
PLBXIBLB PRIM~BD CIRCUI~ 

QC!KGRQUftD Ql '1'HI INVEFI'ION 

'l'hi1 invention :elates ta a flexible printed circuit of 

• :functional part used mainly in electric and electronic 

fields. 

Hitherto, printed circuits rich in flexibility have 

bean commonly callad flexible printed circuits and qenarally 

used in fields of eleat.ronics, etc, Pigs, 14A to 140 show an 

10 embodiment of the flexible printed circuit. A flexible printed 

circuit comprises a predetermined metal electric circuit 3 

fo.z:med on a pl•etic film 4 (for a base layer) and a pla•tia 

film 2 (for a cover layer) similar to the plastic film 4 

furthe:onore formed on the metal electric circuit 3. Ganarally, 

15 to form the plastic films, a material film is stretched in two 

directions of machine and transverse directions and the plaatia 

films are cut out to a predetermined aiae from the stretched 

film. The machine and tran&verse directions mean lonqitudinal 

and lateral directions of the material film. 

20 After electronic part• such as semiconductor devicaa 

are mounted en a flexible printed circ:uit, the flexible printed 

circuit is installed in an electronic maahine, etc,, it may be 
~ bent depending on the electronic machine, eta., wi~h which the 

flexible printed cirduit is used. For example, a flexibla 

2s printed circuit used to wire a print head (operating part) and 

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

- 1 ~-

REPLACED SHEETS SG 
lia"Description : paged ... L .. to paged .. S. .... . 
I!{' Claim(s) : paged ... ~. to paged .. ~~ .... . 
(iJ Drawing(s) : paged .. J": .. to paged .?'Y~ ... . 
~ Abstract : paged ... tL. to paged .::: ..... . 
DATE OF RECEIPT .................................. . 



oparatee. '!hua, flexible printed aircuita used at auah 

operating plaoea require sufficient flexibility and durability. 

An analysis on the physical property of metal eleotria 

circuit ia carried out for tha requirements, because, of main 

5 component• of flexible printed circuits, pla~tic films 

originally have flexibility and metal electric circuita of 

other main components cause a problem. Specifically, 

deformations of metal electric circuit in~lude ··plastic 

defortGation and an elaetic deformation. and the nature of the 

10 plastic deformation ia improved to provide flexibility. 

Howeve:r, 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 c!~cu!t has plastic film• 

15 as main components other than the metal electric circuit; the 

plastic films have flexibility, but little plastic deformation 

nature as compared with the metal electric circuit. That ia, 

in the flexible printed circuit improved in flexibility, the 

plaatic f ilma easily bacama elastically doformed, while ~he 

20 metal electric circuit easily becomes plastically deformed, 

Bonding of two types of members havinq such natures contrary to 

each other results in occurrence of a. curl in the flexible 

printed circuit. This point . will be diac:ussed along the 

flexible printed circuit manufacturing proceas. For example, 

2! a• shown in Fiqs. 17A and 17B, an adheaiva layer 8 la formed on 

a basa layer plastic film 4 and copper foil la ia plaaed on the 
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adhesive layer e. 'l'en11ion is applied in the film face 

direction as indicated by arrows in two atepa of heating and 

pressurizing such as laminate treatment aa shown in Fig. 17C 

and cooling to the ~oom temperature after heating and 

s pressurizing, then etching the copper foil 3a by a subtractive 

method, ate., to form met~l electric circuit as ahown in Fig. 

17D. When the tension is removed, the plastic film 4 ia 

restored to the former length (elastic deformation), but tha 

metal electric circuit 3 holds the extension state (plaatic 

10 deformation). As a result, as shown in Pig. 11E, the fla~!ble 

printed circuit warps as if it were a bimetal, causin; a curl 

to occur. Normally, after format.ion of the metal electric 

circuit 3, a plastic film i• stuck on the metal electric 

circuit to form a cover layer; even if such a atep la taken, 

15 the curl remains. 

suoh a flexible printed circuit with a curl oaaurring 

involves a problem in shape accuracy and when aamiconduotor 

devices a:re mounted on the flexible printed circuit or the 

flexible printed c~rcult i• installed in an electronic machine, 

20 a harmful influence happens. 

SUMMARY OP 'l'HI INVINTION 

It is therefore an object of the invention to provide 

a flexible printed circuit having sufficient flexibility and 

25 durability with curl occurrence auppraaaad. 

According to a first aspect of tha invention, th•r• is 
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provided a composite sheet comprlainga a firat realn f11mJ a 

aecond reain film laminated an the first ra•in film ao that a 

surface of the first resin film faaaa a rear face of the aacond 

resin film: and a metal electric circuit formed between the 

first and aacond resin film•, the metal electric circuit having 

a plastic deformation component of 0.0003 (mm/mm) or more when 

a stress load is imposed until •train becomes 0.002 (mm/mm) 

asswninq that the plastic strain occurring when the atre•• load 

ia impoaad and removed is the plastic deformation componant1 

10 wherein the first and second resin f ilma era cut out from two 

areas due to c:ut, having eubatantially 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 eorresponding to that point are both on an 

15 arbitrary standard line parallel with a machine direction of 

stretch on a mate~ial plastic film atretched in two direationa 

with a machine direction a11 a longitudinal direction of atz:atch 

and a t:anavorae direction as a lateral d~rection of •tretch. 

According to a second aspect of the invention, • 

20 composite ahaat comprlsinq1 a first resin film; a second raain 

film laminated on the first resin film ao that a surface of the 

first resin film faces ·a rear f aca of the second resin filnu 

and a metal electric circuit formed between the· fil:st and 

second resin films, the metal electric circuit having a plastia 

25 · deformation component of 0.0003 (mm/mm) or more whan a •treaa 

load ie imposed until strain becomes 0.002 (mm/mm) assuming 
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that tho plaat:.ic at.rain occurring whan the stress load 1• 

imposed and removed is the plastic deformation aomponant• 

wherein two ellipsaa of coefficient of linear expanaian are 

created on coordinates in corresponding parta of the first and 

second l:'eain films by the following mathod1 compriainq tha 

steps of 1 defining a predetermined base point P on the re1in 

filmr maa.auring a coefficient of linear expansion at 11 position 

separata from an arbitrary axis in angl• e direction on the 

first and second resin films, the arbitrary axi• be!n9 aalaatad 

10 on the fir•t and eecond resin f 1lma ao aa to pasa through tha 

baae point P with the base paint P aa a center and diraat an 

arbitrary direction' praparinq a coordinate aystem with the 

arbitra~ axis aa a Y axis and an axis crossing the Y axi• at 

90 de;:t"eaa as an X axie, in this coordinate system• dafining an 

is intersection of the X and Y axes as the base point P in the 

linear expansion coefficient measurement and magnitude at a 

linear expansion coaf f iciant measurement value as distance r 

fJ:om the baae point P, then plotting a tip point of the 

diatan~e r in ~he measurement angle 8 direction with reepect to 

20 the Y axis, plotting it multiple times by chanqing tha 

meaaurement anqle e, and drawing an analysis line throughout 

360-degrae directions with the base point P aa the canter ao aa 

to pass throui:Jh average points of the plotted points for 

creating the ellipse1 and the two allipae are overlapped ao as 

25 to match in the canter point and coordinata axes x and Y, •nd 

the following i:elationship ia aati.sfied.1 the maximuia value of 
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a linear e~panaion coefficient difference between tha two raain 

filma ia equal to or less than a predetermined value. 

According to a third aspect of the invention, there i• 

provided a composite sheet comprisin91 a firet resin film• and 

a second resin film laminated on the first resin f .llm ao that 

a surface of the first resin film faces a rear faca of the 

second :r:e•in f ilm1 and a metal electric circuit formed between 

the first and second reain films, the metal electric circuit 

havin~ a plaatie deformation component of 0.0003 (nun/mm) or 

10 more when a •treas load is imposed until strain becomes 0.002 

(nua/mm) assuming _that the plastic strain occurring whan the 

stress load is imposed and removed is the plastic deformation 

component F wherein two ellipse• of coaff icient of linear 

expansion are created on aoordinatas in aorreapondinq parts of 

15 the first and aecond resin films by the following methods 

comprising the ateps of 1 def.ining a predetermined baae point P 

on· thg resin f llm1 measuring a aoaf f icient of linear expan•ion 

at a position separate from an arbitrar:y axis in angle e 
direction on the first and second resin films, the arbitrary 

20 axis beinq selected on tha f irat and second reain films eo aa 

to pass through the base point P with the base point P aa a 

center and direct an a~bitrary direationJ preparing a 

coordinate system with the arbitrary axia as a Y axis and an 

axis crosa!nq the Y axis at 90 degrees a• an X axis, in this 

25 coordinate systam1 defining an intersection of the x and Y ·~•• 

aa the base point P in · the linear expansion coefficient 
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maasuz:ement and magnitude of a linear expansion coefficient 

measurement value as diatanaa r from the base point r, then 

plotting a tip point of the distance r in the measurement anola 

8 direction with respect to the Y axis, plotting it multiple 

5 times J:ty changing the measurement angle &, and drawing an 

analysis line throughout 360-dagrae direction• with the baae 

point P_as the center so as to pass throu9h average points of 

the plotted points for creating the ellip1e1 and the two 

ellipae are overlapped so as to match in the center point and 

10 coordinate axes X and Y, and the following relationship is 

satiafied1 the total area of portions where the ellipses do not 

overlap is equal to or leaa than a predetermined value. 

In the second and third aspects of the invention, an 

arbitrary ax.ts is selected arbitrarily on the two plastic 

15 films, and a coordinate system with the arbitrary axil aa a Y 

axia and an axie croasinq the Y axis at 90 deqreea aa an x axi• 

is pr~pared. However, it 1• allowed to settle an axi1 of the 

machine direction of plastic film stretch as the Y axis and an 

axis of tha transverse direation of plastic film stretch •• an 

20 X axis. 

Here, the plastic defo.:cmation component will be 

discueaed. 

When tension (atreaa a) iB applied to a material such 

as metal foil, a deformation amount occurs in response to the 

25 tension. To normalize the material aiza, the deformation 

amount ia represented by strain e. This strain e is the ratio 
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of the increased amount of the ll\atarlal length when tha 

material i• deformed (length under atresa load) to the original 

lenqth and definition expression (1) of the strain 1 ia. aa 

followaa 

5 e(mm/imn) - (Al/lo> - Cl1 - lo)/la n•(l) 

where 10 1 Length bef ora etresa load 

11 1 Length under stress load 

A graph representing the relationship between the 

stress o and the strain 1 !a called an s .. s (atraae-atra!n) 

10 curve chart. Bmbodimenta of s-s curves of metal foil are 1hown 

in qraphs of Figs. 7 to 10. These s-s curvea are provided by 

gradually impoaing a stress to metal foil and after the stress 

reaches a given value, gradually deereasin9 (removing) the 

stress. 'l'herefo:r:e, two s-s curves appear in one graphJ in the 

15 figures, the direction of the S-S curve provided by gradually 

impo1inq the atreaa (go way) ia indicated by the solid line 

arrow and the direction of the s-s ourva provided by qradually 

dearaaaing (ramovlnq) tha streaa (return way) is indicated by 

the dotted line arrow. 

20 Pirst, the graph of ~iq. 7 shows an s-s curve drawn 

when a load of extremely amall stress a A& atraln e ia less 

than 0.0005 is impoaad and removed. Aa shown here, when such 

a amall stress load ia impoued, the s-s curve becomes a 

straight lines the line of the stress load (solid line arrow 

25 di~ection) and that of the stress removal (dotted 11na arrow 

direction) subatantially overlap and when the stress become• o, 
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the atrain also becomes 0. In this· case,, only an •laetJ.a 

deformation ia observed 1n the metal foil. 'l'ha line 

inclination ia responsive to the tensile modulus of the metal 

foil. 

The graphs of Fiqs. 8 to 10 are s-s curve aharta drawn 

when the uximwn strea" load imposed is increased in the order. 

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

return ways of th• s-s curves larqely differ. That ia, whan 

stress load ia imposed (go way), a line is drawn in a emall· 

10 atxesa region, hut a line la lost and a cuxva close to an 

asymptote is drawn in a high•atreas region. Whan the itraaa i• 

removed (return way) 1 a line havinq the aame inclination aa the 

;a-way line is drawn. This inclination is responsive to the 

tensile modulus of th• metal foil, as described above. All 

u shown in the graphs of Figs. 8 to 10, if the stress load 

imposed is completely removed (stress 0),, tha metal !oil .la not 

restored to the original length and strain remains. Such 

strain left if the stress is removed is called plastic strain. 

'l'hia plastic strain increases as the maximum st.res& load 

20 imposed increases. That is, the pla•~ic atr•in increase• in 

the order of Pigs. 8 to l 0. It represent• the plastic 

deformation nature of the material and in the invention, the 

plastic strain is referred to as "plastic deformation 

component.• 

25 In the invention, tha coeff iciont of linear axpanaion 

m is derived aa followaa When a plaatic film !a heated, it 
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expands in reaponae to the characteriatica o! the plaat1c film. 

At this time, the coefficient of linear expansion a can be 

found according to the following expresaion ( 2) from the chan;e 

ratio of the length of the plastic film, p, to temperature t at 

s the mea•uremant time (ap/ot) and the length ot the Cilm, po, at 

O 0 c ( JCaqaku Binran-I<1sohen I I, edl ted by Rippon Kagakukai, 

published by Maruzen Shuppan). 

a= l/p0 .x Bp/at ... (2) 

However, the coefficient of linear expansion a mentioned in the 

10 invention refara to that in region of glass tran1f•r 

temperature of plastic film· ('l'CJ) or lesa. S!nca 'l'CJ of the 

plastic films to which the invention is applied 1& ln the 

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

·and a twi1ted curl becomes a problem in a temperature region 

15 near the room temperature, the coefficient of linear expan1ion 

at Tg or •oftenin9 point or less becomes the target. 'l'g of 

polyimide films is 300°C or more, whiah exceeds the ope~ating 

temperatu:.;e ranqe, and does not appaar clearly~ t.hus the 

necessity for considering Tq of polyimide films ia small. 

10 In the invention, the total area of portion• where 

ellip••• do not overlap (CJ is defined by the followinq 

expression ( 3) representing the intagral v1tlue of l.i.naa:r: 

expamsion coefficient square value difference• (Aao). That ia, 

in the invention, the total area of portions where ellipaea do 

z:s not overlap (C) is synonymous with the integral value of linaar 

expansion coefficient square value differencaa (Aac). In the 
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following axpraaaion (3), 8 is a linear expansion coefficient 

measu:rement angle with tha axis of tha machine dlract1on of 

stretch a• the reference and AaC ( 8) ia defined by the 

following expreaaion ( 4) • The ellipses in the invention 

s contain perfect circles. 

Zll 

c = 1 n. I Aa.(9)d8 ... (3) 
0 

10 In the invention, the expression "both the outarmoat 

layers" of "two plastic films positioned on both the outermoat 

layers, of laminated plastic films" does not mean both the 

outermost layers of the flexible printad aircuit and i• uaed ~o 

mean both the outermost layers in the plaetic film laminate. 

15 Therefore, for example, if a flexible printed circuit comprise• 

a ahielding layer formed on a plastic film laminate by 

painting, printing, et~., the shielding layer i~ not contained 

in "both the outermost layare" in th• invention. 

Hereupon, in the second and third ·aspects cl the 

20 invention, the directions of the coordinate axes of the 

ellipses may be selected arbitrarily on the plaatic film. In 

other words, the Y axis and th• X ax!a are settled in t.he 

arbitrary directions to prepare the coordinate system, the 

ellipses are created on such coordinates. The two plastic: 

25 film• positioned on both tha outerm.ast layers may be selected 

by usinv the above ellipse and condition•. 
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In the invention, the expression •curl auppro••ion• 

rafera to the case whare the aurl degree <'> defined below 

become• 5\ or leas. Assume that the length of the long aide of 

the amalleat rectangle in which a flexible printed circuit i• 

5 inscribed is the longest length of the flexible printed 

circuit, L. Pig, 12A shows an embodiment of smalleat·rectanqle 

21 in which a flexible printed circuit la lik• a aubat•ntial v­
mhape i• inscribed. As shown here, in the flexible printed 

circuit la, the langth of the long side of the rectangle 21 

lD indicated by the dotted line becomes the longest length L. AA 

shown in Fig. 128, one end of the flexible printed circuit la 

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

warpage of the flaxibla printed circuit la frOJn tha reference 

plane &, h, is found and ia defined as curl amount h. ~he 

15 percentaqe of the curl amount h to the lon9est length of the 

flexible printed circuit, L, namely, (h/L) x 100 is defined as 

th• curl degree (')· 

Hereupon, tha surface and rear face of the plastic film 

are decided suitably corresponding to the eaah cases, 

20 Normally, the surface and rear face of the plastic film diffa% 

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

coarseness, etc, ao that the surface and rear face are 

distinguished completely each other, ~herefore, for example, 

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

as a f irat face of the plastic film which is tha aame with the 

surface of the material plaetic film can be a surface of tha 
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plastic film, and a second face of the plastic film which 11 

the •ama with tha rear face of the material plastic !ilm can ba 

a rear face of the plastic film. Further, when two different 

kinds of plastic films are each cut out. from the different 

s kinda of the plastic films, the similar faces with each other 

may aarve as a aurfaca or rear face. 

10 

15 

Next, the technical philosophy of the invention will ba 

diacuaaed. 

Pio. 1 ahows an embodiment of the present invention. 

As shown here, • raw material plastic film 10 like a 

band stretched in two directions with tha machine direction aa 

a longitudinal direction of stretch and the transvsraa 

diraetion as a lata~al direction of stretch i• prepared. In 

the figure, MD denotes the machine direction of stretch and TD 

denotes the transverse direction of stretch. In the .raw 

material plastic film 10, one arbitrary standard line SL 

parallel with the machine direction of stretch (MD) is assumed 

and two areaa due to cut 2a and 4a of almost the same shape (in 

the figure, rectangle&) are assumed to be on the standard line. 
' 

zo 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 to cut 2a and 4a are taken as the 

25 arbit~ary point of the area due to cut 2a and the point of the 

area due to cut 4a corresponding thereto. 'l'Wo pla•tio film• 2 
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and 4 are cut out from the areas due to cut 2a and 4a. Thea• 

two plastic films 2 and 4 have surfaces 91 in the aame atata aa 

a •urface 91 of the raw material plastic film 10. Th•y are 

placed on both the outermost layer• of the pl•at!c fil:m 

laminate with the surface of one plastic film iacin9 tha rear 

face of the other. Specifically, aa shown in Pig. 2A, both 

·plastic films 2 and 4 are placed with the aurface 91 of tru. 
plastic film 4 facing a rear face 92 of the plastic film 2. 

Fig. 28 is a sectional view of ·Fiq. 2A and parts idant!eal with 

10 those previously described with refez:enca to Fl9. 2A are 

denoted by the same referenae numeral1 in Fig. 2B. In P19a. 1, 

2A and 2B, the metal electric circuit is not shown. 

It how to cut out two plaatia films placed on both tha 

outermost layers of a plastic film laminate from·a rawmatarial 

15 plastic film is specif led and how to place these two plastic 

film• is specified, the two plastic film• can be Dllltched 

substantially in phyaical propa:rtiea of thermal shrinkage 

factor, coefficient of linear expansion, tensile modulus, etc. 

Resultantly, the deformation amounts of both the outermost 

zo layers of the plastic f llm laminate forming a flexible printed 

circuit can be balanced and if the metal electric circuit and 

the plastic films diffe~ in deformation nature, a cu.rl ia 

suppreaaed •. Moreover, since. the fle~ibility and durability of 

tha metal elactria circµit and the plastic filma do not change, 

25 those of the flexible printed circuit become sufficient. 

In the conventional flexible printed circuit, it was 
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recognized that plastic films cut out from a bidirectionally 

stretched raw material plastic film are tha 1ama in physical 

properties of coefficient of linear expansion, etc. However, 

tha inventor et al. carried out a detailed ana1y•i• on the 

s physical properties of raw material plastic films and found out 

that the former recognition i• w~ong. That is, accardin9 to 

&tudy of the 1nvento~ et al., the raw material plastic £11• 

varlo1 in phyaieal properties of voef f icient of linear 

expansion, eta., from one part of the plastic film to another. 

10 The posaible reason is that streaa imposed when the raw 

material plastic film is stretched var1e1 depending on tha part 

of the raw material plastic f iJ.m, The inventor et al. 

furtha.rmore examined the physical properties and found the f aat 

that the physical properties larqely chanqe in the transveraa 

15 direction of tha raw material plastic film like a band, but 

11 ttla change in th• machine direction of the raw material 

plastic film. Baaed on thi• knowledge, the inventor et al. 

have developed the cutting method and the placement method as 

described above. 

20 Further, the metal electric circuit is apecified so aa 

to have a plaatia deformation component of 0.0003 (non/mm) or 

more in tha present invention. '!'his numeric value !1 a 

significant value found by the inventor et al. from the 

relationship with two plastic films used as both the outermo•t 

2' layers of a plastic film laminate in addition to tha 

flexibility and durability of a flaxibla printed circuit. 
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Kaxt, anotha: technical philoeophy of the invention 

will ba diacusaad. 

'l'o solve the problem of curl occurrence of f l•xibla 

printed aircuita,_. the inventor et al. fi:r:at carried out a 

detailed •nalyaia of the cause of curl ocaurrenca of flexible 

printed circuits. As a result, the inventor at al. have found 

that curl occurrence i• caused by the linear expansion 

coefficient difference between plastic films. If different 

mate:ciala are laminated, it can be easily imagined that warpa9e 

10 (cu.rl) occurs beaause they differ in coefficient of linear 

expansion. Normally, flexible printed circuits use plastic 

filma (for example, base and cover layer films) made cf the 

•a.me material and therefor• formerly it was considered t~at the 

plastic f 1lma made at the aama material do not differ in 

is eoef:Eic:1an1: of linear expansion. However, the inventor et al. 

actually measured coefficients of linear expanaion1n detail and 

found that the plastic filma of each flexible printed circuit 

differ in coefficient of linear expansion. Hobadiea in the 

flexible printed circuit field found thia knowladqe until tha 

zo inventor et al, found it. 

The inventor et al. continued to exall\ine the linear 

expansion c::oafficiant difference and found that each 

bidirectionally stretched plastic film used with a flexible 

printed circuit shows aniaotropy in its coefficient of linear 

25 expansion. That ia, a predetermined baaa point P ia defined on 

the film aurface of the plaatia film and the coef f ic1ent of 
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linear expansion in angle 8 direction with reapect to th• aai• 

of the machine direction of plastic film atrat:c:h paaa.1ng 

throuQh th• base point P with the base point ~ aa the canter ia 

maaeurad. On the other hand, a coordinate ayatem wlth the a.xi• 

s of the machine direction of plastic film stretch •• a y axia 

and the axis of the transverse direction of p.la•tia !ilm 

stretch•• an x axis la prepared. In this coordinate ayatam, 

the intersection of tha X and Y axea !a defined aa the baaa 

point P in the linear expan•ion co•f f iaiant meaau~ement and the 

10 magnitude of the linear expansion coefficient measurement value 

1• defined as distance r from tha base point P, then the tip 

point of this distance r ia platted in the measurement angle 8 

direction with reapaat to the Y axia. It is plotted multiple 

times by chanqinq tha meaaurement angle 8 and an analyaia line 

1s ia drawn throughout 360-degrea directions with the base point 

P a• the center so aa to paaa throuqh average points of the 

plotted points. Then,. an ellipse as shown in !'1q. 3 !1 

provided. In the fiqur•, MD denotes the axia of the ma.chine 

direction of stretch (Y axis) and TD denotaa the axia of tha 

20 transverse direction of atretch (X axi•)· Solid line arrow A 

indic::atea t:he cryatlll orientation main axis of the plastic :film 

and dottad lina a:rrow B indicates the crystal orientation 

subaxis of the plastic film. Also, 8 is a linear expansion 

coefficient measurement angle with respect to MD. r represents 

25 the linear expansion coefficient sna9ni~ude •• • diatanoe from 

tha base point P and has a tip plotted with o. such plotting 
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ia called polar coordinate plottinq. A• seen from the ellip•• 

provided by tha polar coordinate plottinq ( aee Fiq. 3), 

normally the crystal orientation main axia of the plaatia film 

(arrow A) beconae11 a direction inclined from the machine 

s direction of stretch (MD) and the coe.fficiants of linoar 

expansion alao vary depending on the direction (ani•otropy) 

because of anisotropy of the crystal orientation, Resultantly, 

it is considered that the analysis line of the coef (lcienta of 

linear expansion of the bidirectionally stretched plastic film 

10 shows an ellipse, 

Next, as shown in Fiq. 41 when ellipses on coordinates 

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 f llma differ 

15 in crystal orientation direction and coef f l.ci•nt of linear 

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

is stretched in two directions, from which plastic films used 

with a flexible printed circuit are cut out ~o a prede~e.rmined 

size. Therefore, the reason why the plastic f!lma made of the 

20 same material differ in coef f iclent of linear expansion may ba 

that the stress imposed when the plastic film is stretched in 

two directions variea from one pal:'t of the pl a a t.ic film to 

another. 

The inventor et al. examined a method for controlling 

25 the linear expansion characteristic: dif feranoe between tha 

plastic filma provided when ellipses created by polar 
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coordinate plottinq are overlapped and auppreaainq curl 

occurrenc• of flexible pr in tad eircui ta. In the proae11JB 1 the 

inventor et al. hit on an idea of using ind•x•• of the maximum 

value of the linear expansion coefficient difference (Aa) and 

the total area of portions where ellipse• do not overlap (C) 

and. repeated variou• e;,cperimenta baaed on the idea, 

Resultantly, the inventor et al. have found that if the maximum 

value of the linear expansion characteristic difference (Aa) 

provided when ellipses created for two plastic f i lma poai tioned 

10 on both the outermost layer1, of two or more laminated plastic 

films making up a flexible printed cirouit are ovqrlapped is 

equal to or leas than 1.4 x io·' (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 

15 the ellipses do not overlap when they are overlapped (C) is 1et 

equal to or less than 6.5 x 10-10 [(l/°C) x (1/°C)], curl 

occurrence of the flexible printed circuit is also auppraasad. 

The point to ba noted i• that. only_ t.he t.wo plastic 

films positioned on both the outermost layers, of laminated 

20 pla•tia films making up the flexible printed circuit need to 

satisfy at least one of the two conditions. Therefore, a 

plastic film positioned on an intermediate layer need not be 

considered. 

Next, embodiments of the experiment results from which 

2s the predetermined values were derived are ahown in vraph• of 

Pigs. 5 _and 6. ln the experiments, the curl amounts wera 
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measured by the above-daacribed method and the coef f iciant• of 

lincaar expansion wez:e mcaaaurcad by ~MA (thermal mechanical 

analysis). The maximum value of the linear axpanaion 

coefficient difference (4C1) and the total area of portion• 

s where ellipses do not overlap (C) were derived by a method 

described later. 

'lha graph of Pig. S rapresenta tha ~alat1onahip bet.ween 

the ratio between the curl amount and lenqth [curl degree (t)] 

and the :maximum value of the linear expansion coaf f icient 

10 difference (6C1). As shown here, it ia ••an that both indicate 

a linear relationship and that the maximum value of the linear 

expansion eoefficient difference (4C1) at which curl occurrence 

is reliably •uppreeaed (the curl degree i• s•·or leas) i• 1.4 

X 10•5 ( l/GC) • 

1s On the other hand, the graph of Pig. 6 repreaenta the 

relationship between the ratio between the curl amount and 

length [curl degree (')J and the total area of portion• where 

ellip••• do not overlap (C). AB shown hara, it ia seen that 

both indicate a relationship like a quadratic curve and that 

20 t~e total area of portions where ellipses do not overlap (C) at 

which curl oaaurrence is reliably euppreased (the cu~l de9ree 

is S• or less) is 6 ,5 x 10·10 [ ( 1/°C) x ( l/OC)), 

The two indexes of the maximum value of the linear 

expansion coefficient difference (Aa) and the total area of 

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

used at the same time, 
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Further, in the first aspect of the invention, it 11 

poaaibl• to prevent the eurl occurrence more affactivaly by 

adopting at least on• o:f the maximum valua of the linear 

expanaion coefficient difference (6aJ and the total area of 

s po~tions where ellipses do not overlap (C) with respect to the 

oute:z:most two plastic films, 

Purthermore, in the aecond and third aspect of tha 

invention•, two outermost plastic films are disposed in such a 

manner th•t the surface of one plastic film and the J:ear face 

10 of another plastic film are opposed each otber. In thi• ca1e, 

it become• possible to cut out plastic films for cover and base 

layers from one material plastic f·ilm in such a mannar that 

they direct the same direction. Therefo~e, it becomes aaay to 

cut out the plaatia films in tha manufacturing atapa of the 

15 flexible printed circuit. On the other hand, if the •urfacea 

of both one and another plastic film are oppoaad each other, 

the plastic films have to be cut out from the symmetrical 

positions in the transverse direction, so i~ ia ~omplicated to 

cut out the plastic films. Further, when the surface of ona 

zo plastic film and the rear face of another pla•tic film are 

oppo•ad each other, the surface and rear face of the plastic 

film differ plainly in 1urface (rear face) state of wet 

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

the flexible printed circuit are diatinquiahed completely each 

25 other. Therefore, for example, it can be expected to improve 

the treatment of the flexible printed circuit in the wirin~ 
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procee1 or the like. 

BRIEP DISCRIPTION OF THE DBAWiti.QS 

In the accompanying drawln9s1 

Pig. 1 ia an illustration to show one ~odiment of the 

invention; 

Piga. 2A and 2B are a perspective view and a sectional 

view to ahow how to overlap two plastic f 1lms in the Embodiment 

of the invention1 

io r1;. 3 18 a polar coordinate plotting chart 

15 

representing a linear expansion coefficient ellipse of a 

bidirectionally stretched plastic f ilmJ 

Fiq. 4 is a polar coordinate plottin9 chart of 

overlapping two linear expansion coefficient ellipaess 

Fig. 5 is a qraph to show the relationship between the 

maximum value of linear expansion coefficient dlf f erenca and 

curl degree, 

Fig. 6 is a graph to show the relationship b•tween the 

total area of portions where linear expansion coefficient 

20 ellipses do not overlap and curl degrees 

Fiq. 7 is a qraph to show s-s curves of materialJ 

Pig. B is another graph to show S-S c:u:rve• of material' 

Pig. 9 is another graph to show s-s curves of material, 

Fig. 10 is another graph to show s-s curve• of 

25 material; 

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

- 22 -



piaaa111 

~iq. 12A i• a •chamatic drawing to ahow the longaat 

length of a flexible printed circuit and Fig. 128 1• an 

illustration of curl amount measurement of • f le~ibla printed 

' c:ircuitJ 

Pig. 13 ia an illustration to show an embodiment of 

flexibility measurement of a f lexibla printed circult1 

Fig. 14A is a sectional view to 1how a state ln which 

an adhesive layer is tormed on a base film and then copper fall 

10 is placed on the adheeive layer, Pig. 141 i• • sectional view 

to show a etate in which the copper foil is formed to electric 

ai.rcsuit, Fig. 14C is a sectional view to show a state at. 

laminatinq plastic films for base and cover layers, and Plq. 

14D is a sectional view to show the structure or a flexible 

15 printed circuit thus provided1 

zo 

Fig. 15 is an illustration to ahow an embodi•ent ot a 

heat press in the manufacturing method in Pi;a. 14A to 14Ds 

Fi;. 16 ia a sectional view to show an embodiment of a 

flexible printed circuitr 

Pig. 17A is a sectional view of a ba1e layer plaatic 

film, Fig. 17B is a aact!onal view to show a state in which an 

adhasiv• layer is formed on the base layer plaatic film, riq. 

11C is a sectional view to show a state in which a tension ia 

imposed when a metal thin film is formed on the adhesive layer, 

zs Pig. 17D ia a sectional view to show a state in which a tenaion 

is imposed when the metal thin film ia formed to metal electric 

- 23 -

10

lif 11i1iii1lli1Mr 



circuit, and Fi9. 17B is a sectional view to ahow a state in 

which a curl occurs in a laminate of tha plast1a film end me~al 

electric circuit7 

liq. 18 is an illustration to show a ata~e of cutting 

5 out plastic f ilma from a raw material film in Embodiment of tha 

inventions 

Fig. 19 la a graph to •how s-s curves of a general 

plastic f ilmJ 

Fig. 20 is a qraph to show s-s curves of a plaatia film 

10 used with Embodi~ent of the invention, 

Fig. 21 is a graph to ahow s-s curves of copper foil 

used with an embodiment of the invant1on1 

Fig. 22 is an illuatration to show a stat• of cutting 

out plastic films from a raw material film in Comparison; 

15 Fig. 23 is a polar coordinate plot chart of overlapping 

two linear expansion coefficient ellipaas in Embodiments of the 

invention1 

Fig. 24 is a polar coordinate plot chart of overlapping 

two linear expansion· coefficient ellipses in Camparisone, 

20 l'ig. 25 ia a polar coordinate plot chart of overlapping 

two linear expansion coefficient ellipses in Embodiments of the 

inventionJ 

riq. 26 i• a polar coordinate plot chart of overlapping 

two linear expansion coefficient ellipses in campariaons1 

25 l'ig. 27 ia ,,_ polar coordinate plot Chillrt of overlappinq 

three linear expansion· coeff iciant ellipses in Embodiment• of 
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10 

the 1nvantionJ 
l!'iq. 28 ia a polar coordinate plot chart of overlappinq 

thraa linear expansion coafficiant allip••• in Cempariaan•s 

Fig. 29 is a sectional view to ahow a atate of 

manufacturing a flexible printed circuit with three plastic 

film layers laminated; and 

Piq. JO is a sectional view to ahow the structure of a 

flexible printed circuit with three pla1tic film layers 

laminated. 

DETAILED DESCBJPTIQtl or THI PBEFERRED EMSODIMBNTB 

Next, the invention will be discussed ape~tfically. 

A flexible printed circuit of the invention cmnpriaea 

two plaatie 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 baaa 

layer. 

For example, a polyimida film, a polyathar nitr!la 

film, a polyether sulfone film, a polyethylene terephthalate 

20 film, a polyvinyl ehloride film and polyethylene naphthalate 

film can be listed e..a the plastic film types, amonq which the 

polyethylene terephthalate film, polyethylene naphthalata film 

and polyimide film are preferred totally considering heat 

resistance, dimension stability, electric charactariatiaa, 

25 mechanical strength charactariatica, chemical raaiatanca, 

aoeta, etc. The plastic film normally ia 0.01 to 0.3 ma thiok 
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and preferably 0.025 to 0.125 mm thick. Hereupon, it 1• 

preferable that the thickness of the two plastic :films di•poaed 

on the two outermost layers are eame with eaah other to prevent 

the curl occurence, 

It is appropriate to stretch the bidirectionally 

atretched plaBtic film generally 1. 5 to 1!5 times and preferably 

2 to 9 times in a machine direction and 3 to 8 times in a 

transverse direction. 

As described above, tha 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 ellipse• of coefficient of 

linear expansion are overlapped, the maximum value of the 

15 linear expansion coefficient "difference (ACS) should be equal to 

or less· than 1.4 x 10·5 (l/°C), that the total area of the 

portions other than the overlap (C) should be equal to or leas 

than 6.S x 10-10 [(l/°C) JC (l/°C)]· 

The measurement method of the coefficient of linear 

20 expansion is a direct mea•u:rement method by 'l'MA, and a 

ultrasonic propagation valocity measurement method developed by 

· the inventors of the present invention may be adopted. ~hat 

is, the tensile modulus and ultrasonic propagation velocity of 

the plastic film are cloaely related each other and the tensile 

2s modulus may be an index cf the coefficient of linear expansion. 

Therefore, it may be possible to measure the coefficient of 
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linear ekpanaion of th• predetermined part of the plastic film 

aaaordln9 to the mea•urement of tho ul traaonia propagation 

velocity by means of SS'l' (Sonic Sheet Testarr Nomuz:a Shoji 

Corporation). Particularly, the method using the ultraaonic 

5 propagation valaci ti ea takes an extremely short measurement 

time of about two minutes aa compared with the TMA method, ia 

•ub•tantially at the aama level of maaauremant accuracy aa the 

TMA method, and haa the advantaQa of no skill required. The 

measurement temperature in SST measurement i• about preferably 

10 23"C:l2°C. 

The. above-mentioned linear expansion coefficient 

differance (A~) can be derived as follows• Pirst~ a linear 

expansion coefficient ellipse for a plaatia film is created by 

polar coordinate plottinq according to the procedure described 

l~ above (see rig. 3 ) • The radius of the ellipse, r, can be 

represented as a function of linear expansion coefficient 

meaaurement angle e (rad), as in Bxpreaaion (5) below. In 

Expression (Se...~ denotes an eccentricity and !• defin•d .by 

Bxpreasion ( & ) below. a 11 the lon;-axis radius of the el lip•• 

20 and becomes the maximum value of r (rmax). On the other hand, 

b ia the 1hort-axis radius of the ellipse and becomes the 

minimum value of r (i:min). 

25 
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·-(6) 

where a1 long-axis radius of ellipse (maximum value of rJ 

rmaa) 

5 b1 short-axis radius of ellipse (minimum value of rr 

rmin) 

Assuming that the radiuaes of ellipses for two plaatic 

films 2 and 4 positioned on both outermost layers are rl and 

r2, the linear expansion coefficient difference (Am) can be 

10 represented by the followinq expression (7)1 

Aa = M.(8) = I r1(9) - r2(8) f ···(7) 

According to Expression (7)., compari1on 11 made over O 

to 360 degrees (0 to 2 nrad) with raapaat to tha maasurmnant 

angle e and the maximum value is the maximum value (Aamax) of 

15 the linear expansion coefficient difference c~Q) between the 

two plastic films. 'l'he maximum value (AantaX) can also be 

derived by using a computer programmed baaed on Expresaiona 

(S), (&), and (7). 

On the other hand, tha total area (C) of portion• whe:re 

20 the ellipses do not overlap can be derived, for example, 

acc:o:r:ding to cumulative expression ( B), which ie one of 

approximate axpraasiona of Expression ( 3) for defining the area 

(C). Approximatinq of Expression (3) by other expression• i• 

not limited. 

25 
C .. 112! [Aac(nx.A8) + ~((n - l)x48} ]Ae ... (S) 

••1 
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where m • (2K/48) 

~ha metal electric circuit 3 ia formed in the plaatia 

film 4 u••d •• a base layer. A metal such aa copper, 9old, 

stainless steel, or aluminum or an alloy compriainq Ba, Ni, Co, 

s Ag, Pb, er, etc., added to the metal can be used as the above. 

mentioned metal. The metals or alloy• also include those 

containin9 an inevitably mixed nonmetal element, euah aa C or 

o. Since a copper alloy (tough pitch aopper aomprisin; >99.9• 

Cu, 0.0002 to O.O&t 02, Ag, etc.,) is excellent in mechanical 

10 characteristics of the atrenqth, tensile modulus, etc., 

electrical characteriatios of electric conductivity, etc., 

coats, etc., it preferably iB used and generally la used. 

In the invention, when a stress load i• 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, aa described earlier. The metal electric circuit 

having such a physical property cAn be formed by appropriately 

selecting the type of metal or alloy. Whan a atrass load i• 

imposed until strain becomes O. 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. 

25 

Here, the plaatla defoi:mation component and flexibility 

of metal electric circuit will be discussed by taking metal 

foil •• an embodiment. 

Fiq. 11 ahowa s-s curves of metal foil A and metal foil 

B, which differ in plastic deformation component, :tn the 
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fiqura, a 1• tha plastic deformation component (plastic atrain 

amount) of the metal foil A when a atreaa load 1• imposed and 

then removed, b is the plaatic deformation component (pla•tic 

strain amount) of the metal foil B when a stress load 1• 

s imposed and than ramovad, and a is the atratn 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 &train load 1• ~amovad (return 

io way) is indicated by the dotted line arrow. Aa 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 •~aller the plastic deformation amount, the smaller the 

strasa 9enaratad from the metal foil. The stress generated 

15 from the metal foil occurs as a reaction to the at:re•• load 

imposed on the metal foil for defaX'ln&tionJ that it 1• •mall 

means that the corresponding metal foil is excellent in 

flexibility. In the figure, 11peaifiaally, whan the •train 

amount is 8 (mm/mm), the atreaa of the metal foil A ism and 

20 that of the metal foil B ia '' the stress ' is larger than the 

stress a (~>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 havinq the 

larger plastic deformation component is more excellent in 

25 flexibility than the metal foil B having the smaller pla•tia 

deformation component. 
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We have discussed the relationship between the plaatia 

deformation aomponent and flexibility by taking the metal foil 

•• an embodiment. If the metal foil J.s stuck on a plastic film 

to form electric circuit, the above-mentioned relatlonahip i• 

' true. For example, if a metal thin film rather than the metal 

foil ia formed on a plastic film by an electric platinv method, 

a •puttering method, or the like to form electric clrcuit, the 

above-mentioned relationship is also true. 

For reference, s-s curves of a 9eneral plastic film are 

10 11hown 1n a qraph of Fig, 19, wherein the aolid line arrow 

indicates the direotion of a 11treaa inoreaaing path (go way} 

and the dotted line arrow indicates the direction of a atraaa 

decreasing (removing) path (.return way). As shown in the 

figu~e, it is seen that the s-s curves of the plastic film are-· 

is substantial lines and that when a atreaa load 11 imposed and 

then removed, the plastic film is restored substantially to the 

former lenqth and has a plastic deformation component of 

substantial o. This means that in contrast to the metal 

electric circuit, the plastic film he.a an extremely small 

20 plastic deformation component and its deformation becomes 

substantially elastically deformed. 

Mext, the flaxibla printed circuit is manufactured as 

shown in Fiqa. 14A to 14D usinq the aforementioned material. 

rirat, as shown in Fi9. 14A, an adhesive layer 8 i• 

Z5 formed on the surface of the plastic film 4 for tha baaa layar, 

for example, by applying an adhesive onto tha plastic film 41 
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th•n drying or by stacking an adhesive applied onto a aeparator 

on the pla•tie film 4, than removing the separator. Next, a 

metal thin film Ja iB formad OR tha adhaliV8 layar 8, for 

example, by placing metal foil such aa copper foil on the 

s adhesive layer B and roll lam!nata. 'l!ha ll'\Gtal thin film la aan 

also be formed by an electroplating method or a sputterinCJ 

method, in which ca•• it ean be formed directly on the plaatie 

film 4 without fo:rminq the adheaiva layer 8. As shown in l'iq. 

14B, a known method such aa a printing, subtractive, or 

10 additive method is used to treat the· metal thin film 3a foz:o 

forming metal electric circuit 3 in a predetermined cirauit 

pattern. on the other hand, plastic film 2 for cover layer is 

prepared and an adhesive layer 8 is formed on the surface of 

the pla•tic film 2 in a similar manner to that described above. 

1.s lf the adhesive layer 8 ia formed on the rear !ace of the 

plastic film 4 for the base layer, the adhesive layer 8 11 

formed on the rear face of the pla&tic film 2 for the aover 

1ayer. And •• shown in Fig. 14C, both tha plaatic film 4 for 

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

2.0 stacked with their eurfaces facing each other and laminated 

(laminated and bonded) in the stacked relation, for example, by 

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

applying at least heat or pressure after temporary crimping by 

rolling and laminating. The laminating method and cond1t1one 

25 are determined appropriately by the type11 of plastic films, 

adhesives, etc. 
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Fig. 15 aho~s an embodiment of the crimping method by 

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

plaaad at uppar and lower positions in a atata in which they 

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

5 support rod 12a and fixed. The lower heat plate llb la coupled 

with a drive section (not shown) via a support rod 12b and can 
move up and down. Plastia films 2 and 4 are placed between the 

upper and lower heat plates Ila and llb in a state in which an 

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

10 In this state, the drive section is operated for moving the 

lower heat plate llb in the up direction indicated by the 

arrow, whereby the plastic films 2 and 4 are crimped and 

laminated with the metal electric circuit 3 between them. 

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

1S 16 can be thus :manufactured. Incidentally, there arises a 

curling when the the metal electric circuit 3 is formed on the 

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

invention, th• eurling !a auppr••••d by laminating th• pla•tia 

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

20 become plain. The pressure and temperature conditions common 

to the ar!mpin; method and the roll laminate method in the 

laminatino normally are 40°c to 300°c x 1 to 100 kg/cm1 and 

preferably so 0 c to 200°c x 8 to 70 kg/cm2 • 

In the invention as described above, the most beaia 
2s method i• to measure the coeff ioienta of linear expanaion for 

each plaatie film and execute polar coordinate plotting for 
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creating a linear axpanaion coaif iciant allipae to check 

whatha.r or not at lea111t one _of the ~ond.l.tion of the maximum 

value of the linear expansion aoaf f iaient difference and tha 

condition of tha total area of portion• where the ellip1e1 do 

s not overlap is 1atisfiad1 but it lacks practicality. Than, to 

solve this problem, the inventor et al. have developed the 

follow.in; method from knowledge obtained by examininv the 

linear expansion coef f ic1ent characteristics of raw material 

plastic film•• 

10 In the raw material plastic film like• bend, a region 

satisfying at least one of the two conditions related to the 

coefficients of linear expansion is previously e~amined and 

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

:r:eqion. 

is Fiq. 18 show• an emaodiment of linear expansion 

coefficient characteristics in the width direction of a 

bidirectionally stretched raw material plastic film 5 like a 

band. In the figure, the raw material plaatia fill\\ 5 ia 

divided into eight part• like band parallel with the machine 

io direction (.MO direction) tharaof and tha part• are reprasantcad 

by relative positions (•4, -3, -2, -1, 1, 2, 3, and 4) with a 

center line CL parallel with the inaahina dlreation (MD 

direction) •• the reference. Linear e.xpan1ion coeffic=ient 

ellipses are shown in the parts and crystal orientation main 

2.s axes are indicated by dotted line arrows. MD demotes the 

machine direction of stretch and TD denotes the transverse 
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direction of stretch. As ahown in F19. 18, aa the part of tha 

raw material plastic film 5 deviates from the canter line CL, 

it• coz:z:•1ponding erystal orientation main axia shifts from tha 

machine direction of stretch. In the fiqura, the parts naar 

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

.1, 11 2 1 and 3) do not g_reatly differ in linear expansion 

coafficlent diffarenae and satisfy at laast one of the two 

conditions aa described above. 'l'harefore, if the parts at 

ralativa positions (-3) to (-1) are used aa co~er. layer cut 

10 parta and the parts at relative posltiona (1) to (J) are used 

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

range ara combined and.placed on both the outermost layers with 

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

other for manufaaturlng a flexible printed circuit, aurl 

15 occiurrenae is suppressed. Pig. 18 shows a combination of a 

cover layer plastic film cut out from relative position (-3) 

and a baae layer plastic film cut out from relative position 

( 2). 

Dividing of the raw material plastic film is ahown as 

20 an einbodiment1 in fact, it is determined appropriately by the 

size, extension degree, etc., of the raw material plaatic fil•· 

For exa.mpla, for a raw Jllaterlal plastic fllin 2 to 6 m wide, if 

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

number of div1isionrs becomes six to ten, Specifically, for 

2s example, if the raw material plastic film ia 2 m wide, it can 

be divided into 10 parts (divisions) with the division width 
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(band width) aat to 200 nun. If the raw material plaet1c film 

is & m wide, it can be divided into six part• (diviaion•) with 

the division width (band width) aet to 1000 mm. For example, 

if tha raw material plastic film ia 5 m wide, preferably it can 

5 be divided into 10 parts (diviaiona) with the d1v1a1on width 

(band width) aet to 500 mm for t.ha reason o·f qood workability. 

Therefore, the linear expansion coefficient ellipaaa of 

the parts of a raw material film are previously examined, the 

linear expanaion coefficient characteriatic1 are vrasped and 

10 standardized, and the predetermined parts of the raw material 

film which satisfies at least one of the two condition• above 

are extracted. In doing so, the maximum value of the linear 

expansion coefficient difference and the total area of portions 

where the ellipses do not overlap can be set to predetermined 

15 values or le11 without creating linear expansion coefficient 

ellipses every time a plastic film is selected. As a result, 

the production efficiency of flexible printed circuits with 

curl occurranca auppraasad can ba improved. 

We have discussed the manufacturing method of the 

20 flexible printed cirouita of the invention by taking those with 

two plastic films laminated as embodiments. However, the 

invention ia not limitad to them and can alao ba applied to 

thoae with t.hree or mora plastic: films laminated. As described 

above, in this caae, only two plastic film• po11itioned on both 

25 the outermost layers of plaatie film laminates making up the 

flaxibla printad circuit naad 1ati•fy the predetermined_ 
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c::ondit1one of the invention, and the plastic film positioned on 

an intermediate layer need not to ba aonaidorad. 

ne thickneae of t.he f laxibla printed circu It aacardin9 

to tha invention is determined appropriately by appl1cation1, 

etc., of the flexible printed circuit, but generally aet to 50 

to 900 f.Ull and preferably 100 to 600 fUR• The ahapa o! the 

flexible printed circuit is not limitad, fol:' example, tha 

flexible printed circuit la formed aa shapes reapon11iva to 

various applicationa. The size of the flexible printed circuit 

10 is not lizllited either1 for example, the flexible printed 

circuit may have the above-mentioned longest length L (aea l'i9. 

12A) ln the ranqe of 10 to 1000 mm and preferably in the rang• 

of 30 to 600 mta. 

Plexibility of the flexible printed circuits acco~ding 

15 to the invention is dete:cmined based on its shape or uses. For 

example, flexibility of the flexible printed eircuita having 

rectangular shape (band shape) i• maaaured with a compre11ion 

taster aa ahown in Pig. 13. In the fiqure, 22 is an upper 

fixed plate above which a load cell (load detector) 25 ia 

20 disposed, and a lower moving plate 24 that can move up and down. 

in conjunction with a drive section (linear motor) 23 ia · 

disposed so as to face the lower side of the upper fixed plate 

22. First, a flexible printed circuit 1 is placed between the 

upper fixed plate 22 and the lower moving plate 24 ln a state 

25 in which it ia bent like a U"ahape in horizontal orientation in 

a long-aide direction. Next, the drive •ection 23 la actuated 
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for causinq the lower moving plate 24 to rise for compresaino 

the bent flexible printed circuit 1 aandwiched between the 

lower moving plate 24 and the upper fixed plate 22. When th• 

bent flexible printed clrcuit 1 is aompreased a given amount to 

a predetermined bend radius R, a repulsion force detected by 

the load cell 25 is measured and flexibility (repulsion force) 

1a calculated from the expression (9) shown below far 

evaluation. Since the distance between tha upper fixed plate 

22 and tha lower moving plate 24 at the meaauramant tlma 

10 becomes double the bend radius R of the flexible printed 

circuit 1, the bend radius ft can be calculated from the 

distance, 

Repulsion force (q/cm) - repulsion force detection 

value (g)/length of short aida (width) of flexible printed 

is circuit (cm) ••• (9) 

The flexibility of the flexible printed circuit thus 

measured normally is in the range of repulsion force • 2 9/om 

whan band radius R = S mm to rapulaion forca = 600 g/cm when 

band radiu1 R • 15 mm and preferably in the range of repulsion 

20 forae • 4 ;/~m when bend radius R = S :mm to repulsion fora• • 

400g/cm when bend.radius R • 15 111m. 

The flexibility evaluation method ia appliad to 

rectangular flexible printed circuit1, but can also ba applied 

to f laxible printed circuits of any other shape than a 

2s reatangle. For example, for a flexible printed aircuit ahapad 

like substantially V-shaped aa •hown in Pig. 12A, a 

- 38 -



----------------------------- ---------··--.·-.--.--.-·.·-.. -· --

predetermined .rectanqle is previously out out from the flexible 

printacl circuit and the f laxlbility of th!• •ample la evaluated 

by the above-described method, than cutting to tha 

predetermined substantial shape may be performed. In thia 

s case, if the shape and al;i;e of aamples for mea11urement are 

atand~rclizad, 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 &pacified for providing flexibility and durability 

io and two plastic films placed on both the outermost layers of a 

plastic film laminate are specified and their placement la also 

specified, thereby matching both the outermost layar• 

substantially in physical properties for balancing their 

deformation amounts. In doing so, even if the metal eleotria 

1' circuit and the plastic films differ in deformation nature, a 

curl of the flexible printed circuit is suppre••ed. Moreover, 

flexibility and durability of the metal electric circuit and 

the plastic films ·are not impaired, thus the flexi.ble printad 

circuit of the invention becomes a hiqh-performance flexible 

zo printed circuit comprising three features of flexibility, 

durability, and curl auppreaaion. Therefore, for example, the 

flexible printed circuit becomes suitable for frequently bent 

pla~aa auch as a connection part of a print head and a mother 

board of a printer. The flexible printed circuit of tha 

25 invention ia high in accuracy of the shape; if it 1• used to 

mount or inatall electronic parts, the electronic parts can be 
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mounted with hi9h ac:curacy even in automatic 1U.ouratin9 by • 

machine. 

Next, ambodimeta will be discussed togethar with 

comparisons. 

Embodiment 11 

A polyethylene terephthalata film o.os nun thick 

(manufactured by TORAY) liJce a band stretched in two directions 

of machine and transverse directions was used aa a raw material 

plastic film. In the raw material plastic film, one standard 

10 line parallel with the :ma.chine direction of atretch waa aasumad 

and two re~tangle areas due to cut in a state in which they had 

center point• through which the standard line passed, and were 

aliqned mutually in orientation tirere assumed to be on the 

standard line. Rectangular plastic f ilma ea.ch havinq a size of 

1' 100 x 200 mm (film-A and film-B) were cut out from the two 

areas due to cut (see Piq. 1) • s-s curve of film-A is shown in 

a 9raph of Fi9. 20. The s-s curve 1• provided by imposing a 

stress load unt~l strain amount 0.002 (mm/mm) for measurement 

conforming to AS'l'M o .. aa2-s3. As seen in the fiqu.re, film-A has 

20 little plastic deformation component and becomes substantially 

elastically deformed. For film-B, s-s curve waa created in a 

similar manner and was the •ame aa that for film-B. 

For the two films of film-A and film-B, the maximum 

value of the linear expansion coefficient difference and tha 

25 total area of portion• whara ellipses do not overlap with th• 

•·urfacca of film-A facinq the rear face of film-B were mea1urad 
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by a snathod daearJ.bed later. As a result, the maximum valu.e of 

the linear a.xpanaion coaff icient difference wa• 0. 2 x 10·5 

(1/ 0~J and the total area of portions where the ellipses do not 

overlap was 2.1 x 10·10 [(1/°C) x (1/°C)l· 

Next, a polyeater system thermosetting adhesive was 

prepared and a flexible printed circuit waa 1M1nufacturad 

according to the above-described method (see Fig. 14) • That 

is, first the adhesive waa applied ta tha aurface of filsn-A 

(for a baaa layar), then dried, forming an adhesive layer 0,03 

10 mm thick. Next, copper foil (touch pitch copper 0.035 BDD 

thick, BHY-02-T, manufactured by Nihon Kougyou) wa1 placed on 

the adhesive layer. s-s curve of the copper foil ia shown in 

a graph of Fig. 21. The S-s curve ia provided by impoaJ.ng a 

strasa load until strain amount 0.002 (mm/nun) for maaauramant 

l' conforminq to ASTH D-882-83. As seen in the fiqure, the copper 

foil has a plaatic deformation component of o.ooos (mm/mm), 

which is the predetermined value of the invention or more. ~e 

film-A and the copper foil were join•d by a laminate roll who•• 

surface ~as set to 120°c, and were pressurized and heated 

zo (conditions= 110°c x 2 h x 10 kg/cm2) and bonded. The copper 

foil wa• treated by a subtractive method to form electric 

circuit in a predetermined circuit pattern. A curl occurred 

when the eleot~ic circuit was formed. on the other hand, an 

adheaive layer O.OJ mm thick waa formed on the roar faoe of 

25 :f ilm-.B •• :for :film-A. Both film-A and f ilm-B were cJ:imped 

undez: conditions 150°c x 1 h x JO kq/cm2 and lamlna~ed by a 
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heat pr••• (aaa Pig. 15) with the aurfaca of film-A facing the 

~ar face of film-a. 

For the flexible printed circuit thus provided, an 

attamp~ waa made to measure the curl amount h by the above-

5 mentioned method, but curl occurrence cannot be reaoqnized and 

cannot be measured. 'rhat is, the curl .oc:currln9 in the 

formation of the metal electric circuit wa• removed by forming 

the cover layer and the f lexbile printed circuit became a flat 

ahape. Plexibility and durability of the flexible printed 

10 cirouit ware 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 q/cm. On the other 

hand, as evaluation of the durability, Cycles to !'allure 

conforming to Flexural Patigue and Ductility, Flexible Printed 

13 Wiring defined in IPC-PC-250A were found with mandrel diameter 

0.125'' (3.2 mm). As a result, cycles to Failure were 820. 

Comparison l 1 

The same polyethylene terephthalate film o.os mm thick 

like a band aa in Embodiment l was used as a raw material 

20 plastic film. As shown in Fig. 22, in the raw material plaatia 

film, two rect11n9le area.a due to cut arranqed 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 

mm (film-c and film-D) were cut out. For the two film• of 

2s f ilm-C and film-D, tha maximum value of th• linear axpanaion 

coefficient difference and the total area of portions where 
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ellipse• do not overlap with the surface of film-c facing the 

rear face of film-D were meaaured by a method daacribed later. 

As a result, the maximum value of the linear expanaion 

coefficient difference waa 1.B x io·• (l/°C) and th• total area 

5 of portions where the ellipses do not overlap waa 7. 4 x 10·10 

[(1/°C) x (1/°C)]• 

10 

The film·C (for a base layer) and film-D (for a cover 

layer) were used to manufacture a flexible printed circuit aa 

in Embodiment 1. 

For this f laxible printed circuit thus provided, aurl 

occurrence, flexi~ility, and durability were examined •• in 

Embodiment 1. As a result, for the flexibility, when bend 

radius R • !mm, repulsion force was 27 q/cm, and for the 

durability, Cycles to Failure were 820J the values ware 

15 substantially the same aa thoaa in Embodiment 1. However, for 

the curl occurrence, a curl occurrino in the electric circuit 

formation remained still after the coyer layer formation1 t.he· 

curl amount h was 19 mm and the curl degree was 9.St. 

Embodiment 2: 

20 A flexible printed circuit was manufactured in the aue 

manner as in Embodiment 1 except that copper fol 1 having a 

plastic deformation component of 0.0003 (mm/mm) when a atraaa 

load was im~oaed until strain amount 0.002 (mm/mm) was used. 

For the flexible printed circuit, curl occurrence, 

25 flexibility, and durab~l~ty wa~a examined as in lmbodiment 1. 

Aa a result, although an attempt waa made to measure the curl 
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amount h, as in lmbodimant 1, ou:.:"l aoou~ronc• cannot be 

recognized and cannot be measured. 'l'hat ii, the curl occurring 

in the formation of the metal electric circuit was removed by 

forming the cover layer and the f lexibla printed circuit beaama 

5 a flat shape, For the flexibility, when band radiua M • 5 DUa, 

repulaion force waa 29.S 9/cm, which was a aufficlant valua. 

Cycles to Failure (durability) were 760, substantially the •ame 

degree as in Embodiment 1. 

Bmbodimant 31 

10 A polyethylene tarephthalata film 0.05 111111 thick 

(manufactured by TORAY) like a band atretched in two direction• 

of machine and tranaverae directions was used aa 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•l and film-2 were meaaured by the above• 

deacribed TMA method with tho surface of film-1 facing the rear 

face of f ilm-2 and linear expansion coef f iQlent ellipses were 

created by polar coordinate plott1nq and were overlapped. 

These overlapped ellipses are shown in a graph of Fig. 23. 

20 l'rom this graph, the maximum value of the linear e1'pana!on 

ooeffioient differenoe between film-1 and film 2 wars calculated 

by usinq a control computer attachad to TMAprogrammed based on 

Expraasiona (4), (5), and (&) described above. The result waa 

O, 53 x io·.!I ( 1/°C), whioh was equal to or less than the 

25 pi:edeterJd.ned v•lue. The lineaX' e~paneion coefficient 

measurement by '.rMA was executed to exclude the effect of 

- 44 -



hyg•oaaopia oxpAnaion AG followa1 ~ho plAa~ia filma wo~o lof~ 

standing for 60 minutes at 150°C for dryin;, than while the 

plastic films were cooled from 150°C to 30°C, the plastic film 

length and temperature were measured simultaneously and 

5 consecutively, and coefficients of linear expansion were found 

ba9ad on Expreasion (2) for ragiona of Tg or leas. 

Next, f!lm-1 (for a base layer) and film-2 (for a cover 

layer) were used to manufacture a flexible printed circuit with 

the surface of f ilm-1 facing the rear face of film-2 as in 

10 Embodiment 1. At this time, metal electric circuit was fonaad 

using the ••me adhesive and manufaaturlng method aa in 

Embodiment 1 for the aama copper foil •• in Embodiment l. Por 

the flexible printed circuit, curl occurrence, flexibility, and 

du.rability were examined as in Embodiment 1. As a result, the 

15 curl amount h was 3. 9 mm and the curl deqree was 2. Ot 1 curl 

ooourrenoe was suppressed. For the f le,1Cibili ty, when bend 

radius R • 5mm, repulsion force was 27 q/cm, and for the 

durability, cyolea to J'ailure were 83os the values were 

substantially the same as those in ttnbodiment 1. 

20 Comparison 21· 

A naw plastic film (film-3) having a alma of 100 x 200 

mm was cut out from the polyethylene terephthalate film used 

with Embodiment 3. On the other hand, the same f11m-1 aa in 

Bmbodiment 3 was prepared. Linear expansion coefficient 

25 ellipses were ereated and overlapped as iri Embodiment 1. !rheae 

overlapped ellipses are ahown in a qra.ph of l'iq. 24 • Prom this 
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5 

graph, th• :maximum value of the linear expansion coefficient 

diffeJ:"ence between film-1 and film-3 waa ealculated. flh• 

reault waa 1.7? x io·5 (1/°C), which exeeeded th• p~•d•t•J:111nad 

value. 

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

printed circuit with the surface of film~l facing the rear faaa 

of film-3 aa in Embodiment 1. At thia time, metal eleotrie 

circuit waa formed uaing the aam• adhesive and manqfacturin9 

method as in Embodiment 1 for th• same copper foil aa in 

10 Embodiment 1. For the flexible printed circuit, flexibility 

1.5 

20 

and durability were examined as in Embodiment 1. As a result, 

for the flexibility, when bend radiua R • 5lMl 1 repulsion forae 

was 27.5 9/om, and for the durability, Cycles to Failure were 

8001 the values were substantially the same as those in 

Embodiment 1 • However, as a reaul t of meaaurincJ the curl 

amount h of the flexible printed circuit a1 in Embodiment 1, 

the c:url amotint h was 1-3.!5 nun and the ourl degree was 6,8,; a 

ourl oaaurred. 

Embodiment 41 

A polyimide film 0.125 mm thick (manufactured by TORAY 

Dupont) like a band stretched in two directions of machine and 

tJ:"ansverae directions was used aa a raw material film, from 

which plaatic f!lma (film-4 and film-5) each havinq a size ol 

200 x 360 mm were cut out. Coefficients of linear expansion 

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

surface of film-4 facing the rear face of film-5 a• in 
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Embodiment 3 and linear expansion coefficient ellipaes ware 

created by polar coordinata plot.ting and wara overlapped. 

These overlapped ellipses are shown in a vraph of ~iq, 25. 

Prom this qraph, the total area of port.ions where th• ellipse• 

of film-4 and film-5 do not overlap (C) was 3.44 x 10·1• [(l/°C) 

x (l/ 9 CJ], which was equal to or leaa than the pradetazminad 

value. The area was calculated by using a control computer 

attached to a 'l'MA measuring instrument programmed baaed on 

cumulative expression (8) described above by setting m•720 and 

io ~8·(2n/720)~0.00873 (rad). 

Next, film-4 (for a base layer) and film-5 (for a cover 

layer) were used to manufacture a flexible printed circuit with 

the surface of film-4 facing the rear face of f llm-5 as in 

Embodiment 1. At thia tiu, :metal electric circuit wa• fomed 

15 uaing the •ame adheeive and manufacturing method •• in 

Embodiment 1 for the aama copper foil aa in Embodiment 1. 'l'ha 

curl amount h of the flexible printed circuit was measured a1 

in Embodiment 1. As a result, the c:url amount. h was 8, 3 mm and 

the curl deqree was 2,3\J curl occurrence was suppressed. As 

20 a result of examining the flexibility of the flexible printed 

circuit aa in Bmbodiment l, when bend radius R • 5mm, repulsion 

force was 160 g/cm. 'l'o evaluate the durability of the flexible 

printed circuit., cycles to Failure conforming to Pl.Xural 

Fatigue ~est defined in lPC-FC-240C were found with curvature 

2S radius 5 mm. As a result, Cycles to Failu~• were 9 x 10•. 

compari•on 31 
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A new plaatia film (film-G) having a aize of 200 x 360 

mm waa cut out from the polyimide film uaed with lmbodilftent 4, 

on the other hand, the same film-4 as in Embodlment 4 waa 

praparad. Linear axpanaion coefficient all1paes were created 

' and overlapped with the surface of f 1lmM4 facing the rear face 

of film-6 as in Embodiment 4. These overlapped ellipse• are 

ahown in a graph of Pig, 26. Based on this qraph, the total 

area of portions where the linear expansion coaf f iclant 

ellipses of f ilm-4 and f ilm-6 do not overlap was calculated as 

lD in Embodiment 4. The reault was 7.71 x 10·5 [(1/•c) x (l/•CJJ, 

which exceeded the predetermined value. 

Next, Pilm~4 (for a base layer) and fllm-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-& aa in 

1s Embodiment 4. At this till\a, metal electric circuit waa formad 

using the same adhesive and manufacturinq method aa in 

Embodiment 1 for the same copper foil as in lmbodimant 1. 'l'he 

curl amount h of the flexible printed aircuit waa measured ~· 

in Embodiment 1. As a result, the curl amount h was 2s.2 nn · 

zo 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-. AB a result, for the flexibility, when bend 

radius R • Smm, repulsion force waa 166 9/cm. For the 

durability, Cycles to Failure were found with curvature radius 

2s 5 mm; as a result, Cycles toPailura ware 8.3 x 106 • 

Embodiment 51 
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A polyethylene terephthalate film 0.125 mm thick 

stretched in two directions of machine and transverse 

directions (manufactured by TORAY) was used a raw material 

film, from which plastic films (fllm-1 and film-8) each havinq 

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

stretched polyethylene terephthal~te fil.Jq 0.250 nun thiok 

(manufactured by 'l'ORAY) weus used a raw material film, from 

which a plastic film (film-10) havinq a size of 200 x 360 nun 

waa cut out. Three linear expa~sion coefficient ellipses were 

10 created and overlapped with the 1urface of film-7 facing the 

rear face of film-a a& in Embodiment 3, These overlapped 

ellipses are shown in a g-raph of r19. 27, From this fJraph, the 

maximum values of the linear expansion coefficient dif ferenaes 

among film-7, film-8, and film-10 were calculated aa in 

15 Embodiment 3. Aa a result, the maximum value of the linear 

expansion coefficient difference between f ilm-7 and film-a waa ' 

0.54 x 10·5 (1/°C)1 that between film-7 and film-10 was 4.49 x 

10·-' ( 1/°C); and that between film-a and film-10 was 3. 94 x 10-s 

c11°c1. 
20 Next, film-7, film~B, and film•lO were u1ed to 

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

shown in riq. 29, a polyestar family the:nlosatting adhaaive 

shaped lika a sheet o.os mm thiak was prepared and temporarily 

crimped on the surface of film-1 and the rear face of film-8 

Z.5 with a roll to form adhesive layers 8 • Copper electric circu.1 t 

3 0.035 mm. thick waa fornied on aaah of the adhesive layers by 
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the subtractive method as ln Bmbodiment 1. Also, a polyester 

family tharmoaatting adhesive like a sheet was usad to form an 

adhesive layer 8 on the surface and rear face of f ilm-10, aa 

described above. As shown in F1q. 29, film•7, Cilm-8, and 

film-10 \fare temporarily crimped by the roll laminate method 

with the surface of film-7 facing the rear face of film-8 with 

film-10 betwecm, then cured in an autoclave (conditlons1 11o•c 
x 2 h x 10 k9/am.2) for manufacturinq a f lexibla printed circuit 

of a l•film-layer structure aa shown in Fig. 30. Part• 

10 identical with those previously described with reference to 

Fig. 29 are denoted by the same reference numerals in Fi;. 30. 

Positioned on both the outermost laye.ra of the pl.astla film 

laminate in the flexible printed circuit are film-7 and film-8. 

As described above, the maximum value of the linear expansion 

15 coefficient difference between film-1 and film-B is 0.54 x 10-5 

(l/°C), which i• equal to or less than the predetermined value 

of the invention. 

For the flexible printed airouit of the 3-film-laye~ 

structure, the curl amount h was measured aa in Embodiment 1. 

20 As a result, the curl amount h was s.o nun and the curl de9ree 

waa 1.4t, curl occurJ:ence w~s suppressed. Aa a result of 

e~amining the flexibility of the flexible printed circuit as in 

Embodiment 1, when bend ra~iua R • 1Smm, repulsion foroa was 

360 g/am. 

2s Comparison 41 

A new plastic film [film-9) having a size of 200 x 360 

- 50 -
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mm waa cut out from t~e polyethylene tarephthalate film 0.125 

mm thlck used with Embodiment S. On tha other hand, the •ama 

film-7 and film-10 aa in E:mbodimont 5 ware prepared. Three 

linear expansion coefficient 

overlapped aa in Embodiment s. 
shown in a graph of Fig 28. 

ellipaaa ware craatad and 

These overlapped ellipse• are 

From this graph, the maximum 

valua1 of tha linear expansion coef f iciant dif ferencea amonq 

film-7, film·9, and film-10 ware calculated as in Embodiment 1. 

AB . a result, the maximum value of the linear expansion 

10 coefficient difference between f ilm-7 and film-9 was 1. 66 x 10·5 

( 1/ 0 c) · and that between f ilm-9 and film-10 was 4 .17 x 10·5 

(1/ 0 C:). As deac:ribed earlier, the ma:1ti:mum value of the linear 

expansion coefficient dif feren~e between film-7 and f ilm-10 ia 

4.49 x 10~ (1/°C). 

15 Nex~, film~7, film-9, and film-10 were used to 

manufacture a flexible printed circuit in the same manner to 

that in Embodiment S except that film-t was used in place of 

film-8, For the flexible printed circuit, the curl amount h 

was measured aa in .Embodiment 1. AB a result, the curl amount 

20 h waa 18.9 mm and the ourl degree was 5.3'' a curl occurred. 

As a result af examining the flexibility of the flexible 

printed circuit as in Embodiment 1, when bend radius R • 15mm, 

repulsion force was 370 g/cm. 

Embodiment &1 

A raw material plastic film ude of polyethylene 

terephthalate o. 05 mm thick and 4 m wide stratchad in two 
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directions of machine and transverse directions waa prepared. 

It was divided into aiqht parts like bands (eaah 500 11111 wide) 

parallel with the length direction (machine dl t'action of 

stretch) of tha plastic film, a• ahown in Pio. 18. In the raw 

' material plaatic fila, the coeff 1cianta of linear expanaion of 

the parts (diviaions) ware measured aa in Eaabodlmant 3, and 

combinations of the relative po1itiona were con1idered. !he 

condition that the maximum. value of the linear expanaion 

coefficient difference ia 1.4 x io-5 (l/°C) or laaa waa 

10 satisfied in the range of :relative pouitions (-3) to (3). Alf 

shown in Piq. 18, a cover layer plaatic film (film 11) having 

a aiz• of 80 x 200 mm waa cut out f.rom the relative position (-

3) and a base layer plastic film (film 12) having a size of 80 

x 200 mnt was aut out from the relative position ( 2). For film-

15 11 and film 12, the linear expansion coefficient difference• 

were measured with the ~ear face of fllm•ll facing the aurface 

of film-12. The maximum value of the linear expansion 

coefficient difference was 1.1 x 10-5 (1/°C). 

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

20 manufacture a f laxible printed circuit with the rear face of 

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

the.flexible printed circuit waa measured as in Embodiment 1. 

As a re1ult, the curl amount h was 7.6 mm and the curl de9ree 

was 3.8,J curl occurrence was suppressed. Tha flaxlbility and 

25 durability af the flexible printed circuit were examined aa in 

Bmbodiment 1. As a result, for the flexlbillty, when bend 
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radius R • Smn, .repulsion force was 27 9/cm. l'o.r the 

durability, Cyalas to Failure ware 910, aubatant!ally the aama 

degree as in Embodiment 1. 

It ia to be understood that the foregoing description 

and the accompanying drawings are not intended to limit the 

scope of this invention• :rather, variou• aodif I.cation• or 

variations may be made by thole of ordinary akill in th• art 

without departinq from the scope of this invention which ia 

defined by the appended claims. Par example, the present 

10 invention alao can ba applied to an ordinaJ;Y composite •heat 

not. only t.o the flexible printed circuit. The composite ahaat 

according to the present invention may be ala~ applied to IC 

card, c.radit card or the like. 
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ffHAT II CI.AIMED ISs 

l 1. A composite aheat comprisinqe 

2 a first resin tilm; 

3 a second resin film laminated on the f irat resin film 

4 so that a surface of the first resin film faces a rear face of 

s the second resin film; and 

& a metal electric circuit formed between the first and 

1 aeco_nd resin films, the Jnatal alactria circuit having a plastic 

1 deformation component of 0.0003 (nun/imn) or mare when a stress 

g load is imposed until •train becomes 0.002 (mm/mm) assuming 

io that. the plastic· strain oc:cur:ing when the etreaa load is 

11 imposed and removed i• th• plastic deformation component, 

·12 wherein the first and second resin films ara cut out 

1S from two areas due to cut, havinq 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 other corresponding to that point aro both on an 

17 arbitrary standard line parallel with a machine direction of 

18 stretch on a material plastic film •tretahed in two direotion• 

19 with a machine direction ae a longitudinal direction of •tretch 

20 and a transverse direction as a lateral direction of atratah. 

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

z the composite sheet is a flexible printed circuit. 

1 3. The composite sheet according to claim 1, wherein 
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z one or more other resin films are sandwiched betweon tha fir•t 

3 and second resin film. 

l 4. The composite sheet aacordinq to claJm 1, wherein 

2 the first end second reain film are laminated via an adhaaiva 

3 layer. 

l S. Tha composite sheat according to claim 1, wherein 

2 the plastic deformation componant of tha matal eleatria circuit 

3 is 0. 0003 to O. 0015 (mm/mm) when a streaa load is imposed until 

4 strain becomes 0.002 (nun/mm), 

1 6. The aompoaite sheet according to claim 1, wherein 

2 the plastic deformation component of the metal electric: c::ircuit 

3 is O. 0004 to 0. 0010 (mm/mm) when a stress load is imposed until 

4 strain becomes 0.002 (mm/mm). 

1 7. A composite sheet comprising• 

2 a firat resin filmp 

l a second resin film lamin•tad en the fir•~ ~•ain film 

4 so that a au~face of the f irat re~in film faces a rear face of 

5 the second resin f !lm1 and 

6 a metal electric circuit formed between the first end 

7 aecond reain films, thamatal eleetria circuit having a pla1tid 

8 deformation component of 0.0003 (mm/mm) o~ more when a atrea• 

9 load ia impoaed until strain becomes 0.002 (nun/mm) assuming 
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10 that the plastic strain occuri:olng when the etreas load 1• 

11 imposed and removed is the plastic deformation componant1 

u wherein two ellipae11 of coefficient of linear axpan•ion 

13 are created on coordinates in correapond~ng parts of tha first 

14 and second resin films by the following method1 

15 

16 

comprising the steps of 1 defining a predetermined baae 

point P on the resin film1 ineasuring a coeffi.cient of linear 

17 expansion at .,.· position separate from an arbitrary axis in 

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

u arbitrary axis being selected on the first and aec::ond re•in 

zo films so as to pass throuoh the base point P with the base 

21 point P •• a center and direct an arbitrary direction, 

2Z preparing a coordinate ayatam with the arbitrary axis as a Y 

23 axil and an axis crossing the Y axis at 90 deqreel •• an X 

24- axis,. in this coordinate systems definino an intersection of 

' 25 the x and Y axes as the base point P in the linear expanaion 

26 coefficient measurement and magnitude of a linear expansion 

27 coaff icient measurement value as distance r from tha baae point 

ZB P 1 then plotting fl tip point of the distance r in the 

ZSt measurement angle e direction with respect to the Y axis, 

30 plottinq it multiple times by changing the measurement angle e, 
31 and drawinq an analyaia line throughout 360-degree directions 

3Z with the base point P as the center so aa to pa111 th.rough 

33 average points of the plotted points for creatinq tha ellipses 

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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H relationship is 11atiafied1 the maximum value or a linear 

37 expansion coefficient difference batwaan tha two realn film• ia 

38 equal to or lass than a predetermined value. 

1 8. Tha composite sheet according to claim 7, wherein 

2 th• predetermined value is 1.4 x 10·5 . (l/°C). 

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

2 the COlllposite sheet is a flexible printed circuit. 

l 10. The composite sheet aocording to claim 7, wha:ain 

2 one or more other reain f ilma are sandwiched bet~een the f irat 

3 and second resin film. 

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

z the first and mecond resin film are laminated via an adhesive 

J layer. 

l 12. The compo&ite sheet accordin~ to claim 7, wherein 

2 the plastic deformation component of the metal electric circuit 

3 is 0. 0003 to 0. 0015 (nun/mm) when a stress load is imposed until 

4 strain become• 0.002 (mm/11lm). 

1 13. The composite •heat according to claim 7, whar•in 

2 the plaatic deformation component of the metal electric circuit 

3 is 0.0004 to 0.0010 (mm/mm) when a stress load is imposed until 
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4 strain becomes 0.002 (mm/mm). 

1 14. The composite •beet according to claim 7, wherein 

z the arbitrary exis ia settled on a machine direction of film 

3 stretch, so that the Y axis is settled on the machine diraation 

4 and the X axis is settled on a transverse direcllon of film 

5 stretch. 

l 15. A composite aheet comprisino1 

2 a first resin filmr and 

3 a second resin film laminated on the first reain film 

4 so that a aurfaca of the first resin film faces a rear face of 

' the second resin f ilmJ and 

6 a metal electric circuit formed between the fi:•t and 

7 second resin films, the metal electric circuit having a pla•tia 

a deformation oamponent of 0.0003 (mm/mm) or more when a atrasa 

9 load ia imposed until strain becomes 0.002 (mm/mm) asauming 

10 that tha pla•tic strain ooourring when t.ha at:r:es• load .t.a 

11 imposed and removed is the plastic deformation oomponent1 

12 wherein two ellipses of coefficient of linear expansion 

13 are created on coordinates in corresponding parts of the firat 

14 and second resin films by tha following method1 

15 aompriainq the &teps of a dafininq a predetermined baae 

16 point P on the resin film1 measurinq a coef ficiant of linear 

17 expanaion at a position eeipa:r:ata from an arbitrary axis J.n 

18 angle e direct.ion on the· first and second resin films, the 
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u arbi tra:cy axis being ae lected on the first and second re a in 

20 film• so aa to pass throuqh the base point P with the base 

21 point P aa a canter and dirQct an arbitra~y direction, 

22 preparing a coordinate system with the arbitrary axi• aa a Y 

zs axia and an axis crossing the Y axis at 90 degreea aa an x 

24 axis, in this coordinate system1 defining an intersection of 

25 the X and Y axes as the base point P in the linear. expansion 

u coefficient measurement and magnitude of a linear expansion 

27 coef flclent measurement value as distance r from the baae point 

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

29 measurement anqle 8 direction with respect ta the Y axis, 

30 plotting it multiple timas by changing the measurement angle e, 

31 and drawinq an analysis line throughout 360-deqree·directiona 

32 with the base point P as the aenter 1110 as to pa•• through 

33 averaqe points of the plotted points for creating the ellipses 

34 and tha two ellipse are overlapped ao as to match in 

35 the center point and coordinate axea X and Y, and the following 

SS relationship is satisfiede the to~al area of portion• where the 

!7 ellipses do not overlap is equal to or less than a 

38 predetormined value. 

1 16. The composite sheet according to claim 15 1 wherein 

2 the predetermined valua is 6.5 x io-10 [(l/°C) x (1/'C)). 

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

2 the compo111ite sheet ia a flexible printed circuit. 
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l 18. The composite sheet accol'dino to claim 15, wharain 

2 one or mora other resin films are aandwlchad between th• fir•t 

s and second reain film. 

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

z the first and second resin film are laminated via an adheaiva 

3 layer. 

l 20. The composite sheet according to alaim 15, wherein 

2 the plastic defo.rmatJ.on component of tha metal electria circlait 

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

4 strain becomes 0.002 (mm/mm). 

1 21 • The camposi te sheet according to claim 15, wherein 

2 the plastic deformation component of the metal elect.ria circuit 

3 is 0.0004 to 0.0010 (mm/mm) when a stx-ecia load ia imposed until 

4 strain beaomea 0.002 (nun/mm). 

l 22. The composite sheet aacordin; to claim 15, wherein 

2 the arbitrary axia is settled on a machine direction of film 

3 stretah, so that the Y axis is settled on the machine direction 

4 and the X axis is settled on a transverse directJ.on of film 

5 atretah. 
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