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PLEXIBLE PRINTED CIRCUIT

BACKGRQUND QP 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'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 machineiﬂbtc., with which the
flexible printed circuit is used. For exampla, a flexibla
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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used in fields of electronics, etc. Figs. 14A to 14D show an 10

enbodi nent of the flexible printed circuit. A flexible printed

circuit conprises a predeterm ned netal electric circuit 3 forned on a
plastic film4 (for a base layer) and a plastic film2 (for a cover
| ayer) simlar to the plastic film4 furthernrnore forned on the netal
electic circuit 3. Generally, 15 to formthe plastic filns, a nmateri al
filmis stretched in two directions of machine and transverse

directions td¥ee astius, £lexiblet prihted eVichiDuR Wsede! &t Nigish Size
fromthe stretched film The machi ne and transverse directions nean

| ongi t udi nal cperatingapliates ceguider sulfigiends flaxibil ity andidwmbility.
An analysis on the physiéal property of metal electric
circuit is carried out for the requirements, because, of main
5 componants of £lexible .printad clrcuits, 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

10 plastic deformation is improved to provide flexibility.
However, a flexible printed circuit formed with a metal
electric circuit improved in the plastic deformation nature
involves a problem of occurrence of warpage called a curl, As
described above, the flexible printed circult has plaatic £ilmas
15 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
20 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,
25 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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20 After electronic parts such as sem conductor devices
are nounted on a flexible printed circuit, the flexible printed

circuit is installed in an electronic nmachine, etc., it nmay be bent
depending on the electronic machine, etc., with which the flexible
printed circuit is used. For exanple, a flexible 25 printed circuit

used to wire a print head (operating part) and a not her board (fixed

part) in a printer is bent as the printer
2 . 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
H 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
10 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,
15 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,

20 a harmful influence happens.

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

According to a first aspect of the invention, thexe is
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oper at es. Thus, flexible printed circuits wused at such

operating places require sufficient flexibility and durability. An
anal ysis on the physical property of netal electric circuit is
carried out for the requirenents, because, of main 5 conponents of
flexible printed circuits, plastic filns originally have
flexibility and netal electric circuits of other nmmin conponents
cause a problem Speci fically, def ormati ons of netal electric

circuit incpwovided ascomposite shdat mempsriedngtan Shusti cedbhofiims ok, and
fl'exi bi 11t ysecond resin’t{Ya asidated pRokhs: ELERY Femirt HL0M £O7 EhAb A th
a netal surface of the first resin film facas'a.reur face of the second
resin film; and a metal elsctric circuit férmad betwaen the
5 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)
10 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
15 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
20 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
25 - deformation component of 0.0003 (mm/mm)} or more when a atress

load is imposed until strain becomes ¢.002 (mm/mm) assuming

- 4§ -

e

This Sheet Has Been Replaced '

[




4 v

electric circuit inproved in the plastic deformation nature I nvol ves

a problem of occurrence of warpage called a curl. As descri bed above,
the flexible printed circuit has plastic films 15 as nmai n conponents
other than the netal electric circuit; the - plastic filns have
flexibility, but little plastic deformation nature as conpared with
the nmetal electric circuit. That is, in the flexible printed circuit

i mproved in flexibility, the plastic filns easily becone elastically
deformed, whihee!kRa Plasere! deMiactddduzibglivndifStny RECORES 180@sis"2! Y
def or nmed. Bondi ng of two types of nenbérs having such nature

contrary to imposedaahdotdemovedsuls stha qidastienadefrnmtdon tbcﬁluﬁd}ﬁnta
flexible wherain two ellipses of coefficient of linear expansion are
created on coordinates in corresponding parts of the first and

L sacond resin films by the following method: comprising the
steps of: defining a predetermined base point P on the resin
film; maasuring 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

10 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

15 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

20 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

25 to match in the center point and coordinate axes 2 aﬁd Y, and

the followinq relationship is satigfied: the maximum value of
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printed circuit. This point will be discussed al ong the flexible
printed circuit manufacturing process. For exanple, 25 as shown in Figs.

17A and 17B, an adhesive layer 8 is formed on a base |l ayer plastic
film4 and copper foil 3a is placed on the
3 adhesive |ayer 8. Tension is applied in the filmface

direction as indicated by arrows in two steps of heating and

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
5 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
10 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
component; wherein two ellipses of coefficlent of linear
expnnéion are created.on coordinatas in corresponding paxts of

15 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
20 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
25 coordinate systam; defining an intersection of the X and Y axes

a8 the base point P in the linear expnnéion coefficient
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pressurizing such as |lam nate treatnment as shown in Fig. 17C and
cooling to the room tenperature after heating and 5 pressuri zi ng,

then etching the copper foil 3a by a subtractive nmet hod, etc., to
formmetal electric circuit: as shown in Fig. 17D. Wen the tension
I's renoved, the plastic film4 is restored to the former |ength
(elastic deformation), but the metal electric circuit 3 holds the

extension state (plastic 10 deformation). As a result, as shown in Fig.
17E, the fl exibddifrement &rid Nhaghitivdalidf war pinear i éxpansior coeffixisnt
causing a curl to occur. Normally, after formation of the netal
electric  measuremsnt Nalue astdistande iz fxom ths, hage Raint &.cdhan
clreuit to f(p?]r.tr)ntgixfgo Vale¥1{:a1¥§{ﬁt %\ée@héfdfs%ar}wae i't &R éhse tm%‘ég{]xrement. angle
@ direction with respect to the Y axis, plotting 1t multiple
5 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
10 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
15 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 tha transverse dire¢tion of plastic film atretqh ag an
20 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

25 tonsion. To normalize the material siza, the deformation

amount is represented by strain ¢. This strain e is the ratio
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15 the curl remains. Such a flexible printed circuit with a

curl occurring I nvol ves a problemin shape accuracy and when

sem conduct or devices are nounted on the flexible printed circuit or
t he flexible printed circuit is installed in an el ectronic machine,
20 a harnful influence happens. SUWARY OF THE
| NVENTI ON It is therefore an object of the invention to
provi de a flexible printed circuit having sufficient flexibility and

25 durabilitys Weh@ Cifidrddwed ! SHGENEUBE’ 8¢ Imaterial length AGKEX dithd to
a first aspect of the invention, there is
material is deformed (length under stress load) to the original
length and definition expression (1) of the strain g is as
followas
5 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}

10 curve chart. Embodiments of 8-8 curves of metal foll are shown
in graphs 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

15 figures, the direction of the 8-8 curve provided by gradually
imposing the atrésa (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.

20 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

23 direction) and that of the stress removal (dotted line arrow

dirsction) substantially overlap and when the stress becomesa 0,
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4 provi ded a conposite sheet conprising: a first resin film a
second resin filmlanm nated on the first resin_fiLn1so that a surface
of the first resin filmfaces a rear face of the second resin film
and a netal electric circuit forned between the 5 first and second resin
films, the netal electric circuit having a plastic deformation
conponent of 0.0003 (md mm) or nore when

the strain also becomes (. In this case, only an elastic
deformation 18 observed in the metal .toll. The 1line
inclination is responsive to the tensile modulus of the metal
foil.
5 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 ihe 8~-8 curves largely differ. “That is, when
stress load is imposed (go way), a line is drawn in a smalle
10 stress region, but a line is lost and a curve 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
-tenslile modulus of the metal foil, as described above. As
15 shownlin 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
20 impoéed 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. *
25 | In the invention, the coefficient of linear expansion

a is derived as follows: When a plastic film is heated, it
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a stress load is inposed until strain beconmes 0.002 (nm nmm assum ng
that the plastic strain occurring when the stress | oad I's i nposed and
renoved is the plastic deformati on conponent; 10 wherein the first and
second resin filnms are cut out fromtwo 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 other corresponding to that point are

both on an é)E%amﬂi Bint F@dpokde Rt e | dHiaitiodiihel o ¢ the"BERbEEc Hingct i on
of stretch on a material plastic filmstretched in two directions
with a nachikie thiectime, agthe koefficlient| ofli 2énbapnespanaichca can be
' found according to the following exprassion (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

10 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 a twisted curl becomes a problem in a temperature region

15 ' 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.

20 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

25 not overlap (C) is synonymous with the integral valua of linear

expansion coefficient square value differences (acc). In the
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and a transverse direction as a lateral direction of stretch.

According to a second aspect of the invention, a 20 conposi te sheet
conprising: a first resin film a second resin filmlamnated on the
first resin filmso that a surface of the first resin filmfaces a
rear face of the second resin film and a netal electric circuit
formed between the first and second resin filnms, the netal electric
circuit having a plastic 25 def ormati on conponent of 0.0003 (MM nm) or

gg;ﬁmwﬂgn 3 SigbeSSwing expr¥biich (FHSE0LANE | 11rdd2iekpARE2BRScOe PPECSHE M
measurxement ;ngle with the axis of the machine direction of
stretch as the reference and aac (8) is defined by the
following expression (4). The ellipses in the invantion

5 contailn perfect circles.

] .
C=1/2[ A, ()40 «(3)
]

Aa,® = |r2® - @] ~@

10 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.

15 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

20 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

25 films positionéd on both the outermost layers may be selected
by using the above ellipse and conditionsg.
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5 that the plastic strain occurring when the stress load is

| nposed and renoved is the plastic deformati on conponent; wherein two
el li pses of -coefficient of |inear expansion are created on
coordinates in corresponding parts of the first and 5 second resin filns
by the follow ng nethod: conprising the steps of: defining a
predeterm ned base point P on the resin film measuring a coefficient
of |inear expansi-on at a position separate froman arbitrary axis in

angle [err] d'rECt“lh(¥héhfhventioﬁ'réﬁeaaﬂbffﬁiiEhre@ﬁflfﬁﬁﬁﬁkongBn"
arbitrary axis being sel ected

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
5  inscribed is the longest length of the flexible 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
10 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
15 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,
20 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,
25 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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10 on the first and second resin filnms 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 systemwth 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 15 i ntersection of the X
and Y axes as the base point Pin the | i near expansi on coefficient
measur enent and magni t ude of a | i near expansi on coefficient

measur ement y%ueieswmt e d second ffraem oige chas neu.'& f’i 1:{"\9&1 & ofd ' N9
a tip point of the distance r 1 n the neasure nt ang #

direction wi thersameeiithothdkear Fac¥ 6fithe nﬁ't&i:lhﬂgpldétfﬂﬂttﬂm' 8an (Bd'ES

by changlng atggar 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.

10 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
15  denotes the tranaverse 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.
20 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
25 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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measurenent angle [err], and drawi ng an anal ysis |ine throughout
360-degree directions with the base point P as the.center so as

pass through average points of the plotted points for creating t
ellipse: and the two ellipse are overlapped so as 25 to match in th
center point and coordinate axes X and Y, and the follow ng

relationship is satisfied: the maxi num val ue of

6

10

15

20

23

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
auppres'ed._ Moreover, since the tlexibility 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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a linear expansion coefficient difference between the two resin filmns

Is equal to or |ess than a predeterm ned val ue. According to
a third aspect of the invention, there is provi ded a conposite sheet
conprising: a first resin film and 5 a second resin filmlamnated on
the first resin filmso that a surface of the first -resin filmfaces
a rear face of the second resin film and a netal electric circuit
formed between the first and second resin filns, the nmetal electric
circuit reboghizad yhats tplastdicosilmsosutospenteomos BLA0BScLIGHATDy OF

10 nore when a stress load is inposed until strain becomes 0.002
(mi nm) assufifretehpd xaw matenial plagticofiimrang thensame in physicalss

load is i”p°§§8p§¥§kg;”3¥”%%gfi1EE§nE'gftifhékﬁ‘QQE%LLQBn, etc. However,

the inventor et al, carried ocut a detailed analysia on the

S 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.

10 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

15 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.

20 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

25 layers of a plastic film laminate in addition to the

- flexibility and durability of a flexible printed circuit.

- 15 -
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AGE 21 (PRINTED PABE 21)
coRgBFRF, M vt lsa%r & %?ﬁsmrof FeoerTi C) RN beAHEﬁear 181355813888 ansj on # 21/ B8
are created on coordinates in corresponding parts of 15 the first and

second resin filns by the foll ow ng nethod: conprising the steps of:
defining a predeterm ned base point P on the resin film measuring a
coefficient of |inear expansion at a position separate from an
arbitrary axis in angle [err] direction on the first and second resin

filims, the arbitrary 20 axi s being selected on the first and second
resin films so as  yext|OaR@thekhi@efhibRE DPRIToR ﬁ‘} BeVithe firenzion

poi'nt P as a center and direct an arbitrary rectlon preparing a
coqrdinate sylllAmba tilschesedbitrary axis as a Y'aX|s .and an
: To solve the problem of curl occurrence of flexible
printed circuits, the linventor et al. first carried out a
5 detailed analyeis 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
10 (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
15 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
20 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

25 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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coordi nate system defining an intersection of the X and Y axes

base point P in the linear expansion coefficient

7

measur enent and magni tude of a |inear expansi on coefficient

# 22/ 66

as the

measur ement val ue as distance r fromthe base point P, then pl otting
a tl p point of the distance r in the nmeasurenent angle '

10

15

20

25

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 as 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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[err] direction with respect to the Y axis, plotting i.t nmultiple 5 tinmes
by changi ng the neasurenent angle [err], and draw ng an anal ysis |line
t hr oughout 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 so as to
match in the center point and 10 coordi nate axes X and Y, and the
fol.lowing relationship is satisfied: the total area of portions where
the el lipses t® ¢caltled polagveodxdirateglottinger Adsenhfigom theddildpsencd
val ue. In the second and thjrd aspects of the invention, an

arbitrary axiBerewlded eby¥edth® ppodari |gexdingte \Bloreing c (588 Figy nd).and
a coordinate svalavehd tRgefil diidntalioh A818 akis of the plastic film
(axrow A) becomes a direction inclined from the machine
5 direction of satretch (MD) and the coefficienta of linear
expansion also vary depending on the directioﬂ {(anisctropy)
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

10 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

15 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

20 same material differ in coefficient of lihear expansion may be
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

25 the  linear expansion characteristic difference between the

plastic films provided when ellipses created by polar
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axis and an axis crossing the Y axis at 90 degrees as an X axi s S

prepared. However, it is allowed to settle an axis of the machi ne
direction of plastic filmstretch as the Y axis and an axis of the
transverse direction of plastic filmstretch as an 20 X axis. :
Her'e, the plastic deformation conponent will be di scussed.

When tension (stress a) is applied to a material such as netal foil,
a deformati on amount occurs in response to the 25 t ensi on. To

o/ o ThroEbALAS S g (AEG TBiesoped P Seobtuibtigoailer
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

5 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

10 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

1s the ellipses do not overlap whgn 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

20 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

25 the predetermined values were darivad.aré shown in graphs of

Figs. 5 and 6. 1In the experiments, the curl amounts wera

MO
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8 of the increased anount of the material |ength when the
material is defornmed (length under stress |oad) to the original
|l ength and definition expression (1) of the strain [err] is as

foll ows: 5

| oad

10

1s

25

[err] wher e 1[err] : Length before stress

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,

—20-
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1[err] : Length under stress |oad A graph representing the
rel ati onshi p between the stress a and the strain [err] is called an
‘S-S (stress-strain) 10 curve chart. Enbodinments of S-S curves of netal
foil are shown in graphs of Figs. 7 to 10. These S-S curves are
provi ded by gradual ly inmposing a stress to netal foil and after the
streéss reaches a given value, gradually decreasing (renoving) the
stress. Therefore, two S-S curves appear in one graph; in the 15

gores, the cLrect onikubls B Sehy AEpRLCYUHRL U R hsheson, 45, g
and.the di rectpmmlé%%ﬁw{w&w Qe bdburtteidenote effectivhiysbyd
(renDV|ng) the stress (return way) is indicated by
adopting at least one of the maximum valuva of the lingar
expansion coefficient difference (aa) and the total area of
5 portions where ellipses do not overlap (C) with respect 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
10 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
15  flexible printed circuit. oﬁ 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
20 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
25 other. Therefore, for example, it can be expagtad to improve

the treatment of the flexible printed circuit in the wiring

—21-
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the dotted line arrow. 20 First, the graph of Fig. 7 shows an

S-S curve drawn when a | oad of extrenely small stress a as strain
[err] is less than 0.0005 is inmposed and renoved. As shown here, when
such a small stress load is inposed, the S-S curve becones a

straight line;, the line of the stress load (solid line arrow 25
direction) and that of the stress renoval (dotted |line arrow
direction) substantially overlap and when the stress becones O,

process or the like.

EF_DESCRIPTION OF DRAW

In the accompanying druwlqgal

5 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; |

10 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)

15 _ 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

20 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

25 matexrial;

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

- 22 -

This Sheet Has Been’ Reﬂlace

L




9 the strain also becones O. In this case, only an elastic

deformation is observed in the netal foil. The line

inclination is responsive to the tensile nodulus of the netal foil
5 . The graphs of Figs. 8 to 10 are S-S curve charts drawn

when the maximum stress | oad i mposed is increased in the order. As
shown here, as the stress |oad inposed increases, the go and return
ways of the S-S curves largely differ. That is, when stress load is

|nposed (go maﬁleaa.ylne is drawn in a small -
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

5 circult;
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

10 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

15 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;

20 Fig. 17A is a sectional view of a base layer plaatic
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,

25 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 -
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10 stress region, but aline is lost and a curve close to an
asynptote is drawn in a high-stress region. Wen the stress is
removed (return way), a line having the sane inclination as the

go-way line is drawn. This inclination is responsive to the tensile
nmodul us of the metal foil, as described above. As 15 shown in the
graphs of Figs. 8 to 10, if the stress |oad I nposed is conpletely
renoved (stress 0), the netal foil is not restored to the original

| ength and st edreniereams Fig.SUTE ie a sectibnaleviewfte ehaw restate in
renoved is called plastic strain. Thi s Iaﬁtic strain. ncreases _as
the maxi num s¥pieh & Gx¥l opcurs dn,8-laminate of theplastic filp and setal
;f;g{?clncrea§f§°££k° circ&f@s order of Figs. 8 to 10. It represents the

Fig. 18 is an illustration to show a state of cutting
5 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

10 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;

1S Flg. 23 is a polar coordinate plot chart of overlapping
two linear expansion coefficient ellipses in Embodiments of the
invention) .

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

20 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;

25 Fig. 27 is a polar coorxdinate plot chart of overlapping

three linear expansion coefficient ellipses in Embodiments of

- 24 -

. This Sheet Has Been Reilaced
|

ARG




deformation nature of the material and in the invention, the pl astic

strainis referred to as "plastic deformation conponent." 25

In the invention, the coefficient of |inear expansion is derived as
foll.:owms: Wien a plastic filmis heated, it

10 : expands in response to the characteristics of the plastic film

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
5 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.
10

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
15 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
20 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,
25 machanical strength characteristics, chemical reaistanca,

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

- 25 -
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At this time, the coefficient of l|inear expansion [err] can be f ound
according to the follow ng expression (2) fromthe change rati o of
the length of the plastic film p, to tenperature t at 5 t he
measurenent time ([err]p/[err]t) and the length of the film pO0, at

O[err] C (Kagaku Bi nran-Ki sohen 11, edited by N ppon Kagakukai,
publ i shed by Maruzen Shuppan). [err] However, the
coefficient of linear expansion [err] nentioned in the 10 i nvention

refers to th I ngfer terﬁ%r qf
plastlcfllm(ﬁé) %ﬁqéégth ﬁ\zc%% &t&gwmi kaStIC kg \ﬁm’é%
the inventi onp ?Egble%n ‘tﬂet Emcxnes.t RIPER& tHS pladtec emmdumepbm
roomterrperat out 23| err]

on the two outarmost layers are same with each other to prevent

the curl occurence.
5 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
10 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
15 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° [(1/°C) x (1/°C)].
The measurement method of the coefficient of linear
20 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
25 modulus may be an index of the coefficient of linear expansion.

Therefore, it may be possible to measure the coefficient of
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and a twi sted curl becones a problemin a tenperature region 15 near the

roomtenperature, the coefficient of |inear expansion at Tg or
softening point or |ess beconmes the target. Tg of polyimde filnms is
300[err] C or nore, which exceeds the operating t enperature range, and
does not appear clearly, thus the necessity for considering Tg of
polyimde filnms is small. 20 “In the invention, the total area of
portions where el lipses do not overlap (C) is defined by the

oot 03 PPN SRS o HEChEpAUCAlRG A af U (A sbksl HoBh
t hg i nventi on,adcbtdﬂ.n@a&l:::rfwnv gﬁ:;m;‘dxﬁemevzgfel(ufhﬂ{t):aladhc propaqation
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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25 not overlap (C) is synonynmous with the integral value of |inear
expansi on coefficient square value differences ([err]Jc). In the

foll owi ng expressi.on (3), [err] is a linear expansion coefficient
measurenent angle with the axis.of the machine direction of stretch
as the reference and [err]c ([err]) is defined by the fol |l ow ng
expr.essi on :

10

15

20

25

(4). The el |'i in the invention
.Jaz-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):

Ax = A0(®) = |£,(8) - 1,8) | (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
approx.l.mata 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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5 contain perfect circles. [err] 10 In the invention, the
expression "both the outernost | ayers” of "two plastic filns

posi tioned on both the outernost | ayers, of |am nated plastic filns"
does not nean both the outernost | ayers of the flexible printed
cirecuit and is used to mean both the outernost |ayers in the plastic
filmlamnate. 15 Therefore, for exanple, if a flexible printed circuit
conpri ses a shielding layer formed on a plastic filmlam nate by

where m = (2rn/af) _

The metal electric circuit 3 is formed 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,

5 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

10 characteristics of the strength, tensile modulus, etc.,
electrical chafacteristics 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

15 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

20 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.

25 Fig. 11 shows S~8 curves of metal foil A and metal foil

B, ﬁhich differ in plastic deformation componant. In thea

- 29 -
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painting, printing, etc., the shielding |ayer is not contained I n
"both the outernost |ayers” in the invention. Her eupon, in the
second and third aspects of the 20 i nvention, the directions of the
coordi nate axes of the el lipses may be selected arbitrarily on the
plastic film In other words, the Y axis and the X axis are settled
in the arbitrary directions to prepare the coordinate system the

el li pses are created on such coordi nates. The two plastic 25 filns

posi tioned on g‘ﬁ@%ﬁ& gﬂ;ﬁémﬂt{i eﬁgf@ﬁ‘apfm? %joﬁi)to?xgnt (plapiyiéjsf.tr}.%ﬂhe

above el lipse
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

5 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

10 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

15 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

20 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

25 flexibility than the metgl foil B having the smaller plastic

deformation component.
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12 In the invention, the expression "curl suppression”

ref ers to the case where the curl degree (% defined bel ow becones
5% or |l ess. Assune that the length of the |ong side of the smal | est
rect:angle in which a flexible printed circuit is 5 inscribed is the

| ongest length of the flexible printed circuit, L. Fig. 12A shows
an enbodi nent of smallest rectangle 21 in which a flexible printed
circuit la like a substantial V- shape is inscribed. As shown here,

in the flexible printega have discussed the ralaticnship 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
5 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 electrice circuit, the
above-mentioned relationship is also true.
For reference, S~8 curves of a general plaatic f£film are
10 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 -
15 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
20 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
25 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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circuit la, the length of the long side of the rectangle 21 10 i ndicated

by the dotted |line becones the |ongest length L. As shown in Fig.
12B, one end of the flexible printed circuit la is fixed to a
reference plane 6 and the height of the maxi mum © war page of the
flexible printed circuit la fromthe reference pl ane 6, h, is found
and is defined as curl anmount h. The 15 percentage of the curl anount
to the |Iongest |ength of the flexible printed circuit, L, namely,

I(-lglr Ié?Jp)c()nfLoto h:assur& &?" orr eg 1§aéf,]bgdof ?ﬂgé‘%f%‘fec/if’ I"I]":'nml onto aar gang:?%%%
suitably corregpogisnplastidciLne g castem 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

5 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

10 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
preparaed and an adhesive layer 8 is formed on the surface of

the plastic £film 2 in a similar manner to that described above.

18 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

20 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

25 are determined appropriately by the types of plastic £films,

adhesives, etc.
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20 Normal |y, the surface and rear face of the plastic filmdiffer

plainly in surface (rear face) state of wet property, ~coarseness,
etc, so that the surface and rear face are di stingui shed conpletely
each other. Therefore, for exanple, when a plastic filmis cut out
fromthe material plastic film 25 a first face of the plastic film
whi-ch is the sane with the surface of the material plastic filmcan
be a surface of the 13

Fig, 15 shows an Qmpodiment 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

5 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 lowar heat plates 1la and 11b in a atate in which an

adhesive layer 8 and metal electric circuit 3 faca.each other.

10 In this state, 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

15 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

20 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

25 moethod is to measure the coefficients of linear expansion for

each plamtic film and execute polar coordinate plotting for
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plastic film and a second face of the plastic filmwhich is t he sane

wth the rear face of the material plastic filmcan be a rear face of
the plastic film Further, when two different kinds of plastic filns
arie each cut out fromthe different 5 ki nds of the plastic filnms, the
siimlar faces wth each other may serve as a surface or rear face.
Ngxt, the technical philosophy of the invention wll be di scussed.
Fi:.g. 1 shows an enbodi nent of the present invention. 10 As shown

here, a raw orasating @ alineafi lexpbfisibhe cosfficlientnderlimiched i chdclo
dtrections “L&Eeﬁgﬁ ggcgggeagiigggéogngsot'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

5 not overlap is satisfied; but it lacks practicality. Then, to
solve this.problem, the inventor et al. have developed the
following method from knowledge obtained by examining the
linear expansion coefficient characteristics of raw material
plastic films:

10 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.

15 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.machino

20 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
ellipses are shown in the parts and crystpl orientation main

25 axes are indicated by dotted line arrowa. MD denotes the

machine direction of stretch and TD denotes the transverse
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a longitudinal direction of stretch and the transverse direction as a
| ateral direction of stretch is prepared. In the figure, MD denotes
t he machine direction of stretch and TD 15 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 assuned and two areas due to cut 2a and 4a of al npst
t he sane shape (in the figure, rectangles) are assuned to be on the
standard |i nedirdetiohost \siretchie Asoshdwiedriwdgl.ol18ytagatlanpatt ofectha

al i gned mutually in orientation and an arbitrary point of the area due

to cut 2a and mawempbexiadbipléstic ddlmé deviatesalxam rilepwenitey line CL,
its corresponding cryatal oriantation main axis shifts from thae
machine direction of stretch. In the figure, the parts near
5 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
10 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
13 occurrence ls suppressed. Fig. 18 shows 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
20 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
25 example, if the raw material plasti& film i8 2 m wide, it can

be divided into 10 parts (divisions) with the division width
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thereto are on the standard line SL. In the figure, the center poi nts
of the areas due to cut 2a and 4a are taken as the 25 arbitrary point of

the area due to cut 2a and the point of the area due to cut 4a
corresponding thereto. Two plastic filns 2
14 and 4 are cut out fromthe areas due to cut 2a and 4a. These

two plastic films 2 and 4 have surfaces 91 in the sane state as

(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
5 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
10 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
18 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
20 flekible printed éircuits 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
25 the outermost layers of plastic'film laminates making up the

flexible printad circuit need satisfy the predetermined
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a surface 91 of the raw material plastic film10. They are pl aced on
both the outernost |ayers of the plastic film 5 lamnate wth the
surface of one plastic filmfacing the rear face of the other.
Spegifically, as shown in Fig. 2A, both plastic filns 2 and 4 are
placed with the surface 91 of the plastic film4 facing a rear face
92 of the plastic film 2. Fig. 2B is a sectional view of Fig. 2A and
parts identical with 10 t hose previously described with reference to

Fig: 2Aare c%uﬁgﬁ%si ﬁg a e ehiiEn} ' e id Thet i.‘&'&‘@{@'ﬂm”gﬁbﬂu&f’éd oA

Figs. 1, net a Etric C|r urt 1s not
I'f how to cut awtidtdiniidiaitiaC LhivbFEn@adiarst do Ibat RohBtdarad. out er nost

| ayers of a plastic filmlamnate froma raw materi al
The thickness of the flaxibla printad eircuit according
to the invention is determined appropriately by applications,
5 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
10 iz not limited elthér; for example, the flexible printed
circuit may have the asove-mantionad longest length L'(aea Fig.
12A) in the range of 10 to 1000 mm and preferably in the tnnge
of 30 to 600 mm.
#lexibility of the flexible printed circults according
18 to the invention.ia 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
20 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
25 in which it is bent like a U~shape in horizontal orientation in

a-lohg-sida direction. Next, the drive section 23 is actuated
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15 plastic filmis specified and how to place these two plastic

films is specified, the two plastic filnms can be matched

substantially in physical properties of thermal shrinkage factor,
coefficient of |linear expansion, tensile nodulus, etc. Resul tant |y,
t he deformati on anounts of both the outernost 20 | ayers of the plastic
filmlamnate formng a flexible printed circuit can be bal anced and
if the netal electric circuit and the plastic films differ in

def ormati on nqh&reauaiﬁertnésaower moviRR' ptate 24 Mwe forncompbessing
flexibility and durability of the metal electric circuit and the

plastic fil ns the rhﬁntci’ﬂ’q;d.bleZEprinﬂedse:iﬁcuﬂte ¥ | seadwiched nbetwasn cthe

becone sufficient.
lower moving plate 24 and the upper fixed plate 22. When the

bent flexible printed circuit 1 is comprasaed a given amount to

5 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

10 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

15 circuit (cm) ... (9)

The flexibility of the flexible printed circult thus
measured normally is in the range of repulsion £orce = 2 g/om
whan bend radius R = 5 mm to repulaion fqrce = 600 g/cm whan
bend radius R = 15 mm and preferably in the range of repulsion

20 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
ractingular flexible printed circuits, but can also ba applied
to flexible printed circuits of any other shape than a

25 rectangle. For example, for a flexible printed circuit shaped

like substantially V-shaped as ghown in Fig. 12A, a
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In the conventional flexible printéd circuit, it was

15

recogni zed that plastic filns cut out froma bidirectionally

stretched raw material plastic filmare the same in physical
properties of coefficient of |inear expansion,  -etc. However, t he
i nventor et al. carried out a detailed analysis on the 5 physi cal
properties of raw material plastic filnms and found out

10

13

20

25

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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that the fornmer recognition is wong. That is, according to study of
the inventor et al., the raw material plastic film varies in physica
properties of coefficient of |inear expansion, etc., fromone part of
the plastic filmto another. 10 The possible reason is that stress

| nppsed when the raw material plastic filmis stretched varies
dependi ng on the part of the raw material plastic film The

i nventor et al. furthernore exam ned t he physical properties and

found the factmounted twibth t REgIPhaEtaRacP 6P t LAS abtb@etic Chougeing bjrca
trapnsverse 15 direction of the raw material plastic filmlike a band,
but | it tmachkinenge in the nachine direction of the ram/naterlm

plastic film Based on this know edge, thé invenior et
Next, embodimets will be discussed "togethar with

comparisons.
5 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
10 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
15 100 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
20 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
25 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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have devel oped the cutting nethod and the placenent nethod as

descri bed above. 20 Further, the nmetal electric circuit is
specified so as to have a plastic deformati on conponent of 0.0003
(mimm or nore in the present invention. This nuneric value is a
sighificant value found by the inventor et al. fromthe rel ationship
with two plastic filnms used as both the outernmost 25 | ayers of a
plastic film lamnate in addition to the flexibility and

dur abl lity of wByfd methbe dédcditiédclaedrt. As a result, the maximum value of
the linear expansion coefficient difference waa 0,2 x 10“
{1/°C) and the total area of portions where 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 (se@ 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

10 mm thick. Next, copper foll (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

15 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

20 (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

25 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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16 . Next, another technical philosophy of the invention

w Il be discussed. To sol ve the problem of curl occurrence of
flexible printed circuits, the inventor et al. first carried out a 5
detail ed anal ysis of the cause of curl occurrence of flexible printed
circuits. As a result, the inventor et al. have found t hat curl
occurrence is caused by the |linear expansion coefficient difference
bet ween plastic fil ms. I f different

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-
5 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
10 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
15 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
20 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
25 £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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materials are lamnated, it can be easily imagined that warpage 10

(curl) occurs because they differ in coefficient of |inear expansi on.
Normal |y, flexible printed circuits use plastic films (for exanple,
bas¢ and cover layer films) nade of the sane material and therefore
forbrerly it was considered that the plastic filnms made of the sane
mat érial do not differ in 15 coefficient of |inear expansion. However,
the inventor et al. actual ly measured coefficients of |inear

expansi oni n deb!‘llpiéi’ do not foQbEdaPhﬁltﬁ hend | sfiifaeel b't”!i%-@aﬁbﬁ'\%ﬁw e

printed circuit differ in coefficient of |inear expansion bodi es$

in fhe f rexr tha:qprumﬂdmenrmd rfeasutetiobpda uthdddesetibadiritater.ne

- 20 inventor et al. found it.

As a result, the maximum value of the linear expansion
coafficient difference was 1.8 x 10 (1/°C) and the total arsa

5 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.

10 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

15 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:

20 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,

25 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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The i nvent or

et al. continued to examne the |inear expansi on

coefficient difference and found that each bidirectionally
stretched plastic filmused with a flexible printed circuit shows
ani sotropy in its coefficient of linear 25 expansion. That is, a
predet erm ned base point P is defined on the filmsurface of the

plastic filmand the coeff|C|ent of
REPLACEVMENT SHEET

JAN1997

10

15

20

25

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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17 | i near expansion in angle [err] direction with respect to the
axi s of the machine direction of plastic filmstretch passing

t hrough the base point P with the base point P as the center is

measured. On the other hand, a coordinate systemw th the axis 5 of the

machine direction of plastic filmstretch as a Y axis and the axis of
the transverse direction of plastic film stretch as an X axis is
prepared. In this coordinate system the .intersection of the X and Y

g)c()gfsf : zl gﬁ{ ' neﬁ’gﬁ:?en{}:%it&aggpfnuion pé)d r¥ollo‘bﬂlt h'thL 'ﬁ%%:.@‘?ﬂﬁk woxre 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
s 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
10 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
15 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.
20 Comparison 21
A new 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
25 ellipses were created and overlapped as in Embodiment 1. These

overlapped ellipses are shown in a graph of Fig. 24. From this

miii‘iﬁiiiﬁ’ﬁﬁ‘ i



10 magni t ude of the |inear expansion coefficient neasurenent val ue

is defined as distance r fromthe base point P, then the tip - poi nt of
this distance r is plotted in the neasurenment angle [err] di rection
wi tth respect to the Y axis. It is plotted nultiple ti mes by changi ng
t he measurement angle [err] and an analysis line 15 I s drawn throughout
360-degree directions with the base point P as the center so as to
pass through average poi nts of the pl otted points. Then, an ellipse

S Ehe e ot e, pers RO YAEER o1, O T St titent
of the 1 ERENEe BRI EDIm-T | £ h £4Xma3i wao Gulouldtiods ar Th A
|nd|cates the crystal orientation main axis of the plastic film
rosult was 1.77 x 10°? (1/°C), which excesded the predetermined
value.
5 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
10 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
15 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
curl ocouzrred. |
Embodiment 4:
20 ' A polyimide £ilm 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
25 were meaured 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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and dotted line arrow B indicates the crystal orientation subaxi s of

the plastic film Also, [err] is a |linear expansion coefficient
nmeasurenent angle with respect to MD. r represents 25 the |inear
expansi on coefficient magnitude as a distance from t he base point P
and has a tip plotted with 0. Such plotting

18 I's called polar coordinate plotting. As seen fromthe ellipse

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
5 of film-4 and f£ilm-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
10  aB=(2n/720)40.00873 (rad).
| Next, f£ilm-4 (for a base layer) and film-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
15 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
20 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
25 radius 5 mm. As a result, Cycles to Failure were 9 x 10¢.

Comparison 3:
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provi ded by the polar coordinate plotting (see Fig. 3), - normal |y
the crystal orientation main axis of the plastic film (arrow A)
becones a direction inclined fromthe nachine 5 direction of stretch
(MD) and the coefficients of |inear expansi on al so vary dependi ng on
the direction (anisotropy) because of anisotropy of the crystal
orientation. Resultantly, It is considered that the analysis |line of
the coefficients of | i near expansion of the bidirectionally stretched

zpll a\?\,}wia?\ ]:a: : rnpség onsEg\gﬁ‘gﬁzgtﬂeﬁs{:meﬂlmpr(cf)\j/'fhc‘ilgg)f%?v’fy\%t&sts?gtazﬁgﬂ? ams?isg
films nade of g6 Eat out from the polyimide film used with Embodiment ¢,
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
10 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
15 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’
20 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'
25 5 mm; as a result, Cycles to Failure wera 8.3 x 10°%,

Embodiment 53
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material are overl apped so that they match in center point and

coordinate axes, it is seen that the two plastic filns differ 15 I n
crystal orientation direction and coefficient of |inear ~expansion in
parts (directions). Normally, a raw material film is stretched in two
directions, fromwhich plastic filns used with a flexible printed
circuit are cut out to a predeterm ned size. Therefore, the reason

why the plastic filns nmade of the 20 same nmaterial differ in coefficient

of linear expansion may 961¥ethy16;r@t deephthadaté MesKH \ohqasthﬁmplﬁﬁtd:@
filmis stretched in wo directions varies fromone part of the

plastic film tetretchedindimertwo directions aéBec mavkhser aidal tranevarsad a

met hod for controlling
directions (manufactured by TORAY) was used a raw material
film, from which plastic films (film-7 and film-8) each having

5 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

10  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

15 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 105 (1/°C); that between film-7 and film-10 was 4.49 x
10" (1/°C); and that between film-B and £ilm-10 was 3.94 x 10
(1/°c).

20 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 thormosatting 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

25 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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25 the |inear expansion characteristic difference between the
plastic filnms provided when ellipses created by polar

19 coordinate plotting are overlapped and suppressing curl
occurrence of flexible printed circuits. In the process, the i nvent or
et dl. hit on an idea of using indexes of the maxi num val ue of the

| i near expansion coefficient difference ([err]) and

10

15

20

25

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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5 the total area of portions where ellipses do not overlap (O and

repeat ed vari ous experinents based on t-he idea. . Resultantly, the
inventor et al. have found that if the maxinmum val ue of the |inear
expansion characteristic difference ([err]) provi ded when el lipses
created for two plastic filns positioned 10 on both the outernost

| ayers, of two or nore | amnated plastic films making up a flexible

P TS €O 085 BRRCFb he pon§LBbfe bRyl ch i 40156
Coral area of“ SRt/ ehlok URot HEM Snpodiment! 57 822%‘?%29%“0"?" Judlq,. shl ama
they are overl &#iQeet?( @nd £i3@i-10 as in Embodiment 5 were prepared. Three
linear expansion coefficient ellipses were craated and
5 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
10 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). |
1s Next, film-7, film-9, and f£film-10 were used to
manufacture a flexible printed circuit in the same mannar to
that in Embodiment 5.except that film-% 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
20 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
25 A raw material plastic film made of polyethylene
terephthalate 0.05 mm thick and 4 m wide stretched in two
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equal to or less than 6.5 x 10[err] [(1/[err]C) x (1-/[err]C], curl
occurrence of the flexible printed circuit is also suppressed.

The point to be noted is that only the two plastic filnms positioned
on both the outernost |ayers, of lamnated 20 plastic filns maki ng up
the flexible printed circuit need to satisfy at |east one of the two
condi tions. Therefore, a plastic filmpositioned on an internedi ate
| ayer need not be consi der ed. Next, enbodi nents of the
experi nent reaukaétiémdmlnﬁfehﬁa and NEr A Hekei mﬁ@ét‘iahueﬁaﬁeﬁﬁeﬁﬁ

are shown in graphs of Figs. 5 and 6. In the experinents, curl

amounts were 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

5 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

10 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 nm was.cnt cut £rom 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-

15 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

20 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

25 durabllity of tha flexible printed circult were examined as in

Embodiment 1. As a result, for the flexibility, when bend
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20 measured by the above-descri bed nethod and the coefficients of

| i near expansi on were neasured by TMA (thermal nechani cal anal ysi s).
The maximum value of the |inear expansion coef ficient
difference ([err]) and the total area of portions 5 where ellipses do
not ~overlap (C) were derived by a nethod described | ater.

The graph of .Fig. 5 represents the relationship between

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
s 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
10 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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the rati o between the curl anount and length [curl degree (9
t he maxi num val ue of the Iinear expansion coefficient ““H “I Im’“ ll”"l
i S

([err]). As shown here, it is seen that both indicate lci near™

rel ati onship and that the maxi num val ue of the |inear expan3|on
coefficient difference ([err]) at which curl occurrence Is reliably
suppressed (the curl degree is 5%or less) is 1.4 x 10[err] (1/C).
15 On the other hand, the graph of Fig. 6 represents the

rel ationship bg??ﬂﬁﬂgLﬂﬁAlﬂEhQ%Qﬁt“Be” the curl anount and | engt h
(curl degree ( and the total area of portions where el lipses do
not overlap (C). As shdwnAheompositd sheedncomprising:
2 a first reasin film;
3 a second resin film laminated on the first resin film
4 so that a surface of the firet resin film faces a rear face of
-3 the second resin film; and
6 a metal slectric circuit formed beatween the first and
7 second resin films, the matal elactric circuit having a plastic
B deformation component of 0.0003 (mm/mm) or more when a stress

9 load is imposed until strain becomes 0.002 (mm/mm) assuming

10 that the plastic strain occurring when the stress load is

11 imposed and removed is the plastic deformation component;

12 wherein the first and sacond resin films ara cut out
13 from two areas due to cut, having substantially the same shape
14 each other, the two areas are aligned mutually in orientation,

15 an arbitrary point of one of the two areas due to cut and a
16 point of the othar corrasponding to that point are both on an
17 arbitrary standard line parallel with a machine direction of
18 gtretch on a material plastic f£film stretched in two directions
19 with 2 machine direction as a longitudinal direction of stretch

20 and a transvaerse direction as a lateral direction of stratch.

1 2. The composite sheet according to claim 1, wherein

2 the composite sheet is a flexible printed circuit.
1 3. The cemposite sheet according to claim 1, wherein
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both indicate a relationship like a quadratic curve and that ||“ﬂ|““lﬂf“l|“llll"|“l
total area of portions where ellipses do not overlap (C) at

curl occurrence is reliably suppressed (the curl degree 59%‘or "
less) is 6.5 x 10[err] ((1/[err]C x (1 [err]Q]. The t wo

I ndexes of the nmaxi num val ue of the |inear expansi on coefficient
difference ([err]) and the total area of 25 portions where ellipses do
not overlap (C) can and shoul d be used at the sane tine.

2 one or more other resin films ara sandwiched between tha first

3 and second resin f£film.

1 4. The compoeite sheet according to e¢laim 1, wherein

2 the first and second resin film are laminated via an adhesive

3 layer.
1 5. The composite shaat according to claim 1, wharein
2 the plastic deformation componant of the mdtal electric circuit

3 is 0.0003 to 0.0015 {mm/mm) when a stress load is imposed until

4 straln becomes 0.002 {mm/mm).

1 6. The composite sheet according to claim 1, whexein
z the plastic deformation component of the metal electric circuit

3 is 0.0004 to 0.0010 {mm/mm) when a stress load is imposed until

& strain becomes 0.002 (mm/mm).

1 7. A composite sheet comprising:

2 a first resin £film;

3 a second resin film laminated on the f£irst resin film
4 go that a surface of the £first resin £film faces a rear face of

5 the second resin film} and
6 , a metal electric circuit formed between the first and

7 gecond resin £films, the metal electric circuit having a plastic

8 deformation componant of 0.0003 (mm/mm) ox moxre when a stress
g load is impomed until strain becomes 0.002 (mm/mm) assuming
- 55 -
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21 Further, in the first aspect of the mvjrl“l"l "I"J“"JHI”IJ"I
possible to prevent the curl occurrence nore effectively b

at | east one of the maxi mum val ue of the |inear expansi oif cdef f'i cf ent
difference ([err]) and the total area of 5 portions where ellipses do
not overlap (C) with respect to the outernost two plastic filns.
Furthernore, in the second and third aspect of the I nventions, two
out er nost plastic films are disposed in such a manner that the

sur f acgg of Qﬂﬁmﬁ ﬁﬁ] glmm agd-biR beRlriPA§ whln the AW DIABtLG film

are opposed eac I'n this case,
11 imposed and removed 1is the plastic deformation componant;

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

15 comprising the steps of: defining a predetermined base
16 point P on the raesin film; measuring a coefficient of linear
17 expansion at a position separate from an arbitrary axis in
18 angle 0 direction on the first and second resin films, the
19 arbitrary axis being selected on the first and second resin
20 films s0 as to pass through the base point P with the base
21 point P as a center and direct an arbitrary direction;
22 preparing a coordinate system with the arbitraxy axis as a Y
23 axis and an axis crossing the Y axis at 90 degrees as an X
24 axis, in this coordinate system; defining an intersection of
28 the X and Y axes as the base point P in the linear expansion
26 coafficient measurament and magnitude of a linear expanaion
27 coefficient measurement value as distance r from the base point
22 P, then plotting a tip point of the distance r in the
29 measurement angle 6 direction with respect to the Y axis,
o plotting it multiple times by changing the measurement angle 0,
31 and drawing an analyais line throughout 360-degree diractions
32 with the base point P as the center so as to pass through
33 average points of the plotted points for creating the ellipaes
34 and the two ellipse are overlapped so as to match in

35  the center point and coordinate axes X and Y, and the following
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it becomes possible to cut out plastic films for cover an J“ﬂiH"I"“ U IlI”“I
| ayers fromone material plastic filmin such a manner thatTsIse HEE s e

direct the sanme direction. Therefore, it becones easy to cut out the
plastic filnms in the manufacturing steps of the 15 flexible printed

circuit. On the other hand, if the surfaces of both one and anot her
plastic filmare opposed each ot her, the plastic filnms have to be cut
out fromthe symmetri cal positions in the transverse direction, so it

i's conglicapgrhéionahip £4'! saglipgkREdP! ANe Cmdkimiin VHlLBCTof WRENiedr
surface of one 20 plastic filmand the rear face of another plastic film
are 37 OosypeEwlomcbeffbeiont lddfforbace etwasrathédne absihef s tac

ag equal to or less than a predeterminad value.

1 B. The composite sheet according to claim 7, wherein

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

1 9. The composite sBheet according to claim 7, wherein

2 the composite sheet is a flexible printed circuit.

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

1 11. The composite sheet according to claim 7, wherein

2 the first and second resin film are laminated via an adhesive

3 layex.

1 12, The composite sheet according to claim 7, wherain
2 the plastic deformation component of the metal electric circuit
3 is 0.0003 to 0.0015 (mm/mm) when a stress load is imposed until

& strain becomes 0.002 (mm/mm).

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

3 is 0.0004 to 0,0010 (mm/mm} when a stress load is imposed until
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/

filmdiffer plainly in surface (rear face) state of wet I“ “HI I
coarseness, etc, so that the surface and rear face of Hlll ml‘-m “II‘
printed circuit are distinguished conpletely each 25 ot het. ¢ Ther€for’e,
for exanple, it can be expected to inprove ‘the treatnment of the
flexible printed circuit in the wiring
22 process or the I|ike.

4 strain becomes 0.002 (mm/mm).

1 14. The composite sheet according to claim 7, wherein

2 the arbitrary axis ia settled on a machine direction of £ilm
3 stretch, so that the Y axie is settled on the machine direction
4 and the X axis is settled on a transverse direction of film

5  stretch.

1 15. A ebmposita sheet comprising:

2 a first resin £ilm; and

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

3 the second resin film; and

6 a metal electric circuit formed betwean the first and
7 socond resin filma, the metal electric c¢ircuit having a plastic
8 deformation component of 0.0003 (mm/mm) or more when a stress
9 load is imposad until strain becomes 0.002 (mm/mm) assuming
10 that the plastic etrain occurring when the stress load i=s
11 imposed and removed is the plastic deformation componentj
12 wherein two ellipses of coefficient of linear expansion
13 are created on coordinates in corresponding parts of the first

14 and second resin films by the following method:
15 comprising the steps of: defining a predetermined base
16 point P on the resin f£ilm; measuring a coefficient of linear
17 expanaion at a position separate from an arbitrary axis in

18 angle 0 direction on the first and second resin films, the
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BRI EF DESCRI PTI ON OF THE DRAW NGS In the accommummutul H I"I
drawi ngs: 5 Fig. 1is an illustration to show oné!% POEN! iFEx) .

t he i nventi on; Figs. 2A and 2B are a perspective View
and a sectional view to show how to overlap two plastic filnms in the
Enbodi nment of the invention; 10 . Fig. 3 is a polar
coordinate plotting chart ' representing a |inear expansion
coefficient ellipse of a bidirectionally stretched plastic film

Fig. 4 igya parbiteasydandschBlngt Balecétodoffthe first and second resin
20 films so as to pass through the base point P with the base
21 point P as a center and diract an arbitrary direction;
22 preparing a coordinate system with the arbitrary axis aa a ¥
23 axis and an axis crossing the Y axis at 90 degrees as an X
24 axis, in this coordinate system; defihinq an intersection of
25 the X and Y axes as the base point P in the linear expanaion
26 coefficiont measurement and magnitude of a linear expansion
27- coefficient measurement value as distance r from the base point
28 P, then plotting a tip point of the distance r in the
29 measurement angle 6 direction with respect to the Y axis,
a0 plotting it multiple times by changing the measurement angle 8,
31 and drawing an analysis line throughout 360-deqree-dixection§
32 with the base point P as the center so as to pass through
33 average points of the plotted points for creating the ellipae:
34 and the two ellipse are overlapped so as to match in
35 the center point and coordinata axes X and ¥, and the following
K1 relationship is satisfied: the total area of portions where the
87 ellipses do not overlap is equal o or less than a

ag predetarmined value.

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

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

2 the compomite sheet is a flexible printed circuit.

LT
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| i near expansi on coefficient difference and cur | degree

Fig. 6 is a graph to show the relationship between the total area of
portions where |inear expansion coefficient 20 ellipses do not overlap
and curl degree; - Fig. 7 is a graph to show S-S curves of

mat eri al ; Fig 8 is another graph to show S-S curves of

Tt ori & to. g Gomifoh e @ VHGUE, H9LBRAIAG B0 WaT"15, VERedly
2 one or more other raain £ilms are sandwiched between the first

3 and sacond resin film.

1 19. The composite sheet according to claim 15, wherein

2 the firat and second resin film are laminated via an adhesive

s layear.
1 20, Tha'composite sheet according to ¢laim 15, wherein
2 the plastic deformation component of the metal electric circuit

3 is 0.0003 to 0.0015 (mm/mm) when a stress load ia imposed until

4 strain becomes 0.002 (mm/mm).

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

4 strain becomes 0.002 (mm/mm}.

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

5 gtratch.

- 60 =
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25 mat eri al ; Fig. 11is a graph to show S-S curves of two

netal foil 23 pi eces;
Fig. 12A is a schematic drawing to show the | ongest | ength of a
flexible printed circuit and Fig. 12B is an illustration of curl

anount measurenent of a flexible printed

ARSTRACT OF THE DISCLOSURE
A raw material plastic film like a band stretched in
two diractions with a machine direction as a longitudinal
direction of stretch and a tranaversa direction as a lateral
5 direction of stretch is prepared. One standard line parallel
with the machine direction of stratch is assumed on a film face
of the raw material plastic film. An area due to cut a cover
layer plastic film and an arsa due to cut a base layer plastic
film (the two areas are of almost the same shape) are assumed
10 to be on the standaxd line in a state in which the areas are
aligned in orientation. However, both an arbitrary point of
-the araa due to cut and the point of the arsa due to cut
- corresponding thereto need to be on the standard line. A cover
layer plastic f£ilm and a base layer plastic film are cut out
15 from the two areas due to cut., Metal electric circuit is
formed on a aurface of the base layer plastic film via an
adhesive layer. The matal electric circuit has a plastic
daformation component of 0.0003 (mm/mm) or more when a stress
load is imposed until atrain becomes 0,002 (mm/mm), and then
20 removed. The cover layer plastic film is stuck on the metal
electric circuit via an adhesive layer with the rear face of
the plastic £film facing the surface of the base layer plastic
£ilm, thereby manufacturing a flexible printed circuit. |

- 61 -
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5 circuit; Fig. 13 is an illustration to show an enbodi nent

of flexibility measureneny of a flexible printed circuit; ég;
Fig. 14A i cinonal gvi ew t o show a%sEEFe8-+003368 ch an({ adhesi v
| ayer is $%$ﬁ§§§bﬁngba§elflInland t hen copper foil 10 I's placed on t 2
adhesi veleaE L T g FIFAB i s a sectional view to show a state in which
the copper foil is fornmed to el éctric - ‘circuit, Fig. 14Cis a
sectional fe}te show a state of - lamnating plastic filnms for base
and cover |ayers, and Fig. 14D is a sectional view to show the
structure of a flexible 15 printed circuit thus provided;
Fig. 15 is an illustration to show an enbodi nent of a -

™
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heat press in the manufacturing nethod in Figs. 14A to 14D,

Fig. 16 is a sectional vi ewto show an enbodi nent of a flexible
printed circig 2ONT7—81 Fig 17A i% :{é@ﬂ;-toogm vi ew of apgie Iaye!?
pl astic m Fig. 17B|sasect|ona lew to show a state I n which
an adh@*ﬂe}-l—ayer is forned on the base | ayer plastic film Fig.

17C is a sectional viewto show a state in which a tension is i nposed
when a netal thin filmis formed on the adhesive |layer, 25 Fig. 17D is a
sectional viewto show a state in which a tension i s inposed when the

metal thin filmis forned to netal electric

) &) " .
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24 circuit, and Fig. 17E is a sectional viewto show a state in
which a curl occurs in a lamnate of the plastic film.and netal

el ectric circuit; Fig. 18 is an illustraftion to show a state
of cutting 5 out plastic filnms froma raw material filmin Enbodi ment
of the _ invention; ) f/29- 19 is a graph to show S-S curves

of a general

FG A3

[rl: ABSOLUTE VALUE OF LINEAR
- EXPANSION COEFFICIENT

Y 6 : MEASUREMENT ANGLE

o MEASUREMENT DATA
-+ CRYSTAL ORIENTATION SUB AXIS
~— CRYSTAL ORIENTATION MAIN AXIS
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plastic film Fig. 20 is a graph to show S-S curves of a
plastic film 10 used wi th Enmbodi nent of the inventii.on;

Fig. 21 is a graph to show S-S curves of copper foil used with an
enbodi nent of the invention; Fig. 22 is anillustration to
show a state of cutting out pl3gfic films froma raw material filmin
Conparison; 15 Fig. 23 is a pol ar coor di nat e pl ot chart of

over | appi ng two |inear expansion coefficient ellipses in Enbodi nents
of the ~ i nvention; Fig. 24 is a polar coordinate plot
chart of overl apping two |inear expansion coefficient ellipses in
Canpari sons; ) -
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20 Fig. 25 is a polar coordinate plot chart of overl apping
two |inear ex-anS|o%q%peff|C|ent elllpses_ln Enbodlnents of the

i nventi on; X

overlapplng two |inear expan3|on'coéff|C|ent elllpses in Canparlsonsifé
Qﬁﬁﬁ§}~27 is a polar coptdinat plot chart of overlapping
three | i near expansion coef ficient et ipsgs in Enbodi ments of

25
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"ne-1 nvent i on;

§ overlapping
arisons

oR0385&wW t o show a( ghate of

Fig. 28 is a polar coordinate plot chart of
three l'inear expansion coefficient ellipses in

=N7—8 Fig. 29 is a H¥

fl|ﬁ€7

5.
- Iayers | ami EEe#3—and

structure of a

flexi ble print

~menuf ac urlng a frexible printed circurt wth three plastic

s a secti

onal view to show t he

é‘grc%t with three plastic film
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DETAI LED DESCRI PTI ON OF THE PREFERRED ENMBODI MENTS Next, the
i nvention w I | be discussed specifically. A flexible printed

circuit of Enwaqty angcpnpri ses & paggsy films 2 an@i74 ‘{,g/
| am nat ed ch other as shown rn 15 Q. . The plastic film2is

pl astic fllgt-p.q-]a\cover | ayer Tnd the plastic film4 is a plastic
filmfor a base | ayer. F l For exanple, a polyimde film a
film a poI yether sulfone film a polyethylene

pol yet her. nitrile
terephthalate 20 film a polyvinyl chloride filmand pol yet hyl ene

napht hal at e filmcan be listed as the plastic filmtypes, anong which
t he pol yethyl ene g ¢ yl ene napht hal ate.film
B
,
//
o Ve /A
é / / / A
/
: ¢
o - ¢ /)7
AVAN ¥
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K
bE % J . Sz #(mm,/mm)
] &SRV
- £ '
-
This Sheet Has Been R

- I I



and polyimde filmare preferred totally considering heat resi stance,
di mrension stability, .electric characteristics, 25 mechani cal strength

characteristics, chemcal resistance, costs, etc. The plastic film
normally is 0.01 to 0.3 mmthick
26 and preferably 0.025 to Q-g8%—m thick. Her eupon, it is

preferabl e that the thickness of 'the two plastic filns ~di sposed

FIG. #5 1§
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4
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T
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on the two outernost |ayers are sane with each other to prevent t he

curl occurence. 5 i It is appropriate.- to stretch the
bidirectionally stret ched plastic filmgenerally 1.5 to 15 tinmes and
preferably 2to9tinmes in a machine direction and 3 to 8 tines in a
transverse direction,. Adddgd.cribed above, the two plastic
films 2 and 4 need 10 to satlsfy at |l east one of the follow ng three
condi tions that the two plastic films 2 and 4 are cut out froma raw
mat eri al plastic film stretched in tw directions by a
specific - af orenenti oned manner, that when ellipses of coefficient of

FIG. 2413
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| i near expansi on are overl apped, the maxi num value of the 15 | i near

expansi on coefficient difference ([err]) should be equal to or |less
than 1.4 x 10[err] (1/[err]C), that the total area of the portions
ot her than the overlap (C) should be equal to or |ess than 6.5 Xx
10[err] [((X/[err]C x (1/[err]Q]. =54 The measur ement net hod of
the coefficient of linear 20 expansion is a direct neasurenment nethod
by TMA, . and a ul trasoni c propagation velocity nmeasurenent nethod
devel oped by the inventors of the present I nvention may be adopt ed.
That is, the tensile nodulus and ul soni ¢ propagation velocity of
the plastic fllnlare closely related ea her and the tensile 25
nodul us may be an index of the co c;n | i near” expansi on.
— 3a
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Therefore, it may be possible to measure the coefficient of

27 | i nea exanS| on of the predeterm ned part of the plastic film
accor di ng EE e bnt _of the ul f¥ 0 oCi tf
by neans o T Som c Sheet Tester; Nonura Shoji Cor por ati on).

Parti cul ar¥¥%*t net hod us the u] t{easonic 5 propagation velocities
takes an extrenely short ne ﬁmentls
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time of about two minutes as conpared with the TMA nethod, is
substantially at the sane | evel of neasurenent accuracy as the TVA
nmet hod, and has the advantage of no skill required. The measur enent
tenperature in SST neasurenment is abqut preferably 10 - 23[err]C2[err]C
The above-nentioned.] i near expangion-?ﬁ;pL&cjent difference ([err])
can be derived as follows: "First, a llnear expansi on coefficient
ellipse for a plastic filmis created by pol ar coordi nate plotting
according to the procedure described 15 above (see Fig. 3). The radius
of the ellipse, r, can be represented as a function of |inear
expansi on cgefficient

VI IV IS
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measur enment angle [err] (rad), as in Expression (5) below. In
Expression (5 LI’] enot es an eccentricity and is defined by _
Expressi on ( lix8H8e 1ong-axis MDMLMAD !
becones the Wue of r (rmax). E’uﬁt he ot her hand, bisthe &3 -
short-axis r . e elli pse and bec I rum val ue of r
(rmin). [err] SATED AT
F?g 174
A= IZZZZZZZZZ‘I\
4
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28 [err] where a: long-axis radius of ellipse (maxinumvalue of

r; rmax) 5 . by short-axis radius of ellipse (m ninm val ue of
r; rmn) - Assum ng that the radiuses of ellipses for two
pl astic films 2 and 4 positioned on both outernost |ayers are r1 and

r2, the linear expansion- coeff|C|enb2ﬂ#¥Ference ([err]) can be

FIG. 4ég
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10 represented by the follow ng expression (7): [err]

According to EXpI’eSSI on (7) conparison is nmade over O to 360 degree
(0 to 2 [esEES % he né&BAREO8e083358  angle [efrl]43nd th
maxi num val %e S Ehe maxi mum val ue ([err]max) of 15 the |inear expansiort”
coefficien ence ([err]) betweerthe J4two plastic films. The
maxi num val ue ([err]max) can al so be y CHeri VEd by using a conputer

programed based on ExpreSS| ons (5), 6), and (7). On the
ot her hand, the total q? 2) of portions where 20 the l'i pses do not
or

overlap can be derived~ exarrpl e, according to cunpl ative
expression (8), which®s hbef-of : -
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approxi mat e expressions of Expression (3) for defining the area

)[A\EP;]OXI' mtﬁﬁfg Eﬁ),ressg qn (3) by ot h%!gﬁéﬂ[zﬁ gl,&ﬂ,s S noh E
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The netal electric circuit 3 is fornmed in the plastic film4 used as
a base layer, A metal such as copper tai nl ess steeI <
A g d j 82dded 7

al um num-or =EE=R BYA—T-UY R0 [

to the net al‘ﬁ'ﬁ%ﬁ' used as the above- ment i oned rret al . The netal s ¢ 9
or alloys al fntlude those contai ning an inevitably m xed nonnetal

el enrent, such as C or 0. Since a copper alloy (tough pitch copper
conpri sing >99. 9% Cu, 0.0002 to 0.06% derr], Ag, etc.,) is excellent

i n nmechanical 10 characteristics of the strength, tensile nDdqus,
etc., el ectrical characteristics of eleckglc conductivity, etc.

costs, etc., it preferably is used™a Ay is used

A o
o R
N

D
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In the invention, when a stress load is inposed until strain becones
0.002 (m mm, the netal electric circuit 3 15 needs to have a plastic

def ormati on conponent of 0.0003 (M nm or nore, as described
earlier. The netal electric circuit havi ng such a physical property
can be forned by appropriately = 4#fecting the type of metal or alloy.
When a stress load is " inposed until|l strain becones 0.002 (nmnm, the
normal range of 20 the plastic deformation conponent is 0.0003 to 0.0015
and nore preferably 0.0004 to 0.0010. : Here, the plastic
def ormati on conponent and flexibility of nmetal electric circuit wll

be di scussed by taking netal foil as an enbodi nent. -

FIG. & >3
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25 Fig. 11 shows S-S curves of netal foil A and netal foi

B, which differ in plastic deformation conponent. In the

30 figure, a is the plastic deformation conmponént (plastic strain
amount) of the netal foil A when a stress load is inposed and t hen
renoved, b i.s the plastic deformation onent (plastic strain
anount) of the netal foil B-when™a str load is

FIG. & 25
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5 inmposed and then renmoved, and ¢ is the strain anount

(deformation anpbunt) when a stress load is inposed on the netal f oi

A B.In the figure, the direction in which the strain | oad is

i nposed (go way) is indicated by the solid line arrow and the
direction in which the strain load i sG/@%oved (return 10 way) is
indicated by the dotted line arrow. As showi in the figure, when the
metal foil A and nmetal foil B are conpared in t he sane strain anount
(deformation anobunt), it is seen that the smaller the plastic

def ormati on anmount, the smaller the stress generated fromthe netal
foil. The stress generated 15 fromthe foil occurs as a reaction

to the stress | oad FIG.

(U
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i nposed on the netal foil for deformation; that it is small means

that the corresponding.netal foil is excellent in flexibility. 1In
the figure, specifically, when the strain : anount is S (mMmim), the
stress of the netal foil Ais [err] and 20 that of the netal foil Bis
[err]; the stress [err] is larger. thatifae . stress [err] ([err]). The
pl astic deformati on conponent a of the metal foil Ais larger than
the plastic deformation conponent b of the netal foil B. Therefore,
the netal foil A having the | arger plastic deformation conponent is
nore excellent in 25 flexibility than the nmetal foil B having the
smal [ er plastic def ormati on conponent. - ) -

2/
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REPLACEMENT ohteel

CH ' W have di scussed the relationship between ghpedpl@stic
deforn&thn .conponent and #lexi brtty by taking the metal foil as an
.enbodi ment. |f the metal foil is stuck on a plastic film to form

el ectric circuit, the above- nentloneq relationshipis 5 true. For
exanple, if a netal thin filmrather than the netal foil is formed on
‘a pJastlc filmby an electric plating nethod, a sputtering nmethod, or

i REPLACEMENT SHEETS __ SG

the! like.to formelectric circuit,. the
FLEXIBLE PRINTED CIRCUIT

BACKGROUND OF THE INVENTIQN
This invention relates to a flexible printed circuit of
5 a functionall part used mainly in electric and electronic
fields. |
Hitherto, printed circuits rich in flexibility have
been commonly called flexible printed.circuits and generally
used in fields of electronics, etc. Figs. 14A to 14D show an

10 embodiment of the flexible printed circuit. A flexible printed
circuit comprises a predetermined metal electric ci.r;-uit 3
formed on a plastic film 4 (for é base layer) and a plastic
film 2 (for a cover layer) similar .to the plastic film 4
furthermore formed on the metal electrlc circuit 3. Generally,

15 " to form the plastic films, a materxai film is stretched in two
directions of machine and transverse directions and the plastic
films are cut out to % predetermined size from the stretched
| film. The machine and transverse direci:ions mean longitudinal

. and lateral directions of the material film.

20 After electronic parts such as semiconductor devices
are mounted on a flexible priﬁted circuit, the flexible printed
circuit is installed in“an electronic machine, .e-tc. , 1t may be
bent depending on the electronic machine, etc., with which the
flexible printed circuit is used. For éxample, a flexible

25 printed circuit used to wire a print heéd (operating part) and

.a mother board (fixed part) in a printer is bent as the printer

_ , ¥ Description : paged..... to paged 2. | | REPLACEMENT SHEET

e v e, | B Claim(s) :paged . to paged W -
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.,

above-nentioned rel ationship is also true. ' For reference, S-S
curves of a general plastic filmare 10 shown in a graph of Fig. 19,
wherein the solid line arrow i ndicates the direction of a stress

i ncreasing path (go way) and thg dotted line arrow indicates the
direction of a stress decreasing (renoving) path (return way). As
shown in the figure, it is seen that the S-S curves of the plastic
filmare 15 substantial |ines and that when a stress load is inposed and

]Ehen rengyeratdde Pl afhis, f'f'l@x'i%l"eeshgiﬁ@eaubéif@ﬁiegl yuéé’d”éﬁ; such
ornmer |length and has a plastlc def orfat1 on conponent su

0. Thi speE@tieng Plladdl ¢equlidel shefibeefitl flexibility and durability.
An analysis on the physical property of metal electric
circuit is carried out for the requirements, because, of main

5 components of flexible printed circuits, plastic films
originally have flexibiiity and metal electric circuits of

other main components cause a problem. Speéifically,
deformations of metal electric circﬁit include a plastic
deformation and an elastic deformation, and the nature of the
10 | plastic deformation is improved to provide flexibility.

| However, a flexible printed circuit formed with a_metal
electric circuit improved in the plastiq deformation nature
involves a problem of occurrence of warpage called a curl. As

_ described above, the flexible printed circuit has plastic films

15 as main components other than the metal electric circuit; the
plastic £i1ms 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 become elastically deformed, while the

20 metal electric circuit eésily becomes plastically'deformed.
Bonding of two types of members having such natures contrary to

each other results in occurrence of a curl in the flexible
printed circuit. This point will be discussed along the
flexible printed.circuit manufacturing process. For example,

25 as shown in Figs. 17A'and'17B, an adhesivé layer 8 is formed on

a base layer plastic film 4 and copper foil 3a is placed on the

14 JAN 1997
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electric circuit, the plastic filmhas an extrenely small 20 pl astic

def ormati on conponent and its deformation becones substantially

el astical ly deforned. Next, the flexible printed circuit is
manuf act ured as shown in Figs. ol4A to 14D using the aforenenti oned
mat eri al . First, as shown in Fig. 14A, an adhesive layer 8 is

25 formed on the surface of the plastic film4 for the base |ayer,
for exanple, by applying an adhesive onto the plastic film 4,

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 and
S pressurizing, then etching the copper foil 3a by a subtractive
_ method, etc., to form metal électric circuit as shown in Fig.
17D. When the tension is removéd, the plastic £film 4 is
restored to the former length (elastié deformation), but the
- metal electric circuit 3-holds the extension state (plastic
10 deformation). As a result, as shown in Fig. 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 plasti.c film is stuck on the metal electric
circuit to form a cover layer; even if such a step is taken,

15 the curl remains.

Such a flexible printed circuit with a curl ocgurring .

involves a problem in shape accuracy and when semiconductor
'devices are mounted on the flexible printed circuit or the
flexible printed circuit is installed in an electronic ﬁachine,

20 2 harmful influence happens.

SUMMARY OF THE INVENTION

It is therefore an object of the invention to provide
a flexible printed circuit having sufficient flexibility and
25 " durability with curl occurrence suppressed.

According to a first aspect of the invention, there is
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- 32 ) then drying or by stacking an adhesive applied onto a separat or

on the plastic film4, then renoving the separator. Next, a net al
thin film3a is forned on the adhesive | ayer 8, for exanpl e, by

pl acing netal foil such as. copper foi,l on the 5 adhesi ve | ayer 8 and
roll lamnate. The netal thin film 3a can al so be fornmed by an

el ectropl ating nethod or a sputtering nmet hod, in which case it can be
formed directly on the plastic film4 without formng the adhesive

| aver S iR 4 e ne,oOmERRHRUT. 0L N AR 9
3a for second resin film laminated on the first resin film so that a
surface of the first resin film faces a rear face of the second
resin film; and a metal electric circuit formed between the
5  first and second resin films, the metal electric circuit hav1ng
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;
10 ~ wherein the first and second 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 the other corresponding to that point are both on an
15 arbitrary standard line parallel with a machine direction of
- stretch on a material plastic film.etretched_in two directions
with a machine direction as a iongitudinal direction of stretch
and a transverse direction as A leteral direction of stretch.
According to a second aspect of the invention, a
20 composite sheet comprising: a first resin film; a second resin
.£film laminated on the first resin film so that a surface of the
first resin film faces a rear face of the second resin £ilm;
"and a metal electric circuit formed between the first and
second resin films, the metal electric circuit having a plastic
25 deformation component of 0.0003 (mm/mm) or more when a stress

load is imposed until strain becomes 0.002 (mm/mm) assuming
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formng netal electric circuit 3 in a predetermned circuit pattern
On the other hand, plastic film2 for cover |layer is prepared and an
adhesive layer 8 is forned on the surface of the plastic film2 in a
simlar manner to that described abowe. 15 I f the adhesive layer 8 is
formed on the rear face of the plastic film4 for the base |layer, the
adhesive layer 8 is formed on the rear face of the plastic film2 for
t he cover | ayer. And as shown in Fig. 14C, both the plastic film4

(O e SR LB, SO BeBSS gl R g MRS bt 20
(1am nati?n%o%%% bgﬂgedger&&écpeiﬁt.aﬁ}fg d ﬂ’l%lsactiiconde;‘.BEmS)ﬁgﬂl econ@(onent;
| wherein tﬁo ellipses of coefficient of linear expansion are
created on coordinates in corresponding parts of the first and
5 second resin films.by the following method: comprising the
steps of: defining a predeterminéd base point P on the resin
film; measuring a coefficient of linear expansion at a position
separate from an arbitréry axis in angle 0 direction on the
first and second resin films, the arbitrary axis being selected
10 on ﬁhe first and second resin films so as to pass tﬁrough the
base poihf 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 cbordinate system; defining an
15 intersection of the X and Y axes as the base point P in the
linear ekpansibn coefficient measurement and magnitude of a
linear expansion coefficient measurement ﬁalue as distance r
from the base point P, then plotting a tip point of the
distance r in the measurement angle 0 direction with respect to
20 the Y axis, plotting it multiple times by chaﬁging the
measurement angle 6, and drawing an analysis line throughout
360-degree directions with the base point P as thé center so as
) ﬁo pass through average points of the plotted points for
.creatihg the ellipse: and the two ellipse are oveflapped sO as
25 to match in the center point and coordinate axes X and Y, and

the following relationship is satisfied: the maximum value of
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a crinmping nethod with a heat press or by a |l amnate nethod of
applying at |east heat or pressure after tenporary crinping by

rolling and | am nating. The | am nati-ng nethod and conditions 25 are
determ ned appropriately by the typesgof plastic filns, adhesi ves,
etc. 33 Fig. 15

shows .an enbodi nent of the crinping nethod by

10

13

20

25

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 sheet comprising: a first resin film; and

- a second resin film laminated on the first resin film so that

a surface of the first resin fiim faces a rear face of the
second resin film; and a metal electric circuit formed between
the first and second resin fiilms, the metal electric circuit

havihg 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 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:

,comprisiné“the stéps of: defining a predetermined base point P

on the resin film; measuring aféoefficient of linear expansion
a1;_ a position sepérate from an arbitrary axis in angle 0
direction on the first and second resin films, the arbitrary
axis heing'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
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a heat press. In the figure, two heat plates 1la and 11b are pl aced

at upper and |l ower positions in a state in which they face each

ot her. The upper heat plate 1la is coupled with a 5 support rod 12a and
fixed. The |ower heat plate 11b is goupled with a drive section (not
shown) via a support rod 12b and can nove up and down. Plastic filns
2 and 4 are placed between the upper and | ower heat plates 1la and
11b in a state in which an adhesive 1ayer 8 and netal electric

circuit aélpfs%%m%?ﬁh é}ﬁgeﬁtagn’ de!Bet i Sl§+é&f , e':%%n@riio\ﬁe S5EE £ Ao drie

operate or noving t ower heat plate 11B in the up direction
i ndi cat gdaldvirelRnt valid r&V d1LeaRbY YhEddnstné babes pdiakd pi Aesr | Mped

and | am nated with the netal electric circuit 3 between them
plotting a tip point of the distance r in the measurement angle
8 direction with respect to the Y axis, plotting it multiple
S times by chaﬂging the measurement angle 0, and drawing an
analysis line throughout'366-degree directions with the base
point P as the center so as to pass through average points of
the plottéd points for creating'thelellipse: and the two
ellipse are overlapped so-as to match in the center point and
10 coordinate axes X and Y, and the following relationship is
satisfied: the total area of portions where the ellipses_AO not
overlap is egual to or less than a predetermined value.
In the second and third aspects of the invention, an
arbitr._‘ary axis is éelected' arbitrarily on the two plastic
15 films, and a coordinate system with the arbitrary axis as a Y
axis and an axis crossing the Y axis at 90 degrees as an X axig
is prepared. However, it is gllowed 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 f£ilm stretch és an
20 Y X axis.
Here, the 'plastic deformation component will be
discussed. .
When tension (stress o) is applied to a material such
as metal foil, a deformation amount occurs in response to the

25 tension. To normalize the material size, the deformation

amount is represented by strain e. This strain e is the ratio
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The flexible printed circuit as showm in Figs. 14D or 15 16 can be thus
. manuf act ur ed. Incidentally, there arises a curling when the the
metal electric circuit 3 is forned on the plastic film4 for a base

| ayer, However, in the present i nvention, the curling is suppressed
by lam nating the plastic filmfor a cover layer, so that the
flexible printed circuit 20 becone plain. The pressure and tenperature
condi ti ons comon to the crinping method and the roll |am nate nethod

n the a 4 0
Ikg/ cnjerr ﬁ th nir?‘?{‘éép:%e ggﬁﬁd&%oFg” 5{ gaézéo%fle%] [Clj‘é?@]tgt )c()wgloh(lzgt}l*g%{ err].

I'n the 'rd&‘(:‘ae&tﬂaanQSdgféfﬁlééePléb@M@’ux{&@r Rledi¥load) to the original
length and definition expression (1) of the strain ¢ is as
follows:

s e(mm/mm) = (Al/1) = @, = 1,)/1, (1)
where 1, : Length before stress load
1, + Length under stress load
A graph representing: the reiationship between the
stress o and the strain ¢ is called an S-S (stress-strain)
10 . curve chart. Embodiments of S-S curves of metal foil are shown
in graphs of Figs. 7 to 10. These §-5 curves afe provi;ed by
' gradually imposing a stress to metal foil and after the stress
reaches a given value, gradually decreasing (removing) the
stress. Therefore, two S-S curves appear in one graph; in the -
15 figures,.the direction of the S-S curve provided by gradually
imposing thé'stress (go way) is indicated by the Solid line
arrow and the direction of theﬁs-s curve provided by gradually
decreasing (removing) the stress (return way) 'is indicated by
the dotted line arrow.

20 First, the graph of Fig. 7 shdws an S-S curve drawn
when a load of extremely small stress o as strain ¢ is less
than 0.0005 is imposed and removed. As shown hére, when such

- a small stress load is imposed, the 5§-§ curve becomes a
straight line; the line of the stress load (soiid line arrow

25 "direction) and that 6f the stress removal (dotted line arrow

direction) substantially overlap and when the stress becomes 0,

REPLACEMENT SHEET

14 JAN 1997




25 nmethod is to neasure the coefficients of |inear expansion for
each plastic filmand execute pol ar coordinate plotting for

34 creating a |inear expansion coefficient ellipse to check
whet her or not at |east one of the c@ndition of the maxi num ~ - value of
the |inear expansion coefficient difference and the condition of the

total area of portions where the ellipses do

the strain also becomes 0. In this case, only an elastic
deformation is observed in the metal foil. The line
inclination is responsive to the tensile modulus of the metal
foil.

S The gfaphs of Figs. 8 to 10 are S-S curve charts drawn.
when the maximum stress l;ad impo#ed is increased in the order.
As shown here, as the stress load imposed increases, the go and
return ways of the S-S curves largely-differ. That is, when
stress ioaa is imposed (go way), a line is‘drawn in a small-~

10 stress region, but a line is lost and a curve close to an
asymptote is drawn in a high-stress region. When the st;;ss is
removed (retufn way), a line having the same inclination as the
go-w&y line is drawn. This inclination is responsive to the
tensile modulus of the metal foil, as described above. As

15 - shown in the graphs of Figs. 8 to 10, if the stress load
imposed is completely removed (stress 0), the metal foil is not
restored to the original length and strain remains. Such
strain left if the stress is Eemoved is called plastic strain.

* This plastic strain increases as the maximum stress load-

20 imposed increases. That is, the plastic strain increases in
the order of Figs. 8 to 10. It represents the plastic
deformation nature of the material and in the invention, the
élastic strain is. referred .to as "plastic deformation
component. "

25 In the invention, the coefficient of linear expansion

. o is derived as follows: When a plastic £ilm is heated, it

REPLAGEMENT SHEET

14 JAN 1997

R

o



“ 5 not overlap is satisfied; but it lacks practicality. Then, to

solve this problem the inventor et al. have devel oped the fol |l owm ng
met hod from know edge obt ai ned by exam ning the | i near expansi on
coefficient characteristics of raw eri al plastic filnms: 10

In the raw material plastic filmliké a band, a region satisfying at

| east one of the two conditions related to the coefficients of |inear
expansion is previously exam ned and cover and base |ayer plastic
filns 2 afghridsii febpornkel t8Mhd&charad€aPiticd of the plasthcdfilmd

shows an enbodinment of |inear expansion coefficient

char act ext sthis itiniehe thelt bodff£cient @f dlinear expansion o can be
found according to the following expression (2) from the change
-ratio of the length of the plastic £ilm, p, to temperature t at

] the measuremeﬁt time (dp/at) and the length of the film, p0, at
0°C (Kagaku BinranQKisoﬂen II, edited by Nippon Kagakukai,
published by Maruzen Shuppan).

o= 1/p,x dp/dt ~(2)
However, the coefficient of linear expansion o« mentioned in the

10 invention refers to that in region of. glass. transfer

- temperature of plastic film (Tg) or less. Since Tg ;f the
plastic films to which the invention ig applied is in the
temperature range exceeding the room temperature (about 23°C)
‘and a twisted curl becomes a problem iﬁ a temperature region

15 near the room temperature, the coefficient of linear expansion
at Tg or-ébfteniﬁg point or less becomes the target. ?g of

. polyimide films is 300°C or more, which exceeds the operating
temperature range, and does not appear -clearly, thus the
necessity for considerinj Tg of polyimide films is small.

20 In the invention, the total area of portions where
ellipses do not overlap (C) is 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 bortions where ellipses do

25 not overlap (C) is synonymous with the integral value of linear

expansion coefficient square value differences (aac). In the
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bidirectionally stretched raw material plastic film5 like a band.

In the figure, the raw material plastic filmb5 is divided into éight
parts-like band parallel with the machine. 20 direction (MD direction)
thereof and the parts are represente by rel ative positions (-4, -3,
-2, -1, 1, 2, 3, and 4) with a center line CL parallel wth the
machine direction (M direction) as the reference. Li near
expansi on coeffici ent el lipses are shown in the parts and crystal

ori ent atd 9n IR ed¥¥ | ngli Gt £01 Pje st ERPahs N6n 3E6&FBicieD
denot es ft':’fc‘?'e rfb e%ﬁn neqﬁf I’a{;é)['l on of stretch and TD denotes the
transvensd surement angle with the axis of the machine direction of
. stretch as the reference and aac (8) is defined by the
following expression (4). The ellipses in the invention

] contain perfect circles. -

2z

C=1/2[Ac (8)d8 ~(3)
0

Ac (8) = |1}®) - 1,°®)| ~@

10 In the invention, the expression "both the outermost
layers" of "two plaStic films positioned on both the out;rmost
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.

1s '.l_'herefore, for example, if a flexible printed circuit comprises
a shielding layer formed_. on é plastic film Jaminate by .
painting, printing, etc., the shielding layer is not contained
in "both the outermost layers" in the invention.

Hereupon, in the second and third aspects of the

20 invention, the directions of the coordinaté axes of the

. ellipses may be selected arbitrarily on the plastic film. 1In
other words, the Y axis and the X axis are settled in the
arbitrary directions to prepare the coordinate system, the
ellipses are created on such coordinates. The two plaétic

25 films positioned on both the outermost layers may be selected

by'using the above ellipse and conditions.
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direction of stretch. As shown in Fig. 18, as the part of the

raw material plastic filmb5 deviates fromthe center line CL, Its

corresponding crystal orientation main axis shifts fromthe
direction of stretch. In the figure,jothe parts near 5
of the raw material plastic film(-3, -2, -
greatly differ in |linear expansion
at |l east one of the two

10

15

20

25

machi ne
the center line CL
1, 1, 2, and 3) do not
coefficient difference and satisfy

In the invention, the expression "“curl suppression®
refers to the case whére the curl degree (%) defined below
becomes 5% or less. Assume that the length of the long side of
the smallest rectangle in which a flexible printed circuit is
inscribed is the longest length of the flexible printed
circuit, L. Fig. 12A shows an embodiment of smallest -rectangle
21 in which a flexible printed circuit la like a substantial V-
shaﬁe is inscribed. As shown here, ih the flexible printed
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. 12B, one end of the fleiible printed ciré;it la

is fixed to a reference plane 6 and the height of the maximum

warpage of the flexible printed circuit la from the 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 thé
flexible printed circuit, L, namely, (h/L) x 100 is defined as
the curl degree (%). | |

Hereupon, the surface and rear face of the plastic film
are decided suitably corresponding to the each cases.
Normally, the surface and rear face of the plastic film differ
plainly in surface (rear face) state of wet property,
coarseness, etc, so that the surface and fear face are

distinguished completely each other. Therefore, for example,

- when a plastic film is cut out from the material plastic film,

a first face of the plastic film which is the same with the

surface of the material plastic film can be a surface of the
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conditions as descri bed above. Therefore, if the parts at ' rel ative
positions (-3) to (-1) aré used as cover layer cut 10 parts and the parts

at relative positions (1) to (3) are used as base | ayer cut parts and
two plastic filnms cut out in the range are conbi ned and placed on
both the outernost- |l ayers with - {he surface of one plastic filmfacing
the rear face of the ot her for manufacturing a flexible printed

circuit, curl 15 occurrence is suppressed. Fig. 18 shows a conbi nation
o o naRME AFUET, BA°H Bobbh ot AT LA S A28 (59
Divi ding tcﬁe téy?ner Mt'ﬁartﬁg Q‘lea?l fétr:é qu‘ iér{H ln%t%tﬂm %ﬁ.astic film can be
a rear face of the plastic film. Further, when two different
kinds of plastic films are each cut out from the different
s  kinds of the plastic films, ihe similaf faces with each othei
may serve as a surface oéirear face.
Next, the technical philosophy of the invention will be
discussed. ' |
Fig. 1 shows an embodiment of the present invention.
0 As shown here, a raw material plastic film 10 like a
band stretched in two directions with the machine direcélon as
a longitudinal direction of stretch _and ﬁhe transverse
direction as a lateral direction of stretch is prepared. 1In
the figure, MD denotes the_machine direction of stretch and TD
15 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 areas due to cut 2a and 4a'6f almost the same shape (in
the figure, rectangles) are assumed to be on the standard line.
20 However, the two areas due to cut 2a and 4a are aligned
| . mutually in orientation and an arbitrary point of the area due
to cut 2a and the point of the area due to cut 4a-corresponding
thereto are on the standard Line SL. In the figure, the center
points of the areas due tolcut 2a and.4a are taken as the
25 arbitrary point of the area due to cut 2a and the point of the

area due to cut 4a corresponding thereto. Two plastic films 2
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20 an enbodinment; in fact, it is determ ned appropriately by the

si ze, extension degree, etc., of the raw material plastic film For
exanple, for a raw material plastic film2 to 6 mwde, if t he
division width (band width) is set to 200 to 1000 nm the nunber of

di vi si ons becones six to ten. Specifically, for 25 exanple, if the raw
material plastic filmis 2 mwde, it can be divided into 10 parts
(divisions) with the division wdth

36

and 4 are cut out from the areas due to cut 2a and 4a. These
" two plastic films 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 plastic film.
- laminate with the surface of one plastic film facing the rear
‘face of the other. Specifically; as shown in Fig. 2A, both
plastic films 2 and 4 are placed with the surface 91 of the
plastic film 4 facing a rear face 92 of the plastic film 2.
Fig. 2B is a sectional view of Fig. 2A and parts identical with
10 those previously' described with reference to Fig. 2&. are
denoted by the same reference numerals in Fig. 2B. 1In Figs. 1,
2A and 2B, the metal electric circuit is not shown.

If how to cut out two plastic films placed on both the
outermost layers of a plastic film laminate from a raw material
15 plastic film is specified and how to place these two plastic
films -is-zépecifiéd, the two plastic films can be matched
substantially in physical properties of thermal shrinkage
factor, coefficient of linear expansion, tensile modulus, etc.
Resultantly, the deformation amounts of both the outermost
20 layers of the plastic film laminate forming a_flexibie printed
circuit can be balanced and if the metal electric circuit and
the plastic films differ in deformation nature, a curl is
suppressed. Moreover; since the flexibility and durability of
.the metal electric circuit and the plastic films do not change,

25 those of the flexible prinﬁed circuit become sufficient.

In the conventional flexible printed circuit, it was
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“(band width) set to 200 nm If the raw material plastic film is 6 m

wide, it can be divided into six parts (divisions) wth the division
wi dth (band wi dth) set to 1000 mm For exanple, if the raw materi al
plastic filmis 5 mwde, preferably ifs can 5 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
expansi on coefficient ellipses of the parts of a raw material film

are previ gdebyne%adl RMdt PlAstic £iInMeaEueXPaLSELBmCaACHildiir¥¥tionally
characteristiCs are grasped and 10 standardi zed, and the predeterm'ned
parts of gheetehWelBiraW daterial plastic film are the same in physical
properties of coefficient of linear expansion, etc. However,
the inventor et al. carried out a detailed analysié on the
5 _ physical propérties of raw material plastic films and found out
that the former recognition is wrong. That is, according to
study of the inventor et al., the raw material plastic film
varies in physical properties of -coefficient of linear
expansion, etc., from one.part of the plastic film to another.
10 The possible reason is that stress imposed when the raw
material plastic film is stretched varies depending on tﬂé part
of the raw material plastic f£film. The inventor et al.
furthermore examined the physical properties and found the fact
that the physical properties largely change in the transverse:
15 direction of the raw material plastic film like a band,.but
little change in the machiﬁe direction of the raw material .
plastic film. Based on this knowledge, the inventor et al.
have developed the cutting method and the placement method as
described above.
20 Further, the metal électric circuit is épecified sO as
to have a plastic deformation component of 0.0003 (mm/mm) or -
more in the present invention. ?his numeric value is a
significant wvalue £found by the inventor et al. from the
reiationship with two plastic films used as both the outermost

25 layers of a plastic film laminate in addition to the

flexibility and durability of a flexible printed circuit.
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filmwhich satisfies at | east one of the two conditions above are
extracted. In doing so, the maxi num val ue of the I|inear expansi on
coefficient difference and the total area of portions where the

el l'ipses do not overlap can be set tqggpredetermned 15 val ues or | ess
Wi thout creating |inear expansion coefficient el lipses every tine a
plastic filmis selected. As a result, the production efficiency of
flexible printed circuits with curl occurrence suppressed can be

20" fTexi bl e priersd oTrentre o vEnt ron by Traki ng thoss mtRe
two pl aswitlfbéndikeuassedied as enbodi nents. However, the i nvention
is not limted to themand can al so be applied to

To solve the problem of curl occurrence of flexible
printed circuits, the inventor et al.,firét cafried out a

5 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
coefficient difference between plastié films. If different
materials are laminated, it can be easily imagined that warpage

10 (curl) occurs because they differ in coefficient of linear
expansion. Normally, flexible printed circuits use éiastic
films (for example, base and cover laye; films) made of'the
same material and thefefore formerly it was considered that the
plastic films made of the same material do not differ in 

15 coefficient of linear expansion. However, the inventor et al.
actually measured coefficienﬁs of linear expansionin detail and
found that the plastic films of each flexible printed circuit

f differ in coefficient of linear expansion. Nobodies in the
flexible printed circuit field found this knowledge until the
20~ 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 coefficient of linear

25 expansion. That is, a predetermined base point P is defined on

the film surface of the plastic film and the coefficient of
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'"HOse wi.th three or nore plastic filns |am nated. As descri bed above,
in this case, only two plastic filnms positioned on both 25 t he out er nost

| ayers of plastic.filmlam nates naking up.the flexible printed
circuit need satisfy the predetermn ne

37

conditions of the invention, and the plastic film positioned on

an internediate | ayer need not to be consi dered.

10

15

20

25

linear expansion in angle 0 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
streﬁch as an X axis is prepared. 1In this coordinate system,
the inﬁe:éection 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

- point of this distance r is plotted in the measurement angle @

- direction with respect to the Y axis. It is plotted multiple

times by changing the measurement angle 6 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.

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 crystél orientation

_subaxis-of the plastic film. Also, 0 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 plotted with Q. Such plotting
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- The thickness of the flexible printed circuit according to the
i nvention is determ ned appropriately by applications, 5 etc., of the

flexible printed circuit, but generally set to 50 to 800 [err]m and
preferably 100 to 600 [err]m The shape of the flexible printed
circuit is not limted; for exanple, e flexible printed circuit
formed as shapes responsive to various applications. The size of the
flexible printed circuit 10 is not limted either; for exanple, the
[P0l ey bRLEd opgeChoFHhindRY BOYeS LG, RN P L Uspde !
range provf&eao ﬁ? E%HL'“Bolar .coordinate plotting (see Fig. 3),
normally the cryétal orientation main axis of the plastic film
(arrow A) becomes a direction inclined from the machine
5 direction of stretch (MD) and the coefficients of linear
expansion also vary depeﬁding 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
10 shows an ellipse.

Next, as shown in Fig. 4, when ellipses on coor&;nates
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

15 - in crystal orientation direction and coefficient of linear
expansion;fn pﬁrﬁé'(directions). Normally, a raw'materia; film
is stretched in two directions, from which plastic films used
with a flexible printed circuit are cut out to a predetermiped
size. Therefore, the reason why the plastic films made of the

20 same material differ in coefficient of linear expanéion may be
that the stress imposed when the plastic film is stretched in
two directions varies from one part of the piastic film to
another. |

| The inventor et al. examined a method for controlling
25 the linear expansion characteristic difference between_the

.plastic films provided when ellipses created by polar
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I bility of the flexible printed circuits according 15 to the

invention is deternined based on its shape or uses. For exanpl e,

flexibility of the flexible printed circuits having

(band shape) is neasured with a conpre?gion tester as shown in Fig.

13. 'In the figure, 22 is an upper
cell (load detector) 25 is 20 di sposed, and a | ower noving plate 24 that

fixed plate above which a | oad

can nove up and down . in conjunction with a drive section (linear

not or)

fixed pl if’cégrdina%f“éf‘?iﬁe’?"i"f?aéa? g?%g%;:ﬂ%?g%' glmli?ms%gﬁp%s%ggiggggr&lmen
| . j i B0} | 25
" LAY AR LBELIRIRY, ) ShECES ootedkd'ene

t he
i n which

10

15

20

25

inventor et al. hit on an idea of using indexes of the maximum
value of the linear expansion coefficient difference (ac) and
the total area of portions where ellipses do not overlap (C)
and repeated varioug experihents based on the idea.
Resultantly, the inventor et al. have found that if the maximum
value of the linear expansion characteristic difference (ax)
providednwhen ellipses created for two plastic films positioned
on both.the outermost layers, of two or more laminated plastic

o

films making up a flexible printed circuit are overlapped is

~equal to or less than 1.4 x 10°° (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 overlapped (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
films pbsitioned.on both the outermost layers, of laminated
plastic films ﬁaking‘up the flexible printed circuit need to
satisfy aﬁ least one of the two conditioné. Therefore, a
plastic film positioned on an intermediate lafer need not be
considered.

Next, embodiments of the experiment reéults from which
the pfedetermined values were derived are shown in graphs of

Figs. S and 6. In the experiments, the curl amounts were

rect angul ar shape
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“"a long-side direction. Next, the drive section 23 is actuated _
38 for causing the lower noving plate 24 to rise for conpressing
the bent flexible printed circuit 1 sandw ched between the | ower

novi ng plate 24 and the upper fixed péﬁte 22. \Wen the bent flexible
printed circuit 1 is conpressed a giv anount to 5 a predeterm ned
bend radius R, a repulsion force detected by

measured by the above-described method and the coefficients of
linear expansion were measured by TMA (thermal mechanical
analysis). The maximum value of the 1linear expansion |
coefficient difference (axz) and the total area of portions

.5 where ellipses do not overlap (C) were derived by a method
described later. -

The graph of Fig. 5 represents the relationship between
the ratio between the curl amount and leﬁgth [curl degree (%)]
‘and the maximum value of the linear expansion coefficient

10 differeﬁce (a®). As shown here, it is seen that both indicate
a linear relationship and that the maximum.value of the linear
expansion coefficient difference (aa) at which curl occurrence

_ is reliably suppressed (ﬁhe curl degree is 5% or less) is 1.4
x 1073 (1/°C).

15 On the other hand, the graph of Fig. 6 represents the
relationshif between the ratio between the curl amount and
length {curl 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 quadratic curve and that

20 the total area of portions where ellipses do not overlap (C) at
which curl occurrence is reliably suppressed (the cuﬁl degree
is 5% or less) is 6.5 x 1071 [(1/°C) x (1/°C)].

The two indexes of the maximum value of the linear
expansion coefficient difference (ac) and the fotal area of

25 portions where ellipses do not overlap (C) can and should be

used at the same time.
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“the load cell 25 is nmeasured and flexibility (repul sion force) IS

calculated from the expression (9) shown below for eval uati on.
Since the distance between the upper fixed plate 22 and the | ower
noving plate 24 at the measurenent tigg 10 becones doubl e the bend
radius R of the flexible printed circuit 1, the bend radius R can be
calcul ated fromthe di st ance. Repul sion force (g/cm

" = repul sion force detection value (g)/length of short side (w dth) of

DT BT AT S Ry dSBct of ehe nvelUeh 10144 Y
possible to prevent the.curl occurrence more effectively by
adopting at least one of the maximum value of the linear
expansion coefficient difference (ac) and the total area.of

5 . portions where ellipses do not overlap (C) with respect to the

outermost two plastic films. .

Furthermore, in the second and third aspect of the

inventions, ﬁwo outermost plastic films are disposed in such a
manner that the surface of one plastic film and the rear face

10 of another plastic film are opposed each other. 1In this case,

it becomes possible to cut out plastic films for cover and base

layeré from one material plastic film in such a.manner that

they direct the same direction. Therefore, it becomes eésy to

- cut out the plastic films in the.manufacturing steps of the

15 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. Further, whén the surface of one

20 plastic film and the rear face of another plastic film are
opposed each other, the surface and rear face of the plastic -

film differ plainly in surface (rear face)' state of wet

property, coarseness, etc, so that the surface and rear face of

the flexible printed circuit are distinguished completely each

25 -~ other. Thereforé, for example, it can be expected to improve

the treatment of the flexible printed circuit in the wiring
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~ neasured normally is in the range of repulsion force = 2 g/cm when

bend radius R=5 mmto repul sion force = 600 g/ cm when bend radius R
= 15 nmmand preferably in the range of repulsion 20 force = 4 g/ cm when
bend radius R =5 mmto repul sion forge = 400g/ cm when bend radius R
= 15 mm The flexibility evaluation nethod is applied

to rectangul ar flexible printed circuits, but can al so be applied

to flexible printed circuits of any other shape than a 25 = rectangle.

For exa EXIbé? printed circuit shaped i ke

substan?BEPF?ssV°§h§ 413X shown in Fig. 12A a

BRIEF DESCRIPTION OF THE DRAWINGS
In the accompanying drawxngs.
5 Fig. 1 is an illustration to show one 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;

10 Fig. 3 is a @polar 'coor&inate plotting chart
representiﬁg a linear expansion coefficient ellipse of a
bidirectionally stretched plastié film; _

Fig. 4 1is a polar coordinate plotting chart of
overlapping two linear expansion coefficient ellipses;

15 Fig. 5 is a graph to show the relationship between the.
maximum vilue df'linea: 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

200 - ellipses do not overlap and curl degree;

Fig. 7 is a gréph to show S-S curves of material;

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

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

Fig. 10 is another graph to show S-S curves of
25 material;

Fig. 11 is a graph to show S-S curves of two metal foil
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39 predeterm ned rectangle is previously cut out fromthe flexible

printed circuit and the flexibility of this sanple is eval uated by
t he above-described nethod, then cutting to the pr edet er mi ned
substanti al shape nay be perforned. 59 this 5 case, if the shape and
size of sanples for neasurenent are standardi zed, the flexibility can
be eval uat ed objectively. As we have di scussed, for the
flexible printed circuit of the invention, the physical properties of
the nmetal electric :

pieces;

Fig. 12A is a schematic drawing to show the longest
length of a flexible printed circuit and Fig. 12B is an
 111ustration_of curl amount measurement of a flexible printed
5 circuit;
Fig. 13 is an illustraiion to show an embodiment of
flexibility measurement of a flexible printed circuit;
o 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
10 is placed on the adhesive layer, Fig. 14B is a sectional view
to show a state in which the copper foil is formed to electric
.c..i.rcuit, Fig. 14C is a sectional view to show a state of
laminating plasﬁic films.for base and cover layers, and Fig.
14D is a sectional view to show the structure of a flexible
15 printed circuit thus provided;
Fig. 15 is an illustration to show an embodiment of a .
heat press in the manufacturiﬁg method in Figs. 14A to 14D;
Fig. 16 is a sectional view to show an embodiment of a
flexible printed circuitg
20 Fig. 17A is a sectional view of a base layer plastic
film, Fig.,l?B is a sectional view to show a state in which an
adhesive layer is formed on the base 1ayer plaétic film, Fig.
17C is a sectional view to show a state in which a tension is
impbsed when a metal thin film is formed on the adhesive layer,
25 Fig. 17D is a sectional view.to show a state in which a tension

is imppsed when the metal thin film is formed to metal electric
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circuit are specified for providing flexibility and durability 10 and
two plastic filnms placed on both the outernost |ayers of a pl astic
filmlamnate are specified and their placenent is also speci fi ed,

t her eby mat ching both the outernost i@yers
properties for balancing their

def ormati on anmounts. In doing so,

I f the netal electric 15 circuit and the plastic films differ in
deformati on nature, a curl of the flexible printed circuit is

suppr essed.

flexibility and dyrability of the netal

MNor eover ,
Wity 2RY Fig. 17Reif| ASECHONRL FASWGO | ThOK Bd5ERFRe L he

substantially in physical

even

eIec;ricF%ﬁ? _ _ _ _ ;
1 exi bl & priltedur) occllehthtafaklifal £SPUHAD ASKYRS A N ShuPsLtgymnce

10

15

20

25

electric circuit:

Fig. 18 is an illustration to show a étate 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 film}-

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

Fig. 21 is a graph to show S-S curves of copper foil

used with an embodiment of the invention:;

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

Fig. 23 is a polar coordinate plot chart of overlapping
two linear expansion coefficient ellipses in Embodiments of the
invention;

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

Fig. 25 is a polar coordinate plot chart of o#erlapping
two linear expansion coefficient ellipses in Embodiments of the
invention; '

Fig. 26 is a polar coordinate plot chart of overlapping
two linear expansion coefficient ellipées in Campariéons;

Fig. 27 is a polar coordinate plot chart of overlapping

three linear expansion coefficient ellipses in Embodiments of
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=« 20 printed circuit conprising three features of flexibility,
durability, and curl suppression. Therefore, for exanple, the

flexible printed circuit beconmes suitable for frequently bent pl aces
such as a connection part of a print,head and a not her board of a -

printer. The flexi.ble printed circurt of the 25 invention is high in

accuracy of the shape; if it is used to mount or install electronic

parts, the electronic parts can be

40

the invention;
Fig. 28 is a polar coordinate plot chart of overlapping
three linear expansion coéfficient ellipses in Camparisons;
Fig. 29 is a sectional view to show a state of
5 manufacturing a flexible printed circuit with three plastic
film layers laminated; and |
Fig. 30 is a sectional view to show the struéture of a

flexible printed circuit with three plastic film layers

laminated.
10
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
Next, the invention will be discussed specifically.
A flexible printed circuit of the invention comprises
two plastic films 2 and 4 laminated on each other as shown in
15 Fig. 16. The plastic film 2 is a plastic film for a cover

layer and the plastic film 4 is a plastic film for a base
layer. |

For example, a polyimide film, a polyether nitrile

film, a polyether sulfone film, a polyethylene terephthalate

20 film, a polyvinyl chloride film and polyethylene naphthalate
£ilm can be listed as the plastic film types, among which the
polyethylene térephthalate film, polyethylene nabhthalate film

and polyimide film are preferred totally considering heat
resistance, dimension stability, electric characteristics,

25 mechanical strength characteristics, chemical resistancg,

'costs, etc. The plastic film normally is 0.01 to 0.3 mm thick
ﬁﬁPLACEMENT.SHEET




~ mounted with high accuracy even in automatic nounting by a machi ne. -
Next, enbodinets wll be discussed together with conpari sons. 5
Enbodi nent 1: A pol yethyl ene terephthalate film0.05 nmmthick
(manufactured by TORAY) |ike a band sjgetched in two directions of
machi ne and transverse directions was used as a raw materi al pl astic
film In the raw-nmaterial plastic film one standard 10 |l ine parall el
wi th the machine direction of stretch was assuned and two rectangle

areas dueantci) %%tefera a& Oi.‘p W&' C(P f%y had thick. Hereupon, it is

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.
5 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
transverse direction.
As described above, the two plastic films 2 and 4 need
10 - 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
15 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 1071 [(1/°C) x (1/°C)].. |
The measurement method of the coefficient of linear
20 expansion is a direct measurement method by TMA, and a
. ultrasonic propagation velocity measurement method developed by
.the inventors of the presenﬁ invention may be édopted. That
is, the tensile modulus and ultrasonic propagation velocity of
“the piastic_film are closel& related each other and the tensile
25 modulus may be an index of the coefficient of linear expansion.

Therefore, it may be possible to measure the coefficient of
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=~ center points through which the standard |ine passed, and were

aligned nutually in orientation were assuned to be on the st andard
| ine. Rectangular plastic filnms each having a size of 15 100 x 200 mMm
(filmA and filmB) were cut out fromsthe two. areas due to cut (see
Fig. 1). S-S curve of filmA is showmiin a graph of Fig. 20. The S-S
curve is provided by inposing a stress load until strain amount 0.002
(mifm) for neasurenent conform ng to ASTM D-882-83. As seen in the
figure, filmA has little plastic defornmati on gonponent and peco
subst ant MR exPanéI"é’é‘t BEakhs BEPSPREERIPGR BRFR BE RS BhR9ELfebl thoat ed
in a accoggﬂﬁar_gan and. was the sae gs thi% for f.ilmB.

g e measurement rasonic propagation

velocity by means of SST (Sonic Sheet Tester; Nomura Shoji

Corporation). Particularly, the method .using the ultrasonic
5 propagation velocities takes an extremely short measurement

time of about two minutes as combared with the TMA method, is

substantiaily 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 preferably
10 23°Cct2°C.

The above-mentioned 1linear expansion coefficient
difference (ax) can be derived as follows: First, a linear
expansion 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 be
represented as a function of linear expansion :goefficién; .-
measurement angle 0 (rad), as in Expression (5) below. In
Expression (5), & denotes an eccentricity and is defined by
Expression (6) below. 'a is the long-axis fadius 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 valuve of r (rmin).

2
r= 1‘(9) = J ———b_- - (5)

25 1 - E*cos’®
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“For the two filnms of filmA and filmB, the maxi num val ue of the
| i near expansion coefficient difference and the 25 total area of -
portions where ellipses do not overlap with the surface of filmA
facing the rear face of filmB were maz%sured

41

10

15

20

25

by a nmethod described |ater”” As a result, the maxi mum val ue of

the linear expansion coefficient difference was 0.2 x 10[err]

a? — b?

13 = — - (6)

where a: long-axis radius of ellipse (maximum value of xr;
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 outefmost layers are rl and
r2, the linear expansion- coefficient difference (aa) can be
represented by the following expression (7):

Aa = Aa(8) = |1,(8) ~r,(8) | ~(7)

According to Expression (7), compafison is made over 0
to 360 degrees (0 to 2 nrad) with respect to the measurement
angle e.and the maximum value is the maximum value (acmax) of

the linear expansion coefficient difference (ax) between the

_tWo pl‘a_stic.'films.' The maximum value (aamax) can also be

derived; by using a computer pfogrammed based on Expressions
(5), (6), and (7).

On the other hand, the total area (C) of portions where
the ellipses do not overlap can bé derived, for example,

aécording to cumulative expression (8), which is one of

_ approximaf:e expressions of Expression (3) for defining the area

(C). Approximating of Expressibn (3) by other expressions is

not limited .

C Q 1/2"2‘: Aoc(n x AB) + 2Ac:r.c{(n -~ 1) x AQ} A8 -(8)

=l
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" (1/[err]C and the total area of portions where the ellipses do not

overlap was 2.1 x 10[err] [(1/[err]C) x (1/Q]. 5 Next, a

pol yester systemthernosetti ng adhesi ve was prepared and a flexible
printed circuit was manufactured 29 according to the above-described

met hod (see Fig. 14). That - I's, first the adhesive was applied to the
surface of filmA (for a base layer), then dried, form ng an adhesive
| ayer 0.03 10 nm t hi ck. Next, copper foil (touch pitch copper 0.035 nm

thick, B red by Ni hon Kougyou) was pl aced on t he
W T S AS gyo _

adhe5|ve ayer of the copper foil is shown in a graph of

Fig. 21. The SS ?n%éasl FH 19‘%1: bé&i-&'il?f‘é'ﬁ‘glé formedSiheEfie! pRdsHL! !

strain anount 0.002 measur enment

film 4 used as a base layer. A metal such as copper, gold,
stainléss steel, or aluminum or an alloy comprising Be, Ni, Co,

5 Ag, Pb, Cr, etc., added to the metal can be used as the above-
mentioned metal. The metals or alloys also include those
containing an inevitably mixed nonmetal element, such as C or
0. Since a copper alloy (tough pitch copper comprising >99.9%
Cu, 0.0002 to 0.06% O,, Ag, etc.,) is excellent in mechanical

10 characteristics of the strength, tensile modulus, etc.,
electrical charadteristics of electfic 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

15 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 stfain becomes 0.002 (mm/mm), the normal range of

20 the plastic deformation component is 0.0003 to 0.0015 and more

. preferably 0.0004 to 0.0010.

Here, the plastic deformation component énd flexibility
of metal electric circuit will be discussed by taking.metal
foil as an embodlment

25 Fig. 11 shows S-S curves of metal foil A and metal foil:

B, which differ in plastic deformation component. In the
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« 15 conformng to ASTM D-882-83. As seen in the figure, the copper

foil has a plastic deformation conponent of 0.0005 (M M), which is
the predeterm ned val ue of the invention or nore. The filmA and the
copper foil were joined by a Ianinatﬁ)roll whose surface was set to
120[err]C, and were pressurized and heated 20 (conditions: 110[err]C x
2 h x 10 kg/cnferr]) and bonded. The copper foil was treated by a
subtractive nethod to formelectric circuit in a predeterm ned

ircuit pattern. A, d when the electric circuit was,
For mod. BROHRErofntP RARGELAREES defordfitn’ FangoRehbalnfatvltioEtin or med

\(/)vgr tehgr :’ ﬁg\ég%%seo%f th%SmetfailI rf}o%lai fw%rerI ial rgﬁai‘ess Ei%gli fié nfnﬁ‘:oaé]éjd fail{cin B
then removed, b is the plastic deformation component (plastic
strain amount) of the metal foil B when a stress load is.

5 imposed and then removed, and c¢ is 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 removed (return

10 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
stress generated from the metal foil. The stress generated
15 from the metal foil occurs as ; reaction to the stress load
imposed'oﬁ‘the‘métal foil for deformaﬁion; that it is ;mall
means that the corfesponding metal foil is excellent in
-flexibility. In the figure, specifically, when the strain
amount is S (mm/mm), the étress of the metal foil A is o and
20 that of the metal foil B is B; the stress B is largér 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 foil B. Therefore, the metal foil A having the
larger plastic deformation component is 'more ekcellent in
25 flexibility than the metal foil B having the smaller plastic

deformation component.
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~under conditions 150[err]C x 1 h x 30 kg/cnferr] and | am nated by a

42 heat press (see Fig. 15 wth the surface of filmA facing the
rear face of filmB. For the flexible printed circuit thus
provi ded, an attenpt was nade togreasure the curl amount h by the

above- 5 menti oned net hod, but curl occurrence cannot be recogni zed and

We have discussed the relationship between the plastic
deformation component and flexibility by taking thé metal foil
as an embodiment. If the metal foil is stuck on a plastic film
to form electric circuit, the above-mentioned relationship is

5 true. For example, if a metél thin film rather than the metal
foil is formed on a plastic film By an electric plating method,
a sputtering method, or the like to fo;m electric circuit, the
above-mentioned relationship is also true.

For referencé, S-S curves of a general plastic film are

10 shown in a graph of Fig. 19, 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 (return way). As shown in the
figure, it is seen that the S-§ curves of the piastic film are

15 substantial lines and that when a'stress load is imposed and
then removed, thé plastic film is resﬁoréd substqnt#ally:to thg L
former length and has a plastic deformation component of
substantial 0.. This'means that in contrast to the metal
electric circuit, the plastic film has an extremely small

20 plastic deformation componeht and its deformation bécbmes
substantially elastically deformed.

Next, the flexible'prinfed circuit.is ménufactured as
shown in Figs. 14A to 14D using the aforémentioned material.

First, as showﬁ in Fig. 14A,~an adhesive layer 8 is

25 formed on the surface of the plastic film 4 for the base layér,

for example, by applying an adhesive onto the plastic f£ilm 4,




cannot be neasured. That is, the curl occurring in the formation of
the netal electric circuit was renoved by fornm ng the cover | ayer and .
the flexbile printed circuit becane a fl at shape. Flexibility and
durability of the flexible printed 10 circuit were also exam ned. The
flexibility was measured by the aBdve- mentioned met hod (Fig. 13). As

a result, when bend radius R =5 mm repulsion force was 26 g/cm On
t he ot her hand, as evaluation of the durability, Cycles to Failure
conforming to Flexural Fatigue and Ductility, Flexible Printed 15 Wring
defined i n thenrdrybog oErky fsfanking Rnadbesive applépd onto g sgparatar o

. As a result, cles to Failure were 820, Conparison 1
m on the é%éstic film 4, then removing the seggrator. 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
5 adhesive layer 8 and roll laminate. The metal thin film 3a can
also be formed by an electrdpiating method or a sputtering
method, in which case it can be formed directly on the piastic
film 4lwithout forming the adhesive layer B. As shown in Fig.
14B, a known method such as a printing, subtractive, or
10 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_z-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.
15 If the adhesive layer 8 is formed on ﬁhe rear face of the
plastic film 4 for the base layer, the adhesive layer 8 is
formed on the rear face of the plastic film 2 for the cover
layer. And as shown in Fig. 14C, both the plastic film 4 for
" the base layer and the plastic film 2 for the cover layer aré
20 stacked with their surfaces facing each other and laminated
‘(laminated and bonded) in the stacked relation, for examble, 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

25 are determined appropriately by the types of plastic films,

adhesives, etc.
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-The sane pol yethyl ene terephthalate filmO0.05 nmthick i ke a band as
I n Enbodinent 1 was used as a raw material 20 plastic film As shown in

Fig. 22, in the raw material plastic film two rectangle areas due to
cut arranged in the width directéon of the raw material plastic film
.were assuned, from whi ch rectangl”e plastic filnms each having a size

of 100 x 200 "mm (filmC and filmD) were cut out. For the two filns
of 25 filmC and filmD, the nmaxi mum value of the |inear expansion

coefficient difference and the total area of portions where
Fig. 15 shows an embodiment of the crimping method by

a heat press. 1In the figure, two heat plates lla and llb are

placed at upper aﬁd lower positions in a state in which they

face each other. The upper heat plate lla is coupled with a

5 support rod 12a 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 Q are placed between the

upper and lower heat plates ila and 11b in a state in which an

adhesive layer 8 and metal electric circuit 3 face each other.

10 In tﬁis state, 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 ant;l 4 are crimped and
laminated with the metal electrid circuit 3 between them.

The flexible printed circuit as shown in Figs. 14D or

15 16 can be thus manufactured. 'Incidentally, there arises a

curling ﬁheh the the metal electric circuit 3 is.formed on the

plastic film 4 for a base layer. However, in the present

invenﬁion, the curling is suppressed by laminating the plastic

film for a cover layer, so that the flexible printed circuit

20 become plain. The pressure and temperature conditions common

to the crimping.method and the-roll_laminate method ih 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
25 method-is to measure the coefficients of linear expansion for

each plastic film and execute polar coordinate plotting for
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“43 el lipses do not overlap with the surface of filmC facing the

rear face of filmD were neasured by a nethod described | ater.

As a

result, the maxi mum val ue of the |inear expansion coefficient

difference was 1.8 x 10[err] (1/[err]gy and the total area 5

of portions

where the ellipses do not overlap was 7.4 x 10[err] [(1/[err]C) X
(X [err]Q]. The filmC (for a base layer) and filmD (for a
cover | ayer) were used to nmanufacture a flexible printed circuit as

10

15

20

25

creating a linear expansion coefficient ellipse to check

whether or not at least .one of the condition of the maximum

" value of the linear expansion coefficient difference 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 problem, the inventbr et al. have developed the
following method from knowledge obt;ined by examining the
linear expansion coefficient characteristics of raw material
plastic films:

In the raw material plastic film like a band, a region
satisfying at least one:of the two conditions related to the

coefficients of linear expansion is previously examined and

- cover and base layer plastic films 2 and 4 are cut out from the

region.
Fig. 18 shows an embodiment of linear expansion

coefficierit characteristics in the width direction of a

bidirectionally stretched raw material plastic film 5 like a

band. In the figure, the raw material plastic film 5 is
divided into eight parts like band pérallel with the machine
direction (MD direction) thereof and the parts are represented
by relative positions (-4, -3, -2, -1,°1, 2, 3, and 4) with a -
center line CL paraliel with the machine ‘direction (MD
direction) as the reference. Linear 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
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< in Enbodinent 1. 10 For this flexible printed circuit thus

provided, curl occurrence, flexibility, and durability were exam ned
as in Enmbodiment 1. As a result, for the flexibility, when bend
radius R = 5mm repulsion force was 2% g/cm and for the durability,
Cycles to Failure were 820; the values were 15 substantially the sane
as tho;e i n Embodi nent 1. However, for the curl occurrence, a curl
occurring in the electric circuit formation remai ned still after the

oyt | LS IB Fadiich o S i 5% 18R Bae ot e

cireuit Wﬁgwqﬁg égféfrgfaé@iéhfiﬁﬂng deviétes from the center line CL,

its corresponding crystal orientation main axis shifts from the

machine direction of stretch. 1In the figure, the parts near

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

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

coefficient difference and satisfy at least one of the two

conditions as described above. Therefore, if the parts at

relative positions (-3) to (-1) are used as cover layer cut

10 parts and the parts at relative positions (1) to (3) are used

as base layer cut parts and two plastic films cut out in the

range are combined and placed on both the outermost layers with

the surface of one plastic film facing the rear face of the

other for manufécturing a flexible printed circuit, curl

15 occurrence is suppressed. Fig. 18 shows a combination of a
cover- layer plasti¢ film cut out from relative pqsitiqn_(-Q)_ -

and a base layer plastic film cut out from relative position

(2).

Dividing of the raw material plastic film is shown as

20 an embodiment; in fact; it is determined-appropriatély by the

size, extension 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

number of divisions becomes six to ten. Specifically, for

25 example, if the raw material plastic f£ilm is 2 m wide, it can

be divided into 10 parts (divisions) with the division width

=

REPLACEMENT - SHt

14 JAN 997




“manner as in Enbodi ment 1 except that copper foil having a pl astic

def ormati on conponent of 0.0003 (mi M) when a stress | oad was

i mposed’ until strain anmobunt 0.002 (nm MM was used. For the
flexible printed circuit, curl occurrepce, 25 flexibility, and
durability were exam ned as in Enbodi ment 1. As a result, although an
attenpt was nmade to neasure the curl

44
| (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
5 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 coefficient ellipses of
the parts of a raw material film are previously examined, the
linear expansion coefficient characteristics are grasped and
10 standardized, and the predetermined parts of the raw material
film which satisfies 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 afea of portions
where the ellipses do not overlap can be set to predetermined
15 values or less without creating linear expansion coefficient
ellipses evéry time a plastic film is selected. As a result,
the production efficiency of flexible printed circuits with

curl occurrence suppressed can be improved.
We have discussed the manufacturing method of the
20 flexible printed circuits 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 applied to
those with three or more plastic films laminated. As described
abové, in this case, oniy two plastic films positioned on both
25 the outermost layers of plastic film laminates méking up the

flexible printed circuit need satisfy the predetermined

e s mrenmr -ty
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as in Enbodi nent 1, curl occurrence cannot be recogni zed

“anmount h,
and cannot be neasured. That is, the curl occurring in the formation
of the metal electric circuit was renoved by form ng the cover |ayer
and the flexible printed circuit becang 5 a flat shape. For the
flexibility, when bend radius R=5 nm repul sion force was 29.5
g/cm which was a sufficient val ue. Cycles to Failure (durability)
were 760, substantially the sane degree as in Enbodi nent 1.

O TN, e, P38 HvaRRhR: AT G SRt op ki a5 ™

directiong, jntermediate layer need not to be considered.

10

15

20

The thickness of the flexible printed circuit according

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 tb 600 pm. The shape of the
flexible printed circuit is not limited; for example, the
flexible printed circuit is formed as shapes responsive to
various applications. The size of the flexible printed circuit
is not limited either; for example, the flexible printed
circuit may have.the above-mentioﬁed longest length L (see Fig.
123A) in the range of 10 to 1000 mm and prgferably in the range
of 30 to 600 mm,

Flexibility of the flexibie printed circuits accofding-
to the invention is determined based on its shape or uses. For
example, flexibility of the flexible printed circuits having
rectangular shape (band shape) is measured with a compression
tester as shown in Fig. 13. 1In the figure, 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 upéer 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

25

in which it is bent like a U-shape in horizontal orientation in

a long-side direction. Next, the drive section 23 is actuated
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“of nmachi ne and transverée directions was used as a raw materi al
plastic film fromwhich plastic films (film1l and film2) each

having a size of 100 x 200 nm were cut out. Coefficients of 15 [I|inear
expansion film1l and film2 were neasgged by the above- descri bed TMA
method with the surface of film21 facing the rear face of film2 and

| i near expansion coefficient ellipses were created by pol ar
coordinate plotting and were overl apped. These overl apped el |l i pses

o A1 ekd, Bty SheFbvetingrih A0 Ut SO A BRI e
film2 vaghgalyditat lexible Printiedd &1 FOM£0h CoUMMIEEnad t BekRdeho tHA
programed based on Expressions (4), (5), and (6) described above.
The resul jowdg moving plate 24 and the upper fixed plate 22. When the
bent flexible_printed circuit 1 is compressed a given amount to
5 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. Since the distance betweén the upper fixed platé
22 and -the lower moving. plate 24 at the measurement time
10 becomes double the bend radius R of the flexible printed
circuit 1, the bend radius R can be calculated from the
disfance. .
Repulsion force (g/cm) = repulsion force detection
value (g)/length of shoft-side (width) of flexible printed
15 circuit-(cm) es (9) |
Phe flexibility of the flexible printed circuit thus
measured normally is in the range of repulsion force = é g/cm
when bend fadius R = 5 mm to repulsion force = 600 g/cm when
bend radius R = 15 mm and preferably in the range of repulsion
20 force = 4 g/cm when bend radius R = 5 mm to repulsion force =
400g/cm when bend radius R = 15 mm.
The flexibility evaluation method is applied. to
rectangular flexible printed circuits, but can also be applied
to flexible printed circuits of any other shape than a
25 rectangle. For example, for a flexible printed circuit shaped

like - substantially V-shaped as shown in Fig. 12aA, a
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0.53 x 10[err] (2/[err]C, which was equal to or less than the 25.

predeterm ned -val ue. The |inear expansion coefficient
measur enent by TMA was executed to exclude the effect of
45 hygr oscopi ¢ expansi on as |l ows: The plastic filns were |eft

standing for 60 mnutes at 150[err]Cfor drying, then while the
plastic films were cooled from150[err]C to 30[err]C, the plastic film

predetermined rectangle 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 be . performed. In this

5 case, if the shape and size of samples for measurement are
standardized, the flexibility can be evaluated objectively.

As we have discussed, for the flexible printed circuit

of the invention, the physical properties of the metal electric

circuit are specified for providing flexibility and durability

10 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 thg oute;most layérs

substantially in physical properties for balancing their

- deformation amounts. In doing so, even if the metal electric

15 circuit and thg plastic films differ in defdrmation nature, a

curl of the flexible printed circuit is suppressed; Moreover, _ -

flexibility and durability of the metal electric circuit and

the plastic films are not impaired, thus the flexible printed

circuit of the invention becomes a high-performance flexible

20 printed circuit comprising three features of fléxibility,

durabilify, and curl suppression. Therefore, for example, the

_flexible.printed circuit becomes suitable for fiequently bent

places such as a connection part of a priAt head and a mother

board of a printer. The flexible printed circuit of the

25 invention is high in accuracy of the shape; if it is used to

mount or install electronic parts, the electronic parts can be
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“length and tenperature were nmeasured sinultaneously and 5 consecutively,

and coefficients of |inear expansion were found based on Expression
(2) for regions of Tg or |ess. Next,- film1l (for a base

| ayer) and film2 (for a cover 4myer) were used to manufacture a
flexible printed circuit with the surface of film1l facing the rear
face of film2 as in 10 Enbodi ment 1. At this tinme, netal electric
circuit was forned usi ng the sane adhesive and manufacturing net hod

as in per., foj ' i.oent, 1. _For
t he erxf%Te prlnte cwgrh aé%ﬁ%féggggggeﬁgé,9+*%§$B#?iE%?ggﬁgs bQ_a
dur abi | i tpaMBIfe €xam ned as in Enbodinent 1. As a result, the

Next, embodimets will be discussed together with

comparisons. -
5 Embodiment 1l:

A polyethylene terephthalate f£ilm 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 film. 1In the raw material plastic film, one standard

10 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 passed, and were
aligned mutually in orientation were asSumed.to be on the
standard line. Rectangular plastic films each having a size of

15 100 x 200 mm (film-A and film-B) were cut out from the two

areas due to-cut (see Fig. 1). S-S curve of film-A is shown in

a graph of Fig. 20. The S-S curve is provided by imposihg a

stress load until strain amount 0.002 (mm/mm) for measurement
conforming to ASTM D-882-83. As seen in the figure, film-A has

20 little plastic.deformation component and becomes substantially

- elastically deformed. For film-B, S-S curve was created in a
" similar manner and was the same as that for film-B.
For the two films of film-A and film-B, the maximum
_.value of the linear expansion coefficient difference and the
25 total area of portions where ellipses do not overlap with the

surface of film-A facing the rear face of film-B were measured
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15 curl amount h was 3.9 mmand the curl degree was 2.0% curl

occurrence was suppressed. For the flexibility, when bend radius R
= 5mm repul sion force was 27 g/cm and for the durability, Cycles to
Failure were 830; the val ues were 41 Substantially the same as those in
Enbodi nent 1. 20 Conpari son 2: A new plastic film<(film3)
havi ng a size of 100 x 200 nm was cut out fromthe pol yet hyl ene
terephthalate fil mused wi t h Enbodi nent 3. On the other hand, the

sare, {11 kb &5nbbheg donGLifEl Fber, HESAPH S0 L she HEFFE BN BE. +
These _ the OAHAPELxBhhERSAS Ut AN Nadr8b2BACET Jd - 029 x Fhgm this
(1/°C) and the total area 6f portions where the ellipses do not

overlap was 2.1 x 107" [(1/°C) x (1/°C)]. |
5 Next, a polyester system thermosetting adhesive was
prepared and a flexible printéd circuit was manufactured
according to the above-described method (see Fig. 14). That
is, first the adhesive was applied té the surface of film-A
(for a base layer), then dried, forming an adhesive layer 0.03
10 mm thick. Next, copper foil (touch pitch copper 0.035 mm
thick, BHY-02-T, manufactured by Nihon Kougyou) was placed on
ﬁhe'adhesive layer. S-S curve of the copper foil is shown in
a graph of Fig. 21. The S$-S curve is provided by imposing a
stress load until strain amoﬁnt 0.002 (ﬁm/mm) for measurement
15 conforming to ASTM D~882-83. As seen in the figure, the copper
foil has a plastic deformation component of 0.0005 (mm/mm),
which is the predetermined value of the invention or more. The
film-A and the copper foil were joined by a laminate roll whose
surface was set to 120°C, and were pressurized and heated
20 (conditions: 110°C x 2 h x 10 kg/cm?) 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
25 - film-B as for film-A. Both film-A and film-B were crimped

under conditions 150°C x 1 h x 30 kg/cm? and laminated by a
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~46

graph, the maxi mum val ue of the |inear expansion coefficient

difference between film1 and film 3 was cal cul at ed. The result was
1.77 x 10[err] (1/[err]C, which exceeded the predeterm ned val ue.
Filml and film3 were used to manufacfqure a flexible printed circuit
with the surface of film1 facing the rear face

10

‘15

20

25

heat press (see Fig. 15) with the surface of film-A facing the
rear face of film-B.

Fof the flexible printed circuit thus provided, an
attempt was made to measure tﬁe'curl amount h by the above-
mentioned method, but curl occurrence cannot be fecognized and
cannot be measured. That is; the curl occurring in the
formation of the metal electric circuit was removed by forming
the cover layer and the flexbile printed circuit 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
haﬁd, as evaluation of the durability, Cycles to Failure
conforming to Flexural Fatigue and Ductility, Flexible Printed
Wiring defined in IPC-FC—2SOA were found with mandrel diameter
0.125°" (522 mm). As a result, Cycles to Failure were 820.
Compa:ison-lz |

The same polyeﬁhylene terephthalate film 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 areas due to cut arranged in the width -
direction of the raw material plastic film weré assumed, from

whiéh rectangle plastic films each having a size of 100 x 200

mm (£ilm-C and film-D) were cut out. For the two films of

film-C and film-D, the maximum value of the linear expansion

coefficient difference and the total area of portions where
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of film3 as in Enbodiment 1. At this tine, netal electric circuit
was forned using the same adhesi ve and manufacturing method as in
Enbodi ment 1 for the sanme copper foil as in 10 Enbodi ment 1. For the
flexible printed circuit, flexibility 3 and durability were exam ned as
I n Enbodinent 1. As.a result, for the flexibility, when bend radius
R = 5mm repul sion force - was 27.5 g/cm and for the durability,

Cycles to Failure were 800; the values were substantlally t he sane as
those in s an sul t | the cu
amount h o?i}ﬁBSFFeanPQEpPVﬁFéﬁpcngbl %Eﬁﬁoﬁgné mﬁﬂ‘gy%lnqlﬁb(nul
amount h W%galjc?’fgcmfnfllixﬁ%cuéll:e. rg@sbyaas é?ete}xod described later.

As a result, the maximum value of the linear expansion
coefficient difference was 1.8 x 10°® (1/°C) and the total area

5 of portions where the ellipses do not overlap was 7.4 x 1071
[(1/°C) x (1/°C)]. |

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

10 For this flexible printed circuit thus provided, curl
occurrence, flexibility, and durability 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

15 substantially the same as thése_in Embodiment 1. However, for
the curl occurrence, a curl occurring in the.electric circuit . .
formation remained still after the cover layer formation; the
curl amount h was 19 mm and the curl degree.was 9.5%.

Embodiment 2:

20 - A flexible printedlcircuit was mﬁnufacturéd in the same
manner as in Embodiment 1 except that copper foil having a
plastic deformation component of 0.0003 (mm/mmi whgn a stress
load was imposed until strain amount 0.002 (mm/mm) was used.

- For the flexible printed circuit, curl occurrence,

25 flexibility, and durabiiity were examined as in Embodiment 1.

As a result, although an attempt was made to measure the curl
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“curl occurred. Enbodi nent 4: 20 A polyinmide filmO0.125 nm

t hi ck (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 plastigg films (film4 and film5) each
havi ng a size of 200 x 360 mm were cut out. Coefficients of |inear

expansi on 25 wer e neasured by the above-described TMA nethod with the
surface. of film4 facing the rear face of film5 as in

amount h, as in Embodiment 1, curl occurrence cannot be
recognized and cannot be measured. 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
5 a flat shape. For the flexibility, when bend radius R = 5 mm,
repulsion force was 29.5 g/cm, .which was a sufficient value.
Cybles to Failure (durability) were 760, substantially the same
degree as in Embodiment 1. |
Embodiment 3:

10 A polyethylene terephthalate film 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 film, from which plastic films (film-1 and film-2) each
‘having a size of 100 x 200 mm were cut out. Coefficients of

15 linear expansion film-1 and film-2 were measured by the above-
described TMA method with tﬁe surface of film-1 facing the rear
face of film-2 and linear expansion coefficient ellipses were

5 ‘ created by polar coordinate plotting and were .overlapped.
These overlapped ellipses are shown in a graph of Fig. 23.

20 From this graph, the maximum value of the linear expansion
coefficient difference between film-1 and film 2 was calculated -
by using a control computer aftached to TMA prog.rammed based on
Expressions (4), (5), and (6) described above. The result was
0.53 x 10° (1/°C), which was equal to ‘or less than the

25 predetemined value. The linear expansion c;)efficient

measurement by TMA was executed to exclude the effect of
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47 Enbodi ment 3 and |inear expansion coefficient ellipses were
created by polar coordinate plotting and were overl apped. These
over |l apped el lipses are shown in a graph of Fig. 25. Fromthis
graph, the total area of portions whergsthe ellipses 5 of film4 and
filmb5 do not overlap (C) was 3.44 x 10[err] [(1/[err]C X

(1/[err]C], which was equal to or |less than the predeterm ned

val ue.

expr cssi ontiyayoneser oebRigheR g YT FAT e e ipetic £HRE U 1ot

10

15

20

25

standing for 60 mlnutes.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 coefficients of linear expansion were found

based on Expression (2) for regions of Tg or less.

The area was cal cul at ed by usi ng a control conputer attached

Next, film-1 (for a base layer) and film-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 manufacturing method as in

 Embodiment 1 for the same copper foil as in Embodiment 1. For

the flexible printed circuit, curl occurrence, flexibility, and

durability 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
occurrence was suppressed. for the flexibility, when bend
radius R = 5mm, repulsion force was 27 g/cm, and for the
durability, Cycles to Failure were 830; the values were
substantially tﬁe same as those in Embodiment 1.

Comparison 2:

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

mm was cut out from the polyethyiene terephthélate film used
with Embodiment 3. On the other hand, the same film-1 as in
Embodiment 3 was prépared. Linear expansion coefficient

ellipses were created and overlapped as in Embodiment 1. These

. o&erlapped ellipses are shown in a graph of Fig. 24. From this
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10 [err]=(2[err]/720)=0.00873 (rad). ~ Next, film4 (for a
base layer) and film5 (for a cover | ayer) were used to manufacture
a flexible printed circuit with the surface of film4 faci.ng the
rear face of film5 as in Enbodiggent 1. At this time, netal electric
circuit was forned 15 using the sane adhesive and manufacturing
method as in Enbodi nent 1 for the same copper foil as in Enbodi nent
1. The curl amount h of the flexible printed circuit was neasured as

LD B e e A g 4 PR pBt Ba bl TE Yhat i

- exam ni ng BQ%fEL:%%&EQi llj)é%égn t ?glfnle&)(ié)rk& Eriilm—%d was calculated. The
result was 1.77 x 103 (1/°C), which exceeded the predetermined
value. .

5 Film-1 and film-3 were used to manufacture a flexible
printed circuit with the surface.of film-1 facing the rear face
of film-3 as in Embbdiment 1. At this time, metal electric
circuit was formed using the same adhesive and manufacturing'
method as in Embodiment -1 for' the same copper foil as in

10 Embodiment 1. 'For the flexible printed circuit, flexibility
and durability were examined as in Embodiment 1. As a result,
for the flexibility, when bend radius R = 5mm, repulsion force
was 27.5 g/cm, and for the durability, Cycles to Failure were
800; the values were substantially the same as .those in

15 Embodiment 1. | However, as a result of measuring the curl

' amount'h'éf the flexible printed circuit as in Embodimgnt 1,
the curl amount h was 13.5 mm and the curlidegree was 6.8%; 5
- curl occurred.
Embodiment 4:

20 . 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 aé a raw material film, from
which plastic films (film-4 and film-5) each having a size of
200 x-360 mm were cut out. Coefficients of linear expansion

'25 were measured by the above-described TMA method with the

surface of film-4 facing the rear face of film-5 as in
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“Circuit as in Enbodinent 1, when bend radius R = 5mm repul sion force

was 160 g/cm To evaluate the durability of the flexible - printed
circuit, Cycles to Failure conform ng to Fl exural Fati gue Test
defined.in | PG FC 240C were found withggurvature 25 radius 5 mm As a
result, Cycles to Failure were 9 x 106. Conparison 3:

48 :

Embodiment 3 and linear expansion coefficient ellipses were
created by polar coordinate plotting and were overlapped.
These overlapped ellipses are shown in a graph of Fig. 25,
From this graph, the total area of portions where the eilipses
5 of £ilm-4 and film-5 do not overlap (C) was 3.44 x 107! [(1/°C)
x (1/°C)], which was equai to 6r 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'(S)-described above by setting m=720 and
10 - a0=(2rn/720)%0.00873 (rad). |
Next, film-4 (for a base layer) and film-5 (for a cover
layer) were used to manufacture a flexible p:inted circuit with
the surface of filﬁ-4 facing the rear face of film-5 as in
Embddiment 1. At this time, metal electric ciréuit was formed
15 using the same adhesive and manufacturing method as in
Embodiment 1 for the same copper foil as in Embodiment-1l. 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
20 a result of examining the flexibility of the flexible printed
] circuit as in Embodiment 1, when bend radius R = 5mm; repulsion -
force was 16b g/cm. To evaluate thé durability 6f the flexible
printed circuit, Cycles to Failure cbnforming to Flexural
Fatigue Test defined in IPC-FC-240C were found with curvature
25 radius 5 mm. As a result, Cycles to Failure were 9 x 108,

Comparison 3:




s

“A new plastic film(film®6) having a size of 200 x 360 mm was cut out
fromthe polyimde filmused with Enbodi nent 4. On the other hand,
the sane film4 as in Enbodi nent 4 was prepared. Linear expansion
coefficient ellipses were created 5 4gand overlapped with the surface of
film4 facing the rear face - of film®6 as in Enbodi nent 4. These
over |l apped el lipses are - shown in a graph of Fig. 26. Based on this
graph, the total area of portions where the |inear expansion

COSTN SN 10 AP A0l A TR ARLY SR LM 360
Kot LS g}a,wags“c% out fr ..vewrz)h N pRiGaRied Equn%%ggtvgmneﬂbxamsnt 4.
on the other hand, the same film-4 as 19 "Embodiment 4 was
prepared. Linear expansion coefficient ellipses were created
5 and overlapped with the surface of film-4 facing the rear face
of f£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 1linear expansion coefficient
ellipses of film-4 and £ilm-6 do not overlap was calculated as
10 in Embodiment 4. The result was 7.71 x 10 [(1/°C) x (1/°C)],
which exceeded the predetermined value.
Next, Film-4 (for a base layer) and film-6 (for a cover
- layer) were used to manufacture a flexible printed circﬁit with
the surface of film-4 facing.fhe rear face of film-6 as in
15 Embodiment 4. At this time, ﬁetal electric circuit was formed
using the -Saﬁe adhesive and manufacturing method as in
Embodiment 1 for 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 25.2 mm
20 and the curl degrée 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 flexibiiity, when bend
radius R = 5mm, repulsion force was 166 g/cm. For the
_durability} Cycles to Failure were.found with curvature radius
25 5 mm; as a result, Cycleé to Failure were 8.3 x 10°.
Embodiment 5: |

el marmpe

._.__————-———"‘"""" e “
REPLACF?

——————

14 JAN 997
B




“layer) were used to manufacture a flexible printed circuit with t he
surface of film4 facing the rear face of filme6 as in 15 Enbodi nent 4.
At this tine, nmetal electric circuit was fornmed usi ng the sane
adhesi ve and manufacturing method as kg _ Enbodi ment 1 for the sane
copper foil as in Enbodinment 1. The curl amount h of the flexible
printed circuit was neasured as in Enbodinent 1. As a result, the
curl amount h was 25.2 nm 20 and the curl degree was 7.0% a curl

d. he flexibili dd iLi \ bl d
cirou t were exanfneRotgethylene *RerSehFRa1akY Ti b @uf?* iy PR
flexibility, WARRLeNY  two 'dfhudefoms®BE  hEBHLNECN b % bvelis

g/ cm
directions (manufactured by TORAY) was used a raw material

film, from which plastic films (film-7 and film-8) each having

5  a size of 200 x 360 mm were cut out. A bidirectionally

stretched polyethylene terephtbalate film 0.250 mm thick

(manufactured by TORAY) was used a raw material film, from

which a plastic film (f£film-10) having a size of 200 x 360 mm

was cut out. Three iinear expansion coefficient -ellipses were

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

rear face of film-8 as in Embodiment 3. These overlapped

ellipses are shown in a graph of Fig. 27. From this graph, the

maximum values of the linear expansion coefficient differences

among film-7, film-8, and £film-10 were calculated as in

15 Embodiment 3. 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

103 (1/°C); and that between film-8 and film-10 was 3.94 x 10°°
(1/°C). |

20 Next, film-7, £film-8, and £film-10 were used to

. manufacture a flexible printed circuit. That is, first, as

shown in Fig. 29, a polyester family thermosefting adhesive

shaped liké a sheet 0.05 mm thick was prepared and temporarily

crimped on the surface of_film-? and the rear face of film-8

25 with a roll to férm adhesive layers 8. Copper electric circuit

3 0.035 mm thick was formed on each of the adhesive layers by
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“ durabidity, Cycles to Failure were found with curvature radius 25 5
as a result, Cycles to Failure were 8.3 x 10[err]. Enbodi nent 5:

49

A pol yethyl ene terephthalate film0.125 mmt hick

stretched in two directions of nachi kg and transverse directions
(manuf actured by TORAY) was used a raw. nmateri al

10

15

20

25

the subtractive method as in Embodiment 1. Also, a polyester
family thermosetting adhesive like a sheet was used to form an
adhesive layer 8 on the surface and rear face of film-10, as
described abqve. As shown in Fig. 29,. film-7, film-8, énd
film-10 were temporarily crimped by the roll laminate method
with the surface of film-7 facing the rear face of film-8 with
film-10 between, 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. 30. Parts
identical with those previously described with reference to
Fig. 29 are denoted by the same reference numerals in Fig.. 30.
Positioned on both the outermost layers of the plastic film
laminate in the flexible printed circuit are film-7 and film-8.
As described above, the maximum value of the linear expansion
coefficient difference between f£ilm-7 and f£ilm-8 is 0.54 x 107
(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 was 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_éircuit as in
Embodiment'l, when bend radius R = 15mm, repulsion force was

360 g/cm.

Comparison 4:

A new plastic film (film-9) having a size of 200 x 360
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“film fromwhich plastic films (film7 and film8) each'having 5 a size

of 200 x 360 mm were cut out. A bidirectionally stretched

pol yet hyl ene terephthalate film 0.250 nmmthick (manuf act ured by
TORAY) was used a raw material film f&pom which a plastic film
(film210) having a size of 200 x 360 nm was cut out. Three |inear

expansi on coefficient ellipses were 10 created and overlapped with the
surface Ofprf iWdB edtA@ul) fidtin the pdBpstApLendftédiéphbnasate Erbadoleps 3.

These over| apped ellipses are shown in a graph of Fig. 27. Fromthis
graph, them thickrusedwitd EBxbariinidret |5 neadn etpanstiver Cloehd | ctkeat same
di fferences anong film7, film8, and film 10 were calculated as in

15 Enbodiiitent? 33nd Afilmr38ubs, inhEmbodinentyabuwerse pnedaneshr Three
linear expansion coefficient ellipses -were created and

5 overlapped as in Embodiment 5. These overlapped ellipses are
shown in a graph of.Fig 28. ;From this graph, the maximum
values of the linear expansion coefficient differences among

film-7, £ilm-9, and film-10 Qere calculated as in Embodiment 1.

As a result, the maximum value of the linear expansion

10 coefficient difference between film-7 and film-9 was 1.66 x 103
(1/°C) and that between film-9 and film-10 was 4.17 x 103
(1/°C). As described earlier, the maximum value of the linear
expansion coefficient difference between f£film-7 and £film-10 is
4.49 x 1073 (1/°C).

15 _ Next, £film-7, film-9, and film-10 were used +to
manufacture a flexible printed circuit in the same manner to
that-in Embodiment 5 except that film-9 was used ‘in éiace of
£film-8. For the flexible printed circuit, the curl amount h
was measured as in Embodiment 1. As a result, the curl amount

20 h was 18.9 mm and the curl degree was 5.3%; a curl occurred.
As a result 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 6:
25 A raw material plastic. film made of polyéthylene

terephthalate 0.05 mm thick and 4 m wide stretched in two




~expansi on coefficient difference between film7 and film8 was 0.54 x
10[err] (1l/[err]C; that between film7 and film 10 was 4.49 x
10[err] (1/[err]C; and that between film8 and film 10 was 3.94 x 10[err]

(2/C). 20 Next, film7, giln18 and film10 were wused to
manuf acture a flexible printed circuit”™ That is, first, as shown in
Fig. 29, a polyester famly thernosetting adhesive shaped |i ke a
sheet 0.05 mmthick was prepared and tenporarily crinped on the
surface of film7 and the rear face of film8 25 wth a roll to form

adhesi ve |dyactipnopihdiadiing (gnd Grangyerse dl§e%t6335nﬂ??hPEﬁPﬁE§d

formed on Iei:aCh OfditJ]iedeaéjhfr?tl.e/eeigaﬁ/@rpsagt\.(s like bands (each 500 mm wide)

parallel with the length direction (machine direction of

stretch) of the plastic film, as shown in Fié. 18. In the raw

5 material plastic film, the coefficients of linear expansion of

the parts (divisions) were measﬁred as in Embodiment 3, and

combinations of the relative positione were considered. The

‘condition thaﬁ the maximum value of the linear expansion

coefficient difference is 1.4 x 10 (1/°C) or 1less was

10 satisfied in the range of relative positions (-3) to (3). As

shown in Fig. 18, a cover layer plastic film (film 11) having

a size of 80 x 200 mm was cut out 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 film-

15 . 11 and film 12, the linear expansion coefficient differences

were measured with the rear face of film-11 facing the surface

of film-12. The maximum wvalue of the linear expansion
coefficient difference was 1.1 x 107 (1/°C).

As in Embodiment 3, film-11 and film-12 were used to

20 manufacture a flexible printed circuit with the rear face of

film-11 facing the surface of film-12. The curl amount h of

the flexible printed circuit was measured as in'Embodiment 1.

As a_result, the curl amount h was 7.6 mm and the curl degree

was 3.8%; curl occurrence was'suppressed. The flexibility and

25 durability of the flexible printed circuit were examined as in

Embodiment 1. - As a result, for the flexibility, when bend
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“50 t he subtractive nethod as in Enbodinent 1. Also, a polyester
famly thernosetting adhesive |ike a sheet was used to form an
adhesive layer 8 on the surface and rear face of film 10, as
descri bed above. As shown in Fig. 2 film7, film8, and 5 film10
were tenporarily crinped by the roll ['am nate net hod wi th the surface
of film7 facing the rear face of film8 with '

radius R = 5mm, repulsion force was 27 g/cm. For the

durability, Cycles to Failure were 810, substantially the same
degree as in Embodiment 1.

It is to be understood that the foregoing description

5 and the accompanying drawings are not intended to limit the

scope of this invention; ratﬁér, 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

-io invention also can be applied to an ordinary composite sheet

not only to the flexible printed circuit. The composite sheet

according to the present invention may be also applied to IC

card, credit card or the like.
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“film 10 between, then cured in an autocl ave (conditions: Imﬂ !I “III"III
2 h x 10 kg/cnferr]) for manufacturing a flexible prlnted

[

a 3-filmlayer structure as shown in Fig. 30. Parts Fdenti'tal® with
those previously described with refergpce to Fig. 29 are denoted by
the sane reference nunerals in Fig. 30. Positioned on both the -
outernost | ayers of the plastic film | am nate in the flexible printed
circuit are film7 and filmS8. As descri bed above, the nmaximum val ue
of the Iip fXPepREMBD 18, coefficient difference between film7 and
filma8 |s—gggﬁ-x—§%%err?——- (1/[err]C, which is equal to or less than
the predeterm nedyyapUgom OSLthsﬁQQtleaﬁﬁ}igmng. For the
flexible printed circuit of the 3-filmlayer
2 a first resin fllm,
3 a second resin film laminated on.the first resin film
4 so that a surface of the first resin film faces a rear face of
S the second resin f£ilm; and -
6 a metal electric circuit formed between the first and
7 second resin films, the metal electric circuit having a plastic
8 deformation component of 0.0003 (mm/mm) or more when a stress
9 load is imposed until strain becomes 0.002 (mm/mm) assuming
10 that the plastic strain occurring when the stress load is
11 imposed and removed is the plastic deformation component;
12 wherein the first and second resin films are cut out
13 from two areas due to cut, having substantially the same shapé
14 each other, the two areas are aligned mutually in orientation,
15 an arbitrary point ‘of one of the two areas due to cut and a
16 point of the other corresponding to that point are both on an
17 arbitrary standard line parallel with a machine direction of
18 stretch on a material plastic film stretched in two directions
19 with a machine direction as a longitudinal direction of stretch
20 and a transverse direction as a lateral direction of stretch.
1 2. The composite sheet according to claim 1, whereih
2 the composite sheet is a flexible printed circuit.
1 3. The composite sheet according to claim 1, wherein
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“structure, the curl anount h was measured as in Embodi rrent““l““ﬂﬂumm |“|
result, the curl anbunt h was 5.0 mmand the curl degree

curl occurrence was suppressed. As a result of exani nih
flexibility of the flexible printed cigscuit as in : Enbodlnent 1 when
bend radius R = 15mm. repul sion force was 360 g/cn1 25 Cbnparlson
4. A new plastic film(film9) having a size of 200 x 360
2 one or more other resin films are sandwiched between the first
3 and second resin film.
1 4. The composite sheet according to claim 1, Qherein
2 the first and second resin film are laminated via an adhésive
3 layer. '
1 5. The composite sheet according to claim 1, wherein
2 .the plastic deformation component of the metal electric circuit
3 is 0.0003 to 0.0015 (mm/mm) when a stress load is imposed until
4 strain becomes 0.002 (mm/mm).
1 6. The composite sheet according to claim 1, wherein
2 . the plastic deformation.component of the metal electric circuit
3 is 0.0004 to 0.0010 (mm/mm) when a stress load ié imposed until
4 strain becomes 0.002 (mm/mm).
1 7. A composite sheet comprising:
2 ; first resin film;l
3. a second resin film laminated on the first resin film
4 so that a surface of the first resin film faces a reaf face of -
S the second gesin film; and |
6. a metal electric circuit formed between the first and
7 second resin films, the metal electric circuit having a plastic
8 deformation component of 0.0003 (mm/mm) or more when a stress
9 load is imposed until strain becomes 0.002 (mm/mm) assumiﬁé
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m thi ck used i th Enbodi et 5. On t he of her hand. t e s Wb ||||'P||||ﬂ||ﬂJU|I| |

and film10 as in Enbodinment 5 were prepared. Three Tinear eX pa si on
coefficient ellipses -were created andsg 5 over | apped as in Enbodi nent 5.
These overl apped el |lipses are shown in a graph of Fig 28. Fromthis
graph, t.he maxi num val ues of the |inear expansion coefficient
di fferences anong film7, film9, and film10 were calculated as in
Cbode chge sy, Barbie ke, BB VRS 5 Fhrehd D500 s
10[ eryy] imposed and removed is. the plastic deformation component;

12 wherein two ellipses of coefficient of linear expansion

13 are created on coordinates in corresponding parts of the first

14 and second resin f£ilms by the following method:

15 comprising the steps of:-defining a predetermined base

16 point P on the resin film; measuring a coefficient of linear

17 expansion at a position separate from an arbitrary axis in

18 angle 0 direction on the first and second resin films, the

19 arbitrary axis being selected on the first and second resin

20 . films so as to pass through the base point P with the base

21 point P as a center and direct an arbitrary direction;

22 - preparing a coordinate system with the arbitrary axis as a Y

23 axis and an axis crossin§ the Y axis at 90 degrees as an X

24 axis, in this coordinate system; defining an intersection of

25 ‘the X and™Y axes as the base point P in the linear expgnsion

26 coefficient measurement and magnitude of a linear expansion

27 coefficient measurement value as distance r from the base point

28 P, then plotting a tip point of the diétance r in the

29 measurement_angle 0 direction with respect to the Y axis,
30 _' plotting it multiple times by changing the measurement angle 6,
31 and drawing an analysis line throughout 360-deg£ee directions
32 with the base point P as the center so as to pass through
33 average points of the plotted points for creating the ellipse:
34 and the two ellipse are overlapped so as to match in
35  the center point and coordinate axes X and Y, and the following
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expansion coefficient difference between film7 and film10 is 4. 49
x 10[err] (2/[err]C. 15 Next, film7, film9, and film10
were used to ~manufacture a flexible printed circuit in the sane
manner to ' that in Enbodinent 5 except that film9 was used in place
of film8. For the flexible printed circuit, the curl anmount h

was neasured as in Enbadi nent .1.. a lt. th I t _ 209,
T5. 88 rm GFOLAREORTNP Ao cBRsABTAeRs, ARGy Sa LUl "L inedl T
exagr]17 n ngeéggnénl.gﬁ('tpééffiycfgné r&%.ffée%rmee between the two resin films is

38 . equal to or less than a predetermined value.

1 8. The composite sheet according to claim 7, wherein
2 the predetermined value is 1.4 x 1070 (1/°C).

1 9. The composite sheet according to claim 7, wherein
2 the composite sheet is a flexible printed circuit.

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

1 11. The composite sheet according to claim 7, wherein
2 the first and second resin film are laminated via an adhesive
3 layer.

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

1 13. The composite sheet according to claim 7, wherein
2 the plastic deformation component of the metal electric circuit
3 .15'0.0004 to 0.0010 (mm/mm) when a stress load is imposed until
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Pepil chon force was 370 grem = ~ Enbodi ment 60 35 15”“HIIIIIHIIIILIIIIIlllllllllll

material plastic filmnade of polyethylene terephthalate 0.'05 "mm®
thick and 4 mw de stretched in two
52 directions of nmachine and transverse directions was prepared.
4 strain becomes 0.002 (mm/mm).
1 14. The composite sheet'according to claim 7, wherein
2 the arbitrary axis is settled on a machine'difection 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 15. A composite sheet comprising:
2 a first resin film; and |
3 a second resin film laminated on the first resin film
4 so that a surface of the first resin film faces a rear face of
5 the second resin film; and |
6 a metal electric circuit formed between the first and
7 second resin films, the metal electric circuiﬁ having a plastic
8 deformation'COmponent of 0.0003 (mm/mm) or more when a stress
9 load is imposed until strain becomes 0.002 (mm/mm) aésuming
10 : that the plastic strain occurring when the stress load is
11 imposed and removed is the plastic deformation component;
12 wherein two ellipses of coefficient of linear expansion
13 are created on coordinates in corresponding parts of the first
.14 and second resin films by the following method;
15 comprising the steps of: defining a predetermined base
16 point P on the resin film; measuring a coefficient of linear
17 expansion at a position separate_from an arbitrary axis in
‘18 angle 6 direction on the first and second resin £ilms, the
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parai el with the length direction (mchine airection of NI lllll [
the plastic film as shown in Fig. 18. In the raw 5 materi al pl asti't

film the coefficients of |inear expangbon of the parts (divisions)
were measured as in Enbodi nent 3, and conbi nations of the relative
positions were considered. The condition that the maxi mum val ue of
the |inear expansion coeff|C|ent difference is 1.4 x 10[err]
(1/[err](3 satis %g n the_ran & tive ppsitipns
(-3 I ChpPoisgay Beis Rpifi pgeted o ovhé Piss an ﬁecqﬁ’ A m
11) V|ng s e .of é% ?@ u v
posi t films )gém&8 ase 5§er p|a§FIC % {ﬁﬁn aé%k%eba%?ze
of 8021 point P as a center and direct an arpltrary direction;
22  preparing a coordinate system with the arbitrary axis as a Y
23 axis and an axis crossing the Y axis ét 90 degrees as an X
24 axis, in this coordinate system; defining an intersection of
25 the X and Y axes as the base point P in the linear expansion
26 coefficient measurement and magnitude of a linear expansion
27 coefficient measurement value as distance r from the base point

28 P, then plotting a tip point of the distance r in the

29 measurement angle 0 direction with respect to the Y axis,
30 plotting it multipie times by changing the measurement angle 6,
31 and drawing an analysis line throughout 360-degree directions
32 with the base point P as the center so as to pass through
33 avefage points of the plotted pdints for creating the eliiése:
34 ' "~ and the two ellipse are overlapped so as to match in
35 the center point and coordinate axes X and Y, and the following
36 relationship is satisfied: the total area of portions where the
37 ellipses do not overlap is equal to or 1less than a
38 predetermined value.
1 16. The composite sheet according to claim 15, wherein

2 the predetermined value is 6.5 x 107! [(1/°C) x (1/°C)].

1 17. The composite sheet according to claim 15, wherein
2 the composite sheet is a flexible printed circuit.
WEPM;@ wifyd
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% 200 mm was cut out fromthe relative position (2). For f|”“|| HLI““].“I““‘"'
and film 12, the linear expansion coefficient differences * S '
of :

nmeasured with the rear face of film1l facing the surface

filml2. The maxi mum value of the ghinear expansion coefficient
difference was 1.1 x 10[err] (1/[err]C). _ As in Enbodi ment 3,
film1l and film 12 were used to 20 manuf acture a flexible printed

circuit with the rear face of film1ll facing the surface of film12.

Erpoatmene o " 0, mhe cbiSobl PGP AR NS A B TR
degreg  oneVBR moflofHL: PESHLMEIRs VRSe HHASHR v dd Pt ¢t and

3 and second resin film.

1 19. The composite sheet aécording to claim 15, wherein
2 the first and second resin film are laminated via an adhesive
3 layer.

1 -20. The composite sheet according to claim 15, wherein
2 the plastic deformation component of the metal electric circuit
3 is 0.0003 to 0.0015 (mm/mm) when a stress load is imposed until
4 strain becomes 0.002 (mm/mm).

1 21, The cbmposite sheet according to claim 15, wherein
2 the plastic deformation component of the metal electric circuit
3 is 0.0004-to 0.0010 (mm/mm) when a stress load is imposed until
4 strain becomes 0.002 (mm/mm).

1 22. The composite sheet according to claim 15, wherein
2 the arbitrary axis 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 f£ilm

5 stretch.

r“‘";f“--m;
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<25 durability of the flexible printed circuit were examned as in
Enbodinent 1. As aresult, for the flexibility, when bend

53 radius R = 5mm repulsion force was 27 g/cm For the
durability, Cycles to Failure were 81qil substantially the sanme degree
as i n Enbodinent 1. It i'S to be understood that the foregoing

description FLEXIBLE PRINTED CIRCUIT

ABSTRACT OF THE DISCLOSURE

A raw material plastic film like a band stretched in
two directions with a machine direction as a longitudinal
direction of stretch.and a transverse direction as a lateral

5 direction of stretch is prepared. One standard line parallel
with the machine direction of strétch is assumed on a film face

. of the raw material plastic film. An area due to cut a cover
layer plastic film and an area due to cut a base layer plgstic

film (the two areas are of almost the same shape) are assumed

10 to be on the standard line in a staté in which the areas are
aligned in orientation. However, both an arbitrary point of

the area due to cut and the point of the area due to cut
'corresponding thereto need to be on the standard line. A cover
layer plastic film and a base layer plastic film are cut out

15 from the two areas due to cut. Metal electric circuit is
formed on ‘a surface of the base layer plastic film “via an
adhesive layer. The metalle;ectric circuit has a plastic
deformation component of 0.0003 (mm/mm) or more when a stress

load is imposed until strain becomes 0.002 (mm/mm), and then

20 .removed. The cover layer plastic film is stuck ?n-the-metal
electric circuit via an adhesive layer- with the rear face of

the plastic film facing the surface of the base.layer plastic

film, thereby manufacturing a flexible printed circuit.

FIG. 1
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5 and the acconpanyi ng draw ngs are not intended to limt the scope

of this invention; rather, various nodifications or variations nmay
be made by those of ordinary skill in the art wi t hout departing from
t he scope of this invention which is - defined by the appended -cl ai ns.
For exanple, the present 10 i nventi al so can be applied to an ordinary
conposi te sheet not only to the1%a3xible printed circuit. The
conposite sheet according to the present invention may be al so
applied to IC card, credit card or the I|ike. '
(V]
-

FIG. 1
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54 VWHAT IS CLAI MED | S: 1 ' 1. A conposite sheet

conpri si ng: 2 afirst resinfilm 3 . a second resin
filmlamnated on the first resin film 4 so that a surface of the first
resin filmfaces a rear face of 5 the second resin film and 6

a metal electric circuit formed bet § the first and 7 second resin
films, the netal electric circuit ha Q a plastic - 8 def ormati on
conmponent of 0.0003 (nm my) or nore when a stress

FIG. 2A
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9 | oad is inposed until strain becones 0.002 (m nmm) assum ng 10 that
the plastic strain occurring when the stress load is 11 I nposed and
renoved is the plastic defornmation conponent; 12 wherein the
first and second resin filns are cut out 13 fromtwo areas due to cut,
having substantially the same shape 3Jd) each other, the two areas are
aligned nutually in orientation, 15 an arbitrary point of one of the
two areas due to cut and a 16 poi nt of the other corresponding to that
point are both on an 17 arbitrary standard line parallel with a nmachine
di rection of 18 stretch on a material plastic filmstretched in two
directions 19 with a machine direction as a |ongitudinal direction of

stretch
FIG. 3
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20 and a transverse direction as a lateral direction of stretch. 1

2. The conposite sheet according to claiml1l, wherein 2 the conposite
sheet is a flexible printed circuit. 1 3. The conposite sheet
according to claiml1, wherein 55

4/20
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2 one or nore other resin filnms are sandwi ched between the first 3 and

second resin film 1 4. The conposite sheet according to claim
1, wherein 2 the first and second resin filmare | am nated via an
adhesive 3 | ayer. 1 5. The conposite sheet according to

claim1l, wherein 2 the plastic defoggzpi<3n conmponent of the netal

electric circuit 3 Is 0.0003 to 0.0
i nposed until 4 strain beconmes 0.002 (mm

.

FIG. 7
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1 6. The conposite sheet according to claiml1, wherein 2 t he
pl astic deformati on conponent of the netal electric circuit 3 Is 0.0004
to 0.0010 (mi M) when a stress |load is inposed until 4 strai n becones
0.002 (nmm mMm). 1 7. A conposite sheet conprising: 2

a first resin film 3 a seCﬁgg?resin filmlamnated on the first
resin film 4 so that a surface of t irst resin filmfaces a rear face
of 5 the second resin film and 6 a netal electric circuit
formed between the first and

FIG. 9
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7 second resin filnms, the nmetal electric circuit having a plastic 8

def ormati on conponent of 0.0003 (minm) or nore when a stress 9 load is
i nposed until strain becomes 0.002 (mi M) assum ng

56 10 that the plastic strain occurring when the stress load is 11

| nposed and renoved is the plastic defﬂkﬂﬁtion conponent; 12

wherein two ellipses of coefficient of ear expansi on

FIG. 11
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13 are created on coordinates in corresponding parts of the first 14

and second resin filns by the follow ng nethod: 15 conpri si ng
the steps of: defining a predeterm ned base 16 point P on the resin
film neasuring a coefficient of |inear expansion at a position

separate froman arbitrary aX|s in ngle [err] direction on the first
and second resin filnms, the arblfygﬁy axi s being selected on the
first and second resin 20 fI|nB so as to pass through the base point P
with the base 21 point P as a center and.direct an arbitrary direction;
22 preparing a coordinate systemwith the arbitrary axis as a Y 23

"axis and an axis crossing the Y axis at 90 degrees as an X 24 axis, in
this coordinate system defining an intersection of

FIG. 12A

FIG. 12B

1a

6 |
TS

; _

PO e L L




z the X and Y axes as the base point P in the |linear expansion 26
coefficient neasurenent and magni tude of a |linear expansion 27
coefficient neasurenent value as distance r fromthe base point 28 P,
then plotting a tip point of the distance r in the 29 measur enent angl e
[err] direction with respect to pﬁgaY axis, 30 plotting it nmultiple

ti mes by changi ng the neasurenen gle [err], 31 and drawi ng an

anal ysis line throughout 360-degree directions 32 with the base point P
as the center so as to pass through 33 average points of the plotted
points for creating the ellipse: 34 and the two ellipse are
over|l apped so as to match in 35 the center point and coordi nate axes X
and Y, and the follow ng

FIG. 13
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57 36 relationship is

satisfied: the maxi numvalue of a |linear 37

expansion coefficient difference between the two resin filns is 38 equal
to or less than a predeterm ned val ue. 1 8. The conposite

sheet according to claim7,
10[err] (1/[err]C).

wherein 2 the predeterm ned value is 1.4 X

10/20
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1 9. The conposite sheet according to claim7, wherein 2 t he

conposite sheet is a flexible printed circuit. 1 10. The
conposite sheet according to claim?7, mherein 2 one or nore other resin
films are sandwi ched between the first and second resin film 1

11. The conposite sheet according to ﬁkghn17 mhereln 2 the first and
second resin filmare l.am nated via h hesi ve | ayer.
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12. The conposite sheet according to claim?7, wherein 2 the plastic
def ormati on conponent of the netal electric circuit 3 Is 0.0003 to
0.0015 (mf M) when a stress load is inposed until 4 ~strain becones
0.002 (MM mm). 1 13. The conposite sheet according to claim
7, wherein 2 the plastic defornmatq component of the netal electric
circuit 3 Is 0.0004 to 0.0010 ( when a stress load is inposed
unt i |
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58 4 strain beconmes 0.002 (nm nm. 1 14. The conposite
sheet according to claim7, wherein 2 the arbitrary axis is settled on a
machi ne 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. 113/20 15. A conposite sheet
conpri si ng: -

FIG. 18
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2 a first resinfilm and 3 a second resin film

| am nated on the first resin film 4 so that a surface of the first resin
filmfaces a rear face of 5 the second resin film and 6 a
netal electric circuit formed between the first and 7 second resin
films, the netal electric circuit havi plastic 8 def ormati on
conponent of 0:0003 (nm mm) or nore mﬂgﬁzq stress 9 | oad is inposed
until strain becomes 0.002 (minm assuming 10 that the plastic strain
occurring when the stress load is 11 I nposed and renoved is the plastic
deformati on conmponent; 12 wherein two ellipses of coefficient of
| i near expansion 13 are created on coordinates in correspondi ng parts of

the first
FIG. 19
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14 and second resin filnms by the follow ng nmethod: 15

conprising the steps of: ‘defining a predeterm ned base 16 point P on the
resin film nmeasuring a coefficient of linear 17 expansi on at a position
separate froman arbitrary axis in 18 angle [err] direction on the first
and second resin filns, the 59

19 arbitrary axis being sel ected 035##% first and second resin

FIG.21
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20 films so as to pass through the base point P with the base 21 poi nt
P as a center and direct an arbitrary direction; 22 preparing a
coordinate systemwith the arbitrary axis as a Y 23 axis and an axis
crossing the Y axis at 90 degrees as an X 24 axis, in this coordinate
‘system defining an intersection of the X and Y axes as the base
point P in the |inear expansion 26 16ﬁ¥kﬁf|C|ent measur ement and magni t ude
of a linear expansion 27 coefficient neasurenent value as distance r
fromthe base point 28 P, then plotting a tip point of the distance r
inthe 29 measurenent angle [err] direction with respect to the Y axis,
30 plotting it multiple tinmes by changing the neasurenent angle [err],

4

FIG. 22
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31 and drawi ng an analysis line throughout 360-degree directions 32

with the base point P as the center so as to pass through 33 aver age
points of the plotted points for creating the ellipse: 34 and
the two ellipse are overl apped so as to natch in 35 the center point and
coordi nate axes X and Y, and the follown relationship is satisfied:
the total area of portions where the 1212 elllpses do not overlap is
equal to or less than a 38 predeternlned val ue. 1 16.
The conposite sheet according to claim15, wherein 2 t he predeterm ned
value is 6.5 x 10[err] [(1/[err]C x (1/[err]Q].

FIG. 23
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1 17. The conposite sheet according to claim15, wherein 2 t he
conposite sheet is a flexible printed circuit.

60 1 18. The conposite sheet according to claim15, wherein
2 one or nore other resin filns are sandwi ched between the first 3 and
second resin film _

N 18/20
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1 19. The conposite sheet according to claim15, wherein 2 t he

first and second resin filmare |am nated via an adhesive 3 | ayer. 1
20. The conposite sheet according to claim15, wherein 2 the plastic
def ormati on conmponent of the netal electric circuit 3 is 0.0003 to

0. 0015 (mm nm when a stress | oad is1gﬂggsed until 4  strain becones
0.002 (M nm). 1 21. Th nposite sheet according to claim

15, wherein 2 the plastic deformation conponent of the netal electric
circuit 3 is 0.0004 to 0.0010 (nm m) when a stress load is I nposed

unti |
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4 strain beconmes 0.002 (nm nm. 1 22. The conposite sheet
according to claim15, wherein 2 the arbitrary axis is settled on a
machi ne 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.

20/20
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