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PLEXIBLE PRINTED CIRCUIT

BACKGRQUND OF THE INVENTION

This invention relates ta a flexible printed circuit of
a functional part used mainly in elec¢tric and electronic
fields.

Hitherto, printed circuits rich in flexibility have
been commonly callad flexible printed circuits and generally
used in flelds of olectronics, etc. Pigs. 14A to 14D show an
embodiment of the flexible printed circuit. A flexible printed
circuit comprises a predetermined metal electric circuit 3
formed on a plastic film 4 'l(f.or a base layer) and a plastic
film 2 (for a cover layer) similar to the plastic film 4
furthermora formed on the metal electric circuit 3. Generally,
to form the plastic films, a material film is stretched in two
directions of machine and transverse directions and the plastic
films are cut out to a predetermined size from the stretched
film. The machine and transverse directions méan longitudinal
and lateral directions of the material film.

After electronic parts such as semiconductor devices
are mounted on a flexible printed circuit, the flexible printed
circult is installed in an electronic machine, etc., it may be
bent depending on the electronic mach.lnei 6tc. , with which the
flexible printed circuit is used. For exampla, a flex:l.bla_
printed circuit used to wire a print head (operating part) and
a mother board (fixed part) in a printer is bent as the printer
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oparates. Thus, flexible printed circuits used at such
operating places requife sufficient flexibility and durability.
An analysis on the physiéal property of matal electric
circuit is carried out for the requirements, because, of main
componants of £lexible | printed cilrcuits, plastic £films
originally have flexibility and metal electric circuits of
other main components cause a problem. Specifically,
deformations of metal electric circuit include a plastic
deformation and an elastic deformation, and the nature of the
plastic deformation is improved to provide flexibility.
However, a flexible printed circuit formed with a metal
electric circult improved in the plastic deformation nature
involves a problem of occurrence of warpage called a curl, As
described above, the flexible printed circult has p_laat.i.c £ilmas
as main components other than the metal eleétric circuit; the

plastic £ilms have flexibility, but little plastic deformation

- nature as compared'with the metal electric circuit. That is,

in the flexible printed circuit improved in flexibility, the
plastic films easily bacome elastically deformed, while the
metal electric circult easily becomes plastically deformed,
Bonding'of two typas of members having suah.natures contraxry to
each other results in occurrence of a curl in the flexible
printed circuit. This point will bo discussed along the
flexible printed circuit manufacturing procegs. For example,
as shown in Figs. 17A and 178, an adhesive layer 8 1s formed on

a basa layer plastic film 4 and copper foil 3a is placed on the
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adhesive layer 8. Tension is applied in the film face
direction as indicated by arrows in two steps of heating and
pressurizing such as laminate treatment as shown in Fig. 17C
and cooling to the room temperature after heating aﬁd
pressurizing, then etching the copper foil 3a by a subtractive
method, etec., to form metal electric circuit as shown in Fig.
17D, Whoen the tension is removed, the plastic film 4 is
restored to the former length (elastic deformation), but the
metai electric circuit 3 holds the extension state (plastic
deformation)., As a result, as shown in Pig. 17E, the flexible
printed circuit warps as if it were a bimetal, causing a curl
to occur. Normally, after formation of the metal electric
circuit 3, a plastic £i{lm is stuck on the metal electric
clrcuit to form a cover layer; even if such a step is taken,
the curl remains.

' Such a flexible printed circuit with a curl occurring
involves a problem in shape accuracy an& when semiconductor
devices are mounted on the flexible printed circuit or the
flexible printed circuit is installed in an electronic machine,

a harmful influence happens.

14) F I
It is therefore an object of the invention to provide
a flexible'printed circuit having sufficiént flexibilihy and
durability with curl occurrence supprassed. |

According to a fixst aspect of the invention, fhera is
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provided a composite sheat comprisings a first resin film; a
second resin film laminated on the first resin film so that a
surface of the first resin film facas'a.reur face of the second
resin film; and a metal elsctric circuit férmad betwaen the
first and gsacond resin f£ilms, the metal electric circuit having
a plastic deformation component of 0.0003 (mm/mm) or more when
a stress load is imposed until strain baecomes 0.002 (mm/mm)
assuming that the plastic strain occurring when the stress load
is imposad and removed is the plastic deformation component)
wherein the £irst and sccond resin films are cut out from two
areas due to cut, having substantially the same shape each
other, the two areas are aligned mutually in orientation, an
arbitrary point of one of the two areas due to cut and a point
of thé othar corresponding to that point are both on an
arbitrary standard line parallel with a machine direction of
stretch on a material plastic film stretched in two directions
with a machine direction as a longitudinal digection of stretch
and a transverse direction as a lateral diraction of stretch.

According to a second aspect of the invention, a
compoaite.aheat comprising: a first resin film; a second resin
£11m laminated on the first resin film so that a surface of the
firat resin film faces a rear face of the second resin £ilm;
and a metal electric circuit formed between the first and
second resin £ilms, the metal electric circuit having a plastic
deformation component of 0.0003 (mm/mm) or more when a atress

load is imposed until strain becomes ¢.002 (mm/mm) assuming
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that tha plastic strain occurrxing when the stress load is
imposed and removed is the plastic deformation component)
wherain two ellipses of coefficient of linear expansion are
created on coordinates in corresponding parts of the first and
sacond resin films by the following method: comprising the
steps of: defining a predetermined base point P on the resin
filﬁg maeasuring a coefficient of linear expansion at a position
saparata from an arbitrary axis in angle 6 direction on the
first and second resin £ilms, 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
arbitraxy 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 8 direction with respect to
the ¥ axis, plotting it multiple times by changing tha
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 the ellipse: and the two ellipse are overlapped 50 a8

to match in the center point and coordinate axes 2 an& Y, and

the 'followinq relationship is satigfied: the maximum value of
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a linear expansion coefficient difference between the two resin
films is equal to or less than a predetermined value.
According to a third aspect of the invention, there is
provided a composite sheat comprising: a first resin film; and
a second resin film laminated on the first resin film so that
a surface of the first resin film faces a rear face of thé
second resin film; and a metal electric circuit formed between
the first and second resin films, the metal electric eircuit
ha?ing a plastic deformation componant of 0.0003 (mm/mm) ox
more when a stress 16ad is imposed until strain becomes_o.ooz

(mm/mm) aseuming that the plastic strain occurring whan the

| stress load is imposed and removed is the plastic deformation
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component; wherein twe ellipses of coefficient of linear
expnnéion are created.on coordinatas in corresponding paxts of
the first and second reasin films by the following method:

comprising the steps of: defining a predetermined base point P
on tha resin film; measuring a coefficlent of linear expansion
at a position separate from an arbitrary axis in angle ©
direction on the first and second resin films, the arbitrary
axis being selected on the first and second resin films eo as
to pass through the base point P with the base point P as a
centar 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 axia, in this
coordinate systam; defining an ihtersection of the X and Y axes

a8 the base point P in the linear expnnéion coefficient
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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
@ direction with respect to the Y axis, plotting 1t multiple
times by changing the measurement angle ©, 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:r and the two
ellipse are overlapped so as to match in the center point and
coordinate axes X and Y, and the following relationship is
gatisfied: the total area of portions where the ellipses do not
overlap is equal to or less than a predetermined value.

In the second and third aspecta of the.invention, an
arbitrary axis is selected arbitrarily on the two plastic
films, and a coordinate system with the arbitrary axisg as a ¥
axig and an axis crossing the Y axis at 90 degreoes as an X axlis
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 atretch as an
X axis. |

' Here, the plastic deformation component will be
discussed.

When tension (stress o) is applied to a material such
as metal foll, a deformation amount occurs in response to the
tonsion. To normalize the material siza, the deformation

amount is represented by strain ¢. This strain e is the ratio
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of the increased amount of the material length when the
material is deformed (length under stress load) to the original
length and definition expression (1) of the strain g is as
followas

g(mm/mm) = (Al/1)) = (1, - 1))/}, ~(1)
where l, ¢+ Length before stress load

l; ¢+ Length under stress load

A graph representing the relationship between the
stress o and the strain ¢ is called an E-8 (stross-strain}
curve chart. Embodiments of 8-8 curves of metal foll are shown
in g‘raphs of Figs. 7 to 10. These S-S5 curvaes are provided by
gradually imposing a stress to metal foil and after the stress
reaches a given value, gradually decreasing (removing) the
streas. Therefore, two 8-5 curves appear in one graph; in the
figures, the direction of the 8-8 curve provided by gradually
imposing the at.résa (go way) is indicated by the solid line
arrow and the direction of the 8-8 curve provided by gradually
decreasing (removing) the stress (return way) is indicated by
the dotted line arrow.

First, the graph of Fig. 7 shows an 8~-8 eturva drawn
when a load of extremely small stress o as strain ¢ im less
than 0.0005 is imposed and removed. As shown here, when such
a small stress load is imposed, the §-8 curve becomes a
straight line; the line of the stresa load (solid line arrow
direction) and that of the stress removal (dotted line arrow

dirsction) substantially overlap and when the stress becomesa 0,
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the strain also becomes (. In this case, only an elastic
deformation ls observed in the metal foll. The 1line
inclination is responsive to the tensile modulus of the metal
foil.

The graphs of Figs. B to 10 are S-S curve charts dzawn

when the maximum stress load imposed is increased in the order.

" as shown here, as the stress load imposed increases, the go and

raturn ways of the 8-8 curves largely differ. “That is, when
stress load is imposed (go way), a line i8 drawn in a smalle
stress region, but a line is lost and a cuzve close to an
asymptote is drawn in a high-stress region. When the dtress is
removed (return way), a line having the same inclination as the

go-way line is drawn. This inclination is responsive to the

- tenslle modulus of the metal foil, as described above. As

shown in the graphs of Figs. 8 to 10, if the stress load
imposed is completely removed (stress 0), the metal foll ia not
restored to the original length and strain remains. Such
strain left if the stress is removed is called plastic strain.
This plastic strain increases as the maximum stress load
lmpoéed increases. That is, the plaatic strain increases in
thea order of Figs. 8 to 10. It represents the plastic
deformation nature of the material and in the invention, the
plastic strain is referred to as “pl&stic deformation
component., "

| In the invention, the coefficient of linear expansion

a is derived as follows: When a plastic film is heated, it
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expands in response to the characteriatics of the plastic film.-
At this time, the coefficient of linear expanaion a can be
found accoxding to the following expression (2) from the change
ratio of the length of the plastic £film, p, to temperature t at
the measurement time (3p/gt) and the length of the film, p0, at
0°C (Kagaku Binran-Kisohen I1, edited by Nippon Kagakukai,
published by Maruzen Shuppan).
& =1/p,x dp/dt ~(2)

However, the coefficient of linear expansion « mentioned in the
invention zrefars to that in region of glass transfer
temparature of plaatic film (Tg) or less. Sinca Tg of the
plastic £ilms to which the invention is applied is in the

tomperature range exceeding the room temperature (about 23°C)

- and & twisted curl becomes a problem in a temperature region

' 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 mora, which exceeds the operating
temperature range, and does not appear clearly, thus the
necessity for considering Tg of polyimide films is small.

In the invention, the total arsa of portions where
ellipses do not overlép (C) 1s defined by the following
expression (3) 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 valua of linear

expansion coefficient square value differences (acc). In the
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following expression {(3), 0 is a linear expansion coefficient
measurxement ;ngle with the axis of the machine direction of
stretch as the reference and asoc (8) is defined by the
following expression (4). The ellipses in the invantion

contailn perfect circles.

] .
C=1/2[ A, ()40 «(3)
]

Aa,® = |r2® - @] ~@

In the invention, the expression "both the outermost
layers” of "two plastic films positioned on both the outexmoat
layers, of laminated plastic films® does not mean both the
outermost layers of the flexible printad circuit and is used to
mean both the outermost layers in the plastic film laminate.
Therefore, for example, if a flexible printed circuit compriscs
a- shielding layer formed on a plastic film laminate by
painting, printing, etc.,'tho shialding layer is not contained
in "both the outermost layars" in the invention.
| Hereupon, in the second and third aspects of the
invention, the directions of the coordinate axes ©of the
ellipses may be sslected arbitrarily on the plastic film. 1In
other words, the Y axis and the X axis are settled in the
arbitrary diraections to prepare the coordinate system, the
ellipses ére created on such coordinates. The two plastic
films positionéd on both the outermost layers may be selected
by using the above ellipse and conditionsg.
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.In the invention, the expression "curl suppression*
refers to the case whare the curl degree (%) defined below
becomes 5% or leas. Assume that the length of the long side of
the smallest rectangle in which a flexible printaed circuit is
inscribed is the longest length of the flexibla printed

circuit, L. Fig. 12A shows an embodiment of smallest -rectangle

21 in which a flexibla printed circuit la like a substantial V-

shape is inscribed. As shown here, in the flexible printed
circuit la, the length of the long side of the ractangle 21
indicated by the dotted line becomes the longest length L. As
shown in Fig. 12B, one end of the flexible printed circuit 1a
is fixed to a reference plane § and the height of the maximum
warpage of the flaxible printed circuit la from tha reference
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 (%).

Heraupon, tha purface and rear face of the plastic film
are decided suitably corresponding to the each cases,
Nermally, the surface and xear face of the plastic film differ
plainly in surface (rear face) state of wet property,
coarseness, e&tc, 8o that the surface and rear face are
distinguished completely each other. Therefore, for example,
when a plastic film ia cut out from the material plastic film,
a firat face of the plastic £11m which is the same with the

surface of the material plastic film can be a surface of the

- 12 -
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plastic film, and a second face of the plastic film which is
the same with the xear face of the material plastic film can ba
a rear face of the plastic film, Further, when two different
kinde of plastic £films are each cut out from the different
kinda of the plastic films, the similar faces with each other
may serve as a surface or rear face. |

Next, the technical philosophy of the invention will be
discussed.

Fig. 1 shows an embodimant of the present invention.

As shown here, a raw material plastic film 10 like a
band stretched in two directions with the machine direction as
a Jlongitudinal direction of stretch and the transverse
direction as a lataral direction of stretch is prepared. 1In
the figure, MD denotes tha machine direction of stretch and TD
denotes the transverse direction of stretch. In the raw
material plastic film 10, one arbitrary standard line SL
parallel with the machine direction of stretch (MD) is assumed
and two arcas due to cut 2a and 4a of almost the same shape (in
the figure, restangles) are assumed to be on the standard line.
However, the two areas due to cut 2a and 4a axe aligned
mutually in orientation and an arbitrary point of the arca dua
to cut 2a and the point of the area due to cut 4a corresponding
theretd are on the standard line SL. In the figure, the center
points of the areas due to éut 2a and 4a are taken as the
arbitrary point of the area due to cut 2a and the point of the

area dus to cut 4a corresponding thereto. Two plastic films 2

- 13 -
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and 4 are cut out from the areas due to cut 2a and 4a. These
two plastic filme 2 and 4 have surfaces 91 in the same state as
a surface 91 of the raw material plastic film 10. They are
placed on both the outermost layers of the plaﬁtlc £ilm
laminate with the surface of one plastic f£ilm facing tha rear

face of the other. Specifically, as shown in Fig. 2A, both

‘plastic filme 2 and 4 are placed with the surface 91 of the

plastic f£ilm 4 facing E rear face 92 of the plastic film 2.
Fig. 2B is a sectional view of Fig. 2A and parts identical with
those previously described with referenca to Fig. 2A are
denoted by the same reference numerals in Fig. 2B. 1In Pigs. 1,
22 and 2B, the metal elactric circuit is not shown.

If how to cut ocut two plastic films placed on both the
outafmbst layers of a plastic £ilm laminate from a raw material
plastic film is specified and how to place these two plastic
films is specified, the two plastic films can be matched
substantially in physical propartiea of thermal shrinkage
factor, coafficient of linear axpanaion, tensile modulusg, etc.
Resultantly, the deformation amounts of both the outermost
layers of the plastic film laminate forming a flexible printed
circuit can be balanced and if the metal electric circuit and
the plastic films differ in deformation nature, a curl is
auppreued._ Moreover, since the ﬂexib:l.lity and durability of
the metal elactric circuit and the plastic £ilms do not change,
those of the flaexible printed circult become sufficient.

In the conventional flaxible printed circuit, it was

- 14 -
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recognized that plastic films cut out from a bidirectionally
stratched raw material plastic film are the same in physical
properties of coefficlent of linear expansion, etc, Howevar,
the inventor et al, carried ocut a detailed analysia on the
physical properties of raw material plastic films and found out
that the former racognition is wrong. That 15,'accord;nq to
study of the inventoxr et al., the raw material plastic f£ilm
varies in physical properties of coefficient of 1linear
expansion, eto., from one part of the plastic film to another.
The possible reason is that stress imposed when the raw
material plastic £ilm is stretched varies depending on the part
of the raw material plastic f£ilm. The inventor et al.
furthermore examined the physical properties and found the faot
that the physical properties largely change in the transversea
direction of the raw material plastic film like a band, but
little ghahge in the machine direction of the raw material
plastic film. Based on this knowledge, thae inventor et al,
have daveloped the cutting methéd and the placement method as
describad above.

rurther, the matal alectrié circuit is8 speclified so as
to have a plastic deformation component of 0.0003 (mm/mm) or
more in the present invantion. This numeric valus is a
significant value found by the inventor et al. from the
ralationship with two plastic films used as both the outermost
layers of a plastic film laminate in addition to the

- flexibility and durability of a flexible printed circuit.
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Next, another technical philosophy of the invention
will be discussed.

To solve the problem of curl occurrence of flexible
printed circuits, the linventor 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
that curl occurrence is caused by the linear expansion
coefiicient diffsrence between plastic filma. If different
ﬁateriala are laminated, it can be easily imagined that warpage
(curl) occurs because they differ in coefficlent of linear
expansion. Normally, flexible printed circuits use plastic
filmes (for example, base and cover layer £iims) made of the
same material and therefore formerly it was considered that the
plastic f£ilms made of the same material do nét differ in
coafficlent of linear expansion. However, the inventor et al.
actually measured coefficients of lineax expangionin detail and
found that the plastic films of each flexible printed circuit
differ in coefficient of linear expansion. Nobodies in the
flexible printed circuit field found this knowledge until the
inventor et al, found it.

The inventor et al. continued 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 coafficient of linear
axpansion. That is, a predetermined bame point P is defined on

the film surface of the plastic £ilm and the coefficient of
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linear expansion :.'I.n angle 6 direction with respect to the axis
of the machine direction of plastic film stratch pasaing
through the base point P with the base point P as tha center is
measured. On the othar hand, a coordinate system with tha axis
of the machine diraection of plastic film stretch as a Y axig
and the axis of the transverse direction of plastic £ilm

stretch. ns-an X axis is prepared. In this coordinate system,

the intersection of tha X and ¥ 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 tha base point P, then the tip
point of this distance r is plotted in the measurement angle 0
direction with respact to the Y axis. It i{s plotted multiple
times by changing tha measuroment angle 6 and an analysis line
is drawn throughout 360-degree direét!.ons 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. 3 is
provided. In the figure, MD denotes the axis of the machine
direction of stretch (Y axis) and TD denotes the axis of the
transverse direction of stretch (X axis). Solid line arrow A
indicates the crystal orientation main axis of the plastic film
and dotted line arrow B indicates the crystal orientation
subaxis of the plastic f£ilm. Also, 0 is a linear expansion
coefficient measurement angle with reaspect to MD. r represents
the linear expansion coefficient magnitﬁdo as a distance from

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

-17 =
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is called polar coordinate plotting. As seen from the ellipse
provided by the polar coordinate plotting (see Fig, 3),
normally the crystal orientation main axis of the plastic film
(axrow A) becomes a direction inclined from the machine
direction of satretch (MD) and the coefficienta of linear
expansion also vary depending on the directioﬂ {(anisotropy)

because of anisotropy of the crystal orientation, Resultantly,

‘it is considered that the analysis line of the coef{iciants of

linear expansion of the bidirectionally stretched plastic £ilm
shows an ellipse. '

Next, as ghown in Fig. 4, when ellipses on coordinates
provided for two stretched plastic £films made of the same
mate?ial are overlapped so that they match in center point and
coordinate axes, it is seen that the two plastic films differ
in cry#tal orientation direction and coefficient of linear
expansion in parts (directions). Normally, a raw material f£ilm
is stretched in two directions, from which plastic films used
witﬁ & flexible printed circuit are cut out to a predétarmiﬁed
slize. Therefore, the reason why the plastic films made of the
same material differ in coefficient of lihear expansion may ba
that the stress imposed when the plastic film is stretched in
two directions varies from one part of.the plastic film to
another.

- The inventor et al. examined a method for contfolling
the  linear expansion characteristic difference between the

plastic films provided when ellipses created by polar

:This-Sheet Has Been Re‘;ilaced




10

1s

20

25

cooxdinate plotting are overlapped and suppressing curl
occurrence of flexible printed ecircuits. 1In 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 repeated various experiments based on the idea.
Resultantly, the invaentor 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 outermest 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 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 whare
the ellipsea do not overlap when they are overlapped (C) is set
equal to or less than 6.5 x 10°° [(1/°C) x (1/°C)], curl

ocourrence of the flexible printed circuit is also suppressed.

The point'to ba notaed is that only the two plastic
filme positioned on both the outermost layers, of laminated
plastic films making up the flexible printed circuit need to
satisfy at least one of the two conditions, Therefora, a
plastic film positioned on an intermediate layer need not be
considered.

Next, embodiments of the experiment results from which
the predetermined values were darivad.aré shown in graphs of

Figs. 5 and 6. 1In the experiments, the curl amounts wera
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measuraed by the above-described mathod and the coefficients of
linear eoxpansion were measured by TMA (thermal wmechanical
analyais). The maximum value of the linear expansion
coefficient difference (as) and the total area of portions
where ellipses do not overlap (C) were derived by a method
described later.

Tha graph of Pig. 5 representa the ralationship batwaeen

the ratio between the curl amount and length [curl degree (%)]

'and the maximum value of the linear expansion coafficient

difference (aas). As shown hera, it is seen that both indicate
a linear relationship and that the maximum value of the linear
expansion coefficient difference {ac) at which curl occurrence
is reliably suppressed (the curl degree is 5% or lesa) is 1.4
x 10 (1/°C).

On the other hand, the graph of Fig. 6 represents the
relationship between the ratio between the curl amount and
length {ourl degree (%)] and the total area of portions where
ellipses do not overlap (C). As shown here, it is seen that
both indicate a relationship like a guadratic curve and that
the total area of portions where ellipses do not overlap (C) at
which curl occurrence is reliably suppressed (the curl degree
is 5% or less) is 6.5 x 10°1° [(1/°C) x (1/°C)].
| The two indexes of the maximum value of the llnear

expansion coefficient difference (aa) and the total area of
portions where allipses do not overlap (C) c¢an and should be

usygd at the same time,
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Further, in the first aspect of the invention, it is
possible to prevent the curl occurrence more effectively by
adopting at least one of the maximum valuva of the lingar
expansion coefficient difference (aa) and the total area of
portions whare ellipses do not overlap (C) with respact to the
outermost two plastic films,

Furthermore, in the second and third aspect of the
inventions, two outermost plastic films are disposed in such a
manner that the surface of one plastic £ilm and the rear face
of anathér plastic £film are opposed each other. In this case,
it becomes possible to cut out plastic films for cover and base
layers from one material plastic f£film in such a manner that
they direct the same diraction. Thorefore, it becomes easy to

cut out the plastic films in the manufacturing staps of the

. flexible printed circuit. On the other hand, if the surfaces

of both one and another plastic film are opposed each other,
the plastic films have to be cut out from the symmetrical
positions in the transverse direction, so it is complicated to
cut out the plastic films. PFurther, when the surface of one
plaatib film and the rear face of another plastic £ilm are
opposed each other, the surface and rear face of the plastic
film differ plainly in surface (reoar face) state of wet
property, coarseness, etc, so that the surface and rear face of
the flexible printed circuit are distinguished completely each
other. Therefora, for example, it can be expagtad to improve

the treatment of the flexible printed circuit in the wiring

l|||||i
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process or the like.

EF_DESCRIPTION OF DRAW

In the accompanying druwlqgal

Fig. 1 is an illustration to show onv Embodiment of the
invention;

Figs. 2A and 2B are a perspective view and a sectional
view to show how to overlap two plastic films in the Embodiment
of the invention; |

Fig. 3 is a polar coordinate plotting chart
representing a linear expansion coefficient ellipse of a
bidirectionally stretched plaétie £film;

Fig. 4 is a polar coordinate plotting chart .of
overlapping two liﬁaar expansion coefficient ellipsas)

Fig. 5 is a graph to show the relationship betwsen the
maximum valua of linear expansion coefficient difference and
curl degree;

Fig. 6 is a graph to show the relationship between the
total area of portions where linear expansion coefficient
ellipases do not overlap and curi degree}

FPig. 7 ia a qraph to show 8-8 curves of material;

Fig. 8 is another graph to show 8§-8 cu:veu.of matexrialy

Fig. 9 is another graph to show S~8 curves of material;

Fig, 10 1a another graph to show B-§ curves of
matexrial;

Fig. 11 is a graph to show §-8 curves of two metal foil

- 22 -
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pleces; _

Pig. 12A ies a schematic drawing to show tha longast
length of a flexible printed circuit and PFig. 12B is an
illustration of curl amount msasurement of a flexible printed

circuit;
Fig. 13 is an illustration to show an embodiment of

flexiblility measurement of a flexible printed circuit}

Fig. 14A is a sectional view to show a state in which
an adhesive layer is formed on a base film and then copper foil
is placed on the adhesive layer, Fig. 14B is a sectional view
to show a state in which the copper foll is formed to electric
circuit, Fig. 14C is a sectional view to show a atate of
laminating plastic films for base and cover layeré, and Pig.
14D is a sectional view to show the structure of a flexible
printed circuit thus provided;

Fig. 15 i{s an illustration to show &an embodiment of a
heat press in the manufacturing method in Figs. 14A to 14D;

Fig. 16 is a sectional view to show an embodiment of a
flexible printed circuit;

Fig. 17A is a sectional view of a base layer plastic
film, Pig. 17B is a sectional view to show a state in which an
adhaesive layer is formed on the base layer plastic film, Fig.
17C is a sectional view to show a state in which a tension is
imposed when & metal thin film is formed on the adhesive layer,
Fig. 17D is a sectional view to show a state in which a tension

is imposed when the metal thin film is formed to metal elactric

- 23 -

This Sheet Has Been Rep laced

|




10

15

20

25

circuit, and Fig. 17E is a sectional view to show a state in
which a curl occurs in a laminate of the plastic film and metal
electric circuit:

Fig. 18 is an illustration to show a state of cutting
out plastic films from a raw material film in Embodiment of the
invention;

Fig. 19 is a graph to show S-S curves of a general
plastic £ilm;

Fig. 20 is a graph to show §-8 curves of a plastic film
used with Embodiment of the invention;

Fig. 21 is a graph to show 8-8 curves of copper foll
used with an embodiment of the invention; .

Fig. 22 ig an illustration to show a state of cutting
out plastic films from a raw material film in Comparison;

Flg. 23 is a polar coordinate plot chart of overlapping
two linear oxpansion coefficient ellipses in Embodiments of the
invention) |

Fig. 24 is a polar coordinate plot chart of overlapping
two lineaxr expansion coefficient ellipses in Camparisons:

Fig. 25 is a polar coordinate plet chart of overlapping
two linear expansion coefficient ellipses in Embodiments of the
invention; |

Fig. 26 ims a polar coordinate plot chart of overlapping
two lineaf expansion cogfficient ellipses in Camparisons;

Fig. 27 is a polar coorxdinate plot chart of overxlapping

three linear expansion coefficient ellipses in Embodiments of

- 24 -
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the invention;

Fig., 28 is a polar coordinate plot chart of overlapping
thrae linear expansion coafficient ellipses in Camparisons;

Fig. 29 is a sectional view to show a state of
manufacturing a flexible printed circult with three plastic
£ilm layers laminated; and

Fig. 30 is a sectional view to show the structurae of a
floxibla piinted circuit with three plastic film layers
laminated.

Next, the invention will be discussed specifically.

A flexible printed circuit of the invention compriges
two plastic films 2 and 4 laminated on each other as shown in
Fig. 16. The pléstic film 2 is a plastic £film for a covex
layer and the plastic film 4 is a plartic film for a base
layer.,. |

For example, a polyimida film, a polysther nitrila
film, & polyether 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
pelyethylene terephthalate £ilm, polyethylene naphthalate film
and polyimide film are preferrad totally considering heat
rosistance, dimension stability, elactric characteristics,
machanical strength characteristics, chemical reaistanca,

costs, ets. The plastic £ilm normally is 0.01 to 0.3 mm thick

- 25 -
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and preferably 0.025 to 0.125 mm thick. Hersupon, it 1is
preferable that the thickness of the two plastic films disposed
on the two outermost layers are same with each other to prevent
the curl occurence.

It is appropriate to stretch the bidirectionally
stretched plastic £ilm generally 1.5 to 15 times and preferably
2 to. 9 timea in a machine direction and 3 to 8 times in a
transverse direction.

As described above, the two plastic films 2 and 4 need
to satisfy at least one' of‘ the following three conditions that
the two plastic films 2 and 4 are cut out from a raw material
plastic film stretched in two directions by a specific
aforementioned manner, that when ellipses of coefficient of
linear expansion are overlapped, the maximum value of the
linear expansion coefficient difference (aa) 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)].
The measurement method of the coefficient of linear

expansion is a direct measurement method by TMA, and a

ultrasonic propagation valocity measurement method developed by

' the inventors of the present invention may be adopted. That

is, the tensile modulus and ultrasonic propagation velocity of
the plastic £ilm are closely related each other and the tansile
modulus may be an index of the coefficient of linear expansion.

Therefore, it may be possible to measure the coefficient of

- 286 =
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linear expansion of the predetermined part of the plastic f£ilm
according to the meagurement of the ultrasonic propaqat:l_.on
velocity by meane of SST (Sonic Sheat Testar; Nomura Shoii
Corporation). Particularly, the method using the ultrasonic
3 propagation velocities takes an extremely short measurement
time of about two minutes as compared with the TMA maethod, is
gubstantially at the same levael of measurement accuracy as the
TMA method, and has the advantage of no skill required., The
measurement temperature in SST measurement is about prefarably

10 23°ci2ec. |
The above-mantioned linear expansion coefficient
diffaerence (ax) can be derived as follows:s First, a linear
-expansiori coefficient ellipse for a plastic £film is created by
polar coordinate plotting according to the procedure described
15 above (see Fig. 3). The radius of the ellipse, r, can ba
represented as a function of linear expansion coefficlent
measurament angle 6 (rad), as in Expression (5) below. In

Expression (5“ ¢ denotes an eccentricity and is defined by

Bxpression (§) below. a is the long-axis radius of the ellipse
20 and becomes the maximum value of r (rmax). On the other hand,
b is the short-axis radius of the ellipse and becomes the

minimum value of r (rminj).

. v
25 £=r®)= 1~ E¥cos’e -
- 27 -
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a? - b?

§ = —5— ~6)

where a: long-axis radius of ellipse (maximum value of x;
rmax)

b: short-axis radius of ellipse (minimum value of =}
rmin) |

Assuming that the radiuses of ellipses for two plastic
films 2 and 4 poaitioned on both outermost layers are rl and
r2, the linear expansion coefficient difference (ax) can be
represented by the following expression (7):

Aot = A0(®) = |1,(0) = 1,® | (D

According to Expression (7), comparigon is made over 0
to 360 deqreés (0 to 2 nrad) with respect to the measurement
angie 6 and the maximum value is the maximum value (acmax) of
the linear expansion coefficient difference (aw) between the
two plastic films. The maximum value (aamax) can alao be
derived by using a computer programmed based on Expressions
(5), (6), and (7).

On the other hand, the total area (C) of portions whers
the ellipses do not overlap can be derived, for example,
according to cumulative expression (8), which is one of
approxlmata expressiona of Expraession (3) for defining the area
(C). Approximating of Expression (3) by other expressions is
not limited. '

cw “2"2 [Auc(nx.Ae) +2Auc{(n - 1) x A8} ]Aa ()

nal
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where m = (2rn/af)

The metal electric cirauit 3 is fo;.'med in the plastic
film 4 used as a base layerx. A metal such as copper, gold,
stainless steel, or aluminum or an alloy comprising Be, Ni, Co,
Ag, Pb, Cr, eto,, added to the metal can be usad as the above-
mentioned metal. The metals or alloys also include those
containing an inevitably mixed nonmetal element, such aa C or
0. 8ince a copper alloy (tough pitch copper comprising >99.9%
Cu, 0.0002 to 0.06% 0;, Ag, etc.,) is excellent in mechanical
characteristics of the strength, tensile modulus, etc.,
electrical chai‘acteristics of electric conductivity, etc.,
costs, etc., it preferably is used and generally is used.

In the invention, when a stress load is imposed until
strain becomes 0.002 (mm/mm), the metal electric circuit 3
needs to have a plastic deformation component of 0.0003 (mm/mm)
or more, as described earlier. The metal electric circuit
having such a physical property can be formed by appropriately
selecting the type of metal or alloy. When a stress load is
imposed until strain becomes 0.002 {mm/mm), the normal range of
the plastic deformation component is 0.0003 to 0.0015 and more
preferably 0.0004 to 0.0010.

Here, the plastic deformation component and flexibility
of metal electric circuit will be discussed by taking metal

foll as an embodiment.
Fig. 11 shows S~8 curves of metal foil A and metal foil

B, ﬁhich differ in plastic deformation componant. In thea
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figure, & is the plastic deformation component (plastic strain
amount) of the metal foil A when & stress load is imposed and
then removed, b is the plastic deformation componant (plastic
strailn amount) of the metal foil B whan a stress load is
imposed and then removad, and ¢ 1is the strain amount
(deformation amount) when a stress load is imposed on the metal
foil A, B. In the figure, the direction in which the strain
load is imposed (go way) is indicated by the solid line arrow
and the direction in which the strain load is removad (raturn
way) is indicated by the dotted line arrow. As shown in the
figure, when the metal foil A and metal foil B are compared in
the same strain amount (deformation amount), it is seen that
the smaller the plastic deformation amount, the smaller the
stregs generated from the metal foil. The stress generated
from the metal foil occurs as a reaction to the stress load
imposed on the metal foil for deformation; that it is small
means that the corresponding metal £foil is excellent in
£lexibility. 1In the figura, specifically, when tha strain
amount is B (um/mm), the stress of the metal foil A is o and
that of the metal foil B is B; the stress B is larger than the
stress o (f>a). The plastic deformation component a of the
metal foil A is larger than the plastic deformation component
b of the metal foll B. Therefore, the matal foll A having the
larger plastic deformation component is more excéllent in
flexibility than the metgl foil B having the smaller plastic

deformation component.
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Wa have diascussed the raelationship between the plastic
deformation component and flexibility by taking the metal foll
as an embodiment. If the metal foil is stuck on a plastic £ilm
to form electric circuit, tha above-mentioned relationship is
true, For example, if a metal thin film rather than the metal
foll is formed on a plastic film by an electric plating methed,
a sputtering method, or the like to foim electric circuit, the
above-mentioned relationship is also true.

For reference, S~8 curves of a general plaatic f£film are
shown in a graph of Fig. 1%, wherein the solid line arrow

indicates the direction of a stress increasing path (go way}

‘and the dotted line arrow indicates the direction of a stress

decreasing (removing) path (retuxrn way). As shown in the
figure, it is seen that the 8-8 curves of the plastié film are -
substantial lines and that when a stress load is imposed and
then removed, the plastic film is restored substantially to the
former length and has a plastic deformation component of
substantial 0. This means that in contrast to the matal
electric circuit, the plastic film has an extremely small
piaatic deformation componeht and its deformation becomas
substantially elastically deformed.

Next, the flaxibie printed circuit is manufacturaed as
sh&wn in_Figs. 14A to 14D using the aforementioned material.

Filrst, as shown in Fig. 14A, an adhesive layer 8 is
formed on the surface of the plastic film 4 for tha base layar,

for example, by applying an adhesive onto the plastic film 4,
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then drying or by stacking an adhesive applied onto a separator
on the plastic f£ilm 4, then removing the separator. Next, a
metal thin f£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 laminata. The metal thin film 3a can
also be formed by an eléctxoplating method or a sputtering
nethod, in which case it can be formed directly on the plastic
film 4 without forming the adhesive layer 8. As shown in Fig.
14B, 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 layex is
preparaed and an adhesive layer 8 is formed on the surface of
the plastic £film 2 in a similar manner to that described above.
1f the adhesive layer 8 is formed on the rear face of the
plastic film 4 for tha base layer, the adhesive layer 8 is
formed on the rear face of the plastic film 2 for the ocover
layer. And as shown in Fig. 14C, both tha plastic film 4 for
the base layer and the plastic 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 presaure after temporary crimping by
rolling and laminating. The laminating method and conditions
are determined appropriately by the types of plastic £films,

adhesives, etc.
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Fig, 15 shows an Qmpod_iment of the crimping method by
a2 heat press. In the tigﬁre,-;wo hoat plates 1la and 11b are
placed at upper and lower poaition; in a state in which they
face each other. The upper heat plate 1lla is coupled with a
support rod 1l2a and fixed. The lower heat plate 11b is coupled

with a drive section (not shown) via a support rod 12b and can

| move up and down. Plastic films 2 and 4 are placed betwaen the

upper and lower heat plates 1la and 11b in a atate in which an
adhesive layer 8 and metal electric circuit 3 faca.each other.
In this aﬁnte, the drive section is operated for moving the
lower heat plate 11b in the up direction indicated by the
arrow, whereby the plastic films 2 and 4 are crifnped and
laminated with the metal elactrie circuit 3 between them.

The flexible printed circuit as shown in Pigs. 14D or
16 can bes thus manufactured. Incidentally, there arises a
curling when the the metal electric circuit 3 iz formed on the
plastic film 4 for a base layer., However, in the present.
invention, the curling is suppressaed by laminating the plastic
film for a cover layer, so that the flexible printed eircuit
become plain. The pressure and temperature conditions common
to the orimping method and the xoll 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 invention as described above, the most basic

moethod is to measure the coefficients of linear expansion for

each plamtic film and execute polar coordinate plotting for
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creating a linear expansion cosfficlent ellipse to check
whether or not at least one ,of the condition of the maximum
value of the linear expansion coefficient diffarence and the
condition of the total area of portions where the ellipses do
not overlap is satisfied; but it lacks practicality. Then, to
solve this .prohlem, the inventor et al. have developed the
following method from knowledge obtained by examining the
linear expansion coefficient characteristics of raw material
plastic films:

In the raw material plastic film like a band, a2 region
satisfying at least one of the two conditions related to the
coefficients of linear expansion is previously éxamined and
cover and base layer plastic films 2 and 4 are cut out from the
reglon.

Fig. 18 shows an embodiment of linear expansion
coefficient characteristics in the width direction of a
bidirectionally stretched raw material plastic £ilm 5 like a
band. In the figure, the raw material plastiec film 5 is
divided into eight parts like band parallel with tha.mach.i.no
directi.bn (Mh diraction) tharaof and tha parts are reprasantad
by relative positiona (-4, -3, =2, =1, 1, 2, 3, and 4) with a
center line CI parallel with tha machina direction (MD
direction) as the reference. Linear oxpansion cosfficieént
ellipus are shown in the parts and cryst;l orientation main
axes are indicated by dotted line arrowa. MD denotes the

machine direction of stretch and TD denotes the transverse
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direction of stretch. As shown in Fig. 18,'aa the part of tha
raw material plastic £L1m $ daviates from tha center line CL,
its corresponding cryatal oriantation main axis shifts from thae
machine direction of stretch. In the figure, the parts near

the center line CL of the raw material plastic film (-3, -2, -

1, 1, 2, and 3) do not greatly differ in linear expansion

coafficiont difforence and satisfy at lsast one of the two
conditions as described above. Therefore, if the parts at
relative positions (-3) to (-1) are used as cover layer cut
parts and the parts at relative positiona (1) to (3) are used
as base layer cut parts and two plastic filmas cut out in the
range are combined and placed on both the cutermost layers with
the surface of ona plastic film facing the rear face of the
other for manufacturing a flexible printed circuit, ocurl
occurrence is suppressed. Fig. 18 showas a combination of a
cover layer plastic film cut out from relative position (-3)
and a base layer plastic film ocut out from relative position
(2).

Dividing of the raw material plastic £ilm is shown as
an embodiment; in fact, it is determined appropriately by the
slze, extension degree, etc., of the raw material plastic £ilm.
For exampla, 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
number of divisions becomes six to ten. Specifically, for
example, if the raw material plasti& £ilm is 2 m wide, it can
be divided into 10 parts (divisions) with the division width
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(band width) set to 200 mm. If the raw material plastic film
is 6 m wide, it can be divided into six parts (divisions) with
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 workability.

Therefore, the linear expansion coafficient ellipaes of
the parts of a raw material film are previously examined, the
linear expansion coefficient characteristics are grasped and
standardized, and the predetermined parts of the raw material
film which satiafies at least one of the two conditions above
are extracted. In doing so, the maximum value of the linear
expansion coefficient difference and the total area of poxtions
where the ellipses do not overlap can be set to predetermined
values or less without creating linear expansion coefficient
ellipses every time a plastic film is selacted. As a yresult,
the production efficiency of flexible printed circuits with
curl occurrence suppressad can be improved.

We have discussed the mhnufact:urlng mathod of the
flekible printed éircuit of the invention by taking those with
two plastic films laminated as embodiments. However, the
invention is not limited to them and can also be appliaed to
those with three or more plastic films laminated. As described
above, in this case, only two plastic films positioned on both
the outermost layers of plastic '_film laminates making up the
flexible printad circuit need satisfy the predetermined

- 3.6 -
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conditions of the invention, and the plastic £ilm positioned on
an intermediate layer need not to ba considarad.

The thickness of the flaxibla printad eircuit 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; for example, tha
flexible printed circuit is formed as shapes responsive to
various applications. The size of the flexible printed circuit
iz not limited elthér; for example, the flexible printed
circuit may have the ai)ove-mantionad longest length L (see Fig.
12A) in the range of 10 to 1000 mm and preferably in the z"nnge
of 30 to 600 mm.

#lexibility of the flexible printed circults according
to the invention. is determined based on its shape or uses. For
example, flexibility of the flexible printed circuits having
rectangular shape {band shapa) i¥ measured with a compression
tester as shown in Fig. 13, In the figura, 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 aﬁd down
in conjunction with a drive section (linear motor) 23 is .'
disposed so as to face thae lower side of the upper fixed plate
22, Pirst, a flexible printed circult 1 is placed betwseen 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

a loxig-s.i.cla direction. Next, the drive section 23 is actuated
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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
bent flexible printed circulit 1 is compfasaed 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 (9) shown below for

evaluation. 8Since the distance batween the upper fixed plate
52 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 ocalculated from the
distance. '

Repulsion force (g/cm) = repulsion force dataection
value (g)/length of short side (width) of flexible printed
circuit (em) ... (9)

The flexibility of the flexible printed circult thus
measured normally is in the range of repulsion lforce = 2 g/om
whan bend radius R = 5 mm to repulaion fo_rce = 600 g/cm whan
bend radius R = 15 mm and preferably in the range of repulsion
force = 4 g/cm when bend radius R = § mm to repulsion force =
400g/cm when bend radius R = 15 mm,

The £lexibility evaluation method is applied to
ract.angular flexible printed circuits, but can also ba applied
to flexible printed circuits of any other shape than a
rectangle. For example, for a flexible printed circuit shaped
like substantially V-shaped as ghown in Fig. 12A, a
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predetermined rectangle is previously cut out from the flexible
printaed circuit and the flexibility of this sample is evaluated
by the above-described method, then cutting tq the
predetermined subatantial shape may be performed. In this
case, if the shape and size of samples for measurement are
standardized, the flexibility can be evaluated objectively.
As wa have discuased, for the flexible printed circuit
of the invention, the physical properties of the metal elactric
circuit are spscified for providing flexibility and durability
and two plastic films placed on both the outermost layers of a
plastic film laminate are specified and their placement is also
specified, thereby matching both the outermost layers
substantially in physical properties for balancing their
deformation amounts. 1In doing so, even if the metal electric
circuit and the plastic films differ in deformation nature, a
curl of the flexible printed c¢ircuit is suppressed. Mc:eo#er,
flaxibility and durability of the metal electric clircuit and
the plastic films are not impaired, thus the flexible printad
circuit of the invention becomes a high-performance flexible
printed circuit comprising thres featurss of flexibility,
durability, and curl suppression. Théretora, 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 & printer. The flexible printed circuit of the
invention is high in accuracy of the shape; if it iz used to

mount or install electronic parts, tha electronic parts can be
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mounted with high accuracy even in automatic wmounting by a
machina. B

Next, embodimets“ will be discussed. togethar with
comparisons.
Embodiment 13

A polyethylene terephthalate £ilm 0.05 mm thick
(manufactured by TORAY) like a band stretched in two directions
of machine and transverse directlons was used as a raw material
plastic film., In the raw material plastic £film, one standard
line parallel with the machine direction of stretch was assumed
and two rectangle areas due to cut in a state in which they had
center points through which the standard line pasesed, and wero
aligned mutually in orientation were assumed to be on the
standard line. Rectangular plastic films each having a size of
100 x 200 mm (film-A and £film-B) were cut out from the two
areas due to cut (see Fig. 1). S-8 curve of film-A is shown in
a graph of Fig. 20. The 8-8 curve is provided by imposing a
stréas load until strain amount 0.002 (mm/mm) for measurement
conforming to ASTM D~882-83. As seen in the figure, film-A has
little plastic deformation component and becomes substantially
elastically deformed. For film-B, S-5 curve was created in a
gimilar manner and was the same as that for £ilm-B.

Eor the two films of film-A and film-B, the maximum
value of the linear expansion coefficient difference and the
total area of portions whera ellipses do not overlap with the

surface of f£ilm-A facing the rear face of film-B wore measured
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by a method deascribed la_t'ex. As a result, the maximum value of
the linear expansion coé‘ffidierit difference was 0,2 xll_o"
{1/°C) and the total area of portions wher the ellipses do not
overlap was 2.1 x 10°1° [(1/°C) x (1/°C)].

Next, a polyester system thermosetting adhesive was
prepared and a flexible printed circuit was manufactured
acgording to the above-described mathod (see Fig. 14). That
is, first the adhesive was applied to the surface of film-A
(for a base layer), then dried, forming an adhesive layer 0.03
mm thick. Nexat, copper foil (touch pitch copper 0.035 mm
thick, BHY-02-T, manufactured by Nihon Kougyou) was placed on
the adhesive layer. 8-8 curve of the copper foil is shown in
a graph of Fig. 21. The S-S5 curve is provided by imposing a
stress load until strain amount 0.002 (mm/mm) for measurement
conforming to ASTM D-882-83. As seen in the figure, the copper
foil has a plastic deformation component of 0.0005 (mm/nm),
which is the predetermined value of the invention or more. The
film-A and the copper foll were joined by a laminate roll whose
surface was sat to 120°C, and were pressurized and heated
(conditions: 110°C x 2 h x 10 kqldm’) and bonded. The copper
foil was treated by a subtractive method to form electric
circuit in a predetermined circuit pattern. A curl occurred
when the electric circuit was formed, On the other hand, an
adhesive layer 0.03 mm thick was formed on the rear face of
film-B as for film-A. Both film-A and film-B were crimped
under conditiona 150°C x 1 h x 30 kg/cm? and laminated by a
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heat press (see Fig. 15) with the surface of film-A facing the
rear face of film-B. |

For the flexible printed circult thus provided, an
attempt was made to measure the curl amount h by the above-
mentioned method, but curl cccurrence cannot be recognized and

cannot be measured. That is, the curl occurring in the

 formation of the metal electric circuit was ramoved by forming

the cover layer and the flexbile printed cirouit became a flat
shape. Flexibility and durability of the flexible printed
circuit were also examined. The flexibility was measured by
the above-mentioned method (Fig. 13). As a result, when bend
radius R = 5 mm, repulsion force was 26 g/cm. On the other
hand, as evaluation of the durability, Cycles to Failure
conforming to Flexural Fatigﬁa and Ductility, Flexible Printed
Wiring defined in IPC-FC-250A were found with mandrel diameter
0.125'’ (3.2 mm). As a result, Cycles to Failure were B820. '
Comparison l:

‘The same polyethylene terephthalate £ilm 0.05 mm thick
like a band as in Embodiment 1 was used as a raw material
plastic £film. As shown in Fig. 22, in the raw material plastic
film, two rectangle aresas due to cut arranged in the width
direction of the raw material plastic film were assumed, from
which rectangle plastic £films each having a size of 100 x 200
m (£ilm-C and £ilm-D) were cut out. For tha two films of
£ilm-C and film-D, tha maximum. valua of tha linear aexpansion

coefficient difference and the total area of portions where
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ellipses do not overlap with the surfaca of film«C facing the
rear face of film-D were measured by a method described later.
As a result, the maximum value of the linear expansion
coafficient difference was 1.8 x 10 (1/°C) and the total arsa
of portions where the ellipses do not overlap was 7.4 x 10°1°
[(17°C) x (1/°C)].

The film-C (for a basae layer) and film-D (for a cover
layer) were used to manufacture a flexible printed circuit as
in Embodiment 1.

For this flexible printed circuit thus provided, curl
occurrence, flexibility, and durabllity were examined as in
Embodiment 1. As a result, for the flexibility, when bend
radius R = 5mm, repulsion force was 27 g/cm, and for the
durability, Cycles to Failure were 820; the values were
substantially the same as those in Embodiment 1. ilowever, for
the curl oeccurrence, a curl occurring in the electric aircuit
formation remained still after the cover layer formation; the
curl amount h was 19 mm and the curl degrea was 9.5%.
Embodiment 2:

A flexible printed ecircuit was manufactured in the same
manner as in Embodiment 1 except that copper foil having a.
plastic deformation component of 0.0003 (mm/mm) when a stress
load was imposed until strain amount 0.002 (mm/mm) was used.

For the flexible printed circuit, curl occurrence,
flaxibility, and durability were examined as in Embodiment 1.

As a result, although an attempt was made to measure the curl
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amount h, as in Embodiment 1, curl occurrenca cannot be
recognized and cannot be 'mea'sure_d. That is, the curl occurring
in the formation of the metal electric circuit was removed by
forming the cover layer and the flexible printed circuit became
a flat shapa, For the flexibility, when bend radiua R = 5 mm,
repulsion force was 29.5 g/cm, which was a sufficient value.
Cyclea to Failure (durability) were 760, substantially the asame
degree as _ in Embodiment 1.
Embodiment 31

A polyethylene teraphthalate £{lm 0.05 mm thick
(manufactured by TORAY) like a band stretched in two directions
of machine and transverse directions was used as a raw material
plastic £ilm, from which plastic films (film-1 and film-2) each
having a size of 100 x 200 mm were cut out. Coefficients of
linear expansion film«l and film-2 wers measured by the above-
described TMA method with the surface of £ilm~1 facing the rear
face of £film-2 and linocar expansion coefficlent ellipses were
¢reated by polar coordinate plotting and were overlapped.
These overlapped ellipses are shown in a graph of Fig. 23.
From this graph, the maximum value of the linear expanaion
6oe££icient difference between film-1 and £ilm 2 was calculated
by using a control computer attached to TMA programmed based on
Expressions (4), (5), and (6) described above. The rasﬁlt was
0.53 x 10 (1/°C), which was egual to or less than the
predetermined value. The lineaxr expansion .coafficiant

measurement by TMA was executed to exclude the effect of
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hygrooooplia onpanocion ao followoss Tho plastio £ilme wore laft
standing for 60 minutes at 150°C for drying, then while the
plastic £ilms were cooled from 150°C to 30°C, the plastic film
length and temperature were measured simultaneously and
congecutively, and coafficients of linear expansion were found
bagad on Expression (2) for ragions of Tg or lass.

Next, film-1 (for a base layer) and £ilm-2 (for a cover
layer) were used to manufacture a flexible printed circuit with
the surface of film-1 facing the rear face of film-2 as in
Embodiment 1. At this time, metal electric circuit was formed
using the same adhesive and menufagturing method as in
Embodiment 1 for the same copper foil as in Embodiment 1. Por
the flexible printed clrcuit, curl occurrence, fléxihility, and
durabjility were examined as in Embodiment 1. As a result, the
curl amount h was 3.9 mm and the curl degree was 2.0%; curl
ooourrence was suppressed. For the flexibility, when bend
radius R = 5mm, repulsion forca was 27 g/em, and for the
durability, Cycles to Failure were 830; the values were
substantially the same as those in Embodiment 1.

Comparison 21

A nav plastic film (£film-3) having a size of 100 x 200
mm was cut out from the polyethylene terephthalate film used
with Embodiment 3. On the other hand, the same film-1 as in
Embodiment 3 was prepared. Linear expansion coefficient
ellipses were created and overlapped as in Embodiment 1. These

overlapped ellipses are shown in a graph of Fig. 24. From this
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graph, the mazximum value of the linear expansion coefficient
difference between film-1 and £film-3 was calculated. The
result was 1.77 x 10-® (1/°C), which exceeded the predetermined
value. |

Film-1 and film-3 were used to manufacture a flexible

printed circuit with the surface of film-1 facing the rear face

of £ilm-3 as in Embodiment 1. At this time, metal electric
circuit was formed using the same adhesive and manufacturing
method as in Embodiment 1 for the same copper folil as in
Embodiment 1. For the flexible printed circuit, flakibility
and durability were examined as in Embodiment 1. As a result,
for the flexibility, when bend radius R = Smm, repulsion force
was 27.5 g/om, and for the durability, Cycles to Fallure were
800; the values were substantially the same as those in
Embodiment 1. However, as a result of measuring the curl
amount h of the flexible printed circuit as in Embodiment 1,
the curl amount h was 13.5 mm and the curl degree was 6.8%; a
ouzrl ocourred. |
Embodiment 4:

A polyimide £film 0.125 mm thick (manufactured by TORAY
Dupont) like a band stretched in two directions of machine and
transverse directions was used as a raw material film, from
which plastic films (£i1m-4 and £ilm-5) each having a size of
200 x 360 mm were cut out. Coefficlents of linecar expansion
were mﬁaured by the above-described TMA method with the

gurface of film-4 facing the rear face of film-5 as in
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Embodiment 3 and linear expansion coefficient ellipses were
created by polar coord'inata plotting and | were overlappad.
These ovaerlapped ellipses are shown in a graph of Fig. 25,
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 10" [(1/°C)
x (.1/"0”, which was equal to or less than the predetermined
value. The area was calculated by using a control computer
attached to a TMA measuring instrument programmed based on
cumulative expression (8) described above by setting m=720 and
40=(2n/720)40.00873 (rad).

Next, film-4 (for a base layer) and £ilm-5 (for a cover
layer) were used to manufacture a flexible printed clrouit with
the surface of f£ilm-4 facing the rear face of film-5 as in
Embodiment 1, At thim tima, metal elactric circuit was formed
using the same adhesive and manufacturing method as in
Embodiment 1'£or the same copper foil as in Embodiment 1. The
curl amount h of the flexible printed circuit was measured as
in Embodiment 1. As a result, the curl amount h was 8.3 mm and
the curl degree was 2.3%; curl occurrence was suppressed. As
a rosult of examining the £lexibility of the flexible printed
circuit as in Embodiment 1, when bend radius R = 5mm, repulsion
force was 160 g/cm. To evaluate the durability of the flexible
printed circuit, Cycles to Failure conforming to Flexural
Fatiguo Test defined in IPC-FC-~240C were found with curvature
radius 5 mm. As a result, Cycles to Failure were 9 x 10¢.

Comparison 3:

- 47 -

Sheet Has Been RTlaced '




10

15

20

25

A new plastic film (£i1m-6) having a size of 200 x 360
mm was cut out from the polyimide film used with Embodiment 4,
On the other hand, the same film-4 as in Embodiment 4 was
praparaed. Linear expansion coafficient ellipses wers created
and overlapped with the surface of film-4 facing the rear face
of £film-6 as in Embodiment 4. These overlapped ellipses are
shown in a graph of Fig, 26, Based on this graph, the total
area of portions where the linear expansion coaefficient
ellipses of film-4 and film-6 do not overlap was calculated as
in Embodiment 4. The result was 7,71 x 10°% [{1/°C) x (1/°C)],
which exceeded the predetermined value. _

Noxt, Film~4 (for a base layer) and film-6 (for a cover
layer) were used to manufacture a flexible printed circuit with
the surface of film-4 facing the rear face of film-6 as in
Embodiment 4. At this time, metal electric circuit was formed
using the same adhesive and manufacturing method as in

Embodiment 1 for the same copper foll as in Embodiment 1. The
curl amount h of the flexible printed circuit was measured as
in Embodiment 1. As a result, the curl amount h was 23,2 sm’
and the curl degree was 7.0%; a curl occurred. The flexibility
and durability of the flexible printed circuit were examined as
in Embodiment 4. As a result, for the flexibility, when bend
radius - R - Smm, repulsion force was 166 g/cm. For the
durability, Cycles to Falilure were found with curvature radlua'
5 mm; as a result, Cycles to Failure wera 8.3 x 10°%,

Embodiment 53
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A polyethylene terephthalate £ilm 0.125 mm <thick
stretchad in two directions of machine and tranaverse
directions (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 bidirectionally
stretched polyethylene terephthalate £ilm 0.250 mm thigk
(manufacturad by TORAY) was used a raw material film, from
which a plastic film (£ilm-10) having a size of 200 x 360 mm

was cut out. Three linear expansion coefficient ellipses were

 created and overlapped with the surface of film-7 facing the

roar face of film-8 as in Embodiment 3. ‘These overlapped
ellipses are shown in a graph of Fig. 27, From thias graph, the
maximum values of the linear expansion coefficient differences
among film-7, £film-8, and £ilm-10 were calculated as in
Embodiment 3. As a result, the maximum value of the linear
axpnhsion coefficient difference between £ilm-7 and f£ilm-6 was
0.54 x 103 (1/°C); that between film-7 and film-10 was 4.49 x
10" (1/°C); and that between ﬂ.lm-B and £ilm-10 was 3.94 x 103
(1/°C).

Next, ¢£ilm-7, £ilm-B, and £ilm-10 were used to
manufacture a flexible printed ecirxcuit. That is, first, as
shown in Fig. 29, a polyestar family thormosstting adhesive
shaped likae a shaet 0.05 mm thick was prepared and temporarily
crimped on the surface of f£ilm-7 énd the rear face of film-8
with a roll to form adhesive layexrs 8. Copper electric cirocuit '

3 0,035 mm thick was formed on each of thae adhesive layers by
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the subtractive method as in Embodiment 1. Also, a polyester
family thermosatting adhasive like a sheaet was usad to form an
adhesive layer B on the surface and rear face of film-10, as
described above. As shown in Fig. 29, film-7, {ilm-8, and
film=-10 werxe tempofarily crimped by the roll laminate method
with the surface of film-7 facing the rear face of film-8 with
£ilm-10 between, then cured in an autoclave {conditions: 110°C
x 2 h x 10 kg/em?) for manufacturing a flexibla printed circuit
of a 3-filmelayer structure as shown in Fig. 30. Parts
identical with those previously described with reference to
Fig. 29 are denoted by the same raference numerals in Fig. 30.
Positioned on both the outermost layera of the plastic film
laminate in the flexible printed circuit are £ilm-7 and £i1lm-8.
As described above, the maximum value of the linear expansion
cosfficient difference between film-7 and film-8 is 0.54 x 10-3
(1/°C), which is equal to or less than the predetermined value
of the invention. _

For the flexible printed circuit of the 3-film-layer
structure, the curl amount h was measured as in Embodiment 1.
As a result, the curl amount h waé 5.0 mm and the curl degree
was 1.4%; curl occurrence was suppressed. As a result of
examining the flexibility of the flexible printed circuit as in
Embodiment. 1, when bend radius R = 15mm, repulsion force was
360 g/om. |
Comparison 4:

A new plastic film (£ilm-9) having a size of 200 x 360
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mm was cut out from the polyethylene teraephthalate film 0.125
mm thick used with Embodiment 5. On tha other hand, the sama
film-7 and £film-10 aa in Embodiment 5 were prepared. Threo .
linear expansion coefficient ellipses were craated and

overlapped as in Embodiment 5. These overlapped ellipses are

- shown in a graph of Fig 28. From this graph, the maximum

valuas of the linear expansion coefficlent differences among
£film-7, £film-9, and £film-10 were calculated as in Embddimant 1.
As a result, the maximum value of the linear expansion
coefficient difference betwean film-7 and £ilm-9 was 1.66 x 10
(1/°C) and that between f£ilm-9 and film-10 was 4,17 x 10
{1/°C). As described earlier, the maximum value of the linear
expansion coefficient difference beﬁwean film-7 and £ilm-10 ia
4.49 x 109 (1/°c). |

Next, film-7, film-9, and £film-10 were umed to
manufacture a flexible printed circuit in the same mannar to
that in Embodiment 5. except that film-2 was used in place of
£ilm=8, For the Ilexible printed circuit, the curl amount h
was moasured as in Embodiment 1. As & result, the curl amount
h was 18.9 mm and the curl deqrée was 5.3%; a curl occurred.
As a reesult of examining the flexibility of the flexible
printed circuit as in Embodiment 1, when bend radius R = 15mm,
repulsion force was 370 g/cm.
Embodiment 63

A raw material plastic film made of polyethylene
terephthalate 0.05 mm thick and 4 m wide stretched in two
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directions of machine and transverse direct%ons wan prepared.
It was divided into eight parts like bands (each 500 mm wide)
parallel with the length direction (machine direction of
stretch) of the plastic f£ilm, as shown in Pig. 18. In the raw
material plastic £ilm, the coefficients of linear expanaion of
the parts (divisions) were measured as in Embodiment 3, and
combinations of the relative positions were considered. The
condition that the maximuws value of the linsar expansion
coefficient differenca is 1.4 x 10 (1/°C) or less was
satisfied in the range of relative positions (-3) to (3), As
shown in Pig. 18, a cover layer plastic film (film 11) having

. & size of B0 x 200 mm was cut cut from the relative position (-

3) and a base layer plastic film (film 12) having a size of 80
x 200 mm was cut out from the relative position (2). For tiim-
11 and film 12, the linear expanaion coefficient differences
were measured with the rear face of film=1ll facing the surface
of film-12, The maximam valné of the linear expansion
coefficient difference was 1.1 x 107% (1/°C),

As in Embodiment 3, f£ilm-11 and film-12 were used to
manufacture a flexible printed circuit with the rear face of
film=11 facing the ;urfaca of £ilm-12. The curl amount h of
the flexible printed tircuit was measured as in Embodiment 1.
A8 a result, the curl amount h was 7.6 mm and the curl degree
was 3.8%; curl occurrence was suppressed. The flexibility and

durabllity of the flexible printed circuit were examined as in

Embodiment 1. As a result, for the flexibility, when bend
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radius R = 5mm, xepulsion force was 27 g/cm. For the
durability, Cycles to Pailure wara 810, subsiantially the sama
degree as in Embodiment 1. |

It is to be undaratood that the foregoing deacrlption
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
invention also can be applied to an ordinary composite sheet
not only to the flexible printed circuit. The composite shaeet
according to the present invention may be also applied to IC
card, credit card or the like.
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HHAT IS CLAIMED IS¢

1. A composite shoat cdmprisinqs

a first reasin film;

a second resin film laminated on the first resin film
8o that a surface of the first resin film faces a rear face of
the second resin film; and

a metal slectric circuit formed beatween the first and
second resin films, the matal elactric circuit having a plastic
deformation component of 0.0003 (mm/mm) or more when a stress
load is imposed until strain becomes 0.002 (mm/mm) assuming
that the plastic strain occurring when the stress load is
imposed and removed is the plastic deformation component;

wherein the first and second resin films ara cut out
from two areas due to cut, having substantially the same shape
each other, the two areas are aligned mutually in orientation,
an arbitrary point of one of the two areas due to cut and a
point of the othar corrasponding to that point are both on an
arbitrary standard 11n§ parallel with a machine direction of
gtretch on a material plastic f£film stretched in two directions
with 2 machine direction as a longitudinal direction of stretch

and a transvaerse direction as a lateral direction of stratch.

2. The composite sheet according to claim 1, wherein

the composite sheet is a flexible printed circuit.
3. The cﬁmposite sheet according to claim 1, wherein
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one or more other resin films ara sandwiched between tha first

and second resin f£film.

4. The compoeite sheet according to e¢laim 1, wherein
the first and second resin film are laminated via an adhesive

layer.

5. The composite shaat according to claim 1, wharein
the plastic deformation componant of the matal electric clrcuit
is 0.0003 to 0.0015 {mm/mm) when a stress load is imposed until

straln becomes 0.002 {mm/mm).

6. The composite sheet according to claim 1, whexein
the plastic deformation component of the metal electric circuit
is 0.0004 to 0.0010 {mm/mm) when a stress load is imposed until

strain becomes 0.002 (mm/mm).

7. A composite sheet comprising:

a first resin film; |

a second resin film laminatad on the first resin £ilm
go that a surface of the first resin £ilm faces a rear face of
the second resin film} and

a metal electric circuit formed between the first and
gecond resin £films, the metal electric circuit having a plastic
deformation componant of 0.0003 (mm/mm) ox moxre when a stress

load is impomed until strain becomes 0.002 (mm/mm) assuming
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that the plaatic strain occurring when the stress load is
imposéd and removed is the plastic deformation component;

wherein two ellipses of coefficient of linear expansion
are created on coordinates in corresponding parts of tha first
and second resin filma by the following method:

comprising the steps of: defining a predetermined base
point P on the raesin film; measuring a coefficient of linear
expansion at a position separatae from an arbitrary axis in
angle 0 direction on the first and s_econd resin films, the
arbitrary axis being selected on the first and second resin
films s0 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 arbitraxy 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
coafficient measurament and magnitude of a linear expanaion
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 analyais line throughout 360-degree diractions
with the base point P as the center so as to pass through
average points of the plotted points for creating the ellipaes

and the two ellipse are overlapped so as to match in

the center point and coordinate axes X and ¥, and the following
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relationship is satisfieds the maximum value of a linear
expansion coefficient difference between the two resin films is

equal to or less than a predeterminad value.

B. The composite sheet according to claim 7, wherein

the predatermined value is 1.4 x 10°% (1/°C).

9. The composite sBheet according to claim 7, wherein

the composite sheet is a flexible printed circuit.

10. The compoaite sheet according to claim 7, wherein
one or more other resin £films are sandwiched between the first

and second resin film,

11. The composite sheet according to claim 7, wherein

the first and second resin film are laminated via an adhesive

layer.

12, The composite sheet according to claim 7, wherain
the plastic deformation component of the metal electric circuit
is 0.0003 to 0.0015 (mm/mm) when a stress load is imposed until
strain becomes 0.002 (mm/mm).

13. The composite sheet according to claim 7, wherein
the plastic deformation component of the metal electric cirouit

is 0.0004 to 0,0010 (mm/mm)} when a stress load is imposed until
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strain becomes 0.002 (mm/mm).

14. The composite sheet according to claim 7, wherein
the arbitrary axis ia settled on a machine direction of £ilm
stretch, so that the Y axie is settled on the machine direction
and the X axis is settled on a transverse direction of film

stretch,

15. A ebmposita sheet comprising:

a first resin £ilm; and

a second resin f£ilm laminated on the first reain f£ilm
so that a surfaca of tha first resin film faces a rear face of
the second resin film; and

a metal electric circuit formed betwean the first and
socond resin filma, the metal electric c¢ircuit having a plastic
deformation component of 0.0003 (mm/mm) or more when a stress
load is imposad until strain becomes 0.002 (mm/mm) assuming
that the plastic etrain occurring when the stress load i=s
imposed and removed is the plastic deformation componentj

wherein two ellipses of coefficient of linear expansion
are created on coordinates in corresponding parts of the first
and second resin films by the following method:

comprising the steps of: defining a predetermined base
point P on thea resin film; measuring a coefficient of linear
expanaion at a position separate from an arbitrary axis in

angle 0 diraction on the first and second resin films, the
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arbitrary axis being selected on the first and second raesin
films so as to pass through the base point P with the base
point P as a center and diract an arbitrary direction;
preparing a coordinate system with the arbitrary axis aa a ¥
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 expanaion
coefficient measurement and magnitude of a 1inear 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 8,
and drawing an analysis line throughout 360-deqree-dixection§
with the base point P as the center so as to pass through
average points of the plotted points for creating the ellipae:

and the two ellipse are overlapped so as to match in
the center point and coordinata axes X and ¥, and the following
relationship is satisfied: the total area of portions where the
ellipses do not overlap is equal tc or less than a

predetoarmined value.

16. The composite sheet according to claim 15, wherein
the predetermined valua is 6.5 x 107 [(1/°C) x (1/°C)].

17. The composite 5heet according to claim 15, wherein

the compomite sheet is a flexible printed circuit.
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18. The composite ahéet according to claim 15, wherein
one or more other rasin £ilms are sandwiched between the first

and sacond resin film.

19. The composite sheet according to claim 15, wherein
the first and second resin film are laminated via an adhesive

layear.

20. The 'composit:e sheet according to ¢laim 15, wherein
the plastic deformation component of the metal electric circuit
is 0.0003 to 0.0015 (mm/mm) when a stress load ia imposed until

strain becomes 0.002 (mm/mm).

21. The vomposite sheet according to claim 15, wherein
the plastic deformation component of the metal electric ¢ircuit
is 0,0004 to 0.0010 {mm/mm) when a2 stress load is imposed until

strain becomes 0.002 (mm/mm}.

22. The composite sheet according to ¢laim 15, wherein
the arbitrary axis is settled on a machina'direction of film
stretch, so that the Y axia is settled on the machine d.irection
and the X axis is settled on a transverse direction of £ilm

gtratch.
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