limited to the machine direction of the plastic film. After

the Y axis and the X axis are settled in the arbitrary

directions to prepare the coordinate system, the ellipses are

0 created on such coordinates. The two plastic films positioned

on both the outermost layers may be selected by using the above
ellipse and three conditions.

Next, in the invention, to laminate two or more plastic

films, the two plastic films positioned on both the.outermost

.5 'layers may have the same surfaces thereof faced each other.

Normally, the surface and rear face of a plastic film cut out

from a raw material film stretched in two directions differ

plainly in surféce (rear face) state of wet property,

coarseness, etc. Therefore, if the two plastic films

'0 positioned on both the outermoét layers are placed in a state

in which the same surfaces face each other as described above,

the rear faces of the two plastic films exist on the surface

and rear face of the flexible printed circuit and the surface

and rear face of the flexible printed circuit become the same

5 state. This eliminates the need for considering the difference

between the surface and rear face to apply various treatments

This Sheet Has Been .Replaced
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5 relation and then pressurized under gas pressure in an

aut ocl ave and cri nped. According to the invention, there is
provi ded a net hod of manufacturing a flexible prlnted ci rcuit
conprising the steps of stacking a plurality of f n
adhesive 10 | ayer, tenporarily crinping the st acked 'ggﬁlﬁ%é;AH gl%?ﬁéi
roll | ami nate nmethod in stacked relation, and th, PH-8S-SH-—Zi-1g

under gas pressure in an autoclave, thereby crinping them

I'n the abqye ¢! hodscie P {Rla ArAIDLL reky KESctSof enhaf8LR§! RErk
arbitrarily on the two plastic filns, and a coordinate 15 systemw th

the arbit reafrmcg@@rﬁ:ya,s gxd. A S @ﬂ;ﬁ@bdﬁxl S Crossing the Y axis at 90
degrees as an X axis is prepared However, it is allowed to settle an
axis of the nmachi ma dthectimrertfion, the surface and rear face of a
plastic film are determined appropriately; for example, to cut
5 a raw material film, the upper face can be made the surface.and
the lower face can be made the rear face. For example, as
shown in Fig. 21, the upper face of a raw material film 10 is
made a surface 9 and two plastic films 2 and 4 are cut out from
the raw material film. Each of the plastic films 2 and 4

10 comprises the same surface 9 as the raw material film 10. As
shown in Fig. 223, the plastic films 4 and 2 are overlapped
with their surfaces 9 facing each other. Fig. 22B is a
sectional view to show a state of overlapping tﬁe plastic films
2 and 4 with their éurfaces 9 facing each other.

15 Next, in the invention, to prevent curl occurrence and
provide sufficient flexibility, the physical property of metal
electric circuit of a flexible printed circuit is specified by
a special index (KX) originally fouhd by the inventor et al.
That is, metal electric circuit, which is the main component of

20 a flexible printed circuit, largely affecﬁs flexibility of the
flexible printed circuit. Then, the inventor et al. carriéd
out a detailed analysis on the cause for producing flexibility
for the metal electric circuit, and found that the tensile

modulus and thickness of the metal electric circuity are the

25 main factors affecting .flexibility of the flexible printed
circuit. When continuing furthermore examination on the
_—-—_____—_’_______
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plastic filmstretch as the Y axis and an axis of the transverse

direction of plastic filmstretch as an X axis. 20 In the

i nvention, the coefficient of |inear expansion a is derived as
follows: Wen a plastic filmis heated, it expands_in_response—i-e
the characteristics of the plastic film At this tTﬁmsSHFJE@HADBEEN
coefficient of linear expansion a can be f ound adcor di REPitACEhe

fol |l owi ng expression (1) fromthe change 25 ratio of 7THe length of the

plastic fil e"% t?. E;?'Héq{v%éﬁ & He dwo factéf? NBAS Ui Sf@tot I 8B al. hit
([err]p/[er t) and the length of the film p0O, at

on an idea that the product of the tensile modulus and
thickness (K) can become one of indexes on flexibility of the
flexible printed circuit. When continuing various experiments
5 based on the idea, the inventor et al. fecognized that the
index (X) can be used universally for flexibility of the
flexibie printed circuit regardless of the type of metal
electric circuit as expected. Based on the index (K), the
inventor et al. have found that if the product of the tensile

10 modulus and thickness (K) is set to 500 kg/mm or less in the
relationship with the two conditions of the coefficients of
linear expansion of plastic films, curl occurrence prevention
means described above, curl occurrénce can be prevented and
sufficient flexibility can be provided.

15 Next, in the invention, in a flexible printed circuit
on which a reinforcing plastic film is stuck, the linear
expansion characteristic difference between a plastic film of
laminated plastic films on the side where the reinforcing
plastic film is not stuck and the reinforcing plastic film is

20 controlled for suppressing curl occurrence. That is, in the
flexible printed circuit on which a reinforcing plastic film is
stuck, the reinforcing plastic film and other plastic films
differ in thickness, etc., and the structure of the flexible
printed circuit becomes asymmetrical with respect to the cross-

25 section direction, thus the flexible printed circuit becomes

prone to curl as compared with normal flexible printed circuits
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0C (Kagaku Bi nran-Ki sohen Il, edited by N ppon Kagakukai, publ i shed

by Maruzen Shuppan). [err] = 1l/p[err] x [err]p/[err]t
(D) "~ However, the coefficient of linear expansion [err] nmentioned in
the 5 invention refers to that in region of glass transfer

tenperature of plastic film(Tg) or less. Since Tg of rthe plast|
films to which the invention is applied is in the "PHﬁﬁ&EEiuﬁéfﬁ&Wg,
exceedi ng the roomtenperature (about 23[err]C B curlf
becomes a o OpheEhi AoarbeAperatHEeplagitde fiQm iReaitddle. ropm seapenabyr e,
the coefficient of |inear expansion at Tg or softening point or |ess
becones t hehé arigRiiblel@rahted circuit itself is suppressed, the flexible

printed circuit may again curl by stacking a reinforcing
plastic film thereon. However, the inventor et al. have found
5 that in the cases, if the maximum value of the linear expansion
characteristic difference (ac) provided when ellipses created
by polar coordinate plotting for the plastfé film positioned on
the outermost layer on the side where the reinforcing plastic
film and the reinforcing plastic film are overlapped is equal
10 to or less than 1.4 x 10 (1/°C), curl occurrence of the
flexible printed circuit on which the reinforcing plastic film
is stuck is suppressed.
Likewise, the inventor et al. have found that if the
total area of the portions where the ellipses do not overlap
15 when they are overlapped (C) is set equal to or less than 6.5
x 1071% [(1/°C) x (1/°C)]}, curl occurrence of the flexible
printed circuit on which the reinforcing plastic film is stuck
is also suppressed. Likewise, the inventor et al. have found
that when the ellipses created by polar coordinate plotting are
20 overlapped, if the shift angle difference between crystal
orientation main axes of the ellipses (a0) |is within 30
degrees, curl occurreﬁce of the flexible printed circuit on
which the reinforcing plastic film is stuck is suppressed.
Next, in the invention, the raw material plastic film
25 characteristics are applied for preventing curls from occurring
in manufacturing flexible printed circuits and enhancing the

/
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polyimde films is 300[err]C or nore, which exceeds the operating _
tenperature range, and does not clearing appear, thus the necessity
for considering Tg of polyimde films is small. 15 ssaéﬁfﬁﬁgmﬁb“
i nvention, the total area of portions where el li g@% Pﬂggﬂpverl p
(C) is defined by the foll ow ng expression (2) repLevgnt;nu e

I ntegral value of |inear expansi on coefficient square val ue
differences ([err]c). That is, in the invention, the total area of

portions whenerediipses &2ritdenciol OVEIA@PiEO) iB DLRKBLTOUR Vit NG

I ntegral value of |inear expansi on coefficient square val ue

di fferencesodtidrg .id sdtisfied, dudll QUG RHILTIOB( prevhaikh, 'Bue
| i near expansi on coefficient nmeasurenent angle with the axis of

machi ne diitecis airafblesome to measure the linear expansion coe£f1c1ent

differences for each plastic film in manufacturing flexible

5 printed circuits. Then, to solve this probiem, the inventor et
al. examined the linear expansion coefficient characteristics
of raw material plastic films and found that there was given
regularity. Then, the linear expansion coefficient ellipses of
the parts of a raw material film are previously examined, the

10 linear expansion coefficient characteristics are grasped and
standardized, and parts cut out from the raw material plastic
film and a combination of cut plastic films are previously
determined. In doing so, the maximum value of the linear
expansion coefficient difference and.the total area of portions

15 where the ellipses do not overlap can be set to the
predetermined values or less withouf creating linear expansion
coefficient ellipses for each plastic film. As a result, the
production efficiency of flexible printed circuits with curl
occurrence suppressed can be improved.

20 Next, the invention relates to a flexible printed
circuit wherein plastic films laminated via an adhesive layer
are temporarily crimped by a roll laminate method and then
pressurized under gas pressure in an autoclave and crimped, and
a manufacturing method therefor. That is, to manufacture a

‘5 flexible printed circuit, when an adhesive layer is formed on

each plastic film and then they are stacked and laminated, the
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strétch as the reference and [err]c ([err]) is defined by the 25

follow ng expression (3). The ellipses in the invention contajn
perfect circles. = SHEET HAS BEEN

REPLACEMENT SHEET | 12 ﬁefw?_mpmcw : |
Further, the ultrasonic propagation velocity in the Lo—/-RyentTom TElErs

to a neasurenent val ue of the propagation tine 5 (s) or the propagation
velocity (nis) when a ultrasonic pul se :
flexible printed circuit is pressurized in a heating state in

stacked relation to remove bubbles occurring in the adhesive
layers. After the flexible printed circuit is temporarily
crimped by a roll laminate method, it is sealed in an autoclave
5 and pressurized under gas pressure for crfmping, whereby the
flexible printed circuit is crimped under isotropic pressure
produced by the gas pressure. Thus, even if the flexible
printed circuit itself varies in thickness, etc., it is
pressurized on the full face under uniform gas pressure and no
-0 excessive force is applied to the materials of the plastic
films, metal electric circuit, etc.,; the flexible printed
circuit itself does not extend in the transverse direction or

its characteristics are not impaired.

.5 BRIEF DESCRIPTION OF THE DRAWINGS
In the accompanying drawings:
Fig. 1 1is a polar coordinate plotting <chart
representing a linear expansion coefficient ellipse of a
bidirectionally stretched plastic film;
‘0 Fig. 2 1is a polar coordinate plotting chart of .
overlapping two linear expansion coefficient ellipses;
Fig. 3.is a schematic diagram to show linear expansion
coefficient ellipses in parts in the width direction of a
bidirectionally stretched plastic film;
5 Fig. 4 is a graph to show the relationéhip between the

maximum values of linear expansion coefficient differences and
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(frequency: 25 MHz) is passed through a'plastic filmand pr opagat es

in the plastic filmat a predetern ned distance. In the
invention, the flexible printed circuit is not limted if it
conprises two or nore plastic filnms lamnated 10 (1 am nat ed _and nded)
and is intended for use as a printed circuit. &y @irpTeHAS BEEN

i nvention, printed circuits not yet formed wh netgeEpLACERL i C
circuit or those forned with a netal thin filhrbeforeTormation of an
el ectric ghgguaggpgggern are al so contained in the flexible printed
circuits. In the invention, the expression "both the outernopst

:ayers of tV\{O pt@gtls is!@%tt@%@mr@tﬁbﬁm&%ﬂmtmen the
ayers, of lam nated plastic Tilnms" does not nmean both the
integral values of linear expansion coefficient square value
differences (aac) and curl degrees;
5 Fig. 6 is a polar coordinate plot chart of overlapping
two linear expansion coefficient ellipses in Embodiment 1;
Fig. 7 is a polar coordinate plot chart of overlapping
two linear expansion coefficient ellipses in Comparison 1;
Fig. 8 is a polar coordinate plot chart of overlapping
10 two linear expansion coefficient ellipses in Embodiment 2;
Fig. 9 is a polar coordinate plot chart'of overlapping
two linear expansion coefficient ellipses in Comparison 2;
Fig. 10 is a polar coordinate plot chart of overlapping
three linear expansion coefficient ellipses in Embodiment 3;
15 Fig. 11 is a polar coordinate plot chart of overlapping
three linear expansion coefficient ellipses in Comparison 3;
Fig. 12 is a polar coordinate plot chart of overlapping
two linear expansion coefficient ellipses in Embodiments 4 and
5 and Comparisons 4 and 5;
20 Fig. 13 is a sectional view to show the structure of a
flexible printed circuit with thrée plastic films laminated;
Fig. 14 is a plan view to show a flexible printed
circuit formed like substantial V-shape;
Fig. 15 is an illustration of curl amount measurement
'5 of a flexible printed circuit;

Fig. 16A is a sectional view to show the structure of
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outernost |ayers of the flexible printed circuit and is used to mean
both the outernost |layers in the plastic filmlamnate. 20 Therefore,
for example, if a flexible printed circuit conprises a shiel ding
| ayer fornmed on a plastic filmlam nate by pai n mytan '}E’éé’{nﬁAé‘?EEﬁ[ c.,
the shielding layer is not contained in "both the Oui&#ﬂRééD ayeris”
I n the invention. Even for a fl exible printed-et —a
reinforcing plastic filmis 25 stuck, if the reinforcing plastic film
i s containedridkfle primid&PidiGdditMdiimig & £7d s'e%t%.togl%lﬁ ¥ &P LALH
face, it forns 1

-the structure of a flexible printed circuit having an adhesive

layer formed on the surface of each of two plastic films;
Fig. 17A is a sectional view of a flexible printed
5 circuit on which a curl occurs and 17B is an illﬁstration to
show a state in which a twisted curl occurs on a flexible
printed circuit;

Fig. 18A is a sectional view to show a state in which
an adhesive layer is formed on a base film and then copper foil

10 is placed on the adhesive layer, 18B is a sectional view to
show a state in which the copper foil is formed to electric
circuit, 18C is a sectional view to show a state of laminating
plastic films for base and cover layers, and 18D is a sectional
view to show the structure of.a flexible printed éircuit thus

15 provided;

Fig. 19 is a sectional view to show a state of
manufacturing a flexible printed circuit of a 3-film-layer
structure; | |

Fig. 20 is a sectional view to show the structure of a

20 flexible printed circuit of a 3-film-layer structure;

Fig. 21 is an illustration to show a state of cutting
out plastic films from a raw material film;

Fig. 22A is a perspective view to show a state of
laminating two plastic films with their surfaces facing each

15 other and 22B is a sectional view to show a state of laminating

two plastic films with their surfaces facing each other;
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one of "both the outernost |ayers” in the invention. In the

‘invention, the expression "curl suppression” refers to the case where
the curl degree (% defined bel ow becomes 5% or | ess. Assune that the
| ength of the |ong side of 5 the smal | est rectangle I n ch—a—ffaxi bl e

printed circuit is inscribed is the |ongesty—hLen
flexible printed circuit, L. Fig. 14 shows an exanﬁﬁﬁmbﬂﬁ'
rectangle 21 in which a flexible printed circu

substantial V- g.Shapesi & éé‘éEibR&ﬂ Vlé\'s gHo¥RoRet e g@rw@ufé el e
printed 10 CIrCUIt l'a, the length of the |long side of the rectangle 21

i ndi cat edrhyxt beecdpiriaded B¢ r2eGRMRS thnéhdt@NIEHi Il YPi®ded - 1aMbinated;
Fig. 24 is an illustration to show a measuring
instrument of flexibility of flexible printed circuits;
5 Fig. 25 a plan view to show a flexible printed circuit
formed like substantial V-shape;
Fig. 26A is a sectional view to show the structure of
a flexible printed circuit on which a reinforcing film is stuck
and 26B is a sectional view to show the structure of a flexible
10 printed circuit comprising an adhesive layer formed on the
surface of each of plastic films on which a reinforcing plastic
film is stuck; |
Fig. 27 is a polar coordinate plot chart representing
-a ultrasonic propagation velocity ellipse of a bidirectionally
15 stretched plastic films;
Fig. 28 is a polar coordinate plot chart of overlapping
two ultrasonic propagation velocity ellipses;
Fig. 29 is a graph to show the relationship betweeﬁ
shift angle difference between crystai orientatién main axes
20 (aB) and curl degree (%);
Fig. 30 is a polar coordinate plot chart of overlapping
three ultrasonic propagation velocity ellipses in Embddiment 6;
Fig. 31 is a polar coordinate plot chart of overlapping
three ultrasonic propagation velocity ellipses in Comparison 6;
15 Fig. 32 is a polar coordinate plot chart of overlapping

three ultrasonic propagation velocity ellipses in Embodiment 7;
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shown in Fig. 15, one end of the flexible printed circuit lais
to a reference plane 6 and the height of the maxi num

flexible printed circuit la fromthe reference 15 pLane 6—h inggﬁn
and is defined as curl amount h. The per cent age atns FEERYHEPS BEEN
to the |longest |length of the flexible printed cifcuit REPLA ;
(h/L) x 100 is defined as the curl degree (%. In the
i nvention, the tensile nodulus is a value 20 indicating the rigidity of

rain

a netal thin fil %ig%ﬁ@%%‘g ?E)lar coo?{ifﬁg{:jac?ﬁg;m%??]@% ro‘?ie"r{ltsaéqlsng

el astic stress per

measured (fse f\?J(tL_Pé{‘@cim'% iqgmgaacion vellicid tgF.ﬁ%ngsl PRALAifpd PRASEY ;0N a

ectric circult wth a

nmet al

thin film

nmet a form ng

tensile tester anflig. 34 is a graph to show the relationship between

10

L5

20

linear expansion coefficients and wultrasonic propagation
velocities;

Fig. 35 is an illustration to show a state when a
flexible printed circuit on which a reinforcing plastic film is
stuck is crimped by a heat press; and

-Fig. 36 is a schematic diagram to show linear expansion
coefficient ellipses in parts in the width direction of a

bidirectionally stretched plastic f£ilm.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Next, the invention will be discussed specifically.

A flexible printed circuit of the invention comprises
two or more plastic films laminated on each other, the plastic
films being manufactured by bidirectionallstretch, and normally
at least one of the two or more plastic films is formed with
metal electric circuit.

For' example, a polyimide film, a polyester nitrile
film, a polyester sulfone film, a polyethylene terephthalate
film, a polyvinyl chloride film and polyethylene naphthalate
film can be listed as the plastic film types, among which the
polyethylene terephthalate film, polyethylene naphthalate film
and poiyimide film are preferred totally considering heat

resistance, dimension stability, electric characteristics,
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25 constant elastic strain is given, the elastic stress is

measured as the tensil e nodul us. The tensile nodulus is .

14 measured with netal foil. It can be used ag—a—typie He—as
the tensile nodulus of a metal thin film and can be_uséH“%%éﬁ?7HASBE ¥ la
filmother than nmetal foil, such as an evaporation fil £EER or ned as

the netal thin filmof netal electric circuit. In 5 this case,
preferably the conposition of netal foil used

mechanical strength characteristics, chemical resistance,
costs, etc. The plastic film normally is 0.01 to 0.3 mm thick
and preferably 0.025 to 0.125 mm thick.
With flexible printed circuits on which a reinforcing
5 plastic film is stuck, films of various materials manufactured
by bidifectional stretch like those listed above are used as
the reinforcing plastic films and hormally are 0.025 to 0.500
mm thick and preferably 0.125 to 0.350 mm thick. However, the
reinforcing plastic films as thick as or thicker than other
10 films which constitute the flexible printed circuit itself are
used.
It is appropriate to stretch the bidirectionally
stretched plastic film generally 1.5 to 15 times and preferably
2 to 9 times in a machine direction and 3 to 8 times in a
15 transverse direction.
Metal such as copper, gold, stainless, aluminum, and
nickel and alloys thereof can be listed as the types of metal
~of the metal electric circuity, among which copper and a copper
alloy are preferred totally considering- flexibility,
20 workability, electric characteristics, costs, etc. The metal
electric circuit normally is 0.002 to 0.100 mm thick and
preferabiy 0.005 to 0.070 mm thick. Further, when elasticity
coefficient -is measured in a foil state, it normally is 2000 to
20000 kg/mm? and preferably 4000 to 12000 kg/mm’. For example,
5 the elasticity coefficient can be measured conforming to ASTM

D-882-83 with TENSILON TESTER (tensile tester). To measure the
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instead is nade the sane, the sane heat history is given, and ~ the
resultant crystal state, etc., is set like the netal thin ~ filmof the
actual flexible printed circuit. Next, t techni cal

phi | osophy of the invention will be 10 discussed. THIS SHEET HASTBERM|

t he problem of curl occurrence of flexible printgd ci r BEPEACED he
et al. first carried out a detail ed anal ysis of the cause of
curl occurrence of flexible printed circuits.” As a result, the

i nvent or

I nvent or

adltidiave duglicient bPahet@U! le1 RGCH T €BEECUL B o(iaLéSGIQeth¥

the Ilinear expansion coefficient difference between plastic

If differeMin £ilm TALIf Bd:5i U & Jraffvedt @4, rdui (CaBmpe 3% h¥% A
(curl) occurs because they differ in coefficient of Iinear

war page

10

15

a semi-finished product before pattern formation, or the like,
additives of plastic films, adhesives, etc., are removed by a
method such as plasma etching or excimer laser beam machining
for leaving the metal electric circuit or metal thin film only,
and the elasticity coefficient thereof in the state can be
measured according to the above-mentioned method.

The invention uses an index of the product of the
thickness and elasticity coefficienf of metal electric circuit
(K) so as to enable universal comparison in various metals. As
the value, normally, foil metal takes.a value of about 4 kg/mm
(thickness: 0.002 mm x elasticity coefficient: 2000 kg/mm?)
to 2000 kg/mm (thickness: 0.100 mm x elasticity coefficient:
20000 kg/mm?); to suppress a curl of the flexible printed
circuit and provide flexibility thereof, desirably it lies in
the range of 20 to 500 kg/mm and more preferably 30 to 250
kg/mm. For the elasticity coefficient values, the measurement
Qalue in the foil state aé described above typifies the
elasticity coefficient of metal thin film and if the
composition, heat history, and crystal state virtually equal,
the same value is taken even if metal thin films are othér than
metal foil (for example, evagoration film, plating coat,
etc.,). |

Normally, an adhesive is used to laminate (laminate and
bond) two or more plastic films. A thefmosetting adhesive (for

[ —
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expansion. Normally, flexible printed circuits use plastic 20 filmns

(for exanple, base and cover |layer filnms) made of the sane materj al

and therefore fornmerly it was considered that the plast+t T
MHISSHEEhe

of the same material do not differ in coefficieg

expansi on. However, the inventor et al. actual lly neaBhEPs
coefficients of |inear expansionin detail 25 and found that the plastic
films of each flexible printed circuit differ in coefficient of

linear expadwiple, ARDRPRS | Pubber adhesive or a polyester adhesiveld
comprising an isocyanate curing agent added to a polyester
resin), a thermoplastic adhesive (for example, a synthetic
rubber adhesive), and a tackiness agent (pressure-sensitive
] adhesive, for example, an acrylic tackiness agent) can be
listed as the adhesive, among which the thermosetting adhesive
is preferred because it is good in characteristics of an
adhesion force, heat resistance, moisture and heat resistance,
workability, durability, etc. To laminate a reinforbing
10 plastic film, the various adhesives are also used.
Next, a manufacturing method of the flexible printed
circuit of the invention will be discussed.
The manuf&cturihg method of the flexible printed
circuit of the structure wherein the two plastic films 2 and 4
15 shown in Fig. 16B are laminated and one of the plastic films is
formed with the metal electric circuit 3 will be described as
én example. First, two plastic films 2 and 4 are prepared.
Generally, polyethylene terephthalate is used as the plastic
films. As described above, the two plastic films 2 and 4 need
20 to satisfy at least one of the conditions that when ellipses of
coefficient of linear expansion are overlapped, the maximum
value of the 1linear expansion éoefficient difference (ax)
should be equal to or less than 1.4 x 10°° (1/°C), tﬁat the
total area of the portions other than the overlap (C) should bé
25 equal to or less than 6.5 x 107! [(1/°C) x (1/°C)], or that

when ellipses of  ultrasonic propagation velocities are
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the flexible printed circuit field found this know edge until t he

I nventor et al. found it. ' The inventor et al. continued to
exam ne the |inear expansion coefficient difference and found
that each 5 bidirectionally stretched plastic fil i THISGHEET MR BEEN
flexible printed circuit shows anisotropy in itsjcoeffReEpauaispof

| i near expansi on. That is, a predeterm ned base pol nt P s def+med on
the filmsurface of the plastic filmand the coefficient of | i near
eXpanS'OnpbariﬂgbédgerEhéﬁ'éﬁﬂﬂﬂ”‘ahéfbreéDEEéréﬁcéheb%&M%enlocrygtéﬂﬁf
machi ne direction of plastic filmstretch passing t hrough t he base

poi nt P wbkhehBathanemp@hnaxBsastttiee cehl Epses (a0) shmakdirss.wi@hirhes ot her

hand,

10

15

20

a coordinate systemw th the axis

degrees. The plastic films 2 and 4 of the same thickness are
used, whereby curl occurrence can be prevented more
efficiently.

First, as shown in Fig. 18A, an adhesive layer 8 is
formed on the surface of the plastic film 4 for the base layer,
for example, by applying an adhesive onto the plaétic film 4,
then drying or by stacking an adhesive applied onto a sepafator
on the plastic film 4, then removing the separator. The
adhesive layer 8 normallyl is 0.003 to 0.2 mm thick and
preferably 0.005 to 0.05 mm thick. Next, a metal thin film 3a
is formed on the adhesive layer 8, for example, by placing
metal foil such as copper foil on the adhesive layer 8 and roll
laminate. The metal thin film 3a can also be formed by an
electroplating method or a sputtering method, in which case it
can be formed directly on the plastic film 4 without forming
the adhesive layer 8. As shown in Fig. 18B, a known method
such as a printing, subtractive, or additive method is used to
treat the metal thin film 3a for forming metal electric circuit
3 in a predetermined circuit pattern. On the other hand,
plastic film 2 for cover layer is prepared and an adhesive
layer 8 is formed on the surface of the .plastic film 2 in a
similar mannef to that described above. If the adhesive layer
8 is formed on the rear face of the plastic film 4 for the base

layer, the adhesive layer 8 is formed on the rear face of the

: - 36 -~
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-of the machine direction of plastic filmstretch as a Y axis and the
axis of the transverse direction of plastic film 15 stretch as an X axis

is prepared. In this coordinate system the intersection of the X
and Y axes is defined as the base point P in the fnear—expanston
coefficient neasurement and the. magni tude of the || FHEat Rl g BREN
coefficient neasurenent val ue I s defined as di st e r REPMEYe bade

point P, then the tip 20 point of this distance r is plotted in the
measur enen 1ggghg E€ifl 2 for tHb 6LLRN] W?%Q respect to the Y axis. It is

plotted nmultiple ti mes by changi ng nmeasurenent angle [err] and an
anal ysis |ine Asi §hetaWAnt REgugheet, %@th%%%e%P@ G QNG W tﬂbf*ﬁ?émwe
poi nt P as the center so as to pass through average points of the

base layer and the plastic film 2 for the cover layer are

stacked with their surfaces facing each other and laminated
5 (laminated and bonded) in the stacked relation, for example, by

a crimping method with a heat press or by a laminate method of

applying at least heat or pressure after temporary crimping by

rolling and laminating. The laminating method and conditions

are determined appropriately by the types of plastic films,
10 adhesives, etc.

The flexible printed circuit as shown in Figs. 18D or
16B can be thus manufactured. The pressure and temperature
conditions common to the crimping method and the roll laminate
method in the laminating normally are 40°C to 300°C x 1 to 100

15 kg/cm? and preferably 50°C to 200°C x 8 to 70 kg/cm”.

In the laminating, if the plastic films in the stacked
relation are temporarily crimped by the roll laminate method
and then pressurized under gas pressure in.an autoclave and
crimped, the flexible printed circuit is crimped under uniform

20 pressure over the full face by isotropic pressure of the gas
pressure; even if the flexible printed circuit itself varies in
thickness, etc., the materials of the plastic films, metal
electric circuit, etc., are not strained. With the flexible

printed circuit thus manufactured, for the metal electric

25 circuit, the plastic films and adhesive layers of insulation
layers vary less in thickness and high-frequency
This Sheet Has Been Replaced - 37 -
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25 pl otted points. Then, an ellipse as shown in Fig. 1lis

provided. In the figure, MD denotes the axis of the machine )

16 direction of stretch (Y axis) and TD dengtes—the i e
transverse direction of stretch (X axis). Solid line aTWévﬁﬁETm’égg

i ndi cates the crystal orientation main axis of the pljasti ¢ REPL and
dotted line arrow B indicates the crystal orientation 5 subaxi s of the
plastic film Also, [err] is a |linear expansion coefficient

measur enenghapgtLeyi i £89RTe1h@ iV pefmf ERIGEEP! ®ielectric constant ),
etc., as a complek of fhe plastic films and adhesive layers
become stable. The above decribed method so as to pressurize’
under gas pressure is more excellent than the heat press or the
5 like in the fdllowing points, that is, it is hardness to put
traces caused by minute dust, foreign material, etc., and has
the effect of leading to enhancement of quality, performance,

etc. |
The relative permittivity of the flexible printed
10 circuit manufactured by the above-described method (ratio of
permittivity of measured substance to permittivity in vacuum)
can be evaluated by the following method: It can be measured
by a method defined in JIS C(C6481. When .the relative
permittivity of each of the plastic films and adhesive layers
15 is measured separately, the relative permittivity as a complex
of the plastic films and adhesive layers.generally is found by‘

the following expression (5):

_ (d, +d,) g, -(5)
dg, + d,g,
20 where dl and ¢l are thickness and relative permittivity of the

plastic film and d2 and €2 are those of the adhesive layer.
In the crimping in the autoclave described above,
various gases, such as nitrogen gas, argon gas, helium gas, and
air (atmosphere), are used as gases introduced into the
25 autoclave; particularly nitrogen gas is preferred from

standpbints of safety, costs, and easily providing a high

Thls Sheet Has Been Replaced — 3 3 -




the |inea

base point P and has a tip plotted with 0. Such plotting

pol ar coo
polar co
orientati
direction
coefficie
(ani sotro
Resul t ant

coef fi ci eabal%g point! hﬂﬁaﬁse)&%'li'a@ﬁe‘)fast ne Jalid F ectionaddd sidfd ched

pl astic f

10

L5

r expansi on coefficient nmagnitude as a di stance from ' t he
Is called

rdinate plotting. As seen fromthe ellipse 10 prOV|ded by t he
ordinate plotting (see Fig. 1), noyreg T t
on main axis of the plastic film (arrowﬁi&é‘q %F Xké&hﬂ

i nclined fromthe machine direction ol—str QWf”55 andl t he
nts of |inear expansi on al so vary dependi ng on the direction.

P¥Essa§e b969§§8E19£n§“1§§E£ﬁpBe8 ub88; rﬁééa%lrmaéﬁg&%%y”hlgh

consi dere at the analysis

Il shows an el li pse.
crimping, the pressure condition normally is 1 to 30 kg/cm? and

preferably about 5 to 20 kg/cm? and the temperature condition

| normally is 40°C to 300°C and preferably about 50°C to 200°C.

On the other hand, a flexible printed circuit on which
a reinforcing plastic film is stuck is manufactured as follows:

First, as described above, an adhesive layer 8 is
formed on the surface of a plastic film 4 for a base layer and
ﬁetal electric circuit 3 like that mentioned above is formed on
the adhesive layer 8. Next, a plastic film 2 for a cover layer
is prepared and an adhesive layer 8 is formed on the surface of
the plastic film 2 (see Fig. 18C). On the other hand, a
reinforcing plastic film 7 formed on the surface with an
adhesive layer 8 is prepared and the plastic.film 4 for the
base layer and the plastic film 2 for the cover layer are
stacked on the top of the reinforcing plastic film 7. Next, in
stacked relation, they are crimped by the heat press method or
roll laminate method as described above, providing a flexible
printed circuit on which the reinforcing plastic film is stuck,
as shown in Fig. 26B. When the flexible printed circuit on
which the reinforcing plastic film is stuck .is thus
ﬁanufactured, if the lamination is temporarily crimpedﬂby the
roll laminate method énd then pressurizéd under gas pressure in
an autoclave and crimped, particularly an excessive load

imposed on the materials is reduced. That is, to stick a
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Next, as shown in Fig. 2, when 'eI | i pses on coordinates 20 provi ded for

two stretched plastic filnms nmade of the sane mat eri al are overl apped
so that they match in center point and coor di nat, -t

that the two plastic filns differ in crystal ori eTiﬂlétSPkEﬁTdi/’rSeBﬁEI‘b$
and coefficient of Iinear expansion in parts (difrecti BREDACERor nal |y,
a raw material film 25 Is stretched in two directions, from which
plastic filns used with a flexible printed circuit are cut out to a

predeterm pgfinforcing plastic film by the heat press17 ethod, stress
concentration occurs on the flexible printed circuit itself at
an end 30 of the reinforcing plastic film 7, as shown in Fig.
35, and metal electric circuit is easily broken, damaged, etc.
5 However, if the lamination is pressurized under gas pressure in
the autoclave, defects as described above are removed and good
properties of enhancement of durability, etc., can be provided.
The measurement method of the coefficient:of linear
expansion of a plastic film or reinforcing plastic film is a
10 direct measurement method by TMA or a ultrasonic propagation
velocity measurement method with 8SST, as described above.
Particularly, the method using the ultrasonic propagation
velocities takes an extremely short measurement time of about
two minutes as compared with the TMA method, is substantially
15 at the same level of measurement accuracy as the TMA method,
and has the advantage of no skill required. The measurement

- temperature in SST measurement is about 23°Ci2°C
The above-mentioned linear expansion coefficient
difference (ac) can be derived as follows: First, a linear
20 expansion coefficient ellipse for a plastic film is created by
polar coordinate plotting according to the procedure described
‘above (see Fig. 1). The radius of the ellipse, r, can be
represented as a function of linear expansion coefficient
measurement angle 6 (rad), as in Expression (6) below. In
25 Expression (6), & denotes an eccentricity and is defined by

Expression (7) below. a is the long-axis radius of the ellipse
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size. Therefore, the reason why the plastic filnms nmade of the sa

mat eri al

stress applied when the plastic filmis stretched i n| THIS SHERDHAS BEENT

differ in linear expansion coefficient may be ~thatthe

varies fromone part of the plastic filmto 5 anolher. REPLACED

i nventor et al. exam ned a nethod for controlling the |inear
expansi on characteristic difference between the plastic filns
provi ded when el lipses created by pol ar coordinate plotting are

ne

ns
The

over | appedh ) thedbtd £ SHd Gnebtium Y 1uP Gury qm@f. Flogxichlee omrh!e?il ﬁgng, |
et dl. an idea o

circuits.

usi ng i ndaxessoftHdeshB¥tDEALs radiv@ USEOfthidheel1168¢ @XRBANSEQhes the

In the process, the I nvent or hit on

coefficient difference ([err]) and

10

15

20

minimum value of r (rmin).

b2
r= r(e) = —_— - (6
\[1 - E’cos’0 ©
. a’ - b2
& = " w(7)

where a: long-axis radius of'ellipse (maximum value of «r;
rmax)

b: short-axis radius of ellipse (minimum value of r;
rmin})

Assuming that the radiuses of ellipses for two plastic
films 2 and 4 positioned on both outermost layers are rl and
r2, the linear expansion coefficient difference (aa) can be
represented by the following expression (8):

Ao = | Ac(®) | = | r,(8) - r,(8) | - (8)

According to Expression (8), comparison is made over 0
to 360 degrees (0 to 2 nrad) with respect to the measurement
angle 0 and the maximum value is the maximum value (Aaaxmax) of
‘the linear expénsion coefficient difference (aa) between the
two plastic films. The maximum value (aamax) can also be
derived by using a computer with Expressions (6), (7), and (8)

programmed.
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the total area of portions where ellipses do not overlap (O and
repeated various experinents based on the idea. Resul tantly,
the inventor et al. have found that if the maxi num b
| i near expansion characteristic difference ([err]). THmfzgft%gé?daaﬂen
el lipses created for two plastic filns positioned 1Y +he

outernost |ayers, of two or nore |am nated plastic films making up a
flexible printed circuit are overlapped is 20 equal to or less than 1.4

K el oLl bR g Stndf WAL Gt aren (gaeétb%&@mg%%écwt

I S suppressed. Li he i nvent or und t hat t he

total aregqpaf éffl 9%%)% M\Q@r%verl tE nelﬁépﬁ%ﬁ:l%dmt £8v-erd,an

they are overlappe I's set to or less than 6.5 x 10]er r]

[ (1 [er] Chotoling rLG)]mﬁ\yIAm?é mféggfcme @)t henfilexi ke prénted

circuit is also suppressed
approximate expressions of Expression (2) for defining the area

5 (C). Approximating of Expression (2) by other expressions is

not limited.

C= 127 Aoc(n x A9) + A;xc{(n - 1) x A6} A8 ()
n=1 )

10 where m = (2n/a0)
To use cumulative expression (9), normally m takes 120
to 2880 values and preferably 360 to 1080 values, and a8=2n/m.
In selection of the plaétic films, the most basic
method is to measure the coefficient of linear expansion for
15 each plastic film and execute polar coordinate plotting for
creating a linear expansion coefficient ellipse to check

whether or not the conditions are satisfied; but it lacks

practicality. Then, to solve this problem, the present
inventor et al. examined linear expansion coefficient
20 characteristics at points of a raw material film of plastic

films and found out that there is given regularity in the film
width direction (transverse direction of stretch).

Fig. 3 shows linear expansion coefficient

characteristics in the width direction of ‘a raw material film

15 5 bidirectionally stretched. In the figﬁre, the raw material

film 5 is divided into nine parts in the width direction
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The point to be noted is that only the two plastic

18

plastic filnms making up the flexible printed circuit
at |l east one of the two conditions. Therefore, a
positioned on an internedi ate | ayer need not be 5
exanpl es of the experinent results fromwhich the

Next ,

10

15

filnms positioned on both the outernost |ayers, of |am nated

thereof and the parts are represented by relative positions (-
4, -3, -2, -1, 0, 1, 2, 3, and 4) with the center as the
reference (0). Linear expansion coefficient ellipses are shown

in the parts and crystal orientation main axes are indicated by

dotted 1line arrows. MD denotes the. maéhine direction of

stretch and TD denotes the transverse direction of stretch. As
shown in Fig. 3, the crystal orientation main axis and the
machine direction of stretch match at the center of the raw

material film 5 and as the part of the raw material film 5

deviates from the center, its corresponding crystal orientation-

main axis shifts from the machine direction of stretch (the

corresponding dotted line arrow is inclined with respect to the

MD direction). The point to be noted is that the crystal

orientation main axes shift from the machine direction of

stretch symmetrically. Specifically, in Fig. 3, the crystal

orientation main axes in the parts at relative positions (1)
and (-1), (2) and (-2), (3) and (-3), and (4) and (-4) are
symmetrical; Using the fact, minus (-) relative positions are
used for cover layers (C/L) and plus (+) relative positions are
used for base layers (B/S). As shown in the figure, when
symmetrical parts (relative positions) are extracted and
laminated with their surfaces facing each other, the crystal
orientation main axes substantially match and the maximum value
of the linear expansion coefficient difference (ac) and the
total area (C) of portions where the ellipses do not overlap

fall below the predetermined values.
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predeterm ned val ues were derived are shown in graphs of Figs. 4 and

5. In the experinents, the curl anounts were neasured by ’the
above-descri bed nethod and the coefficients of |inear. | s SERPRHAS BEENe| e
measured by TMA (thermal nechani cal anal ysis). The nepEPACGEDVal ue

of the Ilinear expansion coefficient differenCe(Jerr]) and the
total area of portions where ellipses do not overlap (C) were derived
by a net hod described | ater. The graph of Fig. 4 represents

the rel ationshi p hetwaen Oéﬁtﬂ hdeqratso b ég@gg %%ghﬁarl agg%nha%nd gﬁngth

[curl degree (%] e naxinun1v ue o fiedr expans

coeffici erﬁlastlc ¢iififerencgi (EQel] Jintds E@QW'E) l}q;rse g(ét co%e%:eefa%%.az ﬁgl%t h

i ndi cate |l i near rel ationship and that | rum val ue

l'i near por’@i‘@x@néh@n £asddé cnsyérdlaJterﬁé!@@l&rB?r £h) flrafieh GUEL the
occurrence ) .
length direction of the plastic film, from which cover and base
.5 layer plastic films are cut out in paraliel with the length
direqtion and the cover and base layer plastic films having a
relationship satisfying at least one of the two conditions are
placed on both the outermost layers of..the plastic film
laminate. | |
10 Fig. 36 shows coefficient of 1linear expansion
characteristics as similar to Fig. 3. In Fig. 36, the rawl
material film 5 is divided into eight parts and the parts are
represented by relative positions (-4, -3, -2, -1, 1, 2, 3 and
4) with the center as a center line CL. The relative linea;
15 expansion coefficient difference is not so large in. the
adjacent portion (-3, -2, -1, 1, 2 and 3) of the center line CL
of the raw material film 5. As shown in Fig. 36, relative
positions (-3) to (-1) are used for the cover layer cut portion
and relative positions (1) to (3) are used for the base layer
20 cut portion. In the case that two léyers which is selected out
from the above are positioned on the outer most layers and the’
flexible printed circuit is made, the occurence of curling is
prevented. In Fig. 36, a plastic film for cover iayer cut out
from the relative position (-3) and a plastic film for base
25 layer cut out from the relative position (2) are laminated.

Dividing of the raw material plastic film is shown as
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20 is reliably suppressed (the curl degree is 5%or less) is 1.4 X
10[err] (1l/[err]C). On the other hand, the graph of Flg 5
represents the rel ati onship between the rati o bej ?ﬁ @gnunt
and |l ength [curl degree (%9] and the total area E poéngggﬁyhg 25
ellipses do not overlap (C). As shown here, it is se |

I ndicate a relationship |ike a quadratic curve and that
19

an example; in fact, it is determined appropriately by the
size, stretch degree, etc., of the raw material plastic film.

For example, for a raw material plastic film 2 to 6 m wide, if

the division width (band width) is set to 200 to 1000 mm, the

5 number of divisions becomes six to ten.; Specifically, for
example, if the raw material plastic film is 2 m wide, it can

be divided into 10 parts (divisions) with the division width
(band width) set to 200 mm. If the raw matérial plastic film

is 6 m wide, it can be divided into six parts (divisions) with

10 tﬁe division width (band width) set to 1000 mm. For example,
if the raw material plastic film is 5 m wide, preferably it can

be divided into lQ parts (divisions) with the division width
(band width) set to 500 mm for the reason of good workability.
Therefore, the linear expansion coefficient ellipses of

15 the parts of a raw material film are previously examined, the
linear expansion coefficient characteristics are grasped and
standardized, predetermined parts of the raw material film are
extracted, and the parts with the linear expansion coefficient
éllipses substantially symmetric are combined. In doing so,

20 the maximum value of the linear expansion coefficient
difference and the total area of portions where the ellipses do

not overlap can be set to predetermined values or less Qithout
creating linear expansion coefficient ellipses each time a
plastic film is selected. As a result, the production

25 efficiency of flexible printed circuits witﬁ curl occurrence

suppressed can be improved.
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the total area of portions where el i pses do not overlap (C) at whi ch
curl occurrence is reliably suppressed (the curl degree e éf 9% Of o,
less) is 6.5 x 10[err] [(2/[err]C) x (1/[err]Q]. S SHER] iy o

i ndexes of the maxi numvalue of the linear 5  expansi on coaf REH:

difference ([err]) and the total area of portions where ellipses do
not overlap (C) can and shoul d be used at the sane tine.

Further, the inventor et al. thought that an index for furthernore
facilitating contgahcaf ofhehle Fads teXaRANFetbndl et HOWY ad &d Kddtfed for

di fference m ght exist and repeated exam nation based on the

know edgembhatf agtiuzahngopyf déxibeecogifimteant s cafrcuits | iseardevansian as
descri bed above is caused by the fact that the stress applied when a

pl astic fappropriatellyhdy manufacturing conditions, etc. That is, the
second method is excellent as compared with the first method
5 from the viewpoint of the manufacturing efficiency; the latter
is excellent as compared with the former from the viewpoint of
curl occurrence prevention. Therefore, considering the points,
either of the two methods can be selected depending on which of
the manufacturing efficiency and curl occurrence prevention

10 takes precedence. |
The two plastic films positioned on both the outermost
layers of plastic film laminates are laminated on each other
with their surfaces facing each other, whereby there aré
provided advantages of enhancing the adhesion strength and
15 eliminating the need for considering the difference'between thé
surface and rear face of the flexible printed circuit. That
is, the surface and rear face of a plastic film cut out from a
raw material plastic film stretched in two directions differ
plainly in surface (rear face) state of wet property,
20 coarseness, etc. Therefore, if two plastic films are placed on
both the outermost layers in a state in which the same surfaces
face each other, the rear faces of the two plastic films exist
on the surface and rear face of tﬁe flexible printed circuit
and the surface and rear faqe of the flexible printed circuit
’5 become the same state. This eliminates the need for

considering the difference between the surface and rear face to
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directions varies fromone part of the plastic filmto -another 15 and

thus the stretch coefficient varies fromone part to e e he
inventor et al. supposed that since a bidi(gggﬁn%ﬁﬁigg;%é%* hed
plastic filmis high in crystal orientation deg '

coefficient direction and the material strength of the plastic film
itself raises, its 20 Young's nodul us m ght al so increase. Furt her,
since the Young' s nodul us of each plastic film(E) and the

ul trasoni Gpply veg%igati'cpgagﬁ%.%étu nehBe Pl@stb el id Pt Sgg ng,itt. e

correlati S indicated by general expression ( gl ven

i nventor edpddsffbd1 0P, afor d8RahPal, t her 8ddcls DRl roces£LLY LA LR
bet ween the coefficiéent of |inear expansion (a) and
notice of the difference between the surface and rear face of
the flexible printed circuit in characteristics such as
5 prinﬁability on the flexible printed circuit, wear resistance,
sliding property, intimate contact with a reinforcing plate,
and close adherence of electromagnefic wave sHielding paint,
and work efficiency when treatments are applied to the flexible
printed circuit and efficiency of a mounting process, etc., of
10 electronic parts,-etc., can be improved.

In a flexible printed circuit on which a reinforcing
plastic film is stuck, normally, separate raw material films
are used for the reinforcing plastic film and other plastic
films. Thus, the above-described method cannot be applied to

15 flexible printed circuits on which a reinforcing plastic film
is stuck. Even in this case, however, if wultrasonic
propagation velocities of plastié films are measﬁred with SST
and linear expansion coefficient characteristic differences are
controlled by a method of using the shift angle difference (a8)

20 between the crystal orientation main axes of ellipses, the time
required for measurement is extremely short and no skill is
required, thus predetermined production efficiency can be’
maintained.

The two plastic films positioned on both the outermost

25 layers of plastic film laminates are laminated on each other

with their surfaces facing each other, whereby there are
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the ul trasonic propagation velocity (S), and repeated various

20 experinents based on the idea. Resultantly, the inventor et
al . have found that the ultrasonic propagation velocity; t&%sgﬁ@erASBﬁgpe
coefficient of linear expansion (a) of a bidirectional IP Pi;\ég!t)c ed
plastic filmshow an extrenely good correlation and 5 *.“at =-he—

ul trasoni c propagation velocity (S) can be used as an I ndex

i ndicating the coefficient.of |linear expansion (a). [err]

provided advantages of enhancing the adhesion strength and

eliminating the need fbr considering the difference between the
surface and rear face of the flexible printed circuit, as
described above. Specifically, for example, it becomes less

5 necessary to take notice of the difference between the surface
| and rear face of the flexible printed circuit in
characteristics such as printability on the flexible printed
circuit, wear resistance, sliding property, intimate contact

with a reinforcing plate, and close adherence of

10 electromagnetic wave shielding paint, and work efficiency when
treatments are applied to the flexible printed circuit and
efficiency of a mounting process, etc., of electronic parts,

etc., can be improved.

We have discussed the flexible printed circuits of the

15 invention by taking those with two plastic films laminated and
those with two plastic films laminated on which a reiﬁforcing
plastic film is stuck as examples. -Howéver, the invention is

not limited to them and can also be applied to those with three

or more plastic films laminated in addition to a reinforcing

20 plastic film. As described above, in this case, only two
plastic films positioned on both fhe outermost layers of
plastic film laminates making up the flexible printed circuit

need satisfy the predetermined conditions of the invention, and

the plastic film positioned on an intermediate layer need not

25 be considered. That is, in the flexible printed circuit on
which a reinforcing plastic film is stuck, both the outermost

I ———
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where p is the plastic filmdensity. An exanpl e of the

experinment results fromwhich the 10 correl ati on was dTPrved-hs-shnmn_Ln,
0 [ In the experinment, the coef fi ci MHS SHEET HAS BEEN

a graph of Fig. 34.

expansi on were neasured by, t he above-nentioned TMA hprrﬁﬁ?LACED
mechani cal anal ysis) and the ultrasonic propagation velocities were
nmeasured with SST [sonic sheet tester, ultrasonic propagation

vel ocity nmeasuring 15 i nstrunment (on sale from Nonura Shoji

Kabusi ki gailghakk. whA%h need f¥WWhiisfy gth§4pré3e't§r§|§ Bdt &k dqq;tl nddjcate
a linear rel ati onshi p and shows ‘an extrenely goo correlation

The invent eheetiralenta@it i avedat prRIENEri IR W reR8NisGde on RHhOPRIALHLN
vel ocities and can recognize that bidirectionally
reinforcing plastlc film is not stuck and the reinforcing
plastic film; a plastic film positioned therebetween need not
5 be considered. .
The thickness of the flexible printed circuit accbrding
to the invention is determined appropriately by applications,
etc., of the flexible printed circuit, but generally-set to 50
to 800 pm and preferably 100 to 600 um. The shape of the
10 flexible printed circuit is not limited either; for example,
the flexible printed circuit is formed as shapes responsive to
various applications in addition to substantial ?? shape shown
in Fig. 14. The size of'the flexible printed circuit is not
limited either; for examplé, the flexible printed circuit may
15. have the above-mentioned longest length L in the range of 10 to
1000 mm and preferably in the range of 30 to 600 mm.
Flexibility of the flexible printed circuits according
to the invention is measured with a compression tester as shown
in Fig. 24, for example: In the figure, numeral 22 is an upper
20 fixed plate abdve.which a load cell (loaa detector) 25 is
disposed, and a lower moving plate 24 that can move up'aﬁd down
in conjunction with a drive section ‘(linear' motor) 23 is
disposed so as to face the lower side of the upper fixed plate
22. First, a flexible printed circuit 1 is placed between the
25 upper fixed plate 22 and the lower moving plate 24 in a state
in which it is bent like a U-shape in.horizontal orientation in
[
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20 stretched plastic filns used with flexible printed circuits: show
ani sotropy in the ultrasonic propagation velocities as wth the

| i near expansion coefficients. That is, when a ,@ﬁgnenﬂ 3} TP e
point P was defined on the filmsurface of a pla B % (ﬁg E
coordi nate systemwas set, ultrasonic 25 propagaﬂ4y+4uﬁhyﬁﬁ;

nmeasur ed t hroughout 360-degree directions with the base point P as
the center, and an anal ysis 21

a long-side direction. Next, the drive section 23 is actuated

for causing the lower moving plate 24 to rise for compressing
the bent flexible printed circuit 1 sandwiched between the
lower moving plate 24 and the upper fixed plate 22. When the

5 bent flexible printed circuit 1 is compressed a given amount to
a predetermined bend radius R, a repulsion force detected by
the load cell 25 is measured and flexibility (repulsion force)
is calculated from the expression (10) shown below for
evaluation. Since the distance between the upper fixed plate

10 22 and the lower moving plate 24 at the measurement time
becomes double the bend radius R of the flexible printed
circuit 1, the bend radius R can be calculated from the
distance.

Repulsion force (kg/cm) = repulsion force detection

15 value (g)/length of short side (width) of flexible printed
circuit (cm) (10)

The flexibility of the flexible.printed circuit thus
measured normally is in the range of repulsion force = 2 g/cm
when bend radius R = 5 mm to repulsibn force = 600 g/cm when

20 bend radius R = 15 mm and preferably in the range of repulsion
force = 4 g/cm when bend radius R = 5 mm to repulsion force =
400g/qm when bend radius R = 15 mm regardless of whether or not
a reinforcing plastic film is stuck on the flexible printed
circuit.

15 The flexibility evaluation method is applied to

rectangular flexible printed circuits, but can also be applied
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| ine was drawn as in the above-described . |inear expansion

coefficient neasurenent, an ellipse as shown in Fig. 27 was ovi ded

gn the coordinates. At this tinme, arrow Ain theﬂ Tngﬂﬁ@@gﬂggnggu _
irection of the ellipse indicates the crystal REPﬂKd@ﬁﬂEﬂl(n mai n

axis of the plastic filmand |Iikew se arrow B A—t-Fe—short=axi s

direction of the ellipse indicates the crystal orientation subaxis of

the plastic film As seen from the ellipse provided by the polar

coordi nat g, pl Pfd i d S§riftd circudbs bFe ShyS!GEnOF & Abd Ol NadXi S
of the plastic film 1 (arrow A) becomes a direction inclined from

the nmachi p8ctangledi I eed 0BxQhp3E! etreft (dDF1aRdpl e ghitdasPnEereaopagat i on
vel ociti es al so” show ani sotropy because of anisotropy of the crystal

orientati §faped like substantially V-shaped as shown in Fig. 25, a

predetermined rectangle (for example, maximum rectangle 26

5 indicated by the chain line involved in-tﬁe flexible printed.

circuit 1la substantially V-shaped shown in. Fig. 25) is

previously cut out from the flexible printed circuit and the

flexibility of this sample is evaluated by the above-described

method, then cutting to the predetermined substantial shape may

10 be performed. 1In this case, if the shape and size of samples

for measurement are sfandardized, the flexibility can be
evaluated objectively.

As we have discussed, for the flexible printed circuit

of the invention, when linear expansion coefficient ellipses

15 representing the linear expansion coefficient charécteristics

of the plastic films positioned on both the.outermost layers,

of laminated plastic films making up the flexible printed

circuit are created and overlapped, the maximum value of the

linear expansion coefficient difference and the total area of

20 portions where the ellipses do not overlap are set to

predetermined values or less. Resultantly, curl occurrence of

the flexible printed circuit of the invention is suppressed.

Therefore, the flexible printed circuit of the invention is

high in accuracy of the shape; if 'it is wused to mount

‘S electronic parts, the electronic parts can be mounted with high

accuracy even in automatic mounting by a machine.
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The inventor et al. examned a nethod for controlling 15 the ultrasonic
propagation velocity (nanely, |inear expansion chag el
di fference between the plastic filns provided when| dHIS Sisisr GAE R
by pol ar coordinate plotting are over | apped and suppr es RERgACLSS |
occurrence of flexible printed circuits. Resultantly, the TTvent
et al. have found that 20 when el lipses created for two plastic filns
positioned on both the outernost |ayers, of two or nore |am nated

plastic filns In "BHd “Qléb@i@lé' iRt&d péidﬁ%xsﬁt becl:' L 2hGeRYgbharRed. as

shown in Fig. 28, if the shi t angl e erence etmeen crystal

orientatiopla@tic axedmel pdwieldiasesn([K6¢h) the WohbbPmdlt %.%ye&e,grS?S’
curl occurrence of the flexible printed circuit is

laminated plastic films making up the flexible printed circuit

are placed in a state in which their surfaces face each other,
5 the surface and rear face of the flexiﬁle printed circuit
becomes the same state and the need for considering the
difference therebetween is eliminated. Resultantly, the
advantages such as enhancing the work efficiency when various
treatments are applied to the flexible printed circuit or
10 electronic parts, etc., are mounted thereon can be provided.

Further, in the flexible printed circuit of the
invention, if metal electric circuit is formed in at least one
of two or more laminated plastic films and the product of the
thickness and tensile modulus of the metél electric circuit (K)

15 is set to 500 kg/mm or less, sufficient flexibility of the
flexible printed circuit is provided and curl occurrence
thereof is also suppressed, providing a high-performance:
flexible printed circuit. Therefore, for exampie, the flexible
printed circuit becomes suitable for frequently bent places

20 such as a_connection part of a print head and a mother board of
a printer.

Moreover, in the invention, in a flexible printed
circuit on which a reinforcing plastic film is stuck, if the
linear expansion characteristic difference between a plastic

'5 - film of laminated plastic films on the side where the

reinforcing plastic film is not stuck and the reinforcing
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suppr essed. _ 22 : _ A
graph of Fig. 29 represents the relationship between the ratio

bet ween the curl amount and length [curl degree (%] and the shift

angl e difference between crystal orientation main o

shown here, it is seen that both indicate a 5 [linear ;adeﬂlﬁhjséﬁﬁN
that the maxi num val ue of the shift angle differen sta
orientation nmain axes ([err]) at whi ch curl occurrence is reliably

suppressedp({48ei6Urh1fledse@ontrolled using a predetermined index, curl

occurrence is suppressed even for the flexible printed circuit
of an asymmetric structure on which the reinforcing plastic
film is stuck.

] The fact that there is. given regularity about
coefficients of linear expansion in the transverse direction of
an stretched raw material plastic film is used to previously
select parts of the raw material plastic film from which
plastic films are to be cut out(-or combine plastic films so

10 that the cut parts becomes substantially symmetric. 1In doing
.80, two plastic films can be placed on both the outermost
layers so as to satisfy at least one of the above conditions
without measuring the coefficient of linear expansion for each
plastic film or the ultrasonic propagation velocity. This

15 results in prevention of curl occurrence and enhancement of the
manufacturing efficiency of flexible printed circuits.

-Further, in the flexible printed circuit of the
invention, if a plurality of.plastic films stacked via an
adhesive layer are temporarily crimped by the roll laminate

20 method in stacked relation and then pressurized under gas
pressure in an autoclave and crimped, the flexible printed
circuit is crimped under uniform pressure on the full face by
isotropic pressure produced by the gas pressure, thus no
excessive force is applied to parfs of the materials of the

25 plastic films, metal electric circuit, etc., and the quality

and performance of the finally provided product become good.
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Is 5%or less) is 30 degrees. The shift angle difference
bet ween crystal orientation 10 mai n axes ([err]) can be used instead of

the two i ndexes descri bed above of the nmaxi mum val ue of the Ilnear
expansi on coefficient difference ([err]) and the to

portions where ellipses do not overlap (C), and two

can al so be used together. 15 If the shi

di fference between crystal orientation nmain axes ([err]) is used,
only the two plasieg:li | &fibodimenBoSiki PNChONARALNLRA OLbeEERSE l@yeN S,
of lam nated plastic films making up the tlexible prihted circult

need to s@abmph¥isons. the condition and a plastic filmpositioned on an
i ntermedi ate
Embodiment 1:

A bidirectionally stretched polyethylene terephthalate
5 film 0.05 mm thick (manufactured by TORAY) was used a raw
material film, from which plastic films (film-1 and film-2)
each having a size of 100 x 200 mm were cut out. Linear
expansion coefficients were measured by the above-described TMA
method and linear expansion coefficient ellipses were created
10 by polar coordinate plotting and were overlapped. These
overlapped ellipses are shown in a graph of Fig. 6. From this
graph, the maximum value of the linear exﬁansion coefficient
difference between film-1 and film 2 (sx) was calculated by
using a control computer attached to TMA programmed based on
15 ]JExpressions (6), (7), and (8) described above. The result was
0.53 x 10" (1/°C), which was equal to or less than a
pfedetermined valﬁe. The linear expansion coefficient
measurement by TMA was executed to exclude the effects of
hygroscopic. expansion and heat shrinkage as follows: The
20 plastic films were left standing for 60 minutes aﬁ 150°C for
drying, then while the plastic films were cooled from 150°C to
30°C, the plastic film length and temperature were méasured
simultaneously and consecutively, and 1linear expansion
coefficients were found based on Expression (1) for regions of
'5 Tg or less.

Next, a polyester family  thermosetting adhesive was
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20 | ayer
val ue of t

need not be considered as in the case where the maxi num
he |inear expansion coefficient difference ([err]) and t he

total area of portions where ellipses do not overlap (O a-e—used_as,

i ndexes.

condi tions,

Her eupon, as descri bed above, one ,ﬂ”?%@ngﬁﬁﬁéSBEBN
that is, the maxi numval ue of the |inear expabsi.anREPLACED

coefficient difference ([err]), the total area of portions where

23

10

15

20

ellipses do not overlap (C, and the maxi mum val ue of the shift.
applied to the surface of film-1, then dried to form an

adhesive layer 0.03 mm thick. Film-1 and film-2 were laminated
by crimping by a heat press (conditions: 150 x 1 h x 30
kg/cm?) with the surfaces of film-1 and film-2 facing each
other. The curl amount h of the plastic film laminate was
measured by the above-described method. As a result, the curl
amount h was 4.2 mm and the curl degree was 2.1%; curl
occurrence was suppressed.

On the other hand, aside from the plastic film
laminate, a flexible printed circuit formed with metal electric
circuit was manufactured as shown in Fig. 18. That is, first
the same film-1 and film-2. as described above were prepared.
As shown in Fig. 18A to 18D, an adhesive layer was formed on
the surface of film-2 (for a base layer) as described above.
Copper foil 3a 0.018 mm thick was placed on theé adhesive layer
8 and they were bonded by the roll laminate method (surface
temperature was set to 120°C). Next, as shown in Fig. 18B, the
copper foil was etched by the subtractive method to form metal
electric circuit 3. On the other hand, an adhesive layer was
formed on the surface of film-1 (for a cover layer) as
described above. As shown in Fig. 18C, film-1 and film-2 were
laminated by crimping by a heat press (conditions: 150°C x 1
h x 30 kg/cm?) with the surfaces of film-1 and film-2 facing
each other, manufacturing a flexible printed circuit as.shown
in Fig. 18D.

For the flexible printed circuit, the curl amount h was
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angfe di fference between crystal orientation main axes ([err]) are
satisfied by only the two plastic filns positioned on both the

outernost | ayers. Therefore, the directions of the coorjh@ﬂggﬁpgﬁHAsamgﬁ of
the ellipses my be selected arbitrarily on the plastic R@ikﬂ@p In

ot her words, the Y axis of the coordinate is not trted—tothe
machi ne direction of the plastic film After the Y axis and the X
axis are settled in the arbitrary directions to prepare the

coor di nat ensasl el dHedestipsed ab8vell As & SR ON SWENCEPPr §hHahESh
The two plastic filns positioned on both the outer nost | ayers may be

sel ect ed hyagis3 g mmeaAlo¥Re curl ddgrese vyl 1/0%ee €@FTi b¢ORBrence was

Next ,

10

15

20

in the invention, to lamnate two or nore plastic

suppressed.
Comparison 1:

A new plastic film (film-3) having a size of ‘100 x 200

mm was cut out from the polyethylene terephthalate film ﬁsed

with Embodiment 1. On the other hand, the same film-1 as in
Embodiment 1 was prepared. Linear expansion céefficient
ellipses were created and overlapped as in Embodiment 1. These
overlapped ellipses are shown in a graph of Fig. 7. From this

graph, the maximum value of the linear expansion coefficient

difference between film-1 and film-3 (ax) was calculated. The

result was 1.77 x 107 (l/°C),.which exceeded a predetermined
value.

A plastic film laminate of film-1 and film-3 was
created as in Embodiment 1. The curl amount h of the plastic
film laminate was measured as in Embodimént 1. As a result,
the curl amount h was 14.0 mm and the curl degree was 7.0%; a
curl occurred.

On the other hand, aside from the plastic film
laminate; a flexible printed circuit formed with metal electric
circuit was manufactured. That is, the same film-1 (for a
co;er layer) and film-3 (for a base layer) as described above
were prepared. An adhesive layer was formed on the surface of
film-3 as in Embodiment 1, then electric circuit was formed by

the subtractive method and an adhesive layer was formed on the
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films, the two plastic filns positioned on both the outernost 15 | ayers
may have the sane surfaces thereof faced each other. Normal |y, the
surface and rear face of a plastic filmcut out froma raw materi al
filmstretched in two directions differ plainly i ”Tﬂmmq‘}(/{se%ég
face) state of wet property, coarseness, etc. Ther eRBPIACED I\{ql
two plastic filns 20 positioned on both the outernost Tayers—at+e—-
placed in a state in which the sanme surfaces face each other as

h
descri bed aborse of filie1rear hac Ss)?(;néﬂ.e pﬁﬂ%ﬂfz%bgu{détgﬁgggh?ﬁbgg the

surface and rear face of the | e"surface
and rear fase,&f tehamihexihbe Mgt £dyeirkCui § Iapﬁ Pag the ﬁnﬂ%fa%%ur state.

This elininates the need for considering the erence et ween the
surface arleeasld anei et dowed | Ousot Hetdef Sxible printed circuit,
the curl amount h was measured as described above. As a
5 result, the curl amount h was 13.5 mm and the curl degree was
6.8%; a curl occurred.
Embodiment 2:
A bidirectionally stretched polyimide film 0.125 mm
thick (manufactured by TORAY-Dupont) was used a raw material
10 film, from which plastic films (film-4 and film-5) each having
a size of 200 x 360 mm were cut out. Linear expansion
coefficients were measured by the above-described TMA method
and linear expansion coefficient ellipses were created by polar
coordinate plotting and were overlapped. These overlapped
15 ellipses are shown in a graph of Fig. 8. From this graph, the
total area of portions where the ellipses of film-4 and film-5
do not overlap (C) was 3.44 x 107'° [(1/°C) x (1/°C)], which was
equal to or less than a predetermined value. The area was
calculated by using- a control computer attached to a TMA
20 measuring instrument according to cumulative expression (9)
described above by setting m=720 and a6=(2n/720)=0.00873 (rad).
Next, an -epoxy family thermosetting adhesive was
applied to the surface of £ilm-4, then dried to form an
adhesive layer 0.03 mm thick. Film—4. and film-5 were
5 temporarily crimped by the roll 1laminate method with the

surfaces of film-4 and film-5 facing each other, then cured in

-~ 57 - This Sheet Has Been Replacec




24 to the flexible printed circuit; the effect of enhancing work

efficiency, etc., is produced. In the invention, the surface
and rear face of a plastic filmare determ ned appagPsh 'ﬁ%XE ng
exanple, to cut 5 araw material film the upper flace cap, 5 he
surface and the |l ower face can be made the rear'Face————FGF—e*aane,
as shown in Fig. 21, the upper face of a raw material film10 is-

an autoclave (conditions: 150°C x 1 h x 15 kg/cm?) and

laminated. The curl amount h of the plastic film laminate wés

measured by the above-described method. As a result, the curl

amount h was 9.5 mm and the curl degree was 2.6%; curl
5 occurrence was suppressed. '

On the other hand, aside from the plastic film
laminate, a flexible printed circuit formed with metal electric
circuit was manufactured. That is, the same film-4 (for a
cover layer) and film-5 (for a base layer) as described above

.0 wefe prepared. An adhesive layer was formed on the surface of
film-5 as in Embodiment 1, then copper electric circuit 0.035
mm thick was formed by the subtractive method and an adhesivé
layer was formed on the surface of film-4. Film-4 and film-5
were laminated as in Embodiment 1, manufacturing a flexible

-5 printed circuit. Forlthis flexible printed circuit, the curl
amount h was measured as described above. As a result, the
curl amount h was 8.3 mm and the curl degree was 2.3%; curl
occurrence was suppressed.
Comparison 2:

0 A new plastic film (£ilm-6) having a size of 200 x 360
mm was cut out from the polyimide film used with Embodiment 2.
On the other hand, the same film-4 as in Embodiment 2 was
prepared. Linear expansion coefficientiellipses were created
and overlapped as in Embodiment 2. These overlapped ellipses

5 are shown in a graph of Fig. 9. Based on this graph, the total

area of portions where the ellipses of film-4 and film-6 do not
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made a surface 9 and two plastic films 2 and 4 are cut out from - t he
raw material film Each of the plastic filnms 2 and 4 10 conprises the

sanme surface 9 as the raw material film10. As sh W ?héﬁ’[gHA SPEN
the plastic filns 4 and 2 are overl apped W th thel[ sur '
faci ng each ot her. Fig. 22Bis a sectional vie

overl apping the plastic filns 2 and 4 with their -surfaces 9 facing
each other. 15 Next, in the invention, to prevent curl

Occurrenc%v@}‘iap (C) %%ngﬁcﬁlﬂaftba' set ih! EfﬁbQHHnEXt hhe PRYS|-&8L1PTORETLY

of netal | ectric circuit of a flexible printed circurt 1s specified

by J .Jnes qlo Ingex /CE)) & I(quv@)l]y fwhundh %{éé&iédw@rﬁﬂﬁdceéeﬁ{uned
That is, nmetal electric circuit, which is the main conponent of
fl exible palriead circuit, Iargely affects flexibility of the

Next, a plastic film laminate of film-4 and film-6 was
5 created as in Embodiment 2. The curl amou;t h of the plastic
film laminate was measured as in Embodimént 2. As a result,
the curl amount h was 28.0 mm and the curl degree was 7.8%; a
curl occurred.
On the other hand, aside from the plastic film
10 laminate, a flexible printed circuit formed with metal electric
circuit was manufactured. That is, the samé film-4 (for a
cover layer) and film-6 (for a base layer) as déscribed above
were prepared. An adhesive layer was formed on the surface of
film-6 as in Embodiment 2, then metal electric‘circuif was
L5 formed by the subtractive method and an adhesive layer was
formed on the surface of film-4. Ig a similar manner to that
described above, film-4 and film-6 wére laminated to
manufacture a flexible printed circuit. For this flexible
printed circuit, the curl amount h was measured as described
20 above? As a result, the curl amount h was 25.2 mm and the curl
degree was 7.0%; a curl occurred.
Embodiment 3:
A bidirectionally stretched polyethylene terephthalate

film 0.125 mm thick (manufactured by TORAY) was used a raw

5 material film, from which plastic films (film-7 and film-8)
each having a size of 200 x 360 mm were Icut out. A
Sheet Has Been Replaced - 59 -
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flexible printed circuit. Then, the inventor et al. carried out a

detail ed analysis on the cause for producing flexibility for the
metal electric circuit, and found that the tensile npodul us_and

t hi ckness of the netal electric circuity are the 2% THISSHBET &05®EEN
affecting flexibility of the flexible printed Ci r CUREPLACEDhen

continuing furthernore exam nation on the

25

10

15

20

25

rel ati onship between the two factors, the inventor et al. hit
bidirectionally stretched polyethylene terephthalate film 0.250

mm thick (manufactured by TORAY) was used a raw material film,
from which a plastic £ilm (film-10) having a size of 200 x 360
mm was cut out. Three linear expansion coefficient ellipses
were created as in Embodiment 1 and were;overlapped. ' These
overlapped ellipses are shown in a graph of Fig. 10. From this
graph, the maximum values of the linear expansion.coefficient
differences among film-7, film-8, and film-10 were calculated
as in Embodiment 1. As a result, the maximum value of the
linear expansion coefficient difference between film-7 and
film-8 was 0.54 x 107> (1/°C); that between film-7 and film-10
was 4.49 x 10 (1/°C); and that between film-8 and film-10 was
3.94 x 1073 (1/°C).

Next, a polyester family thermosetting adhesive shaped
like a sheet 0.05 mm thick was prepared and temporarily crimped
on the surface and rear face of film-10 with a roll. Next,
film-7 and film-8 were placed on the surface and rear face of -
film-10 and they were temporarily crimped by the roll laminate
method, then cured in an autoclave (conditions: 110°C x 2 h x
10 kg/cm?) for manufacturing a plastic film laminate of a 3-
layer structure as shown in Fig. 13. 1In the figure, numeral 8
denotes an adhesive layer. Positioned on the outermost layers
of the plastic film laminate are film-7 and film-8. As
described above, the maximum value of the linear expansion
coefficient difference between film-7 and film-8 is 0.54 x 10

(1/°C), which is equal to or less than the predetermined value

_ This Sheet Has Been Replaced. - 60 -

[

I

i



on an idea that the product of the tensile nodulus and t hi ckness (K)
can becone one of indexes on flexibility of the flexible printed
circuit. Wen continuing various experinents 5 bas edisofidAF88sN t|he

i nventor et al. recognized that the i ndex (K) dan bemmﬁ%bmmlver<ally
for flexibility of the flexible printed circuit-Tegardtress—of—tt
type of netal electric circuit as expected. Based on the index (K),

t he i nventor et al. have found that if the product of the tensile 10

nmodul us apgd tHNEKRRSENEKDN!.S S@het 00 K%Uﬁltoml 8%S tHetBSastic film

rel ationship with the two conditions of the coefficients o | 1 near

expansi on1ehipbdst ivad | heBsuedal RCCLKE eaﬁeval’-aé%&trll%d methd®aNSas a
descri bed above, curl occurrence can be prevented and sufficient

f1exibilitgstdr beher @drdedmount h was 5.4 mm and the curl degree was

.1.5%; curl occurrence was suppressed.

5 On the other hand,- aside from: the plastic film
laminate, a flexible printed circuit of a 3-film-layer
structure formed with metal electric circuit was manufactured.
That is, the same film-7, film-8, .and film-10 as described
above were prepared. As shown in Fig. 19, a polyester family

10 thermosetting adhesive shaped like a sheet was used to form an
adhesive layer 8 on the surfaces of film-7 and film-8 in a
similar manner to that described above, then coppef electric
circuit 3 0.035 mm thick was formed on the adhesive layer 8 by
the subtractive method as in Embodiment 1. As shown in Fig.

15 19, a polyester family thermosetting adhesive shaped like a
sheet was used to form an adhesive layer 8 on the surface and
rear face of film-10 in a similar manner to that described
above. As shown in the figure, with the surfaces of film-7 and
film-8 facing each other with film-10 between, the three films

20 were temporarily crimped by the roll laminate method, then
cured in an autoclave (conditions: 110°C x 2 h x 10 kg/cm?)
for manufacturing a flexible printed circuit of a 3—film—léyer
structure as shown in Fig. 20. Parts identical with those
previously described with reference to Fig. 19 are denoted by

'5 .the same reference numerals in Fig. 20.

For the flexible printed circuit of the 3-film-layer

N —
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15 Next, in the invention, in a flexible printed circuit on
which a reinforcing plastic filmis stuck, the |inear expansi on .
characteristic difference between a plastic film of , |Lam nat ed pl astic
filnms on. the side where the reinforcing pl astic fliTHISiSHERDHASt BN dnd
the reinforcing-plastic filmis 20 controlled for sdppresSREMACED |
occurrence. That is, in the flexible printed circurt on wirch=a
reinforcing plastic filmis stuck, the reinforcing plastic filmand
ot her pl agitricitild® the cudilf faount t}'f'“vfdg'efﬁéasﬁé'd ﬁ@%é@ﬂ 5dd upheré, of
the flexible printed circuit becones asymetrical wth respect to the
cross- 2Bs aseelsuln dithecidurl drfuitmt e wd£8 1l uprdnd ech&i éeri tadprosres
prone to curl as conpared with normal flexible printed circuits

was 1.4%; curl occurrence was suppressed.

Comparison 3:

5 A new plastic film (film-9) havingia size of 200 x 360
mm was cut out from the polyethylene terephthalate film 0.125
mm thick used with Embodiment 3. On the other hand, the same
.film-7 and film-10 as in Embodiment 3 were prepared. Three
linear expansion coefficient ellipses were created and

10 overlapped as in Embodiment 3. These overlapped ellipses are
shown in a graph of Fig. 11. From this graph, the maximum
values of the linear expansion coefficient differences among
film-7, £ilm-9, and film-10 were calculated as in Embodiment 1.
As a result, the maximum wvalue of the linear expénsidn

L5 coefficient difference between film-7 and film-9 was 1.66 x 1073
(1/°C) and that between film-9 and film-10 was 4.17 x 105
(1/°C). As described above, the maximﬁm value of the linear
expansion coefficient difference between film-7 and film-10 is
4.49 x 10°5 (1/°C).

0 Next, a plastic £film laminate of a 3—film—laYer
structure (see Fig. 13) was created in the same manner to that
in Embodiment 3 except that film-9 was used in place of film-8.
The curl amount h of the plastic film laminate was measured as
in Embodiment 3. As a result, the curl amount h was 18.7 mm

S and the curl degree was 5.2%; a curl occurred.

On the other hand, aside from the plastic film
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26 on which no reinforcing plastic filmis stuck. [If a curl of

the flexible printed circuit itself is suppresse flexible

printed circuit may again curl by stacking a re|ifﬁﬂ&ﬁﬁgErHASBamwaﬂi(:filrn
t hereon. However, the inventor et al. have found 5 RERRACEDN t he| cases,

I f the maxi num val ue of the |inear expansion : characteristic
difference ([err]) provided when ellipses created by pol ar coordinate
plotting for the plastic film positioned on t he outernost |ayer on

the side warhfatbhs acfI8IK1ODMIMASEd €ircuit formed with metal electric

circuit was manufactured. That is, the same film-7, film—9,

and film-10 as described above were prepared. An adhesive

layer 8 and copper electric circuit were formed on the surfaces

5 of film-7 ad film-9 by the subtractive metﬁod as in Embodiment

3. An adhesive layer 8 was formed on the surface and rear face

of film-10. In a similar manner to that in Embodiment 3, the

three films were laminated (see Fig. 19) to manufacture a

flexible printed circuit (see Fig. 20). For this flexible

10 printed circuit, the curl amount h was measured as described

above. As a result, the curl amount h was 18.9 mm and the curl
degree was 5.3%; a curl occurred.

Embodiment 4:
A bidirectionally stretched polyethylene terephthalate -

L5 film 0.050 mm thick (manufactured by TORAY) was used a raw

material film, from which plastic films (film-11 and £film-12)

each having a size of 100 x 200 mm were cut out. Linear

. expansion coefficients were measured by the above-described TMA

method and linear expansion coefficient ellipses were created

20 by polar coordinate plotting. and were overlapped. These

overlapped ellipses are shpwn in a graph of Fig. 12. From this

graph, the maximum value of the linear expansion coefficient

difference between film-11 and film 12 (ax) was calculated as

in Embodiment 1. The calculation result was 0.11 x 107 (1/°C).

'5 Stainless steel foil 0.050 mm thick was used as raw

material of metal electric circuit 3, from which stainless
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filmand the reinforcing plastic filmare overlapped is equal 10 to or
less than 1.4 x 10[err] (1/[err]C, curl occurrence of the flexible

printed circuit on which the reinforcing plastic fil mj Tais SHERTSHAEBEEN
suppr essed. Li kewi se, the inventor et aq. haveefoageD t hat {i f
t he total area of the portions where the ellips ‘ 15

when they are overl apped (C) is set equal to or less than 6.5 X
10[err] [(1/[err]C) x (1/[err]C)], curl occurrence of the flexible
printed cigZculf ?ﬁﬁ’ghﬁk}iht}ear%ﬂé”&”&iola' gfti(ﬁoafl!anWa§ YHCkout ,  Thi

al so suppressed. W se, “the 1 nventor et ve found f hat "when

the el li psgsh&f PatnFh M P YA ne0QEdi AREE sPEEEL NHo A1 Grafhea ANAEd 3RPHe | f
the shift angle difference between crystal

above-described method. The measurement result was 10000

kg/mm?. That is, the product of the thickness and the tensile
5 modulus (K) was 500 kg/mm. .

Next, a polyester family thermosetting-adhesive appiied
onto a separator was stuck on the same surfaces 9 of blastic
film-11 and plastic film-12, then the separator was removed to
form an adhesive layer 0.025 mm thick. The stainlesslsteel

10 foil was temporarily crimped on the surface of film-11 by the
roll laminate method, then the stainless steel foil'and film-12
were furthermore temporarily crimped by the roll laminate
method with the surfaces of the stainless steel foil and film-
12 facing each qther and were laminated by crimping by a heat

15 press (conditions: 150°C x 1 h x 30 kg/cm?). (See Fig. 23.)

The curl amouﬁt h of the plastic film laminate was
measured by the above-described method.: As a resulﬁ, the curl
amount h .was 0.8 mm and the curl degree was 0.4%; curl
occurrence was suppressed.

20 The flexibility of the plastic film laminate (repulsion
force g/cm) was measured by the above—described.method. As a
result, when bend radius R = 5 mm, repulsion force = 160 g/cm,
indicating good flexibility.

Comparison 4:
25 First, the same films as the polyethylene terephthalate

film used with Embodiment 4 (film-11' and film-12) were
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orientation main axes of the ellipses ([err]) is within 30 degr ees,

curl occurrence of the flexible printed circuit on whi ch the
reinforcing plastic filmis stuck is suppressed. —— H—-Hhe
invention, the raw material plastic film 25 charact'Ligfl§§§??§§§ BEN dd
for preventing curls fromoccurring i n manuf act urk ! nrintled

circuits and enhancing the :
manuf acturi ng efficiency. That is, if either of the two condltions

i's satisfpedpatlbl. OAEUINTENERSRINSC PLEVERhedr BYpansion coefficients

10

L5

were measured and linear expansion coefficient ellipses were
created by polar coordinate plotting and overlapped (see Fig.
12). As in Embodiment 4, the maximum value of the linear
expansion coefficient difference between film-ll and film 12

(ax) was calculated. The calculation result was 0.11 x 107

.(1/°C) as in Embodiment 4.

Stainless steel foil 0.075 mm thick was uséd as raw
material of metal electric circuit 3, from which stainless
steel foil having a size of 100 x 200 mm was cut out. The
tensile modulus of the stainless steel foil was measured by the
above-described method. The measurement result was 8000
kg/mm?. That is, the product of the thickness and the tensile
modulus (K) was 600 kg/mm, which exceeded the predetermiﬁed
value.

Next, an adhesive layer 0.025 mm thick was formed on
the same surfaces 9 of film-11 and film-12 as in Embodiment 4.
The stainless steel foil was temporarily crimped on the surface
of film-11 by the roll laminate method, then the stainless
steel foil and film-12 were furthermore témporarily crimped by
the roll laminate method with the surfaces of the stainless
steel foil and film-12 facing each other and were laminated by
crimping by a heat press (conditions: 150°C x 1 h x 30
kg/cm?). (See Fig. 23.)

The curl amount h of the plastic film laminate was

measured by the above-described method. As a result, the curl
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it is troublesonme to neasure the |inear expansion coeff|C|ent

di fferences for each plastic filmin manufacturin I nted
circuits. Then, to solve this problem the invenfoFHI&SBEET HAS BREN L, o1 ned
the |inear expansion coefficient characteristics | RERLACED npiedi al

plastic films and found that there was given regularity. Then, the
| i near expansion coefficient ellipses of the parts of a raw material
filmare previously exam ned, the 10 | i near expansi on coeffi cient

char act er igpfduist 2he WHASREY amﬁl ‘and tHANdaLq ﬁgﬁ réRd R 1§ oyt OH&¥if0m

the raw material plastic iI'mand a conbi on of cut plastic filns

are previ Jeduirrence wie & ﬂﬂghsedflﬂkbdﬁhfﬁbsé$ﬁ maxi mum val ue of the
l'i near expansion coefficient difference and the total area of

portions The flexibility of the plastic film laminate (repulsion

force g/cm) was measured by the above-described method. As a
5 result, when bend radius R = 5 mm, repulsion force = 240 g/cm,
indicating poor flexibility as compared with Embodiment 4.
Embodiment 5:
First, the same films as the polyethylene terephthalate
film used with Embodiment 4 (film-11 and film-12) were
10 prepared. As in Embodiment 4, linear expansion coefficients
were measured and linear expansion coefficient ellipses were
created by polar coordinate plotting and overlapped (see Fig.
12). As in Embodiment 4, the maximum value of the linear
expansion coefficient difference between film-11 and film 12
15 (aa) was calculated. The calculation result was 0.11 x 107
(1/°C) as in Embodiment 4.
Three pieces 6f electrodeposited copper foil 0.018 mm,
0.035 mm, and 0.070 ram thick were used as raw material of metal
conductor layer 3, from which three pieces of copper foil each
20 having a size of 100 x 200 mm were cut out. The tensile
moduluss of the three copper foil piecés were measured by the
above-described method. The measurement results were 6600
kg/mm?, 6050 kg/mm?, and 5500 kg/mm?. That is, the product of
the thickness and the tensile modulus of each copper foil piece
25 (K) was 118.8 kg/mm, 192.5 kg/mm, or 315 kg/mm. These values

were equal to or less than the predetermined value.
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15 where the ellipses do not overlap can be set to the
predeterm ned val ues or |ess without creating linear expanS|on

coefficient ellipses for each plastic film As a resu TS SBEET HAS BEEN
production efficiency of flexible printed circuits wfh cuiggp ACED
occurrence suppressed can be inproved. 20 Hon

relates to a flexible printed circuit wherein plastlc films | am nated
via an adhesive | ayer are tenporarily crinped by a roII | am nat e

method and hen eyt PRESSYYLEed: UHIE JARALENIN AJ) ARBURCLBYT: 301

crinped, and rfanu uring ere

manuf act urgh @ £5se%$f%plﬁa9rgeaeﬁ Bl G s e ﬁ&{geswsf m-h?e g

formed on each plastic filmand then they are cked and an1na
t he and £film-12, then the separator was removed to form an adhesive
layer 0.025 mm thick. Each piece of the copper foil was

5 temporarily crimped on the surface of film—ll by the roll

laminate method, then the copper foil and film-12 were
furthermore temporarily crimped by the roll laminate method
with the surfaces of the copper foil and film-12 facing each
other and were laminated by crimping by a heat press
10 (conditions{ 150°C x 1 h x 30 kg/cm?). (See Fig. 23.)
Further, the curl amount h of each of the plastic film
laminates was measured by the above-described method. As a
result, when the copper foil was 0.018 mm thick, the curl
amount h was 1.2 ﬁm and the curl degree was 0.6%; wheh the
15 copper foil was 0.035 mm thick, the curl amount h was 0.7 mm
and the curl degree was 0.35%; when the copper foil was 0.070
mm thick, the curl amount h was 0.5 mm and the curl degree was
0.25%. Curl occurrence was suppressed in every case.
The flexibility of each of the plastic film laminates
20 (repulsion force-g/cm) was measured by the above-described
method. As a result, when the copper foil was 0.018 mm thick,
repulsion force = 57 g/cm when bend radius R = 5 mm; when the
copper foil was 0.035 mm thick, repulsion force = 72 g/cm when
bend radius R = 5 mm; when the copper foil was 0.070 mm thick,
25 repulsion force = 125 g/cm when bend radius R = 5 mm. Good

flexibility was indicated in every case.
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28 flexible printed circuit is pressurized in a heating state in

stacked relation to renove bubbles occurring in the adhesive | ayers.
After the flexible printed circuit is tenmporarily crinped by a rol

| am nate nethod, it is sealed in an autocl ave 5 and d|

gas pressure for crinping, whereby the flexible p

crinped under isotropic pressure produced by the

Thus, even if the flexible printed circuit itself varies In
t hi ckness coigariddn iss

First, the same films as the polyethylene terephthalate
film ﬁsed with Embodiment 4 (film-11 and f£film-12) were
prepared. As in Embodiment 4, coefficients of linear expansion

5 were measured and linear expansion coefficient ellipses were
-created by polar coordinate plotting and overlapped (see Fig.
12). As in Embodiment 4, the maximum value of the linear
expansion coefficient difference between film-11 and film 12
(ac) was calculated. The calculation result was 0.11 x 1073
10 (1/°C) as in Embodiment 4.

Two pieces of electrodeposited copper foil 0.2 mm, and

0.3 mm thick were used as raw material of metal conductor layer

3, from which two pieces of electrodeposited copper foil each

having a size of 100 x 200 mm were cut out. The tensile
15 moduluss of the two electrodeposited copper foil pieces were
measured by the above-described method. The measurement

results were 3600 kg/mm* and 3400 kg/mm?. That is, the product
of the thickness and the tensile modulus of each
electrodeposited copper foil piece (K) was 720 kg/mm or 1020

20 kg/mm. These values exceeded the predetermined value.
Next, an adhesive layer 0.025 mm thick was formed on
the same surfaces 9 of film-11 and film-12 as in Embodiment 4.
Each piece of the electrodeposited éopper foil was temporarily
crimped on the surface of film-11 by the roll laminate method,
!5 then fhe electrodeposited copper foil and film-12 were

furthermore temporarily crimped by'the roll laminate method

[
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pressurized on the full face under uniformgas pressure and no 10
excessive force is applied to the materials of the plastic

netal electric circuit, etc.,; the flexible printed gﬁuASBEW% | f
does not extend in the transverse direction or ® qﬁ@tamﬂkrl S
are not inpaired. 15 : BRI EF DESCRI', oM DRAW NGS
In the acconpanyi ng draw ngs: Fig. 1is a polar coordi nate
plotting chart representing a |inear expansion coefficient ellipse of
a b Sy, &Gl %ri'ﬁjfla%e%t bet Eﬁédipéc?‘@fé&eﬁééﬂed%pper foil aiddfilm- 1S
a polar coordinate plotting

12 facing each other and were laminated by crimping by a heat
press (conditions: 150°C x 1 h x 30 kg/cm?). (See Fig. 23.)
The curl amount h of each of the plastic film laminates

5 was measured by the above-described method.; As a result, when
the electrodeposited copper foil was 0.2 mm thick, the curl
amount h was 0.6 mm and the curl degree was 0.3%; when the
electrodeposited copper foil was 0.3 mm thick, the curl amount
h was 0.3 mm and the curl degree was 0;15%. Curl occurrence

.0 was suppressed in both cases.

The flexibility of each of the plastic fi}m laminates
(repulsion force g/cm) was measured by the above—described.

" method. As a result, when the electrodeposited copper foil was
0.2 mm fhick, repulsion force = 615 g/cm when bend radius R.=

.5 5 mm; when the electrodeposited copper foil was 0.3 mm thick,
fepulsion force = 710 g/cm when bend radius R = 10 mm. Poor '
flexibility was indicated in both cases as compared with
Embodiment 4.

Embodiment 6:

0 A bidirectionally stretched polyethylene terephthalate
film 0.05 mm thick (manufactured by TORAY) was used a raw
material film, from which plastic films (film-13 and film-14)
each having a size of 100 x 200 mm were cut out. A
bidirectionally stretched polyethylene terephthalate film 0.25

5 mm thick (manufactured by TORAY) was used a raw material film,

from which a plastic film (£ilm-15) having a size of 100 x 200
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overl apping two |inear expansion coefficient ellipses; Fig. 3

Is a schematic diagramto show |inear expansion coefficient ellipses
in parts in the width direction of a bi di recti onal Lv..stret-ched
plastic film 25 Fig. 4is a graph to shom1tMﬂSSHEﬁfHéh§ﬁ¥ﬁ

bet ween t he maxi nrum val ues of |inear expansion oef f | RERAALCED

di fferences and 29 . cur |
degr ees; Fig. 5is a graph to show the relationship between
t he mm were cut out. The ultrasonic propagation velocities of the

three plastic films were measured by the above-described method

and three ultrasonic propagation velocity ellipses were created

by polar coordinate plotting and were overlapped. These
5 overlapped ellipses of film-13 and film-15 are shown in a graph
of Fig. 30. This graph indicates that the shift angle

difference between crystal orientation main axis directions of
film-13 and film-15 of the outermost layers (aB) is 0 degrees,
showing that both match. |
10 Next, a polyester family thermosetting adhesive was
applied to the surfaces of film-13, film-14, and film-15, then
dried to form an adhesive layer 0.025 mm thick. Film-13 and
film-14 were laminated by crimping by a heat press (conditions:
150°C x 1 h x 30 kg/cm?) with the surfaces of film-13 and film-
L5 14 facing each other. Reinforcing film-15 was temporarily
crimped on the rear face of film-14 by the roll laminate
method, then cured in an autoclave (conditions: 110°C x 2 h x-
10 kg/cm?). The curl amount h of the plastic film laminate was
measured by the above-described method. As a result, the curl
20 amount h was 5.0 mm and the curl degree was 2.5%; curl
occurrence was suppressed. Ten flexible printed circuits thus
manufactured were prepared and the relative permittivity of
each flexible printed circuit as a complex of plastic films and
adhesive layers was measured at measurement frequency 1 MHz.
5 = Resultantly, the relative permittivities of all flexible

printed circuits fell within 3.40 +0.01.
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I ntegral values of |inear expansion coefficient square val ue
differences ([err]) and curl degrees; 5 Fig. 6 is a polar
coordi nate plot chart of overl apping two |'i near expansion coefficient
el lipses in Enbodi ment 1; Fig. 7 is ¢ “Gia.,buu1u..atc pl ot
char? of overl appi ng two |inear expansion codf ﬁfTéﬁﬁlﬂ?g% in
Conpari son 1; Fig. 8 is a polar coor |nare FPACES ar t df
overlapplng 10 two |inear expansion coefficient ellipses in Enbodi nent
Compariddrd.6:9 i s a polar coordinate plot chart of overlapping
two |inear expansi on coefficient ellipses in Conparison 2;
Fig. 10 is a pol am eeer gilaatecpt oOimchas in@fa @4seid JIWINY x 200 wkr eeilmoear
expansion coefficient ellipses in Enbodi ment 3;
16) was cut out from the polyethylene terephthalate film used

)

with Embodiment 6. On the other hand, the same film-13 and

5 film-14 as in Embodiment 6 were prepared. The ultrasonic

propagation velocity ellipses of the three plastic films were

createdl and were overlapped as in Embodiment 6. These

overlapped ellipses of film-13 and film-16 are shown in a graph

of Fig. 31. This graph indicates. that the shift angle

10 difference between crystal orientation main axis directions of

film-13 and film-16 of.the outermost layers (a0) is 90 degrees,
showing a large shift.

As in Embodiment 6, a plastic film laminate of film-13

and film-16 was created and reinforcing film-16 was temporarily

15 crimped on the rear face of film-14 by the roll laminate

method, then they were crimped by a heat press (conditions:

130 x 1 h x 30 kg/cm?) to'form a plastic film laminate. The

curl amount h of the plastic film laminate was measured by the

above-described method. As a result, the curl amount h was

20 19.0 mm and the curl degree was 9.5%; a curl occurred. Ten

flexible printed circuits thus manufactured were prepared and

the relative permittivity of each flexible printed circuit as

a complex of plastic films and adhesive layers was measured at

measurement frequency 1 MHz. Resultantly, the relative

25 permittivities of the flexible printed circuits varied in the

range of 3.35-3.42,
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15 Fig. 11 is a polar coordinate plot chart of overlapplng
three |inear expansion coefficient ellipses in Conparison 3;

Fig. 12 is a polar coordinate.plot chart of overl apping two |inear
expansi on coefficient ellipses in Enbodi mrents 4 and ..b._and Conparisons
4 and 5; 20 Fig. 13 is a sectional view GEEﬁGHEEmHA§hEEﬁ re of
a flexible printed circuit with three plastic fllrnREPBncmaIed :
Fig. 14 is a plan viem/to show a flexible printed circurt formed |i ke
subst anti ab,\: Fig. 15 is an illustration of cur

anmount neasurenent é% of a flexible printed circuit; Fi g.

16A is a sectionalp VHeW;8ce0BKRaL NG HMAldH& Ofmlylmlde £ilm 0.050 mm

thick (manufactured by TORAY-Dupont) was used a raw material
film, from which plastic films (film-17 and £film-18) each
5 having a size of 100 x 200 mm were cut outi A bidirectionally
stretched polyimide film 0.125 mm thick (manufactured by TORAY-
Dupont) was used a raw material film, from which a plaséic film
(film-19) having a size of 100 x 200 mm wére cut out. The
ultrasonic propagation velocities of the three plastic films
10 were nmeasured by the above-described method and three
ultrasonic propagation velocity ellipses were created by polar
coordinate plotting and were overlapped. These overlapped
ellipses of film-17 and £ilm-19 are shown in a graph of Fig.
32. This graph indicates that the shift angle difference
15 between crystal orientation main axis directions oflfilm-l7 and
£film-19 of the outermost layers (aB) is 0 degrees, showing that

both match.
Next, a polyester family thermosetting adhesive was
applied to the surfaces of film-17, £ilm-18, and film-19, then
20 dried to form an adhesive layer 0.025 mm thick. Film-17 and
film-18 were laminated by crimping by a heat press (conditions:
150°C x 1 h x 30 kg/cm?) with the surfaces of film-17 and film-
18 facing each other. Reinforcing film-19 was temporarily
crimped on the rear face of film-18 by the roll laminate
25 method, then cured in an autoclave (conditions: 110°C x 2 h x

10 kg/cm?). The curl amount h of the plastic film laminate was
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30 a flexible printed circuit and 16B is sectional viewto show

the structure of a flexible printed circuit having an adhesive
formed on the surface of each of two plastic filns;

| ayer
Fig. 17A

is a sectional view of a flexible printed 5 cir 'HTH&BHEMF E
occurs and 17Bis an illustration to show a state IRENEH ‘sted

curl occurs on a flexible printed circuit;
a sectional viewto show a state in which

measured by the above-described method. As a result,

amount h was 0.5 mm and the curl degree was 0.25%;

Ails

the curl

curl

occurrence was suppressed. Ten flexible printed circuits thus

manufactured were prepared and the relative permittivity of

5 each flexible printed circuit as a complex of plastic films and

adhesive layers was measured at measurement frequency 1 MHz.

Resultantly, the relative permittivities of all flexible
printed circuits fell within 3.45 0.01.
Comparison 7:

10 A new plastic film having a size of 100 x 200 mm (film-

20) was cut out from the polyimide film used with Embodiment 7.

On the other hand, the same £film-17 and film-18 as in

Embodiment 7 were prepared. The ultrasonic propagation

velocity ellipses of the three plastic films were created and

15 were overlapped as in Embodiment 7. These overlapped ellipses

of film-17 and film-20 are shown in a graph of Fig. 33.

This

graph indicates that the shift angle difference between crystal

orientation main axis directions of film-17 and.filmﬁzo of the

outermost layers (a0) is 90 degrees, showing a large shift.

20 As in Embodiment 7, a plastic film laminéte of film-17

and film-18 was created and reinforcing film-20 was temporarily

crimped on the rear face of film-18 by the roll laminate

method, then they were crimped by a heat press (conditions:

150 x 1 h x 30 kg/cm?) to form a plastic film laminate.

The

:5 curl amount h of the plastic film laminate was measured by the

above-described method. As a result, the curl amount h was
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an adhesive layer is formed on a base filmand then copper foil 10 IS
placed on the adhesive layer, 18B is a sectional viewto show a state
in which the copper foil is forned to electric circuit, 18Cis a
sectional view to show a state of |am nating LiﬁﬁpggggvﬁAéP N.for base
and cover layers, and 18D is a secti onal | ew REp e ﬁtructure
of a flexible printed circuit thus 15 provi ded; Fig. 19 is
a sectional viewto show a state of nanufacturlng a erX|bIe printed

circuit of;g@ | o AYRE 1 % '
sectional V|é§f§% shOM/thecgfruct ggﬁ%f EOO ’f?ebeIe pr|n e C|r§%?t of

a 3-film s sitd YytiHsd circuits thus[ﬂéhufgcﬁ&&éﬁ'Wék&sﬁiéﬁéggdtgnahow

a state of cutting
the relative permittivity of each flexible printed circuit as

a complex of plastic films and adhesive layers was méasured at
5 measurement frequency 1 MHz. Resultaﬁtly, the relative
permittivities of the flexible printed circuits var;ed in the
range of 3.42 to 3.47.
Embodiment 8:
A bidirectionally stretched raw material plastic film
10 made of polyethylene terephthalate 4 m wide was prepared. It
was divided into eight parts like baﬁds (each 500 mm wide)
parallel with the length direction (machine direction of
stretch) of the plastic film, as shown in Fig. 36. In the raw
material plastic film, the linear expansion coefficients of the
15 parts (divisions) were measured as in Embodiment 1, and
combinations of the relative positions were considered. The
condition that the maximum value of the linear expansion
coefficient difference is 1.4 x 107 (1/°C) or less was
satisfied in the range of relative positions (-3) to (3). Aé
20 shown in Fig. 36, a cover layer plastic film (film-21) having
a size of 80 x 200 mm was cut out from the relative position (-
3) and a base layer plastic film (£ilm-22) having a size of 80
x 200 mm was cut out from the relative position (2). For film-
21 and film-22, the linear expansion coefficient differences
5 were measured with the same surfaces of the films facing each

other. The maximum value of the linear expansion coefficient
ot
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out plastic films froma raw material film Fig. 22Ais a

perspective view to show a state of | am nating two plastic filnms with
their surfaces facing each 25 other and 22B is a sectional view to show
a state of | am nating two plastic filnms with thei

each ot her; 31
Fig. 23 is a sectional viewto show the structure of a
printed circuit with nmetal foil pieces |am nated,

difference was 0.7 x 10753 (1/°C).

! 1 2. c C I ng
S SHEET HAg BEEN
REPLAQED| e

As in Embodiment 1, £film-21 and film-22 were used to
produce a plastic film laminate with the same surfaces facing
each other. The curl amount h of the plastic film laminate was

5 measured by the above-described method. As a result, the curl
amount h was 5.6 mm and the curl degree was 2.8%; curl
occurrence was suppressed. |

On the other hand, aside from the plastic film
laminafe, a flexible printed circuit formed with metal electric

10 circuit was manufactured. That is, the same film-21 (for the
cover layer) and film-22 (for the base layer) as described
above were prepared. An adhesive layer Qas formed on the
surface of £ilm-22 as in Embodiment 1, then electric circuit
was formed, and an adhesive layer was formed on the surface of

15 film-21. Film-21 and film-22 were laminated to manufacture a
flexible printed circuit by the above-mentioned method. For
this flexible printed circuit, the curl amount h was measured
by the above-described method. As a result, the curl amount h
was 5.3 mm and the curl degree was 2.7%; curl occurrence was

20 suppressed. |
Embodiment 9:

A bidirectionally stretched raw material plastic film
made of polyethylene terephthalate 4.5 m wide was prepared. It

was divided into nine parts like bands (each 500 mm wide)

25 parallel with the 1length direction (machine direction of
stretch) of the plastic film, as shown in Fig. 3. 1In the raw
s This Sheet Has Been Replaced 75




Fig. 24 is anillustration to show a neasuring I nstrunment of

flexibility of flexible printed circuits,; 5 Fig. 25 a plan view
to show a flexible printed circuit formed |i ke substantial V-shape;
Fig. 26A is a sectional viewto show the structure of - a—flexibl e
printed circuit on which a reinforcing filmis stuck HI3, SHEEG BAS SEAN
sectional view to show the structure of a flexible 10 nrj EFHACED cui t
conprising an adhesive | ayer forned on the surface of each of plastic
films on wWitdrial ¢1rfsdid R4 1R, a8téSver layds IgPdstid ¥3Km (film-23) and
Fig. 27 is a polar coordinate plot chart representing a ultrasonic

propagat i an besdeodidyerelgliapsd coff iambi(diinec2idgnablch hd%ingshretighedfpbaski ¢
frim: 90 mm were cut out from the parts of the relative positions (-
3) and (3) at symmetrical positions with respect to the center
5 - line parallel with the length direction (mdchine direction) of
the raw material plastic film. As in Embodiment 1, for film-23
and film-24, the linear expansion coefficient differences were
measured with the same surfaces of the films facing eéch other.
The maximum value of the linear expansion coefficient
10 difference was 0.1 x 1077 (1/°C). -

As in Embodiment 1, a plastic film laminate of film-23
and film-24 was -produced. The curl amount h of the plastic
film laminate was measured by the above-described method. As
a result, the curl amount h was 0.4 mm and the curl degree was

15 0.5%; curl occurrence was suppressed.

On the other hand, aside from the plastic film

laminate, a flexible printed circuit formed with metal electric

" circuit was manufactured. That is, the same film-23 (for the
cover layer) and film-24 (for the base layer) as described

20 above were prepared. An adhesive layer was formed on the
surface of film-24 as in Embodiment 1, then electric circuit

was formed, and an adhesive layer was formed on the surface of
film-23. Film-23 and film-24 were laminated to manufacture a
flexible printed circuit by the above-mentioned method. For

15 this flexible printed circuit, the curl amount h was measured

by the above-described method. As a result, the curl amount h
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Fig. 28 is a polar coordinate plot chart of overlapping - t wo

ul trasoni c propagation velocity ellipses; Fig. 29 is a graph
to show the rel ationshi p between shift angle difference between
crystal orientation main axes 20 ([err]) and curl |dngsBEEVis, S BEEN -
Fig. 30 is a polar coordinate plot chart of overl apping REPLAESBee

ul trasoni c propagation velocity ellipses in Enbodi nent o,

Fig. 31 is a polar coordinate plot chart of overl apping t hree

ul trasoni ¢.gr gRagah Yhd' M Fléécﬂfgé &r? O@”B%r' %‘?1'1‘161occ2§*rehnce was
Fig. 32 is a polar coordinate p art of overl appi ng

ul trasoni gyppeRagali,on velocity ellipses in Enbodinent 7;

Comparison 8:
The same film-23 and film-24 as in Embodiment 9 were
5 prepared. The linear expansion coefficieht differences were
measured in a sfate in which the surface of film-23 and the
rear face of film-24 face each other. The maximum value of the
linear expansion coefficient difference was 1.6 x 1073 (1/°C).
In a state in which the surface of film-23 and the rear face of
L0 film-24 face each other, a plastic film laminate was produced
as in Embodiment 9, and the curl amount h was measured by the
above-described method. As a result, the curl amount h was 5.9
mm and the curl degree was 6.6%; a curl occurred.
It is to be understood that the foregoing description.
.5 and the accompénying drawings are not intended to limit the
scope of this invention; rather, various modifications or
variations may be made by those of ordinary skill in the art
without departing from the scope of thié invention which is
defined by the appended claims. For example, the present
0 invention also can be applied to an ordinary composite sheet

not only to the flexible printed circuit. The composité

sheet according to the present may be also applied to IC card
credit card or the like.

T]:us Sheet Has Been Replace
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32 Fig. 33 is a polar coordinate plot chart of overlapping
three ultrasonic propagation velocity ellipses in Conparison 7;

Fig. 34 is a graph to show t hg flAfds@asiHepaliet ween | i near expansi on
coefficients and ultrasonic pr vel 0 ﬁ_ﬂse ET HA E

Fig. 35 is an illustration to Mﬂ“l MH ena %ﬁ; Etﬁg Jnted
circuit on which a reinforcing Sttt .s e—apdd by a
heat press; and Fig. 36.is a schenatlc di agramto show | i near

expansi ONwHAT IS CLAIMED IS:

1 1. A composite sheet comprising:

2 - a first resin film; and

3 a second resin film laminated on the first resin film;
A wherein two ellipses of coefficient of linear expansion
5 are created on coordinates in corresponding parts of the first
6 and second resin films by the following method (A):

7 (A) comprising the stepé of: defining a predetermined
8 base point P on the resin film; measuring a coefficient of
9 linear expansion at a position separate from an arbitrary axis
10 in angle O direction on the first and second resin films, the
11 arbitrary axis being selected on the first and second resin
12 films so as to pass throﬁgh the base point P with the base
13 point P as a center and direct an arbitrary direction;
14 preparing a coordinate system with the arbitrary axis as a Y
15 axis and an axis crossing the Y axis at 90 degrees as an X
16 axis, in this coordinate system; defining an intersection of
17 the X and Y axes as the base point P in the linear expansion
18 coefficient measurement and magnitude of a linear expansion
19 coefficient measurement value as distancé r from the base point
20 P, then plotting a tip point of the distance r in the
21 méasurement angle O direction with respect to the Y axis,
22 plotting it multiple times by changing the measurement angie o,
23 and drawing an analysis line throughout 360-degree directions
24 with the base point P as the center so as to pass through
25 average points of the plotted points for creating the ellipse:

1L T L L
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10 coeff+ecient ellipses in parts in the width direction of a

bidirectionally stretched plastic film

OF THE

di'scussec
I nventi of
ot her, the plasti filnms being manufactured by bi¢irectrREpmpabestretc

EBEMBﬁmk&ENTS Next, the invention will be

DETAI LED DESCRI PTI ON

A flexible printed circuit of the
two or more plastic filns | am raieduerr 6aSBEeN

=)

and normal |y at | east one of the two or nDre plas ICc 11115 form

metal @RCIHHE Ghd Cé'lhﬁ)sgoare overlaP gq ?&ﬁg’% fmfom@%\?@ﬂxyim de

Withyg

film a polyester nitrile

polyeste

pol yet hyl el tc@m@RiH baliateand coordinate axes X and Y, and the following

28

29

30

relationship (B) is satisfied: (B) the maximum value of a
linear expansion coefficient difference between the two resin

films is equal to or less than a predetermined value.

2. The composite sheet according to claim 1, wherein

the predetermined value is 1.4 x 107° (1/°C).

3. The composite sheet according to claim 1, wherein
the first and second resin film are laminated on each other

with the same surfaces thereof facing each other.

4. The composite sheet according to claim 1, wherein

the composite sheet is a flexible printed circuit.

5. The composite sheet according to claim 4, wherein a
metal electric circuit is formed between the first and second
resin films and a product of thickness and tensile modulus of

the metal electric circuit is 500 kg/mm or less.

6. The composite sheet according to claim 1, wherein a
reinforcing plastic film is stuck on one side of the composite
sheet, and one of the first and second resin films positioned.
on a side where the reinforcing plastic film is not stuck and

the reinforcing plastic film satisfy the relationships (A) and

* c L M S *




film a polyvinyl chloride film and pol yet hyl ene napht hal ate filmcan

be listed as the plastic filmtypes, anong which the pol yet hyl ene
terephthalate film polyethylene naphthalate film 25 and polyimde film
are preferred total SS}QEtSHadBd’enR ldged t resistance] HISRAEEPNAS BREN

stability, electric . _ _ 'REPLACED
33 nechanlca acteristlcs, chem cal~Teststanee;
costs, etc. The pl ast’ norna ly is 0.01 to 0.3 mmthick and

prefeerably(lg_OZS to O. 125 nmm t hi ck.

1 7. The composite sheet according to claim 1, wherein
2 one or more other resin films are sandwiched between the first
3 and second resin film, .

1 8. The composite sheet according to claim 1, wherein
2 the first and second resin film are laminated via aﬁ adﬁesive
3 layer.

1 9. The composité sheet according to claim 8, wherein
2 the first and second films stacked via the adhesive layer are
3 temporarily crimped by a roll laminate method in stacked
4 relation and then pressurized under gas pressure in an
5 autoclave and crimped.

1 10. A composite sheet comprising:

2 a first resin film; and

3 . a second resin film laminated on the first resin film;
4 wherein two ellipses of coefficient of linear expansion
5 are created on coordinates in corresponding parts of the first
6 and second resin films by the following method (C):

7 (C) comprising the steps of: defining a predetermined
8 base point P on the resin film; measuring a coefficient of
9 linear expansion at a position separate from an arbitrary axis
.0 in angle @ direction on the first and second resin films, the

T



Wth flexible printed circuits on which a reinforcing 5 plastic filmis
stuck, filns of various materi al smgggéé{mgggngaplaced by hidirectjonal
stretch |ike those |isted above ar th THE SHERTCHAS) BRENS! i C
films and normally are 0.025 to O. ﬁ“m ulﬂnummhl ckl_and [BEBE4CEDI y 0.]125
to 0.350 mm thick. However, the g plastic filns as Thick as
or thicker than other 10 films which constitute the flexible printed

circuit itself are used. It is appropriate to stretch
t he i di r @etji@Raldyy ax15 bingt sBedcibastdrt fhd NFgeser anly slec%rtop desih Mes
and preferably to 9 tinmes in a machine direction and 3 to 8 tines
in a2 15 fillmsnstersse dbrgﬁbsﬂthrough the base point P with the base
13 point P as a center and direct an arbitrary direction;
14 preparing a coordinate system with the arbitrary axis as a Y
15 axis and an axis crossing the Y axis at 90 degrees as an X
16 axis, in this coordinate system; defining an intersection of
17 the X and Y axes as the base point P in the linear expansion
18 coefficient measuremenf and magnitude of a linear expansion
19 coefficient measurement value as distance r from the base poiht
20 P, then plotting a tip point of the distance r in the
21 measurement angle 0 direction with respect to the Y axis,
22 plotting it multiple times by changing the measurement angle 0,
23 and drawing an analysis line throughout 360-degree directions
24 with the base point P as the center éo as to pass through
25 average points of the plotted points for creating the ellipse:
26 and the two ellipse are overlapped so as to match in
27 the center point and coordinate axes X and Y, and the following
28 relationship (D) is satisfied: (D) the total area of.portions
19 where the ellipses do not overlap is equal to or less than a
30 predetermined value.
1 11. The composife sheet according to claim 10, wherein

2 the predetermined value is 6.5 x 10°!° [(1/°C) x (1/°C)].

1 12. The composite sheet according to claim 10, wherein

2 the first and second resin film are laminated on each other

SR
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Met al such as copper, gol d—stalnless—alurnaum and ni ckel and
all oys thereof can be listed.as the t pes of netal of the netal

el ectric circuity, anong whi Ehis pper20 aIon are
preferred totally consi der ity, W t "I
electric characteristics, cost t al e|'@#$I Q&QEEN

normally is 0.002 to O. 100 mmthick and preferably! s
thick. Further, when elasticity coefficient is measured |n a foi

state, it widhTeHey sanc @i ftes therdO0 4 il &4 ¢n S pr ef erably 4000 to
12000 kg/ mierr]. For exanple, 25 the elasticity coefficient can be

measured conformng to ASTM D-882-83 with TENSI LON TESTER (tensile
tester). To nmeasure the
1 13. The composite sheet according to claim 10, wherein
2 the composite sheet is a flexible printed circuit.
1 14. The composite sheet according to claim 13, wherein
2 a metal electric circuit is formed between the first and second
3 resin films and a product of thickness and tensile modulus of
4 the metal electric circuit is 500 kg/mm or less.
1 15. The composite sheet according to claim 10, wherein
2 a reinforcing plastic film is stuck on one side’ of the
3 composite sheet, and one of the first and second resin films
4 positioned on a side where the reinforcing plastic film is not
5 stuck and the reinforcing plastic £film satisfy  the
6 relationships (C) and (D).
1 16. The composite sheet according to claim 10, wherein
2 one or more other resin films are sandwiched between the first
3 and second resin film.
1 17. The composite sheet according to claim 10, wherein
2 the first and second resin film are laminated via an adhesive
3 layer.
1 18. The composite sheet according to claim 17, wherein
- 82 -
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34

thin filmin a fl exi

el asti ci efficient of metal electric circuit or a netal

£s L 10k Bebn®eplaed t conpl et ed as a product, a

sem -fini'shed product formation, or the [i .
additives of plastic f. me , etc., are renmoved WQyTHIS SHEET HMRt
such as plasma etching ser bean1nachining f REPLIAGEY NQ
the nmetal electric circuit or netal thin filmonly, and The

el asticity coefficient thereof in the state can be measur ed

accorgling ﬁﬁbtPfr@@oaﬁd”EQ&bﬁ@eﬂlﬂﬁéhQQacked via the adhB$

VRV 8RN Jyges

an i ndex of the product of the

3

4

5

10

11

12

13

14

15

16

17

19

20

21

temporarily crimped by a roll laminate method in stacked
relation and then pressurized under gas pressure in an

autoclave and crimped.

19. A composite sheet comprising:

a first resin film; and

a second resin film laminated on the first résin film;

wherein two ellipses of ultrasonic propagation velocity
are created on coordinates ih corresponding parts of the first
and second resiﬁ films by the following method (E):

(E) comprising the steps of: defining a predetermined
base point P on the film surface of the resin film, measuring
a ultrasonic propagation velocity at a position separate from
an arbitrary axis in angle 0 direction on the first and second
resin films, the arbitrary axis being selected on the first and
second resin films so as to pass through the base point P with
the base point P as a center and direct an arbitrary direction,
preparing a coordinate system with the arbitfary axis as a Y
axis and an axis crossing the Y axis at 90 degrees as an.x
axis, in this coordinate system, aefining an intersection éf
the X and Y axes as the base point P in the ultrasonic
propagation veiocity measurement and magnitude qf a ultrasonic
propagation velocity measufement value as distance r from the
base point P, then plotting a tip point of this distance r in

the measurement angle 0 direction with respect to the Y axis,

- 83 -
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t|C|ty coefficient of netal electric circuit

10 thlckness and el

(K so'E@ ersal conparison in various netals. As t he
val ue, _ tal takes a value of ab %ﬁé N
(thlckne elast|C|ty coefficient: P %g?é §§PFE 2L000 to

D

10
2000 kg/nn1(th|ckness 0.100 mm x el asticity co,f.:c:c“;. (
kg/merr]); to suppress a curl of the flexible printed circuit and
provide flexibility thereof, desirably it lies in the range of 20 to
500 day/ mmpsrect timiee ipr mﬁembﬂg 80mé® B¥PQhangind@h@meherbiRnel aakhei oy
coefficient values, the neasurenent value in the foil state”as _
descz3 bed alinb\th:awimg‘ ieos driedl yis  1ialeastirddghowved 0 cd&dtee O ir8€tdbnst hin
film and if the conposition, heat history, and crystal state

vi rtfal | y vidihal the baset lpoigeneP vabuetlies takearewen ad et gladshi bhidohgh are
ot her than

25 average points of the plotted points for creating an ellipse
25 having a crystal orientation main axis in azlong—axis direction
26. and a crystal orientation subaxis in a short-axis direction:
27 and the two ellipse are overlapped so as to match in
28 center point and coordinate axes X and Y, and the following
29 relationship (F) is satisfied: (F) a shift angle difference
30 between crystal orientation main axes of the ellipses (aB) is
31 within 30 degrees.

1 20. The composite sheet according to claim 19, wherein
2 the first and second resin film are laminated on each other
3 with the same surfaces thereof facing each other.

1 21. The composite sheet according to claim 19, wherein
2 the composite sheet is a flexible printed circuit.

1 22. The composite sheet accordihg to claim 21, wherein
2 ~a metal electric circuit is formed between the first and second
3 resin films and a product of thickness and tensile modulus of
4 the metal electric cirquit is 500 kg/mm or less.

1 23. The composite sheet according to claim 19, wherein
2 a reinforcing plastic film is stuck on one side of the

o - ) ) A
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metal foil (for exanple evaporation film plating coat, etc.,).
an adhesive is used to |l am nate (Ian1nate and bond) two or
re plastilc ﬂmbﬁwﬂfﬁmBheRnﬁwet ting adhesive (fo

Nornally
35

3

4

rubber adhesi ve or er, 9d,h65|“\{‘ql

exa
conprising an Wmmm) ng agent added to a po %PLACED resi (1)
.hernbplastlc adhesi ve or exanp

|l e, a synthetic

composite sheet, and one of the first and second resin films
positioned on a side where the reinforcing plastic film is not
stuck and the reinforcing ©plastic film satisfy - the

felationships (E) and (F).

24. The composite sheet according to claim 19, wherein
one or more other resin films are sandwiched between the first

and second resin film.

25. The composite sheet according to claim 19, wherein
the first and second resin film are laminated via an adhesive

layei.

26. The composite sheet according to claim 25, wherein
the first and second films stacked via the adhesive layer are
temporarily crimped by a roll laminate method in stacked
relation "and then pressurized under gas pressure in an

auvtoclave and crimped.

27. A method for manufacturing a composite sheet
comprising the steps of:

preparing a first resin film and a second resin film;

creating two ellipses of coefficient of linear
expansion on coordinates in corresponding parts of the first
and second resin films by the following (1) to (7) steps:

(1) defining a predetermined base point P on the resin

[

~os — | (IR VAREAN

25

a



rubber adhesive), antd—atackitess—agent (pressure-sensitive 5 adhesi ve,

for exanple, an acnﬁﬁi t acki ness_adent) can be |isted as the
adhesi ve, anong whic tE % ng adhesive is preferred because
it is good in charactf “ " adhesi on f qregs Speat . tamce,
nmoi sture and heat res wor kabi lity, durfabiligipr ocghC:
|am nate a reinforcing 10 - plastic film the vari . . | so
used. Next, a manufacturing nethod of the flexible printed
circugt ofgghe, invention will be discussed. The nanufacturlng
met hod of the flexible printed circuit of the structure wherein the
two psastic filns @pneedsuding sheveriEnckeat bIB wanfed Anégd ediandaeng of
the plastic filns iIs formed with the nmetal electric circuit 3 will be
descid bed pssition separate from an arbitrary axis in angle 0 direction

11 on the first and second resin films, the arbitrary axis being

12 selected on the first and second resin films so as to pass

13 through the base point P with the base point P as a center and

14 direct an arbitrary direction;

15 (3) preparing a coordinate system with the arbitrary

16 axis as a Y axis and an axis crossing the Y axis at 90 degrees

17 as an X axis, in this coordinate system;

18 (4) defining an intersection of the X and Y axes as the

19 base point P in the linear expansion coefficient measurement

20 and magnitude of a linear expansion coefficient measurement

21 value as distance r from the base point P,

22 (5) plotting a tip point of the distance r in the

23 measurement angle O direction with respect to the Y axis,

24 (6) repeating plotting the tip point multiple times by

25 changing the measurement angle 0; and

26 (7) drawing an analysis line throughout 360-degree

27 directions with the base point P as the center so as to pass

28 through average points of the plotted points for creating the

29 ellipse;

30 laminating the first and second resin film in such a

31 manner that the following relationship (G) is satisfied: (G)

32 the maximum value of a linear expansion coefficient difference

33 between the two resin films is equal to or less than a

- 86 -
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an exanple. First, two pIast‘“‘T‘T“‘?*and—ﬂraFe pr epar ed. _
Ceneral ly, polyet hyI ene terephthal@ley SelS d as the pl ast I C films.
As descri bed above, the two pl as mﬁm Areed sfy at

ShREEy
| east one of the conditions that of .THISS %\%CI ent of
val ug Iﬂ ar

| i near expansi on are overl apped,

expansi on coefficient difference ([err]) shoul d be equal to or |ess
than 1.4 x 10[err]. (1/[err]C, that the total area of the portions
ot hegs t hanpdvee omani it (VA1 $h i <h e 350 ea_Ctl:t%JsetsO Fe o%%%tta L £sd As
10[err] [(2/[err]C) x (2/[err]C], or that when el |'i pses "of

ul trasoni thnrmtagatimntweel@@mtdzﬁp@i@t and coordinate axes X and Y.

1 28. The method for manufacturing a composite sheet
2 -~ according to claim 27, wherein the predetermined value is 1.4

3 x 107% (1/°C).

1 29. The method of manufacturing a composite sheet
2 according to claim 27, further comprising the steps of:
3 stretching a raw material resin film in two directions
4 of a machine direction and a transverse direction;
5 cutting out a resin film to a predetermined size with
6 either the machine direction or the transverse direction as a
7 length direction from the raw material resin film;
8 | dividing the resin film into two-spbstantially equal
9 parts of a first layer cut part and a second layer cut part in
10 parallel with the length direction; and
11 cutting out the first and second layer cut parts in
12 parallel with the length direction from the first and second
13 resin films respectively.
1 " 30. The method for manufactuirng a composite sheet
2 according to claim 29, further comprising the step of.
3 temporarily crimping the first and second layer cut parts
4 stacked via an adhesive layer by a roll laminate method in
5 stacked relation and then pressurizing under gas pressure in an
R
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36

overl apped, the shift angle difference between crystal

orientation main axes of the ellipses ([err]) should be within 30

degr ees.
wher eby

surface of the plastic film4 for th
appl yi ng an adhesive onto the plastic

The plastic filnms 2 and 4 of the sanme thickness are ~used,

curl occurrence can be miégh(e@trﬁa@ﬁeenlﬁ%lﬁ‘ced 5 | eftis ehe®t bXs REEN
First, as shown in Fig. 18A an adhes

mﬂ iﬂlﬁl} ”"] f or megkppACEHE
T exanpte, by~
then dryi ng or by

st ackd ng %meas}é/%r@pmf%q@ro a separator 10 on the plastic film 4,
then renoving the separator

1 31. The method of manufacturing a composite sheet
2 according to claim 27, further comprising the steps:
3 stretching a raw material resin £film in two directions
4 of a machine direction and a transverse direction;
5 cutting out a resin film to a predetermined size with
6 either the machine direction or the transverse direétion as a
7 length direction.from the raw material resin film;
8 dividing the resin film into two substantially equal
9 parts of a first layer cut part and a second layer cut part in
10 pérallel with the length direction;
11 cutting out the first and second layer cut parts at
12 substantially symmetrical positions with respect to a centér
13 line parallel with the length direction from the first and 1
14 econd resin films respectively; and
15 laminating the first and second.layer cut parts in a
16 state in which the same surfaces of the first and second layer
17 cut parts face each other.
1 32. The method for manufactuirng a composite sheet
2 according to «c¢laim 31, further comprising the step of
3 temporarily crimping the first and second layer cut parts
4 ‘'stacked via an adhesive layer by a roll laminate method in
5 stacked relation and then pressurizing under gas pressure in an
6 autoclave and crimping.

-
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adhesi ve | ayer 8 normatty s
0.005 to 0.05 nn1th|ck
adhesi ve | ayer 8 I or

0 0.2 mmthick and preferably
Ne

-, thin film 3a is formed on t
‘iﬁ:ﬁ %I ng metal _foil such as copper

he

foil on the adhesive | | ani nat e| THibeHBRT MAStEEEN {i | M
3a can al so be forned ectroplatlng met hod or REPLATEDL er i n

nmet hod, in which case it can be.formed directly on € plrastic Il m4
W t hout form ng t he adhesive layer 8. As shown in Fig. 18B, a known
met had such 3@s aaprhdthéd, ot Et\%@ltdt‘é%t\ﬁflr@_fdhtllé@mﬁatsh@é | sheged to
20 treat the netal thin film3a for formng netal electric circuit

3 inaAa predatimibingd the Gtdpspatfiern. On the ot her hand, - plastic
film2 for cover |ayer is prepared and an adhesive

3

4

5

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

preparing a first resin film and a second resin £film;

creating two ellipses of <coefficient of . linear
expansion on coordinates in correspondinggparts of the first
and second resin films by the following (1) to (7) steps:

(1) defining a predetermined base point P on the resin
film;

(2) measuring a coefficient of linear expansion at a
position separate from an arbitrary axis in angle 0 direction
on the first and second resin films, the arbitrary axis being
selected on the first and second resin films so as to pass
through the base point P with the base point P as a center and

direct an arbitrary direction;

(3) preparing a coordinate system with the arbitrary

axis as a Y axis and an axis crossing the Y axis at 90 degrees
as an X axis, in this coordinate system;

(4) defining an intersection of the X and Y axes as'the
base point P in the linear expansion coefficient measurement

and magnitude of a linear expansion coefficient measurement

. value as distance r from the base point P,

(5) plotting a tip point of the distance r in the
measurement angle 0 direction with respect to the Y axis,

(6) repeating plotting the tip point multiple times by
changing the measurement angle 6; and

(7) drawing an analysis line throughout 360-degree

[N L - = -
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| ayer 8 is forned-enthe-surface—of the plastic film2 in a simlar
manner to that descrlbed above | f the adhesive |ayer 25 8 is forned on

cad i
e e & or e ¢ 0 [T ATERIRRAI T
“As shown in FI“ 184 —ttrel asti c

for the cover |ayer.

ilm4 for the base Iayer and the plastic film2 for the cover |ayer

are stacked with their surfaces facing each other and | am nated
27 directions with the base point P as the center so as to pass
28 through average points of the plotted points for creating the
29 ellipse;
30 laminating the first and second resin film in such a
31 manner that the following relationship (H) is satisfied: (H)
32 the total area of portions where the ellipses do not overlap is
33 equal to or less than a predetermined value when the two
34 ellipses are overlapped so as to match in the center point and
35 coordinate axes X and Y. |
1 ' 34. The method for manufacturing a composite sheet
2 according to claim 33, wherein the predetermined value is 6.5

3 x 107 [(1/°C) x (1/°C)].

1 35. The method of manufacturing a composite sheet
2 according to claim 33, further comprising the steps of:
3 stretching a raw material resin film in two directions
4 of a machiﬁe direction and a transverse direction;

5 cutting out a resin film to a predetermined size with
6 either the machine direction or the transverse direction as a
7 length direction from the raw material resin film;

8 dividing the resin film into two substantially equal
9 parts of a first layer cut part and a second layer cut part in
10 parallel with the length direction; and

11 cutting out the first and second layer cut parts ih
12 parallel with the length direction from the first and sécond

- 90 -
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5 (lam nated and bonded) in the stacked relation, for exanple, by
a crinmping method with a heat press or—by—a-laninate nethod of
applying at | east heat or pressureTﬁgier tenporary crinping by

rolling and | am nating. The | am nat = STES Repllcegonditions —a-e-
det erm ned appropriately by the typH' i\l g, THISCSHEETH&S BEEN
s shawn i nREPIACEDISD o

etc. The flexible pri
16B can be thus manuf actured. The pressure and tenperature

condiyki ons .cQRPOR ; hRAst ResteiciRiad et hod and the roll |am nate

nethgé I n fhe Ian%nafings%ornallyygfe 40[err]C to 300[err]C x 1 to 100 15
kg/cnferr] and preferably 50[err]C to 200[err]C x 8 to 70 kg/cnferr].

In the lamnating, if the plastic filns in the stacked

1 36. The method for manufactuirng a composite sheet
2 according to claim 35, further comprising the step of
3 temporafily crimping the first and second layer cut parts
A stacked via an.adhesive layer by a roll laminate method in
5 stacked relation and then pressurizing under gas pressure in an
6 autoclave and crimping.

1 37. The method of manufacturing a composite sheet
2 according to claim 33, further comprising the steps:

3 stretching a raw material resin film in two directions
4 of a machine direction and a transverse direction;

5 ' cutting out a resin film to a predetermined size with
6 either the machine direction or the transverse direction as a
7 length direction from the raw material resin film;

8 dividing the resin film into two substantially equal
9 parts of a first layer cut part and a second layer cut part in
10 parallel with the length direction;

11 cutting out the first and second layer cult parts at
12 substantially symmetrical positions with respect to a center
13 line parallel with the length direction from the first and
14 second resin films respectively; and

15 lJaminating the first and second layer cut parts in a
16 state in which the same surfaces of the first and second resin
17 films face each other.

gy~ |NRRORYERRE R



relation are tenporarily crinped by | am nat e net hod

and t hen

pressuri zed under gas pressBM£%m£H%Q; ve and crinped, the
flexible printed circuit is iform 20 pessure over the
full face by isotropic press pressur ef TEI&SHEHET HAS BEEN

flexible printed circuit its

t hi ckness] et c REPLAGED

materials of the plastic fil ns, netal electric circuit, etc., aren
strained. Wth the flexible printed circuit thus manufactured, for
the qetal electrigg,25rhe Cinb€HbH, ﬁcﬂe RbAsEae thii iRy asldc%%%% @ | gygss of
i nsul ati on Iayers vary | ess in  thickness

hi ghof reqae@eyding to claim 37, further comprising the step of

3

4

temporarily crimping the first and second layer cut parts
stacked via an adhesive layer by a roll laminate method in
stacked relation and then pressurizing under gas pressure in an

autoclave and crimping.

39. The composite sheet according to claim 1, wherein
the arbitrary axis is settled on a machine direction of film
stretch, so that the Y axis is settled on the machine direction
and the X axis is settled on a transverse direction of film

stretch.

40. The composite sheet according to claim 1, wherein
the composite sheet is a flexible printed circuit, and the
arbitrary axis is settled on a machine direction of film
stretch, so that the Y axis is settled on the machine difection
and the X axis is settled on a transverse direction of film

stretch.

41. The composite sheet according to claim 10, wherein
the arbitrary axis is settled on a machine direction of film
stretch, so that the Y axis is settled on the machine direction

and the X axis is settled on a transverse direction of film

N A
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38 characteristics of relative permttivity (dielectric constant),
etc., as a conplex of the plastic filns and adhesixe | ayers becone
stabl e. The above decribed nethod so as to pressurfi TBIS SHEET HA§BEEN JaS
pressure is nore excellent than the heat press or {the RBrPLAdHDKE | nlthe

followi ng points, that is, it is hardness to put traces ctaus by
m nute dust, foreign nmaterial, etc., and has the effect of leading to
enhancenment of quality, perfornmance, etc. The rel ative

permftivity of thg fl QﬁEbESmB%%m:SdshéQt a@ééf&’ir‘ig r@é“&fl%%%”l%q pv%egcg?.n.

above-described nmethod (ratio

2 the composite sheet is a flexible printed circuit, and ‘the
3 arbitrary axis is settled on a machine direction of film
4 stretch, so that the Y axis is settled on the machine direction
5 and the'X axis is settled on a transversé direction of film
6 stretch.
1 43. The composite sheet according to claim 19, wherein
2 the arbitrary axis is settled on a machine direction of film
3 sfretch, so that the Y axis is settled on the machine‘direction
4 and the X axis is settled on a transverse direction of film
5 stretch.
1 44. The composite sheet according to claim 19,-wheréin
2 the composite sheet is a flexible printed circuit, and the
3 arbitrary axis is settled on a machine direction of film |
4 stretch, so that the Y axis is settled on the machine direction
5 and the X axis is settled on a transverse direction of film
6 stretch. |

. This Sheet Has Been Replaced

[l

|

[T

T
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permttivity of neasured substance to permttivity in vacuum can be

eval uated by the follow ng nethod: It can be neasured by a nethod
defined in JIS C6481. Wen the relative per Wet-t-ti-ty—ef—each-—
of the plastic filnms and adhesive layers 15 is neasur e? _'@ﬂﬁéﬁﬁ%’é%ﬁ REFa
relative pernittivity as a conpl ex of the plastic fi REPLATERS ve
| ayers generally is found by the foll owi ng expression (5):

(d[err] + d[err])[err] d[err] + d[err] 20 where dl and

[err]] are thickness and rehKirpachegF g f plastic film
and d2 and [err]2 are those—Uﬁ'vae—[%?yw—_ e I%Cq"qéd]& In the
crinping in the aQiQ%ﬁﬁﬁkfgﬁ“gﬂéE¥iégmggﬁses a fY?ékOEésgﬂs?iimﬁu%ﬁda%
ni trogen gas, argon gas, helium gas, an
second resin film laminated on the first resin film; wherein
two ellipses of coefficient of linear expansion are created on
5 polar coordinates in corresponding parté of the first and
second resin films by a predetermined method and the two
ellipse are overlapped so as to match in the center point and
coordinate axes X and Y, and the maximum value of a linear

expansion coefficient difference between the two resin films is

10 equal to or less than a predetermined value.

This Sheet Has Been Replaced
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air (atnosphere), ‘are used as gases int roduced into the 25 ;,f"Z
autocl ave;, —saigiheul. £ogen SESRT oiure 1 feR SRS Sis i =)
st andpoi nt s , ' y prow ai ng a high @
39 p@WOH zing liquid because it has a relatively high
boiling point and 1's available as liquid. As conditi|omaISfSHEET HAS BEEN
crinping, th sure condition normally is 1 to 30 (kg/ cnREPLACEINd
preferably about 5 to 20 kg/ and tfhe tenperature condition 5
normally is 40[err]C to 300[ rr’]g,an preferably about 50[err]Cto
200[ err] C. _

[ ! ARSCLUTE VALVE ©GF
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On the other hand, a flexible printed circuit on whlch a reinforci ngy

pl astic fil g;xi:iv»":ir_‘zu-"-.'_—-ﬁm‘r_':;—i"“f-: ks, t as
descri bed above, —amadnest ve tayer 8 13 L 0! f a @
pl astic fllnf-?gq a base layer and. 10 nmet al eI ectrlc CII‘CUI'[ 3 like

that nentioned above is fornegon 2 the adhesive.layer 8 Next. a
plastic film2 for a cover |ayen | _ ) i s prepared gntHBSHEETASAS/BEEN)eEr 8
is formed on the surface of the plastic film 23 (seeREPIACEDLSC) . On

t he ot her hand, a reinforcing plastic film7 fornmed on the surtace

with an 15 adhesive layer 8 is prafakAT ¥ Pﬁ&lﬂ@l&ltfc film4 for the
base layer and the plasti¢ film2 for Hishjeferds ayer are stacked on
the top of the reinfor | astic filmr—~N

(= )(=3)(=2)(=1) (0) (1) (2) (3) (4)

! | 22|l DD DIB

This Sheet Has Been Replaced
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stacked rel ation, they are crinped by the heat press nethod or roIIE

| ami nate method_ oribed. LQing -3 Lﬁgg %£§%fd

Ci rcui t on e Yo w e e m .......

Fig. 26B. xgggﬁgFg erX|bIe gjlnte% circuit on whi ch t he relnforC|@§§
I

plastic fil uck is thus 2 nufactured, if the lam nation is
(

tenporarily crinped by the r ol

| am nate net hod and aou.Lred__.
under gas pressure in 25 an autoclave and crinped, p rtl%ﬁ gAséﬁEN
excessive toad - i mposgy i i - S
stick a L 40
[
w g
‘ -l
D? i
o [
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> o
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rei nforcing plastic fllmby the heat press rrethod stress =

concentrat i gRz# S\ i Eaty an
end 30 of ""“ |fuu,|ng pIaS[ICTIIm/ A5 shown 1 n Fi Q. 35, and
nmetal el ect r,g%_g_};cwt is easily broken, damaged, etc. 5 However, if
the | am nati 'S presfu ze@ under gas pressure in t he aut ocl ave,
defects as described a ov% are renoved and good properties of
enhancenent of durability,” etc., capbe provided. THIS SHEBBAS BEEN

neasur enment. met hod of the coeff@r-epié- of l'neaFdLL xpansi REPPACED
plastic filmor reinforcing plastijc filmis a 11 dlre mEasS Ur ememnt—
nmet hod by TMA or a ultrasonic ,p,eragat i O]————Wy] easur enent et hod
wi th SST, as described aboye N Part { cul ar% m?rod usi ng the

! =zl
ul trasoni c propagation ! AR

-3 -2
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Pg?
37 R
2T o~
o7)
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O \,’/ —
-3 -21/{-1 O//'l 2 3
'/ /"/1, | MD F)LM
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(><10‘5/°o> Fl LM
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vel ocities takes an extrenely short neasurenent time of about t wo

m nutes as gEEParE - gyt atty —35——ab yt he sa

| evel of ne meEmt—accur acy as Ut he TNVA et nod, and has the

advant age otﬁﬂygékill requi red. The neasurenent tenperature in SST éé%)
measurenent TS about 23[erI[§2[er C. The above-nenti oned

| i near expansion coefficientq _ difference ([err]) can be derived as

fol |l ows: First, a linear ZOJ expansi on coefficient eltipse—for—a—ptastic
filmis created by pol a’ coordinate plotting acco dﬂﬁ@sHEEFHéSBEEN
procedure descri bed above ga=a:F|g 1).  The radius_of REBACED| j pse

r, can be represented as a Hdttlon of linear expansion coef fi ci ent

n Expression (6) bel ow In 25

measurenent angle [err] (rad), a
2 Fccentr|C|ty and is defined by

Expression (6),

223
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Expr essi on (7) be|OM/ ais the Iong axi s -radi us of t he elllpse A&ﬁ’
41 25t he e MR- v-al-HesEETEAA-AAEIAR -

A0 B
bis the s f..ta(l-v’ = e

U
val ve of ¢ (ginhy [err]

Fa

'becones the

otftfey hand,

m ni mum é??
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10 where a: long-axis radius of ellipse (nBX|nun1vaIue of r; ‘gg

r max) - : ‘;honI?aX|q radi us ﬂ.;?m-:e;y AR v e e

rmn) 15 === ST S 0l el 11 psSes Tor two plastlcé:\
oned on both outernnst | ayers are r1 and . r2, the

films 2 an%.l
| i near expd oefficien

dlffe

nce ([err]) can be

presented by

the foll owi ng expression (8§ [ erlr TuIS gHEET;(@BEEN
8 REPLACED
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20 Accord| ng to Expre55| on (8) conparison is nmade over O

DN angle
[err] and t W the@

| i near expads efficient difference ([err]) between the
HEgaR-4cp

plastic fil ns. The maxi num val ue ([err]amax) can al so be 25 der| ved by
using a conputer with Express 1S (6 (7) and (8) programred
42 On the oth d e total ar portions where
| h('jm drfhé"SHﬁET HAS BEEN
/21 : REPLACED
R T
L

la

(51—

1a

x5
ir‘ h

7T
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the elli psesdo not overl ap can be derived, for exanple, accordi ng tev

cumul ati ve &= ST —iu--—i-i—“—-ul_--f-.i;r--:n-sn‘umm:ug_-_!!- --.-.vrﬁr’i, ons of
Expr essi on (2 “for _defini ng the area 5 (O. ApprOX| mat i ng of
Expression ( 10

her expressions is not
where m= (2[errl/[err]) " To use cum alf:ﬁﬁy%ﬁgggﬁc’?ﬁﬁ?g ,

normal ly mtakes 120 to 2880 val yes and -y 0—-+6—1086
val ues, and [err]:2[err}lcr’[1. :F s/?ﬁtlon of t he pﬂm
: rre‘-&ﬂﬁ l‘alf(iP

t he nost basi c 9\t 0 measure t he coefficient, bf Iinear

expansi on for /L}\/_]__ / TS -
! ZM

%\ 13 139%
el A VAN SV &, Sl

felated  FqlbB e
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15 each plast | c=f| I m and 5execute poI ar coordl nate plotting for %

creating a EEIESE theck _wiidt Bar or

not the conditjons are satisfi ed; but [ t I acks practicality.
Then, to smi}his problem the present i nventor et al. @3
exam ned |inear expansion coeffict har ac s of a
raw material filmof plastic F r)gﬁ f ound OTHIStSHEETWérHﬁENs gi ven
regularity in the film W|dt d| ection (tran
stretch). - . Fig. | i near expansion coefficient
characteristics in the width d| rectlon of araw mater3yg film 25 5
bidirectionally stretched. 1In the figure, the raw eri al film5 is
divided into nine parts ind-hewdth difrestion—— 8 y
' LX\K ST Y0 Fs;z_
azd 2IPINTITIT e

FT?JQB 3
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L L LS/ T
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43 thereof and the parts are represented by rel ative p05|t|ons (- %

4, -3, -2, -EEES=RTriaicar—w s ErRbe-J3I5Ehe oftqre. e

(0). Linear expansion coefficient ellipses are shown in the parts and@

cryst al orlen&:té#maln axes are indi cated by 5 _dotted line arrows.

MD denotes the machine direction o et clh Bns SEEETHAGIBEEN: he

transverse direction of stretch. AF“ wn itn Fi gREB.ACEDRe cryst al

orientation main axis and the hl‘ne i rectTon of stretch match at
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material filmb5 and as the part of the raw material film5 10  deyj atesi?

fromthe ceplteL, SygoLlespon i ng-—ervenEadileflhigdes b s
shifts froFEtREacthtedrrection of stretch (the correspondi ng @
dotted |i ”e%ﬁj s inclined with respect to the ___ . M direction). Th
point to be edis that the crystal ori ent 4t TieIs symER saeseshiff t
fromthe machine direction of stretch symmet i cal | Iy,

in Fig. 3, the crystal orlentatlon main axes 1n e p | ative
positions (1) - and F}& d (-2), (3) and (- 39 and (4) and (-4)
are symmetri cal . ng mnus (-) relative positions are
used for cover layers (CL) d pI us (+) rel ative htions are 20 used

for base layers (B/'S). ‘As shown in the fi
S
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I
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symet ri cal parts (relative positions) are:extracted and | am nat ed

with their syskae _l\faq_n?g 5each ot her b= ()8%91758 orienta i(gﬁ) mai n7 !

axes subst a ’.“ s ] z

“expansi on C%ﬂt&?”t dlfference ([err]) and t he totaI area (C of ¢4

portions where t Illpses do not %‘ﬁ é’ﬁéﬁTHA BEFﬁ 7 bel ow t he @

predet er mi ned val ues. A REPLAC I?)n el oth hand, as a

second nethod, a raw tjrlal), L-pJ-a&-c—e—E—qua—f-e- di vﬁ;ez ig’Q Qvo parts
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portion and a base layer cut portion) in parallel with the

direction of the plastlc f|In1 from whi ¢h
plastic fil

L adld

| engt h egV

TC

the cover and base | ayer plastic filns having a

satisfying &83#%&4s} one of the tmo condi ti ons are

to Fig. 3. In Fig. 36, thera
parts and the parts are

-2, -1, 1, 2, 3 and 4) with the cent
relative |inear

outernost |ayers of the pIasE} i gp
shows coefficient of line r'j 5?% i on
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15 expan5|on coeff|C|ent dlfference IS not

the raw nate

case that two |layers which is se
posi ti oned on the t@f,ni b | ayers |
i s made, the occurgaﬁ b Nng is
filmfor cover |ayer cut out

(-3) to (- 1;§gwed for the cover
positions (1) to (3) are used for B?E bas

plastic filmfor base
are | am nat ed.
shown as

As shown fn‘F*g 736 relatlve positions
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an exanple; in fact, it is determ ned approprlately by the sSi ze, M’

stretch Jl.'.:,‘._._.. m For, npl e,
for a raw nmErerFar—prastic AR e wi dt h
(band w dt h) to 200 to 1000 mn the 5 nunber of divisions 2
becones si x en: Speci f¢cal ly, _f exanple, if the raw materia
plastic filmis 2 mwde, it G 2 be divided into 10 parts

(divisions) with the division dth (band width) set to 200 mm |f
the raw material -plastic film ,
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Is 6 mwide, it can be d|V|ded into six parts (d|V|S|ons) with 10 the

di vi si on w dtgges

mat eri al pl as |c?

10 parts (divifgeng)Jwith the d|V|sF§n mndg?

mm for the reason of good workabi l
expansi on coefficient ellipses of
are previously exam ned, the
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the raw material filmare
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not overlap can be set to predeterm ned vaI ues or Iess W|thout é? _
fa | C

creati ng | i n@aesexpanglon, ficie | Lizpmesnmanhsd
film is ~ESCt &0 A e Pr oo T 2 effrcrency of

flexi ble pri r]g@gg_g_:_],cui ts with eurl ’O%C]rrence _ suppr essed can be @
v Wi ch
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appropriately by manufacturing condltlons etc. That is, the second

t.d

met hod i s exgeEgE—N—ponpaset—nit-h—t] re—AumEar
vi ewpoi nt of "the manufacturing efficiency; the Tatter 'S _excel [ ent as
conpar ed w t REER@-FPrner fromthe vi ewpoi nt of curl occurrence

prevention. Therefore, considering the points, either of the two
met hods can be sel ected dependF‘rqéon Eﬁpch of - -ﬂ_ﬂgsgggykggtgétk
BEb®:

efficiency and curl occurrence prgventfon 10 t akes prl&r&q
The two plastic filns positionedP# bBoth the outerfost -ay-ef-s~Df
plastic filmlam nates are | am nat on each ot her pz]u I'Mthelr

surfaces facing each other, whe ere are provided duvgn}a es of
enhanci ng the adhesion stre el i m nat |“n'g—t‘h

consi dering the differenc — A - 20
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surface and rear face of the flexible printed circuit. That Ii; the #1

surface and_rear %sac:a f plastic film po8 - G1G68a i al
plastic fil - grTections dlffrer plainly in surface

(rear face) e-qf wet property, ~20  coar senesgmeei-ce—Therefore if 73
two plastic re pl ac‘éd n )'7 bot h the out‘Fﬁ‘ﬁ%ﬁﬁ%HA&BEﬁNa state
in which the same surfaces' ! | * “fdce each other, Lhe r REPLAGERs of |the two.
plastic filns exist on Y he surface and rear face of the flexible
printed circuit . and the surface and rear face of the flgxible printed

circuit 25 becone the —sgpe—gst7ape This elim he need for
consi dering the di :”l”‘f‘-i'@wﬁ’” Fgce t
GO II OS> S oW &

i

7 30

Z)

This:Sheet Has Been Replaced

(A




47 apply various treatments to the flexible printed circuit
Specifically, for exanple, it becones |ess necessary to take ... _ hotice
of the di ;“"‘-—::;;__..;mumih-wunmq-:im:u--1z A C B Of thelilexible

printed circurt 1n caracterlstlcs such as 5 printability on the
flexible prEEERd ci rcu re5| st ance, sliding property,
intimte contact with ﬂe ng plate, myi(i._)\a %eof
el ectromagneti ¢ wave shiel'di ng paint, and FR e i{Ei’IE:A y gn
treatnments are applledtotheerX|bIe pri !
efficiency of a rmgnti'ﬁ@ process, etc., of CL 5
i _
MD (=4) (=3) (2) 1)1 (1) (2) (3) (4)
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- - ' , __NEFLAVEMENT OFCE?

10 . electrdnic parts, etc., can be inproved. ' - BEPLACEMgNﬁaSHEERibIe
~printed circuit on which a reinforecing plasticf ftmrs—stuck—
normal |y, sepfarate raw material filns are usedeor t he rejnboricijng
plastic filmand other plastic fil s, Thus, th aba¢£J&@§@@?bed
met hod cannot be applied to 15 flexible printed cjriuits on which
reinforcing plastic film is stuck. Even inj. this case, ho vgr,
if ultrasonic ropagati on vel ocities of plast ' - re
with SST ' FPLEXFBLE ERINEED CIROUIE AN SANHFAGEYRENG HETHOD [THEREERR cs
are ~.controlled by a nethod of using the shift angle difference
([err]) 20 between the crystal orientation main axes of ellipses, the
time - - required for neasuﬁﬁgﬁ&ﬁobﬁueékr$ﬁﬁl¥N§%ﬁEEo§nd no skill is

This invention rélates-to a flexible printed circuit of
5 a functional part used mainly in electric and electronic fields
and a manufacturing method therefor.

Hitherto, printed circuits rich in flexibility have
been commonly called flexible printed circuits and generally
used in fields df electroni;s, etc. Generally, to form the

10  flexible printed circuit, a material film is stretched in two
directions of machine and transverse directions and two or more
plastic films are cut out 'to a predetermined sizé from the
stretched film and are laminated on each othef. The machine
and transverse directions mean longitudinal and lateral

15 directions of the material film. fig. 16A shows an example of
the flexible printed circuit. A flexible printed circuit 1
comprises predetermined metal electric circuit 3 formed on a
plastic film 4 made of polyimide, polyester, etc., (for a base
layer) by a pfinting.technique, a subtractive method, or the

20 like and a plastic film 2 (for a cover layer) similar to the
plastic film 4 furthermore formed on the metal electric circuit
3. _Génerally, an adhesive is.uséd to laminate the plastic
films 2 and 4 (laminate bond). An adhesive layer is not shown
in Fig. 16A.

25 _ Fig. 16B shows a general structure of the flexible

e _":,,_'t.

i - _
. printed circuit. As shown here, the flexible printed circuit
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10

15

20

25

required, thus predetermnined production efficiency cap BEPLACEMEN®eSHEERI hed.
The two plastic filnms positioned on both the outernps . .
plastic filmlamnates are | am nated on gach ot her WII"hJ.&IG%h .
surfaces facing each .other, whereby ther€& are

provi ded advant ages of enhancing the adhesijo

elimnating the need for considering the difference b¢tween the
surface and rear face of the flexible printed circuit,—as

comprises an adhesive layer 8 formed on a plastic film 4 (for
a base layer), metal electric circuit 3 formed on the adhesive
layer 8, and an adhesive layer 8 formed on a plastic film 2
(for a cover layer) with both plastic films 2 and 4 laminated
on each other with their respective édhesive layers 8 facing
each other. |

The fiexible printed circuit, on which electronic Parts
such as semiconductor devicgs are mounted,'reqqires p:ecision
of its shape. However, wafpage called a curl as shown in Fig.

17A occurs in the manufacturing process of the flexible printed

‘circuit. That is, in manufacturing of the flexible printed

circuit, plastic films are laminated by pressurization and heat
treatment of laminate, etc.,.and in addition, heat treatment is
executed .in curing a thermosetting adhesive, in a pfinting
process, etc. When the plastic film lamination (flexible
printed circuit) subjéctéd to such heat treatment is restored
to room temperature, a curl occurs. The curl occurring on the
flexible printed ciréuit is.not a simple curl liké warping in
one direction énd is a-so-called twisted curl of warping in
opposite directions in two diagonal line directions on a
rectangular flexible printed circuit as shown in Fig. 17B.
For example, sticking of a thick curl prevention film
is proposed as a method of preventing the flexible printed
circuit ffom curling in Japanese Patent Application No. Hei; 7~
95987. However, such a method somewhat suppresses curl owing

to the tare weight of the curl prevention film and is not much

¥ drgn P al o e el
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rear face

descri bed ‘above. Specifically,'for exanple, it becojres—tess
necessary to take notice of the difference between t

REPLACEMENT SHEET

he syr and
of the flexible printed ,circuit J306«"1 1997

characteristics such as printability on the flexiblé p Lnted . i rjcui t,

wear resistance, sliding property, intinmate contact with a

rei nforcing

plate, and cl ose adherence of 18———elestronmgnetiic

wave shielding pai nt, and work efficiency when treatnments are applied

to the flexi®

£20k1 Ve cfP | fundamentnl Curl SUDRNGSTACTH! in mﬂuu@,put@@ggs

etc., of electronic parts etc., can be inproved.
have di scusst® ?héePFe?EbH@ﬂ&%qﬁﬂ&jQ%QKﬁP%Eéﬁﬁr e l@B°rt?ﬂ9eﬁfPBﬁr§y of

t aki ng those

10
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I | a nateda
thetpleXLbEéaggkgtLh gﬁrcuqk E&elellltY is lmpalred a

new problem that the essential property of the flexibility

- printed circuit cannot be satisfied occurs. Therefore, the

method cannot fundamentally solve the curl problem and if curl
is suppressed, the essential performance of the flexible
printed circuit is not provided.

Thus, curl occurrence raises a problem from the
beginning of dévelopment of the flexible printed circuit and is
still an important problem to be solved at present after a
lapse of about twenty years since that time. Providing
sufficient flexibility of the flexible printed circuit in
addition - to suppressing curl occurrence is also left as -an
important problem to make the most of the essential performance
of the flexible printed circuiE.

On the other hand, a comparatively thin reinforcing
plastic film (stiffener) to such a degree that it does not

impair flexibility is stuck on some flexible printed circuits

" used at places where reasonable rigidity as well as flexibility

is required, such as connectors. In this case, as shown in
Fig. 26A, plastic films 2 and 4 and a reinforcin§ plastic film
7 used with the flexible printed circuit differ in thickness
and material lot, thus the structure of the flexible printed
circuit becomes asymmetrical in the cross-sectional direction.

Such a flexible printed circuit of asymmetrical structure on



those with two plastic films |anm nated on which a reinf qfepl REEMENT SHEERSt ! ©
t

filmis stuck as exanples. However, the invention is- . o]
them and can al so-be applied to those w th three oy nore plasti

films lanminated in addition'toareinfor4cing 20 plpski 34 AN 1997
descri bed above, in this case, only two plastic fijms_positioned gn
both the outernost | ayers of plastic filmlam nates making up the
flexible printed circuit , need satisfy_ the predetermned conditiaong of

the inventi oWhighgthe reinforqing irlastif Jfosin bnkd Stusk & dursdiemmore
| ayer need n be consi.der ed. t he flexible printed

5 That | '
circuit on ggsaaﬁﬁPEﬁgﬁopéiﬁFSWCFnStBPQSPPEhFib%lF rdi QEEUIEENT S he

QuternDst Further, to form flexible printed circuits, plastic

films are stacked via an adhesive layer and the plastic films
S in stacked relation are crimped for lamination. However, since
the plastic films, ﬁetal electric circuit, and the adhesive
layérs vary in thickness, the entire flexible prinﬁed ciicuit
also varies in thickness; partially excessive pressure is
applied to the flexible printed circuit crimped under
10 mechanical pressure with a. general press, etc., for extending
the flexible printed circuit itself in a transverse direction,
and the flexible printed circuits thus manufactured may vary in

performance, etc., in some cases.

15 SUMMARY OF.THE INVENTION
It is therefore an object of the invention to provide
a flexible printed circuit whose curl occurrence is prevgnted,
and a manufacturing method therefor.
According to a first aspect of the invention, there is
20 provided a flexible printed circuit comprising two or more
plastic films laminated on each otﬁer, the two or more plastic
films being stretched in two directions of a machine direction
and a transverse direction, wherein two plastic films of the
laminated plastic films positioned on both outermost layers
25  have the following relationship: Two ellipses of coefficient

of linear expansion are created on coordinates in corresponding



= - REPLA

| ayers which need to satisfy the predeterm ned conditi ohs—et CEMENT S#FL@T
I nvention are a plastic filmon the side on which the rei nforcing
plastic filmis not stuck and the reinforging pl si_c14UMi1997
plastic filmpositioned therebetween need not 5 be |cansi der ed.

The thickness of the flexible printed circuit accordin to the

I nvention is determ ned appropriately by applications, etc of th
flexible printed circuit, but_ generally set to_50 to 800 [err]m and

preferably 188Tt§ 880fL LR gyriaces ok tyo phestic films by a method (A)

described below and are overlapped so that they match in center
point and coordinate axes X and Y. At this time, the maximum
value of a linear expansion coefficient différence between the

S two plastic films is equal to or less than 1.4 x 1073 (1/°C):
(A) comprising the steps of defining a. predetermined
base point P on the film surface of the plastic film, measuring
a coefficient of linear expansion at a position separate from
an arbitrary axis in angle 6 direction on the first and second
10 resin films, the arbitréry axis being selected on the first and
second resin films so as to pass through the base point P with
the base point P as a center and direct an arbitrary direction,
on the other hand, preparing a coordinate system with the
arbitrary axis as a Y axis and an axis crossing the Y axis at
15 - 90 degrees as an X axis, in this coordinate system, defining an
intersection of the X and Y axes as the base boint P in the
- linear expansion coefficient-measurement and maghitude of a
linear expansion coefficient measurement value as distance r
from the base point P, then plotting a tip point of this-
20 distance f in the measurement angle 0 direction with respect to
the Y axis, plotting it multiple times by changing the

measurement angle 6, and drawing an analysis line throughout
360-degree directions with the base point P as the center so aé.
to pass through average points of the plotted points for

25 creating an ellipse.

According to the invention, there is provided a



s

10 flexible printed circuit is not limted either;
flexible printed circuit is formed as shapes responsi
applications in addition to substantial 3 shape sho
The size of the flexihle printed circuit is not
exanple, the flexible printed circuit may 15 have .

CREFTREMERT steez | "
I'Mt¢£;ﬁ;ﬁ;; ?N

he¢ above-nenti ohef

| ongest length .L in the range of 10 to 1000 mm @gnd-preferabty—h | he
range of 30 to 600 mm Flexibility of the_flexible printegd
circuits accokefriile pPrintedGbrewieFPBRAri SR akYP o WRPREa ms

tester as shown in Fi for gxa le. Inthe fjgure, nuneral 22 is

an upper 20-am¥Raked p?%t@agboﬁ?éhﬁﬁvcﬁ 8d FelMOrq | %kt eb{ bR§ beings
GToposes et oLt P FA P G0 TS R 6: 881 and "
transverse direction, wherein two plastic films of the
5 laminated plastic films positioned on both outermost layers
have the following rélationship: When two ellipses of
coefficient of linear expansion are created on coordinates in
corresponding parts of film surfaces of the two plastic films
by the method'(A) described above and are overlapped so that
10 they match iﬁ center point and coordinate axes X and Y, the
total area of portions where the ellipses do not overlap is
equal to or less than 6.5 x 10°!° [(1/°C) x (1/°C)].
 According to the invention, there is provided a
flexible printed circuit comprising two or more plastic films
15 laminated on each other, the two or more plastic films being
stretched in two direcfions of a machine direction and a
transverse direction, wherein two plastic films of the
laminatgd plastic films positioned on boph outermost layers
have the following relationship: When ultrasonic propagation
20 velocity ellipses are created on coordinates in corresponding
parts of film surfaces of the two plastic films by a method (B)
described below and are overlapped so that they match in center
point and coordinate axes X and'Y, a shift angle difference
between crystal orientation main axes of the ellipses (AB) is
25  within 30 degrees:

(B) comprising the steps of defining a predetermined
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di sposed so as to face the |ower side of the upper fixedREPHKEMENTSHEEL

First, a flexible printed circuit 1 is placed between §he——25—upper L ed
plate 22 and the [ower noving plate 24 in a state . ifn [ [ s|{bént
i ke a U-shape in horizontal orientation% n ¥Q'SRN‘&9i

50 a long-side direction. Next, the drive sectlian.23 . is actuated

for céusing the I ower noving plate 24 to rise for conpressing t he
bent flexible printed circuit 1 sandw ched between the

10
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base point P on the film surface of the plastic film, measuring
a ultrasonic propagation velocity at a position separate from
an arbitrary axis in angle é'direétion on the first and second
resin films, the arbitrary axis being selected on the first and

second resin films so as to pass through the base point P with

the base point P as a center and direct an arbitrary direction,

on the other hand, preparing a coordinate system with the
arbitrary axis as a Y axis and an axis crossing the Y axis at
90 degrees as an X axis, in this coordinate system, defining an
intersectioﬁ of the X and Y axes as the base point P in the
ultrasonic propagation velocity measurement and magnitude of a
ultrasonic propagation velocity measurement value as distance
from the base point P, then plotting a tip point of this
distance r in the measurement angle 6 direction with respect to
the Y axis, plotting it multiple times by changing the
measurement.angle 6, and drawing an analysis line throughout
360-degree directions with the base point P as the center so as
to pass through average points of the plotted points for
creating an ellipse having a crystal orientation main axis in
a long—axis.direction and a crystal orientation subaxis in a
short-axis direction.

- In the flexible printed circuit as described, the two
plastic films of the laminated plastic films positioned on both
the'outérmost layers may be laminated on each ofher with the
same surfaces of the two plastic films facing each other.

Further, in the flexible printed circuit as described,



L i

| oner noving plate 24 and the upper fixed plate 22. LA@EMENﬁSHEE’P”
flexible printed circuit 1 is conpressed a given anoynt{~to

—

redeterm ned bend radius R, a repul sionforce detectle the | gad
EeLI-ZS is measured and flexibility (rep&lsion.force) ¥4ﬂ¢é~‘@370tlated
from the expression (10) shown below for e lation.  Sipcée the
di stance between the upper fixed plate 10 22 and tfthe | ower noving pkate
24 at the neasurenent tine becones doubl e t he bemd—reagus—R-0f _the
flexible priRetyl electgie qiixcuilt ishdopmed Adadptisleashrope %%ll‘d'(ﬂ Sregore
fromthe di st ance. Repul si on force ( dg = repul sion
force det ectl%‘ﬁlnﬁ'sed \Rhart i) £LdRst hsB%?eEﬁB?@ sll'Het("’\%l hfeﬁF“PPémeﬁ ed
printed : mag £ggld1& %%1on agd a transverse direction and wherein a

product of thickness and tensile modulus of the metal electric
5 circuit is 500 kg/mm or less.

According to the invention, there is provided a
flexible printed circuit compriéing two or more plastic films
laminated on each other, the two or more plastic films being
stretched in two directions of a machine direction and a

10 transverse direction, _and having a board face on which a

| reinforcing plastic film is stuck, wherein a plastic film of

the laminated plastic films positioned on an outermost layer on

a side where the reinforcing plastic film is not stuck and the

reinforcing plastic film have the folloWing relationship: Two

15 ellipses of coefficient of linear expansion are created on

coordinates in corresponding parts of film surfaces of the two

plastic films by the method (A) deécribed above and are

‘overlapped so that they match in center point and coordinate

axes X and Y.. At this time, the maximum value of a linear

20 expansion coefficient difference between the two plastic films
is equal to or less than 1.4 x 107 (1/°C).

Accofding ‘to the invention, there is provided a
flexible printed circuit comprising two or more plastic films
laminated on each other, the two or more plastié films being

.25 '. stretched in two directions of a machine direction and a

transverse direction, and having a board face on which a
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ity of the flexible printed circuit thus REPLAGRMENT SHEET

in the range of repulsion force = 2 g/cm when bend y adi us
repul sion force = 600 g/cmwigen 20 benfl I ady hmy and
n the range of repul sion "9 force = 4 p/E ﬁﬁ Aﬁhend riady us
repul sion force = 400g/ cm when . bend r acits—R-=-45-m|
f whet her or not a reinforcing plas |c f|In1|s stuck pn

I 'exl Di

Cinted. U
LRSBTCES RIARRAE 9™ TP SSUSkantRFEFLE| BxPBRECHF, fidE of
Ehgafagiﬁgtgg 5$§gﬁf%ifllms positioned on an outermost layer on

a side where the reinforcing plastic film is not stuck and the
reinforcing plastic film have the following.relationship: When
two ellipses of coefficient of linear ekpansion are creatéd on
coordinates in corresponding parts of film surfaces of the two
plastic films by the method (A) described above and are
overlapped so that they match in center point and coordinate
axes X and Y, thé total area df portions whefe the ellipses do
not overlap is equal to or less than 6.5-x 10710 t(l/°C) X
(1/°C)]. |

According to the invention, there is provided a
flexible printed circuit comprising two or more plastic films
laminated on each other, the two or more plastic films being
stretched in two directions of a machine direction and a
transverse direction, and having a board face on which a
reinforcing plastic film is stuck, wherein a plastic film of

the laminated plastic films positioned on an outermost layer on

~a side where the reinforcing plastic film is not stuck and the

20

25

reinforcing plastic film have the following relationship: When
ultrasonic propagation velocity ellipses are created on
coordinates in corresponding pafts of film surfaces of the two
plastic films by the method (B) described above and are
overlapped so that they match in center point and coordinate
axes X and Y, a shift angle différence between crystal

orientation main axes of the ellipses (a0) is within 30
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51 to flexible printed circuits of any othec shape than
rectangle. For exanple, for a flexible printed circuit |l REPLACEMENT GWRRS
| i ke substantially V-shaped as shown in Fg. 25, a _
rectangle (for exanple, naxinumrectangie 26 5 i ndifcat ed by the ch
line involved in the flexible printed “circuit la gulst ft AMFGP7
V-shaped shown in Fig. 25) is previously cut out firamthe flexibl{
printed circuit and the flexibility of this sanpl¢ is evaluated by

—

t he above- de3RITEI" met hod, then cutting to the ptedetesrained

i : n this.case, if the shape and
:Fg:tgptgghpfggpe rm?% ]éhe k%ié%?ngWﬂgiingedt cficdit as describ%d, a

plurality of plastic fiims stacked via an adhesive layer may be

temporarily crimped by a roll laminate method in stacked
5 relation and then pressurized under gas pressure in. an

autoclave and crimped.

Aécording to the invention, there is provided a method
of manufacturing a flexible printed circuit comprising the
steps of stacking a plurality of plastic films via an adhesive

10 layer, temporarily crimping the stacked plastic films by a roll
laminate method in stacked felation, and then pressurizing them
under gas pressure in an autoclave, thereby crimping them.

In the above methods (A) and (B), an arbitrary axis is
selected arbitrarily on the two plastic films, and a coordinate

15 system with the arbitrary axis as a Y axis and an axis crossing
the Y axis at 90 degrees as an X axié is'prepared. However, it
is allowed to settle an axis of the machine direction of
plastic film stretch as the Y axis and an axis of the
transverse direction of plastic film stretch as an X axis.

20 In the invention,.the coefficient of linear expansion

" a is derived as follows: When a plastic film is heated, it
expands in response to the characteristics of the plastic film.
At this time, the coefficient of linear expansion o can be
found according to the following expression (1) from the change
25 .  ratio of the length of the plastic film,.p, to temperature t at

the measurement time (dp/dt) and the length of the fiim, pO,'at

a
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for neasurenent are standardized, the flexibility] can D€ _
eval uated obj ectively. ' As we have dis:u;seg4*%ﬂigﬁge f | pxi bl e
printed circuit of the invention, en |inear}expansi ff)cyent
ellipses 15 representing the |linear expansion copfrHet+ent '
characteristics of the plastic filnms positiongd on both the outlernost
| ayers, of lam nated plastic films making up the TTexrpreprinted
circuit are created and overl apped, the naxi mum val ue of the | i near

expansi on coét1q clBpgalips AdngRdis KdfPhate {0t aleddited oby Q’GPP%’SHE?%#_SURZL
where the ellipses o not overlap are set to predet erm ne
val ues or | e%blﬁesglﬁd[ gﬁf INATUAFY ce of the flexible printed

circuit of the inventi(9n= iﬁpsg%oprl%stsed.
0
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However, the coefficient of linear expansion.a.mentioned in the
invention refers to that in region of glass transfer
temperature of plastic film (Tg) or less. Since Tg of the
plastic films to which the invention is applied is in the
temperature range exceeding the room temperature (about 23°C)
and a twisted curl becomes a problem in a temperature region
hearathe room temperature, the coefficient of linear.expansion
at Tg or softening point or less becomes the target. Tg of
polyimide films is 300°C or.more, which exceeds the operating
temperature range, and does not clearing appear, thus the
necessity for considering Tg of polyimide films is small.

In the invention, the total area of portions where
ellipses do not overlap (C) is defined by the following
expression (2) representing the integral value of linear
expansion coefficient square value differences (aac). That is,
in the invention, the total area of portions where ellipses do
not overlap (C) is synonymous with the integral value of linear
expansion coefficient square value differences (aac). In the
following expression (2), 0 is a linear ekpansion coefficient
measurement angle with the axis of the machine direction of
stretch as the reference and aac (6) is defined by the
followihg expression (3). The ellipses in the invention

contain perfect circles.
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Therefore, t

accuracy of the shape; if it is used to nount 25 elﬁﬁ" T
electronic parts can be nmounted with high, accuragy gﬁ@ﬁEMaﬁtéﬁgﬁﬁt C
mounting by a machi ne., _ 52

In the fl exi

positioned on both tf(é:oﬂl@fmte)dgyers @j) | am ngt ed plastic I
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which their
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he flexible printed circuit of the invention is high in

bl e prlnted cirsuit of the invention, the 14Qjmq997f | s
482

sur f aces face each ,ot her,

=|r (9)-r @) | «(3)

Further, the ultrasonic propagation velocity in the
inventidn refers to a measurement value of the propagation time
(s) or the propagation velocity (m/s) when a ultrasonic pulse
(frequency: 25 MHz) is passed through a plastic film and
propagates in the plastic film at a predetermined distance.

In the invention, the flexible printed circuit is not
limited if it comprises two or more plastic films laminated
(laminated and bonded) and is intended for use as a printed
circuit. Therefore, in the invention, printed circuits not yet
formed with metal electric circuit or those formed with a metal
thin film before formation of an electric circuit pattern are
also contained in the flexible printed circuits.

In the invention, the expression "both the outermost
layers" of "two plastic films positioned on both the outermost
layers, of laminated plastic films" does not mean both the
outermost layers of the flexible printed circuit and is used to
mean both the outermost layers in the plastic film laminate.
Therefofe, for example, if a flexible printed circuit comprises
a shielding layer formed on a plastic film laminate by
painting, printing, etc., the shielding layer is not contained
in "both the outermost layers" in thé invention. Even for a
flexible printed circuit on which a reinforcing plastic film is
stuck, if the reinforcing plastic film is contained in a

plastic film laminate and is stuck on the board face, it forms



5 the surface and rear face of the flexible print ,dR@?LrA@ﬁMENT_ SHEETbpcones

the sane state and the need for considering the difTere ]

t herebetween is elinm nated. Resultantly, the 14d gﬁges such as

enhanci ng the work efficiency when vari 0355 trpaf rren‘flémg‘{I PP ifed to

the flexible printed circuit or 10 electronic payt! nt ed

t hereon can be provided. Further, in the erX|bIe prlnted

circuit of the invention, if nmetal electric circurt 15 formed—+n at

| east one  °one &f {\Rotdy the Sutarmestedaners| i ithe HHEPRePr oduct  of

the t hi ckness and tensi.l e nodul us qlﬁ\t he metal electric circuit (K)
is set to 500 kgMmilF LBYENTippy; Kheht SXPERFBLIPNt y GO Lt HRuPPression

erX|b|e prl@g%%égrgglkhés Sg@”wﬁgkgnghgug r(x:éé§gge(%) defined below

becomes 5% or less. Assume that the length of the long side of
5. the smallest rectangle in which a flexible printed circuit is
inscribed is the longest 1length of the flexible printed
circuit, L. Fig. 14 shows an example of smallest rectangle 21
in which a flexible printed circuit la like a substantial V-
shape is inscribed. As shown here, in the flexible printed
10 circuit la, the length of the long side of the rectangle 21
.indicated by the dotted line becomes the longest length L. As
shown in Fig. 15, one end of the flexible printed circuit la is
fixed to a reference plane 6 and the height of the maximum
warpage of the flexible printed circuit la from the reference
15 plane 6, h, is found and is defined as curl amount h. The
percentage of the curl amount h to the longest length of the
flexible printed circuit, L, namely, (h/L) x 100 is defined as

the curl degree (%).
In the invention, the tensile modulus is a value
20 indicating the rigidity of a metal thin film forming metal
electric circuit and refers to elastic stress per unit elastic
strain (kg/mm?). It is measured as follows: When a
predetermined load is imposed on a metal thin film (metal foil)
'fdrming metal electric circuit with a tensile tester and
25 constant elastic strain is given, thé elastic stress is

measured as the tensile modulus. The tensile modulus is
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thereof is also suppressed, providing a high-perforimREBEACEMENT SHEXI i e
printed circuit. Therefore, for exanple, the flexiQl primtey dircuit
becones suitable for frequently bent plaggs 20 sugh ctji qn part
of a print head and a.nother board of . a printleri. ﬁa'sAﬁqﬂg ' _
Moreover, in the invention, in a flexible printed circuit gn |whi ch
areinforging plastic filmis stuck, if the - . I} near expansi on

char et er st el 1] G155, BRNSERoRYP 7L am B0 ngd b T B T v e

plastic filnms 0 _ _ er rein
not stuck anqydg dfdiffePfdd@us of a metal thin film, and can be used even

if a film other than metal foil, such as an evaporation film,
is formed as the metal thin film of metal electric circuit. 1In
5 this case, preferably the composition of metal foil used
instead is made the same, the same heat history is given, and
the resultant crystal staté, etc., is set like the metal thin
film of the actual flexible printed circuit.
Next, the technical philosophy of the invention will be
10 discussed.
To solve the problem of curl occurrence of flexible
printed circuits, the inventor et al. first carried out a
detailed analysis of the cause of curl occurrence of flexible
printed circuits. As a résult, the invéntor et al. have found
15 that curl occurrénce is caused by the linear expansion
coefficient difference between plastic films. If different
materials are laminated, it can be easily imagined that warpage
(curl) occurs because they differ in coefficient.of linear
expansion. = Normally, flexible printed circuits use plastic
20 films (for example, base and cover layer films) made of the
same material and therefore formerly it was considered that the
plastic films made of the samé material do not differ in.
coefficient of linear expansion. However, the inventor et al.
actually measured coefficients of linear expansionin detail
25 and found that the plastic films of each flexible printed

circuit differ in coefficient of linear expansion. Nobodies in
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plastic filmis controlled using a prede pRrE#Lﬂ%WWTd&?ETcun

occurrence is suppressed even for the flexible pring circuit . of an
asynmetri ¢ structure on which the reinf 0{§:i ng plastfic A4 JAN1997i § 9t uck.

5 The fact that there is given regulgrity about
coefficients of linear expansion in the transverse {directron of an
stretched raw material plastic filmis used to previQusly _sel eqt

parts of the raw_material plastic filmfraomwic

plastic filns are

h
to be cut outthef 1ge BRiaLed: cipcpd tsf1eld foung thie dnowgdas

substantial Iy symmetric =~ ln doing . ..
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The inventor et al. confinued to examine the linear
expansion . coefficient difference and -found that each
bidirectionally stretched plastic film used with a flexible
printed circuit shows anisotropy in its coefficient of linear
expansion. That is, a predetermined base pbint P is defined on

the film surface of the plastic film and the coefficient of

S

linear expansion in angle @ direction with respect to the axis

of the machine direction of plastic film stretch passing
through the base point P with the base point P as the center is
measured. On the other hand, a coordinate system with the axis
of the machine direction of plastic film stretch as a Y axis
and the axis of the transverse direction of plastic film
stretch as an X axis is prepared. 1In this coordinate system,
the intersection of the X and Y axes is defined as the base
point P in the iinear expansion coefficient measurement and the
magnitude of the linear expansion coefficient measurement value
is defined as distance r from the base poiht P, then the tip
point of this distance r is plotted in the measurement angle 0
direction with respect to the Y axis. It is plotted multiple
times by changing the measurement angle 6 and an analysis line
is drawn throﬁghout 360-degree directions with the base point
P as the center so as to pass through average points of the
plotted points. Then, an ellipse as shown in Fig. 1 is

provided. 1In the figure, MD denotes the axis of the machine
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€ gas pressure, _
and dotted line arrow B indicates the crystal orientation

subaxis of the plastic film. Also, 6 is a linear expansion

.coefficient measurement angle with respect to MD. X represents

the linear expansion coefficient magnitude as a distance from
the base point P and has a tip plotted with 0. Such plotting
is called polar coordinate plotting. As séen from the ellipse
provided by thé polar coordinate plotting (see Fig. 1),
normally the crystal orientation main axis of the plastic film
(axrxrow A) becomes a direction inclined from the machine
direction of stretch (MD) and the coefficients of linear
expansion also vary depending on the direction (anisotropy)
because of anisotropy of the crystal orientation. Resultantly,
it is considered that.the analysis line of the coefficients of
linear expansion of the bidirectionally stretched plastic film
shows an ellipse.

Next, as shown in Fig. 2, when ellipses on coordinates
provided for two stretcheq plastic films made of the same
material are overlapped so that they match in center point and
coordinate axes, it is seen.that the two plastic films differ
in crystal orientation direction and coefficient of linear
expansion in parts (directions). Normally, a raw material film
is stretched in two directions,_from'which plastic films used

with a flexible printed circuit are cut out to a predetermined
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films, metal electric circuit, etc., and the qualijty ana peqf(rnance
of the flnaIIy provi ded product become good.

54 Next, enbodi nents w ﬁ) be di sd ussegi4 %6@{'%%7 tth
conpari sons. Enbodlnent 1 ' A Qi deett-oratt-y- tretched
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size. Therefore, the reason why the plastlc films made of the
same material differ in linear expansion coefficient may be
that fhe stress appliéd when the plastic film is stretchéd in
two directions varies from one part of the-plastic film to.
another.

The invehtor et al. examined a method for controlling
the linear expansion characteristic difference between the
plastic films provided when- elllpses created by polar

coordinate plotting are overlapped and Suppressing curl

. occurrence of flexible printed circuits. 1In the process, the

inventor et al. hit on an idea of using indexes of the maximum
value of the linear expansioh coefficient difference (aax) and
the total area of portions where ellipses.do not overlap (C)
and repeated various experiments based on the idea.
Resultantly, the inventor et al. have found that if the maximum
value of the linear expansion characteristic difference (aa)
provided when ellipses created for two plastic films positioned
on both the outermost layers, of two or more laminated plastic
films making up a flexible printed circuit are overlapped is

equal to or less than 1.4 x 1073 (1/°C), curl occurrence of the

flexible printed circuit is suppressed. Likewise, the inventor

et al. have found that if the total area of the portions where
the ellipses do not overlap when they are ovérlapped (C) is set
equal to or less than 6.5 x 107!° [(1/°C) x (1/°C)], curl
occurrence of the flexible printed circuit is also suppressed.

The point to be noted is that only the two plastic
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5 film0.05 mmthick (manufactured by TORAY) was u e(ﬂ{EBLA(}E\MENT SHEET
material film fromwhich plastic filnms (film1l and fji |pm2j
having a size of 100 x 200 nm were cut og Li near |- agﬁn@g?
coefficients were neasuyred by the above-described T
10 hv polar
overlapped elllp

| i near expansion coefficient ellipses were created
coordi nate plotting and were overl apped. These
are shown in a graph of Fig. 6. Fromthis

the |inear d&ipassingsiddeafriadiemtboth th&fﬁQﬁQﬁﬂR?%nﬁ@%@ﬁsflP&}ﬂqmﬂﬁqﬁQQnZ
([err]) was cal cul ated by using a control conputer attached to TMA

progranmed PdesEien fifms WQSQﬂQﬂHﬂ() (Blexihie pryntey Hé§6Pf6e@e€HoJé?
The result was 0.53 x 10] erré (1/L$_éic3 mglch was eq ua g or |ess
than a Saﬁrlééé’t Athi heastvanke. hev© | FRBYAT18RSansi GASTREBFF ci%ent

plastic film p051tloned on an intermediate layer need not be

ses

5 considered.
| Next, examples of the experiment results from which the
predetermined values were derived are shown in graphs of Figs.
4 and 5. 1In the experiments, the curl amounts were measured by
the above-described method and the coefficients of linear
10 expansion were measured by TMA (thermal mechanical analysis);
' The maximum value of the linear expansion coefficient
difference (aa) and the total area of portions where ellipees
do not overlap (C) were derived by a method described later.

The graph of Fig. 4 represents the relationship between

15 the ratio between the curl amount and length [curl degree (%)]
and the maximum value of the linear expansion coefficient
difference (ac). As shown here, it is seen that both indicate
a linear relationship and that the maximum value of the linear
expansion coefficient difference (ax) at which curl occurrence

20 is reliably suppressed.(the cﬁrl degree is 5% or lese) is 1.4
x 107 (1/°C).

On the other hand, the graph of Fig. 5 represente the
relationship between the ratio between the curl amount and
length'[curl degree (%)] and the total area of portions where

25 'ellipses do not overlap (C); As shown here, it is seen that

both indicate a relationship like a quadratic curve and that
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measur enent by TMA was executed to exclude the effegc rpscopi c
expansi on and heat shrinkage as foll ows: The 20 Rﬁﬁ%@FM§N¥#¥@§? re

| eft standing for 60 m nutes at 150[err] G,for Hryi ng, then whi]e the
plastic filnms were cooled from 150[err]Cto B[ ert4 JAN 1997p! hst i ¢
filmlength and tenperature were neasured Si fruf t aneousl y and
consecutively, and |inear expansion coefficipnts were Tound ed on
Expression (1) for regions of 25 Tg or |ess. Next .

pol yest er f ahe yratiadr areeat of nporthens whees ellipses do not overlap (C) at

thch curl occurrence is reliably suppressed (the curl degree

is 5% or less) is 6.5 x 107 [(1/°C) x (1/°C)].
.-The two indexes of the maximum value of the linear
5 expansion coefficient difference (ac) and the total area of
portions where ellipses do not overlap (C) can and should be

used at the same time.

Further, the inventor et al. thought that an index for
furthermore facilitating control of the linear .expansion
10 characteristic difference might exist and repeated examination
based on the knowledge that anisotropy of the coefficients of
linear expansion as described above is caused by the fact that
the stress applied when a plastic film is stretched in two
directions varies from one part of the plastic-film to another
15 and thus the stretch coefficient varies from one part to
another. The inventor et al. supposed that since a
) bidirectionally stretched plastic film is high in crystal
orientation degree in high stretch cdefficient direction and
the material strength of the plastic film itself raises, its
20 Young’s modulus might also increase. Further, since the
Young's modulus of each plastic film (E) and the ultrasonic
propagation velocity in the plastié film (S) show a correlation
as indicated. by general expression (4) given below, the
inventor et al. hit on an idea that there might be a
25 correlation between the coefficient of linear expansion (o) and

the ultrasonic propagation velocity (S), and repeated various



5 . . applied to the surface of film1, then dRE%%CFMEMrSrﬁEﬂ -
adhesive layer 0.03 mmthick. Filml and film2 wefell am nat ed by
crinmping by a heat press (conditions: 20t20 X 1 hix|314 JAN 9%/ gnferr])

with the surfaces of.film.1 and film 2 f@cing each 5 ot her . The curl
amount h of the plastic filmlaninate was me@sur ed by the
above-descri bed nethod. As a result, the curl ampunt _ h was 4. P mm
and the curl degree was 2.1% curl occurrence was suppressed.

On t he ot heexpgrdmeadisddasegmarheths akdea. f i Resulbantlyni fhee inyentey Iute
printed circuit formed with netal electric circuit was nmanufactured

as shown inaﬁpghayg_fqm@@ that fjhespltrasonic propagation velocity (S) and
the coefficient of linear expansion (a) of a bidirectionally
stretched plastié film show an extremely good correlation and
5 that the ultrasonic pfopagation velocity (S) can be used as an
index indicating the coefficient of linear expansion (o).
ExpS’ - (4)
where p is the plastic film densiﬁy.
An example of the experiment results from which the
10 ‘correlation was derived is shown in a graph of Fig. 34. 1In the
experiment, the coefficients of linear expansion were measured
by the above-mentioned TMA (thermal mechanical analysis) and
the ultrasonic propagation velocities were measured with SST
[soﬁic sheet tester, ultrasonic propagation velocity measuring
15 instrument (on sale from Nomura Shoji Kabusikigaisha)]. As
shown in Fig. 34, it is seen that both indicate a linear
relationship and shows ah extremely good correlation.
The inventor et al. continued to examine the ultrasonic
propagation velocities and can recognize that bidirectionally
20 . stretched plastic films used with flexible printed circuits
show anisotropy in the ultrasonic propagation velocities as
with the linear expansion coefficients. That is, when a
predetermined base point P was defined on the film surface of
a plastic film, a polar coordinate system was set, ultrasonic
25 propagation velocities were measured throughout 360-degree

directions with the base point P as the center, and an analysis
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the same film1l and film2 as described above were MENT SHEEAS |shown
in Fig. 18A to 18D, an adhesive |layer was fornmed on : ?fugiaﬁecgg

film2 (for a base |ayer) as described alhpve. 15 pper foi a nm
t hi ck was placed on the adhesive |ayer 29 8 and thely dd dANGI99Ed |byl t he

roll lam nate nmethod (surface tenperature was to 120[err] @) .
Next, as shown in Fig. 18B, the copper foil etched by the
subtractive nethod to forn1neta| electric circuit 3. _ .(n the other
hand, an a'dhggWe Yag cATGYR a% J~“f diedabeye-drscrd celNeAr @xpansion

(for a cover rlbed

film1 and flPﬁfgx %Qt measqﬁﬁﬁ GH?Q) @f+ﬂi?n@sb§3%xﬁb;$‘g#ggslgg,Was

(condi t] ons: pFAOSBRAI Gr the coorﬁl_z%aéQs‘fg/%me{hl; Wl}ng,t%err%wfﬁ“iﬁ The

long-axis direction of the ellipse indicates the crystal

5 orientation main axis of the plastic film and likewise arrow B

in the short-axis direction of the" ellipsé indicates the

crystal orientation subaxis of the plastic film. As seen from

the ellipée provided by the polar coordinate plotting (see Fig.

27), the crystal orientation main axis of the plastic film

10 (arrow A) becomes a direction inclined from the machine

direction of stretch (MD) and the ultrasonic propagation

velocities also show anisotropy because of anisotropy of the
crystal orientation.

The inventor et al. examined a method for controlling

15 the ultrasonic propagation velocity (namely, linear expansion

characteristic) difference between the plastic films provided

when ellipses created by polar coordinate plotting are

overlapped and suppressing curl occurrence of flexible printedl

circuits. Resultantly, the inventor et al. have found that

20 when ellipses created for two plastic films positioned on both

the outermost layers, of two or more laminated plastic films

making up a flexible printed circuit are overlappéd, as shown

in Fig. 28, if the shift angle difference between crystal

orientation main axes of the ellipses (a@) is within 30

25 degrees, curl occurrence of the flexible printed circuit is

suppressed.
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each other, manufacturing a flexible printed circuit| REPSACBMENT2SHEET 1 Fi g.
18D. For the flexible printed circuit,}t . h was
56 measured as descri bed above. ﬁs aresult,jt e1\%gkm nt| h

was 3.9 mmand the curl degree was 2.0%  curl occurrfngce:

suppr essed.
havi ng a size of 100 x 200
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Conpari son 1: 5 Anewplistic film (£ill nx3)

A-graph of Fig. 29 represents the relationship between
the ratio between the curl amount and length [curl degree (%)]
and the shift angle difference between crystal orientation main
axes (a0). As shown here, it is seen that both indicate a
linear relationship and that the maximum value of the shift
angle difference between crystal orientation main axes (a0) at
which curl occurrence is reliably suppressed (the curl degree
is 5% or less) is 30 degrees.

The shift angle difference between crystal orientation
main axes (a0) can be used instéad of the two indexes described
above of the maximum value of the linear expansion coefficient
difference (ac) and the total area of portions where ellipses
do not overlap (C), and two or all of them can also be used
together.

If the shift angle difference between crystal
orientation main axes (a8) is used, only the two plastic films

positioned on both the outermost layers, of laminated plastic

_films making up the flexible printed circuit need to satisfy

the condition and a plastic film positioned on an intermediate
layer need not be considered as in the case where the maximum
value of the linear expansion coefficient difference (ax) and
the total area of portions where ellipses do not overlap (C)
are used as indexes.

Hereupon, as described above, one of the three
conditions, that is, the maximum value of the linear expansion

coefficient difference (ax), the total area of portions where
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nmwas cut out fromthe polyethyl ene terephthal ate fi lfrRBRIALEMENT SKEETh
Enbodi nent 1. On the other hand, the sane film1l as i EbodrTent 1d
was r epar ed. Li near expansion coeffjcient elfl ipge cfeqte
and oeerPapped as in Enbodi nent 1. TheseEé overl app¢ lgﬁl‘r‘%&ﬁg are
shown in a graph of Fig. 7. Fromthis graph, the ' o]
the linear expansion coefficient di fference betyeen filn}l and fi m 3
([err]) was cal cul ated. The result was 1.77 x 10Terr er 116

whi ch exceed@dlAPpREdR d1af Pu@rlap (C\)al apd the maximum va °Alstt|h@ shiifin

| am nate of film nd film3 wa created as in Enbodlnent 1. The

curl anmount ANgted EEH??:betwee“fFFNFF&&\ﬂﬁ%@“ﬁ%%lﬂﬁdgﬁ%@xP%ﬁﬁ|(m9) are

Enbodi ment 1sa Psfied®s by énly the two plastic films p051t10ned on both the

outermost layers. Therefore, the directions of the coordinate

5 axes of the ellipses may be selected arbitrarily on the plastic

film. In other words, the Y axis of the coordinate is not

limited to the machine direction of the plastic film. After

the lx axis and the X axis are settled in the arbitrary

directiéns to prepare the coordinate system, the ellipses are

10 created on such coordinates. The two plastic films positioned

on both the outermost layers may be selected by ﬁsing the above
éllipse and three conditions.

Next, in the invention, to laminate two or more plastic

filmé, the two plastic films positioned on both the outermost

15 layers may have the same surfaces thereof faced each other.

Normally, the surface and rear face of a plastic film cut out

from a raw material film stretched in two directions differ

plainly in surface (rear face) state of wet property,

coarseness, etc. Therefore, if the two plastic films

20 positioned on both the outermost layers are placed in a state

in which the same surfaces face each other as described above,

the rear faces of the two plastic films exist on the surface

and rear face of the flexible printed circuit and the surface

and rear face of the flexible printed circuit become the same

25 state. This eliminates the need for considering the difference

between the surface and rear face to apply various treatments



.

the curl anmount h was 14.0 nmand the curl degree

REPORCEMENT SHEE‘PU”

occurred. 20 On the other hand, aside fF+em—the P stli c
film lami nate, a flexible printed rcuit formed with nmeta e edtric
circuit was manufactured. That is, the g%rre filmi1 for 1éPJAN 199Zover

| ayer) and f
prepared. An
Enbodi nent 1,

wer e
fl|ﬁ}3

IIlm3 (for a base Iayer) as described a
adhesi ve | ayer was forned on the surfacdfe of
then el ectric circuit was forned

25 as in

by e
met hod and afCadh€sEieXiR}er DRASLESr FAdCYAtihdhe effect of enhancing work

10

.15

efficiency, etc., is produced.

In the invention, .the surface and rear face of a
plastic film are determined appropriately; for example, to cut
a raw material film, the upper face can be made the surface and
the lower face can be made the rear face. For example, as
shown in Fig. 21, the upper face of a raw material film 10 is
made a surface 9 and two plastic films 2 and 4 are cut out from
the raw material film. Each of the plastic films 2 and 4
comprisés the same surface 9 as the raw material film 10. As
shown in Fig. 22A, the plastic films 4 and 2 are overlapped
with their surfaces 9 facing each other. = Fig. 22B is a
sectional view to show a state of overlapping the plastic films
2 and 4 with their surfaces 9 facing each other.

Next, in the invention, to prevent curl occurrence and
provide sufficient flexibility, the physical property.of metai
electric circuit of a flexible printed circuit is specified by

a special index (K) originally found by the inventor et al.

"That is, metal electric circuit, which is the main component of

20

25

a flexible printed circuit, largely affects flexibility of the
flexible printed circuit. Then, the inventor et al. carried
out a detailed analysis on the cause for producing flexibility
for the metal electric circuit, and found that the tensile
modulus and thickness of_the_metal electric circuity are the
main factors affecting flexibility of the flexible printed

circuit. When continuing furthermore examination on the



surface of film1. In a simlar manner to that de CREMEMENT SHE&BoY e,

filml and film3 weré |amnated to manufacture - : TIeXIDF,

printed circuit. For this flexible pri nﬁgd circuit %ﬁlﬁ? pnount

h was neasured as descri bed above. As 5 res Il npuht h

was 13.5 mm and the curl degree was 6.8% a ¢u "M"”ﬂﬂ

Enbodi nent 2: : A bidirectionally stret hed polylnlde film I

0.125 mm = t hi ck nufactured by TORAY- Dupont) "Was_ USed a Taw et eri a

10 film fromeARtdPnalks iRetasts Yie %y farkams mife dauiean RF al. hit
n

size Of. 200 X on 3291 n‘{%(\é\grethcaué ?’. te prléclitqg%r o%(patl:r}l% C)tensj.le modulus and

thickness (K) can become one of indexes on flexibility of the
flexible printed circuit. When continuing various experiments
5 baséd on the idea, the inventor et al. recognized that the
index (K) can be used universally for flexibility of the
flexible printed circuit regardless of the type of metal
electric circuit as expecfed. Based on the.index (K), the
inventor et al. have found tﬁat if the product of the tensile

10 modulus and fhickness (K) is set'to 500 kg/mm or less in the
relationship with the two conditions of the coefficients of
linear expansion of plastic films, curl occurfence prevention
means.described above, curl-éccurrence can be prevented and
sufficient flexibility can be provided.

15 Next, in the invention, in a flexible printed circuit
on which a reinforcing plastic film is stuck, the linear
expansion characteristic difference between a plastic film of
laminated plastic films on the side where the reinforcing
plastic film is not stuck and the reinforcing plastic film is

20 controlled for suppressing curl occurrence. That is, in the
flexible printed circuit on which a reinforcing plastic film is
stuck, the reinforcing plastic filﬁ and other plastic films
differ in thickness, etc., and the structure of the'flexible
printed circuit becomes.asymmetrical wiﬁh respect to the cross-

.25 section direction, thus the flexible printed circuit becomes

prone to curl as compared with normal flexible printed circuits
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‘coefficients were neasured by the above-described TMY REPRYEMENT SHERY
| i near expansion coefficient ellipses were created by'golar
I

coordinate plotting and were overl apped. These over] app | i gses
are shown in a graph.of. Fig. 8. Fromthi'S graph, th¢ QQ-#éﬁéP9grea of
portions where the ellipses of film4 and film5 do—rot—evertap (|0
was 3.44 x 10[err] [(1/[err]C) x (1/[err]C), which was : equal to dar

| ess than a predﬁgfrn1ned valye. ., The a ated by usjng a

control comp®eMHth M FEH LOEF NI %lasrﬁg‘é\gg’f}’ﬂgiﬁﬂgslﬁﬁgnt Hceordinlg 9%
cuml ot Ve LS04 i qn AL A g3 LRl R Fhene
(e roset LR VEURL mey PRGRE L P UaRRARG b Teknidithe
filmb Wer€plastic film thereon. However, the inventor et al. have found
5 B that in the cases, if the maximum value of the linear expansion
characteristic difference (aa) provided when ellipses created
by polar coordinate plotting for the plastic fiim positioned on
- the outermost layer on the side where the réinforcing plastic
film ahd the reinforcing plastic film are overlapped is equal
10 to or less than 1.4 x 107 (1/°C), curl occﬁrrence of the
flexible brinted circuit on which the reinforcing plastic film

is stuck is suppressed.
Likewise, ﬁhe inventor et al. have found that if the
total area of the portions where the ellipses do not overlap
15 when they are overlapped (C) is set equal to.or less than 6.5
x 1071 [(1/°C) x (1/°C)), curl occurrence of the flexible
printed circuit on which the reinforcing plastic film is stuck
is also suppressed. Likewise, the inventor et al. have found
that wheh the ellipses created by polar coordinate plotting are
20 overlapped, if the shift angle difference between crystal
orientation main axes of the ellipses (a0) is within 30
degrees, curl occurrence of the flexible printed circuit on
which the réinforcing plastic film is stuck is suppressed. |
Next, in the invention, the raw material plastic film

25 characteristics are applied for preventing curls fromloccurring

in manufacturing flexible printed circuits and enhancing the
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25 tenporarily crinped by the roll |am nate net qhmmﬁi\gm SHEET
surfaces of film4 and film5 facing each E)the]r,C t hen o e 1)
58 " an autocl ave conditions: 1 err X X cnidrr
and | ani nat ed. The(curl anount h g? the plas ic fli4 Mbgmﬁate was
measured by the above-described nmethod. As a result} fhe curl amount
h was 9.5 mmand the curl degree was 2.6% curl 5 occurrence was
suppr essed. ) . ) L. .

manufacturing efficiency. That is, if either of the two

10

15

20

25

conditions is satisfied, curl occurrence can be prevented, but
it is troublesome to measure the linear expansion coefficient
differences for each plastic film in mannfacturing flexible
printed circuits. Then, to solve this problem, the inventor et
al. examined the linear expansion coefficient characteristics
of raw material plastic films and found that there was given
regularity; Then, the linear expansion coefficient elllpses of
the parts of a raw material fllm are previously examined, the
linear expansion coefficient characteristics are grasped and
standardized, and parts cut out from the raw material plastic
film- and a combination of cut plastic films are previously
determined. In doing so, the maximum value of the linear
expansion coefficient difference and the total area of portions
where the ellipses do not overlap can be set to the
predetermined values or less without creating linear expansion
coefficient ellipses for each plastic film. As a result, the
production efficiency of flexible printed circuits with curl
occurrence suppressed can be improved.

Next, the invention relates to a flexible printed
circuit wherein plastic films laminated via an adhesive layer
are temporarily crimped by a ‘roll laminate method and then
pressurized under gas pressure in an autoclave and crimped, and
a manufacturing method therefor. That is, to manufacture a
flexible printed circuit, when an adhesive layer is formed on.

each plastic film and then they are stacked and laminated, the
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On the other hand, aside fromthe plastic film QT TTEL [ l e
printed circuit formed with netal electric cir uﬁEPuﬁﬁﬁﬁﬂﬁué%ﬁﬁtred.
That is, the sane film4 (for a co gr layer) and [fiIm5 (for ai{bgse
| ayer) as described above 10 were preé red. An adhgsi g |JANERITAS
formed on the surface of filmb5 as in Enbodi ne 1, then copper
electric circuit 0.035 mm t hick was fornmed by th gt ractTve tthod
and an adhesive | ayer was formed on the surfacel of film4. Filmi4
and film5 flexihdepePrahftadt edravitnienpsesrinized @y s&ace in
flexible -15 rinted circuit. For this flexible printed circuit, the
cur |l aﬁﬁﬁgkeﬂ hadatd 9By oy TS RUMRIPIRFEIT T IR 51 Reblipt adhgsive

: . 3% curl
cur | anDuntmggygéﬁgrgsgg%gpdthgef%ggibearggigggdzéagcuit is temporarily

-

occurrence

crimped by a roll laminate method, it is sealed in an autoclave
5 and pressurized under gas pressure for crimping, whereby the
flexihle printed circuit is crimped under isotfopic pressure
produced by the gas pressure. Thus, even if the flexible
printed circuit itself varies in thickness, etc., it |is
.pressurized on the full face under uniform gas pressure and no
10 excessive force is applied to the materials of the plastic
films, metal eiectric circuit, etc.,; the flexible printed
circuit itself does not extend in the transverse direction or

its characteristics are not impaired.

15 BRIEF DESCRIPTION OF THE DRAWINGS
In the accompanying drawings:
Fig. 1l is a polar coordinate plotting chart
representing a linear expansion coefficient ellipse of a
bidirectionally stretched plastic film;
20 Fig. 2 1is a polar coordinate plotting chart of
overlapping two linear expansion coefficient ellipses;
Fig. 3 is a schematic diagram to show linear e#pansion
coefficient ellipses in parts in the width direction of a
. bidirectionally stretched plastic film; |
25 Fig. 4 is a graph to show the relationship between the

maximum values of linear expansion coefficient differences and



A

Conparison 2: 20 A new plastic film(fjl of
Zogpx 360 mm was cut out froglthe pol yi m de fllﬁFanEW P o odli ment
2. On the other hand, the sanme filgg4 as in Enbodlnent 2 was
prepared. Linear expansion coefficient eflTipses werg dre@u N 1997 &n _
overl apped as in Enbodi nent 2. These overl apped el li pses 2 $hown in

a graph of Fig. 9. Based on this graph, the total —~—gf-ea—of—potftiions

where the ellipses of film4 and film6 do not

59
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curl degrees;
Fig. 5 is a gréph to show the relationship between the
integral values of linear expansion coefficient square value
differences (acc) and curl degrees; .
Fig. 6 is a polar coordinate plot chart of overlapping
two linear expansion coefficient ellipses in Embodiment 1;
Fig. 7 is a polar coordinate ﬁlot chart of ovérlapping
two linear expansion coefficient ellipses in Comparison i;
Fig. 8 is a polar coordinate plot chart of overlapping
two linear expansion coefficient ellipses in Embodiment 2;
Fig. 9 is a polar coordinate plot chart of overlapping
two linear expansion coefficient ellipses in Comparison 2;
Fig. 10 is a polar coordinate plot chart of overlapping
three linear expansion coefficient ellipses in Embodiment 3;
Fig. 11 is a polar coordinate plot chart of overlapping
three lihear expansion coefficient ellipses in Comparison 3;
Fig. 12 is a polar coordinate plot chart of overlapping
two linear expansion coefficient ellipses in Embodiments 4 and
5 and Comparisons 4 and-5;
Fig. 13 is a sectional view to show the structure of a
flexible printed circuit with three plastic films laminated;
Fig. 14 is a plan view to show a flexible printed
circuit-formed like substantial V-shape; |
Fig. 15 is an illustration of curl amount méasurement
of a flexible printed circuit;

Fig. 16A is a sectional view to show the structure of



£ b

overlap (¢ was cal culated as in Enbodi nent 2. The{r .71 x
10[err] [(1/[err]CQ x (L/[err]1C], which exceeded RELLAGENENT SHFET

val ue. Next, a plastic filgalamnate joff film4 and fi{l ;+ 6 was
5 created as in Enbodi nent 2. The curT anpunt h jof{ t H4 JANSHIZ
filmlamnate was neasured as in Enbodi ment 2. As & rjesult tihg curl
anount h was 28.0 mm and the curl degree was 7.8% Ja —curl _occurired.
On the other hand, aside fromthe plastic film 10 | ani nate, a i bl e

printed circ@i £1P5iRA8 RFiAtAR:GireniEangd 16B is q RRATIGRA! naM 4Q Fhey

[ ' . fil f base
rg;‘gr I) S(iist ggggging&%hlag%ég(ggra af lexiblecQ;\D/L?irntl.galecrj?rcaunidt }{avnfn(sg (a nc_)rad%es ive

. layer formed on the surface of each of two plastic films;

Fig. 17A is a sectional view of a flexible printed

5 circuit on which a curl occurs and 17B is an illustration to
show a state in which a twisted curl occurs on a flexible
printed circuit;

Fig. 18A is a sectiohal view to show a state in which
an adhesive layer is formed on a bése film and then copper foil

10 is placed on the adhesive layer, 18B is a sectional view to
show a state in which the copper foil is formed to electric
circuit, 18C is a sectional view to show a state of laminating
plastic films for base and cover layers, and 18D is a sectional
view to shb& the structure of a flexible printed circuit thus

15 proQided;

Fig. 19 is a sectional view to show a state of
manufacturing a flexible printed circuit of a 3-film-layer
structure; |

Fig. 20 is a sectional view to show the structure of a

20 | flexible printed circuit of a 3-filﬁ—1ayer structure;

Fig. 21 is an illustration to show a state of cutting

out plastic films from a raw material film;
| Fig. 22A is a'perspective.view to show a state of
laminating two plastic films with their surfaces facing each

25 other and 22B is a sectional view to show a state of laminating

two plastic films with their surfaces facing each other;



were prepared. An adhesive |layer was fornmed on the sur aB [@PEMENrsﬁﬁfTWr6
as in Enbodinent 2, then netal electric circuit was 1p formed by t

subtractive nethod and an adhesive Iayersyas forpef o UaN w97t ace of
film4. In a simlar manner to that descri bed abpve, film4 and
film6 were lam nated to manuf acture a fl exi bl e primred—Ttrrcttt
For this flexible printed circuit, the curl anoupt h was neasured jas:

descri bed 20 above., a,result, the curl anpunt h was 25.2 nmand [ he
curl - degr ee ma§lﬁfé;? 4Schrfeotiogpfegviev to sheydihgitucture of a

L oot T SOk AU 1! N A Brcces RS ™
Fig. 24 is an illustration to show a measuring
instrument of flexibility of flexible printed circuits;
5 Fig. 25 a plan view to show a flexible printed circuit
formed like substantial V-shape; |
Fig. 26A is a sectional view to show the structure of
a flexible printed circuit on which a reinforcing film is stuck
and 26B is a sectional view to show the structure of a flexible
10 printed circuit comprising an adhesive layer formed on the
surface of each of plastic films on which a reinforcing plastic
- film is stuck; |
Fig. 27 is a polar coordinate plot chart representing
a ultrasonic propagation velocity ellipse of a bidirectionally
15 stretched plastic films;
Fig. 28 is a polar coordinate ploﬁ chart of overlapping
two ultrasonic propagation velocity ellipses;
Fig. 29 is a graph to show the relationship between
shift angle difference between crystal orientation main axes
20 (aB) and curl degree (%);
| Fig. 30 is a polar coordinate plot chart of overlapping
three ultrasonic propagation vélocity ellipses in Embodiment 6;
Fig. 31 is a polar coordinate plot chart of overlapping
three ultrasonic propagation velocity ellipses in Comparison 6;
25 Fig. 32 is a polar coordinate plot chart of overlapping

three ultrasonic propagation velocity ellipses in Embodiment 7;



25 material film fromwhich plastic films (film7 apdPEFYAREMENT SHEETohch
having a size of 200 x 360 mmwere cut out. .

60 bidirectionally stretched poéiethylene terepint ol aj N fogym P. RS0
mm t hi ck (manufactured by TORAY) was used a raw materi gl {film rom
which a plastic film(film10) having a size of 200 x 360~ mmwasS fut
out. Three linear expansion coefficient ellipses 5 {were created as ip
Enbodi nent 1 and were over| apped. These over |l apped el lipses are

shown in a graph of Eig, 39 isgppiprscoordinate plot chart of overlapping

three ultrasonic propagation velocity ellipses in Comparison 7;
Fig. 34 is a.éraph to show the.relationship between
linear expansion coefficients and ultrasonic propagation
5 velocities; |
- Fig. 35 is éh illustration to show a state when a
flexible printed circuit on which a reinforcing plastic film is
stuck is crimped by a heat press; and
Fig. 36 is a schematic diagram to show linear expansion
10 coefficient ellipses in parts in the width direction of a

bidirectionally stretched plastic film.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
Next, the invention will be discussed specifically.

15 A flexible printed circuit of the invention comprises
two or more plastic films laminated on each other, the plastic
films being manufactured by bidirectional stretch, and normally
at least one of the two or more plastic.films is formed with
metal e}ectric circuit.

20 For example, a polyimide film, a polyester nitrile
film, a polyester sulfone film, a polyethylene terephthalate
film, a polyvipyl chloride film and.polyethylene naphthalate
film can be listed as the plastic film types, among which the
polyethylene terephthalate film, polyethylene naphthalate film

25. and polyimide film are preferred totally considering heat

resistance, dimension stability, electric characteristics,



graph, the maxi num val ues of the |inear expansion clodREPLACEMENT SHEET
differences anong - film7, film8, and film 10 were [carated
Enbodi nent 1. As a result, the maxi mum yal ue of t

coefficient difference between film7 a % f||n}g4hdéNGﬁ@Z
(/[err]C; that between film7 and film10 ;
(/[err]C); and that between film8 and film10 wa

as in
xfdansi on
J0[err]

3.94 x 10[err]

(1 [err]C. Next, a polyester famly tHermosettimy—adtresi ve
shaped 15 mMeFRanicaheestoengtinm ehaErCtasipEépar edchemicaiporesibyance,
crinped on the surface and rear face of film10 wth a roll. Next
film7 and fFPR¥R. vRY®: pl%(f i pormald ¥ ddr Of-Qde ter 0.3 mm £higkio

and they ver g, LeppOEALILY, CF 6”2? yotffsn%'n'tklgkt‘a_te

| With flexible printed circuits on thch a reinforcing

5 plastic film.is stuck, films of Various materials manufactured
by bidirectional strétch like those listed above are used as
‘the reinforcing plastic films and normally are 0.025 to 0.500
mm thick and preferably 0.125 to 0.350 mm thick. However, the
reinforcing plastic films as thick as or thicker than other

10 films which,cénstitute the flexible printed circuit itself are
used.

I;' is appropriate to stretch the bidirectionally
stretched plastic film generally 1.5 to 15 times and preferably
2 to 9 times in a machine direction and 3 to 8 times in a

15 transverse direction.

Metal such as copper, gold, stainless, aluminum, and
nickel and alloys thereof éan be listed as the types of metal
of the metal electric circuity, among which copper and a copper

- alloy  are preferred totally | considering flexibility,

20 workability; electric characteristics, costs, etc. The metal
electric circuit normally is 0.002 to 0.100 mm thick and
preferably 0.005 to 0.070 mm thick. .Further, when elasticity
coefficient is measured in a foil state, it normally is 2000 to
20000 kg/mm?* and preferably 4000 to 12000 kg/mm*. For example,

25 the elasticity coefficient can be measured conforming to ASTM

D-882-83 with TENSILON TESTER (tensile tester). To measure the
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met hod, then cured in an autoclave (conditions: 110fer
kg/cmerr]) for manufacturing a plastic filmlam na
structure as shown in Fig. 13. In the L% ure, numney a
adhesive layer. Positioned on the outer Iayers

filmlamnate are film7 and film8.
maxi mum val ue of the |inear expansion 25 coeffic e
film7 and fi]m8 is 0.54 10[ er e
| ess than t %?EH%%EYWFH@?WSLGB'C of me"‘-al Llec r

thin film in a flexible printed circuit completed as a product,

a semi-finished product before pattefn formation, or the like,

additives of plastic films, adhésives, etc., are removed by a

5 method such as'plasma etching or excimer laser béam machining

for leaving thelmetal electric circuit or metal thin film only,

and the elasticity coefficient_thereof in the state can be
measured according to the aone-mentionéd method.

The inveﬁtion uses an iﬁdex of the product of the

10 thickness and elasticity coefficient of metal electric circuit

(K) so as to enable universal comparison in various.metals. As

the value, norﬁally, foil metal takes a value of about 4 kg/mm

(thickness: 0.002 mm x elasticity coefficient: 2000 kg/mmz)_

to 2000 kg/mm (thickness: 0.100 mm x elasticity coefficient:

15 20000 kg/mm?); to suppress a curl of_the flexible printed

circuit and provide flexibility thereof, desirably it lies in

"the range of 20 to 500 kg/mm and_more preferably 30 to 250

kg/mm. For the elasticity coefficient values, the meaSufement

value in the foil state as described above typifies the

20 . elasticity coefficient of metal thin film and if the

composition, heat history, and crystal state virtually equal,

) the same value is taken even if metal thin films are other than

metal foil (for example, evaporation film, plating coat,

etc.,). |
25 Normally, an adheéive is used to laminate (laminate and

bond) two or more plastic films. A thermosetting adhesive (for
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The curl amount h of the pl ask iREPLAGEMENT SHEGTA

of the invention. i nat e
was neasured by the above-descri bed net hod. As result, ithe curl
anount h was 5.4 mm and the curl degree S 1. 5%4 ?KN‘P@ drrience was
suppr essed. 5 On the other™ hand, S|d‘e rom {pl astic
film . | am nate, a flexible printed .circuit 3 ...”rlaye"

structure forimred with nmetal electric circuit was nanufactured That

is, the sane film7, film8, and film 10 as describ

adhesi ve shaged Li.ke sheet rm an

-the surfaces f“PFrlr‘*rera

prepared. AsSZRBRISin &} §ePPEY arW%SFQ eFéPﬁel y°r16‘ p‘?Hé??rB%Et ﬁ%swe

adhesi ve | aye

and f??n¥§n? ¢ curlng ST ar aﬂgﬁ ertq 02t 7 [yester

8 on

descri bed ab?&%inﬁ rhCgﬂggﬁoShggiihcadhe51ve (for example, a synthetic

. 10
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rubber adhesive), and a tackiness agent (pressure—sensitive

adhesive, for example, an acrylic'tackiness agent) can be

listed as the adhesive, among which the thermosetting adhesive
is preferred because it is good in characteristics of an
adhesion force, heat resistance, moisture and heat resistahce,

workability, durability, etc. To laminate a reinforcing

plastic film, the various adhesives are also used.

Next, a ménufacturing method of the flexible printed
circuit of the invention will be discussed.
The. manufacturing method of the flexible pfinted
circuit of the structure wherein the two plastic films 2 and 4
shown in Fig. 16B are laminated and one of the plastic films is
formed with the metal electric circuit 3 will be described as
an example. First, two plastic films 2 and 4 are prepared.
Generally, polyethylene terephthalate is uséd as the plastic
films. As described abdve, the two plastic films 2 and 4 need
to satisfy at least one of the conditions that when ellipses of
coefficient of linear expansion are overlapped, the maximum
value of the linear expansion coefficient difference (ac)

should be equal to or less than 1.4 x 10°° (1/°C), that the

total area of the portions other than the overlap (C) should be
equal to or less than 6.5 x 10°'® [(1/°C) x (1/°C)}, or that

when ellipses of ultrasonic propagation velocities are
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circuit 3 0.035 mmthick was forned on the adhesiv @-;IL?\CE@ERY %-IEE];

t he

subtractive nmethod as in Enbodi nent 1. As shown in|F

pol yester famly thernosetting adhesive ﬁpaped ik sheet Wwaf used
to forman adhesive.layer 8 on the surface and repy JAeq99¥ fi|m 10
in a simlar manner to that described above. shown in thejflgure,
with the surfaces of film7 and film8 facin i1 m 10
bet ween, the three fil s 0 re te ari |l ri

o nate ot ABEEIARBRL, . theg, ol St ARGIR ot bEES vteic

of ‘a3 filmPESEPEREon Bty tiFe %@”%*ﬁ“ 4y V5 S B b

with those

de reggev'eua' 14§35 EL P%ﬁmw ghaaﬁfgrsw%hgosﬁing thi e 535%62%6(’

by 25 the Sahe referenc nuner al
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used, whereby curl occurrence can be prevented more
efficiently.

First, as shown in Fig. 18A, an adhesive layer 8 is
formed on the surface of the plastic film 4 for the base layer,
for example, by applying an adhesive onto the plastic film 4,
then drying or by stacking an adhesive applied onto a separator
on the plastic film 4, then removing the separator. The
adhesive layer 8 normally is 0.003 to 0.2 mm thick and
preferably 0.005 to 0.05 mm thick. Next, a metal thin film 3a
is’' formed on the adhesive layer 8, for example, by placing
metal foil such as copper foil on the adhesive layer 8 and roll
laminate. The metal thin film 3a can also be formed by an
electroplating method or a sputtering method, in which case it
can be formed directly on the plastic film 4 without forming
the adhesive layer 8. As shown in Fig. 18B, a known method
such as a printing, subtractive, or additive method is used to
treat the metal thin film 3a for forming metal electric circuit

3 in a predetermined circuit pattern. On the other hand,

plastic film 2 for cover layer is prepared and an adhesive

layer 8 is formed on the surface of the plastic film 2 in a

similar manner to that described above. If the adhesive layer

'8 is formed on the rear face of the plastic film 4 for the base

layer, the adhesive layer 8 is formed on the rear face of the
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62 structure, the curl anobunt h was neasured bvke.
As a result, the curl amunt h was 5.0 n@Qand the curl jdegree Wgs
1.4% curl occurrence was suppressed. Conpari son 3: .145JAN199 A
new plastic film(film9) having a size of 200 x 360 mm was cu ut
fromthe pol yethylene terephthalate film0.125

10
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For the flexible printed circuit of the 3-filmlayer 0 R
i LAPEWRIT st

plastic film 2 for the cover layer.

As shown in Fig. léC, both the plastic film 4 for the
base layer and the plastié film 2 for the cover layer are
stacked with their surfaces facing each other and laminated
(laminated and bonded) in the stacked relation, for example, by
a crimping method with a heat press or by a laminate method of
applying at least heat or pressure after temporary crimping by
rolling and laminating. The laminating method and conditions
are determined appropriately by the types of plastic films,
adhesives, etc. |

The flexible printed circuit as shown in Figs. 18D or
16B can be thuS'manufactured. The pressure and temperature
conditions common to the crimping method and the roll laminate
method in the laminating normally are 40°C to 300°C x 1 to 100
kg/cm? and preferably 50°C to 200°C.x 8 to 70 kg/cm’.

In the laminating, if the plastic films in the stacked
relation are temporarily crimped by the roll laminate method
and then pressurized under gas pressure in an autoclave'and
crimped, the flexible printed circuit is crimped under uniform
pressure over the full face by isotropic pressure of the gas
pressure; even if the flexible printed circuit itself varies iﬁ
thickness, etc., the materials of the plastic films, metal
electric circﬁit, etc., are not strained. With the flexibie
printed circuit thus manufactured,_ for the metal electric
circuit, the plastic films and adhesive layers of insulation

layers vary less in thickness and high-frequency



mm t hi ck used wi th Enbodi nent 3. On the other hand, th

and film 10 as in Enbodi nent 3 were prepared. Thre %E?eR&IWWaFHEﬁ
expansi on coefficient ellipses were creaggd and 10
Enbodi ment 3. These .overl apped el lipses sho
11. From this graph, the nmaxi num val ues of the |li near expansi
coefficient differences anong film7, film9, gnd T
cal cul ated as in Enbodi ment 1. As a result, thel maxi mum val ue of It he
| i near expan$ih@racieristdeas péirekatoive Peands tiatinye (L B LAFF L AREINS PATE has
1.66 x 10[err] (1/[err]C and that between film9 and film 10 was
4.17 x 10[ er §tC-, a8 (3, F@F‘P%%)‘ ofs thes Rlarbiabbitmst ppdn@dhashvel layers

the |inear expan |on co ffl |ent dlff e ce hetween film?7 and )
film10 is Pecomg 5& [er decribed method so as to pressurize

7

o=

erl apped as ijn

i JAN 97 g

—h

Fi g.
of

under gas pressure is more excellent than the heat press or the
5 like in the following points, that is, it is hardness to put
traces caused by minute dust, foreign material, étc., and has
the effect of leading to enhancement of quality, performance,

etc. |
The relative permittivity of the flexible printed
10 circuit manufactured by the above-described method (ratio of.
permittivity of measured substance to permittivity in vacuum)
can be evaluated by the following method: It can be measured
by a method defined in JIS C6481. - When the relative
permittivity of each of the plastic films and adhesive layers
15 is measured separately, the relative permittivity as a complex
of the plastic films and adhesive layers generally is found by

the following expression (5):

. @, + d,)E &, - (5)
d,g, + d,€,
20 where dl and el are thickness and relative permittivity of the

plastic film and d2 and ¢2 are those of the adhesive layer.

" In the crimping in the autoclave described above,
various gases, such as nitrogen gas, argon gas,.helium gas, and
air (atmosphere), are used as gases introduced into the

25 - autoclave; particularly nitrogen gas is preferred from

standpoints of safety, costs, and easily providing a high
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20 Next, a plastic film laninate of fa REBLAGENENT,SHEET

structure (see Fig. 13) was created in the same mannerj to that _in
Enbodi ment 3 except that film9 was usedsén pl ace of f'lqwgdAN‘Eg% Theg curl
anount h of ‘the plastic fillmlam nate waS neasured gs I n odi rent

3. As aresult, the curl anmount h was 18.7 mm 25 and—tthe—curt+—degr de was
5.2% a curl occurred. On the other hgnd, aside fromtheg

, . % :
plastic fIIn]pressure by vaporizing liquid because it has a relatively high

boiling point and is available as liquid. As conditibns-for
crimping, the pressure condition normally is 1 to 30 kg/cm? and -

preferably about 5 to 20 kg/cm’? and the temperature condition

5 normally is 40°C to 300°C and preferably about 50°C to 200°C.

On the other hand, a flexible prinﬁed circuit on which

a reinforcing plastic film is stuck is manufactured as follows:

First, as described above, an adhesive layer 8 is

formed on the surface of a plastic film 4 for a base layer and

10 metal electric circuit 3 like that mentioned above is formed on

the adhesive layer 8. Next, a plastic film 2 for a cover layer

is prepared and an adhesive layer 8 is formed on the surface of

the plastic film 2 (see Fig. 18C). On the other hand, a

reinforcing plastic film 7 formed én -the surface with' an

15 adhesive layer 8 is prepared and the plastic film 4 for the

base layer and the plastic film 2 for the cover layer are

stacked on the tdp of the reinforcing plastic film 7. Next, in

stacked relation, they are crimped by the heat press method or

roll laminate method as described above, providing a fle#ible

20 printed circuit on which the reinforcing plastic film is stuck,

as shown in Fig. 26B. When the flexible printed circuit on

which the reinforcing plastic film is stuck ‘is thus

manufactured, if the lamination is temporarily érimped by the

-roll laminate method and then pressurized under gas pressure in

25 an autoclave and crimped, particularly an excessive load

imposed on the materials is reduced. That is, to stick a
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| am nate, a flexible printed circuit fornmed witn nethl G dGrmimsimiriiy

circuit wds manufactured. That is, the same film7,pfpIm9, A

film 10 as descri bed above were prepar edﬁO An adhes}ve 14 JAN 189%/er| g and
es

copper electric circuit were forned on t urfaces 7 of film7 p
film9 by the subtractive nethod as in Enbodi nent 3. An adhesi vep
| ayer 8 was formed on the surface and rear face. of filml10 In

| hat nb th fil re
o ot et (cepintoriiag p h N R AL N eSS i H?‘éggejwamess h
2 hi f i bl e d the cur nt
(o g ojegnogatration bctlrd 8y fhe ¢ PEAIEES SHHLS clfSu P e SuPile

nmm 0,
18. 9 and %QEe W30 of thge%el%f@%%in 3Aﬁ5%€¥€wflﬁpcgrras shown in Fig.
Enbodi ment 4!

35, and metal electric circuit is easily broken, damaged, etc.

5 However, if the lamination ié pressurized under gas pressure in

the autoclave, defects as.deséribed above are removed and good

properties of enhancement of durability, etc., can be provided.

The measurément-method of the coefficient of linear

.  expansion of a plastic film or reinforcing plastié film is a

10 direct measurement method by TMA or a ultrasonic propagation

velocity measurement method with SST, as descrlbed above.

Particularly, the method using the ultrasonic propagation

velocities takes én extremely short measurement time of about

two minutes as compared with the TMA methbd, is substantially

15 at the same level of measurement accuracy as the TMA method,

and has the advantage of no skill required. The measurement
temperature in SST measurement is about 23°Ct2°C.

The above-mentioned linear expansion coefficient

difference (aa) can be derived as follows: First, a linear

20 ; expansion coefficient ellipse for a plastic film is.created by

polar coordinate plotting according to the procedure described

above (see Fig. 1). The radius of the ellipse, r, can be

represented as a function of linear expansion coefficient

measurement angle 6 (rad), as in Expression (6) below. In

25 Expression (6), & denotes an eccentricity and is defined by

Expression (7) below. a is the long-axis radius of the ellipse
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A bidirectionally stretched pol yet hyl ene terepht hal atle TTTM06%0
thick (manufactured by TORAY) was used a raw t gr ﬂ é{&@r@%} m
which plastic filns (film1l and film12 each [hqvi' a' 00 x
200 mm were cut out. Li near “expansi on coeffi i d red by
t he above-described TMA met hod and |inear expafsion coeffici ent
ellipses were created 20 by polar coordinate plotti

over | apped. These - over| apped el lipses are shown in a graph of Fi g.

12. From thiand bec°'Eﬁ5aﬂJrPe R R Yighugaiafe Tofl @& )i nBar tBgpakbesnhand,

coefficient ffe nce betwee film nd film12

cal cul ated a8 18 Eﬂﬁﬁaﬁ’ﬁéﬁt rpdipg, %él 5§Pat‘?ltﬂriﬁ%%u%£‘8vxé}>‘29?“ﬂs xthe .
10[ err] (1/[errJ]_3 215 .Stalnless steel foil 0.050 mmthick was

used as raw m value of r (rminj. :

3 r=10) = [———— - (6)
1 -Ecos’0
. a’ - b’
¢ = " w (7)
10

where a: long-axis radius of ellipse_(méximum value of r;
rmax) |

b: short-axis radius of ellipse (minimum value of r;
rmin)

15 | " Assuming that the radiuses of ellipses for two plastic
films 2 and 4 positioned on both outermost layers are rl and
r2, the linear expansion coefficient difference (A2) can be.
represented by the following expression (8):

Ao = | Aa(®) | = | r,(8) —r,(8) | - (8)

20 According to ExpreSsion (8), comparison is made over 0

to 360 degrees (0 to 2 nfad) with respect to the measurément
“angle @ and the maximum value is the maximum value (Aacmax) of

the linear expansion_éoefficient difference (Aa)'between the

" two plastic films. The maximum value (aomax) can also be

25 derived by using a computer with Expressions (6), (7), and (8)

programmed .
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material of netal electric circuit 3, from which |ste+atess 1

64 steel foil having a size of 100 x 20 Wwas cut . o s

tensil e nodul us of the stainless steel fg&l was asuaéhﬂéy‘ﬁhz
above-descri bed net hod. The measurenent”™ result] was_ 10000

kg/mierr]. That is, the product of the thicknessj and the tensile } 5
modul us (K) was 500 kg/mm Next, a

t her nosetti ng adhesi ve applied onto a separator was stuck on the sane

surfaces 9 of plasti©n the other hand, the total area (C) of portions where
the elliéses do not overlap can be derived, for example,

according to cumulative expression (9), which is one of

approximate expressions of Expression (2) for defining the area

5 (C). Approximating of Expréssion (2) by other expressions is

not limited.

Acc(n x AB) + Acc{(n — 1) x AB} A
2

Cw1/2% 6 -

a=1
10 where m = (2n/a0)

To use cumulative expression (9), normally m takes 120

to 2880 values and preferably 360.to 1080 values, and AB6=2n/m.

In selection of the plastic films, the most basic

method is to measure the coefficient of linear expansion for

15 each plastic film and execute polar coordinate plotting for

creating a linear expansion coefficient ellipse to check

whether or not the conditions are satisfied; but it lacks

practicality. Then, to solve this problem, the present
inventor et al. examined 1linear expansion coefficient
20 characteristics at points of a raw material film of plastic

films and found out that there is giﬁen regularity in the film
width direction (transverse direction éf stretch).

Fig. 3 shows  linear expansion coefficient

characteristics in the width direction of a raw material film

25 5 bidirectionally stretched. 1In the figure, the raw material

film 5 is divided into nine parts in the width direction
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film11l and plastic film12, then the separator
an adhesive layer 0.025 mmthi ck. The stainl ess

5
tenporarily crinped on the surface of fi 11 by the

net hod, then the stainless steel foil and film12

tenporarily crinped by the roll, |lamnate me

the stainless steel foil and film 12 facin
| am nated by crinping by a heat 15 press (cond
30 kg/ cnf er rihereqiand-ithe paxfts are representefe

waf REPURGEAENT SHEET ’

form

ro | am jhat e
14,50 597: ot o &
hpd with th flaces of
gach ot her and wey e

g
B 1 h x

byurelatbuat pasbtiens (-

plastic filmlamnate was measured by the abqve-descri bed nethod. As

a result, the cafr ~2¢ ~bnolnt Ir whs 6:8 3RF afhd

& yhe dEgréeTuas othsy

curl

5
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rence S S ressed. . - .
OfStelencs o@%. LPRESZ expansion coefficient ellipses are shown

in the parts and crystal orientation main axes are indicated by
dotted line arrows. MD denotes the machine direction of
stretch and TD denotes the transverse direction of stretch. As-
shown in Fig. 3, the crystal orientation main axis and the
machine direction of stretch.match at the center of the raw
material film 5 and as the part of the raw material film 5
deviates from the center, its corresponding crystal orientation
main axis shifts from the machine direction of stretch (the
corresponding dotted line arrow is inclined with respect to the
MD direction). The point to be noted is that the crystal
oriehtation main axes shift from the machine direction of
stretch symmetrically. Specifically, in Fig. 3, the crystal
orientation main axes in the parts af relative positions (1)
and‘(-l), (2) and (-2), (3) and (-3), and (4) and (-4) are

symmetrical. Using the fact, minus (-) relative positions are

. used for cover layers (C/L) and plus (+) relative positions are

used for base iayers (B/S). As shown in the figure, when
symmetrical parts (relative positions) are extracted and
laminated with their surfaces facing each other, the crystal
orientation main axes substantially match and the maximum value
of the linear expansion coefficient difference (aa) and the
total.area (C) of portions where the ellipses do not overlap

fall below the-predetermined values.
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The flexibility of the plastic filmlam pate \GCu!S‘“”

T OTT

force g/cm was neasured by the above-descri bed net hog. repujt,

when bend radius R =5 mm repul sion for = 160 g/cm 14 JANINQ9T: i ng

good flexibility. . .Conmparison 4: 2 Firsgt., the sane f|ljs

as the pol yethyl ene terephthal ate film used wth Enbodi nent 4;
‘and film12) were 5

(film11l

pr epar ed.
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nt 4 I near expansi on coefficients
As in EnbOdlnﬁe other ﬂand, ag a second method, a raw material

plastic film is divided into two parts (a cover layer cut
portion and a base layer cut portion) in parallel with the
length direction of the plastic film, from which cover and base
layer plaétic fiims are cut out in parallel with the leﬁgth
direction and the cover and base layer plastic films having a
relationship satisfying at least one of the two conditions are
placed on both the outermost layers of the plastic film
laminate.

Fig. 36 shows coefficient of linear expansion
characteristics as similar to Fig. 3. In Fig. 36, the raw
material film 5 is divided into eight parts and the parts are
represented by relative positions (-4, -3, -2, -1, 1; 2,'3 and
4) with the center as a center line CL. The relative linear
expansion coefficient difference is not so large in the
adjacent portion (-3, -2, -1, 1, 2 and 3)'of the center line CL
of the raw material film 5. As shown in Fig. 36, relative
positions (-3) td (-1) are used for the cover layer cut portion
and -relative positions (1) to (3) are used for the base layer
cut portion. 1In the case that two layers which is selected out
from the above are positioned on the outer most layers and the
flexible printed circuit is made,lthe occurence of curling is
prevented. 1In Fig. 36, a plastic film for cover layer cut out
from the relative position (-3) and a plastic film for base
layer cut oﬁt from the relative position (2) are laminated.

Dividing of the raw material plastic film is shown as
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wer e .-neasured and |inear expansion coefficient ell m;\gm@m SHEET creat ed
by polar coordinate plotting and overl apped (see Hg 2 I n
Enbodi mrent 4, the maxi num val ue of the Ihgear 5 expan5|onﬁ§§ fif ifci ent
difference between film1l. and film 12 ([efrr)) tegd. The
calculation result was 0.11 x 10[err] (1 [ErilQ __as in Enbod nent
4. N St ai nl ess st eel foiI 0.075 mm thifkk was used as ra
material of netal electrig cifcuit fron1mh|ch S f oi

havi ng a si z&'bf ®1BBPX®b0d nrhdfly c’df' &gt detegqpined aPPéﬁEFFELﬁ%&IuIWS bie
1 LA el LB Y i v S e B
of the th'CkQQﬁ§e&%ﬂth§ qsll§aw material plastic film 2 to 6 m wide, if
the division width (band width) is set to 200 to 1000 mm, the

S number of divisions becomes six to ten. Specifically, for
example, if the raw material plastic film is 2 m wide, it can

be divided into 10 parts (divisions) with the division width

" (band width) set to 200 mm. If the raw matérial plastic film

is 6 m wide, it can be divided into six parts-(divisions) with

10 the division width (band width) set to 1000 mm. For example,

if the raw material plastic film is 5 m wide, preferably it can

be divided into 10 parts (divisions) with the division width

(band width) set to 500 mm for the reason of good Qorkability.

Therefore, the linear expansion coefficient'ellipses-of

15 - the parts of a raw material film are previously examined, the
linear expansion coefficient characteristics are grasped and
stahdardized, predetermined parts of the raw material film are

extracted, and the parts with the linear expansion coefficient

ellipses substantially symmetric are combihed. In doing so,

20 the maximum value .of the linear expansion coefficient
difference and the total area of portions where the ellipses do

not 6verlap can be set to predetermined values or less without

creating linear expansion cqefficient ellipses each time a

plastic film is selected. As a result, the production

25 efficiency of flexible printed circuits with curl occurrence

éuppressed can be improved.
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modul us (K) was 600 kg/ nm which exceeded the pre etﬁpgmgTISHEETv | ue.

Next, an adhesive layer 0.025 mmthick was forned jon te—sa

surfaces 9 of film1l and film12 as in odi nent} 4 Tﬁﬁ?stai | ess

steel foil was tenporarily crinped on the surface 14JAN 11} by the

roll lam nate nethod, then the stainless 20 stegl |foil and film 1P were
furthernore tenporarily crinped by the roll Ramnate nmethod wjh the
surfaces of the stainles steel foil and fil 12 fasreg—eactot her

and were | ani nated by/hic °fc1t?‘ﬁpif#r§sﬁyaé‘dhéa°°&de§1ich(°é&21gﬁ isshHected Tfr?r
| . k . Fig. 23. , The
ool arant %‘aglfl)%ta?ﬁguﬁllggt i cgigmié]nz r?aﬁ’é‘ R glrc“ﬁéésurbﬂ pylqtgFmined

curl anount

above’descriB%gr%%EEQQElyA%yamggﬁ%g tu&g%gc%gnditions, etc. That is, the
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second method is excellent as compared with the first method
from the'viewpoint of the manufacturing efficiency; the latter
is excellent as compared with the former from the viewpoint of

curl occurrence prevention. Therefore, considering the points,

‘either of the two methods can be selected dépending on which of

the manufacturing efficiency and curl occurrence prevention
takes precedence.

The two plastic films positioned on both the outermost
layers of plastic film laminates are laminated on each other
with their surfaces facing each other, whereby there are
provided advantages of enhancing the adhesion strength and
eliminating the need for considering the difference between the
surface and rear face of the flexible printed circuit. That
is, the surface and rear face of a plastic film cut out from a
raw material plastic film stretched in two directions differ
plainly in surface (rear face) state of wet property,
coarseness, etc. Therefore, if two plastic films are placed on
both the outermost layers in a state in which the same surfaces
face each othér, the rear faces of the two plastic films exist
on the surface and rear face of the flexible printed circuit
and the surface and rear face of the flexible printed circuit
becomé the same state. This éliminates the need for

considering the difference between the surface and rear face to
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occurrence was suppressed in both cases.

anount h was 0.4 mm and the curl degre

the plastic filmlam nate (repul sion force gfcm was neasured by the
above-desc¢ri bed nethod. As a 5 resuﬂ, when be rqd4 ﬁ9-975
repul sion force - 240 g/cm i ndi cating poor flgexibillity as clonpared

wi t h Enbodi nent 4. Enbodi nent 5:
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apply various treatments to the flex cuit.
Specifically, for example, it becomes less necessary to take
notice of the difference between the surface and rear face of
the flexible printed circuit in charactéristics such as
printability on the flexible printed circuit, wear resistance,
sliding property, intimate contact with a reinforcing plate,
and close adherence of electromagnetic wave shielding paint,
and work efficiency when.treatments are applied to the flexible
printed circuit and efficiency of a mounting process, etc., of
electronic parts, etc., can be improved.

In a fléxible printed circuit on which a reinforcing
plastic film is stuck, normally, separate raw material films
are used for the reinforcing plastic film and other plastic
films. Thus, the above-described method cannot be applied to
flexible printed circuits on which a reinforcing-plastic film
is stuck. Even ih' this case, however, if wultrasonic
propagation velocities of plastic films are measured with SST
and linear expansion coefficient characteristic differences are
controlled by a method of using the shift angle difference (a0)
between the crystal orientation main axes of ellipses, the time
required for measurement is extremeiy short and no skill is
required, thus predetermined production efficigﬁcy can be
maintained.

The two plastic films positioned on both the outermost
layers of plastic -film laminates are laminated on each other

with their surfaces facing each other, whereby there are



First, the same films as the pol yethyl ene terepht hallaREPLAGEMENT i $HRETs ¢d
with Enbodinent 4 (film1ll and film12) were 10 r pared ASTTN

Enbodi nent 4, |inear expansion coefficiepgs r gyggq%ﬁn | { near
expansi on coefficient ellipses were - created by pol ar nafje
plotting and overl apped (see Fig. 12). As in b

maxi mum val ue of the |inear: expansi on coeffi cifent dlfference bef ween
film1ll and film12 15 ([err]) was cal cul at ed. e carcutatiomTTesul t
was 0.11 x 1Previfled advantpges rpL) %@%W%oﬁhﬁemdmsmn SLL‘ength and
Three pieces of el ectrodeposited copper faqil mm 0.035 mm and

0.070 mm t.hi BkiRéPatiBE thR negd rf‘QtreFPaﬁlﬁﬁrﬁféﬂthe differppRR RAtyegfeths
from whi ch tgregagleces of cop er f oi
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and rear ace o% % e flexible printed circuit, as

described above. Specifically, for example, it becomes less

necessary to take notice of the difference between the surface
and rear face of the flexible printed 'circuit in
characteristics such as printability on the flexible pfinted
circuit, wear resistahce, sliding property, intimate contact
with a reinforcing plate,; ‘and close adherence of
electromagnetic wave shielding paint, and work efficiency when
treatments are epplied to the flexible printed circuit and_
efficiency of a mounting process, etc., of electronic parts,
etc., can be improved.

We have discussed the flexible printed circuits of the
iﬁvention by taking those with two plastic films laminated and
those with two plastic films laminated on which a reinforcing
plastic film is stuck as examples. However, the invention is
not limited to them and can also be applied to those with three
or more plastic_films_laminated in -addition to a reinforcing
plastic film. As described above, in this case, only two
plastic films positioned on both the outermost layers of
plastic film lamiﬁates.making up the flexible printed circuit:
need satisfy the predetermined conditions of the invention, and
the plastic film positioned on an intermediate layer need not
be considered. That is,- in the flexible printed circuit on

which a reinforcing plastic film is stuck, both the outermost
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20 having a size of 100 x 200 mmwere cut out. [TREofaER EET
nodul uss of the three copper foil pieces were neasur 2P§§ﬂiﬁiﬁ SH
above-descri bed net hod. The neasurenenj, resul ts verje 6600

kg/ mierr],

6050 kg/nmjerr], and 5500 kgltmierr]. Thdt fd, JANE9®T odudt of

t he thickness and the tensile nodulus of each coppdgr {foil piece 2% | (K
was 118.8 kg/nm 192.5 kg/mm or 315 kg/mm  These jvalues - wer e [equal -

to or |ess than t he pre ete ] ned val ue
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layers t%ﬁ‘q%ﬁﬁl §h?h8FﬁB§§Fﬂﬂhae§d ﬁ&lmélmﬁ iafd

the invention are a plastic film on the side on which the
reinforcing plastic film is not stuck and the reinforcing
plastic'film; a plastic film positioned therebetween need not
be considered.

The thickness of the flexible printed circuil according
to the invention is determined appropriately by applications,
etc., of the flexible printed circuit, but generally set to 50
to 800 um and preferably 100 to 600 um. The shape.of the
flexible printed circuit is not limited either; for example,
the flexible printed circuit is formed as shapes responsive to
various applications in addition to subsﬁaﬁtialj?? shape shown
in Fig. 14. The size of the flexible printed circuit is not
limited either; for example; the flexible printed circuit may
have the above-mentioned.longest length L in the range of 10 to
1000 mﬁ and preferably in the range of 30 to 600 mm.

Flexibility of the flexible printed circuits according
to the invention is measured with a cbmpressioﬁ tester as shown
in Fig. 24, for example. 1In the.figure, nﬁmeral 22 is an upper
fixed plate above which a load cell (load detector) 25 is
disposed, and a lower moving plate 24 that can move up and down
in conjunction with a drive section (linear motor) 23 is

disposed so as to face the lower side of the upper fixed plate

'22. First, a flexible printed circuit 1 is placed between the

upper fixed plate 22 and the lower moving plate 24 in a state

'in which it is bent like a U-shape in horizontal orientation in



onto a separator was stuck on the sanme surfaces 9 of fRﬂnﬁggMENTSHFEC

film12, then the separator was renoved to forr1an aphgstye I er
0. 025 mm t hi ck. Each pi ece of the copp foil was [ t enpor ar i
crinped on the surface .of filmi1l by th%droll amaJAN®9Rod, |t hen
the copper foil and fiLm 12 were furthernore tienpararily cringeq by
the roll lamnate nmethod - with the surfaces of the copper foi ard
film12 facing.each ot her and were | am nat ed et-Aping-hy a héa
press 10 ecéﬂagrﬁbﬂg dineprifp}c Nenth Sb%cimlgfe;rﬁe@rtrqqn 2y S@eantglatgs! )

Further, the_curl anpun B E each of ,the Iastlc film | am nat es was
measur ed by tRE 5585é"8e§ i heHeRePAYANT Rlake 24 to, xige; foghEpMPRESEIPFer

foil was 0. o%gemﬂeﬁy(%iexfﬁﬁe pkinted circuit 1 sandwiched between the

lower moving plate 24 and the upper fixed plate 22. When the
] | bent flexible printed circuit 1 is compressed a given amount to
a predetermined bend radius-R, a repuléidn force detected by
the load cell 25 is measured and flexibility (repulsion force)
is calculated from the expression (10) shown below for
evaluation. Since the distance between the upper fixed plate
10 22 and the lower mbving plate 24 at the measurement.time
becomes double the bend radius R of the flexible printed
circuit 1, the bend fadius R can be calculated from .the

distance.

_ Repulsion force (kg/cm) = repulsion force detection
15 value (g)/length of short side (width) of flexible printed
circuit (cm) (10)

The flexibility of the flexible printed circuit thus
measured normaliy is in the range of repuision force = 2 g/cm
when bend radius R = 5 mm to repulsion force = 600 g/cm when

20 , bend radius R = 15 mm and preferably in the rahge of répulsion
force = 4 g/cﬁ when bend radius R = 5 mm to repulsion force =
400g/cm when bend radius R = 15 ﬁm regardless of whether or not
a reinforcing plastic film is stuck on the flexible printed
circuit.

25 o The flexibility evaluation method is applied to

rectangular flexible printed circuits, but can also be applied



anount h was 1.2 nmand the curl degree was 0.6% when {t REPLAGEMENT oBibERT
foil was 0.035 mmthick, the curl amunt h was 0.7 mm and the cu H
degree was 0.35% when the copper foil 0. 070 nm t Qisc t cur
anount h was 0.5 mm and the curl degreemsgs 0. 25 ?ﬁ 'gAg 19?7e de
was suppressed in every case. The fl exi bijl ibyp—af—each—oi-lt he
plastic filmlamnates 20 (repulsion force g/cm wag measured by the
above- descri bed met hod. As a result, when the co -

mm thick, - to fipuibien PoHirked TArgwiksihef bendy rathes rekape mhathem
t he ef foil was_0.035 nmthick, repulsion force = 72 g/cm when
bend radi us %@c tangle . heFoFhe*elpaer A1 dadlexdPdemprintesd Cppcuit la

I f 1 mm Good .
i oxi bi 11ty RASPPHd B b R E0RFyALkEo V- Shaped "aB 'shown i Fig. 25, a

predetermined rectangle (for example, maximum rectangle 26

5 indicated by the chain line involved in the flexible printed
circuit 1la substantially V-shaped shown in Fig. 25) is
previously cut out from the flexible printed circuit and the
flexibility of this sample is evaluated by the aboye—described
method, then cutting to the predetermined substantial shape may

10 be performed. 1In this case, if the shape and size of samples
for measurement are Standardiied, the .flexibility can be
evaluated objectively.

As we have discussed, for the flexible printed circuit
of the invention, when linear expansiqn coefficient ellipses

15 representing the linear expansion coefficient characteristics
of the plastic films positioned on both the outermost layers,
of laminated plastic films making up the flexible printed
circuit are created and overlapped, the maximum value of the
linear expansion coefficient difference and the total area of

20 portions where the ellipses do not overlap are set to
predetermined values or less. Resultantly, curl occurrence of
the flexible printed circuit of the invention is suppressed.
Therefore, the flexible printed circuit of the invention is
ﬁigh in accuracy of the shape; if it is used to mount

25 electronic parts, the electronic parts can be mounted with high

accuracy even in automatic mounting by a machine.



68 Conmpari son 5: First, the sa RE%%Mgth%ET
pol yet hyl ene terephthal ate filmused with Enbodiimgnt 4 (film 11}apd
film12) were prepared. As in Enbgginent_4, coe fICIfﬂRﬁA@H9¢1nBa
expansi on 5 were nmeasured and |inear“&xpansi on coefififc I'I't pse$
wer e created by polar coordinate plotting and o e.}app (se H g
12). As in Enbodinent 4, the nmaxi mum value of the |inegar
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In the flexible printed circuit of the invention, the
plastic films positioned on both the outermost layers, of
laminated plastic films making up the flexible printed circuit
are élaced in a state in whicﬁ their surfacés facé.each other,
the surface ahd’re&r face of the flexible printéd circuit
becomes the same state and the need for considering the
difference therebetween is eliminated; Resultantly, the
advantages such as enhancing the work efficiency when various
treatments are applied to the flexible printed circuit or
electronic parts, etc., are mounted thereon can be provided.

Further, in the flexible printed circuit of the
invention, if metal electric circuit is formed in at least one
of two or more laminated plastic films and the product of the
thickness and tensile modulus of the metal electric circuit (K)
is set to 500 kg/mm or less, sufficient flexibility of the
flexible printed circuit is provided and .curl occurrence
thereof is also suppressed, providing a higﬁ—performance
flexible printed circuit. Therefore, for example; the flexible
printed circuit becomes suitable for frequently bent places
such as -a connection part of a print head and a mother board of
a printer.

Moreover, in the invention, in a flexible printed
circuit on which a reinforcing plastic film is stuck, if the
1linear expansion characteristic difference between a plastic
film of laminated plastic films on the side where the

reinforcing plastic film is not stuck and the reinforcing



&

expansi on coefficient difference between film 11 and i REFLACEMENT SH 1érr])

was cal cul ated. The calculation result was 0.11 x 10[¢rd] 10 (1/TefrlO
as in Enbodi nent 4. Two- pi gges’ of el ect fodeppgi JAN per
foil 0.2 mm and 0. 3 mMmthick we used as ray faterial of neta
conductor | ayer 3, fromwhich two pireces of el ¢ctTodeposrted—copper
foil each having a size of 100 x 200 mm were c@t out. The tensile

15 nodul uss of the two el ectrodeposited copper foil pieces were

nmeasured by plestighofdeliet®r fprtirohbedodsing Fheredederadmed index; egurl s
were 3600 kg/nmmierr] and 3400 kg/mierr]. That is,_ the frodupt . of
the thi ckne®SCuRpRNce (iife suppressed A¥ANI fOr the flexhble printed circuit

el ectrodeposi ted copper foi pieceﬁék& was 72 _k%/nn1or 1020 20 kg/ nm
These val tes X AILAIIMECTH@aeF EFRTRRES  GPughich the reinforcing plastic
film is stuck. |

5 The fact that there is given regularity about

-coefficients of linear expansion in the transverse direction of

an stretched raw material plastic film is used to previously

select parts of the raw material plastic film from which

plastic films are to be cut out, or combine plastic films so

10 that the cut parts becomes substantially symmetric. 1In doing

so, two plastic films can be placed on both the outermost

layers so as to satisfy at least one of the above conditions

without measuring the cbefficient of linear expansion for each

plastic film or the ultrasonic propagation velocity; This

15 results in prevention of curl occurrence and enhancement of the
manufacturing efficiency of flexible printed circuits. |

Further, in the flexible printed ci;cuit of the

invention, if a plurality of plastic films stacked via an

adhesive layer are temporarily crimped by the roll laminate

20 method in stacked relation and then pressurized under gas

pressure in an autoclave and crimped, the flexible printed

circuit is crimped under uniform pressure on the full face by

isotropic pressure produced- by the gas pre#sure, thus no

excessive force is applied to parts of the materials of the

25 plastic films, metal electric circuit, etc., and the quality

and performance of the finally provided product become good.



" REPLACEMENT SHEET |
Next, an adhesive layer 0.025 mmthick was forned on

\w

surfaces 9 of film1l and film12 as in Enmbodi nent 4. Each Sgec b f

t he el ectrodeposited copper foil was tenBQrarlly riﬁﬂeﬂA%ﬂ

surface of film11l by the roll |am nate imethod, 25 t hen___the

el ectrodeposited copper foil and film12 were - furthernore
tenporarily crinped by the roll | am nate nethod J
69 with the surfaces of the electrode€95|éfgc&gggd tgégthéguiJﬂggn

Next, embodiments wil
comparisons..
Embodiment 1:
A bidirectionally stretched polyethylene terephthalate
5 film 0.05 mm thick (manufactured by TORAY) was used a raw
material film, from which plastic films (film-1 and film-2)
each having a size of 100 x 200 mm were cut out. Linear
expansion coefficients were measured by the above-described TMA
method and iiﬁear expansion coefficient ellipses were created
10 by polar coordinate plotting and were overlapped. These
‘overlapped ellipses are shown in a graph of Fig. 6. From this
graph, the maximum value of the linear expansion coefficient
difference between film-1 and film 2 (ax) was calculated by
using a control computer attached to TMA programmed based on
15  ]Expressions (Gf, (7), and (8) described above. The resuit was
0.53 x 107 (1/°C), which was equal to or less than a
predetermined value. The linear -expansion coefficient
measurement by TMA was executed to exclude the effects of
hygroscopic expansion and heat shrinkage as follows: The
20 plastic films were left standing for 60 minutes at 150°C for
drying, then while the plastic films were cooled from 150°C to
30°C, the plastic film length and temperature were measured
simultaneously and consecutively, and 1linear expansion
coefficients were found based on Expression (1) for regions of
25 Tg or less.

Next, a polyéster family thermosetting adhesive was
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12 facing each other and were | am nated by crinping by_aRﬁfé'épEMENT SHSFES
(conditions: 150[err]C x 1 h x 30 kg/cnferr]). (See Fip. 23.)
The curl anpunt h of each of the plasticgfilmlamnatep |514QANHFUrEd by

08

A

the above-described.nethod. As a result, when thg El ect rodeposli ted
copper foil was 0.2 mmthick, the curl anount h paS~06Tmmramd-the
curl degree was 0.3% when the el ectrodeposited gopper foil was 0.B

mm t hi ck, the c%pl nmount and the curl degree was 0.15%

Curl occurrefd® tﬁ/ast}%%pﬁr"‘égéggsigfgb{ﬁ“b‘a?s'es.then dried to fggm an
IELIUE AC NI TR K EOMPRTIELTE R
bie o oo OO SLEEDERPDBY (P! hell€S press  febndTRISASK MY 31 A" AO%°%q
kg/cm?’) with the surfaces of film-1 and film-2 facing each
"5 other. The curl amount h of the plastic film lamiﬁate was
measured by the above-described method. As a fesult,_the curl
amount h was 4.2 mm and the. curl degree was 2.1%; curl

occurrence was suppressed.
On the other hand, aside from the plastic film
10 laminate, a flexible printed circuit formed with metal electric
circuit was manufactured as shown in Fig. 18. That is, first
the same film-1 and film-2 as described above were prepéred.
As shown in Fig. 18A to 18D, an adhesive layer was formed on
the surface of film-2 (for a base layer) as described above.
15 . Copper foil 3a 0.018 mm thick was placed on the adhesive layer
8land they were bonded by the roll laminate method (surface
temperature was set to 120°C). Next, as shown in Fig. 18B, the
copper foil was etched by the subtractive method to form metal
electric circuit 3. On the other hand, an adhesive layer'was
20 formed on the surface of film-1 (for a cover layer) as
described above. As shown in Fig. 18C, film-1 and film-2 were
laminated by crimping by a heat press (conditions: 150°C x 1
h x 30 kg/cm?) with the surfaces of film-1 and film-2 facing
each other, manufacturing a flexible printed circuit as shown

25 in Fig. 18D.

For the flexible printed circuit, the curl amount h was



15 5 mm when the el ectrodeposited copper foil was b.ERHAPEMENK SHEET
repul sion force = 710 g/ cm when bend radius R = 10 Poor

flexibility was indicated in both cases 26 conpar ed th 14~JﬁNEWb7di” nt
4. Enbodi nent 6: . 20 A bidirectional lly pgtretched _

pol yet hyl ene terepht hal at e fil.mO0.05 mmthick (jmanufactured—by-TORAY)
was used a raw material film fromwhich plastijc filnms (film13 gnd
film2l4 each 100 x 2

A" b i meaBRERdl A5 RRETRER AHOYBny I LEFSbHE hat BF GCRF] nABOSBE bs
T sty G BT RN JRE S TSHEL Bt blburrence! AT
' suppressed.

Comparison 1:

5 A new plastic film (film-3) héving a size of 100 x 200
mm was cut out from the polyethylene terephthalate film used
with Embodiment 1. On the other hand, the same film-1 as in
Embodiment 1 was prepared. Linear expansion coefficient
ellipses were created and overlapped as in Embodiment 1. These

10 overlapped ellipses are shown in é graph of Fig. 7. From this
Igraph, the maximum value of the.linear expansion coefficient
difference between film-1 and film-3 (acx) was calculated. The
result was 1.77 x 10-° (1/°C), which exceeded a predetermined
value. |

15 A plastic film laminate of film-1 and film-3 was
created as in Embodiment 1. The curl amount h of the plastic
film laminate was measured as in Embodimént 1. As a resuit,
the curl amount h was 14.0 mm and the curl degree was 7.0%; a
curl occurred.

20 On the other hand, aside from the plastic film
laminate, a flexible printed circuit formed with metal electric
circuit was manufactured. That is, the same film-1 (for a
co&er layer) and film-3 (for a base layer) as described above
were prepared. An adhesive layer was formed on the surface of

25 film-3 as in Embodiment 1, then electric circuit was formed by

the subtractive method and an adhesive layer was formed on the



aowee

70

mnm were cut out. The ultrasonic propagaii()RE5£$QQW§NTe§Hgﬂ-the

three plastic filns were neasured by the above-descrilbgd net hod _ and

three ultrasonic propagation velocity elkjpses were grgatéd JAN 1997 by pol ar
coordi nate plotting and were overl apped. These 5 over | apped §!|I ses
of film13 and film15 are shown in a graph of I'g. 300 T

graph indicates that the shi.ft angle diffd_:pre.ggtm?e?hcry'tal
- L . : , , , S
SLLgphg;{Oraggkgagégiy?;%gi&g?gzgggésg sigifgglgaggerltgnthag described
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above, film-1 and film-3 were laminated to manufacture a
flexible printed circuit. For this flexible printed circuit,
the curl amount h was measured as described above. As a

result, the curl amount h was 13.5 mm and the curl degree was

- 6.8%; a curl occurred.

Embodiment 2:

A bidifectionally'sfretched polyimide film 0.125 mm
ﬁhiék (manufactured by TORAY—Dupont) was used a raw material
film, from which plastic films (film-4 and_film-S) each having
a size of 200 x 360 mm were cut out. Linear expansion
coefficients were measured by the abdve-described TMA method
and linear.expansion coefficient ellipses were created by polar
coordinate plotting.and were overlapped. .These overlapped
ellipses.are shown in a graph of Fig. 8. From this graph, the
total area of portions.where the ellipses of film-4 and film-5
do not overlap (C) was 3.44 x iO‘m [(1/°C) x (1/°C)], which was
equal to or less than a predetermined value. The area was
calculated by using a control computer attached to a TMA
measuring instrument according to cumulative éxpression (9)
described above by setting m=720 and a6=(2n/720)=0.00873 (rad).

Next, an epoxy family thermosetting adhesive was
applied to the surface of film-4, thén~ dried to form an
adhesive layef 0.03 mm thick. | Film-4 and film-5 were
tempqrarily crimped by the_ roll laminate method with the

surfaces of film-4 and film-5 faéing each other, then cured in

}
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showi ng that both match. 10 Next, a pol yedt BEPEAGRMENT SHEET

t her nosetti ng adhesi ve was applied to the surfdacgs of trIny I3
film14, and film15, then - driedtgsforman'adeiv‘p4I~EA/ﬁr19 0p5] mMm
thick. Film13 and film1l4 were | amnated by ciigrpi ng Dy a"Heat{ press
(conditions: 150[err]C x 1 h x 30 kg/cnferr]) w Df
film1l3 and film 15 14 facing each other. Reinforcing film15 wap
tenporarily crinped -on the rear face of film 14 by the roti—tamhate

met hod, theTcuRBEOFAYR alFRIEEAPAZoNdi 1PBRS: % 18] b r FC %52 kghem?) andg

kg/cnferr]).
measur ed by

h was 5.0 nm and t&ﬁ%yc%rhleg ree \was g% quI

10

The curl anount h of the Rl astic filmlam nate was,
lafi nadRrk- ddds icved APPHBE. hasfathesplastifel ip| 1anpnate jiasm:

ve-described metho As a result, the curl

measure
amount h was 9.5 mm and the curl degrée was 2.6%; curl
occurrence was suppressed. | |

On the other hand, aside from the plastic film
laminate, a flexible printed'circﬁit formed with metal electric
circuit wasimanufactured. That is, the same film-4 (for a
cover layer) and film-5 (for a base layer) as described above
were pfepared. An adhesive layer was formed on the surface of
film-5 as in Embodiment 1, then copper electric circuit 0.035

mm thick was formed by the subtractive method and an adhesive

. layer was formed on the surface of film-4. Film-4 and film-5

15

were laminated as in Embodiment 1, manufacturing a flexible

-printed circuit. For this flexible printed circuit, the curl

"amount h was measured as described above. As a result, the

~curl amount h was 8.3 mm and the curl.degree was 2.3%; curl

20

25

occurrence was suppressed.
Comparison 2:

A new plastic film (film-6) having a size of 200 x 360
mm was cut out from the polyimide film ﬁsed with Embodiment 2.
On the other hand, the same film-4 as in Embodiment 2-was
prepared. Linear expansion coefficient éllipses were created
and overlapped as in Embodiment 2. These overlapped ellipses
are shown in a graph of Fig. 9. Based on this.graph, the total

area of portions where the ellipses of film-4 and film-6 do not
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occurrence was suppressed. Ten flexible printed C|rCU|1sHEmw£FMENTSHEEr

manuf actured were prepared and the relative permttivi
flexible printed circuit as a conpl ex of éqolastlc filns
| ayers was neasured at neasurenent freq ncy 1 MHz. 2
relative permttivities of all flexible print

yjo

cd

Sa 1dl’«?e‘g M%Wes Vt he

CG\.’I

D

ecuits fell

within 3.40 0.01. 1 71
6: stic film having a_stzeof—+86—200

Conpari son
mm (film
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overlap (C) was calcul e as in Embodiment 2. The result was
7.71 x 107 [(1/°C) x (1/°C)], which exceeded a predetermined
value.

Next, a plastic film laminate of filﬁ-4 and film-6 was
created as in Embodiment 2. The curl amounf h of the plastic
film laminate was ﬁeasured as in Embodiment 2. As a reéult,
the curl amount h was 28.0 mm and the curl degree was 7.8%; a
curl occurred.

On the other hand, aside from the plastic film
laminate, a flexible printed circuif formed with metal electric
circuit was manufactured. That is, the same film-4 (for é
cover layer) and film-6 (for a base layer) as described above
were prepared. An adhesive layer was formed on the surface of
film-6 as in Embodiment 2, then metal electric circuit was
formed by the subtractive method and an adhesive layer was
formed on the sﬁrface of film-4. In a similar manner to that
described above, film-4 and film-6 ﬁere laminated to
manufactgre a flexible printed circuit. For this flexible =

printed'circuit, the curl amount h was measured as described

- above. As a result, the curl amount h was 25.2 mm and the curl

degree was 7.0%; a curl occurred.
Embodiment 3:

A bidirectionally stretched polyethylene terephthalate
film 0.125 mm thick (manufactured by TORAY) was used a raw
material film, from which plastic films (film-7 and film-8)

each having a size of 200 x 360 mm were cut out. A



was created
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16) was cut out fromthe pol yethyl ene terephthal ate f|1RERWAEEMENT SHERT ¢ h
Enbodi nent 6. On the other hand, the sanme film13 anfl |5 riTmId=as In
Enbodi mrent 6 were prepared.  The ult ras&pi o prpppoat4 %N’@ﬁc' [y
ellipses of the three plastic filnms were createfd |and “wereé

overl apped as in Enbodinent 6. These over | appet—et+++pses—of
film1l3 and film 16 are shown in a graph of Elg. 31. ThIS grqph
i ndi.cates t the shift a 10 di fference between cr

orientati on P?é!dﬁr&? éo&latléé’ﬁﬂgﬁt%‘fed polysathyhens tagephthnis fo%Hé 0.250
out er nost rr 90 de showi ng a | arge Shlft

As in Enbodl n?héLE Jﬂ%ﬁgf?ﬁtflf:? P%r#ﬂ%&%) ofa¥ i¥sRa# ra‘"’?“ Y hida

?ngrﬁhggﬂrglEgag££g}%flﬁﬂff£fﬁqE6f”haying a size of 200 x 360

mm was cut out. Three linear expansion coefficient eilipses
were created as in Embodiment 1 and were overlapped. These
overlapped ellipses are shown in a graph of Fig. 10. From this
graph, the maximum values of the linear expansion coefficient
differences émong film-7, film-8, and film-10 were calculated
as in Embodiment 1. As a result, the maximum value of the
linear expansion coefficient difference between film-7 and
film-8 was 0.54 x 10 (1/°C); that between film-7 and film-10
was 4.49 x 107 (1/°C); and that between film-8 and film-10 was
3.94 x 107 (1/°C).

Next, a polyester family thermosetting adhesive shaped
like a sheet 0.05 mm thick was prepared and temporarily crimped
on the surface and rear face of film-10 with a roll. Next,
film-7 and film-8 were placed on the surface and rear face of
film-10 and they were temporarily crimped by the roll laminate
method, then cured in an autoclave (conditions: 110°C x 2 h x
10 kg/cm?) for manufacturing a plastic film laminate of a 3-
layer structure as shown in Fig. 13. In the figure, numeral 8
denotes an adhesive layer. Positioned on the outermost layers
of the plastic film laminate are film-7 and film-8. As
described above, the maximum value of the linear expansion
coefficient difference between film-7 and £ilm-8 is 0.54 x 10-3

(1/°C), which is equal to or less than the predetermined value
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15 cri -rfped on the rear face of film14 by the roll Pﬁ-%&;ﬁﬂﬂﬁ SHERpthod,
then they were crinped by a heat press (conditions: Eﬁ@ M1 B 3D
kg/cnferr]) to forma plastic filmlamnate. The curl amount_ hjo
the plastic filmlaminate was neasured by the aboye-tésHAN AT et hod.
As a result, the curl ampbunt h was 20 19.0 nm and the¢ curl degree 3
9.5% a curl occurred. Ten flexible printed cifdcuTts thus
manuf act ur.ed were prepared and the relative perrittivity of cach—
flexible prifedtherd@ivenidon.  TRecfiprbx aBPuptasti It ithe RA@SkdFesfikm
| ayers was asured at measyrenent. frequency 1 MHz. Resultantly,
the relative?dmgga epe"f’?ﬁtf“???f“?:gé g’fy tHerp gi"ﬁre‘eﬁFFﬁP@& astnds vas &
inthe fg¥¥¥%fﬁtﬁ%:%%r'zg%ount h was 5.4 mm and the curl degree was

1.5%; curl occurrence was suppressed.

5 On the other hand, aside from the plastic film
laminate, @ flexible printed circuit of a 3-film-layer
structure formed with metal electric circuit was manufactured.
That is, the same film-7, film-8, and film-10 as described
above were prepared. As shown in Fig. 19, a polyester family

110 thermosetting adhesive shaped like a sheet was used to form an
adhesive layer 8 on the surfaces of film-7 and film-8 in a
similar manner to that described above, then copper-electric
circuit 3 0.035 mm thick was formed on the adhesive layer 8 by
the subtractive method as in Embodiment 1. As shown in Fig.

15 19, a polyester family thermosetting adhesive shaped like a
sheet was used to form an adhesive layer 8 on the surface and 
rear face of film-10 in a similar mahner to that described.
above. As shown in the figure, with the surfaces of film-7 and
film-8 facing each other with film-10 between, the three films

20 were temﬁorarily crimped by the roll laminate method, then
cured in an autoclave (conditions: 110°C x 2 h x 10 kg/cm?)
for manufacturing a flexible printed circuit of a 3-film-layer
structure as shown in Fig. 20. Parts identical with those
previously described with reference to Fig. 19 are denoted by

25 the same reference numerals in Fig. 20.

For the flexible printed'circuit-of the 3-film-layer
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72 Enbodi ment  7: A bi di rect i orjalREPLAGEMENThSEFT
polyimde filmO0.050 mm thick (manufactured Ry ]LHAY-DnPUnt‘_ S
used a raw nateri al film fromm@ich pl asti fllﬁJé&ngl nd
film18) each 5 .having a size of 100°x 200 nm Jefe COtYANtIYI/ A
bidirectionally stretched polyimde filmO0.125 thick
(manufactured by TORAY- Dupont) was used a raw material film from
. , , , . . e
gﬂicgu?.pl$ﬁ%¥%ugkhgg, the cﬁi&'gkéﬂ%thﬁvbgg %e%giied as described above.
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As a result, the curl amount h was 5.0 mm and the curl degree
was 1.4%; curl occurrence was suppressed.
Comparison 3:

A new plastic film (£ilm-9) having a size of 200 x 360
mm was cut out from the polyéthylene terephthalate film 0.125
mm thick used with Embodiment 3. On the othér hand, the same
film-7 and film-10 as in Emﬁodiment 3 were prepared. Three
linear expansion coefficient ellipses were created and
overlapped és in Embodiment 3. These overlapped ellipses are
shown in a graph of Fig. 11. From this graph, the maximum
values of the linear expansion coefficient differences among
film-7, £ilm-9, and film-10 were calculated as in Embodiment 1.
As a result, the maximum value of the linear expansion
coefficient difference between film-7 and film-9 was 1.66 x 10-°
(1/°C) and that between film-9 and film-10 was 4.17 x 10-°
(1/°C). As described above, the maximum value of the linear
expansion cbefficient differencé between film-7 and film-10 is
4.49 x 10°% (1/°C).

Next, a plastic film laminate of a 3-film-layer
structure (see Fig. 13) was creatgd in the same manner to that
in Embodiment 3 excépt that film-9 was used in place of film-8.

The curl amount h of the plastic film laminate was measured as

in Embodiment 3. As a result, the curl amount h was 18.7 mm

and the curl degree was 5.2%; a curl occurred.

On the other hand, aside from the plastic film



ul trasoni c propagation velocities of the three pl' o popn ! - er e

nmeasured by the above-described nethod and r@LAéEMTu% 'rgscnl C

propagation velocity ellipses were creatg? by pol
I

coordin te

plotting and were overl apped. These ov apped 14 UaNs19970f| fli I m 17
and film19 are shown in a graph of Fig. 32.{ {This graph indj clates
that the shift angle difference 15 bet ween crystal—orremntarton ngjn axi s -
directions of film17 and film19 of the out (1) is
0 degrees, sh8Wingtenaa flelelﬁ)mlﬂﬁe@hCerUlt fo tme s lpellpetrdic
famly therrmsettl ng adhesi ve was pplied to the surfaces of film17,

film 18, andcilFFHfi-EQ"’thé‘ﬁ“ufGCt“a’PFed t'JH‘aftorJrﬁ antB@heangefidper . 0 f28-Am
;?ggg (cghgr%%én fim-lo as dgg%glgeaegsgpéwﬁggeb¥rg£ggghng bXna ] %glve
layer 8 and copper electric c1rcu1t were formed on the surfaces
5 of film-7 ad film-9 by the subtractive method as in Embodiment
3. An adhesive layer 8 was formed on the surface and rear face
of fiim-lO. In a similar manner to that in Embodiment 3, the
three films were laminated (see Fig. 19) to manufacture a
flexible printed circuit (see Fig. 20). For this flexible
10 printed circdit,lthe curl amount h was measured as described
above. As a result, the curl amount h was 18.9 mm and the curl
degree was 5.3%; a curl occurred.
Embodiment 4:
A bidirectionélly stretched polYethyiene terephthalate
15 . film 0.050 mm thick (manufactured by TORAY) was used a raw
material film, from which plastic films (film-11 and film-12)
each having a size of 100 x 200 mm were cut out. Linear
expansion coefficients were measured by the above-described TMA .
method and linear expansion éoefficient ellipses were created
20 by polar coordinate plotting and were overlapped. These
ovérlapped ellipées are shown in a graph of Fig. 12. From this
graph, the maximum value of the linear expansion coefficient
difference between film-11 and film 12 (aa) was calculated as
in Embodiment 1. The calculation result was 0.11 x 10-° (1/°C).
25 Stainless steel foil 0.050 mm thick was used as raw

material of metal electric circuit 3, from which stainless
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150[err]C x 1 h x 30 kg/cnferr]) with the surfaces

uudf'ln

I TIF 7 )
18 faci ng each ot her. Reinforcing film19 was tem)oﬁéﬁhﬁcﬁMENT SHEETi pped
on the rear face of film18 by the roll fn1nate 2b nmet hod, [n cured

in an autoclave (conditions: 110[err]C
curl amourit h of the plastic filmlam nate was
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anount h was 0.5 mm and the, curl degree was 0. 25@6dcuﬂ
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2 h x 10 kgANTRE 1) - | The

nmeasured by the above-descri bed net hod. AS*a~res&LL-Lh cur |

steel foil having a size of 100 x 20 “mm“was¥eue~outﬁ_ The
tensile modulus of the stainless steel foil was measured by the
above-described method. The measurement result was 10000
kg/mm?. That is, the product of the thickness and the tensile
modulus (K) was 500 kg/mm.

Next, a polyester family thermosetting adhesive applied
onto a separator was stuck on the same surfaces 9 of plastic
film-11 and plastic film—12, fhen the separator was removed to
form an adhesive layer 0.025 mm thick. The stainless steel
foil was temporarily crimped on the surface of film-11 by the
roll laminate method, then the stainless steel foil and film-12
were furthermore temporérily ‘crimped by the roll laminate
method with the surfaces of the stainless steel foil and film-
12 facing each other and were laminated by crimping by a heat
press (cdnditions: 150°C x 1 h x.30 kg/cm?). (See Fig. 23.)

The curl amount h of the plastic film laminate was
measured by the above-described method. As a result, the curl
amount h was 0.8 mm and the curl .degree was 0.4%; curl
occurrence was éuppressed.

The flexibility of the plastic film laminate (repulsion
force g/cm) was measured by the above-described method. As a
result, whenlbend radius R =_5 mm, repulsion force = 160 g/cm,
indicating good flexibility.

Comparison 4: .
First, the same films as the polyethylene terephthalate

film used with Embodiment 4 (film-11 and film-12) were
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occurrence was suppressed. Ten flexible printed ci r@éﬂtAsCEfmg SHEET_
manuf actured were prepared and the relative permltji ity of 5 ag¢h

flexible printed circuit as a conplex of _plastic fill 18 Q4dJAN 1997 adhgsi ve
| ayers was neasured at neasurenent frequency 1 MHz. - Resultantly, the

relative permttivities of all flexible printjec _ _ “Within
3.45 0.01. - Conparison 7: 10 A newlpl asti c flln1haV|rg a
size of 100 x 200 my(film 20) was cut_out fromthe polyimde film

used with EnBEBPRAERE: 7. As in Embodimentoiherlingay expapsigapgoeffimients !
and film18 as _in Enbqodi nent 7 were prepared, The. ultrasonic
propagat i on W€re m%FBE?flyaEBFﬂerfextﬁ?é‘st’fﬂ’bec Bsteent | atl heFes cveaeed
and 15 -verg oveh! Bprssias LOoFAPRS OB ofeind "SRG SVELLZBREY FLLLPEES .
12). As in Embodiment_4,.the.maximum vaiue of the linear
5 expansion coefficient differénce between film-11 and film 12
(Aa).was calculated. The calculation result was 0.11 x 10
.(1/°C) as in Embodiment 4.
Stainless steel foil 0.075 mm thick was used as raw
material of metal electric ciréuit 3,-from which stainless
10 steel foil having a size of 100 x 200 mm was cut out. The
tensile modulus of the stainless steel foil was measured by the
above-described method. Thé' measurement result was 8000
kg/mm?. That is, the product of the thickness and the tensile
modulus'(K) was 600 kg/mm, which exceeded the predetermined
15 value.
Next, aﬁ adhesive layer 0.025 mm thick was fo;med'on
the same surfaces 9 of film-11 and fiim-lé as in Embodiment 4.
The stainless steel foil was'temporarily crimped on the surface
of film-11 by the roll:laminate method, then the stainless
20 steel foil and film-12 were furthermore temporarily crimped by
the roll laminate method with the.surfaces of the stainless
steel foil and film-12 facing each other and were laminated by
crimping by a heat .press (conditions: 150°C x 1 h x 30
kg/cm?). (See Fig. 23.)
25 The curl amount h‘of the plastic film laminate was

measured by the above-described method. As a result, the curl
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of film217 and film20 are shown in a graph of Fig. |33—¥Hs gr gph

I ndi cates that the shift angle difference between crjygqtal orienttati on
main axis directions of film17 and film20 of the A4 JANTBIT ||ayers
([err]) is 90 degrees, showing a large shift. 20 . As in

Enbodi ment 7, a plastic filmlamnate of film17 and film18 wa$
created and reinforcing film20 was tenporarily . ——e++rped—on the fear
face of film18 by the roll |am nate nmet hod, then they were crinped

by a heat pr88eUitonli aghs0-4 mm p36l ythey quph deosfeer WRF t©- 2B maurl
plastic filmlamnate. The 25 curl .ampunt h of the plastic film
| ami nat e was OFEXSEFBGChYaFhEUPPressghod 8. #O48r CBE&ESmet hod. As a result,

the curl amount h "Athe fléxibility of the plastic film laminate (repulsion

force g/cm) was measured by the above-described method. As a
5 result, when bend radius R = 5 mm, repulsion force = 240 g/cm,
indicating poor flexibility as compared with Embodiment 4.
Embodiment 5:
First; the same films as the'polyethylene_terephthalate
film used with Eﬁbodimént 4 (film-11 and film-12) were
10 prepared. As in Embodiment 4, linear expansion coefficients
were measured and linear expansion coefficient ellipses were
created by polar coordinate plotting and overlapped (see Fig.
12). As in Embodiment 4, the maximum value of the linear
expansion.coefficient differenée between film-11 and film 12
15 (AG).WES calculated;_ The calculation result was 0.11 x 104
'(1/°C) as in Embodimént 4.
Three pieces of electrodeposited copper foil 0.018 mm,
0.035 mm, and 0.070 mm thick were used as réw material of metal
conductor layer 3, from which three pieces of copper foil each
20 having a size of 100 x 200 mm were cut out. The tensile
moduluss of the three copper foil pieces were measuréd_by the
above-described method. The measurement results were 6600
kg/mm?, 6050 kg/mm?, and 5500 kg/mm?’. That is, the product of
the thickness and the tensile'modulué of each copper foil piece
25 (K) was 118.8 kg/mm, 192.5 kg/mm, or 315 kg/mm. These values

were equal to or less than the predetermined value.
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14.0 nm and the curl degree was 7.0% Ja REBLACEMENTT 8BEET | Ten

flexible printed circuits thus manufactured were pgreparedamd t he
relative permttivity of each flexible pg%gted CIrCUIt1g§JANéEQL 4 qonpl ex
I ¢

of. plastic filnms and. aghesi ve | ayers was

frequency 1 MHz. Resultantly, the relative perm ttiwvitli gs of

asur ed Jat mgnt

the flexible printed circuits varied in the : range of 3.42 to 3.47.

Enbodi nent 8: A bidirectionally streéetched—ranwraterisa

plastic film Next, a polyester family thermosetting adhesive applied
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onto a separator'was stuck on the same surfaces 9 of film-11
and film-12, then the separator was removed to form an adhesive
layer 0.025 mm thick. Each piece of the copper foil was
temporarily crimped on the surface of film-11 by the roll
laminate method, then the copper foil and film-12 were
furthermore temporarily crimped by the roll laminate method
with the surfaces of the copper foil and film-12 facing each
other and were laminated by crimping by a heat press
(conditions: 150°C x 1 h x 30 kg/cm?). (See Fig. 23.)

Further, the curl amount h of each of the plastic film
laminates was measured by the above-described method. As a
result, when the copper foil was 0.018 mm thick, the curl
amount h was 1.2 mm and the curl degree was 0.6%; when the
copper foil was 0.035 mm thiék, the curl amount h was 0.7 mm
and the curl degree was 0.35%; when the copper foil was 0.070
mm thick, the curl amount h was 0.5 mm and the curl degree was
0.25%. Curl occurrenée was suppressed in every case.

The flexibility of each of the plastic film laminates
(repulsion force g/cm) was measured by the above-described
method. As a result,'when the copper foil was 0.018 mm thick,
repulsion force = 57 g/cm when bend radius R = 5 mm; when the
copper foil was 0.035 mm thick, repulsion force = 72 g/cm when
bend radius R = 5 mm; when the copper foil was 0.070 mm thick,
repulsion force = 125 g/cm when bend radius R.= 5 mm. Good .

flexibility was indicated in every case.



10 made of polyethylene terephthalate 4 mw de was prepared. It el
was divided into eight parts |ike bands (each 500 mmj pat-adl e
with the I'ength direction (machine direcgion of W@ﬁfg@%%ﬁ”ﬁﬁﬁEﬁb _

plastic film as shown ,in Fig. 36. In the raw erial prastirg fi I m
the |inear expansion coefficients of the 15 parts (dWW’QAﬂ”®b7 vierle
measured. as in Enbodinent 1, and conbi natfi gns of e’'fel gtijve
posi tions were considered. The condition that] the ug of
the |inear e%PBR3r&FON 5: coefficient difference iq 1.4 x 10[err]
(1/[err]C), or less was satisfied in the range of relallVve posTtions
(-3) to (3). As 20 F1Epbwiths samg fﬁg{“saaio'ihﬁ pedysthyleng terpphthalate

ég;!?}gﬁ)(Pa¥kgﬂ used awféﬁe égbégﬁﬁgé¥x)inn€¥¥inﬁﬂh.O%%dfr%qh%h%2selaggge

prepared. As in Embodiment 4, coefficients of linear expansion
5 were measured and linear expansion coefficient ellipses were
created by polar coordinate plotting and overlapped (see Fig.
12). As in Embodiment 4, the maximum value of the linear
éxpansion coefficient differénce-between film-11 and film 12
(ax) was calculated. The calculation result was 0.11 x 10-°

10 (1/°C) as in Embodiment 4.
Two pieces of eléctrodeposited copper foil 0.2 mm, and
0.3 mm thick were used as raw material of metal conductor layer

3, from which two pieces of electrodeposited copper foil each

having a size of 100 x 200 mm were cut out. The tensile
‘15 moduluss of the two electrodeposited copper foil pieces were
measured by the above-described method. The measurement

results were 3600 kg/mm” and 3400 kg/mm?. That is, the product
of the thickness and the tensile modulus of each
electrodeposited copper foil piece (K) was 720 kg/mm or 1020
20 kg/mm. These values exceeded the predetermined value.
.Next, an adhesive layer 0.025 mm thick was formed on
the same surfaces 9 of film-11 and film-12 as in Embodiment 4.
Each piece of the electrodeposited copper foil was temporarily
) crimped on the surface of film-11 by the roll laminate method,
25 then the electrodeposited copper foil and film-12 were

furthermore témporarily crimped by the roll laminate method



s

3) and a base layer plastic film (film22) having a sj 86 %200
m)n was cut out fromthe relative position (2). For fi ?H%PEACEM:W]_SHEBT
film22, the linear expansion coefficiengqdifferences Wer € neaguried
with the same surfaces of the filns facing each h y Wm mym
val ue of the linear expansion coefficient 14 JX

75 difference was 0.7 x 10[err] (1/[err]O. As-Ii 1
Enbodiment 1, film21 and film22 were used to produce a plastlc film
| ami nate wi t¥iEhe&he surdgeesces F%%l%]ge‘:tmdepwned Copper—feit—and—£ilm-

12 facing each other and were laminated by crimping by a heat
press (conditions: 150°C x 1 h x 30 kg/cm?). (See Fig. 23.)
The curl amount h of each of the plastic film laminates

5 . was measured by the above-described method. As a result, when
the electrodeposited copper foil was 0.2 mm thick, the curl
amount h was 0.6 mm and the curl degree was 0.3%; when the
electrodeposifed copper foil was 0.3 mm thick, the curl amount
h was 0.3 mm and the curl degree was 0.15%. Curl occurrence

10 was suppressea in both cases.

The flexibility of each of the plastic film laminates

_ (repulsion force g/cm) was measured by the above-described
method. As a result, when the electrodeposited copper foil was
0.2 mm thick, repulsion force = 615 g/cm when bend radius R =

15 5 mm; when the electrodeposited copper foil was 0.3 mm thick,
repulsion force = 710 g/cm when bend fadiﬁs R = 10 mm. Poor
flexibility was indicated in both cases as compared with
Embodiment 4.

Embodiment 6:

20 ' A bidirectionally stretched polyethylene terephthalate
film 0.05 mm thickl(manufactured bj TORAY) was used a raw
material film, from which plastic films (film-13 and film-14)
each having a size of 100 X 200 mm were cut out. A
bidirectionally stretched polyethylene terephthalate film 0.25

25 mm thick (manufactured by TORAY) was used a raw material £film,

from which a plastic film (f£ilm-15) having a size of 100 x 200
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each other. The curl ampunt h of the plastic film | anjnBER-AGERMENT SSHEET
nmeasured by the above-described nethod. As a result, |t e curl nmpunt
h was 5.6 mm and the curl degree was 2.8 cur | o¢

suppr essed. On the other ZQId aside fr )m ﬁ"@gtﬂl@ film
| am nate, a flexible printed circuit forned with neta .,.C"*"'"

circuit was manufactured. That is, the sane film21 [for the cover
| ayer) and film 22 (for the base | ayer) as_ described above-were
prepared. AT HBREsFUE PHYer ThS YWHFFARPRIL iRoPagation MekQcioiies |k Theas
i n Enbodi ment . 1, ' formed, and an adhesive

1 ! t
| ayer was fofRE§So Hfgﬁglgﬁhiﬂ%%lfﬁ?euIf‘gasulrefirrgalthe BhaKerdesrr FhednmeLhgst e

| am nat ed toaﬁ%ngﬂggéLHf%rasonic propagation velocity ellipses were created

by polar cbordinate plotting and were overlapped. These
5 overlapped ellipses of film-13 and film-15 are shown in a graph
of Fig. 30. This graph indicates that the shift angle

difference between crystal orientation main axis directions of
film-13 and film-15 of the outermost layers (aA0) is 0 degrees,
showing that both match.

10 Next, é'polyester family thermosetting adhesive was
applied to the surféces of £ilm-13, film-14, and film-15, then
dried to form an adhesive layer.0.025 mm thick. Film-13 and
film-i4 were laminated by crimping by a heat press (conditions:
150°C x 1 h x 30 kg/cm?) with the surfaces of film-13 and filmé

15 14 facing each other. Reinforcing £film-15 was temporarily'
crimped on the rear face of film-14 by the roll laminate
method, then cured in an autoclave (conditions: 110°C x 2 h x
10 kg/cm?). The curl amount h of the plastic film laminate was
measured by the above—described method. As a result, the curl

20 amount h was 5.0 mm and the curl degree was 2.5%; curl
occurrence was- suppressed. Ten flexible printed ci;cuits thus
manufactured were prepared and the relative permittivity of
each flexible printed circuit as a complex of plastic films and
adhesive layeré was measured at measurement frequency 1 MHz.

25 Resultantly, the relative permittivities of all flexible

printed circuits fell within 3.40 *0.01.
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flexible printed circuit by the above-nenti oned net hod.REPEACEMENT SHERT S
flexible printed circuit, the curl anmount h was neasur ed Byt~t-h
above-descri bed nmethod. As a result, th url amount }h s 5.3
the curl degree was 2.7% curl occurren§7elcwas 20 'upprlééségﬁ 997
Enbodi nent 9: ' A bidirectionally stretched.raw nateri al
plastic film made of polyethylene terephthalatd 4.5 mw de was
prepared. -t .was divided . into nine parts |ike
wide) 25 CRMRAYEFONWPEih the length direction (nachine direction of

stretch) of the plaﬁﬁlééglgfgng% %gggnhggiﬁagé éﬁzérBE'Y%d“?Nzoo mm (film-

16) was cut out from the polyethylene terephthalate film used

L2 e o

nrh and

with Embodiment 6. On the other hand, the.same film-13 and

5 film-l4 as in Embodiﬁent 6 were prepared. The ultrasonic

propagation velocity ellibses of the three plastic films Qere

created and were overlapped as in Embodiment 6.  These

overlapped ellipses of film-13 and film-16 are shown in a graph

of Fig. 31. This graph indicates that the shift angle

10 difference between_crystal orientation main axis directions of

film-13 and film-16 of the outermost layers (a0) is 90 degrees,
showing a large shift,.

As in Embodiment 6, a plasfic film laminate of £ilm-13

and film-16 was created and reinforcing £film-16 was temporarily

15 crimped on the rear facé of film-14 by the roll laminate

method, then they were crimped by é heat pfess (conditions:

130 x 1 h x 30 kg/cm?) to form a plastic film laminate. The

curl amount h of the plastic film laminate was measured by the
above-described method. As a result, the curl amount h was
20 _19.0 mm and the curl degree was 9.5%; a curl occurred. Ten
flexible printed circuits thus manufactured were prepared and
the relative permittivity of each fiexible printed circuit as
a complex of plastic films and adhesive layers was measured at.
measurement frequency 1 MHz. Resultantly, the relative
25 permittivities of the flexible printed circuits varied in the

range of 3.35-3.42.
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a base | ayer
were cut out

at symmetrical positions with respect to

76 material plastic film a cover |ayer pl fls ;WEE@iTéAEﬁZ goagfln
( 3)

plastic film (film24) each having a g
fromthe parts of the relatgge positi ¢ng (- _ ng (3)
he cent e N4 JANg9gREr &l | el

with the length direction (machine-direction) of the raw mat er| al
plastic film As in Enbodinent. 1, for film 23 mad—TTTmr24—the| | i near
expansi on coefficient differences were. measuged with the sane
surfaces of tHEPIiMRN% ating each ot her. The maxi num val ue of the

| i near expansi on coefficient
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bidirectionally stretched polyimide film 0.050 mm
thick (manufactured by TORAY-Dupont) was used a raw material
film, from which plastic films (film-17 and film-18) each
having a size of 100 x 200 mm were cut out. A bidirectionally
stretched polyimide film 0.125 mm thick (manufactgred by TORAY-
bupont) was used.a raw material film, from which a plastic film
(film-19) having a size of 100 x 200 mm wére cut out. The
ultrasonic propaéatidn velocities of the three plastic films
were measured by the above-described method and three
ultrasonic propagation velocity ellipses were created by polar
coordinate plotting and were overlapped. These overlapped
ellipses of film-17 and film-19 are shown in a graph of Fig.
32, This graph indicates that the shift angle difference
between crystal orientation main axis directions of film-17 and
film-19 of the outermost layers (af) is 0 degrees, showing that
both match.

Next, a polyester family thérmosetting adhesive was -
applied to the surfaces of film-17, film-18, and film-19, then
dried to form an adhesive layer 0.025 mm thick. Film-17 and
film-18 were laminated by crimping by a heat press (conditions:
150°C x 1 h x 30 kg/cm?) with the surfaces of film-17 and film-
18 facing each other. Reinforcing film-19 was temporarily

crimped on the rear face of film-18 by the roll laminate

.method, then cured in an autoclave (conditions: 110°C x 2 h x

10 kg/cm?). The curl amount h of the plastic film laminate was
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10 difference was 0.1 x 10[err] (1l/[err]QO. ' LAC@%I;WT\ SHEET
Enbodinent 1, a plastic filmlamnate of film 23 and film24 was
produced. The curl ampunt h of the pl as,}éc il mfl nmidhdt JANAII7
nmeasured by the above-descri bed net hod a resyl the curl ampupt
h was 0.4 mm and the curl degree was 15 0.5% curl @ccurrence was
suppr essed. On the other hand, aside fro plastic film
| am nate, a flexi bIe rinted circuit formed with nmetal electric
circuit was ﬁﬁﬁﬁ?ﬁegugﬁdth?kﬁa?oY%‘d?iﬁ%r%%% ‘T‘?‘F}F\QQB &R mesult, theogurl
| ayer) and film24 (for the b se | aye desc I bed 20 above_ were
prgpaz ed. ﬂo‘a‘(ﬂﬁe(éT anF’aer‘r wig f%’l“are %(?n ?‘HE degreg, vage G231 nFxlas
:gyggbag;n?g%ﬁﬁﬂr%%ggﬁnggﬁ%éékf%éééﬁ Ten flex1bf2’g%Qnte%dc?Qc%qqgskxus

manufactured were prepared and the relative permiltivity of

5 each flexible printed circuif as a compiex of plastic films and
adhesive layérs was measured at measurement frequency 1 MHz.
Resultanfly, the relative permittivities of all flexible
printed circuits fell within 3.45 +0.01.

Comparison 7:

10 A new plastic film having a size of 100 x 200 mm.(film-
20) was cut out from the polyimide film used with Embodiment 7.
On the other haﬁd, the same film-17 énd film-18 as in
Embodiment 7 were prepared. The ultrasonic propagation
velocity ellipses of the three plastic films were created and

15 were overlappéd as in Embodiment 7. These overlapped ellipses.
of film-17 énd film-20 are shown in a graph of Fig. 33. This
graph indicates that the shift angle difference between crystal
orientation main axis directions of film-17 and film-20 of the
outermost layers (AB)'is 90 degrees, showing a large shift.

20 o As in Embodiment 7, a plastic film laminate of film-17
and £ilm-18 was created and reinforcing film-20 was temporarily
crimped on the rear face of film-18 by .the roll laminate
method, then they were criﬁped by a heat press (¢onditions:

150 x 1 h x 30 kg/cm?) to form a plastic film laminate. The

25 curl amount h of the plastic film laminate was measured by the

above-described method. As a result, the curl amount h was
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film23. Film23 and film24 were |lam nated to nanufaéﬂﬁ?écgmﬁm-SHEEﬁexible

printed circuit by the above-nentioned nethod. For 5 this flexilblle
printed circuit, the curl anmpunt h was nmgasured by 14hgAN 1997
above-descri bed nethod. .As a result, the curl anount : _ _
77 - was 0.3 nmand the curl degree was 0.3% {jcurt—otcturrence“was
suppr essed. Conpari son 8:

14.0 mm and the curl degree was 7.0%; a curl occurred. Ten
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flexible printed circuits thus manufactured were prepared and
the relative permitfivity of each flexible printed circuit as
a complex of plastic films and adhesive layers was measured at
measurément frequency 1. MHz. Resultantly, the relative
permittivities of the flexible printed circuits varied in the
range of 3.42 to 3.47.

Embodiment 8:

A bidirectionally stretched raw material plastic film
made of polyethylene terepﬁﬁhalate'4 m wide was prepared. It
was divided into eight parts like bands (each 500 mm wide)
parallel with the 1length direction (machihe direction of
streﬁch) of the plastic film, as shown in Fig. 36. In the raw
material plastic film, the linear expansion coefficients of-the
parts (divisions) were measured as in Embodiment 1, and
combinations-of thejrelative positions were considered. The
condition that the maximum vaiue of the linear expansion
coefficient. difference is 1.4 x 10 (1/°C) or less was
satisfied in the range of relative positions (-3) to (3). Aas

shown in Fig. 36, a cover layer plastic film (£ilm-21) having

‘a size of 80 x 200 mm was cut out from the relative position (-

3) and a base layer plastic film (film-22) having a size of 80
X 200 mm was cut out from the relative position (2). For film-

21 and film-22, the linear expansion coefficient differences

were measured with the same surfaces of the films facing each

other. The maximum value of the linear expansion coefficient
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The sanme film23 and film?24 as in Enbodinent 9 were “"““arcd +a
| i near expansion coefficient differences were
whi ch the surface of - film23 and the 75 rear face o Tt 24T ace ehpch
ot her. The nmaxi mum val ue of the | i near expansi on cnehﬂa&kﬁgwm

difference was 1.6 x 10[err] (1/[err]C). In a state i ?ﬁe
surface of film23 and the rear face of 10 film24 | ate—each-ot-her.l a

plastic film

anount h was

curl anount
occurred.
description
t he
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e asB&MCEMEm SHEEE | n

nat e pr.oduce oas i n Enbodi nent 9, and the cur
T 2 Tenangerpasngs T 5 10, dddBseri bad wet hot—s o oSt he

h was 5. and th o ree 6 curl
R ip, ErBRAInEBY, fuerabh Y | RbRoreguRRg used to
cco ny are _ngt .intended t m_t
cBRgasrBlR, bLRRTER FERR b AR Br 8, RRERLERRDhrrC s RS B acny
each other. The curl amount h of the plastic film laminate was
measured by the above-described method. As a result, the curl

amount h was 5.6 mm and the curi degree was 2.8%; cufl

‘occurrence was suppressed.

On the other hand, aside froﬁ thé plastic film.
laminate, a flexible printed circuit formed with metal electric
circuit was manufactured. That is, the same film-21 (for the
cover layer) and £film-22 (for the base layer) as described
above were prepared. An adhesive layer was formed on the
surface of film-22 as in Embodiment 1, then electric circuit
was formed, and an adhesive laye; was formed on the surface of
film-21. Film-21 and film-22 were laminated to manufacture a
flexible printed circuif by the above-mentioned method. For
this flexible printed circuit, the curl amount h was measured
by the above-described method. As a result, the curl amount h
was 5.3 mm and the curl degreé was 2.7%; curl occurrence was
suppressed.

Embodiment 9:

| A bidirectionally stretched raw material plastic film
made of polyethylene terephthalate 4.5 m wide was prepared. It
was divided into nine parts like bands (eéch 500 mm wide)
parallel with the length: direction (machine direction of

stretch) of the plastic film, as shown in Fig. 3. 1In the raw
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vari ati ons may be made by those of ordinary skill in the af tREPLACEMENT S6EET
departing fromthe scope of this invention which is def 1 'ned by the
appended cl ai.ns. For exanple, the present 20 i nventi pn} al ﬂﬂp“ng
applied to an ordinary conposite sheet 76 not only to thejf éﬁﬁle printed
circuit. The conposite sheet according to the presenti ney—be—atso
applied to I C card, credit card or the Iike.
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matgrkglc% astE% Eilm, a cover layer plastic film (film-23) and

a base layer plastic film (film-24) each having a size of 60 x
90 mm were cut out from the parts of the relative positions (-
3) and (3) at symmetrical positions with reépect to the center
line parallel with the length direction (machine direction) of
the raw material plastic film. As in Embodiment 1, for film—23
and film-24, the linear expansion coefficient differences were
measured with the same surfaces of.the films facing each otﬁer.
The maximum value of the linear expahsion coefficient
difference was 0.1 x 107° (1/°C).

As in Embodiment 1, a plastic film laminate of film-23
and film-24 was produced.l The curl amount h of the plastic
film laminate was measured by the above-described method. As
a result, the cu;l amount h was 0.4 mm and the curl degree was
0.5%; curl occurrence was suppressed.

On the other hand, aside from the plastic film
laminate, a flexible printed circuit formed with metal electric
circuit was manufactured. That is, the same film-23 (for the
cover iayer) and film-24 (for the base layer) as descriﬁed
above were prepared. An adhesive layer was formed on the
surface of film-24 as in Embodiment 1, then electric circuit
was formed, and an adhesive layer was formed on the surface of
film-23. Film-23 and film-24 were laminated to manufacture a
flexible.printed circuit by the above-mentioned method. For
this flexible printed circuit, the curl amount h was measured

by the above-described method. As a result, the curl amount h




1 1. A conposite sheet conpri sing: 2 a first resin
film and 3 a second resin filmlamnated on the first resin
film 4. . wherein two el lipse ‘Pf coefficient of |inear expansion
5 are created on coordinates in correiﬁonding parts of the first 6 -
and second resin filns by the follow ng nethod (A): 7 (A
conprising the steps of: defining a predeterm ned 8 base point P on the
resin film measuring a coefficient of 9 | i near expansion at a position

separ at e froWa&nO0adbmay and $hies curll degreengie Pedb} dirdcroicom raenciee was
first and second resin filns, the 11 arbitrary axis being selected on
the first anguPBEBAdSHesin 12 films so as to pass through the base
point P with _the base 13 point P as a center and direct an

arbitrary dfPERRFSFON 8:

The same film-23 and film-24 as in.Embodimenﬁ 9 were
5 prepared. The linear expansion coefficient differences were
measured in a state ih which the surface of film-23 and the
rear face of film-24 face each other. The maximum value of the
linear expansion coefficient difference was 1.6 x 10°% (1/°C).
In a state in which the surface of film-23 and the rear face of
10  film-24 face each other, a plastic film laminate was produced
as in Embodiment 9, and the curl amount h was measured by the
above-described method. As a result, the curl amount h was 5.9

mm and the curl degree was 6.6%; a curl occurred.
It is to be understood that the foregoing description
15 and the accompanying drawings are not intended to limit the
scope of this invention; rather, various modifications or
variations may be made by those of ordinary skill in the art
without departing from the scope of this invention which is
defined by the appended claims. For example, the present
20 invention also can be applied to an ordinary composite sheet

not only to the flexible printed ciréuit. The composite
sheet according to the present may be also applied to IC card,
credit card or the like.
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14 preparing a coordinate systemwith the arbitrary axifs REBLACEMENT18HEET

axi s and an axis xis at 90 degrees as an{X{ 16 axrs, 1n
this coordi nate mﬁﬁ“m “'lﬁ uman i nt e7r85ect i on of 174 thq4XJgNd|9y7 ajeg
as the base point _ nt
and magni tude of a |inear expansion coeffici ent ngasurerent—ratte-a

di stance r fromthe base point 20 .P, then plotting g tip point of

expan3|on 18 coeffijcijent neasur emner

—-aaaadat

the distance r in the 21 measurenent angle [err] direction wtn

respect to t
measur enent

LAIM ISplottlng it nultiple tines by changing the
angle [err and drawi ng an_anal ysis |ine throughout

]
360- degtee directions: AZQQmPVW%?Ft?k?%%s%PTEﬁ+ﬁl¢gas the center so ashto
pass through 25 qgegfggtp0|nts fqlthe ﬁgotted points for creating the

el i pse?
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a second resin film laminated on the first resin film;

wherein two ellipses of coefficient of linear expansion
are created on coordinates in corresponding parts of the first
and second resin filﬁs by the following method (A):

(A) comprising the steps of: defining a predetermined
base point P on the resin film; measuring a coefficient of
linear expansion at a position separate from an arbitrary axis
in angle 0 direction on the first and second resin films, the
arbitrary axis being selected on the first and second resin
films so as to pass through the base point P with the base
point P as a center and direct an arbitrary direction;
preparing a coordinate system with the arbitrary axis as a Y
axis and an axis crossing the Y axis at 90.degrees as an X
axis, in this coordinate system; defining an intersection of
the X and Y axes as the base point P in the linear expansion
coefficient measurement and magnitude of a linear expansion
coefficient measurement value as distance r from the base point
P, then plotting a tip point of the distance r in the

measurement angle 6 direction with respect to the Y axis,

plotting it multiple times by changing the measurement angle 0,

and drawing an analysis line throughout 360-degree directions
with the base'point P as the center so as to pass through

average points of the plotted points for creating the ellipse:
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and—the—two—el |l i pse are overl apped so as to npatgeh—t+rr—2F—t

center ate axes X and Y, and the fO||OWAgE

rel ati oﬁ“’“”“ﬁﬂllﬂﬂtﬂﬂlnsf ied: (B) the Wxi mum val ue of 4 29q4 FJANe‘I?W
expansi on coeffidieft difference between'the two resin 30 Lfilos is equ
to or less than a predeterm ned val ue. 1 2. The conposite

sheet according to claim1l, wherein

26
27
28
29

30

e

and the two ellipse are overlapped so as to match in

the center point and coordinate axes X and Y, and the following
relationship (B) is satisfied: (B) the maximum value of a
linear expansion coefficient difference between the two resin

films is equal to or less than a predetermined value.

2. The composite sheet according to claim 1, wherein

‘the predetermined value is 1.4 x 107 (1/°C).

3. The composite sheet according to claim 1, wherein
the first and second resin film are laminated on each other

with the same surfaces thereof facing each other.

4. The composite sheet accofding to claim 1, wherein

the composite sheet is a flexible printed circuit.

5. The composite sheet according to claim 4, wherein a
metal electric circuit is formed between the first and second
resin films and a product of thickness and tensile modulus of

the metal electric circuit is 500 kg/mm or less.

6. The composite sheet according to claim 1, wherein a
reinforcing plastic film is stuck on one side of the composite
sheet, and one of the first and second resin films'positioned

on a side where the reinforcing plastic film is not stuck and

the reinforcing plastic film satisfy the relationships (A) and
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2 the predeternined val ue i —4-x 10[err] (1/[err]C). REPLACEMENT SHBET
The conposite sheet ac a im1l, wherein 2 t hel flrst and seco d
resin filmare Iaﬂ“ﬂl‘%ﬂ“m a“ \ her § with the sane suff 3 gw

faci ng each ot her +* 4. The %onp05|te sheet acclordin i{m
1, wherein 2 the conp05|te sheet is a flexible printed [cilretit-
5. The conposite sheet according to claim4, wherein a 2 net al electrlc

circuit is formed between the first and second 3 resin T1TTTE and Y .
product Sof tHKBdkness and tensile nodulus of 4 the nmetal electric circuit
Is 500 kg/ mm or | ess. '

1 7. The composite sheet according to claim 1, wherein

2 ‘'one or more other resin films are sandwiched between the first
3 and second resin film.

1 8. The composite sheet according to claim 1, wherein
2 the first and second resin film are laminated via an adhesive
3 - layer.

1 9. The composite sheet according to claim 8, wherein
2  the first and second films stacked via the adhesive layer are
3 temporarily crimped by a roll laminate method in stacked
4 relation and then pressurized under gas pressure in an
5 autoclave and crimped.

1 10. A composite sheet comprising:

2 . a first resin film; and

3 a second resin film laminated on the first resin film;
4 wherein two ellipses.of coefficient of linear expansion
5 ‘are created on coordinates in corresponding parts of the first
6 and second resin films by the following method (C):

7 (C) comprising the steps of: defining a predetermined
8 base point P on the resin film; measuring a coefficient of
9 linear expansion at a position separate from an arb:trary axis

.10 in angle 0 direction on the first and second resin films, the



- . REPLACEMENT SHE
onposite sheet according to claim1, wher CPLACEMENT SH'-E_T

1 .
rei““tl (H “ 1| iﬁﬂ[:fi I mis stuck on one side of the conposjt 3 sheet,
and'& - and second resin fiJ.nms positioned 4 n d4UAN 19921 ¢

the reinforcing plastic filmis not stuck and 5 the rei rcing plastic

filmsatisfy the relationships (A and 80 6 (B)}.

11 . arbitrary axis being selected on the first and second resin
12 films so as to pass through the base point P with the base
13 point P as a center and direct an arbitrary direction;
14  preparing a coordinate system with the arbitrary axis as a Y
15 - axis and an axis crossing the Y axis at 90 degrees as an X
16 axis, in this coordinate system; defining an intersection of
17 the X and Y axes as the base point P in the lineaf expansion
18 coefficient measurement and magnitude of a linear expansion
19 coefficient measurement value as distance r from the base point
20 P, then ﬁlofting a tip point of the distance r in the
21 measurement angle 0 direction with respect to the Y axis,
22 ° plotting it multiple times by changing the measurement angle 6,
23 and drawing an analysis line throughout 360-degree directions
24 with the base point P as the center so as to pass through
25 average points of the plotted points for creating the ellipse:
26 and the two ellipse are overlapped so as to match in
27 the center point and coordinate axes X and Y, and the following
28 relationship (D) is satisfied: (D) the total area of portions
29 where the ellipses do not overlap is equal to or less than a
30 predetermined value.

1 11. The composite sheet according to claim 10, wherein
2 . the predetermined value is 6.5 x 107!° [(1/°C) x (1/°C)].

1 12. The composite sheet accofding to claim 10, wherein

2 the first and second resin film are laminated on each .other
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1 | heet according to claim1, q§¥L~ag§isecand
or nore ot her res mmﬂml Hli ﬂm ched between the first} | LRCEMENT ?’HEET
resin film onpos e sheet according to claiml,
wherein 2 the first and second resin In1are | ami nat ed| Vi a 1dh JAM97v e

3 | ayer. 1 9. The conp05|te sheet accordingjtp claimS§,
wherein 2 the first and second fil nms stacked via the adhesive [ayer are
3 tenporarily crinped by a roll lamnate nmethod in stacked 4 relation
and thén pWé%Qth?eGEMBnGEFf358§ thpesefir £acipg gach other.

1 13..The composite sheet according to claim 10, wherein
2 ° the composite sheet is a flexible printed circuit.

1 | 14. The composite sheet according to claim 13, wherein
2 a metal electric circuit is formed between the first and second
3 resin films and a product of thickness and tensile modulus of
4 the metal electric circuit is 500 kg/mm or less.

1 15. The composite sheet according to claim 10, wherein
2 a reinforcing plastic film is- stuck on one side of the
3 composite sheet, and one of the first and second resin films
4 positioned on a side where the reinforcing plastic film is not
5 . stuck and the reinforcing plastic .film " satisfy the
6 relationships (C) and (D).

1 B 16. The composite sheet according to claim 10, wherein
2 one or more other resin films are sandwiched between the first
3 and second resin film.

1 17. The composite sheet according to claim 10, wherein
2 the first and second resin film are laminated via an edhesive
3 iayer.

1 18. The composite sheet according to claim 17, wherein
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5 aut ocl ave and cri nped. 1 10. A conposite gheet conprising
a—f+rst—resin film and 3 a second regin f14rdAN 1997

Iam resin film 4 wherein twojelll i pses of

coef Hm”mnllﬁlllumm expansion 5 ar es%reat ed on coordipates 1n

corresborfdi rrg Pfarfs bf the first 6 and second resin fil by the

followng nmethod (C: 7 (C) conprising the steps of: defining a

predeterm ned 8 base point P on the resin film neasurjing.a cefficient
of 9 2|jnekheckpBAE Bﬂdaﬁeﬁo{ﬁ@siﬁ%mﬁ §EpGkateViroEn2EPE t‘P’&n}aX?irs argg

in angl S [er erggégggign cornmtlgleed f U staanrdolslecqgginlrngil N LElRBa P stacked

4  relation and then pressurized under gas pressure in an
5 autoclave and crimped. .

1 - 19. A composite sheet comprising:

2 a first resin film; and

3 a second resin film laminated on the first resin film;
4 wherein two ellipses of ultrasonic propagation velocity
5 .are created on coordinates in corresponding parts of the first
6 and second resin films by the fdllowing method (E): |

7 (E) comprising the steps of: defining a predetermihed
8 base point P on the film surface of the resin film, measuring
9 a ultrasonic propagation velocity at a position separate from
10 an arbitrary axis in angle 0 direction on the first and second
11 resin films, the arbitrary axis being selected on the first and
12 second resin films so as to pass through the base point P with
13 the base point P as a center and direct an afbitrary direction,
14 preparing a coordinate system with the arbitrary axis as a Y
15 axis and an axis crossing the Y axis at 90 degrees as an X
16 axis, in this coordinate system, defining an intersection of
17 the X and Y. axes as the base point P in the ultrasonic
18 propagation velocity measurement and magnitude of a ultrasonic
19 propagation velocity measurement value as distance r from the
20 base point P, then plotting a tip point of this distance r in

21 the measurement angle 0 direction with respect to the Y axis,



f| I TTE“““I‘EHHM“M“H‘“LFOU% the base point P with the bape] 13 point

*canter mnds direct an arbitrary Ql rection; 14 _ bretihrJAN;‘lQW
coord| nate systemw th the arbitrary aX| as aY 15 aki 5 and an axis

axi s being selected on the first 'a1dRE§PA'(£\gﬁéE‘ii’gTe§Q’|HEET1

crossing the Y axis at 90 degrees as an X 16 axis, infthrs cooradrnate
system deflnlng an intersection of 17 the X and Y axgs._as_the base
poi nt P |n t he | i'near _expansion
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26
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31

plottlng it multiple times by changlng the measurement angle 0,
and drawing an analysis line throughout 360-degree directions

with the base point P as the center so as to pass through

average points of the plotted points for creating an ellipse
having a crystal orientation main axis in a long-axis direction

and a crystal orientation subaxis in a short-axis direction:

and the two ellipse are overlappéd so as to match in
center point and coordinate axes X and'Y, and the following
relationship (F) is satisfied: (F) a shiff angle difference
between crystal orientation main axes of the ellipses (AG) is

within 30 degrees.
20. The composite sheet according to claim 19, wherein
the first and second resin film are laminated on_ each other

with the same surfaces thereof facing each other.

21. The composite sheet according to claim 19, wherein

‘the composite sheet is a flexible printed circuit.

22. The composite sheet according to claim 21, wherein

- a metal electric circuit is formed between the first and second

resin films and a product of thickness and_tensile modulus of

the metal electric circuit is 500 kg/mm or less.

23. The composite sheet according to claim 19, wherein

a reinforcing plastic film is stuck on one side of the
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18  coefficient rreasurerrent' and magni tude of a linear ekpBERAGRMEND SHEET
coef f+ val ue as distance. r fromthe base point 20 P

EESPeﬂdﬂﬂlhlllﬂllﬂUﬂllﬁ Th rocpect 1o 1RV axiel (53 Chi b ITASHEEH |

mul tipl®e t5nmés By Ehahging the neasurenent ‘angle [err], 23—-——and—d4:a\M~ng
an anal ysi s I|ne t hroughout 360-degree directions 24 Aﬁth t he base poi nt
P as the center so as to pass through 25 aver age poi ntsof t- tted
poi nts Jor GURITILE hehedt; p%’é opg of the firgtyanck sqrPnd I’r’?)%bﬁa slms
and v ong fé‘res%c?xm%“m&“ 23104 phefoiOR potDyoreiog PLAFRAL | & ™ f8 fotal
ecs Crn a S85% pRadet chi ned watigaeiny *plbefST! AL ® tTel? Otne
6 relationships (E) and (F).
1 24, The composite sheet according to claim 19, wherein
2 one or more other resin films are sandwiched between the first
3 and second resin film.
1 25. The composite sheet according to cléim 19, wherein
2 the first and second resin film ‘are laminated via an adhesive
3 layer. |
1 26. The composite sheet according to claim 25, wherein
2 the first and second films stackéd via the adhesive layer are
3 temporarily crimped by a roll laminate. method in stacked
4  relation and then pressurized under gas pressure in an
5 autoclave and crimped.
1 27. A method for ﬁénufacturing a composite sheet
2 comprising the steps of: |
3 preparing é.first resin film and a second resin film;
4 creatingl two ellipses of coefficient. of linear
5 expansion on coordinates in corresponding”parté of the first
6 . énd second resin films by the following (1) to (7) steps:

7 (1) defining a predetermined base point P on the resin
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11. The“m m ’m, H'l,acc_ordi ng to claim ‘loﬂEPMA@EIﬁEN'T_ SUEET the
predet er m ned val ue [(1/[err]O) x (1/[3;'}C3]. —3

12. - The conposite sheet accordlng o] clag€110 wherein
second resin filmare | am nated on each h _ _
with the same surfaces thereof facing each other.

film;

(2) measuring e coefficient of linear expansion at a.
position separate from an arbitrary axis in angle (0 direction
on the first and second resin films, the arbitrary axis being
selected on the first and second resin films so as to pase
through the base point P with the base point P as a center and
direct an arbitrary direction; |

(3) preparing a coordinate syétem with the arbitrary
akis as a Y axis and an axis erossing the Y axis at 90 degrees
as an X axis, in this coordinate system; |

(4) defining an_intersection of the X and Y axes as the
base point P in the linear expansion coefficient measurement
and magnitude of a linear expansion coefficient measurement
value as distance r from the base point P,

(5) plotting a tip point of the distance r in the
measurement angle 6 direction with reepect to the Y axis,

(6) repeating plotting ﬁhe tip point multiple times by
changing the-measurement angle 9} ahd

(7) drawing an analysis line throughout 360-degree
directions with the base point P as the center so as to pass
through average points of the plotted points.for creating the
ellipse; |

laminating the first and second resin.fiim in such a
manner that the following relationship (G) is satisfied: (G)
the maximum value of a linear expansion coefficient difference

between the two resin films is equal to or 1less than a
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13. The conposite sheet according to claim10, wherein jﬁ?Lﬁhéhgg%éé e
sheet is a flexibl ' o Lt. 1 - 14.} The conposi te shept
according to cl ai mnﬂlu nmlﬂml a me%zjﬂ el ectric cifcyitqisifien9ot
c 3 xresin films and a produg¢t “of thicknes

bet ween the first

and tensile nodulus of 4. the netal electric. circuit ilsleo6—kgfrTmror _

| ess. 1 15. The conposite sheet according tjlo claim 10, whereiln
2 areinforcing plastic filmis stuck on one side of~Tthe 3

conposi 8% sh&??g%ww%f"acw fhen theq tyecgdd ipsssnare| pgerdapped so as

it ' re the reinforcin astic filmis not
pOSItIOQSEd Oq:(? 11?51951 ngne t%e center point garP coordinate axes X and Y.
1 - 28. The method for manufacturing a composite sheet

2 - according to claim 27, wherein the predetermined value is 1.4

3 x 107 (1/°C).

1 29. The method of manufacturing a composite sheet
2  according to claim 27, furﬁher comprising the steps of:
3 stretéhing a raw material resin film in two directions
4 of a machine direction and a transverse direction;
5 : cutting out a resin film to a predetermined size with
6 either the machine direction or the transverse direction as a
7 length direction from the raw material resin-film;
8 dividing the resin film into two substantially equal
9 parts of a first layer cut part and a second layer cut part in
10 parallel with the length direction; and
11 cutting out the first and second layer cut parts in
12l parallel with the length direction from the first and second
13 resin films respectively.
1 30. The méthod for manufacfuirng a composite sheet
2 according to claim 29, further comprising the step of
3 temporarily crimping the first -and second layer cut parts
4 stacked via an adhesive iayer by a roll laminate method in

5 stacked relation and then pressurizing under gas pressure in an



el aft?!iﬂﬂﬂﬂﬂwﬂﬁ‘j meb?““' 1 P e compod; e GNEAINI SHEET, |
to cI one or nore ot$§ resin filns jar sandmnched
between the first and second resin Tilm 1 JAN'997
conposite sheet accord| ng to claim10, wherein 2 the fi st and second
resin filmare | am nated via an adhesive 3 | ayer. ~ I8 Th
conposite sheet according to claim17, wherein
6 autoclave and crimping.
1 31. The method of manufécturing a composite sheet
2 according to claim 27, further compriéing the steps:
3 stretching a raw material resin film in two directions
4 of a machine direction and a transverse direction;
5 cutting out a resin film to a predetermined size with
6 either the machine direction or the transverse direction as a .
7 length direction from the raw material resin film;
8 dividing the resin film into two substantially equal
9 parts of a first layer cut part and a second layer cut part in
10 parallel with the length direction;
11 cutting out the first and second layer cut parts at
12 substantially symmetrical positions with respect to a center
'13  line parallel with the.length direction from the first and 1
14 econd resin films respectively; and
15 laminating the first and second layer cut parts in a
16 state in which the same surfaces of the first and second layer
17 cut parts face each other.
1 32. The method for manufactuirng a domposite sheet
2  accorxding to claim 31, further comprising the step of
3 temporarily crimping the first and second layer cut parts
4 stacked via an adhesive layer by a roll laminate method in
5  stacked relation and then pressurizing under gas pressure in an

6 autoclave and crimping.

D
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the first and second films stacked via the adhes) v yer~are——2

1

osite sheet conprising:
a second resin f|In1Ia i nated on the

{

33. A method for manufacturing a composite sheet
comprlslng the steps of:

preparing a first resin fllm and a second resin film;

creating two ellipses of coeff1c1ent of linear
expansion on coordinates in corresponding parts of the first
and second resin films by the following (1) to (7) steps:

(1)'defining a predetermined base point P on the resin
.film;

(2) measuring a coefficient of linear expansion at a
position separate from an arbitrary axis in angle 0 direction
on the first and second resin films, the arbitrary axis being
selected on the first and second resin films so as to pass
through the base point P with the base point P as a center and
direct an arbitrary direction; |

(3) preparing a coordinate systeﬁ with the arbitrary
axis as a Y axis and an axis crossing the Y axis at 90 degrees
as an X axis, in tﬁis coordinate system;

(4) defining an intersection of the X and Y axes as the
base point P in the linear expansion coefficient measurement
and magnitude.of a linear expansion coefficient measurement
value as distance r from the base point P,

(5) plotting a tip point of the distance r in the
measurement angle 0 direction with respect to the Y axis,

(6) repeating plotting the tip point multiple times by
changing the measurement angle 6; and

(7) drawing an analysis line throughout 360-degree



| I'i pses of uItrasonlc propagatlon vﬁFP%&QﬁPENE SHEET
are crea”lmmmummlllmu s in corresponding parts of the fifrs and
second redin®fitns" by’ thhe following method (E): 7 (th JAN 1997
conprising the steps of: defining a pred€termned 8 bas¢ point P on the

filmsurface of the resin film neasuring 9 a ultrasoni ¢ propagation
vel ocity at a position separate from 10 an arbitrary axiis_in _angle [err]

direction on the first and second 11 resin filns, the arbitrary axis

bei ng 98l ect B4TERLLRAS Widh AME bESe RQHhP rasi Bhej FABLSS §9 B pasPass
t hrough the b se point Pwith 13 the base point P as a center and direct
an arbi®raryt FPB@Pl i erag® POINEFaPinghg @88F&Fﬁa§@l§}§témﬁmqﬂ?qqﬁ9g the
arbitr Y aXIi as a Y 15 axis and an axis crossing the Y axis at 90
degree %as afi kP '

30 laminating the first and second resin film in such a
31 manner that the following relationship (H) is satisfied: (H)
32 the total area of portions where the ellipses do not overlap is
33 equal to or less than a predetermined value when the two
34 ellipses are overlapped so as to match in the center point and
35 ° coordinate axes X and Y.

1 34. The method for manufacturing a composite sheet

2 according to claim 33, wherein the predetermined value is 6.5

3 x 107 [(1/°C) x (1/°C)].

1 35. The method of manufacturing a composite sheet
2 according to claim 33, further comprising the steps of:
3 stretching a raw material resin film in two directions
4 of a machine direction and a transverse direétion;

5 cutting out a resin film to a predetermined size with
6 . either the machine direction or the transverse direction as a
7 length direction from the raw material resin film;

8 dividing the resiﬁ film into two substantially equal
9 parts of a first layer cut part and a second layer.cut part in
10 parallel with the length direction; and

11 cutting out the first and second layer cut parts in

12 parallel with the length direction frbm the first and second
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16 axis in this coordinate system def i ni ng an interse

UIRBPLASEVENT SHEdTe |
X an axesasthebase point P in the ultrasonic 18 I Qpagat-+ef————
vel OCI ty me j"luﬂﬂut ﬂuﬂ M| tude of agltrasonic 19 prdpagation
vel ocity ne II di st ance r§hron1the 20 base pgﬂndAprgﬂer

plotting a tip p0| Mt of this distance r in 21 the measur dnent angle 0

direction with respect to the Y axis, 84 22 pliotting it
nultlple ti mes by changi ng the nBasurenent angle 0, 23 ~af—
anal ysi ¥ i né€¥H'd Léﬁd% %ﬁ? Xirections - -
1 36. The method for mahufactuirng a composite sheet
2 according to claim 35, further comprising the step of
3 temporarily  crimping the first and second layer cut parts
4 'stacked via an adhesive layer by a roll laminate method in
5 stacked relation and then pressurizing under gas pfessure in an
6 autoclavé and crimping.
1 37. The method of manufécturing a composite sheet
2 according to claim 33, further comprising the steps:
3 .' stretching a raw material resin film in two directions
4 .of a machine direction and a transverse direction;
5 cutting out a resin film to a predetermined size . with
6 either the machine direction or the transverse direction as a
7 length direction from the raw material resin film;
8 dividing the resin film ihto two substantially equal
9 ' parts of a first layer cut part and a second layer cut part in
10 pafallel with the length direction;
11 cutting out the first and second layer cut parts at
12 substantlally symmetrical positions with respect to a center
13  1line parallel with the length dlrectlon from the first and.
14 second resin films respectively; and
15 . _ - laminating the first and second layer cut parts in a

16 state in which the same surfaces of the first and second resin

17  films face each other.
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M’Bﬁ‘m base i&;nt P as the center so as to pass through 25
aver plotted points for creating an ellipse 5 . hayin '
crys , in axis in a |long Qxi s direction 26 and a%aébt§9?

orientation subaX|s in.a short-axis direction: 27 nd_the_ two
ellipse are overlapped so as to match in 28 center point gnd coordinate
axes X and Y, and the followng 29 relationship (F) is sath

shift angle dlfference 30 bet ween cryst al rlentatlon mai N axes of the
el lipsed ([err]) is 38t TRt APRhSE d3§¥e§§nu acfuirng a coppostfhg sheet

compOs, e Shegk Aasar 08 {8 A ISR omgB{g SR 5857

3 temporarily crimping the first and second layer cut parts
4 stacked via an adhesive layer by a foll laminate method in
5 . étacked felation and ﬁhen pressurizing under gas pressure in an
6 autoclave and crimping.

1 39. The composite sheet according to claim 1, wherein
2 the arbitrary akis is settled on a machine direction of film
3 stretch, so that the Y axis is settled on the machine direction
4 and the X axis is settled on a transverse direction of film
5 stretch.

1. 40. The composite sheet according to claim 1, wherein
2 the composite sheet is a flexible printed circuit, and the
3 ' arbitrary axis is settled on a machine direction of £film
4 stretch, so that the Y axis is settled on the machine direction.
5 ~and the X axis is settled on a transverse direction of film
6 stretch.

1 " 41. The composite sheet according.to claim 10, wherein
2 the arbitrary éxis is settled on a machine direction of film
3 stretch, so that the Y axis is settled on the machine direction
4 and the X axis is settled on a transverse direction of film

5 stretch.
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3 with the same surfaces thereof facing each other.

The conposite sheet according to claim 19, wherein 2 t He ic eqt
is a flexible printed circuit. 1 22. The congogit 5ﬁsaébﬂ93
according to claim 21, wherein 2 a ne%al electric circditl is fornmed

RERLACEMENT SHEET r

between the first and second 3 'resin films and a produdt of thickness
and tensile modulus of 4 the netal electric circuit |s 600—kgl-rm-of

| ess.

he conposite sheet according to claim19, mhereln

2 a rélnforC|ng p|é§fl he {99 q%&t%g§ t BECBEanglﬂe C%?lThEp wherein

2

3

4

the composite sheet is a flexible printed circuit, and the

érbitrary axis is settled on a machine direction of film

stretch, so that the Y axis is settled on the machine direction

and the X axis is settled on a transverse direction of film

stretch.

43. The composite sheet according to claim 19, wherein

. the arbitrary axis is settled on a machine direction of film

stretch, so that the Y axis is settled on the machine direction

and the X axis is settled on a transverse direction of film

stretch.

44. The composite sheet according to claim 19, wherein
the composite sheet is a flexible printed circuit, and the
arbitrary axis is settled on a machine direction of film
stretch, so that the Y axis is settléd on the machine direction
and the X axis is settled on a transverse direction of film

stretch.

AR
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85 3 conposi te sheet, and one of the first and second
positioned on a side where the reinforcing plastic filmis

and the reinfor-cing plastic film égtlsfy the 6
and (F). 1 24. The conposi t €' sheet according
wherein 2 one Qr_nore oth

3 and second_m[ﬁLEiﬂwTE

ABSTRACT OF THE DISCLOSURE

REPLACEMENT ohekl |
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kG o W SRR N Yo | =t

A composite sheet comprises a first resin {ilm; and a

second resin film laminated on the first resin film;

wherein

two ellipses of coefficient of linear expansion are created on

polar coordinates in corresponding parts of the first and

second resin films by a predetermined method and the two

ellipse are overlapped so as to match in the center point and

coordinate axes X and Y,

and the maximum value of a linear_

expansion coefficient difference between the two resin films is

10 equal to or less than a predetermined value.

No figure suggested
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first and second resin filmare | am nated via an adhesi vq
26. The conposite sheet according to cl.aim 25, wherein Z
second filns stacked via the adhesive lﬁ%ﬁr are 3 t emgo
aroll lamnate nethod in stacked 4 elation and tih
under gas pressure in an 5 aut ocl ave and cri nped.

. ' " ot} 9-;
1 25. The conposite sheet according to clain115,H@ﬁ%ﬁQﬁW%”TZSHt'Th

3 layer. 1

tAg JANSHIANC
arily crinpedib

——PTressSurt Ze
1 27.

of :

FIG. 1

A nethod for manufacturing a conposite sheet 2 conprising the steps
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- S . N | REPLACENENT SHEET
3 preparing a first resin filmand a second resinjfj
creating two ellipses of coefficient of I|inear 5 expansi on
coordi nates in corresponding parts of the first 6 and se¢ohd TQSJArNﬂ?WnB
by the followng (1) .tq (7) steps: 7 (1) defining s
predet er mi ned base point- P on the resi n 2/21
86 8 film 9 (2) measuring a coefficient af_linear
expansion at a :
RELATIVE POSITIONS
D P
- .
49 (8 (@ H © M @ © ¢
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10 position separate froman arbitrary axis in angle [err] dhEPﬁﬂCEﬁENT SHEET
on the first and second resin filnms, the arbitrary axis bein 12

selected on the first and second resin filnms so as to pass 13 thrgﬁqg

the base point P with the base point Pﬁﬁéia center and 14 di nbétd 97

arbitrary direction; 15 (3 eparing a coordi natje |syst em w
the arbitrary 16 axis as a Y axis and an axis crossing thHe Y axis at 90
degr ees 17 as an X axis, in this coordi nate system 18 | : 4

defining an intersection of the X and Y axes as the 19 base point P in
t he |inear expansion coefficient neasurenent 20 and magni tude of a

| i near expansi on coefficient measurenent 21 val ue as distance r from

t he base point P, 22 (5) plotting a tip point of the distance r

nthe FIG. 4
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measurenent angle [err] direction with respect to t

23 AW 2h—
(6) repeating plotting the tip point nultiple times by RRepLACEMENTH§HEHe
measurenent angle [err]; and 26 (7) draw ng mratysTSTT ne |
t hr oughout 360-degree 27 directions with the base poipt}P ntier
SO0 as to pass 28 . through average po4ﬁﬂ1s of the plotte poiﬁg‘%{l}gm
creating the 29 el lipse; 30 | am nating th lirst and-seeehd
resin filmin such a 31 manner that the following relationship (G is
satisfied: (Q 32 the maxi num val ue of a |linear expans$+ep—eoeftfTTiEM
erence 33 between the two resin filns is equal to or less than a

diff

FIG. 6

(x10%/°C)
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87 34 predetermined val ue when the two ellipses are overLapped~se—ae——8§—j
to match in the center point and coordi nate axes X and Y. REPLACEMENT SHEET

28. The nethod for manufacturing a conposite sheet 2 accpr ) '
27, wherein the predetermned value is 1.4 3 X 10[err] (QL/]er, . 1
29: The method of nanufacturing a conpoBidle sheet” 2 accofd ng“itcl)@‘N LS

27, further conprising the steps of:

" (x10%/%C)
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3 stretching a raw material resin filmin tw directions 4 of
a machine direction and a transverse direction;, 5 REGUALANTERTOBHERY
resin filmto a predeternmined size with 6 “either the i
or the transverse direction as a 7 th direction fr he raw
material resin film 8 d|V|0€’2§there5|nf|Im nk o A AN 1997
substantially equal 9. parts of a first-layer cut part ahdta second | ay
cut part in 10 parallel with the length direction; and |11
cutting out the first and second |layer cut parts in 12 -
l ength direction fromthe first and second 13 resin films respectively.

FIG. 10

07 (x10%/C)
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1 30. The method for nanUfactuirng a conposite sheet 2
according to claim 29, further conprising the step of 3

tenporarily crinping the first and second |ayer cut parts = StaTRen Ty
an adhesive |ayer by a roll lam nate ne%ﬂﬁ? in 5  stacked B%ﬂébﬁgéfgﬁdhgi
then pressurizing under gas pressure in 88 6 hut ocl ave and

crinping. 1 31. The nethod of manufacturing a Cb”ﬂﬂﬁUMﬂl%ﬂWEt

FILM -7

Y~ FILM- 10
1 FILM-8
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2 according to claim 27, further conprising the steps:
stretching a raw material resin filmin two directions

direction and a transverse direction; 5 cutti

to a predeterm ned si.ze with 6 ei t her ége machi ne dir

transverse direction as a 7 | engt h m&l tion fromthe

film 8 : dividing the resin filminto two subs

parts of a first layer cut part and a second |layer cut pprt in 10.

parallel with the length direction; 11 cutti ngmout—tte—frrst—and
second |l ayer cut parts at 12  substantially symetrical positions with
respect to a center 13 line parallel with the length direction fromthe:
first and 1

FIG. 14

FIG. 15

1a

e
T
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14 econd resin films respectively; and 15 {

1 st
and second | ayer cut parts in a 16 state in which the S 0f
the first and second | ayer 17 cut parts face each otjhgr
32. The nethod for manufactuirng a congﬂztte sheet nE

claim 31, further conmprising the ofarily crinping
the first and second | ayer cut parts stacked via ap adhesive |ayer by
pressuri.zi ng--under

aroll lamnate nethod in 5 stacked rel ati on and the
gas ‘pressure in an 6 autoclave and crinping.

FIG. 16A | e

TRATEDART SR
A4

FIG. 16B .
RELATED ART

FIG. 17A

PRIOR ART g g

FIG. 17B - 1
PRIOR ART e
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89 .1 33. A nethod for manufacturing a co

npes+t-e—shest—-=2—
conprising the steps of: 3 preparing a first rleRERLACEMENINGHEET
second resin film 4 creating two ellipses |[of[Toefficrenty
of linear 5 expansi on on coordi nat es, . correspondi ng par é
first 6 and second resin filnms by th /égllowi ng (1) tg (7)@&3 gH&S}
(1) -defining a predeterm ned base point P on the resin § Hlg . 9
(2) measuring a coefficient of |inear expansion at a '

FIG. 18A

3a

FIG. 18B

FIG. 18C

3
8—F
4—_1
FIG. 18D
; 2
8 —3
F~—4
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10 position separate froman arbitrary axis in angle O direction 11 on
the first and second resin filnms, the arbitrary axis bei-nﬁ——li—-rse-l—ett_edﬂ
on the first and second resin filnms so as to pass 13 t EBL@EM‘L‘-INE Prfrd
point Pwth the base point P as a centﬁzg 14 diredt Jan arbrtrary
direction; 15 (3) preparing I ordi nate systlem W‘lW‘JAN%y
arbitrary 16 axis as a Y axis and an axis crossing tHhHelY axi$

degrees 17 as an X axis, in this coordinate system |1 4)
defining an intersection of the X and Y axes as the 19 base point P in
t he |inear expansion coefficient neasurenent 20 and nagnfTude o1 a

| i near expansion coefficient nmeasurenent 21 val ue as distance r fromthe
base point P, 22 (5) plotting a tip point of the distance r ‘in

FIG. 19

—+
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FIG. 20
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23 measurenent angle [err] direction with reépect to the Y axis, 24

(6) repeating plotting the tip point multiple times by 2 © Yehe )
measurenent angle [err]; and 26 (7) drawing an aﬁ%‘?@?ﬁ%?,%ﬂ&
t hroughout 360- degree o 27 1g%r ections with thejbase point P
the center so as to pass 28 through lage points of §hé plétdaN 997 nis
for creating the 29 ellipse; _

FIG. 21
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30 ' |l am nating the first and second resin filmin such a 31
manner that the followng relationship (H) is satisfied: (H)

total area of portions where the ellipses do not overlap is
or less than a predeterm ned value when the two 34 ellip
over |l apped so as to match in the center'lay’mnt and 35 coo
and Y. - 1 34. The nethod for manufacturing a co
according to claim 33, wherein the predetermned value is 6
10[err] [(1/[err]C x (1/[err]Q]. 1 _ 35. The

manuf acturi ng a conposite sheet

32 t he
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d
e
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e

C 3
L

BERLACEMENT SHEE

T

fnate axes X

' 2
PS4 e 97

Crod—of

FIG. 22A FIG. 228
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FIG. 23
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2 according to claim 33, further conprising the steps...of: .3

stretching a raw material resin filmin tw directions 4 GEPRACRAMENTNBHEFT
direction and a transverse direction; 5 cutting |o a-restrnf
to a predetermned size with 6 either the machine directifo oréﬁg

e JAN B9,

transverse direction as a 7 | engt h did/2tti on fromthe r??
r

film 8 . dividing the resin filminto two substa

parts of a first layer cut part and a second |ayer cut partjin 10

parallel with the length direction; and 11 cut t i ‘rg—ett—t+he—f++rs+t
and second | ayer cut parts in 12 parallel with the length direction from

the first and second

FIG. 24

4+~—25
3—22
Rx2 | 1
D
24
+—~—23

FIG. 25




91 13 resin filnms respectively. 1 36. ﬂ‘he—-wet-lmd-—fwﬁ*mwﬂ
manuf act uirng a conposite sheet -2 according to clai mRESACEMENT weesT
conprising the step of 3 tenporarily crinping the fifst and secondi
| ayer cut parts 4 stacked via an adg%? ?(e | ayer by a foll 1@ 7
method in 5 stacked relation-and th é essuri zi ng unfef gas pressurej i
an 6 aut ocl ave and cri npi ng. : - - .

FIG. 26A
RELATED ART

FIG. 26B
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1 37. The nethod of manufacturing a conposite she
according to claim33, further conprising the steps: 3

stretching a raw material resin filmin tvvo directions 4

direction and a transverse direction; -cutting pu N7
to a predetermned size with 6 elth46/211e machine direct}o glr‘{'%ew
transverse direction as a 7 | ength direction fromthe raj | T

ot

REPQAC"?‘! “i -..-"'e;z.
d nachl ne

film 8 dividing the resin filminto two substant aIIy equal 9
parts of a first | ayer cut part and a second | ayer cut part =m0
parallel with the length direction; cutting out the first and

12

second | ayer cut parts at
respect to a center

subsPiG 27 symetri cal p05| tions with

g2

S

= x

&=

a<

Q=

=

=0

S ;

-=> E . '\ o MEASUREMENT DATA
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FIG. 28
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13

first and second resin

claim 37,

14
second resin filns respectively; and 15 | aminating the first and
second layer cut parts in a 16 state in which the sane ‘Uaﬁﬂ%ﬁ‘-&mtmﬁ

17 films fac §gi1ch ot her . 9 1
38. The nethod for manufactuirng a corﬂ&l te sheet acgondi ng{ /&ﬁ
further conprising the step of 14 1997
10
PR -] St S i~
H "
o N e L b it St o 1 """"""
@ T . i
S A e
5 q : :
___________ P i
° 27 s s
0 1 ! : :
0 30 60 90

line parallel with the length direction fromthe first and

SHIFT ANGLE DIFFERENCE BETWEEN
CRYSTAL ORIENTATION MAIN AXES (A &; °)

FIG. 30
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3 tenporarily crinping the first and second | ayer cut par t-s—=4 GRrT
vi a anm;dheswg Iaytranr) bg aroll laminate method in 5 stag kBEP%E&f:ﬁtﬁ “”Mf ‘
and then pressurizing under gas pressure in an 6 aut ocl a INd Cri npi ng.
1 39. The conposite sheet accor%i/g_g to claiml, wher |n_ 42JANt1997
arbitrary axis is settled on a machi ne a tion of film 3 stiret ch,

that the Y axis is settled on the machine direction 4 anq tlhe—x—axt+s |>"
settled on a transverse direction of film 5 stretch. 1 40.
The conposite sheet according to claim1, wherein 2 the compoSITE sheet
Is a flexible printed circuit, and the

FIG. 31
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3 arbitrary axis is settled on a machine direction of film 4 stretch
so that the Y axis is settled on the machine direction 5—aft—tHE Xcaxis
. . . . Ftal] [t "!\ﬂ S‘IIHL

is settled on a transverse direction of film 6 stretch RJ:-Q-»:_‘—“‘

41. The conposite sheet according to claim 10, wherein e arbitrar
axis is settled on a machine direction 89/211m 3  stretg¢h, sp4tm19976
axis is settled on the machine direction 4 and the X axi IS settled o
a transverse direction of film 5 stretch.

 FIG. 33
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93 1 42. The conposite sheet according to claim 10, wherein 2
the conposite sheet is a flexible printed circuit, and the 3 arbitrary
axis is settled on a machine direction of film 4 stretch, so that the Y
axis is settled on the nmachine direction E and the X axigepl goEetT sHx
a transverse direction of film 6 st rdl/2A. 1 43—Hae
conposite sheet according to claim19, wherein 2 the arbitrary axis_ i S
14 b

settled on a machine direction of film 3 stretch, so S

septred on the machi ne direction

FIG. 35
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4 and the X axis is settled on a transverse dir ct-l-e-ﬁ--@aE
stretch. 1 44. The conposite sheet gcqording.to claiimf19,
wherein 2 t he conposite sheet is a flexible pri nt ed14i JANH97 aid the 3
arbitrary axis is settled on a nmachi nezaéé ction film 4 strete¢h, so
that the Y axis is settled on the nmach irecti n 5 ~and the X gaxis is
settled on a transverse direction of film 6 st rlet.ch
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