-1- SPECI FI CATI ON Process for producing a double-sided flexible printed
board and doubl e-sided flexible printed board Technical field The present
invention relates to a process for producing a double-sided flexible
printed board having sufficient heat resjstance through sinple production
steps wi thout necessitating a conplicateh'apparatus. Background A flexible
printed board is a flexible wiring plate in which a conductor circuit 1is
formed on the surface of a polynmer insulating film The flexible printed
board has been abundantly used asSPEQHAQATION attai ning the

m niaturization and high- density of electronic apparatuses in recent

years. Parti cul aPtogesstthepfokdesxinphelopblerstided fldadde printed boardraadevildepaledi m de
as the insulating fil moccupies the nainstream Since a conventi onal

fl exi bl e priflexide patedibesad produced by a process in which a polyinmde film
was applied to a copper foil using an adhesive, physical properties such
as heat resistance, nonconbustibility, electrical property and adhesion

were influenced béiq t hf a]g]hesi ve used, resulting in that various excellent
characteristics OFS Gfldi de were not sufficiently exhibited. As a nmeans

of lr pif"yéh”g R O R S AT R T
Aol i cat | on EAp1 e et Pk iy SR sy B O Bah IARRORFIRER ¢ (1
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copper foils have been appli es of a polyimde film has been

Background

A flexible printed board is a flexible wiring plate in which a conductor circuit
is formed on the surface of a polymer insulating film. The flexible printed board
has been abundantly used as a means for attaining the miniaturization and high-
density of electronic apparatuses in recent years. Particularly, the flexible printed
board using aromatic polyimide as the insulating film occupies the mainstream.
Since a conventional flexible printed board was produced by a process in which a
polyimide film was applied to a copper foil using an adhesive, physical properties
such as heat resistance, noncombustibility, electrical property and adhesion were
influenced by the adhesive used, resulting in that various excellent characteristics of
polyimide were not sufficiently exhibited. As a means for solving this problem, a
process comprising directly applying a varnish of polyamic acid (precursor of
polyimide) on a metal foil, removing a solvent and curing the varnish has been
performed (Japanese Patent Application Laying Open (KOKAI) No. 61-245868).
Recently, because of the increased density of the board, a double-sided flexible board
in which copper foils have been applied to both sides of a polyimide film has been
increasingly required. In the case of this double-sided flexible printed board, a

typical process in which a thermoplastic polyimide or the like is applied to the above



increasingly required. In the case of this double-sided flexible printed
board, a typical process in which a thernoplastic polyimde or the like is
applied to the above -2- single-sided flexible printed board and a copper
foil is |am nated using high heat has been proposed. Al so, WO 02/00791 or
WO 2004/ 048436 describes that an adhesi¥e | ayer for bonding the polyimde
filmto the netal foil nay be used as an insulating filmwthout using the
polyimde filnms. Disclosure of the invention Problens to be solved in the

i nvention | niddkesidad defblpriitabens hittbd cdppRrr tdl © 1ahinated disin@afigh hdabBas

probl ens of the above nentioned reductions of various characteristics
caused by t hecapivpssade ads, BEON/UED] ob W Ai2084/04 §4 Hpiusyrieg thidranvar ni sh of
pol yam ¢ acid (precursor of polyimde) onto the netal foil, renoving the
sol vent, anddbestvalgydrifer hanrdmsthe pelywavdrijiimhedhe metal fyl mhy bpuksdaasian aci d
usually requires heating of polyamc acid at a high tenperature of 250 to
350C for 2 tpsubthgdils wihent upiagphordyimigadlmhe probl emin view of the
productivity. Also, since the curing shrinkage is large in the
condensati on process of polyam c acid, the produced flexible printed board

is curled so nucgy%$at iH?ksHPrqplenatic. In the case of production of a
doubl e-si ded fl extBIEYEFHPRYVEBAYY, in addition to the difficulty in the
production of t h?ro%i]é}lg% go-l%i %%dfi}l % imf&tﬂ%i nted board, it is necessary to
use a thernoplastic polyimde, requiting a |arge-scal e apparatus for
heating and mel ] g cb et heR ORIAS HegibRObIHER A6 thWh e iBLthGARI Nt i S
usually as high as fOQC or re. ﬁhgngﬂ$%r soﬁ%?nbigﬁe pf@% ens Under the
above sit uathRRsned REutHHERE QhFoRaANEra8RIHBEG dadsRtBIth€ HateRiveRhALE s@ved

by directly applying the varnish of polyamic acid {precursor of polyimide) onto the

metal foil, removing the solvent, and curing the varnish. However, heat-curing of

polyamic acid usually requires heating of polyamic acid at a high temperature of 250

to 350°C for 2 to 5 hours, and the process has the problem in view of the productivity.

Also, since the curing shrinkage is large in the condensation process of polyamic

acid, the produced flexible printed board is curled so much that it is problematic. In

the case of production of a double-sided flexible printed board, in addition to the

difficuity in the production of the single-sided flexible printed board, it is necessary

to use a thermoplastic polyimide, requiring a large-scale apparatus for heating and

melting the thermoplastic polyimide of which melting point is usually as high as

200°C or more.

Means for solving the problems

Under the above situations, the inventors have earnestly studied to obtain a
double-sided flexible board in which shrinkage of the board in curing is low and a
long time curing process at a high temperature is not required, resulting in

completion of the invention.



doubl e-si ded fl exi ble board in which shrinkage of the boar
low and a long tine curing process at a high tenperature
resulting in conpletion of the invention. -3- That is, th
invention provides the following itens I, to 3. 1. A proces
doubl e-si ded flexi ble printed board conb%ising t he steps
applying a varni sh conprising an aromati c pol yam de resin
the following fornula (1), an epoxy resin, and an organic
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| ayer conprigiig,g phenolic hydroxy-containing aromatic p
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ol yam de resin,
of the

i nsul ating 1 ayer ekl IedoHRSCHItB Aehf 18488 shavent i on The production
process of the present invention i1s sinple and economically

applying another metal foil to the resin layer side and curing the resin layer,
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(In the formula, m and n are average values; m+n is a positive number of 2 to 200; n

is a positive number of 0.1 or larger; each of Ar' and Ar’ is a divalent aromatic

group; and Ar* is a divalent aromatic residue having a phenolic hydroxy group.)

2. A double-sided flexible printed board prepared by the process according

to the above item (1).

3. A double-sided flexible printed board, which consists of three layers

consisting of an insulating layer comprising a phenolic hydroxy-containing aromatic

polyamide resin, and an epoxy resin and metal foils provided on both

insulating layer.

Detailed description of the invention

sides of the

The production process of the present invention is simple and economically

excellent, because it does not require a large-scale apparatus. The double-sided

flexible board obtained according to the present invention is extremely advantageous

in industrial view points, because it can be produced under general conditions for



excel l ent, because it does not require a | arge-scal e apparatus. The

doubl e-sided flexible board obtained according to the present invention is
extrenely advantageous in industrial view points, because it can be
produced under general conditions for -4- epoxy resin curing, while

mai nt ai ni ng heat resistance and nonconbU%fibiIity resenbling the case
where polyimde is used. Exanples of netal foils used in the present

i nvention include copper, alumnum iron, gold, silver, nickel, palladium
chrom um nebybdesumuriagdwhile malntaying hesteesistaddweandeioatorhbidtiibiiy be
subjected to a nechanical or chem cal surface treatnent of corona

di schar ge, gsessdibhigg tipd Gatsé meregiodyimdemsalsedbhol at e, al umi num chel ate, and a
silane coupling agent or the like, in order to enhance adhesi on between

the metal foil and a resin layer. O these, the copper foil is particularly
preferable. The_copper foil )y be an_electrolytic copper foil or a rolled
copper foil. TheE Bfes of pyefel E@E}lﬁi%s@ }wthﬁagesan&lﬁvwlﬁéé%c‘@e PPPH> 50 m

preferably 4.ta 40 m_ As.the aronnatic | yami, de resin.used in the present
Piventon ahppimy dhe-deid s R0 FBd et S5 S ghorid an be used
w t hout any rid.cular—lim [ . ro 1.C. 1 r.esi
representedaggyﬁﬁgy¥blT%%ﬁ%%gﬁ%fﬁﬁygggﬁygggdab?%%Q#&ggfg%ﬁgﬁﬁgggﬁg%g%
pol yam de resi : 3 i t : i.bed in,
For exampl ¢ R e R Bt cpen
(KOKAI)  No. Beld4366ia Qlank BSulink@ochiZhHS BrdVitod¥Mdbrdande hesibh bdwhea- N
CAr2-0-NAre-N-/} H (1) OOngmtheHmmm,maMr1memmmm
val ues; mtntliesmétapfsi dnid\eeresiinper, obf et tOEpper foil is particularly preferable.

The copper foil may be an electrolytic copper foil or a rolled copper foil.  The metal

foil typically has a thickness of 3 to 50 um, preferably 4 to 40 um.

As the aromatic polyamide resin used in the present invention, any polyamide
resin having a phenolic hydroxy group can be used without any particular limitation,
but the aromatic polyamide resin represented by the following formula (1) is
preferred. Such aromatic polyamide resins can be prepared according to the process
described in, for example, the publication of Japanese Patent Application Laying

Open (KOKAI) No. 8-143661 or the like.
WN~Aﬁm“wfﬁ-Aﬁ~0mﬂwA9-H}(ﬁmAﬁmc~n—mL—HamH n
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(In the formula, m and n are average values; m+n is a positive number of 2 to 200; n
is a positive number of 0.1 or larger; each of Ar! and Ar’ is a divalent aromatic

group; and Ar” is a divalent aromatic residue having a phenolic hydroxy group.)



is a positive nunber of 0.1 or larger; each of Ar' and Ar3 is a divalent
aromatic group; and Ar2 is a divalent aromatic residue having a phenolic
hydroxy group.) -5- Hereinafter, a nethod for producing the aromatic

pol yam de resin used in the present inveption will be described. The

pol yam de resin represented by the fornula (1) can be produced by feeding
the aromatic diamne in an anount excessive in nolar ratio to the aromatic
di carboxylic acid, foll owed by polynerization- condensation. The

pol ymeri zat i on- c biedensat | omethed dtr mndwding the aasroarat podysaidboosyd used iadied and
the aromatic diamne is preferably carried out in the presence of an
aromati c  phocsehi ineerdiod vell pgrdestiriped delhe avlyomidesesomeieessnted bagbat s.

Exanpl es of the aromatic phosphites used herein include triphenyl

phosphi te, feingHe WIC% h@@ﬁmu@@i by faedinetthe worrr@ﬁéépﬂwm@ in @) argoyrg|eypessive
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pyridine d%hbéﬁ%ﬁtb‘éﬁd&%yﬁ@ink!%@ﬁvdtﬁm aQ%Bncﬂcnm%DgéntE he aromatic diamne,
typically 1"to 5 not and preferably 2 Exanpl es of the aromatic

di am nes to be used for producing the above aromatic polyam de resin
i ncl ude di am nobenzene, di am not ol uene, di am nophenol,
di am nonet hyl benEemneplesofuie aoiwaid ptospidies daimareiaih@uddeipaeng phosphite,
di am noni t robenzene, di am noazobenzene, di am nonapht hal ene,
di am nobi phéippknyl pdhiosriteofdi- ortd!lophydspipibe di-b;toldl phdspbidé, phemydlet plersphite,
di am nodi net hyl di phenyl et her,
di-m-tolyl phosphite, tri- p -toly] phosphite, di-p-tolyl phosphite, and tri-p-
chlorophenyl! phosphite. The amount of the aromatic phosphite to be used is, per 1

mol of the aromatic diamine, typically 0.5 to 3 mol and preferably I to 2.5 mol.

Examples of the pyridine derivatives include pyridine, 2-picoline, 3-picoline,
4-picoline, 2,4-lutidine, 2,6-lutidine, and 3,5-lutidine. The amount of the pyridine
derivative to be used is, per 1 mol of the aromatic diamine, typically 1 to 5 mol and

preferably 2 to 4 mol.

Examples of the aromatic diamines to be used for producing the above
aromatic polyamide resin include diaminobenzene, diaminotoluene, diaminophenol,
diaminomethylbenzene, diaminomesitylene, diaminochlorobenzene,
diaminonitrobenzene, diaminoazobenzene, diaminonaphthalene, diaminobiphenyl,
diaminodimethoxybiphenyl, diaminodiphenylether, diaminodimethyldiphenylether,
methylenedianiline, methylenebis(methoxyaniline), methylenebis(dimethoxyaniline),
methylenebis(ethylaniline), methylenebis (diethoxyaniline),

methylenebis(ethoxyaniline), methylenebis(diethoxyaniline),



nct hyl enedi ani | i ne, net hyl enebi s(net hoxyani line),

nmet hyl enebi s(di net hoxyani li ne), nethyl enebis(ethylaniline), nethylenebis
(di et hoxyaniline), nethylenebis(ethoxyaniline),

met hyl enebi s(di et hoxyani line), -6- nethylenebis(dibronoaniline),

i sopropyl i denedi aniline, hexafluoroisop?bpylidenedianiIine,

di am nobenzophenone, di am nodi net hyl benzophenone, di am noant hr aqui none,

di am nodi phenyl t hi oet her, di am nodi phenyl sul f oxi de, and di am nof| uor ene.
Anong t hem methgoneboxddiphenydndineg riseprdpytrichydietibhé,s(di et hyl ani line) are
particularly preferable. Exanples of the aromatic dicarboxylic acids to be
used for pr dauziluvgoiséreopdbisuedianibnatdianipobganplebmongsi n i ncl ude aromatic

di carboxylic_acids having no phenolic hydroxy group such as phthalic acid,
i sopht hal i ¢ daniaodipmtispberraphenonsidamingatiheqeitioas sidnsingdipienylthioether,
benzenedi propi oni ¢ aci d, bi phenyl di carboxylic acid, . oxydi benzoic acid,

t hi odi benzoid@%Pg‘Phﬁlﬁ%‘il@mdﬁeﬁ'ﬁjcﬁlém&&ﬂ(h‘f)reéﬁt hABsMether obenzoi ¢ aci d),

car bonyl di benzoi c,.aci d ul f gnyl di.benzoi.c aci d, napht hal enedi car Qoxyl i c
et d. et nytoBs BT B e BRI GHAIoD ST G e el
hexaf | uor oi sopropyl i dene benzoic acid and pyridi nedi carboxylic acid, and
aromati c di carboxylic acids having a phenolic hydroxy group such as

hydr oxyi sopht hal Eﬁalﬁﬁeg of ﬂlé%%éﬂce%@ﬁg%%gi at%i](fbl% He usdl 1*8}’9{0%3&% thalic

acid and di hydr oxyt erephthali c aci e aromatic “polyaH de resin

acts as a CyYbb BRI pdlPAmAR BN TCIERSIPmhi §REHRLARENdd VER AN, the
aromati c pol yam de is neéded to have the phenolic hydroxy group. In order

to obtain ph&’(bli@ﬂ@ﬂﬁix&%r@qi seagehthest Aad, ikhraieneid, ereitgiadieaxid, i ¢ aci ds
r

havi ng the phenolic hydroxy group is used in an amount of | nol % or nore

of the totabetmntdadeticatidi benzanahipiopdnit aad, biphehildiathodslic acid,
oxydibenzoic acid, thiodibenzoic acid, dithiodibenzoic acid, dithiobis(nitrobenzoic
acid), carbonyldibenzoic acid, sulfonyldibenzoic acid, naphthalenedicarboxylic acid,
methylenedibenzoic acid, isopropylidenedibenzoic acid, hexafluoroisopropylidene
benzoic acid and pyridinedicarboxylic acid, and aromatic dicarboxylic acids having a
phenolic hydroxy group such as hydroxyisophthalic acid, hydroxyterephthalic acid,
dihydroxyisophthalic acid and dihydroxyterephthalic acid.  Since the aromatic
polyamide resin acts as a curing agent for an epoxy resin in the present invention, the
aromatic polyamide is needed to have the phenolic hydroxy group. In order to
obtain such aromatic polyamide resins, the aromatic dicarboxylic acids having the
phenolic hydroxy group is used in an amount of 1 mol% or more of the total content

of the aromatic dicarboxylic acids,

In the reaction, inorganic salts are preferably used as catalysts for easy
progress of the reaction.  Specific examples of the inorganic salts include lithium
chloride, calcium chloride, sodium sulfate, and a mixture thereof. The amount of
these inorganic salts to be used is, per 1.0 mol of the compound of the formula (5) or

formula (1) to be used, typically 0.1 to 2.0 mol and preferably 0.2 to 1.0 mol.



In the reaction, inorganic salts are preferably used as catal ysts for easy
progress of the reaction. Specific exanples of the inorganic salts include
l'ithium chloride, calciumchloride, sodiumsulfate, and a m xture thereof.
The ampbunt of these inorganic salts to pe used is, per 1.0 mol of the
conmpound of the formula (5) or fornmula (1) to be used, typically 0.1 to
2.0 nol and preferably 0.2 to 1.0 nol. -7- The solvent to be used in the
production of the aromatic polyamde resin is not critical as long as the
sol vent produces a solvate with the aromatic polyam de resin. Specific
exanpl es of the solvents include N, N-dinethylformmde, N N

di et hyl acet anm ddheRpliventig be 2selyinghé prodegtiah eishhiplonsitik frokiadede meid is m xed
solvent thereof. N-nethyl-2- pyrolidone is particularly preferable. The
concent r at i G\t giitical pploagapthe wlysat pdhers arsebiate Vith theerewpiie podiamile
preferably 2 to 50% by wei ght and articularly preferably 5 to 30% by

wei ght for &fffci g‘?ﬁ“%r%ﬂ'&’ﬂ‘?s t%ﬁﬁ%mdé‘ﬁ% T‘B‘P?eﬁé’ﬁ“?@nﬁrﬁ’éievﬁ%osi ty of

t he solution,. | h rpduction of the aropmatj.c am de, resin, ter is
dr opped intgmpﬁﬁyﬁfé§§Fﬁbﬁﬁ%§§Wk 1%T$5PHFHQE?QWH$ﬁ%%Fg%aﬁ4aPHQ“%%%%@hsation
reaction. T ekry. | d - SLLLT tvaical | t 11 and
preferably glt?er "t I(i)\I "%B@QTﬁ%OHQ%E{Jﬁ?’ %{(’)t{c{l{aﬁg' p\ﬁ/%ffgg(r%?et’ oy%% ngg%%r%flér} ggel ative

to the total,wei : | IRV hical { 200% by wei ght
and prefer at§|%@5%‘@%‘%9@%%3}5{%3%&3?‘3%}%%%{89?? ?r@%@éﬁgrdéég%gb tﬁ g\aé%ée)r IS

typically 3@aficoltgpréferably NWSP, ¥ Gyei PiaheEBRIett frolifotf HAwhsy During the
wat er - droppi ng step, the remaining condensing agent is hydrolyzed to

phosphat e | opaadmdastophenBtositihvd e piong of the water is continued under
stirring until a resin |ayer and an aqueous | ayer begin to separate.
In the production of the aromatic polyamide resin, water is dropped into the
reaction system after the termination of the condensation reaction. The water is
added under stirring typically at 60 to 110°C and preferably at 70 to 100°C. The
amount of the water to be added is, relative to the total weight of a reaction solution,

typically 10 to 200% by weight and preferably 20 to 150% by weight.

The time for dropping the water is typically 30 minutes to 15 hours and
preferably 1 to 10 hours. During the water-dropping step, the remaining
condensing agent is hydrolyzed to phosphate ions and a phenol. The dropping of
the water is continued under stirring until a resin layer and an aqueous layer begin to

separate.

When the layers begin to separate, the stirring is stopped, and the reaction
solution is left at rest to separate the upper layer (aqueous layer) from the lower layer
(resin layer). The upper aqueous layer is removed.  Since the resin layer is
typically a slurry having high viscosity, the aqueous layer can be easily removed by

decantation or the like. The agueous layer can be also removed out of the system



When the layers begin to separate, the stirring is stopped, and the
reaction solution is left at rest to separate the upper |ayer (aqueous

| ayer) fromthe lower |ayer (resin layer). The upper aqueous |ayer is
renoved. Since the resin layer is typically a slurry having high
viscosity, the aqueous |ayer can be easify renoved by decantation or the
| i ke. The aqueous | ayer can be al so renoved out of the systemby a punp or
the |like. The aqueous |ayer contains inmpurities and sone of the solvent,
such as phosptewopursp acthd likphoShhaqueoss agerdontatsimysitisics pitesvohesofahel
pyridines. Some parts of the solvent were renoved in the renaining resin

| ayer in whiselvent hechersupbosghariayeid, paesphennpy edd, @tdysthehemrinamd mgidiesi n

| ayer became considerably viscous and difficult to be handl ed. Therefore,
the resin layer is diluted with an organic solvent. Exanples of the

or gani ¢ sol vent ich can_bhe used in this step include

N, N- di met hyl f or ﬁiﬂ&@aﬁmom?@ Fﬂwgéé?faﬁ‘(‘?ﬂ’én the mwng QGSH}/I@QS?I‘ igorich  and
di met hyl sul f oxi de. %Vfo vent to. is not,critical as

long as t hdGTEERY Hﬂyef. %assrﬁmﬂ‘f%; &Rt IR Temggyes Ayt 60%? %ﬁr}%r%b t he
wei ght of the ?S&aﬁﬁ cﬁﬂ'&c&ﬁqg l’t% 38)?%?(? f ther%%?eh B{%gfem}lx&e??sl Cll SR %19 0% by

wei ght and prere repe e washing step

typically 1&@&&&1@9&%8 ERERECEEHE Bl din . R/eﬁt whici&3n b@ugécﬁﬁttﬁg sfgl utton of

the aromati c pol yam de resi fonic 1npuritres and

nol ecul ar wehdite 10NDARM&h {IFRHaHTHEN, Nsmﬁlleﬁgnd&@gmléf@ NS 29 yrolidone,
/dilution-treated solution is added into a poor solvent to ‘precipitate the

pol yam de r ead dimdéByltshifopider $ht #asiint of ki blVear &) be (e digdtREtidal as Gdngat e

wi th the polyam de resin can be used without any particular limtation.
Speci fi c exasieegscobity isesuff‘o:mntbzcrbdtmeﬂ,saridris,lramévm e wengtt loéi thel reacéiohanol |

and a m xed solvent thereof. The poor solvent is desirably used in a smal I
anount as maeHtiesbefore washing, typ1ca11y 5 to 100% by weight and preferably 10 to 80% by

weight.

By repeating the washing step typically 1 to 10 times and preferably 2 to 8
times, a treated solution of the aromatic polyamide resin with reduced ionic

impurities and low molecular weight organic impurities is obtained.

The washing /dilution-treated solution is added into a poor solvent to
precipitate the polyamide resin.  As the poor solvent, fluid hardly producing a
solvate with the polyamide resin can be used without any particular limitation.
Specific examples of the poor solvents include water, methanol, ethanol, and a mixed
solvent thereof. The poor solvent is desirably used in a small amount as much as
possible, in a range that the precipitated polyamide resin can be filtered without
difficulties in operation, and is in the amount of preferably 0.5 to 50 parts by weight
and particularly preferably 1 to 10 parts by weight, relative to 1 part by weight of the

solvent used for the reaction.



possible, in a range that the precipitated polyam de resin can be filtered
wthout difficulties in operation, and is in the anount of preferably 0.5
to 50 parts by weight and particularly preferably 1 to 10 parts by wei ght,
relative to 1 part by weight of the solyent used for the reaction. -9-

M xi ng of the washing-treated solution anhd the poor solvent can be carried
out by gradually adding the poor solvent into the treated sol ution under
stirring or the reaction solution into the poor solvent under stirring.
Spr ayi ng t he reaMikog ofchawading-iredted sdietigoard the buemndolwint tansbaueanied auitt h a
conpressor and two-fluid nozzle, or wwith a punp and one-fluid nozzle is
preferred, SvrEeduale addivathd poopedlyantiidie thesiated saliien wirder atiypingpr thet e
particle dianeter is,easil¥ precipitated. The tenperature for.  m xing the
reaction solftRSHER SHFHAN e thsgwer s wndersstiting. ¢ atnryyiog the readion splytion
preferably 20 to 80C.. The aromatic | yam de resin precipitated after the
M xi ng the PRAEES BIPT SRRl idh o RRh: YHB S 50BIrSsP A PSR el &l vB o
filtration, e,0f the separated .aromatj.c polyamde resin. is
washeq wi ¢ PP EaE S A O pRERREE e 8 SERULEpOTE S hRE D e

pol yam de regsj : : -l : Rl Gl Iyt i r rther
By addi t1 onal Ty PHASRARicRy BRSO frck Rl e Kb (GERILGHE W

Exanpl es of r{Rg.Nadi8fio:s Rkt PheEpQr I8RES i§alpp\{c%r1‘1 %ﬂoﬂ@)bb@%n@hfé@é}%lg 2B4Y6h as
met hanol , et hanol, n-propanol” and i1 soprdpanol, and acetonhe, and are used

singly or gpe@onbi nation. Methanol is particularly preferred. Washing with
the water-soluble organic solvent is effective even when it is applied to
the aromatic pol yam de resin cake separated by the filtration and left on
The aromatic polyamide resin precipitated after the mixing the reaction
solution with the poor solvent is separated by filtration, and the cake of the separated
aromatic polyamide resin is washed with water to remove ionic impurities, By
drying the cake, the polyamide resin can be obtained. Ionic impurities can be

removed further by additionally washing the cake with a water-soluble organic

solvent.

Examples of the water-soluble organic solvents include alcohols such as
methanol, ethanol, n-propanol and isopropanol, and acetone, and are used singly or

in combination. Methanol is particularly preferred,

Washing with the water-soluble organic solvent is effective even when it is
applied to the aromatic polyamide resin cake separated by the filtration and left on
the filter. However, more excellent purification can be achieved by placing in a
new container, together with the above water-soluble organic solvent, the separated
polyamide resin cake containing the solvent and the poor solvent, or the polyamide
resin of which cake is once dried to remove the solvent and the poor solvent, by

suspending the cake under stirring, and by filtering the cake again. The amount of



the filter. However, nore excellent purification can be achieved by placing
in a new container, together with the above water-sol uble organic sol vent,
the separated pol yam de resin cake containing the solvent and the poor
solvent, or the polyam de resin of whi @_cake is once dried to renove the
sol vent and the poor solvent, by suspending the cake under stirring, and
by filtering the cake again. The anount of -10- the water-soluble organic
solvent to be used in this stepis, relative to 1 part by weight of the
net pol yani dee weist-aolubletcogdriosqiagnt $o by usediigthis sted ipraateregbllypa®t iyo 50 parts
by weight. The stirring tenperature is preferably froma roomtenperature
to the boi IWHgtpéithangpolyamidarspant foH Gpattspurwéielhi andipyeforablved @gqpq/ t he
boiling point. The stirr%ﬂg is carried out for 0.1 to 24 hours and
preferably PatePYWetshts. ThERiFIRG FspRegatutare PRy fEom ¢ reip ASTRRETBIUEE Wt an

nbi ent ._but. b .1 ed t . i.zed condition.
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then dried Q858 thd&iRhIEdcRfi B f an Bﬁ'}l/a)’ééhﬂk%gﬁrg,?ui‘cﬂ ﬁé‘caﬁ’g&g?ﬁl amount

of ionic inpurities.” The Intrinsic viscosit In an O.

N, N- di met hy hag@tasresariz&Pbdtditm. at 30C) of the aromatic polyanmide resin to
be used in the present invention is preferably 0.1 to 4.0 dl/g. Generally,
whet her the resin has a preferable average degree of polynerization or not
is determned by referring to the intrinsic viscosity. An intrinsic
vi scosity smal | eAftehthe abote slispensic inatmprtefherar@datheedyseidotesporiilferddn
formati on or poor exhibition of the properties for the aromatic pol yam de
resin. On eheuvwHsthaeard is additionatly neisked/vih du weter-solglle otgeare spleEndl /g i s
too high in the degree of , ) i i .

and thereafter optionally with water, and then dried to obtain the aimed aromatic

polyamide resin with a less amount of ionic impurities.

The intrinsic viscosity (measured in an 0.5 g/dl N,N-dimethylacetamide
solution at 30°C) of the aromatic polyamide resin to be used in the present invention
is preferably 0.1 to 4.0 di/g.  Generally, whether the resin has a preferable average
degree of polymerization or not is determined by referring to the intrinsic viscosity.
An intrinsic viscosity smaller than 0.1 di/g is not preferred because of poor film
formation or poor exhibition of the properties for the aromatic polyamide resin. On
the other hand, an intrinsic viscosity larger than 4.0 dl/g is too high in the degree of
polymerization and gives rise to several problems such as poor solubility and poor

capability of molding.

The values of m and n of the polyamide resin of the formula (1) thus obtained
depends on the feed ratio of the aromatic dicarboxylic acid having no phenolic
hydroxy group and the aromatic dicarboxylic acid having a phenolic hydroxy group.

The ratio is typically 2 to 200 and preferably 5 to 150 in a average value.



pol yneri zation and gives rise to several problens such as poor solubility
and poor <capability of nolding. The values of in and n of the pol yam de
resin of the formula (1) thus obtained depends on the feed ratio of the
aromati c di carboxylic acid having no phﬁ olic hydroxy group and the
aromati ¢ di carboxylic acid having a phenaolic hydroxy group. The ratio is
typically 2 to 200 and preferably 5 to 150 in a average value. -11-
According to the production process of the present invention, the resin

| ayer can be obtai ned by renoving the organic solvent fromthe varnish
containing the aromatic polyamde resin, the epoxy resin and the organic
sol vent. The epoxXyecerdgigto thprodueton tyecags efithepresantsinventionstheiresimbyecr i ti cal
as long as the epoxy resin has two or ~nore epoxy groups in one nol ecul e,

and i ncl ude 29 B¢ OBYHIFH DY reroRng Hrretigpnia selyprt fremp ghe varpish gontgingigsptienol F
type epoxy resin, a.phenol novolac type resin, a cresol ngvolac type epoxy
resin, a bi pHERGIC R BENdR sy Moty S phibi o se(tsahent y pEie oy n, A

bi ph I l. t i i.n, . [ i lic t .
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pol yam de r @5ty rcdiiea BabhHRI PYHIOGRRY Sl \WalreRb1 R fa@@}gﬁ:ﬁ@ﬂﬁtﬂ@r gal yam de
resin can bg}g;FJUfgteg fron1ﬁ%e co%tenfsq%f aning groups of tﬁe nmol ecul ar

ends and phenshé 6p8YesaxEsEl Uiphehd] tyfCeBRY 864 & tripherdyNBe@ARIRbe i S | ess

than 0.5 equivalent or nore than 1.5 equivalent relative to 1 equival ent

of the acti epodydsiagebiphenyl inogolavoyedpbey o aml el gidolc geedpphyskital
properties of the cured material could not be obtained.
These may be used singly or in combination of two kinds or more.

The amount of the epoxy resin to be used in the varnish is preferably 0.5 to
1.5 equivalents relative to 1 equivalent of the active hydrogen of the aromatic
polyamide resin. The active hydrogen equivalent of the aromatic polyamide resin
can be calculated from the contents of amino groups of the molecular ends and
phenolic hydroxy groups in the molecule. If the amount is less than 0.5 equivalent
or more than 1.5 equivalent relative to 1 equivalent of the active hydrogen, curing
would be incomplete and good physical properties of the cured material could not be

obtained.

Also, the varnish can contain a curing accelerator. Examples of the curing
accelerators which can be used include imidazoles such as 2-methylimidazole, 2~
ethylimidazole, 2-ethyl-4-methylimidazole, 2-undecylimidazole, 2-
heptadecylimidazole, 2-phenylimidazole, 2-phenyl-4-methylimidazole, 1-benzil-2-
methylimidazole, 1-benzil-2-phenylimidazole, 1-cyanoethyl-2-methylimidazole, 1-
cyanoethyl-2-ethyl-4-methylimidazole, 1-cyanoethyl-2-undecylimidazole, 1-

cyanoethyl-2-phenylimidazole, 2-phenyl-4,5-dihydroxymethylimidazole, and 2-



Al so, the varnish can contain a curing accel erator. Exanples of the curing
accel erators which can be used include i mdazoles such as
2-met hyl i m dazol e, 2- ethylim dazole, 2-ethyl-4-methylimdazole,
2-undecyl i m dazole, 2 heptadecylirridazoIﬁé 2- phenyl i m dazol e,

2- phenyl - 4- met hyl i mi dazol e, 1-benzil-2-" ¥ethylim dazol e,

1- benzil - 2- phenyl i m dazol e, 1-cyanoethyl -2-nethyli m dazole, 1-

cyanoet hyl - 2- et hyl - 4- net hyl i m dazol e, 1-cyanoet hyl -2-undecyl i m dazole, 1-
cyanoet hyl - 2hpind rirniethiybtazbhglro2ppétbyihidéz&edictiiady amineetioplasi?-dazol e, and 2
12- phenyl - 4- net hyl - 5-di hydr oxynet hyl i m dazol e, tertiary am nes such as 2-
(di met hyl ani(digrstHgninemetol)phaep! 2nd 1 B-dizza-bicydlo(5ot.8)uadedenerdepkasphines
phosphi nes such as_triphenyl phosphi ne, and netal conpounds such as tin
octyl ate. Tﬁééh%ﬁti“ﬁbenyéﬁ@éplé%taéﬁ ngftalFogipoppdsssugh pafip §ctyiatoe Gt cwdgat i ve

to 100 parts by wei f e aromati.c pol.yam resin i s . us i f
necessalroy. ?ﬁ@%ﬁ@&@%@iit%%gmaéwtw%g}ﬁa a?%?etopﬁgspé‘ﬁ? ler‘i‘(Fé%htiog%ecan
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conposition of the present invention, inorganic filler in an anount of O
to 90% by weight is used. Furthernore, rel ease agents such as a silane

coupling agent, $heasdxs r8&hdomBadifthd bEHRPrlentdhintiDheash 8hGorANY cofi@ih£i UM
stearate, and various conpoundi ng agents such as pignents can” be added

into the epaxyndrgsli®filePEpitifiovxfhplehef Mees@Bhinit MYIeRtdsedinchide swaani sh used
in the present invention is obtained by dissolving the epoxy resin and the

aronmat i ¢ pobpanhdend ede.n habeepdgdesih@umpbsitian obthganésensiabvsreinh, Exanpl es
of the solvents to be used include am de sol vents such as
~I - but yr ol attoegenss fillet-iman aydopyt ofd) fod¥lie by MRt idNydiddi Fettiyinoor, meleasde ( DVF) |
N, N-

agents such as a silane coupling agent, stearic acid, palmitic acid, zinc stearate and

calcium stearate, and various compounding agents such as pigments can be added

into the epoxy resin composition of the present invention.

The varnish used in the present invention is obtained by dissolving the epoxy
resin and the aromatic polyamide resin described above in an organic solvent.
Examples of the solvents to be used include amide solvents such as y-butyrolactones,
N-methylpyrrolidone (NMP), N,N-dimethylformamide (DMF), N,N-
dimethylacetamide and N,N-dimethylimidazolidinone, sulfones such as
tetramethylenesulfone, ether solvents such as diethylene glycol dimethyl ether,
diethylene glycol diethyl ether, propylene glycol, propylene glycol monomethyl ether,
propylene glycol monomethyl ether mono acetate and propylene glycol monobutyl
ether, ketone solvents such as methyl ethyl ketone, methyl isobutyl ketone,
cyclopentanone and cyclohexanone, and aromatic solvents such as toluene and
xylene. The concentration of solid content (the concentration of components other
than the solvent) contained in thus obtained varnish is typically 10 to 80% by weight

and preferably 20 to 70% by weight.



di met hyl acet am de and N, N-di et hyl i m dazol i di none, sulfones such as

t et ranet hyl enesul fone, ether solvents such as diethyl ene glycol dinethyl
ether, diethylene glycol diethyl ether, propylene glycol, propylene glycol
nmononet hyl ether, propyl ene glycol non gethyl et her nono acetate and
propyl ene glycol nonobutyl ether, ketoné€ solvents such as nethyl ethyl

ket one, nethyl isobutyl ketone, cyclopentanone and cycl ohexanone, and
aromatic solvents such as toluene and xylene. The concentration of solid
content (the concentration of conponents other than the solvent) contained
in thus obtained varnish is typically 10 to 80% by wei ght and preferably
20 to 70% by wei ghthe presegt iny¢tioneinprrdedatindusiriaflyifom therregin dwer po 2
industrially fo%nlthe esin layer on a netal foil, the _above varnpish is

di schar ged fRIRh It the Abgvsrermgh s discharged thomea Slpfaraing skt eHe thestusiacy oj | .

The coatin [LOCesses .in de processes .using a roll coater, a conma
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varni sh appl e9&“3@3%gz%ﬁ#ﬁ§$%%%éﬁnhﬁﬁpkggﬁéﬁ“ﬂay be performed under

reduced pressure or i rradiation. After renoving the
solvent, a netal foil is applied onto the surface of the resin, and the
resin layer is heated under an increased pressure at 150 to 250C for 0.1

to 10 hours to CUhéeiffg, theSkdunicNRinbis¥mbiel By AingdoAtlsgo SRaeT ibexi bl e
printed board. The thickness of the resin | ayer depends on the
concentr at i ¢re witnisihepdeliod thontemhtoil.n THepwaessisdy bopdiroeduader rahded s
typically 2 to 200 }rmand preferably 3 to 150 m Exanples
pressure or under infrared irradiation.  After removing the solvent, a metal foil is
applied onto the surface of the resin, and the resin layer is heated under an increased
pressure at 150 to 250°C for 0.1 to 10 hours to cure the resin, obtaining the aimed
double-sided flexible printed board. The thickness of the resin layer depends on the
concentration of the solid content in the varnish to be coated, and is typically 2 to

200 um and preferably 3 to 150 pun.

Examples
Hereinafter, the present invention will be further explained specifically with

Examples, in which “part” means “part by weight” unless otherwise noted.

Synthetic Example 1

To a flask furnished with a thermometer, a cooling tube, a fractionating tube
and a stirrer, under purging with nitrogen, 2.7 parts of 5-hydroxyisophthalic acid,
119.6 parts of isophthalic acid, 150 parts of 3, 4’-diamino diphenyl ether, 7.8 parts of
lithium chloride, 811.5 parts of N-methyipyrrolidone, and 173.6 parts of pyridine
were placed and stirred to dissolve them, and 376.2 parts of triphenyl phosphite were

then added. The mixture was subjected to a condensation reaction at 95°C for 4



Hereinafter, the present invention will be further explained specifically
with Exanples, in which "part" neans "part by weight” unl ess ot herw se
noted. Synthetic Exanple |I To a flask furnished with a thernoneter, a
cooling tube, a fractionating tube and 1qL_sti rrer, under purging with
nitrogen, 2.7 parts of 5-hydroxyisophthalic acid, 119.6 parts of

i sophthalic acid, 150 parts of 3, 4'-diam no di phenyl ether, 7.8 parts of
lithiumchloride, 811.5 parts of N-nethylpyrrolidone, and 173.6 parts of
pyri di ne wdrarpbabédr anchction soladon GA)bfsigullyenitihessjn. addto3iér@cpart s of

ti phenyl phosphite were then added. The mi xture was subjected to a
condensat i orfohgiaatAdritoftpags of weter v ereldroppesiat S0P G fabt hows and et wiestefsol ut i on
(A) of a polyam de resin. Into the reaction solution (A), 490 parts of

wat er were c#éfﬁbeda‘é?” pesaclen solunn @)ars sepaateddrio pamgucoys lpgsas ams ter t he

ti Lut i A . ted jnt |
| ayer  and_ areBPLar b 4 PASFRT B Lo PGl hys SOIRRLOSEREY | ayer vas
db ' t_of the dj d_wat 1,10 ts.
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dropped at 90C for 1 hour. pper l‘ayer S renove ecantation. The

amount of t e 18je Gk dadiciat ThereWB:, 144 PMRA W ster WHEIBPOMEWASHIRT BEEP Was
repeated 3 tinmes to obtain 1,600 parts of a treated solution of an

aromat i ¢ polfhanpae laggivhs rdilbsedi®} JarhEgos ol THd Rov st (H¥GRRRR‘kdWIa 3, 200
parts of stirred water using a dropping funnel, and particulates of the
aromat i ¢ polwsariildé puesi nTheatvereshipigtsedpachsanpeatdiel pmes tpoitaihdso0graets
filtered. Thus obtained wet cakes were dispersed in 2,400 parts of
met hanol , aréiatigetedpelptos efiasaontatio polyasiidasfein e @ hisqrol gantide salutidn ras
stirring. The nethanol was then ) , i

dropped into 3,200 parts of stirred water using a dropping funnel, and particulates of

the aromatic polyamide resin were precipitated and the precipitates were filtered.

Thus obtained wet cakes were dispersed in 2,400 parts of methanol, and the

dispersed solution was refluxed for 2 hours with stirring, The methanol was then

removed by filtration. Thus obtained wet cakes were washed with 1,600 parts of

water and dried to obtain 240 parts of the aromatic polyamide resin represented by

the following formula (2).

Hzmgo@m\ﬁﬁ—@fw@o_@ﬁ#
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Q Q
OH

The total amount of phosphorus contained in this aromatic polyamide resin

was wet-oxidatively decomposed with sulfuric acid and nitric acid, and was



removed by filtration. Thus obtained wet cakes were washed with 1,600 parts
of water and dried to obtain 240 parts of the aromatic polyam de resin
represented by the following fornmula (2). RN ONH /" i \ i-NHI \ p H
OI1I/ 01/ n OHd The total anmount of pho §horus contained in this aromatic
pol yam de resin was wet-oxidatively deconmposed with sulfuric acid and
nitric acid, and was 15- quantitated by nol ybdenum bl ue-ascorbic acid
absorption photonetry The amount was 550 ppm The intrinsic viscosity of
t he prepar edivapiifaiediby mpallyhdenudeblpesiooriiascidabs@ptibn ghgtdinetry.hyThecateuritde
solution, 300, the value of mwas about 39.2, and the value of n was
about 0.8. TS S38MPYe %l@@*@ﬁ@ﬁiﬁ%@y ahihc grepered gopranis palyayide sssjn was
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17 parts of Rb*’gpéﬁgﬁf,g}ﬁg@g&dtcg@@gg%ﬁ.a solvent, and by stirring and
di ssol ving them ~Test Exanple 1 e varni sh prepared by the synthetic

exanple 1 was applied in a thickness of 100 pmonto a rough surface of an
el ectrolytic copper foil having a thickness of 18
A varnish was prepared by using 7.50 parts of thus obtained aromatic

polyamide resin, 0.42 parts of NC-3000 (manufactured by Nippon Kayaku Co., Ltd.,
epoxy equivalent: 275 g/eq, softening point: 55°C) as an epoxy resin, 0.01 parts of 2

PHZ-PW (manufactured by SHIKOKU CHEMICALS CORPORATION) as a curing
catalyst, and 17 parts of N-methylpyrrolidone as a solvent, and by stirring and

dissolving them.

Test Example 1

The varnish prepared by the synthetic example 1 was applied in a thickness of
100 um onto a rough surface of an electrolytic copper foil having a thickness of 18
um using an applicator and was dried at 130°C for 30 minutes to remove the solvent.
The varnish was then cured at 180°C for 1 hour obtaining a single-sided flexible

board. No curling was observed at a room temperature after the curing.

No abnormal appearance was observed on the copper foil after boiling the
single-sided flexible board for 30 minutes and then making the polyimide surface

contact with a solder bath of 260°C for 30 seconds.

When the copper foil of thus obtained single-sided flexible board was

removed by etching and the glass transition temperature of the resin layer was



m usi ng an applicator and was dried at 130C for 30 mnutes to renove the
solvent. The varnish was then cured at 180C for 1 hour obtaining a
single-sided flexible board. No curling was observed at a roomtenperature
after the curing. No abnornmal appearancggwas observed on the copper foil
after boiling the single-sided flexible board for 30 mnutes and then

maki ng the polyimde surface contact wth a solder bath of 260C for 30
seconds. Wen the copper foil of thus obtained single-sided flexible board
was renovedlgustche glsaHansitien igmpemture 298P Un t Bige thetnaneombugtivdity esi n

| ayer was - 16 neasured, .th ass transition tenperatur s 235C. Wen

t he nonconbd’%qsiogﬁ?’.iv?‘ii/gas\%gn grijaga g@d‘oﬁﬁoﬁhéﬁnﬂélﬂtéﬂﬁésfdw?w
nonconbustibility was V-0 level. Exanple |I The varnish obtained in the
synthetic exanple 1 was applied in a thickness of 100 pmonto a rough
surface of gn.glgcirolytic copper foil having a thickness of 18 musing an
applicator an s dried at 130C for 30 mnutes to renove a solvent. An

el ectrolytic coppge vEQid JMaMhQGindhd BhekdiRRafblelBwiR %%r?ie& hedaalidels on the
surface of the resin, and the resin was cured at 18 for 1 hour wth

pressuri zi ngob andOntokAbEFRsuMch o RalBlectBd] @ cWRS Roil IR%R Nhiknassdull e- si ded

fl exi bl e board. The val ue of adhesi on of "t hus obt ai ned doubl e-si ded
f1 exi bl e boantusingan apARuledndwas daeP@er3oPitbr TERIdE beshotas advean.

JI S-C6471 standard, and was 2.1 kg/cm 17- CLAIMS 1. A process for
produci ng aAdozifdte] gidepped foxliHal mgprthivkedss bdd B dinc eapthesisngk tohehe surface
of the resin, and the resin was cured at 180°C for 1 hour with pressurizing to 30

kg/em® with a hot plate press, obtaining a double-sided flexible board.

The value of adhesion of thus obtained double-sided flexible board was
measured by a copper foil peeling test based on JIS-C6471 standard, and was 2.1
kg/em.



steps of: directly applying a varnish conprising an aromatic pol yam de
resin represented by the followng fornula (1), an epoxy resin, and an
organic solvent to a nmetal foil, renoving the solvent to forma resin

| ayer, and appl yi ng anot her net al foil_q?_the resin layer side and curing
the resin layer, HNAr3-GHHHHH 2 -%-~ -Ar'-11-NAra-N
OA2-1"-NAra-O~H (1) o (In the formula, mand n are average val ues, mtn
is a positive nunber of 2 to 200, n is a positive nunber of 0.1 or |arger;
Ar' and Ar 3 each are a dival ent aronmtfidMfi oup; and Ar2 is a divalent
aromatic residue having a phenolic hydroxy group.) 2. A doubl e-sided

f1 exi bl e prilnt ed ARraeess poiadodusin by dekde-pided @mbgfr profted heard c@mpmsing the

doubl e-si ded flexible printed board consisting of three |ayers, wherein the
three-layer§“@6ﬁ§ists of an insulating |layer conprising an aronmatic

pol yam de resin .havin .phenol i ¢ hydr ox roup and an epoxy resin, and
Mot al foil's proviHEH GRS R VePisleOBProRE TSt Mo fragEsesin
represented by the following formula (1), an epoxy resin, and an organic solvent to a
metal foil,
removing the solvent to form a resin layer, and

applying another metal foil on the resin layer side and curing the resin layer,
H H
mN—Aﬁ—ﬂmfﬁ—Aﬁwc—NmAé——N}f%~A&—c—ﬁ—mhmna~H ¥
o g m\Q (IZ!> n

(In the formula, m and n are average values, m+n is a positive number of 2 to 200, n
is a positive number of 0.1 or larger; Ar’ and Ar’ each are a divalent aromatic group;

and Ar? is a divalent aromatic residue having a phenolic hydroxy group.)
2. A double-sided flexible printed board produced by the process of claim 1.

3. A double-sided flexible printed board consisting of three layers, wherein the
three-layers consists of an insulating layer comprising an aromatic polyamide resin
having a phenolic hydroxy group and an epoxy resin, and metal foils provided on

both sides of the insulating layer.



