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The present invention relates to a self-shape retaining rigid circuit
menber whi ch has been bent into a predeterm ned shape. The present
invention also relates to a circuit board adapted to be connected to a
rigid substrate having a conductor printed thereon, e.g., glass substrate
having a transparent electrode printed thereon. ' The present
invention further relates to a printed circuit board, particularly a
flexible printed circuit board, as a functional part mainly for use in
the art of electric and el ectroni c SEESFREFABION . BACKGROUND TECHNI QUE

As a circuit member in electric and el ectronic apparatus -there is normally
used a flexible circuit board. In sone cases, a self-shape retaining
circuit nmenber obtained by bencnéghf%rg i circuit board into a

predeterniﬁ%ﬂmgﬁﬁﬁémﬁgﬁmbé“ﬂ§éﬁg or exanple, as a circuit nenber

provi ded between a battery and an apparatus driving portion there has
heret of ore been used a flexible printed circuit board. It has been a

common pra%#¥§§F§$%?ﬁ%ﬁﬂﬂftal tab as a contact point to apparatus is
nount ed on

The present invention relates .to a self-shape retaining
rigid circuit member which has been bent into a predetermined shape.

The present invention also relates to a circuit board
adapted to be connected to a rigid substrate having a conductor
printed thereon, e.g., glass substfate having a transparent
electrode printed thereon.

The present invention further relates.to a printed circuit
board, particularly a flexible printed circuit board, as. a
functional part mainly for use in the art of electric and electronic

apparatus.

KGR D NI

As a circuit member in electric and electronic apparatus
there is normally used a flexible circuit board. In some cases,
a self-shape retaining circuit member obtained by bending a rigid
circuit board into a predetermined shape may be used.

For example, as a circuit member provided between a battery
and an apparatus driving portion there has heretofore been used a
flexible printed lcircuit board. It has been a common practice that

ametal tab as a contact point to apparatus is mounted on the terminal



of the flexible circuit substrate on which electronic parts are nounted
and the netal tab is connected to the apparatus driving portion. However,
the nounting of the nmetal tab on the flexible circuit board can cause
thermal shock that deteriorates the reliability of the circuit board. In
recent years, an attenpt has been nade to use a self-shape retaining
circuit board obtained by stanping a conductor circuit integrated with a
netal tab out of a netal foil, interposing the circuit board between rigid
plastic film wth an adhesive layer to forma conposite | am nate, and
then bendhghen&leripdsi cérraitnatestrrs o sdiich electronggcpagts are
sel f-shape retaining circuit nmenber needs to conprise a tough rigid,
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t hermal shrinkage X of t circuit “menber is given by the follow ng

equation: ¢ ing aXconlifétds (dire il ehtbyPhEEdWth a metal €BGutof a
conventlomaa%le|ble printed circuit board conprises a plastic film
ngi ng a sweddl eagt, Qnﬂi@d‘ﬁbﬂin@f th@ 8ifcuit board between rigid plastic
films with an adhesive layer to form a composite laminate, and then
bending the composite laminate under press.
Such a self-shape rétaining circuit member needs to
~ comprise a tough rigid-plastic film, i.e; , Plastic film having an
elastic modulus of not less than 450 kg/rmﬁ to withstand press molding
and assure stable self—shape réten_tion.
As well known., when heated, a plastic film tenas to shrink
due to residual stress or recrystallization during film forming.
A circuit member is a composite of ametal foil withaplastic
film. Assuming that the percent thermal shrinkage, elasticmodulus
and thickness of the plastic film are {, Ep and tp, respectively,
and the elastic modulus and thickness of the metal ‘foil are Em and
tm, respectively, the percent thermal shrinkage X of the circuit
member is given by the following. equation:
X = {/(1 + Emtm/Ep-tp)
Sinée a conventional flexible prin.ted circuit board

comprises a plastic film having a small elastic modulus of Ep and



a. small thickness of tp, its entire percent thernmal shrinkage is snmall as
evident fromthe foregoi ng equation. However, the foregoing

sel f-shape retaining circuit menber needs to conprise a rigid plastic film
travi ng a high elastic nodulus and a |arge thickness of tp to wthstand
press nol ding and assure stable self-shape retention. Thus, Ep and tp
cannot be reduced, and the resulting X value is increased. Therefore, the
thermal expansi on and shrinkage of the foregoing self-shape retaining
circuit board itself cannot be neglected. The resulting thermal stress can
break the pemallathigkoasstof strontscenyire nppacat tshegly shrdnfkage tfie
poi nt on which an electronic part is nounted. Accordingly, assured
excel | ent 5@klaRg ieiident REPEI YheLFIM D eURE1O8-egoi ng sel f - shape

retaining circuit penber under severe tq rmal condit,iqQns. . . F?Lt S
therefore a first RSYEF ofhe fOrpEeiRg SelivehePE TR G FHECH S BFPPEhape
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circuit portions or power supply nmay be nade Vvia a flexible circuit board.
As such a JlexiHl &dduitin ROBIubNesCinaPehSER! OPictioeR, BAEMBheymused

one conprising a polyethylene terephthalate film or

- 3- expansiqn anc_l shrinkage of the foregoing self-shape retail_'ling
circuit board it;_self cannot be neglected. The resulting thermal
stress can.break the point at which it is connected to apparatus
or battery or the point on which an electronic part is mounted.
Accordingly, assured excellent reliability can hardly be given to
the foregoing self-shape retaining circuit member under severe
thermal conditions.

It is thérefbre a first object of the present invention to
provide a self-shape retaining rigid circuit member shaped into a
.predetermined shape by bending under press , which exhibits assured
press-moldability and self-shape retention as well as assured
reliability against severe thermal use.

In the assembly of electric and electronic apparatus, the
connection of a circuit portion comprising a rigid circuit board
to other circuit portions or power supply may be made via a flexible
circuit board.

. As such a flexible circuit lb'oard there has heretoforé been

normally used one comprising a polyethylene terephthalate film or



polyimde filmas a substrate or cover. The connection of a rigid
circuit board to a flexible <circuit board has traditionally been
acconpl i shed by soldering. In recent years, in order to neet the demand
for high precision in conductor on circuit board, it has been attenpted to
use an anisotropic electrically-conductive film An attenpt has
been made as follows. In sonme detail, ‘an anisotropic
‘electrically-conductive film which conprises a filmshaped adhesive
havi ng a thickness of scores of microns and containing

el ect ri calpodyignidiectfiivm psr 8 shbstraterpdre@er+ herein such that both ends
of the particle are exposed out of both sides  of the filmand the adhesive
i s interposed anorife remgaticreof i3 rigidr phseibePaREd tAr paddexiblge
connected. The lam nate is then  heated under pressure so th é@;he
fi | m shapetE@HdsPoRTd has: Hrrdi tignal lyePeerR@ce 6S£’8ﬂfﬁ¥cf° P¥hdudPor s

on the surfaces to be Connegﬁed throughgﬁhe el ec cal -conducti.ve
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conductor pi4t : : ~ 6 . ere two nenbers a, b are
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super posed an er as nentioned above, if the two

menbers [err], b)ﬁhfaﬁﬁ%‘én?}t ALE BEEAt AP AS 1101 1370 . Shih NdAEE deAl@Y, 8hress
Is produced at the intertface of the two nmenbers. In this case, taking the

ezpansi on m&wml@ageléétﬁiém%m&omgins MPHUER'S Rimprises a

film-shaped adhesive having a thickness of scores of microns and

containing electrically-conductive particles incorporated therein
such that both ends of the particle are exposed out of both sides
of the £film and the adhesive is_.interposed among the particles, is
interposed between surfaces to be connected. The laminate is then
heated under pressurel so that the film-shaped adhesive undergoes-
flow deforrn;ation to connect the conductors on the surfaces to be
connected through the electrically-conductive particles and fill
the gap 5etwe‘en the surfaces to be connected with the adhesive.

This connection process makes it possible to connect high
precision circuits 'having,- e.g., _20 conductors per mm, that is,
conductor pitch of 50 pm.

In the case where two members a, b are superposed and
connected to each other as mentioned above, if the two members a,
b shrink at different expansion and shrinkage rates, stress is
prbduced at the interface of the two members. In this caée, taking

the expansion and shrinkage rate ,- thickness and Young's modulus of



the menber [err] as Ka, Ta and Ea, respectively, and taking the expansion
and shrinkage rate, thickness-and Young's nodulus of the nenber b as Kb,
Tb and Eb, respectively, the resulting X is given by the follow ng
egquation (1): X = (Ka - Kb)/[1/(Ta[err]Ea) + 1/(Tb[err]Eb)]

(1) In order to reduce (Ka - Kb) in the equation (1) and hence
reduce the resulting thermal stress with respect to heat cycle applied to
the point at which the foregoing glass circuit board b and plastic '
flexible circuit board a are connected, a plastic substrate having a snal

t hermal exfhedenbarafds €2 e antEbe nespectiyelynarnd sakbng therexpansiony d

t o advant age. ) A plastic expands or shrinks either when it absorbs
noi sture 8ndj shaigkageapate,sthiskness pnd Youeg st medelys fyshegmesreed i ng
portion either when thg | astic substrate in the flexible circuit . board
absor bs noP&t Pe &P PR 0‘5?5 LRSRRF ALY dhe Fesdtinrg o 19)9iven by the
Fati gue fa%hgﬁe of the connechbng portion on circuit board due to stress

caused by REFPEXPERESM alld shrinkage has heretof ore been consi dered
problematical. Hoyever, str ] y ' | bsor pj4,0n or drying
has not too nuch biggn !c()'-f“\si d@%ﬁfypﬁ%ﬁz%ﬁﬁ P@%ﬁ#%%hft he s{la?ndpoi nt of
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substantially zero hygroscopic an i ng expansion-and shrinkage rate and
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in the equation (1), which i1s the hygroscopic and drying expansion "and

_Sg[i nkage pppeied tdeard peSnti AEWHiIdIWANS fogefodfg ditidss cibeuit board b
and plastic flexible circuit board a are connected, a plastic
substrate having a.small thermal expansion coefficient can be used
for the flexible circuit board to advantage.

Aplastic expands 61:' shécinks either when it absorbs moisture
or it drys. Thus, stress is generated at the foregoing connecting
portion either wﬁen the plastic substrate in the flexible circuit
board ébsorbs moistuf:e or it drys as evident from the equatior; (1) .

Fatigue failure of the connecting portion on circuit board
due to stress caused by thermal expansion and shrinkage has
heretofore'beén considerednproblematical. However,.stress caused
by'ﬁpiéture absorption or drying has not too much been considered
problematical from the standpoint of fatigue failure.

However, if the glass circuit board exhibits substantially
zero hygroscopic and drying expansion and shrinkage rate and the
rigid circuit board is such a glass circuit bbard, assuming that
Kb in the equation (1) , which is the hygroscopic and dfying expansion

and shrinkage rate of the glass circuit board, is 0 and Ka is the



hygroscopi ¢ and drying expansion rate of the plastic flexible circuit
board, the resulting stress Y ts given by the follow ng equation (2):

Y = Ka/[l/(Ta-Ea) + 1/(Tb-Eb)] (2) Thus, the hygroscopic and drying
expansi on and shrinkage rate Ka of the plastic flexible circuit board is
straightly reflected in the stress. The resulting stress cannot be

negl ected. The fatigue and danage caused by the stress cannot be

negl ect ed. Among the foregoing flexible circuit boards, the
circuit board conprising a polyethylene terephthalate filmas a substrate
exhi bi ts a hygpesdamimnlansk pdnging expharskomkeoate rof ethadpringsies flpgible
appropriate fromthe standpoint of prevention of fatigue and  damage on the
f oregoi ng cokrraekt Rparstt ithe gesulsisgrstsesTh igigyan modbe é@ﬂfgpwspgg a
polyimde filmas a substrate exhibits a small thermal expansion rate but
a hi gh hygrefp® abfd ‘dryi ng expansion and shrinkage rate and thus is not

appropriate fromthe standpoint of pre tion of fatigue and damage on the
foregoi ng connect irkﬁg" 3&&%%@0& ¢ slt)r/‘Z@DSéb)n] (% It is therefore a '
second objegt of the.present invention. to provide a plasti.c.circult baard
adapt ed toe"g%u%’upté’repgggaogﬁogﬁﬁ a %n Y& apﬁéof'e?'lrgﬁﬂ n%%rlg?k%gec#ra E:tl% |
board havi -La - 0.4 : i d | RS n
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to stress on the connecting portion, taking into account the fact that not
6- and damage caused by the stress cannot be neg;l.ected.

Among the foregoing flexible circuit boards, the circuit
board comprising a polyethylene terephthalate film as a substrate
exhibits a high thermal expansion and shrinkage rafe and thus is
not appr_opriate f rom. the standpoint of prevention qf fatigue and
damage on the foregoing connecting portion due to stress. The
circuit boafd comprising a polyimide film as a substrate exhibité
a.small thermal expansion rate but a high hygroscopic .and drying
expansion and shrinkage rate and thus is not appropriate from the
standpoint of prevention of fatigue and damage on the foregoing
connecting portion due to stress.

It is therefore a second object of the present invention
to provide a plastic circuit board adapted.to be superposed on and
connected to the terminal of a circuit board having a substantially
zexro hygroscopic and_dryi'ng'expansion and shrinkage rate such as
glass substrate, which comprises a plastic substrate that is
appropriate for the prevention of fatigue and damage due to stres.s

on the connecting portion, taking into account the fact that not



anly thermal expansion and shrinkage rate but al so hygroscopic and drying
-expansi on and shrinkage rate 4‘akeé great part in fatigue and danage on the
connecting portion. Further, electric and el ectroni c apparatus
conprise many printed circuit boards incorporated therein. A printed
circuit board is forned by integrating an electrical insulating substrate
filmand a conductor circuit with an adhesive into a lamnate. In general,
it is formed by lam nating two sheets of substrate filns wth a conductor
circuit provided interposed therebetween with an adhesive. )
Al t er nat i veshly thermadyegpanisionangyshrirkage irageybut aliseahyasoscopis andt y
of conductor circuits and a plurality of substrate filnms with an adhesive
provi ded i|dreing sxpanséoahandedirinkage rate fakq,great Rakk it L2 Fi9Y8 BRE e
has heretofore been often used a pol yethyl ene terephthalate filmor
pol yi mi de damgge on the cQﬂ?%ﬁ&&@Htp?§§F9?'electronics has made renarkabl e
c and el ectronic
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nore. I n pafticular, under” hig ghunl 'ty conditions, printed circuit
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connection to other electronic parts such as connector. Thus, the

enhancemengeRérd N ifteliisabbbibd by aRiinatedgCtws Hedt@bEssalgat réte M t y
has been desired. -7
with a conductor circuit provided interposed therebetween with an

adhesive. Alternatively, it may be formed by alternatingly
laminating a plurality of conductor circuits and a plurality of
substrate films .with an adhesive provided interposed therebetween.
As such a substrate film there has heretofore been often

used a-polyethylene terephthalate film or polyimide film.
In recent years, electronics haé made remafkable progress.
With the enhancement of the density of electric and electronic
apparatus and the reduction of the size, thickness and weight of
electric and electronic apparatus, printed circuit boards having
highér density have been required for these apparatus, and the
enhancement of the dimensional stability of circuit patfern has been
keenly desired more and more. In particular, under high humidity
conditions, printed circuit boards absorb water to show a
dimensional change that impairs its connection to other electronic
parté such as connector. Thus, the enhancement of the reliabiiity

of printed circuit boards against humidity has been desired.



Further, in order to assist global environnental protection, it has been
required to recycle resources**fronprinted circuit boards, too. I n
order to nmeet the foregoing requirenents for dinensional stability and
Hum dity reliability of printed circuit boards and recyclability of
materials fromcircuit boards, it is necessary that an optinmum substrate
fil mand adhesive conposition be selected to design printed circuit board.
- The process for design of such printed circuit boards needs to involve due
consi deration of various physical properties of the substrate film
occasional |y the &urther;oin PnéGEGmJtS‘bﬁl@‘T’alt ﬁé"hml%a]oﬁr%@cuonr
properties of the printed circuit board. artlcular

opti m zat iighh EFb&ﬁ%ﬁ%ﬁﬂlr%ﬂE@EFFY@%eGFSPﬁécgﬁ 4%??%4ﬁ4%9?h%5??5ﬁ? f or
the satisfaction of the requirenents for printed circuit boards.

However, MR of polyinide films or polyethylene terephthalate filnms which
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tenperature conditions. The inventors noted that the filmto be

used as a ddBiYgd PEinted circuit board. The process foB-design of such
printed circuit boards needs to involve due consideration of various
physical properties of the substrate film, ocbasioﬁally the effect
of the composition of the adhesive on the properties of the printed
cir_cuit béard. In particular, the optimization of _physica:l
p:_roperties of the substrate film is important for the satisfaction
of- the requirements for printed circuit boards.

However, none of polyimide filr.ns or polyethylene
lte'rephthalate films which have been used as'substréte films can
satisfy all the requirements for printéd circuit boards. Further,
JP-A-8-130368 (The term "JP-A" as used herein means an "unexamined
'published Japanese patent application") proposes the use of a
polyethylene naphthalate film as a substrate film. However, an
ordinary polyethylene naphthalate film is disadvantageous in that
it exhibits physical properties close to that of polyethylene
terephthalate film and thus sho'ws a great dimensional change under
high 'temperaiture conditions.

The invento.rs noted that the film to be used as a substrate



needs to exhibit a high elastic nodulus and a small thermal expansion
coefficient in order to give a good dinensional stability under high
tenperature conditions during the production and actual use of printed
cirrcuit board, needs to exhibit a small hygroscopic expansion coefficient,
a small water vapor perneability and a small percent water absorption in
order to give a high dinensional stability even under high humdity
conditions and needs to exhibit a low nelting point in order that the
conductor circuit can be easily _separated by heating_and nelting the
substrate FerfSRAXPRELt Fhigh glassie modujusand ? Smatdsthermahedaansieni t
boar ds. n,. the inventors nade sxtensjve studjes. of the effect
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day, a percent water absorptio nof nore t i ng poi nt of
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circuit board. Thus, the presént invention has een worked out.
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printed circuit board conprising the foregoing specific polyethylene

napht hal at @ Iéw filel ting point in order that the conductor cirdiit can be easily
separated by heating and melting the substrate film when the
matérials are recycled from waste printed circuit boards.

Then, the inventors made extensive studies of the effect
of thé physical properties of various substrate fil_m materials on
the properties of printed circuit boards. As a result, it was found
that a polyethylene riaphthalate £film having an elé.stic modulus of
not less than 500 kg/mm®, thermal expansion coefficient of not more
than 1.5 x 107%/°C, a hygroscopic ex;;ansion coefficieﬁt of not more
than 1.2 x 107°/%RH, a watér vapor permeability of not more than
15 g/m’/mil-day, a percent water absorption of not more than 2% and
a melting point of not higher than 2B0°C is optimum as a substrate
film for printed circuit board. Thus, the present invention has
been worked out.

It is therefore a third object of the present invention to
provide a printed circuit board comprising the foregoing specific

polyethylene naphthaiate film.



DI SCLOSURE OF THE | NVENTI ON The foregoing objects of the present
I nvention are acconplished by the following first to third enbodi nents of

the present invention. "~ The first enbodi nent of the present
isnvention concerns a circuit menber obtained by bending a conposite
| am nate conprising a circuit conductor nmade of a netal foil interposed

between plastic filnms having an el astic nodul us of not |ess than 450
-kg/mierr] with an adhesive, wherein a polyethyl ene naphthalate filmis
used as the plastic film The second enbodi nent of the present

i nvent i on DISGLASURE; OFc THEINVENBIGN adapt ed t o be connected to a conductor
on arigid substrate, wherein said circuit conductor is-interpaosed between
‘pol yet hyl ene naphtThg aferegpiRg oblects qfe thg ( BreRsBli PeRfeRr hedre

present inventiqn concerns.a inted circuit. board,,in i.ch :

pol yet hyl é’@%ﬁsl%da?’é’ %P?nﬁgﬁ‘imhﬁg a#nl’é?té\sfr? gt%&lw me5Es) 88 st fan
500 kg/ mi er r%g, a .t hergal expansion coefficient of not nore than 1.5 x

10[ err]/ [ HF9E™% Y5P548Bpi ¢ expansi on coefficient of not more than 1.2 x

10[err]/9RH, a watgr v L oRBL L4 f €; A 1
g/nferr]/ml-day, %‘epgg‘%%rth wa %?ggﬂé%sgo%p |eo%9%Fg}rqlgtutr‘mr e ]gz%‘ar?of‘%egr?g 3
mel ting pojnt.of Lahsy, ,}4@{: .&fé}{iﬁw £ UMb iGN OaGE Q4 & Idofighcl sh

i nt egr at edéﬁrgncf‘%'ta amQ%at e Wt B%n a esg? ve %g)yerl provi ded i nt erpogedé
t her ebet WefRi reuit conductor made of a metal foil interpostd between plastic

* films having an elastic modulus of not less than 450 kg/mm® with
an adhesive, wherein a polyethylene naphthalate film is used as the
plastic film.

The second embodiment pf the present invention concerns a
.circui't board adapted to be connected to a conductor on’a rigid
substrate, wherein said circuit conductor is interposed between
polyethylene naphthalate films.

The third erﬁbodiment of fhe present invention co.ncerns a
printed circuit board, in which a polyethylene naphthalate film
having an elastic modulus of not less than 500 kg/mm’?, a thermal
expansion coefficient of not more than 1.5 x 107°/°c, a hygroséopic
expansion coefficient of not more than 1.2 x 10"°/%RH, a water vapor
permeability of not more than 15 g/m?/mil-day, a percent water
absorption of not more than 2% and a melting point of not higher
than 280°C and a conductor circuit are integrated into a laminate

with an adhesive laj,.(er provided interposed therebetween.
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BRI EF DESCRI PTI ON OF THE DRAW NGS Fig. 1 (a) is a diagram
illustrating a rigid circuit nmenber according to the first enbodi nent of

the present invention; Fig. 1 (b) is an enlarged view of the
section surrounded by the broken line in Fig. 1 (a); Fig. 2is a
diagramillustrating a circuit board according to the second enbodi nent of
the present invention; Fig. 3 is a sectional viewillustrating the
structure of a printed circuit board according to the third enbodi ment of
the present |nvent|on Fig. 4 is a sectional view illustrating

t he struct UPRLEHE DE St Ok d oMo ccording to the third enbodi ment

of the present |nvent|on conpr|5|ng one sheet of a substrate f|In1 and

Fig. 5is a.sectiorBtgvilel@®) P-FlﬁsfiilagFﬁ’Q Jtllﬂ?é’sé%rla&él"‘@r% r3oidchyfei t meyber

printed circuit board a . N thlrd odi nent .of the present

i nventi on. acc?ﬁé;ﬁ %%GT% %ﬁ ﬁ?ﬁ?q Te9ent 1RVERELIeRy cui t
Menber Accordi ng t the F| t Enbod | rst. enbodi nen f
t he present |nvent| 1Phe1St37 ¢ dﬁ%% ﬁ8§a°F'Ewaﬁmﬁﬁﬁ?ﬂ1iﬂﬁﬂ9uPﬁsg

acconpanyi dramn illustrates a rigid circuit
menber accor |ng tqgifﬁelﬁpgééﬁtg ﬁventlon havi ng a predeterm ned shape

obt ai ned by bendi %”Qe{s BJS ﬁ&ll%sﬁ:%&thﬁgaa? 3%’%%&%%3&&‘%(&‘(@&9%

secti on surrounde t he bro ne in
to the second embodiment of the present invention;

Fig. 3 is a eectional view illustrating the structure of
a printed circuit board according to the third embodiment of the |
present invention; ' |

Fig. 4 ie a sectionai view illustrating the structure of
a printed circuit board according to the third embodiment of the
present invention comprising one sheet of a substrate film; and

Fig. 5 is-a sectional view illﬁstrating the etructure of.
a multi-layer printed circﬁit board according _to the third

embodiment of the present invention.

BEST DE _F Y TN THE INVENTION
1 Rigi 'Ir it M rdin he Fir i
The first embodiment of the present invention will be
further described in connection with the accompanying drawings.
Fig. 1 (a) illustrates a rigid circuit member according to
the present imfention having a predetermined shape obtained by
bending under press.. .Fig. 1 (b) is an enlarged view of the section

surrounded by the broken line in Fig. 1 (b).
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l.-n Figs. 1 (a) and (b), the reference nuneral 1 indicates a circuit
conductor nade of a netal foil having a predetermned pattern. The circuit
conductor 1 has a tab 11 integrated thereinto at both ends thereof. The
r‘eference nuneral 2 indicates a polyethylene naphthalate filmstuck to the
both sides of the circuit, conductor 1 with an adhesive 3. The reference
nunmeral 21 indicates an optional hole for soldering electronic parts. The
.pol yethyl ene naphthalate film2 is nmade of a polynmer of naphthal ene (2, 6)
di carboxylic acid with ethylene glycol. |t can be produced by nelt

extrusi on techni qd® Figs; sl (@) nrpd @R) r ithel refergnerpwnerak lefindirates
nodul us of about 550 kg/nm and as heat-reS|stant as to exhibit a glass
transitiof SBFRILSF CaBoUFteDOpRie | 3 metal foil haydng: 8 predster@iredcuit

TSP AR | B T SRR L R T SutRS
t t te t of t
R A T

t her no Ia Iy | | t I de

polyetﬁyl neghgpxﬁgﬁ%ggg> %%?an E¥E |ed %h%&SV?dgggﬁ%‘ﬂ‘ %%rsgiFayer,
‘thereon. ‘T d‘ﬁbrt‘éi“f w‘i%ﬂdé&?Ta%ebith.?n ahngfé&edaa ﬁﬁﬂ&?ﬁﬂ LENRLOLT

sheets of the polyethyl ene naphthalate fil I'n such an arrangenent t

the adhesianeohey&hial hol@stds @aaaéraﬁFd@lecirf&l@Eh%y ONrHeS Eﬂ?&tﬁ‘{/i@&é ed
by the use of a heat press, heat or the Ii Ther eaf

| ami nat e naphthalBdel Fioma 2 K€ ORids Tbied [Polined: Jﬁ'lenéﬂliltﬁ'éiléué huz 6)
trinmmed is then bent into

dicarboxylic acid with ethylene glycol. It can be produced by melt
extrusion technique. This film is as rigid as to exhibit an elastic
modulus of about 550 kg/mm and as heat-resistant as to exhibit a

glass transition point of about 120_°C.
In order to produce a circuit member according to the first
embodiment of the present inventioﬁ, the following method is used.
In some detail, a cirt.:uit conductor is formed by stamping a
predetermined circuit pattern out of a metal foil or boring a
predetermiried circuit pattern in a wire. A solvent solution of a
thermoplastic or thermo-setting adhesive is applied to one side of
a polyethylene naphthalate film, and then dried to provide an
adhésive layer thereon. | The circuit donductor is then provided
interposed between two sheets of the polyethylene naphthalate films
in such an arrangement that the adhesive layer is positioned inside.
The laminétion is then effected by the use of a heat press, heét
roll or the like. Thereafter, the laminate is trimmed into a

predetermined profile. The laminate thus trimmed is then bent into

_12_



a predeterm-ned shape under press to finish the production of the present
circuit menber. In this production exanple, the |am nation of the
two sheets of polyethylene naphthalate filns is effected at the sane tine.
However, it may be effected separately at separate steps. I n order
to produce a circuit nmenber according to the first enbodi ment of the
present invention, the followng nethod is used. |In sone detail, one sheet
of the polyethylene naphthalate filmis stuck to one side of a nmetal foi
with the foregoi ng adhesive |ayer provided interposed therebetween. The
nmetal foila predesermineddshape ingderhpnesa| taddmd shotherpredustiqn of the
conductor having a_ predeterm ned pattern thereon. Thereafter, the other
sheet of tHﬂ?Sqﬁa FaLrRYL EnBemBFt hal ate filmis stuck to the other side of

the metal foil with the foregoing adhesi ve _| ayer. provi ded .inter posed '
therebetween.  THEYER¥$ BF?dP%El?‘gﬁ?‘ﬁE'P e, jthe ?’F’rf%b’ﬂ“?’h?g t‘i’e ib"?‘iﬁé?ﬁ’ﬁﬁi ned
Phape unddt s thyiend RabhtieFaeaattins gie edidned Ay ths RERE, FLllby
shape un b r i Ng Ci rcul
conduct or ere _my,be_used electrically-conducti a, h as

ni ckel, ir ?evgﬁs,XEO%%%??eé$€%$ﬁ5n1éﬁ%%%ﬁ§§%ﬁbg%b%oé§§ggél%%éaghereof or

a metal foll havigoosigh @ BELALCRLALEH-OL: GKARLAl Sthydiley EELAIETECE'

the netal foil is ( to pm preferably from20 to 500 pmin
terms of thgdAMRM LENHM bRebBRt RBHVEIHIEENER8HNIRAM i MPLmELhEY is used.

Exanpl es of the adhesive enpl oyabl e herein include epoxy resin,
et hyl ene- aghykahe d<xeRql,y BRE, shddd WENLHE pol yethy2ehe naphthalate film is

S B stuck to one side of a metal foil with the foregoing adhesive layer
provided interﬁosed thereberween. The metal foil is then etched
with a chemical agent to form a circuit conductor having a
predetermined pattern thereon.. _ Thereafter, the other sheet of the
polyethylene naphthalate fi lm is stuck to the other side of t;he metal
foil with the foregoiﬁg adhes'ive layer provided interposed
therebetween. Thereafter, .the 'laminate is trimmed into a
predetermined profile. The laminate thus trimmed may then be bent
into a predetermined shape under press.

As the metal foil for the foregoing circuit conductor there
may be used an electrically-conductive metal such as nickel , iron,
SUS, copper, aluminﬁm and phosphor bronze, alley thereof or a metal
foil having such a metal plated or evaporated. The thickness of
the metal foil is from 10 to 1,000 pym, preferably from 20 to 500
um in terms of the lamination with the polyethylene naphthalate £ilm.

Eﬁcamples of the adhesive employable herein include epexy.

resin, ethylene-acrylate copolymer, polyamide, polyester,
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pal yvi nyl butyral, polybutadi ene rubber, acrylonitrile-butadi ene rubber,
car boxyl -nodi fied acrylonitrile-butadi ene rubber, acryl rubber, and
silicone rubber. One or nore of these adhesives may be used.
Alsternatively, the ingredients (A) to (D) described further Jlater with
reference to the third enbodi nrent may be used as adhesi ve. The
adhesi ve may sel ectively conprise as a reaction accelerator or
crosslinking agent a phenol resin, isocyanate resin, amne, acid
anhydride, nelam ne resin, peroxide, organic netal oxide or phosphor
conpound i reeyypoimatieputiead) rpolvhutatiene subber, fagronidatide-bpdiagiene
conprise a flame retardant, heat-resisting _agent, heat conduction inprover
or coupl i ngrekkak. GRESoyLamedifiadr acrylonitrile-yfadiqne) rabbari.t ageiber
according to the first enbodi ment, . of the present invention, can be

i ncor por at PPRRER &0F Sdlifanecridelbehni OngpRLr BPEE. oForhesa Ashesivies #gYhe
used as an electrjc <circuit between battery and driving portion in
electric akf Qﬁ?ﬁﬁronic apparatus. The both terminals of the rigid circuit

menber are el ectri Q?Ig&n%%ri(‘reit&?%/hg %lﬁg)lé?&é%%r@lgs 38 ttothSJ grégc%gg%%?}lggﬁt?%er.

and the driving portion, réspect T onic” par _

(ne 17 chn o8 4 WS SRR O B3 M BR800 A
LT TR 5Tk UL Bl SORCSVIR SiAebiL0 o8 2 BhdthiGn

- 14 - accelerator or crosslinking agent a phenol resin, isocyanate resin,

amine, acid anhydride, melamine resin, peroxide, organic metal

oxide or phosphor co;npound incorporated therein. The adhesive may .
further selectively comprise a flame retardant, heat-resisting

agent, heat conduction improver .or couplinq agent incorporatéd

therein.

The rigid circui.t member according to the first embodiment
of the preseﬁt invention can be incorporated in electric and
electronic appafatus. For example, it may be used as an electric
circuit between battery 'aﬁd driving portion in electric and
electronic apparatus. The both terminals of the rigid circuit
member are electrically connected by solderihg and the like to f.he
batter and the driving portion, respectively. Electronic parts are’
soldered to the circuit board at the foregoing holes for soldering
electronic parts. | |

The circuit member according to the first embodiment of the
presént invention corﬁpxjises a tough polyethylene naphthala.te film

as a plastic film substrate and thus can be bent under press safely
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wi t hout fracture or break. Further, the rigidity of the

pol yet hyl ene naphthalate film is as high as about 550 kg/mmin terns of

el astic nodul us. Thus, the polyethylene naphthalate filmcan stably retain
Iits bent against its weight. Further, because of the rigidity of
nmol ecul ar chain in its nolecular structure and other factors, the

pol yet hyl ene naphthalate filmexhibits an extrenely small thermal
shrinkage rate [err] and thus <can restrict the thermal shrinkage rate of
the circuit nmenber represented by the foregoing equation (1) to a very
smal | val v theart furadsnreeconrbredler nal wor ki ng condi tions (Consuners
electric and electronic apparatus which are used under severe workin
conditions need tERuihexrst Bhel ragidityef Shepdortiydene naphihalate film
generation of stress at the foregaqing, soldering point can be fair

i nhi bi t ed 1S Agkhaghi s FRWHIPG kormmr 1y ety é’%t ﬁgaﬁsw hus of ThEg.

sol dering  .point under severe thermal_ working, conditions.. L n
parti cul arﬁhﬁe%@’éeq? EaﬁﬁFkiﬁag%lgd\rﬂllﬁ‘&%’, gf‘?@fy pEEPEPRiSRR hagRt AgFat e
film even f it.s Epickness is as very small as 1 ml (25 pm, can

wi t hst and 1% T A'so by reducing tp in the equation (1) . the thermal

shrinkage rate X éﬁf%rtéﬂ%rd ﬁ&é%ﬁsg%'fb?ﬁeizﬁglsc%%& S8 YRGS chd € in its

reliability of th eat resistance o ring polnt can be further

enhanced. Jfdhfhy {BfuPhEd ShaBthe? REANUNAY €89 pbeyeRRFIERE naphthalate The
bent shape of the circuit nmenber according to the first™ enbodi nent of the
[3" igef‘t i 'f&qm eRAibEtSQn dtreR@1{Oshd Bl tHaWA1 shrinkage rate { and thus
can restrict the thermal shrinkage rate of the circuit membér
represented by the foregoing equation (1) to a very small value even
under severe thermal working conditions (Consumers' electric and
electronic apparatus which aré used under severe working conditions
need to withstand B0°C for 1,000 hours). Thus, the generation of
stress ét the foregbing soldering point can .be fairly inhibited,
making it.possible to fairly assure the reliability of the solder:i.ng
point upder severe thermal working conditions. |
In particular, because of its marked ' toughness, the
polyethylene naphthalate film, even if its thickness is as very small
as 1 mil (25 pm) , can withstand pressing. Also by reducing tp in
the equation (1), the thermal shrinkage rate X of the circuit member
can be reduced. Thus, the reliability of the heat resistance of
the soldering point can be further enhanced. Further, the precision
in bending can be enhanced.
The bent shapé of the circuit member accorc.iing- to the first

embodiment of the present invention is not limited to that shown
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isn Fig. 1. It goes wi thout saying that the circuit nmenber can be bent into
a proper shape depending on howit is used. The i nventors
confirmed that in a flat circuit menber conprising a circuit conductor
made of a metal foil provided interposed between plastic filnms with an
adhesive, the use of a plastic filmwhich neets specific requirenents,
i.e., an elastic nodulus of not 1ess than 450 kg/mm a thermal expansion
coefficient of not nore than 15 ppmi[err]C, a hygroscopi c expansion
coefficient of not nore than 12 ppm %RH and a water vapor perneability of
not more A5 lg/ ndEigoemyiticsd payhagdstiate the carcw)t AEMPRY grmhiieng
caused by thernal stress. A polyethyl ene naphthal ate neets aJl these
requi r emer®eNRNHNE & REQPSEK IFNEPE SePERALBISPRRCY etlert§ HFe%ven under

severer bending conditjons caused by. the | stress. _.2. C.rcui.t Board
According to the S@E%nﬁnmﬁﬂ?%ﬁ?n irmed ng’%elge'ﬁ‘oﬁ&a&n‘(‘f&(f%ﬁh “lﬂ"&:ﬁ‘fe
present invention wll be fu;__t her d%%cri be herfei naf t connect I W th

the acconp&PTHS A i fgs="" °°n_du RE ZFFEuit b%a?‘ﬁgé%lco?&l ndTY ke
secont. Crbogk gl Al SSHLVSTHLCOS LS BITTRRLIR PP R0 ©

rigid subs P at such as 1norgani ¢ su at at er eof .

Fig. 2 i ,S%g?géﬂgrﬁfﬂrd ki ey ﬁ%éeg HOVK] £5d Sdpfdements, i.el D 4 ®1abtilhe

synbol A i cates a circuit board ‘according “to the second enbodi nment

CONPri Si NOm@3G1 i Wl nGONIELE! Bhart 450! BGARRES tRSEHEL RxpahkebAMTFicient
napht hal ate films 6, 6 with adhesives 5. The reference nuneral 7 indicates
a rigi .d SUBStrict RogECthas 1§ ppMm/°C, a hygroscopic expansion coefficiedi of
not more than 12 ppm/%RH and a water vapor permeability of not more
tﬁan 15 g/m/mil-day makes it possible to fairly inhibit bending
caused by thermal stress. A polvethylene naphthalate meets all
tﬁese requirements and fhus can exhibit a stable shape retention
even under severer bending conditions causéd by thermal stress.
2 ircui ard A rding t h nd_E imen
The second embodiment of the present invention.will be
furthef described hereinafter in connection with the accompénying
drawings.
The circuit board according to the second embodiment of the
present invention is adapted to be connected to a rigid substraﬁe
such as inorganic substrate at at least one end thereof. Fig. 2
is a diagram illustrating how it is used.
In Fig. 2, the symbol A indicates a circuit board accordiﬁg
to the second embodimenf_ comprisinga circuit éonductor 4 interposed
between polyethyleﬁe-naphthalate films 6, 6 with .adhes_ivels .5. The

reference numeral 7 indicates a rigid substrate such as glass
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substrate having a liquid crystal nodule with a transparent electrode 71
printed thereon. The circuit board A according to the present invention is
connected to the transparent electrode on the glass substrate at one
t*hereof via an anisotropic electrically- conductive film8 as previously

ment i oned. As the foregoing pol yethyl ene naphthalate filmthere
may be used a filmof a polymer of naphthalene (2, 6) dicarboxylic acid
with ethylene glycol. It can be produced by nelt extrusion technique.

This filmis as rigid as to exhibit an elastic nodulus of about 550 kg/mm
and as he&ubsdIpdeaaving o2exHiplid cxysial medulet Wikhpot ntranspavent
120[err] C As the pol yethyl ene naphthalate filmto be used in the
second enfS3@SHERAeTL BrdnfessthrreoRenThecinmid beapd df eraprding de thae

havi ng an el asti_c. nodu] us aqf not I'T_e:ﬁs than. 450 kg/ nm a thermal . expansion

coef fi ci efE SFEMOI"RBP B PNAT TSPPRAFERT EPe LSRRGS eleekirdr OBnthe
coefficie of . n re than 12 m 9RH,._a water .vapor .pergeability. of not
nor e than%tJl. =5/ ﬁf’%ﬁs@ag‘yﬁ ag 3%?cgﬁ?r$§e 13 L HPS °8f"%n85rgﬁgf’éc? " 2%

and a sof ' LNt o] | rr C As the

f or egoi ngtc(r?)?gﬁgztg%s?%g{negt%%P%glgg{%?ée%?%%ﬁ%%?g]d a gl ass substrate or

gl ass epoxy subst gt @hepféféé)@{ﬂq%éﬁlﬂ]’yﬁh e%ﬁla nBpRtEa 1Pe Qﬁ&'ﬁg%ﬂer-ernﬁéf

rigid substrates exhibit substan ro hygroscopi c an rying

expansi onpandssArd Fkafeor a golmer-@(hﬂﬁhﬁﬂﬁléﬁ@ Glonegs Ahria e sedyl us

of the rigid substrate as Tb and Eb, respectively, and taking-the.

hygroscopwith ethylene glycol. It can be pro&iﬁcec_:l by melt extrusion
technique. This film is as rigid as to exhibit an elastic modulus
of about 550 kg/mm and as heat resistant as to exhibit a glass
transition point of about 120°C.

As the poiyethylene naphthalate film to be used in the
second embodiment of the present invention there is preferably used
one having an elastic modulus of not less than 450 kg/mm, a therrhal

-expansion coefficient of not more than 15 ppm/°C, é hygroscopic
expansion coefficient of not more than 12 ppm/%RH, a wéter vapor
permeability of not more than 15 g/m/mil~day, a percent water
absorption of not more than 2% and a softening point of not highei
than 250°C.

As the foregoing rigid substrate there is preferably used
a glass substrate or glass epoxy substrate. Alternatively, a metal
pPlate may be ﬁsed. These rigid substrates exhibit substantially
zero hygroscopic and drying' expansion and shrinkage.

Taking the thickness and Young's .modulus of the rigid

substrate as Tb and Eb, respectively, and taking the hygroscopic
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and dryi ng expansion and shrinkage rate, thickness and Young's nodul us of
the circuit board according to the present invention as Ka, Ta and Ea,
respectively, the stress Y applied to the interface of the foregoing
connecting portion when the connecting portion is exposed to hygroscopic
and dryi ng atnosphere is given by the follow ng equation (3): Y =
Ka/[1/(Ta[err]Ea) + 1/(Tb[err]Eb)] (3) Taki ng the thernal '
expansi on-and shrinkage rate of the rigid substrate and the circuit board
according to the second enbodi nent of the present invention as Kb and Ka,
respecti veapd dneingrexpansiepprpddshpinkrge kalgaddigknass pacegdug's
connecting portion when the connecting portion is exposed to heatlgﬁ and

cool i ng atRedphes ©f theEiary bopeds 3FFRAIRY Lquthe sFeeppt invention gs.

(Ka - Kb)/[1/(Ta-Eaq)_+ 1/ (Tb[err]Eb 4 . t.hyl '

napht hal ath ex'ﬁﬁzﬁ" ‘%)Snf%/i,? I‘Eéﬁ‘%f[s"t‘iﬁlegl)']e?bﬁrﬁé%?sr Et%p%esme‘ittgg%%} F%rh%ce?s
not nore t 9 a_wat : bi it . |l

not mor e {RELTES fgﬁﬁpwsmn%tanﬁgaﬁhgﬁé R s R E o g
small as n [ a % : Lp:cuj t Qpc?'g '

present i nvgé%?n?%%, rtom/r@ﬁygh%oisgzgggor?%?giﬂlgﬁ a po }%‘t%;%cg{née“ ﬁg%%l?h% gttélefi | m
wth a ci;_—ggig pg%r ﬂ&tgrpi{%s) .an extrenely small hygroscopic and drying
expansi on an Shrifkage rate Ka and thus can undergoes a sufficiently |ow

stress Y as representeghpy1} Pea-g8yati pN(TSED) ] (3) Further, a
pol yet hyl ene napht hal ate exhibits a | ow thermal expansion and shrinkage

r a&g due to-the rigagify the tHdRelll &kpHiich and shrinkage rate of the rigid
- N substrate and the circuit board according to the second embodiment
of the present invention as Kb and Ka, respectively, the stress X
applied to the interface of the foregoing connecting portion when
the connectiné portion-is exposed to heating and cooling:atmosphere
is given by the following equation (4):
| X = (Ka - Kb)/[1/(TaEa) + 1/('i'b-Eb)] 4)

A polyethylene naphthalate exhibité a hygroscopic
expansion rate as extremely smalJ. as not more than 12 ppm/%R, a water
vapor permeability as extremely small as not more than 15 g/m/mil-day
and a percent water absorption as extremely small as not more than
2%. Thus, the circuit board écc_ording to the present invention,
which is a composite of a polyethylene naphthalate film with a

- circuit board, exhibifs an extremely small hygroscopic and drying
expansion and shrinkage rate Ka and thus can undergoes a sufficiently
low stress Y as represented by the equation (3).

Further, a _pdlyethylene naphthélafe exhibits a low thermal

expansion and shrinkage rate due to the rigidity of molecular chain
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in its nolecular structure. Thus, the circuit board according to the
present invention, which is a conposite of a polyethylene naphthalate film

with a circuit board, exhibits an extrenely small thernmal expansion and
shrinkage rate Ka and thus can undergoes a sufficiently |ow stress X as
represented by the equation (2). Accordingly, the circuit board

according to the second enbodinent of the present invention adapted to be
connected to a rigid circuit board undergoes reduced fatigue and damage
caused by stress applied to the connecting portion and thus gives assured
wiring excdn éks maleenlapistnycture. Thus Fiheheircpht koaxdiacasssiag to
according to the second enbaodi ment of the present jnvention exhibits a

nel ting poithe RFeSFRt INVRHHAN ] Fhifusis (#HeCPBPeRt 8| ehea2nBpARERYLENe| | m

b l'ted f ' ded so that_th dyc. terial b
Fecover od. MeRRRERIeE £ GTThB L AR PARRY. (TS e pb e S SR Lbf
e b oseny Lnuan o con,be. 4 SURL AL Akl o ALY L8, Bk 0

Lvim de) . . 1 . ; ; di ment
o the presuitiRitEy TonChEpULL RORLDARUS A by, EHS BRGRRSpnTROPS! Mo
napht hal ate exhi bi (g2, 4;9 lgl,a%ﬂe?'Eﬁ?‘&hi'tpgogglf'lnécc$ﬂﬁlﬂ tpYl 8AE second

napht hal ate exhibits a glass transition point o about 120[err]|C as

conpar ed Wigbdd@meplchheeBRe l SF SR halrfctiWh 8Rapexdi 8 lise TdiimSted to a
transition point of about 80[err]C) and hence an excellent heat

resi stance.rigid circuit syl uhaeﬁgsdyaeéddaﬁdcféﬁujﬁe oY dafisgerciui@ed Byt he
S stress applied to the connecting portion and thus gives assured
wiring excellent in reliébility.

Further, the circuit board according to the second
embodimént of the present inven_tibn e#hibits amelting point as'low
as 200°C. Thus, the polyethylene naphthalate film can be melted
before discarded so that the conductor material can be recovered.

Thus, the circuit board according to the sécond émbodiment of the

present invention can be disposed of at a low energy (2.5 x 10 KJ/rg)
without producing any harmful gas (nitrogen oxide in the case of
polyimide). Moreover, the circuit board according to the second
embodiment of the present invention is also advantageous  in that
polyethylene naphtﬁalate exhibits a high glass transition point
(polyethylene naphthalate exhibits a glass transition point of
about 120°C as compared with polyethylene terephthalate, which
exhibits a glass transition. point of about 80°C) and hence an
e_xcé_llent heat resistance. |

In order to produce the circuit board according to the
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second enbodi nent of the present invention, the follow ng nethod may be
used. In sone detail, a circuit conductor is formed by stanping a
predetermned circuit pattern out of a metal foil or boring a
predetermned circuit pattern in a wire. A solvent solution of a

t hernopl astic or therno-setting adhesive is applied to one side of a

pol yet hyl ene naphthalate film and then dried to provide an adhesive |ayer
thereon.- The circuit conductor is then provided interposed between two
sheets of the polyethylene naphthalate filns in such an_arrangenent %aat
t he adhesisecdong @mbodimensi of oFee RYRsent innentaAnnathefellq aetbeded
by the use of a heat press, heat raoll or the like. Thereafter _ the

| ami nate may the nweedi ntlh S9N dtELH/n&d FEcHiite COPAUCERR 45t £ormgs by
trimmed 1is then bent into a predeterm ned s e under press.tq finish_the
br QUG i or EAMEIRG B ESEHeteRRaRe. GUSPH € Patedin R ol & el rola "

le, the | aninati f th .sh | yet hyl t ha
Fme |5 drPetibomaPrenecermanelng: Foiphopar erR A8, He"ife oot By CAVEPS: ol y
t te steps. ' i :
et hod may B CHRLEE PrrhsrRolE A bEr e phg e i SBkI0EEe P Bped
napht hal atg, (il mil 8k 'iﬁ}l@,rée%gmgl%h@ensﬁhwﬂ&@é @i 1k bWl £hed Nerifef @@0i Ng

adhesi ve | ayer T1nterpose tween. An etching resist is then forned
on the matﬁi‘ox];'ﬂﬁ%] dr 28Rk L8 TaPes AHdiredn!.0 THe dircaditt cpaghetsr ishmeret al
foil is then etched with a chemcal agent to forma circuit conductor

Ther eaf t erprotiedt heiterpoeedofbéiieedinl Yabhysleaers naht bhe atpolfvdthyilenst uck
to the circuit conductor side of the - - 20
- naphthalate films in such an arrangement that the adhesive layer

is positioned inside. The lamination is then effected by the use
of a heat press, heat roll or the like. Thereafter, the laminate
is frimmed into a predetermined profile. The laminate thué trimmed
is f:hen bent into a predetermined shape under press to finish the
production of the present circuit board. -
In this production example, thé lamination of the two sheets
of polyethylene naphthalate films is effecfed at the same time.
However, it may be effected separé.tely at separate steps.
Besides these production methods, another method may be
-used. In some detail, one sheet of the polyéthyiene naphthalate
film is stuck to one side of the metal foil with the foregoing
adhesive layer interposed therebetween. An etching resist is then
formed on themetal foil inapatternaccording to thecircuit pattern.
The metal foil is then etched with a chemical agent to forma circuit
condﬁqtor. Thereaf ter, tﬁe other sheet of the polyethylene

naphthalate film is stuck to the circuit conductor side of the
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lam nate with the foregoi ng adhesive | ayer interposed therebetween.
Thereafter, the lamnate may be trinmed into a predetermned profile.
Simlarly to the first enbodi nent of the present invention, as the netal
ffoil for the foregoing circuit conductor there may be used an

el ectrically-conductive netal such as nickel, iron, SUS, copper, alum num
phosphor "bronze and beryl|ium bronze, alloy thereof or a nmetal foil having
such a nmetal plated or evaporated. The thickness of the nmetal foil is from

10 to 1,000 pm preferably from 20 to 500 fﬁ] in terns of the | am nation
wi th the pAmiaaha wheh thedfianegcing adhegive layer ingexppaeftherebedwepnst
enbodi nent of the present invention, exanples of the foregoing adhesive

i ncl ude epdhpreaditer. dbwylaminatey mave ke pbrimmed ipteya detgamipeder
pol yvi nyl _butyral, polybutadi ene rubber, acrylonitrile-butadi ene rubber,
car boxyl - AUt acrylonitrile-butadi ene rubber, acryl rubber, and

i bber . . hesi b d.. . -
Alternatively, i hE THOPEINGR? EnEt S CpoRT BEd T PERBE S AEPEHPPh
S ary 35 thcnp el FAT SR cZReoRin°SEndr € DERuEer there mav.be,
may Sel eChistl Y QTBELES A1 - LRI AR GRS e&%% nfeS! i¥ggspgent 2

phenol resin, isocyanate restn, amné, acid an i de,” nelanine resin,
per oxi de, &gy C AMindinu GshS¥phdi ASiiHYe CAHIROBAEY1 THem 28B8ALEE ERYoy

further selectively conprise a flanme retardant, heat-resisting agent, heat
conduct i OntHdBAcE ©f a metal foil ‘having such a metal platéd or evaporated.
The thickness of the metal foil is from 10 to 1,000 pm, preferably
from 20 to 500 ym, in terms of the lamination with the polyethylene
naphthalate film.

S_imilarly'to the first embodiment of the presént invention,
examples of the foregoing adhesive include epoxy resin,
ethylene-acrylate copolymer, polyamide,- polyester, polyvinyl
butyral, polybutadiene rubber,. acrylonitrile-butadiene rubber,
carboxyl-modified acrylonitrile-~butadiene rubber, acryl rubber,
and silicone rubber. One or more -of these adhesives may be used.

Alternatively, the ingredients (A) to (D) described further
later with reference to the third embo_dimeht may be used as adhesive.

Similarly to the first embodiment of the present invention,

~ the adhesive may selectively comprise as a reaction accelerator or
crosslinking agent a phenol resin, isocyanate. resin, amine, acid
anhydride, melamine resin, peroxide__,. organic metgl oxide or
phosphor compound. Thé adhesive may further selectively comprise

a flame retardant, heat-resisting agent, heat conduction improver
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or- coupling agent. In the circuit board according to the second
enbodi nent of the present invention, holes for nounting electronic parts
may be provided in the polyethylene naphthalate filmso that el ectronic
parts can be soldered to the conductor at these holes. In this case, it is
preferred that holes for nounting electronic parts be previously nade in

t he pol yethyl ene naphthalate filmbefore [|amnation w th the conductor

wi th an adhesive. The conductor may be subjected to surface treatnent such
as plating at the holes before the lamnate thus formed is trimred.

The circui t o5ogPUPEERSraFRE 1 0 t he second enbodi nent of the present

I nvention may preferably conprise a circuit menber according to the first
enbodi nent of the pPés*ém ci’-ﬁ?EﬁFlllﬂ?rd accprdipg dcthegecansh embadinent @f t o
the Third Enpodi me f enbodl nt of the present invention
will be fuF ﬁeﬁ’r%l%%’b"r |15'é'8“|‘féf’8v r?é‘f or mounting pheplt ’f?frwpéﬁﬁadﬁbéme

ol yot hy! enB-REEREA A Y et PeEA9L e PP ET LA 23, Phot Busesramisy
El astic Nbdgéyés ﬁ$n be Isoéégge&ﬁ:%t tl%%p?\hh%%&?%ﬂ Ph8S8 %cﬂ%@ce ﬂttﬁls case,

ASTM D- 882 pansi on
ef fected i n;goqq m WA BTN BoB8. o dhOBEORlS 5{8@9§69{1c09s§£gc'b@1t

Firstly, a |In1s aving two reference polints
- 22 - previously made in the polyethylene naphthalate film before

lamination with the_ conductor with an adhesive. The conductor may
be subjected to surface treatmeﬁt such as plating at the holes before
the laminate thus formed is trimmed.

The circuit board according to the secclbnd embodiment of the
present invention may prefe;cably comprise -a circuit member
‘according to the first embodiment of the present invention.

3. Prin ircuit Boar rding t Thir imen

The third entbodimént of the present invention will be
further described hereinafter.

In the third embodiment of the present invention, the
foregoing physical properties'of the polyethylene naphfhélate film
were measured by the following test methods.

Elastic Modulus |

The test was effected in accordance with ASTM-D-882-88.

X ion | ficien

The test was effected in accordance with ASTM-D-696.

I i X s n fficien

Firstly, a film specimen having two reference points
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provided thereon is allowed to stand at a tenperature of 230C and a
relative humdity of 20% for 1 hour. The distance between the two
reference points is then nmeasured by neans of a microscope with scale to a
precision of pm(L[err]). The filmspecinmen is then allowed to stand at a
tenperature of 23[err]C and a relative humdity of 80% for 1 hour. The
‘di stance between the two reference points is then ~accurately neasured by
means of the m croscope with scale to a precision of pm (L[err]). The
hygroscoplc expansion coefficient ([err][errr]) 1is then calculated by the
foll owi ng eepentided thpreon| bsrjllenast toapbander trenlfianpeyature of 2X%eandst
was effected in accordance with ASTM D-96. Percent Water. Absorption
The test wes wEkaddived hupigd &yr efne@® fam lAmrD 5¥e digtangg) bejmween the
The test was effected by microscopy anpl es of the present
i nvention w9 rSSGHS%?|R%‘d‘ti%115c§hﬁﬁbﬁlﬁﬁﬁﬂrﬁﬁ’tw F‘ﬁé“é&%ﬁ‘p‘ﬁ%ﬁ’r“i’r‘gc‘tﬁ%w kYs.

Fi 3 and 4 | h f the third f
t'hgspresiﬂtscavaé‘éféiﬁa#eewﬁéés'ﬁ 4%”4‘382%@ P aRame o 31 Lowed

i ndi cat hstyate fil f | 32 dicat.

adnosve, BhEREL AT 8 SROESHANEISI 2T P i: Boral bRt ALBF BRL T 208 g
5 illust ratflec?r Ropphpe Lf?u 18528{1& ’Eﬁl—_‘we@c ‘cﬁé Hc?%%rfteﬂ:]e[ﬁ %6%é Ss 2RBhLI ed

to a nmulti ayer CcCi rcuit oar draw ngs erence nuneral.s
refer to S'éﬂéﬂa@l@%red by means of the microscope withZscale to a

precision of Hum (I;) . The hygroscopic expansion coefficient (ay)
is then calculated by the following equation (1):
ag = (Lz — L) /60/Ly _ (1)
W Vapor P ili
The test was effected in accordénce with ASTM-D-96.
.P rcent W r ion |

Thé test was effected in accordance with ASTM-D-570.
Melting Point |

The test was effected by microscopy.

Examples of the present invention will be described in
connection with the accompanying drawings. Figs. 3and4 illustrate
basic implementation of the third- embodimént of the present
invention. In these drawings, the reference numeral 31 indicates
a substrate film, the reference numeral 32 indicates an adhesive,
and the referencé numeral 33 indicates a conductor circuit. Fig.
5 illustra_tes how the third er_nbodiment of the present invention is
applied.to a. multi—léyer circuit board. In these drawings, like.

reference numerals refer to similar elements.
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The reason why the pol yethyl ene naphthal ate film having the foregoing
properties is used in the present invention will be described as follows.
| f the polyethyl ene naphthalate fil mhas an elastic nodulus of |ess than
500 kg/mierr] or a thermal expansion coefficient of nore than 1.5 X
10[err]/[err]C, it cannot provide a good di nmensional stability under high
tenperature conditions during the process for the production of printed
circuit board and actual working. " If the polyethylene naphthalate fil m has
a hygroscopi c expansion coefficient of nore than 1.2 x 10[err]/%H, a

wat er vapor per neaBhe¢ repsopfwhibthe pedivethyadenparaghthalade iy havigg fhecent
wat er absorption of nore than 2% it _cannot provide a .good di nensiqn
stability feuegoingProreriies tonasedohs. the prespaty néﬁenné’;}ﬁ?hiﬁt e
filmhas a_nelting point of higher than 280[err]C, the separation of the
substrat e dPFFRIPED AT HO&Ruct or circuit by nelting during the recycling

Chus o ba. har di VIERRERay bR dhd St FEIM AP AR dldl M udh N

t hus can be hardly C e physica

i f.th ] | yeth IJeB; i Gl '
D OFer o PR S oA RN 08 ot i

preferred S, er nal pansi on coe clent an

h ' | 9R- ffigci ; 4 fyrigRp 0: 3
A s Y A A e R b - ST A

An exanpl euﬁ&ei:hﬁigﬂl WehiperataraaRidRalaoas! idupisdy | ehe/i peockBs freredaieng
requi renents 1's KACADEX, produced by 1Cl. Gener al - purpose filns
such as poLyghhyteoe dermpiided aicuit board and actual working. If the?d -
. polyethylene ﬁaphthalate film has a hygroscopic expansion
coefficient of more than 1.2 .x 10°/%RH, a water vapor permeability
of more than 15 g/m?’/mil-day or a percent water absorption of more
than 2%, it cannot provide a good dixﬁensional stability under high
humidity conditions. If the polyethylene naphthalate film has a
melting point of higher thaﬁ 280°C, the separation of the substrate
film from the coﬁductor circuit by;melting during the recycling of
materials from waste printed circuit board requires a high energy
and thus can be hardly effected.

With respect to the physical properties of the foregoing
polyethylene naphfhalate_film,-partidularly preferred range of
elastic modulus, thermal expansion coefficient and hygroscopic
expansion coefficient are from 500 to 800 kg/mm?, from 0.3 to 1.5
x 107%/°C and from 0.8 to 1.2 x 10™°/%RH, respectively.

- 2An example of the polyethylene naphthalate film satisfying
the fofegoing requirements is KALADEX, produced by ICI.

General-purpose films such as polyethylene terephthalate
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fidmand polyimde fil mwhich have been heretofore used as substrate film
in the prior art neither satisfy all the requirenents nor provide the
foregoi ng requirenents of the printed circuit board. For exanpl e,
t e pol yethyl ene terephthalate filmhas an elastic nodulus of from400 to
500 kg/mierr] and a linear thermal expansion coefficient of from1l1l.2 to
2.0 x 10[err]/[err]C, which deviate fromthe above defined range of

physi cal properties of the present invention, and thus cannot provide a
good di nensi onal stability under high tenperature conditions. The
pol yi-m de fFihmiansi }aowmépmvéﬁpgnbam fhergtofioreppsed am sulpirate 5
x 10[err]/9%H, a_water vapor perneability of from_40 to 50

o/ n{ err]/ m EL&Pr jBafh@nBricperEEnPehERRF  SRELFHY | 3L ofhe rFRAulL npments; ney

whi ch deviate from the above .defined.range of physical, roperties  of the
b esent | nvERPYHIE il SHEHIG, FRGULESPRBFS of (it Partated: SErevt Hanr:
Che pol vimide Ti1m Fat Skemele oy Ehrvhifilent CRReEhRREste KA Has il ©
t enper at ur es Iherefor n f ethAal recycl fr

brinted o PrarFiEoRedifos (BECCKSR! #00 "EOCBRE! RaRhiT R Paridl ik

circuit bo agé'igi'?léc;ét}ﬁ%ﬁ%% ggef%ifne‘ft.f 0 2.0 x 10'5(??8 Cv!d‘iféiiﬁtdeviat(?

conductor constitutl ng circult oar accor |né to the thir

~embodi nent  efohNhd 68SGAl db AV IrBRgel OF BHy=SRRA! bEEablYidd Bt eHe piidBdrt | Y
to the first and second enbodinents of the present 1nvention, the circuit

_conduct or nmaMveRtid®f NEtd byhws MRirot! @doviidel B0g3o808imehsldnd X dtability
conductivity such _ - 25 -
under high temperature conditions.
The polyimide film has a hygroscopic expansion coefficient
of from 2.0 to 2.5 x 107°/%RH, a water vapor permeability of from
40 to 50-g/m2/mil-d_ay and a perc_:ént water absorption of from 2.5 to
3.5%, which deviate from the above defined range of physical .
properties of the présent invention, and thus provides a poor
dimensionall stability that causes dimensional failure under higﬁ
humidity conditions. Further, since the polyimide film is a
thermosetting Iresin, it cannot be melted at high temperatures.
Therefore, when useful materiéls are recycled from waste printed
circuit board, the séparation of the substrate film from the circuit
board by'melting'canno.t be effected.
Thé circuit conductor constituting the printed circuit
'board according to the third embodiment of the present invention
is not specifically limited. Similarly to the first and second
embodiments of the présent invention, the circuit conduétor may be

formed by a metal foil having a good electrical conductivity such
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as copper foill, alumnumfoil and nichrome foil. The thickness of. the

netal foil is not limted specifically, and can be appropriately
determ ned. If necessary, the surface of the netal foil nay be plated with
ttn, solder, gold, nickel or the like. As the adhesive to be used

for the lam nation of the substrate filmwth the circuit conductor there

may be used the sane adhesive as used in the first and second enbodi nents.
Vari ous adhesives such as nitrile rubber adhesive, polyam de adhesive,

pol yacrylic adhesive and pol yester_ adhesive have heretofore been 'proposed

and used. as copper fgeilhcalwninurefieddi apdtnigthnare fpésentThenkbicknass tafe

f oregoi ng gener al - purpose adhesi ves whi ch have _heretof ore been used may be
used. |n gEhematalnbarlds nethdinyhedispecisigrddyr|3nd eRrR BeAPPERFERHY on

t he kind of. the sub trate material to which_it is_a Iled nS|ve
Studi eo vePetREBLRgE- okt AR g hoPurfRcepSFy EumyPete: dapht

filmof the esent,.j nventio ul t t _wa t hat an adheS|ve
conpr|5|ng }ﬁé dV+E&MF&P1rﬁﬂ én@? Alege?Efr §H?b#¥§ea strong adhesi ve
strength with resp |y th e p al.at e il :

menti oned above, ﬁ% gh%ééﬁébsgghpﬁisﬁﬁﬁ %gfg%Po&?%glahﬁgkgannfg 63@§t0

(D) may. becpLefplablst 145! 8:%8 Jﬁi‘ﬁéﬁ% Ebhdbcfde trigednd, %%t\?%% %Sia?rfe the

pr esent 1| nventi on. . yeSt er resin, epoxy
resin,  adhesi{&) afoLi¥bdotyarabersPEROLNAM; séﬂgnd embodiments. Various

20 adhesives such as nitrile rubber. adhesive, polyam;i.de adhesive,
polyvacrylic adhesive and poiyester adhesive have heretofore been
proposéd and used..

In the third embodiment of the present invention, the
foregoing general-purpose édhe_sives which have heretofore been used
may be used. Ingeneral, however, the adhesive is properly selected
depending on the kind of the substratematerial towhichitis applie;l .

Extenéive studies were made of optimum adhesive for' the
polyethylene naphthalate filmof the present invention. Asaresult,
it was found that an adhesive comprising the fol'lowirig ingredients
(A) to (D) exhibits a strong adhesive strength with respect to the
polyethylene naphthalate film.

As mentioned above, the adhesive comprising the following
ingredients (a) to (D) may be preferably used also in the first and
second embodiments of the present invention.

(A) Polyester resin;

(B) Novolak 'epoxy resin;

(C) Polyisocyanate compound; and
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(D) Tertiary am ne. The foregoing polyester resin (ingredient (A))
can be synthesized by a known nethod, such as pol ycondensati on of a polyol
such as ethyl ene glycol, diethylene glycol, triethylene glycol, propylene
glycol, neopentyl glycol, trimethylol propane and trinethyl ol propane

et hyl ene oxi de adduct, with an acid conponent such as terephthalic acid,

i sophthalic acid, adipic acid, trinellitic acid, pyronellitic acid,
sebacic acid and acid anhydride thereof. Wth respect to the nol ecul ar
wei ght of the polyester resin (ingredient (A)), the weight-average

mol ecul ar wei ght i $éDhr Sextdsiry #mane10, 000 to 30, 000, particularly

fronk0, 000 to 25,000, as determ ned by GPC As t.he novol ak e xy
resin to be used asTbﬁefPﬁﬁgngﬁgPOlﬁgﬁéﬁreH?SGB)(ﬂﬁéredignﬁréﬁé?aﬁﬁy

a phenol novol ak epoxy.resin or cresol novol ak %gpxy resin, The novaql ak .

epoxy resi nSPRERRFLERY PYeR KRTsmaRReY o 8P DyRE PR ﬁP“SP“FPBﬁ?‘B(ﬁf ?@%12’6’1
g/eq and a neltlg ¢ (o] t of fro 65 t%Pﬁa g&rhg?c% Elﬁ of th ovol ak
epoxy resinS% [ J 210 to
f_f 50 t 150 t b t | ar.l f 80 t

parts by BFGRYL %%%e?fla'ff%pa“a%? o1 SdnyBler Eretiey b ?%%3% 2ha
' d t t

(fnored ent LA otpronadd) ok OckyRbl Sial Py Wikt 0 2SR RkeeT
novol ak ePOXycfesld aRldithaneeol 6: aN0r Eilhiinlk: Pacin, CPANPIESkia,

containing at |east threé epoxy groups per nol ecul e.
- 27 - - trimellitic acid, pyromellitic acid, sebacic acid and acid

anhydride thereof. With respect to the molecular weight of the
polyester resin (ingredient (A)), the weight-average molecular
weight is preferably from 10,000 to 20,000, particularly from 20,000
.to 25,000, as_determined by GPC.

As the novolak epoxy resin to be used as the foregoing
ingredient (B) there is preferably used a phenol novolak epoxy resin.
of cresol npvolak epoxy resin. The nov.olak epoxy resin i:referably
exhibits an epoxy equivalent of frorﬁ 300 to 320 g/eq and a .melting
point of from 65 to 75°C. The amount of the novolak epoxy resin
to be incorporated as the ingredient (B) is preferably set to a range
of from 50 to 150 parts by weight, particularly from 80 to 120 parts
by weight based on 100 pé.r.'ts by weight of the polyester resin
{(ingredient (Aa)).

In order to further improve the adhesion between the
substrate film and the circuit conductor, it is preferred that the
novolak epoxy resin as the foregoing ingredient (B) be an époxy resin

containing at least three epoxy groups per molecule.
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As the polyisocyanate conpound (ingredient (C)) to be used wth the
foregoing ingredients (A) and (B) there may be used either an aromatic
pol yi socyanat e conpound or an aliphatic polyisocyanate conpound.
Preferred exanples of the aromatic polyi socyanate conpound include a
pol yi socyanat e conmpound obtained fromtolylene diisocyanate and a

pol yfunctional al cohol. Preferred exanples of the aliphatic polyisocyanate
conmpound i ncl ude a hexanet hyl ene diisocyanate conpound. Further, a

pol yfunctional polyisocyanate conpound such as, i sophQrone, dii socyanate
tri mmer conpound igs Bt e compound (HRITSORERE H‘?”t%é’ PE§S ng

Dot to o bk ther Poraspats Adasediants W) abrioht) (0GeR Y Bifed st
L v SRR S b
ol y1 900y SRS 0 RASTeFFEa, SRR LA, 8F o tHEC Sl ARV G ovEhate

30 bar s oG IHNGRER PO Alate, BAELAR it nedBfom I ege 0
conpound aagi%?gy; U8 Sbl PARENYRI b BBRE1 . CeHRFUREelOeRamples of

i ncor porate preferably set"to a range of from 3 to 5 parts by wei ght

and from 1ghé0a25pR8E18 R¥B1YEs8BaRat8dcBiipodh Ratladey avdigtimatihytlene
pol yester resin (1ngredient (A)), respectively. In other words, if the

anount of ahesbegrsite Hondaund.o . Pertien) popalgduhationdk| pol viis payare tiey
- weight, the resulting - 28 -

compound such as isophorone diisocyanate trimmer compound is
preferab.ly used.

The amount of the forégoing polyisocyanate compound
(ingredient (C)S to be inco_rpgrated is preferably set to a range
of from 10 to 30 parts by weight based on 100 parts by weight of
the fofegoing polyester resin (ingredient (A)). In particulér , if
two kinds of compounds, i.e., hexamethylene diisocyanate and
isophorone diisocyanate trimmer compound are used in combination
as polyisocyanate compounds, the sum of the amount of the two kinds
of compounds is preferably determined to the above défined range
(from 10 'to 30 parts by weight) , and the amount of the hexamethylene
diisocyanate compound and the isophorone diisocyanate trimmer
compound to be incorporated are preferably ‘set to a range of from
3 to 5 parts by wéight and fror;l 15 to 25 parts by weight based on
100 parts by weight of the polyester resin (ingredient (A)),
respectively. In othér words, if the amount of the ingredient (C)

to be incorporated falls below 10 parts by weight, the resulting
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adhesive tends to exhibit a deteriorated chem cal resistance. On the
contrary, if the anount of the ingredient (C) to be incorporated exceeds
30 parts by weight, the resulting adhesive tends to exhibit a deteriorated

adhesion to the polyethylene naphthalate film The tertiary am ne
(ingredient (D)) to be used. with the foregoing ingredients (A).to (C is
not specifically limted. In particular, however , 1, 8-di azabi cycl o

(5,4,0) undecene-7 (hereinafter referred to as "DBU') is preferably
used. The annunt of the tertiary amne (ingredient (D))_to be incorporated
i s prefer aghpsive tends iqgxhdbitameteriorageg ghemical xesighansgsedOnon

100 parts melght of the foregoing polyester resin (ingredient
As the foré%'sf LRk $E *ih%ﬁ@@gt;ﬂfgm?&mgfe&%@ato@ echﬁ)wgpﬁ@mfﬂéed

5 S?Skgf’eé?%%%ﬁe%wﬁrﬁé R
ol Ueno w POSEEFAPASLPH SHbRefoRarhare RAVAAY FBsLIePRETSHTIE Feltn
concentration reachas 4Q, E?agga in negld’qre%l%q‘t% &anoehgchg%gl‘glﬁlﬁp%@t us

conprising printed  circui 0 use retardant pri

circuit bo%@égc&ﬁ&”lﬁ&fe&im%m th (éﬁflest Yot spec1f1 )%rleimtl )

enbodi ment of The present. 1 nventl on, Is preferred t he a sive

conpri si ngphkeitangg9i Nthdwsr&d) enhsa-aﬁzasl@l&o sneoq br gRESSLEE-7
novol ak epoxy resin as the novol ak epoxy resin (|ngred|ent (B)) and
conpri se a(hkgakna€tardediertdtl to as "DBU") is preferably used. The a&flount
of the tertiary amine (ingredient (D)) to be incorporated is -
p:éferably set to a range of from 0.1 to 0.5 barts by weight based
on 100 parts by weight of the foregoing polyester resin (ingredient
). : , :
As the foregoing adhesive there is preferably used one
cémprising the foregoing ingredients (A) to (D). In thié case, the
adhesive solution may be prepared by dissolvn:.ng or dispersing the
ingredients (A) to .(D) and optionally other additives in a solvent
such as methyl ethyl ketone and toluene with stirring in such a manner
that the resulting solid resin concentration reaches 40 to 60%.
Electric and electronic apparatus comprising printed
circuit boards need to use fl_arqe retardant printed circuit boards
from the standpoint of safety.
In the third embodiment of the present invention, it is
preferred that the adhesive comprising the foregoing ingredients
(A) to (D) comprise a brominated novélak epoxy resin as the novolak

epoxy resin (ingredient (B)) and comprise a flame retardant aid
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(ingredient (E)) to enhance the flanme retardance of the resulting printed
circuit board and enhance the adhesi on of the adhesive after heat
deterioration. As the foregoing brom nated novol ak epoxy resin
there is preferably used a brom nated phenol novol ak epoxy resin or

brom nated cresol novol ak epoxy resin. The brom nated novol ak epoxy resin
preferably exhibits an epoxy equivalent of from300 to 320 g/eq and a

mel ting point of from65 to 75[err]C The amount of the bron nated
novol ak epoxy resin to be incorporated is preferably set to a range of
from 50 to (i3@nsdient K§) hetqlenhapget thelGame regardance abdhearesubying
wei ght based on 100 parts by weight of the polyester resin (ingredient
(A)). |n ofrdntegopircuit bPﬁEdzﬂm%ﬂ‘Ph%ﬂc% kbejadhiasdionnef tBp adherive after
incorporated falls bhelow 50 parts by weight, the desired flame retardance
can be har MI8pt GateriegatéRnthe contrary, if the anount of the ingredi.ent

(s co e ot e et EE SRR BT Bk AL B Rt ga ve
order to further hance t he hesi on bet n_th tr fil d e
circuit Coﬁft?%fecﬁa%gﬁ'd %éf Iaa?rgrcrméjt%ar ﬁ%c\,\ggg it ﬁleo‘fog%ina%SWt rilgs?&';jl SP

preferred tﬂl%ﬂr‘ih';ecegr %Pe%%ﬁe%o%‘igka%ﬁ%gf%ﬁ%ﬁ?i ”FRS Bgoﬁfﬂé%eé eﬁ&golak

cont ai ni ng at l'east three epoxy grou ecule and 1ts bromn

content be Pe09h AASAANAN éﬁ?fil?%?@fdggg%%#aéﬁﬁ&%of WP & Foeto

anount of the foregoing ingredirents particularly from12 to
22% 1 n ot heip WYeds andf at he1BiAg P&int WY &¥onf I8 Thebew, 12% excel | ent

flame retardance can hardly be 30 -

The amount of the brominated novolak epoxy resin to be
incorporated is preferably set to a ranée of from 50 to 150 parts
by weight, particularly from 80 to 120 parts by weight based on 100
parts-by weight of the polyester resin {(ingredient (1_-\) ). In other
words, if the amount of the ingredient (B) to be incorporated falls
below 50 parts by weighf, the desired flame retardaﬁce can be hardly

~ obtained. On the contrary, if the amoun.t of the ingredient (B) to
be incorporated exceeds 150 parts by weight., the resulting adhesive
tends to exhibit deteriorated adhesion and heat resistance.

In order to further enhance the adhesion between the
substrate film and the circuit conductor and the flame retardance
of the laminate, it is preferred that the brominated novolak epoxy
resin be an epoxy resin containing at least three epoxy groups per
molecule and its bromine content be set to not less than 12% by weight

'based on the sum of the améunt of lthe foregoing ingredients (A) to

{(E) , particularly f;'dm 12 to 22%. 1In other words, if the bromine

content falls below 12%, excellent flame retardance can hardly be
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obt ai ned. Exanpl es of the foregoing flane retardant aid include
antinmony trioxide (Sb[err]Jerr]), antinmony pentoxide (Sb[err](err]),
alum num hydroxide [AI(OH)[err]], and magnesi um hydroxide [My(OH)[err]].
Fhese flane retardant aids may be used singly or in conbination. In
particular, antinony trioxide is preferably used. Antinony trioxide
having a small grain dianeter (e.g., not nore than 5 pnm) is particularly
desirable. Aternatively, the particulate flame retardant aids treated '
with a coupling agent such as silicone-based coupling agent and

titanat e- midwinsslipl i ng agent may be used. The anmount of the

foregoing flame retardant aid (ingredient ( to be ineorporated is
preferably set toEamHes & fihin 29regPing Eil%’[‘% BSCRETYNE pﬁh@e&“S#’lu‘fﬁO

b . : . . : .
fatf Eé?wd%%;{%g{’ ' 3&:» Sfiﬁtg?%w Lé?é?%%%@ﬁ;‘?%@&af shim®hudl®;
: nmount., o . . i
falis be Q%J{Qc}augﬁ t M{ﬁgﬁéﬁ*gheﬂ feshasaii iy uage UM o -} 0 o TRRES, °
eteriora a . ' mﬁﬂ ;
I ngr edi ent 0y a:are‘%a%‘%o?agc%%at e tg%géle%? gsg'rn\é%ryt ‘é:z{);l%mm g t?‘aq{lﬁgt'heln

resul ting ' en hig b ersi or I Q&eand mBhisi tYy.
The use of t e%%t%ertdoi%gtgg%rg%i \}:gagggn%%i sliérzgégﬁgﬁﬁgﬁﬁaﬁgéfrlet a%gﬁtngg#d Y

mekes it pasghblde Ih%v&h?vé dgnd e gREi At 8fahét&ri (e RPAT AotWnbbe atHugis e
retardance (UL-94-VTM0) which is not possessed by the polyethylene
napht hal atss fddridm1s st Bakerdbld) Alternatively, the particulate flame 31
retardant aids treated with a coupling agent such as silicone-based
coupling agent and titanate-based-coupling aéent may be used.
The amount of the foregoing flame retardant aid (ingredient
tE)) to be incorporated.is preferably set to a range of from 20 to
© 35 parts by weight based on 100 parts by weight of the foregoing
polyester resin (ingredient (A)) or not less fhan 10% based on the
totalweightoftheforegoingingredients(A)to(E). In other words,
if the amount of the ingredient (E) té be incorﬁorated falls below
20 parts by weight, the resulting adhesive tends to exhibit a
deteriorated flame retardance. On the contrary, if the amount of
the ingredient (E) to be incorporated exceeds 35 parts by weight,
the resulting adhesive tends to exhibit deteriorated adhesion and
flexibility. |
The use of the foregoing adhesive comprising such a flame
" retardant aid makes it possible to provide the printed circuit board
with a high flame retardance (UL-94-VTM-0) which is not possessed

by the polyethylene naphthalate film as substrate £ilm.
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The foregoing adhesive may properly conprise ordinary additives such as
silane coupling agent as adhesion inprover, inorganic filler, oxidation
inhibitor, heat stabilizer, ultraviolet absorber, |ubricant, releasing
agent and coloring agent (e.g., dye, pignent) incorporated therein; as
necessary besides the foregoing ingredients (A to (E). The
printed circuit board according to the third enbodi nrent of the present
invention is obtained by integrating the polyethylene naphthalate film
havi ng the foregoing specific physical properties and the circuit
conductor with an sfaregaing @dhadive dnayoproReBlY)| EPMPRESE oPrdhhagy
met hod may be used. In sone detail, a solution of an adhesive in a sol vent
such as ne@ﬁﬂlﬁﬁﬂﬁﬂ susho RS %&&PQ%H%R#RJ%QQeﬂﬂﬁ?%daFOaghéséﬂﬁfa@Er@Vear

pol yet hyl ene napht hal a e filmor tal foil means of a reverse-rol
coater, cormiPX & ik I i ﬁ?ﬁlg%t%\mdry "l“ﬁ’i%’ﬂ'ﬁ@& of"93Hm £62Pdl5gepm

Th d I th f f 50 C

e Co% e oSl RS L Sk el SapELar 2ol r°9%&=£md@9é$5
prepare. a goloye Hg' efbafgg%ggr%@% Soddd AP EnaELAh dPhbcAgLEng LOLIRY e
net al f0|IfgghggFgglXﬁbgﬁhggﬁtgaeggrggzq flln) I s contact-bonded to the

adhesi ve | ayer oregoi ng pol'yet hyl ene naphthalate film (or

metal foil) having e geiyeedy %J.ré:@i/@bofa&a%&klﬁrr@ﬂo@?@ﬁhi@&ﬂgdmeﬁt

batch press method or ~ continuous roll lam nation process, optionally
folloned R tihepiresehBGnvied oA &aamé@bgdue&égzaﬂl@ﬂ&é pali@ethylene

(unpatterned

: naphthalate film having the foregoing spec:Lf ic physical properties
and the circuit conductor with an adhesive into a laminate. For
example, the following method may be used. In some detail, a
solution of an adhesive in a solvent such as mefhyl ethyl ketone
and toluene is applied to the surface of a polyethylene naphthalate
film or metal foil by means of a reverse;roll coater, comma coater
or the like to a dry thickneés of from 10 to 50 ym. The coated
material is then dried at a temﬁerature of from 50°C to 150°C for
1 to 10 minutes so that the solvent is evaporated away to prepare
a polyethylene naphthalate film or metal foil having formed thereon
an adhesive layer being at a B-stage.

Sﬁbsequently, a metal foil (or a polyethylene naphthalate -
film) is contact-bonded fo the adhesive layer side of the foregoing
polyethylene-naphthalate film (or metal foil) having an adhesive
layer formed thereon under heating by a batch press method or
continuous roll lﬁmination process, optionally followed by

postcuring, to prepare a printed circuit substrate (unpatterned
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ptinted circuit board). The foregoing continuous |am nation method
Is preferably effected at a tenperature of from80[err]C to 120[err]C,

| i near pressure of from1l to 50 kg/mmand a rate of from1 to 10 mimn.
The foregoing postcuring is preferably effected at a tenperature of from
80[err]Cto 120[err]C for 1 to 24 hours. Subsequently, the neta
foil is subjected to a known treatnent such as printing nethod,
subtractive method and additive nethod to forma circuit pattern thereon.
Thus, a conductor circuit isprepared. Atthis

time, aprint pa¢htedi choandthdedrrsipr epared. In general, however, the sane
substrate filmas used above is then stuck to the conductor circuit as a
cover lay filmw thThe feFegeing continuous| janipaticr aethed b§ preferably
naphthalate filmw.th an adhesive obtained bé t he met hod nentloned above

is contact- S@ﬁﬁsﬁedtBttﬁetﬁmﬁﬁﬁﬂﬁﬁﬁe ofr EgPm § Qtﬁﬂnﬁﬁo Fayl{neaf jpprssure
heat . Th d t t t dj f eff
bS?CL”Sresse Sbd. tarD BB o ”?ﬁér ﬂpi'-eé‘ﬁp' £ &f‘&f%%%m%
el bl 0 AT P
third enbo? Bﬁgt%ég ftg%iﬁze%%ﬂg i nventi on, the circuit nenber accordlng

to the firs ment of the present i nvention can be preferably used.

The first, second agdnkbisndnIbOUtRENEEAL e 1075 Rk07LEUER" BN 2ok

further descrlbed I n the | owm ng exanpl es
- 33 - . treatment such as printing method, subtractive method and additive

method to forma circuit pattern thereon. Thus, a conductor circuit
isprepared. At this time, aprinted circuit boardhas been prepared.
In general, however, the same substrate film as used above is then
stuck to the conductor circuit as a cover lay film with an adhesive.
In this case, the polyethylene naphthalate film with an
adhesive obtained by the method merttioned above is contact-bonded
to the conductor circuif as a cover lay film under heating. The
conditions of the heat conta;::t—bonding, if effected by a batch press
méthod , are preferably set to a temperature of from 80°C to 150°C,
a pressure of from 20 to 100 kg/cm® and a period of frem 1 to 60
minutes. |
In the printed circuit board according to the third
embodiment of the present invention, the circuit member according
to the first embodiment of the present invention can be preferably
used.
The fifst, _ séc_:ond and third embodiments of the present

invention will be further described in the following examples, but
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the present invention should not be construed as being limted thereto.
The followi ng Exanples 1 and 2 and Conparative Exanples 1 and 2 concern
the first enbodi ment of the present invention.

EXAVPLE 1 A ni ckel plate having a thickness of 100 pm was
subjected to punching on a nold in a predeterm ned pattern to obtain a
circuit conductor. Hol es for soldering electronic parts were nade

in a polyethylene naphthalate filmhaving a thickness of 25 pm ( KALADEX,
produced by ICl). An adhesive _|ayer having a_ thickness of 25 [err]m _which
was nmade frdtien BFeIspadt dnveR§ign sheuldniet, bRasorRbrupdodsdbaingnldnbtedde
of the polyethylene niaphthalate film The circuit conductor which had
been cl eanedGEEFa detergent was then interposed between two sheets of

h I hyl hal fil L th ' ' '

ci f coted under 5 hodPepfBEASBI MG RIELEs § ?%%%%éﬁﬁ?@%ﬂ%%&'{%%mmiﬁsﬁ %o
' . The | ani . i nt. '

oross Lo obilih 2 raeiic FhCF i D BASEAE RGOS D

shape and di nensi on of the |am nate, ﬁgggéﬂggi_a, b, ¢, d and e were 5 nm
50 M 10 mm 50 mmand 5 mm respectively, as shown in Fig. 1.

EXAMPLE 2 A RORREL lﬂaﬂ{@hQ@Yb&%ﬁaEﬁﬂﬁ{@?fss§f0i0§wma‘é‘a§uﬁﬁéege&0

one
to punching on a mold in a predetermined pattern to obtain a circuit

conductor. _

Holes for soldering electronic parfs were made in a
polyethylene naphthalate.film having a thickness of 25 pym (KALADEX,
produced by ICI}. An adhesive layer having a thickness of 25 pm,
which was made from a polyester and an iéocyanate ; Was thén provided
on cone side of the poiyethylerie naphthalate film. The circuit
conductor which had been cleaned witha cietergent was then interposed
between two sheets .of the polyethylene naphthalate films with an
adhesive. Lamination-was effected under a heat press of 30 kg at
a températur_e of 160°C for 60 minutes. The laminate was then b_ent
into a predetermined shape under a press to obtain a rigid circuit
member .

With respect to the bent shape and dimension of the laminate,
the size a, b, ¢, d and e were 5 mm, 50 mm, 10 mm, 50 mm and 5 mm,

respectively, as shown in Fig. 1.

EXAMPLE 2

A copper plate having a thickness of 35 ym was stuck to one
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si-de of the sane pol yethyl ene naphthalate filmas used in Exanple 1 with
t he sane adhesive as used in Exanple 1 under a heat press (thickness of
adhesive layer: 25 pm heat press condition: 160[err]C x 30 kg/cm x 60
m-nutes) in the sane manner as in Exanple 1. An etching resistwas then
formedon the copperplate. The copperplate was then etched wth an etchi

ng

solution to forma circuit conductor having the sane pattern as in Exanple

1. Holes for soldering electronic parts were then made in the sane
pol yet hyl ene naphthalate film having a thickness of 25 pmas used in
Exanpl e 1. fidedfesheesarne\ralyebhvigne narbkhalateffiim ps need 1 Example

pol yester and an isocyanate was then provided on ogne side of the

pol yet hyl enk WiabHtheasame pehaivems jiisr iy EeREPigpht AafeX & heak wressan
adhesi ve |l ayer. was then heat-pressed ontg the foregoing circyif. cond or
T he samol eSS af, SRERIVE. 1aYehs 15 HilaleAlaRreRs CORELPh o Sb°C

Cheae 15 R X, Bapheas: D' B Al TR 05 n RS, 18

The procedur g ,of f \

naphlto hal at ge%: ln‘%%gg%gf’é?\é%? nygél"g%ﬁg’f‘ ?néﬁ%%ﬁ’gn%%\% ﬁgpg{%ﬁ%%gggagfa
KAPTON R | kS

R i B i b S s e E e

the adhesi VRaving the same ?attern as SRPVEABMHL¥E1EXAMBRES? for solderifi§
procedure of Exanple 1 was Tollowed except that the

- 35 - electronic parts were then made in the same polyethylene naphtbalate
film having a thickness of 25 pm as used in Example 1. An adhesive
layer having a thickness of 25 pm made of a polyester and an
isocyanate was then provided on one side of the polyethylene
naphthalate film. The polye_thyiene naphthalate film with an
adhesive layer was then heat-pressed onto the foregoing circuit
‘conductor in the same manher as in Example'l . The laminate was then
bent into a prédetermined shape unider a press in the same manner
as in Example 1 to obtain a rigid circuit member. |

COMPARATIVE EXAMPLE 1
The procedure of Example 1 was followed except that the
polyethylene naphthalate film was replaced by a polyimide film
having a thickﬁess of 25 pym (KAPTON H, produced by Du Pont) and an
adhesive comprising an epoxy resin, an acrylonitrile-butadiene

rubber and a phenol resin was used as the adhesive.

CoM PARATIVE, EXAMPLE 2

. The procedure of Example 1 was followed except that the

- 35 -~
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pol yet hyl ene naphthal ate fil mwas replaced by a pol yethylene terephthal ate
fil mhaving a thickness of 25 pm(MELI NEX, produced by I1Cl). The
products of these exanples and conparative exanples were then nmeasured for
thermal shrinkage rate after ageing at a tenperature of 80[err]C for 1,000

hours. The results are set forth in Table 1. Table 1 al so shows
t he occurrence of damage on these products during bending and the shape
retention thereof after bending. Table 1
Conpar ative Conparative Exanple 1 Exanple 2 Example 1

Exanpl e 2 P®} ¥depgalnaphthgdate film omas replagedoky a polyethyiene
Shrinkage COccurrence of ___ None . None Many breaks None Damage
on Fi | m DursergPbiBedaks) &4y hayingea thickness gfj 25 vm QEIYNEX, produced
Conduct or St 3SI e, Retention no defor- no defor- often bends no
defor- Aft & PFdds mat i on mat i on due to its mati on Ml ding -

wei ght evident fro {'hetest relsults f._Conparative Ex | e

1, the product co Fi BFR ugtﬁo?g]e tﬁ?ﬁ%neex re“ijsnﬁ?ﬁong‘PgEFﬁ%XE 3xar5?aj£§i C

fil hi bi | gLl I t L5 t .

expoct ed 1 8- RoureRnBerEidy ok ORLIRL NI IAGR (B8 RPRar! Q81405

- 36 - temperature of 80°C for 1,000 hours. The results are set forth in
Table 1. | |

Table 1 also shows the occurrence of damage on these

products during bending and the shape retention thereof after

bending.
Table 1
: ' , - Comparative Comparative
Example 1 Example-2 Example 1 = Example 2
$ Dimensional  0.04% 0.05% 0.10% 0.35%
Shrinkage '
Occurrence of Noné None Many breaks None

Damage on Film
During Press

Molding

Shape Stable, Stable, Conductor Stable,
Retention no defor- no defor- often bends no defor-
After Press mation mation due to its mation
Molding _ weight

As evident from the test results of Comparative Example 1,
the product comprisihg a polyethylene terephthalate film as a
plastic film exhibited a reiatively’low thermal shrinkage rate and

thus can be expected 'Eo show some reliability against severe thermal
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amor ki ng at nosphere but exhibited a high percent failure during press
nol di ng and hence a deteriorated shape retention. On the other hand, as
evident fromthe test results of Conparative Exanple 2, the product
conprising a polyimde filmas a plastic filmexhibited a good yield
during press nolding and a good shape retention but showed a high thermnal
shrinkage rate and hence an insufficient reliability against severe

t her mal wor ki ng at nosphere. On the contrary, as evident fromthe
test results of Exanples 1 and 2, the circuit nmenber according to the
present i WeEkingatawspbers hutyethihi tedadiighpepeent fablureguringamesshape
retention and a | ow thernmal shrinkage rate and thus can be expected to

show an ex®Pelfing andhenge » dpteyirreted shape xoi@nidionwr Rt ke ofheshand e.
T T o B e, 00 EPRELE LRIl P
Subj ect ed PFEURERCHRE TS RoPaiy g Eiint 5 f Rirpg SAAm SHithbre 2
whi ch vias 3984 P18 during pret mBSolhd Sod BIAND - BealLESTBRE, dloyed P
orr]m ( KaL AL S e Al A e e N e e A Sy
cleaned W h5adndet 4000 ¥RSrmidiedrkiegPasndsprbyeen two sheets of -the

pol yet hyl ene naphthalate filnms wth an adhesive. Lam nation
- 37 - On the contrary, as evident from the test results of

Examples 1 and 2, the circuit member according to the present
invention exhibits a good yield during press molding, a good shape

_ retention and a low thermal shrinkage rate and thus can be expected
to show an_ excellent réliabil‘ity against sevefe thermal ﬁorkiqg
atmosphere.

The foilowing Examples 3 and 4 and Comparative Examples 3
and .4 concern the sécond embodiment of the present inveﬁtion .

EXAMPIF 3

A nickel plate having a thickness of 100 pm was subjected
to puhching on a mold in a predetermined pattern to obtain a circuit
conductor. .

An adhesive layer having a thickness of 25 pm, which was
made from a polyester and an isocyanate, was then provided on one
side of a polyethylene naphthalate film having a tﬁickness of 25
pm (KALADEX, produced by ICI). The circuit conductor which had been
cleaned with a detergén_t was then interposed betv&een two sheets of

the polyethylene naphthalate films with an adhesive. Lamination
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was effected under a heat press of 30 kg/cmat a tenperature of 160[err]C
for 60 mnutes to obtain a circuit board.
EXAMPLE 4 A copper plate having a thickness of 35 pmwas stuck to
one side of the sane pol yethyl ene naphthalate filmas used in Exanple 3
wi th the sane adhesive as used in Exanple 3 under a heat press (thickness
of adhesive layer: 25 pm heat press condition: 160[err]C x 30 kg/cmx 60
mnutes) in the same manner as in Exanple 3. An etching resistwas then
formedon the copperplate. The copperplate mas then etched with an etching
sol uti on t¥»¥ effegtedunder adirnalcpeess Rf 3R ka/iee b Rt TIEEOf L6 Gnpl e
3. An adhesive_ layer having _.a thickness of 25 pm which- was nade of a
pol yest er £0% &h Midwhes, 40. obtadn ?h@hrﬁ?b9| dn one side of the sane

pol yet hyl ene naphthalate filmas us gnple 3. The pol yet hyl ene
napht hal ate filmw th an adhesive | t hen heat-pressed onto the

cirenit board. C%%%%tﬁa*é‘hta"“'%@%a%%&%%fféf e%ﬁﬁ@sgtﬁcﬂ Q“@r'” )
or 0CedUr & S14EHATLE Al GaBh Rl od 18 11D RLYELY | A 2o

naphthalate y “a pol ye ene terep th ate film aV|ng

a thickness ftk?i:ﬂ“s%'—ﬁ&ﬁésr@é%‘%d @ﬁ E&hhple 3 under a heat press
COMPARATI VE EXAMPLE 4 he procedure of anple 3 was foll owed

feXf:ept t hajthihacnea wat B\ﬂhaaevaapgyaal azse ]in\'l Hed@s pk8Bk as&kbii on Palgoeai de
| x 30 kg/cm x 60 minutes) in the Same manner as in Example 3. An
etching resist was then formed on the copper plate. The copper plate
was then etched-with- an etching solution to forma ciréuit conductor
having the same pattern as in Example 3. An adhesive layer having
a thickness of 25 un;, which was made of a polyester and an iSocY_aﬁate,
was then provided on one side of the same polyefhylene naphthalate
film as uéed in Example 3. The polyethylene naphthalate fiim w:i.th
an adhesive layer was then heat-pressed onto the fdrégoing circuit
conductor in the same manner as in Example 3 to obtain a circuit
board.
COMPARATIVE EXAMPLE 3
Thé procedure of Example 3 was followed except that the
polyethylene naphthalate film was replaced by a polyethylene
terephthalate. film having a thickness of 25 pm (MELINEX, produced
by ICI).
COMPARATIVE EXAMPLE 4

The procedure of Example 3 was followed except that the

pelyethylene naphthalate film was replaced by a polyimide film
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having a thickness of 25 pm (KAPTON H, produced by Du .Pont) and an
adhesi ve conprising an epoxy resin, an acrylonitrile-butadi ene rubber and
a phenol resin was used as the adhesive. The products of Exanpl es
3 and 4 and Conparative Exanples 3 and 4 were then aged at a tenperature
of 80[err]C for 1,000. hours. These products were then neasured for

di nensi onal shrlnkage rate. Separately, the products of Exanples 3 and 4
and Conparative Exanples 3 and 4 were dipped in water and then aged at a
tenperature aof 23[err]C and a humdity of 60%RH for 12 hours. These

product s whE¥inghanthigkness ofH25 EFPR He produgad Pyt Ru Rentel pndras
results are_set forth in Table 2. . _ . Table 2
Conpar at i vé@ﬂ?&é’%ﬁ%ﬂsmg an eP°xYE>P£r1‘ﬁ|“e an pepgopifrilerbptadiene

Exanpl e 4 nenS|o 0.10%

Shri nkage REXOPSA 9@5 QOPEFP?g ieib‘bowah? ‘ﬁ;%fr?gs tﬁ%ﬁg‘ﬁéﬁé{ﬁ 0. 04%
0. 04% 0. 04% 10% Kk d
23[err] C x 60%H fo’f RF©; uc{tj ohf 'Er)]‘a%% a%\sangh (?'cg)&épaq% e mager a?’r%nts
of Cornpar atém‘égl)?ﬁﬁg !:% éhentgge&)rafglg:tt&'&%[tﬁ&ggof 869 'f@fgﬁ bbb™haara.

plastic fil

a relativel !‘PE SRS s %Q.rrbngﬁ&?nk%%ﬁr@ﬁdfépﬁin@ﬂglgﬁaf@ﬁq[rﬁ&gé Pa880W a

good reliability T1n the connecting portion agai nst thermnal
Separately, the products of Examples 3 and 4 and Comparative

Examples 3 and 4 were dipped in water and then aged at a temperature
of 23°C and a humidity of 60%RH for 12 hours. These products were
then measured for dimensional shrinkage rate as well. The results

are set forth in Table 2.

Table 2

Comparative Comparative
Example 3 Example 4 Example 3 Example 4

Dimensional 0.05% 0.05% 0.35% - 0.10%
Shrinkage
Rate

~ After 80°C x
1000 hr Ageing

Dimensional 0.04% - 0.04% 0.04% 0.10%
Shrinkage '

Rate

‘After Dipping

in water and

23°C x 60%RH
x 12 hr Aging.

As evident from the measurements of Comparative Example 4,

the product comprising a polyimide film as a plastic film exhibited
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stress but exhibited a high drying shrinkage rate and thus cannot be
expected to show a good reliability in the connecting portion against
stress caused by noi sture absorption and dryi ng. As evident from

t ke neasurenents of Conparative Exanple 3, the product conprising a

pol yet hyl ene terephthalate filmas a plastic filmexhibited a relatively

| ow dryi ng shrinkage rate and thus can be expected to show a good
reliability in the connecting portion against stress caused by nvoisture
absorption and drying but exhibited a high thermal shrinkage rate and thus
cannot be exprelabively siwyyvthegoed sbrinkaget¥ate, ange thysnean by expacind

agai nst thermal stress. the contrary, as evident fromthe

. O

nmeasur enent §° dhowz gagdetebiakil iy {pdhe perpeciidid RORELRR @oRdNES tharmal

t i ti hi bi, I yi th i nk t dth I
Gt TERCIRENC TG LR, | W TR TN TR AT
co vl | ae BRermarctad R srib, 83t aehn i 1Y [N, Epe GORbERE S Hnc1oH "

hum d dih ' . T | |

Exanpl es 5 PERTIgR S EhRES ST BANERIES  ahsorption AF AT o°
embodi ment of the pﬁgsﬁﬁtdér{y fp&hqﬁre meas reinerr_lts of Com earative Exgﬁ%‘y@ﬂ% S

100 parts by weight of a polyester resin (welght-avera _

- 40 - the produb®! eohb2isRGIA! pcd3etLend0@ecPaphhlYakei §himObhsa s
brom nat ed phenol novol ak epoxy resin (epoxy equival ent: 310 g/eq; brom ne
content: plastic film exhibited a relatively low drying shrinkage rate and

thus can be expected to show a good reliability in the connecting
portion against stress caused by moisture absorption and drying but
exhibited a high thermal shrinkage rate and thus cannot be expected
to showé good reliability in the connecting portion against thérmal |
stress.

On the contrary, as evident from the meésurements of
Examples 3 and 4, the circuit board acéording to the present
invention exhibits low drying thermal shrinkage rate and thermal
shrinkage rate and thus can be expectéd to show a good reliability
in the connecting portion against stress caused- by moisture
absorption and drying as well as thermal stress, and show assured
reliability even against severe humid and thermal working
atmosphere. '

"The following Examples 5 to 7 and Compérative Examples 5
and 6 concern the third embodiment of the present invention.

EXAMP 5

100 parts by weight of a polyester resin (weight-average
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45% nelting point: 70[err]C, 20 parts by weight -of an isophorone

di i socyanurate trimrer conpound as a polyi socyanate conpound, 4 parts. by
wei ght of hexanet hyl ene diisocyanate, and 0.25 parts by weight of DBU were
di ssol ved and di spersed in 224 parts by weight of nethyl ethyl ketone with
stirring to prepare an adhesive solution having a solid content
concentration of 50%for printed circuit board. Subsequently, the
f oregoi ng adhesi ve sol ution was applied to t he surface of a pol yet hyl ene
napht hal ate fil mhaving a thickness pm (elastic nodulus: 600

f
kg ] or 1] MORERHEE v %sz%nw%em? EReite e’ i OF & PO N faci phenol

- hygroscopi c _expansi on coefficient: X 10[errh o%RH;, wat er vapor
per neabi | i t‘S‘P"°§a§ SPﬂWrﬁ?s‘dmfepﬁé?’ c%‘ﬁfl‘@t%?t ah8o? 0|1Pr°2‘1(§‘% capfFerhy
poi nt: 262 r] a subs of a reverse-roll coater to
v de- o dBFA RS R 2Vt en pw e et Fheearfetein o
100[ err] C hat. air %lurrg ga;: dryer fv?ﬂd3am DL 8%,;L9 obkg n a eéhy)_jene
napht hal at Jf‘lﬁor‘ﬁyﬁaw ng an stV C?ayer 5 Gt k6 YtlﬁgFg te Sompoh ’

Ther eaf | K i
navi g ot RESbReE *?%*S%ﬁ%"'fe%&m s ante, fﬁﬁﬁﬁar?ééﬁﬁﬁ%m{c%;%yt ne
adhesi ve |3y8Ghe! ¢ Siu td@reoah)é%wé&%d RERYHaka §nf2itfn;ﬁﬁq:st IE? LLeghed

side (e.g., nickel-copper | oy-treated sidé) of the copper foil were

opposed t 0 o#FaRdtIyhethyl T&&tdmms g t¥esi hjab §b@¢£§é ael é&hé‘élﬂi@ﬁblb@ﬂ&h ng
at at enper ature

150[ err] C aafrifgpacssuia ﬁénB@nkgé&li‘ééﬁtEﬂaﬁﬁtﬂﬁl’ofasb&aE‘oﬁl’ peinted éi)rdsﬂmut es
to obtain an unpatterned printed CIrCUIt board i nternediate.
board.

Subsequently, the foregoing adhesive solution was applied
to the surface of a polyethylene naphthalate film having a thickness
of | 25. pm  (elastic modulus: 600 kg/mm?; thermal éxpansion
coefficient: 1.3 x 107°/°C; hygroscopic expansion coefficient: 1.0
x 107°/%RH; water vapor permeability: 9.5 g/mz/mii-day ; percent water
absorption: 2.0%; melting point: 262°C) as a substrate film by means
of a reverse-roll coater to provide a dry thickness of 25 ym. The
coated material was then dried in a 100°C hot air circulating dryer
for 3 minutes to obtain a polyef:hylene naphthalafe film having an

- adhesive layer formed thereofx.

Thereafter, the polyethylene naphthalate film and a rolled
copper foil having a thickness of 35 pm were laminated in such an
arrangement that the adhesive layer side of the polyethylene
naphthalate film and the treated side (e.g., nickel-copper
alloy-treated side) of the éopper foil were opposed to each other.

The laminate was then subjected to contact bonding at a temperature
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Jhereafter, an etching resist was fornmed on the copper foil by a photomask
met hod. The copper foil was then etched with an etching solution to

di ssol ve unnecéssary. area away and forma predetermned circuit pattern.
Thus, a conductor circuit was prepared. A pol yet hyl ene

napht hal ate fil m having an adhesive |layer forned thereon to be stuck to
the conductor circuit was then prepared in the sane nmanner as nenti oned
above. The substrate filmand the copper foil were then lam nated in such
an arrangenent that the adhesive_|ayer side of the substrate fil m and t he
conduct or of A50°E and aleressune abHppdigfen |undarafiqaiseress foxcf0 FipgtesThe
| am nate was then subjected to contact bondi ng at a tenperature of

150[ er r ] C tmcebtaig ans wpadtesped peinked | circit Porrd mtssmediptsy

m nutes to obtain _a desired printed circujt_board. foi
EXAVPLE 6 Thexaatiest £ AHPLRGORTE TS AFIASkoR FASLEORRRE Finer

as in Exanple 5 except, th t.h dhesi f tqi! ' oaj.

pr epar ed igwpt?\ep%‘fﬂés'%lé“ "gn'glaeg‘g‘;’%‘%rofolq was thi r%?rc{hse%yl\%gy\%t of

a pol yester, resin i ght - ayver e | : 0]

'logpa)r/t sby%‘i’lb’rﬁ%fé%\g’% nnav%d‘gﬁ%n%:{@é n'g%%%ge%é&ya%i %%%p%?? form a

equi val ent o, 20 Alfitied AIAS € P en . 15¥ude! 41 BBnBALEGE LOkeiEChas?0
V%I 0 0 op

parts by an |1 sophorone  diisocyanurate trinmer conpound as a

pol yi socy\?\ggé £Qgpound, 4 , - 42 -
parts by |g% of hexamet hyl ene diisocyanate, 0.25 parts by weight of
DBU, and 25 parts RQypdWicihy1eheafbhphERY14 £ Bdilee havtigdan sadivesti ve layer

formed thereon to be stuck to the conductor circuit was then prepared
in the same manner as mentioned above. The.substrate film and the
copper foil were then laminated in such én arrangement that the
adhesive layer side of the substrate film and the coﬁductor circuit
side of the copper foil were opposed to each other. The laminate
was then subjected to contact bonding at a-temperature of 150°C and
a pressure of 30 kg/cm® under a ﬁeat press for 60 minutes to obtain
a desired printed circuit board.
EXAMPLE 6

_ A printed circuit board was prepared in the same manner as
in Example 5 except that the adhesive for.printed circuit board was
éreparéd in the manner as mentioned below.

IOO parts by weight of a polyester resin (weight-average
molecular weight: 23,000) , 100 parts by weight of a brominated phenol
novolak epoxy resin (epoxy equivalent: 310 g/eq; bromine content:
45%; melting point: 76%:), 20 parts by weight of an isophorone

diisocyanurate trimmer compound as a polyisocyanate compound, 4
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anddi sper sedi n249part sby wei ght of met hyl ethyl ketone toprepare an adhesive
solution having a solid content concentration of 50% for printed circuit
board. EXAMPLE 7 A printed circuit
board was prepared in the sanme nanner as in Exanple 6 except that the
adhesive solution for printed circuit board was prepared as follows. In
sone detail, the content of the brom nated novol ak epoxy resin, the

i sophorone diisocyanurate trimer conpound, hexamnethyl ene diisocyanate,
DBU, antinmony trioxide (surface-treated with a titanate-based couplin
agent) and PaREspy ¥eight prEthaiemathylenerdbiseyam ey P s2Bpardisghy weight
parts by weight, 3 parts b i%yt, 0.1 parts by weight, 20 parts b

wei ght, ~ arRf %@éizpaf’?si’%ya\%ﬁ Y welgliieof| Fafymony trioxide were dissclved
COVPARATI VE EXAMPLE 5 . i nted.girguit. boar s prepared in_the
sane. manner A PROESE3R24P RREREPY ROt Of LD S ke Fore EREFsERze
used a polyethyul ene ter thalate. film i thic 5 I

(VELI R 3 et o SPEPE g P e SeB kB rabissniarion B 5%
expansi on f1LGl - : r]/[err]C hygroscopic expansion

coeffi ci entfgﬁ%%%féhc?f%kggﬁgt er vapor perneability: 25 g/n2/nml-day;
percent water absorption: 2% neltingz§g£ﬂ£L1256[err]C3.

COMPARATI VE EXAMPLE 6 A printed circuit board was prepared in the
sanme .manner as A printed circuit board was preparefi3in the same manner Bs

Exanpl e 6 except that as the substrate filmthere was used a polyimde
fil m havi ngim edainglleees sexteptS that ritie GUABSDNE, sqlwtisredoyprinted circuit
board was prepared as follows. _In some detail, the content of the
brominated novolak epoxy resin, the. isophorone diisocyanurate
trimmer compound, hexamethylene diisocyanate, DBU, antimony
trioxide (surface-treatedwitha tj.tanat_:e—base& coupling agent) and
methyl ethyl ketone were changed to 50 parts by weight, 15 parts
by weight, 3 parts by weight, 0.1 parts. by weight, 20 parts by weight,
and 188 parts by weight, fespectively_.
COMPARATIVE EXAMPLE 5
A pf:ihted circuit béard was prepared in the same manner as '
in Example 6 except that as the substrate film there was used a
polyvethylene terephthalate film having a thickness of 25 pm (MELINEX,
produced by ICI; elastic modulus: 450 kg/mm®; thermal expansion
coefficient: 1.5 x 107°/°C; hygroscopic expansion coefficient: 1.0
x 10°/%RH; water vapor permeability: 25 g/mz/mi.l-day; percent water
absorption: 2%; melting point: 256°C).
o ARATIVE EXAMPLE 6

A printed circuit board was prepared in the same manner as
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Du Pont; elastic nodulus: 350 kg/mferr]; thermal expansion coefficient:
2.6 x 10[err]/[err]C, hygroscopi c expansion coefficient: 2.2 x 10[err]/ %=H,
wat er vapor perneability: 50 g/nferr]/ml-day; percent water absorption:
3.0% . The printed circuit boards of exanples and conparative
exanpl es thus obtained were then evaluated for various properties. The
evaluation results of these products are set forth in Table 3.
- 44 - ‘ .
in Example 6 except that as the substrate film there was used a
polyimide film having a thickness of 25 ym (KAPTONH, produced by
Du Ponf: ; elasticmodulus: 350 kg/mm’; thermal expansion coefficient:
2.6 x 107%/°C; hygroscopic expansion coefficient: 2.2 x 107°/%RH;
water vapor permeability: 50 g/m?/mil-day; percent water absorption:
3.0%). '
The printed circuit boards of examples and comparative
examples thus obtained were then evaluated for various properties. .

The evaluation results of these products are set forth in Table

3.
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Di nensi onal Shrinkage Rate The test was effected in accordance
with | PCGTM 650. Fl ame Retardance The test was effected in
accordance with UL-94. The results in Table 3 show that Exanpl es
5, 6 and 7 exhibit a |low thermal shrinkage rate under high tenperature
conditions and an excellent dinensional stability as conpared with
Conparative Exanples 5 and 6. Conpar ati ve Exanple 6, which
conprises a polyimde filmas a substrate film exhibits a deteriorated
di mensional stability wunder high humdity conditions as conpared with

Exanpl-es 5Dimensdond]l Shrinkage |Ratd| Exanples 5 to 7, the conductor

circuit and the substrate filmcould be separated fronleach ot her by
heating and nelti Aget kessuwasrefeegtedninoracesrdesser wiyh TRCCHMDEIQLi ve
Exanple 6, _which conprises a polyimde filmas a substrate film the
conduct or Eipme; Retazdanees bstrate film could not be separated from each

oL oK 19 ek, LRESPARLe LEESle e et oo APEIR AL

ventl o ke SRt 8 S PR o, 3 LRl

o eI AL P e, L IGHELLRRERLLAN, ML LA 4

- 46 - an excellent dimensional stability as compared with Comparative
Examples 5 and 6.

Comparative Example 6, which comprises a polyimide film as
a substrate film, exhibits a deteriorated difnensional stability
_'under high humidity conditions as compafed with Examples 5, 6 and
.7 . :

In all Examples 5 to 7, the conductor circuit and ,t.he
substrate film could be separated from each. other by heating and
melting the substrate film. On the E:ohtrary, in Comparative Example
6, v;rhich comprises a polyimide fiim as a substrate film, the

conductor circuit and the substrate £film could not be separated from

each other, making it impossible to recycle the materials.

INDUSTRIAL UTILIZATION POSSIBILITY

| The first embodiment.of the present invention makes the best
use of high elastic modulus and low thermal shrinkage rate of a
polyethylene naphthélate film to satisfy the requirements for
press-moldability, self—.shape retention and reliability against

severe thermal working conditions under the circumstances that
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there are two opposing demands, i.e., necessity of using a high elastic
nmodul us plastic filmfor a self-shape retaining circuit nenber obtained by
bending a | am nated conposite conprising a circuit conductor nade of a
metal foil interposed between plastic filns with an adhesive under a press
fromthe standpoint of press-noldability and sel f-shape retention and
necessity of using a low elastic nodulus plastic filmfor such a circuit
menber from the standpoint of reliability against severe thernmal working
condi tions. Accordingly, the first -enbodi ment of the

pr esent i nvé&herenareabvprempeising senandsapd -est,ahpicagsityi df chsing ta rhirdler
excellent both:in productivity and reliability. . The circuit board
accor di ng €dagkécsBedntue BRT Hehifidm fier 3psedénchprReckelabntegipri zasi
pol yet hyl ene naghthalate filmas a substrate and a covering nmateri al

taki ng i nt BeEPESURPtRRBeH LY Bgpding @ Jaminated GARASL {5 FARKISHE @ o
b d or d t to th d_of C| I t d havi .
Subst ant | APRFILF RIS BREe Gh GRSAIgEekh HLTHPORRT DREMRRAGR T

such s 0l 893,8URWALS, ShiSUlde PaRAd, Q0T OILY Fhet TRl eXnANSL0n and e

shrinkage raf'e but ~al'so hygroscoprc and dr_ ng expansion : SArTnkag

A bIke Bt mRtnl P ST SBIPIS GRS SRIGRIIIULEPEE e

severe hugi dogneh 48/ RbaRlE! BlasONdifdila¥or such a ciF¥litChembdf Rdnt €d

circuit according to the third enbodi nent of the present invention is

obt ai ned b)ﬁhéntsiﬁ’r@fdoﬁﬁta of reliability against severe therntl “working
conditions.

Accordingly, the first embodiment of the present invention
can provide a self-shape retaining rigid circuit member excellent
both in productivity and reliabiiity.

The circuit board according to the second embodiment of the
present invention comprises a polyethylene naphthalate film as a
substrate and é covering material taking into account the fact that,
in a plastic circuit board adapted to be superposed on and connected
to the end of a circuit board having substantially zero hygroscopic
and drying expansion and shrinkage rate such as glass. substrate
circuit board, not only thermal expansion and shrinkage rate but
also hygroscopic and drying expansion and shrinkage rate take great
part in fatigue and damage on the connecting portion due to stress,
and thus can exhibit assured excellent reliability even under severe
humid and thermal working conditions.

Further, the printed circuit according to the third

~ embodiment of the present invention J.s obtained by integrating a
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pol yet hyl ene naphthal ate filmas a substrate filmand a conduct or

ci rcui tw t hanadhesi vei nt oal am nate. Sincet heel asti cnodul us, thermnal
expansi on coefficient, hygroscopic expansion coefficient, water vapor
perneability, percent water absorption and nelting point of the

pol yet hyl ene naphthalate filmare restricted to a specific range, it gives
a good di nensional stability during the production of printed circuit
board and actual use even under high tenperature and hum dity conditions,
and the conductor circuit can _be easily separated by heatlng and nel ting

t he subst r ReL¥ethylgne naphthadrtei Bl in ascar sahsiamte fidmasd e sanduegor

circuit board Mbr eover, . t he

pr|ntedC|rdﬁ??ﬂkﬁﬂbﬁ?&ﬁﬁghﬁﬁ E&Pﬂ&mmﬂﬁ?q(N%iﬁﬁ%ﬁhﬁﬁﬂﬁéFﬁﬁﬂﬁﬁylus'
napht hal ate fil m.and conductor ci.rcul nto a lamnate with %%%ﬁg %
-lgl sn

(t:)orrprl si ng Y}T‘Fe“Tac}l'( EFBPRE R 1é’t+t§§‘b A Y?B°T‘F§P3]S"lf ﬁﬁf‘%ﬂ?éﬂ?d
t {
LR S b W B i

(UL-94-VTM naren possesse y poly ene

filmand t e S l ectric
and ol ect (PO C appar de &?éiﬁé’@lﬁé‘n% dphtaree ik Qe %L§E¥18Ee8 g6tk
48 - _ specific range, it gives a good dimensional stability during the

production of printed circuit board and actual use even under high
'temperature and humidity conditions, and the conductor; circuit can
be easily separated by heating and melting the substrate film when
the materials are recycled from waste printed circuit board.
Moreover, the printed circuit board obtained by integrating
the foregoing polyethylene ﬁap_hthalate film and conductor circuit
into a laminate with an adhesive comprising the foregoing
ingredients (A) to '(E) (ingredient (B) is a brominated novolak epoxy
resin) exhibits a high flame retardance (UL-94-VTIM-0) thaf is
inh_erentlylnot possessed by polyethylene naphthalate f£film and thus
is very desirable for the enhancement of safety of electric and

electronic apparatus.
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CLAI M5 1 Arigid circuit nenber obtained by bending a conposite

| am nate conprising a circuit conductor made of a netal foil and

i nt erposed between plastic filnms having an el astic nodul us of not |ess
than 450 kg/mierr] with an adhesive, wherein a polyethyl ene naphthal ate
filmis used as the plastic film 2 Acircuit board adapted to be
connected to a conductor on a rigid substrate, which conprises a circuit
conductor being interposed between pol yethyl ene naphthal ate fil ns.

3 The circuit board according to claim2, wherein said rigid substrate is
a gl ass substrate having a transparent CBAEM8rode provi ded thereon.

4 Aprinted circuit board, conprising a polyethylene naphthalate film
havi ng an el astic.nodul us of not |ess than 500 kg/nn{err] not nore than
1.5 x 10[err]/[er a hy r.0scopi nsi cient. of not nore than
1.2 x 10[err]/‘%RHE§ fards %ﬁb’r“g“’p‘é SFI"?‘PEF E?Y Ln¢h Frcqmposite

el g por PSR EROFTEREr S h LSSl I GHOY 4t e PoP=Croart: W ch-
ar € | 10" 3600k 8ube AL IGHG L1 B AHISSI NP oL UL 07 O Gl drb 960

t her ebet we Cl Trcul oard accor |ng to

wherein saLdsadhgy V&@%&’/Meﬁs it %( Hadyd,d ”%tf‘éi‘eeﬂ}i Sa (&139&1'(@5@
(A) Pol yester resin; Novo epoxy resin
- 49 - naphthalate film is used as the plastic fJ.lm.

@ A circuit board adapted to be connect_ed to a conductor
on a rigid substrate, which comprises a circuit conductor being
intérposed between polyethylene naphthalate films.

@ The circuit board according to claim 2, wherein said
rigid substrate is a gléss subsj:rafe having a trgnsparent electrode
provided thereon.

@ A printed circuit board, comprising a polyethylene
napﬁthalate film having an elastic modulus of not. less .than 500
kg/mm?®, not more than 1.5 x 107%/°C, a hygr;oscopic expansion
coefficient of not more than 1.2 x 10°/%RH, a water vapor
permeability of not more than 15 g/m?/mil-day, a percent water
absorption of nof more than 2% a_md a melting point of not higher
than 280°C and a conductor circuit, which are integrated into a
laminate with an adhesive layer provided iﬁterposed therebetween.

@ Tﬁe printed circuit board according to claim 4, wherein
said adhesive comprises the following ingredients (A) to (D):

(A) Polyestér_ resin; -

(B) Novolak epoxy resin;

- 49 -
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{C) Polyisocyanate conpound; and (D) Tertiary am ne.
[err] The printed circuit board according to claimb5, wherein said
adhesive further contains a flame retardant aid (ingredient (E)) and said
novol ak epoxy resin (ingredient (B)) is a brom nated novol ak epoxy resin.
7 The printed circuit board according to claim®6, wherein said brom nated
novol ak epoxy resin is an epoxy resin containing at |least three epoxy
groups per nol ecule and the brom ne content is not |less than 12% by wei ght
based on the total weight of said ingredients (A to (E)
50- {(C) Polyisocyanate compound; and
(D) Tertiary amine.
@2 ‘The printed circuit board according to claim 5, wherein
said adhesive further contains a flame retardant aid (ingredient
(E)) and said novolak epoxy resin (ingredient (B)) is a brominated
novolak epoxy resin.
@ The printed circuit board accordind to claim 6, wherein
said brominated novolak epoxy resin is an epoxy resin containing
at least three epoxy groups per molecule and the bromine content

is not less than 12% by wéight based on the total weight of said

ingredients (A) to (E).
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