13 SEP 2005 DESCRI PTION TI TLE OF THE | NVENTI ON PROCESS FOR MANUFACTURI NG
PREPREG TECHNI CAL FI ELD The present invention relates to a process for
manuf acturing a high quality prepreg having high thickness precision,
exhibiting excellent formability, and suffering fromonly mnimal fall out
of resin powder. Particularly, a prepreg obtained by a process of13 BEP 2005
present invention can be suitably used for preparing substrates for
cel l ul ar phones, personal conmputers, Ranbus nenories, PDAs, and the |ike
for which high-frequency characP&FCRIPEIONre required. Background Art
Recently, as higher frequencies than before are used for |amnated sheets
for circuit boards and nultiple-layer circuit boards, the requirenents for
the properties of the materials wused for such boards have becone nore
stringentiIhBE: QF; THE INVENTION,it boards have conventional |y been studied,
articul ith re t to circuit _signal delays. Resins capable of
gontrolI?%égFﬁ%%%gﬁcgiﬁﬁfﬁﬁSHRQNFeBBEFBE in the dielectric constant of
circuit boards and the increase in the thickness precision of the
substrates after fabrication have been devel oped. The thickness precision

of a sugigégﬁggggééiggées wi th signal delays, and the square root of the
di el ectr ' 5 constant correlates with the signal del ays.
Therefore, i eas] h ' ss._precisigon_of a suhstrate is an
i nport ant suﬁ?g%tSf%ggﬂ%s§ggghﬁgggf?%@ngFokgrSvpﬁgcggﬁvgﬁfional pr epr egs
w th high, sUPstf@fend hi CKRERS cLSi : : resins
inpregnat%d gnd cur%@ %nﬁgﬁgsggaig%grsgﬁpgﬁg %gggé8¥%%§§c§b%%%%eégly poor
subst T at gr & £kBRS SexRIBSE $hQNe£@B1 DEnBCRLENSH 11k the pr ess
facilityﬁfs not useﬁ. In adgi?ion, rgsin pomdér rgadﬁpgmggFF%¥$§gm
prepregsfrom only minimal fall cut of resin powder. Particularly, a
prepreg obtained by a process of the présent invention can be
suitably used for preparing substrates for cellular phones,

personal computers, Rambus memories, PDAs, and the like for

.which high-frequency characteristics are required.

Background Art

ﬁecently, as higher frequencies than before are used for
laminated sheets for circuit boards and multiple-layer circuit
boards,. the requirements for the properties of the materials
used for such boards have become more stringent. Materials for
circuit boards have conventionally been studied, particularly
with respect to circuit signal delays. Resins capable of
controlling impedance through a reduction in the dielectric
constant of circuit boards and the increase in the thickness
precision of the substrates after fabrication have been
developed. The thickness precision of a substrate correlates

with signal delays, and the square root of the dielectric



when the prepregs are cut or bent during handling. Such a resin powder
adheres to copper foils and causes circuit defects. Methods for inproving
the substrate thickness precision have been disclosed in Japanese Patent
Applications Laid-open No. 123875 /1978, No. 142576/1979, No. 168uUBSEPLEGS,
and No. 119836/1992. Japanese Patent Applications Laid-open No. 123875
/1978, No. 142576/1979, and No. 119836/1992 di scl ose prepregs containing a
conpletely cured resin |ayer and a partly cured resin |layer. The

di rensional stability of |am nated boards has been inproved by using these

met hods. &owevght tHESE18BLEOGShhaNE %3599' 8&9&536%5&&8{&“6 resin

| ayers at the interface of a conplete cured re | 'ayer and a partly

cured resifcléy€ing YROMNLEEKIAEENHroPPLi6At bENalaiHsePEReNs 48438/ 1988
di scl oses a prepreg conposed of resin layers having a different reaction

rate. Thi bmpettagt psebjees. ont yhagspééhcaent ichllBr eyepesyibe the
di mensi onal stability when applied to the fabrication of |am nated boards.

I n addi ticomvéheiond hakemegcaith Wigh ahikyt ity aldskineddpreaighiosl ot h,
resulting in inpaired long-termreliability. 2 13 SEP 2005 A net hod of

| nprovi ngdddeterilhveroutf afetihe pesders imperégnkited andncpired ¢gs guaes
bendi ng the substrates has been disclosed in Japanese Patent Publication
334/ 1994. L ither JarimgsprePatfair kAt iant | Onl33ded e ShbEtopaseshdckaelbsd of
melting the parts fromwhich resin powder may readily fall out or the
parts t PYRttHlemearebenapoieeed ok thecoawestt bypedreds fawgh itthi s net hod
can prevent production of resin powder from prepre t he nmet hod has

S,
probl ems Qe Hsgd -dEn Addiitigrof r@ﬁéﬂqué%?mrﬁﬁéilﬂog%lﬁiﬂ@m psgpregsent of

i nvest ment_ f or eﬂg% ment, and an increase in the nunber of ﬁrocess st eps.
863

Ther ef or é“,’l?eafht PHFIT RE SpFUS &t PPRT St WP hendd ipdovi d8ch2 Fesdass for
o oduct i GPBTT ATRERENAT SOPBEha AL Bt (SR PR cC LFPBBE( FBREGBRGS fn the
Inner | ayers, ﬁéfﬁ%éé(ygglfmgroving the substrate thickness precision
have been disclosed in Japanese Patent Applications Laid-open
No. 123875 /1978, No. 142576/1979, No. 168438/1988, and No.
119836/1992. Japanese Patent Applications Laid-open No. 123875
/1978, No. 142576/1979, and No. 119836/1992 disclose prepregs
containing a completely cured resin layer and a partly cured
resin layer. The dimensional stability of laminated boards has
been improved by using these methods. However, these methods
have a problem of peel-off of the resin layers at the interface
of a completely cured resin layer and a partly cured resin layer.
Japanese Patent Application Laid-open No. 168438/1988
discloses a prepreg composed of resin layers having a different
reaction rate. This method provides only insufficient
improvement in the dimensional stability when applied to the
fabrication of 1aminated bpards. In addition, the method may
cause migration of voids in the inner cloth, resulting in

impaired long-term reliability.



out, and exhibiting excellent formability. D SCLOSURE OF THE | NVENTI ON In
view of this situation, the inventors of the present invention have
conduct ed extensive studies and have found that a prepreg having high

t hi ckness precision, free fromproduction of resin powder by bendiyngﬂﬂﬁ
the like, free fromvoids in the inner |layers, free fromflow out, and
exhi biting excellent formability can be obtained by a process conprising a
step of inpregnating a glass fiber substrate with a solvent, a step of

[ ti h I -1, t I fib bstr at ith
o8 n 2 of epPoleRsh G P SRBS it Erail Bt ohes b aBe RPber Subitrate
d 1 [l digt.] 3 005 furt i ti th

epoxy T egr o ErBN EEbA BreBrbRahln by i A Bttt BB B hecrn
h b q ' i . f [

s DETACUETdscH Ly PEnEROL LSt Byt R B0 R 008 s bR ese
condi ti oparetRepabD iEAT18AONY 47950 H2BELLER LahErhBal BR hENELng RYET |
85% or nore and the epoxy resin reactioh rate in the outer ayeP I'S™ 60% or

| ess. Thggetki pebRGm NaY e els§%h pOwhiBE &ldiay Qfaltthup.][cﬁs%'Ne gm{g“t i on.

Specifically, the present invention provides a“process of manufacturing a
prepreg €8MPhieéhN8héaredint BBwREri RS CHBAGMATa B gL A . A@Ehoﬁghstch%e wi th
a solvent, (b) a step of inpregnating the solvent-inpregnated gl ass fi ber
substratmephbll epaxpreeeht, ptefuatibapoef rbeahi pawlibe €peXYprepriys,

i npregnated gl ass fiber substrate to forman inner |ayer which hasS no

i nterstithke mdihadshap mfol Lemd erud s dgealaitng iirhe cdpeppxyesesinnpaegnat ed
gl ass fiber substrate, in which the epoxy resin has been cured, w th epoxy
resin, abhd meltangtepeghikeatenig athdnvestmerdbtfnnesgqeporgnt, and an
resin-inpregnated glass fiber substrate to forman outer |ayer on at | east
one of thBCEEaES an the numher |ofy Mrockss dtenshe epoxy resin reaction rate
in the inner |ayer is 85% or nore_and the epoxy resin reaction rate in the
outer |ayer i ¥heOHEOr el 3% CPERCE DEBERTER &R AP VA ioAke NePFPyide | is a

fl ow di agram show process steps for nanufacturiqg t he pregre of an
embodi oAt PEPCERS PPESBRFUEAGEMIIDE A Preprey having high’thickiess

precision, free from production of resin powder by bending and
the like, free from voids in the inner layers, free from flow

ott, and exhibiting excellent formability.

DISCLOSURE OF THE INVENTION

In view of this situation, the inventors of the present
invention have conducted extensive studies and have found that
a prepreg having high thickness precision, free from production
of resin powder by bending and the like, free from voids in the
inner layers, free from flow out, and exhibiting excellent
formability can be obtained by a process comprising a step of
impregnating a glass fiber substrate with a solvent, a step of
impregnating the solvent-impregnated glass fiber substrate
with epoxy resin, a step of heating the epoxy resin-impregnated

glass fiber substrate under specific conditions, a step of



4 13 SEP 2005 DETAI LED DESCRI PTI ON The process for manufacturing the
prepreg of the present invention wll now be explained referring to Figure
1. Inthe Figure 1, the prepreg manufacturing device 12 conprises]fBEp 005
unwi nder | which unwi nds a glass fiber substrate, a first accunul ator ”a,
a solvent inpregnation apparatus 3, a solvent inpregnation region 4, a
first resin varnish inpregnation apparatus 5, a first drier 6, a second
resin varnish inpregnation apparatus 7, a resin anount control equi pnent
8, a second drfugthep Impregnating thecepaNyaresin-mpregaatedagliash diber bstratge e

t d in that f th t to d
The Stop (3) CONPISERE SRRDHSSRGhE et Fhisey "aibLTs SPEChresofd Al nder
1 and i ti ng. t h I ' e j |
vords in the  MORnE IO BR%OtkED SURY TG frbbhdled B ibe! BySRRLESSS

gl ass fiber Sub&&d&tsﬁeé’i,ﬁcfétrndiﬁefﬁmf}?ereiﬁ%%p%?&ésiﬁirleséti&ubaé iRt frder
prepreg can be used "as the glass fiber substrate 2. A conventionally known

thread openi ndayeent $6%it oramdra andnkeegexy resie neactmmorditadn theanteeddyearay be
preferably carried out to increase epoxy resin inpregnation in the inner

| ayer, ensuringd@nar dessur dhese fndings dape dpd dgsthe( eemplaticsy ofdhe peeseat | ed

"voidless"). The thread opening treatnent used in this specification neans
a treatnent usiWYePUORi gh pressure water jet or the like to | oosen warp

yarn and weft T%@E&ﬁ‘;:?fg? g%t }Blgzgerw ﬂﬁ%nfibﬁ’%oﬂﬂ%?%@&c@?%f%ﬁ%c%ﬁl W dt h

bet ween them corvet'gel ent removing treatnent 1s a treatnent to
renove bi nder S1p19:lpk’@g08@|hﬁfi'sﬁig3(,a andlep BE ilnbk@rratihg aSEHRsL Giber cobstent watkah | y
used when a glass fiber substrate is woven and to reduce the content of
t hese mat eri al ssdleent, () taistef @feimpregnating dh¢ exdvariammegnaied, glass diber
solvent used in a step (a), dinethyl fornamde(Ei!.VF}z, . :
substrate with epoxy résin, (c) a step © eating the epoxy resin-
impregnated glass fiber substrate to form an inner layer which has no
interstice, (d) a step of further impregnating the epoxy resin-impregnated
glass fiber substrate, in which the epoxy resin has been cured, with epoxy
resin, and (e) a step of heating the lastly obtained epoxy resin-impregnated
glass fiber substrate to form an outer layer on at least one of the sides of the
inner layer, wherein the epoxy resin reaction rate in the inner layer is 85%

or more and the epoxy resin reaction rate in the outer layer is 60% or less.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a flow diagram showing process steps for manufacturing the

prepreg of an embodiment of the present invention.



met hyl cell osolve (MCS), nethyl ethyl ketone (MEK), and the |like can be
given. O these solvents, DMF is preferably used due to easy control in
t he manuf acturing process, excellent inpregnation in the glass fiber
substrate 2, and easy replacenent with an epoxy resin in the late { gtep
The tinme required for inpregnating the glass fiber substrate 2 w kPhzgps
solvent at this step is preferably 0.1 to 1 mnute, and nore preferably
0.1 to 0.5 mnute at roomtenperature. If the inpregnation tine is |ess
than 0.1 mnute, inpregnation of solvent becones insufficient. An

| mpregnatpepati BB hRBERKkpTHARAN one minute requires a large and conplicated
facility Tor tThe solvent ITnpregnhation, giving rise to increased production

cost. Dip coatr_mgg?&@ésgq@sf %nﬁ%ﬁdﬁd%%ﬁéﬁ?e@%a?'d?&ﬁé predgfthod for

i npregnating the glass fiber substrate wit solvenf. After the sol vent

i mpr egnat i pVeR€ €61 A NDL tiow e Skl alidded 2B¢Refingetbnpiggpati onwicdde

i nner layer with the epoxy resin according to the step (b), the substrate
i s prefermbyyrpassethet prepgbganaaufastueanyl device0 12 FHohprdsed ah

tenperature |ower than the boiling point of the solvent used in the

sol vent umpimgent i onhacnoudwngdsoat heaskegibay, spbetenak,y aatf irgast 50C

| ower than the boiling point of the solvent used in the sol vent

i mpr egnataorumetatdrnigld 0 at Selserp (G regriatsiqn apedinat useBpsa Galle3®P 2005

the solvent to honogeneously spread all over the glass fiber and ensures a

voi dl ess impreegnayeen regéent A sasbsstaresis vpasdsd timpoeghnatiienair

stream an excess anount of solvent is renoved by a collecting rod or the
like so t?@@a¥%%u%n%un? fFﬁﬁﬁdﬂﬁ#@Fysbeﬁoﬁ@CPﬁé Feepn( FRIBdSSnes 16 to 25
parts by wei er 100 parts b i ght of the glass fjber substrate. If

there %%% 193 rafug wénifestlﬁea%%%%s‘?%t%%]r VEHHLRRERY By od

to th d i h t
over o ISP YRR uren 0 e S 4 e Tl o hch 2 RS 100) | Thi s

acconpanl'ﬁ?eyg%%%arxaaq{ueses are arranged in that order from the upstream

to downstream.

The step (a) comprises unwinding glass fiber substrate 2
from the unwinder 1 and impregnating the glass fiber substrate
2 with a solvent to decrease voids in the target prepreg. There
are no specific limitations to the glass fiber substrate 2, for
example, known glass fiber substrate for prepreg can be used
as the glass fiber substrate 2. A conventionally known thread
opening treatment and a convergent agent removing treatment may
be preferably carried out to increase epoxy resin impregnation
in the inner layer, ensuring manufacture of voidless prepregs
(hereafter may be called “voidless”). The thread opening
treatment used in this specification means a treatment using
a high pressure water jet or the like to loosen warp yarn and
weft yarn forming the glass fiber substrate and expand the width
between them. The convergent agent removing treatment is a

treatment to remove binders, glue materials, and the like



probl ens such as easy production of voids and the like. In the step (b),
the solvent-inpregnated glass fiber substrate 2 obtained in the step (a)

i s passed through the first resin varnish inpregnation apparatus 5 t
inpregnate the glass fiber substrate 2 with an epoxy resin. Exanpl%%§gﬁ2mﬁ
epoxy resins used in the step (b) include, but are not limted to,

bi sphenol epoxy resins and novol ak epoxy resins. The epoxy resin is used
in the formof a varnish formed by dissolving the epoxy resin in a solvent
whi ch preferably has good solubility with the resin. A poor solvent may

al so be Ué@ﬁvéﬁtibﬁaﬂ&eﬂée&%’i@niaflg'l%s%d‘f%?o%‘% sﬁEE%‘iBlteAﬁQixLén‘/ﬁ@ﬁ Shgh as a

curing agent, curing catalyst, fill%er, surfactant, silane coupling agent,

and the |tkeréaicbeth@ptbrbaht Yo fddesse Ther &i 1B £ 00y 4 &b F 041 4 MPEGGNAt i ng
the glass fiber substrate 2 with the epoxy resin is preferably 0.1 to 1

m nute, asdglote pestetdhhy0Q1lwk@.0.5 minute at roomtenperature. If the
I npregnation tine is less than 0.1 mnute, inpregnation of the resin in

the width direasisolwentotsbe ih 43s66P (H05dineRag1epssmanildeNs@ENAL i on
time longer than one mnute requires a large and conplicated facility for

t he var ni séthyinmeddrestalore (BCS) ponatilgd ohyldeasnes (MERJUGEndRhedsike The
step (c) is a step of heating the glass fiber substrate 2 inpregnated with
t he epoxycarsie diven f Ofsthdseesobvents prDNF dris preferatdiynusadeduehich has
reacted to a certain extent. In this step, voids remaining in the cloth
are renovedsyycebpradi ag theemgonfestuwing preocessni sixcaident heating. This
procedure, increases the reaction rate of the epoxy resin in the inner
| ayer tolBBUFBR2EBPR ARdthBkEdaERe fikger subpdraks desnd tdasmeby
| mprovi ng tﬂf t hi ckpess Erecision of the resulting prepreg and preventing
product i oFelRFAFEREAT pBRABr ADTREOKE AL FRd N dfid thiCodSt Xy SYSRef I Yime0 t o
200C for % to.? gﬁputes. | f the heg%iq& te ratur?FJs Iomﬁr thﬁn 140C, it
takes too FIRY ? - Theé "HEEA NS 48 Joa"f'ﬁ_ FEFM dFAYS AgWEERPRcal e
producti Oélol\;@ﬁ{'.l i1 €R1s lgtégeié eprg.pgf@}a%fy '5. P'&?elr rrEihnau ez,ooa%d tnfll)ereepoxy

preferably 0.1 to 0.5 minute at room temperature. If the

impregnation time is less than 0.1 minute, impregnation of

solvent becomes insufficient. An impregnation time longer

than one minute reguires a large and complicated facility for

the solvent impregnation, giving rise to increased production

cost. Dip coating, kiss coating, and ~he like can be given as

a method for impregnating the glass fiber substrate with a

solvent.

After the solvent impregnation according to the step (a)

and before impregnation of the inner layer with the epoxy resin

according to the step (b), the substrate is preferably passed

through an air stream for 1 to 5 minutes at a temperature lower

than the boiling point of the solvent used in the solvent

impregnation according to the step (a), preferably at least 50°C

lower than the boiling point of the solvent used in the solvent

impregnation according to the step (a). This procedure helps



resin may be denatured, giving rise to inpaired properties of the
resulting | am nated products, particularly in terns of heat-resistance and
wat er - absorption resistance. If the heating tinme is |less than one m nute,
voids may remain in the inner layer; if the heating time is |onget3 SERRQS
five mnutes, |arge production facilities may be required. In view of
conpatibility of the productivity and voids renoval, desirable heating
conditions are heating tenperatures of 160 to 180C and heating tinmes of 1
to 4 mnutes. The reaction rate of 85%or nore of the epoxy resin in the

nner | ayehe 18%108htNE6CASABLEYcoRE1ISIERUSE L [BbSL SIRE (fdss tinds

sufficient that this target 2 I matel y attal ne

prepreg ajh&rehBfrkat 5&?9@8@%§Fe§nn§EGEa§§}-. thfté‘f?i(%ﬁsl Lﬁ%&ﬁﬂé( of

the epoxy resin (R) and the ass fiIber~substrate e 1 nner |ayer

is 0.43 OpafBed, th2B8HgR’ €h&rabt s tirélR O-ad el e2s4dmodReCh Ei §&1 damt L8
anmount of epoxy resin should preferably be 43 parts by weight or nore for

100 part sréyowedghy af coheeghtdny fideelors Wi natke Jdd tH aAREIHmow{t epoxy

resin is less than 43 parts by weight, inpregnation of the resin in the
gl ass fi bermedhatedyebéforaad@seep, (1) beodmeki 5& tho2 R pardts B westithg
strand voids. If such an inner layer is dried and cured, and an outer

| ayer is pentkdl erts by weight bAyehe glaisds fiibetrheubkorhteanhbttlere
sufficiently renmoved. The reliability of the fornmed | am nated boards may
be i npai rkelan exchessamguritdpf sdbvepbxtheesknes spve godiverhiy i a s rf st
substrate 2 is passed through the second resin varnish inpregnation

appar at usover okof thehsesiigpvegnasiomsed time thsowten déin, Makdmahyitan out er
epoxy resin layer is formed on_at |east A one side of the inner |ayer. The
further ePBXGSFBEYnLO KEFEYRalthon cXCESE ivfe SaEFRAER ithfedtiad (¢)
according to the pr,es%g% I nvention ensures the configuration conprising an

s g
i nner | ay@PEFRALRANCAD: hESr 48P dF 'hasTPLEcRE0RHPRBLEScBPEESATaR ent and an

outer lay]gxr'ogfe%ts lsggﬁt agn(eaassgrd%r%fdug%elolnn% vlo%%lesr and the like.

In the step (b), the solvent-impregnated glass fiber
substrate 2 obtained in the step (a) is passed through the first
resin varnish impregnation apparatus 5 to impregnate the glass
fiber substrate 2 with an epoxy resin. Examples of epoxy resins
used in the step (b) include, but are not limited to, bisphenol
epoxy resins and novolak epoxy resins. The epoxy resin is used
in the form of a varnish formed by dissolving the epoxy resin
in a solvent which preferably has good solubility with the resin.
A poor solvent may also be used to the extent there is no adverse
effect. Additives such as a curing agent, curing catalyst,
filler, surfactant, silane coupling agent, and the like can be
optionally added. The time required for impregnating the glass
fiber substrate 2 with the epoxy resin is preferably 0.1 to 1
minute, and more preferably 0.1 to 0.5 minute at room
temperature. If the impregnation time is less than 0.1 minute,

impregnation of the resin in the width direction may not be



There are no specific limtations to the epoxy resin used for the outer

| ayer. Bi sphenol epoxy resins, novol ak epoxy resins, and the |ike can be
given as exanples. The tine required for inpregnating the epoxy
resin-inpregnated gl ass fiber substrate with an epoxy resin in thild SEP<ps
(d) is preferably 0.1 to 1 mnute 9 13 SEP 2005 at roomtenperature. |If the
I npregnation tine is less than 0. 1 mnute, the resin may not be

i npregnated in the width direction. An inpregnation tine |onger than one
mnute requires a large and conplicated facility for varnish inpregnation
so t hat ' s A [ LN | % i '
inpregnatggﬂggg%%gggfab ngﬁ%ﬁg%?%b%%ﬁoggmﬁi%ﬁ?ég?nigggwﬁgg EEPE Ebtivity .
The anmoun £ s [ e n t r;

cqui prent ST SEeR 8 7agEraRaTtbRpN GCabkd TaciTiRy I Ui A

Speci fi cajhyrefh8ti68), n?iwﬁat r$88 B8 §aBiealkkad prdgddis dinR it the resin
anount control “equi pnenf 8 and passage position of the glass fiber

substrate 2. Foheexasplie) s Brepep®f Mebbing vikigualsent i BEE uHseitd esin
anount on both sides can be obtained by paSsing 'the glass fiber substrate
2 t hrough2 t hepregniait €d ofi tlhe lpaepeixy kesiesiin anpipbtcaniesl 6 egwi fymat 8.
The step (e) consists of heating the glass fiber substrate 2 inpregnated
wi th the aspepoxesiasimlaysecehicirhas $edatddrtm aavepthén epoaytl el n

| ayer. The reaction rate of epoxy resin in the inner |layer and the outer

| ayer is Bh$® sddjpusveddsrandining ép. thidhelbtht ang remadicd by eplaqiref er abl y
140 to 200C for_ 1 to 5 mnutes. If the tenperature is |ower than 140C the
product i vik§ $alpent; withhtheevarnagh2eod, byhseetingg Mst ipgrocedyrer oceed
unnecessarily and the epoxg,resin may be denatured, _giving rise to

i npai red prOpRREPES NG reactieB NAtsglItdiR AEPEY refidHiBithe pRPEECKAYET Y in
terns of heagéresistance and ter-absqorption resistance. |If the heating

time is |'ERs8PhafT BALEnfRG: BakERet8E BESET 1BYEIN YO mitRET R ect i on

™Ry becof UGYRD.« A HIG Khesll HELEYL L oh% PIIMEE BT 8RS o BEAL itk 10

preventing production of resin powder. The heating conditions

are preferably 140 to 200°C for 1 to 5 minutes. If the heating
temperature is lower than 140°C, it takes too long for the
reaction rate to reach 85%, requiring large scale production
facilities. If the temperature is higher than 200°C, the epoxy
resin may be denatured, giving rise to impaired properties of
the resulting laminated products, particularly in terms of
heat-resistance and water-absorption resistance. If the
heating time is less than one minute, voids may remain in the
inner layer; if the heating time is longer than five minutes,
large production facilities may be required. In view of
compatibility of the productivity and voids removal, desirable
heating conditions are heating temperatures of 160 to 180°C and
heating times of 1 to 4 minutes. The reaction rate of 85% or
more of the epoxy resin in the inner layer may not necessarily

be achieved in this step (c). It is sufficient that this target



13 SEP 2005 tine in excess of five mnutes requires large facilities. From
the viewpoint of the productivity, desirable heating conditions are a
heating tenperature of 160 to 200C and a heating tine of 1 to 4 mnutes.
The prepreg of the present invention can be preferably used for 13 SEP 2005
copper-clad | am nated boards and nmultiple-layer print circuit
boards(hereafter may be called "multiple-layer boards"). Wen the prepreg
is used for insulating the circuit Jlayers in nultiple-layer print circuit
boards, the weight of the epoxy resin per unit area in each outer |ayer
shoul d ptefgr : t ' : | owi ng
Formi a e Teeaa JE R e R i B e R TR

wei ght ofsggﬁ (3§Ln per unit area of the outer layer (g/cn2), b is the
anount of residual copper (% in a circuit layer facing the outer |ayer of
the prepreg, crhadieayhe fdeiot hR?M‘Gﬁofnihéfeﬁ&@thé@m_t(I@PQD&[ |, and
dis the specific gravity (g/cnB) of the outer layer resin. If the weight
of epoxy giass PHbedBubStraré (¢ NEPWHRY inhdyelayerl @5S0t hanok heord) ue A
the amount of resin in the outer layer is insufficient so that enbeddi ng
of the ciandipsefenalslytfrdme 0.5dequatep.i pgeedtieallhantie Sivownt tdfe ot her
hand, the anobunt of resin in the outer |layer is excessive, resulting in

an i ncr easpdxy|m@s ouishamldnprdfieratly herdd pgropebatwaightwbircahorgifices ri se
to inpaired thickness precision. The effect on 11 13 SEP 2005 flowout in
di f f er ent 180 rrAX s biyawehght el $dweegioppefibesisksitrata edfi thé amounicor di ng
to the circuit patterns. Therefore, the anmount of resin can be sujitably
det er mi ne@fi ePeXE EBBIVR FankrkSs g KRS rhihge FBT + ARSI IS epoxy
resin per unit area |n the guter |ayer is between 1.1A to 1.4A . The

resi dual ebgf¥t refarelp R Adpest EiPeRS YRS ITATtUdE DICPRRIEFEc ItV idt%®a

f or med . . . . .
rise to a risk of leaving strand voids. If such an inner layer

is dried and cured, and an outer layer is coated over the inner
layer, voids in the cloth cannot be sufficiently removed. The
reliability of the formed laminated boards may be impaired.
In the step (d), the epoxy resin-impregnated glass fiber
substrate 2 is passed through the second resin varnish
impregnation apparatus 7 for further impregnation of the epoxy
resin, whereby an outer epoxy resin layer is formed on at least
one side of the inner layer. The further epoxy resin
impregnation after the above-mentioned step (c) according to
the present invention ensures the configuration comprising an
inner layer in which the reaction has proceeded to a certain
extent and an outer layer on at least one side of the inner layer.
There are no specific limitations to the epoxy resin used for
the outer layer. Bisphenol epoxy resins, novolak epoxy resins,
and the like can be given as examples. The time required for
impregnating the epoxy resin-impregnated glass fiber substrate

with an epoxy resin in this step (d) is preferably 0.1 to 1 minute



in the inner circuit layer of a nmultiple-layer board. When coating and

| npregnating the outer layer resin on both sides of the inner |ayer, the
anount of epoxy resin applied to the different side of the inner |ayer may
not be identical. For exanple, when copper foil surfaces on which qgngQ@E
| ayer is provided have different copper residual rates, the thickness 0o
the outer | ayer may be controlled according to the copper residual rate.
Specifically, the amount of resin applied to the surface with a high
copper residual rate may be smaller than the anount of resin applied to

the surfage %nl{' t%inip]@gact‘?ﬁ@ar fr%%d#@ré £eidh Wi 1g JLEEeLRM @Anpunts

of resintot rent sides o e outer |ayer ensures reduction of

the f1ovppuht@MUHY red¥WEmdPhBt Nk tRBrhARLEE LA thiztw PAEARNredtMANL T ON

with a copper foil, the amount of resin i'n the outer layer can be _
det er m negh apmer 84ASt L6nt HEmE DG eF CERAN @hd Mindié et ftde dMixgrfEcopi c
pits on the roughened copper foil~ surface. To produce the two outer |ayers

each havi gdacempiecated ABENE LYl FORO¥Mrh@shN imbeg@ladsor iseerttbstrate
may be passed through the one side of a resin anount-controlling device 8

whi ch renpyeduetlienges nAimderedl Thei Bifeodnt katich ddet axrfisnmid he ot her
side. 12 13 SEP 2005 The reaction rate of the epoxy resin in the inner
| ayer animphegnated liayprefarahgéypfepmed.af tohé .pr edanitd nrentiesn afs
respectively brought to 85%or nore and 60%or |ess by performng the
above st egpsodugtivity) The amauntraeresAnprapbegonthobledityf themesigact i on
rate in the inner |layer and the outer |ayer can be formed by suitably
sel ect i ngeneenheantiplceadipRent &f suchassk sgueezaandlina seapaknife,
| mpregnation of the glass fiber_ _substrate with a solvent in a proper and
suf fici erff dighdiikg -~ $BPF&REB2HYIYr chtadERT 2BPUPReCaBI RR MOTALH 164 epoxy
resin, aqg fornatiog,oL t he puter and inner Iaéets bﬁFeEOﬁ¥ resins with a
di T f er entPY d& %P PLt ERGCTH HY APPAD FETBFELeREULRPERT BN RAREIe
' et overreg(gsg iéglocf(%?xsesgfésegl e sgfag%%g%epf 9%“001:t 'e?cgmple, a prepreg
with an equivalent outer layer resin amount on both sides can
be obtained by passing the glass fiber substrate 2 through the
middle of the gap of the resin amount control equipment 8.
The step (e) consists of heating the glass fiber substrate
2 impregnated with the epoxy resin in a second drier 9 to form
an outer epoxy resin layer. The reaction rate of epoxy resin
in the inner layer and the outer layer is also adjusted in this
step. The heating conditions are preferably 140 to 200°C for
1 to 5 minutes. If the temperature is lower than 140°C, the
productivity is poor; if higher than 200°C, the curing reaction
may proceed unnecessarily and the epoxy resin may be denatured,
giving rise to impaired properties of the resulting laminated
products, particularly in terms of heat-resistance and
water-absorption resistance. If the heating time is less than

one minute, the degree of curing in the width direction may

become uneven, making it difficult to produce prepregs. Heating
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of resin powder, and provide a voidless prepreg. If the reaction rate of
the epoxy resin in the inner layer is |less than 85% an increased anpunt
of resin flows out during heat formng, resulting in inpaired thickness
preci sion. On the other hand, if the reaction rate of the epoxy rt38EP 2005
the outer layer is nore than 60% adhesion with the other |ayers may
becone insufficient when used for nmulti-layer boards, such as copper-clad
| am nates and nmultiple-layer printed circuit boards, resulting in

i nadequate formability such as insufficient enbedding of resins in

Ci roui tS. - BREAUPBxLA8 o BRCF 1vd MGHarRRO¥LaLeTeD 1 BrbBOr Rl £ELR] od MG ON has

been cure nore advanced degree, t prepreg exhibits only | ower

Fluidity + g0dilegsd idEeEidR pfodbiet i PDeEy, | M1 Reh 81 REREHAG: i diyever,
the provision of "the outer layer epoxy tesin having the réaction rate of

60% or | egfe Cameat {hgi €hp¥rachieverti Neoobbegow alndl h hedti i) Wime

enbedding of resin in"the inner |layer circuits and adhesion wt ot her

| ayers i nofhe €8se mintdksipl e-1 ayer boards. More preferably, the reaction
rate of the inner |ayer epoxy resinis 90 to 95% and that of the outer

| ayer epoxy reBhé prepried of 20 pinesbnpdnviesit iar gapned prebeeabegaiseah rates
for the inner layer and outer |ayer being respectively 90 to 95% and O to
20% |f tiferreappepnciatietaminatetihbnarids ambndvewirtdfpdreadllayenr gt not only
can the thickness precision be increased and resin powlder production be
prevent edsibcuibl boafeihevcadterhmayr bei gaddmdpd myddvigriteed agtex f or mabi l ity
can be inproved. In addition, if the reaction rate_of the outer |ayer
epoxy resheards”p.t Fpensthenbsgnreg b5 usrd e Ansplakéngnblee Jim@rit
circuits _in the case of nultiple-layer boards can be inproved, .saving the
anount of 13¥RrH ipdletPiorlaypedf Ht il hrdtdss the NEIRPY &F n.

This results in increased thickness precision In a prepreg.,in ich the
reaction 1F%{‘Pe""B‘f”"-’(h\E‘a?r"1ﬁe}5":"Fa§}Btheﬁfi%}‘ 1ne gARN QuksE gsa rg%tl’%u]\rlggqui red in

the present {nVent}Ofeohy chfed ShUA EnbAYel o SP% oliihdd 1By R On rate

following formula and less than 1.5A.
A=(1-b/10%)xc/10°xd (1)

wherein A is the weight of the resin per unit area of the outer
layer (g/cm’), b is the amount of residual copper (%) in acircuit
layer facing the outer layer of the prepreg, c indicates the
thickness (um) of the circuit copper foil, and d is the specific
gravity (g/cm’) of the outer layer resin.

If the weight of epoxy resin per unit area in the outer
layer is less than the value A, the amount of resin in the outer
layer is insufficient so that embedding of the circuits tends
to be inadequate; if greater than 1.5a, on the other hand, the
amount of resin in the outer layer is excessive, resulting in
an increased flow-out amount during a forming operation, which

gives rise to impaired thickness precision. The effect on
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flow out of resin increases and the substrate thickness precision is

I npaired. The reaction rate in the present invention can be determ ned by
differential scanning calorinmetry (DSC). Specifically, the reaction rate
can be deternined by applying the exotherm c peak areas due to th&SESE05
reaction of both the wunreacted resin and the resin in each |layer to the
followng fornmula (2). The neasurenent may be carried out in a nitrogen
at nosphere at a tenperature rise of 10C mnute. 14 13 SEP 2005 Reaction
rate (%9 = (1 - (reaction peak area of resin) / (reaction peak area of

unr exctede SOy M9l L ROUGIL VRTS8 S SRR 0

vari ous S ‘such ating np eat’l ng

time, | ”?%jl:@tdi%élfs 5&89%3132Ckoe{:ﬁgtc{]i%xﬁe@fﬁtté?ﬂst.herl'x'éi‘éfor%‘?@l{é)' by

means of e heating tenperatdre an eating'time 1s easy and brings about

a good regibhint THe RIER 84n0BE AlNAhE S, S¥erhd ddif iRCERBLRGBEALOr | 1D,
%

and continuously wound by the w nder or cut to a prescribed length by a

cutter, nptpsduFable hhdd FrethePReidhe@t Ypoie reBLAPHEH Wi BPa{rRh i N
this enbodinment can be cut into an appropriate | éngth, lamnated with a

netal foiin e oWter Layer ifbetwelenbdard t@nd spheThekees ek dupgeat ed
into circuit boards or nultiple-layer circuit boards by press-formng with

heating. ratee{sptindigyatébethensenrapiage ay thee wilmthias drearfgbrimeht i cat ed

into circuit boards or nultiple-layer circuit boards by continuously

| am nat i njinwthé annetratitoulitsliapeasod aoppétipileHlayaruloardn foil, or

nickel foil, an inner layer circuit board, and the |ike. EXAMPLES The

present i nventWhanwiddtisg and dmpregnat ing ehdeugiar byyex aas igsonwititdh

shoul d not be construed as |imting the present invention. 15
sides of the inner layer, the amount of epoxy resin applied to
the different side of the inner layer may not be identical. For
example, when copper foil surfaces on which an outer layer is
provided have different copper residual rates, the thickness
of the outer layer may be controlled according to the copper
residual rate. Specifically, the amount of resin applied to the
surface with a high copper residual rate may be smaller than
the amount of resin applied to the surface with a low copper
residual rate. Providing different amounts of resin to the
different sides of the outer layer ensures reduction of the
flow-out amount. When joining the prepreg of the present
invention with a copper foil, the amount of resin in the outer
layer can be determined according to the amount required for
filling fine microscopic pits on the roughened copper foil
surface. To produce the two outer layers each having a different
amount of epoxy resin, the glass fiber substrate may be passed
through the one side of a resin amount-controlling device 8

which removes a larger amount of resin from that side than from

the other side.
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13 SEP 2005 Exanple 1 Using a prepreg manufacturing apparatus shown in
Figure 1, a prepreg consisting of an inner |ayer and an outer |ayer was
prepared. The inner |ayer made froma conmercial glass fiber substrate

i npregnated with an epoxy resin, both sides of which have been coatdZEPiiih
an epoxy resin outer |layer. <Preparation of epoxy resin varnish (1)> 70
parts by weight of a bisphenol A epoxy resin wth an epoxy equival ent of
about 450 and 30 parts by weight of a phenol novolak epoxy resin with an
epoxy equival ent of about 190 were dissolved in 100 parts by wei ght of

t hyl et hyl .t hi tJdyon, | g d |.ght of
g?cyénd?amydekgﬁ]%rhe%&?% 1%@:??%%%?8%?%@-%%%%&Jf}il-tﬁjeetoﬁﬁrfené)ﬁfﬁlg °

di ssol vedypd &h_@om@xslggewmmh@f ol Ylef eﬁaggiggﬂo?s%mw

i lod %
m xture was stirred to obtain an epoxy resin varnis or glass tabric.

<Pr epar atj&yp &bt HPOXY bretightVes Wsthof hore 384 k¥t §r qks%ggetfgoblgni\l}ig phenol

A epoxy resin with an epoxy equival ent of about 450, 35 ght of

a bi sphentle dhePOXYLéESi NayVi €6 @) eRAX¥hRUUbYakeNt a0k rakedy 28AG, 2and 30
parts by wei ght of an o-cresol novol ak epoxy resin wi th an €époxy

equi val erdiffferdiotitr kit M @ adies $al viegl inhekdQ apairt anbytHeighter afayeat hyl
ethyl ketone. This solution was m xed with a solution of 3 parts by weight

of di cyandiramed€ocame:d)b¥5spatablpysebeghingofhe-pwenng £orriityiomg dazol e in
20 parts by weight of 16 13 SEP 2005 di net hyl formam de to obtain an epoxy
resi n vartlisistep X c)<Pndpthatstmp dfe)pr éppegonatoapofaihe glags dibekhe
glass fabric reeled out fromthe unwi nder 1 was passed through the sol vent
i npr egnatSWsupie atidd 3 sehgeatginsa preprt Avhsuificdgndt qgantityDIVF
sol vent (step (%;), and_was passed through an air streamat 25C for 3.5
m nut es. ffHelowed by replacement of the solvent with an epoxy resin, and

formation of the outer and inner layers by epoxy resins with

a different reaction rate according to the present invention

ensure improvement of thickness precision, prevent production

of resin powder, and provide a voidless prepreg. If the reaction

rate of the epoxy resin in the inner layer is less than 85%,

- an increased amount of resin flows out during heat forming,

resulting in impaired thickness precision. On the other hand,

if the reaction rate of the epoxy resin in the outer layer is

more than 60%, adhesion with the other layers may become

insufficient when used for multi-layer boards, such as

copper-clad laminates and multiple-layer printed circuit

boards, resulting in inadequate formability such as

insufficient embedding of resins in circuits. Because the inner

layer epoxy resin in the present invention has been cured to

amore advanced degree, the prepreg exhibits only lower fluidity

and less adhesion if the inner layer alone is provided. However,

the provision of the outer layer epoxy resin having the reaction

rate of 60% or less can sufficiently achieve the object of
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sol vent-inpregnated gl ass fabric was then passed through the first resin
varni sh i npregnati on apparatus 5 containing an epoxy resin varnish (lI) to
i npregnate 100 parts by weight of the glass fabric with 64 parts by wei ght
of the resin on the solid basis (step (b)). The product fronlsteﬁ gE# was
dried for 3 minutes inthe first drier 6 at 170C, to prepare an i el 2003

| ayer a consisting of a glass fabric inpregnated with the epoxy resin
(step (c)). <Step (d) - step (e)> The epoxy-inpregnated gl ass fabric
obtained in the step (c) was passed through the second resin varnish

| Mpr egnat éﬂﬂiggﬁﬁgr@f EEsZnCﬂP’tﬂbO"j‘f&&hﬁ hg %E!O&‘%’ %n L a‘ﬁ{ﬁ[}é’{iﬂgs%h i B,

i mpr egnat € rts by wei ght ass parts

weight o (kRc [ h t [ resin) on the
solid bas%gﬁ%gt%g§égf)thEHgoﬁgggbsfwgygﬁé ?E l%Qg&nF%éggg in a drier at

17 0C to form garay&fd @iy Prhstr@udi8lon rét8IAPERE 1&1@}515%19993;&3}{ yn
inner layer a and an outer [ayer b formed on both sides of the i'nnér |ayer

was obt ai pedihnis e 4R and/ thdtSEP 2RESowkenfldydt iecpbf reapid iign rate>
An inner |ayer, obtained by inpregnating the gl ass fabrlc wi th the epoxy

resin varoish 09; addhdpgirtdculaglgr peefarab’eGredotidn Sratesit®sr ahe
ment i oned above, was used as a sanple for the inner layer a . The sanple
for the oiheer| hyperbamdsoprepdraer yeing tregpdadiei weily e taf I9% grdepr eg
consisting of the inner l|ayer a and the outer |ayer b obtained above. A
heat genebdtd @0%.pRaktlienreacplion Fatessute Waydri nwbahe debeyr erpred dayatilsC
apparatus (manufactured by TA Instrunment Co.). The heat generation peak
areas duer2Bgehenetir PRy reartiln dicknras B0 ¥oion e rigfineasrd ain t he
reaction and the resin for each |ayer were conpared, and the reaction rate
was cal cuF&S&n BYWSX R osixFe oo PRUPREY O Led Ayt PdS@ flomeuteREtifth rates

for the inner er.a and the outgr | a eL 9 wer e cogflrned to(Pe 88% and
59% respEE?FveFé Eﬁaﬁﬁ?geEtEd and for ility can be improve

addition, if the reaction rate of the outer layer epoxy resin
is 0 to 20%, embedding of the resin in the inner layer circuits
in the case of multiple-layer boards can be improved, saving
the amount of resin required for embedding or the amount of
flowing resin. This results in increased thickness precision.
In a prepreg in which the reaction rate of the inner layer epoxy
resin is not as high as required in the present invention or
in a single layer prepreg with the reaction rate of 20% or less,
flow out of resin increases and the substrate thickness
precision is impaired.

The reaction rate in the present invention can be
determined by differential scanning calorimetry (DSC).
Specifically, the reaction rate can be determined by applying
the exothermic peak areas due to the DSC reaction of both the
unreacted resin and the resin in each layer to the following
formula (2). The measurement may be carried out in a nitrogen

atmosphere at a temperature rise of 10°C/minute.
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A prepreg consisting of an inner layer a and an outer layer- b fornmed on
both sides of the inner layer a was prepared in the sane manner as in
Exanpl e 1, except that the inner layer b was forned by using the epoxy
resin varnish (l11) instead of the epoxy resin varnish (1) in step {ﬂhEPﬁﬁﬁ
a result, the reaction rates for the inner layer a and the outer |ayer
were confirmed to be 86% and 52% respectively. Conparative Exanple 1 A
prepreg having only an inner |ayer a was prepared, onitting the steps for
form ng an outer |ayer b. Specifically, 18 13 SEP 2005 in the steps (a) to
(c), the solvent-inpregnated glass fabric was passed through the first
resin varnish inpregnation apparatus 5 containing the epoxy resin varnish

1) to i t 100 ts.b ht f fab th,110 ts by
el ght  OREBREIPBFA SN alf %aﬁr’.e' il dnkiaied A eeri bl GPatELoRan! ¢

was dried_in,a_drier _at 170C . 9 nut 0 obtain preg. The
reaction ng“é M?aS?‘% u&ﬂ?&& zf%r r?pl"‘e%’i0 A prepreg vvas(gp,repar ed in the

same nmanner as in Conparative Exanpl e 1, except that the
varni sh-inpregnated glass fabric was dried in a drier at 170C for 3

m nutes inst eail%&gq ¥]l Eﬂga eaéZQan Phed éaﬁ] ﬂgtgéntggfléﬁaf;#' QQriéﬁg nas

77% Conparative const's ayer Wth a

reaction éﬁh%d%fsééf%ﬁquﬁﬁs%&e% &f‘ ehe‘ﬂt&@ngatéﬁgékb%r%at ﬁthKQ% was

prepared In the sane manner as in ept enpl oyl n

appropri atemk, @Eté&fﬂt‘ﬂ@ﬁtbf‘m% tdrﬁf‘%l'e'&ﬁr'@ﬁl PeBhs (ahdaeﬁe81§ﬁe(e)
Conparative Exarrp e 4 A prepreg was prepared in the sane manner as in

Exanpl e  &oaxeent byhakah80opathe W¥atehghtempephtasel ahdi BedBsnynpimngnat ed
with 30 parts by weight of the resin on a dry basis in the formation of
t he i nner ibagasyaand bird ngfsepbiomt, aamedolDG ezarlits.

The prepreg obtained is sent to the second accumulator 11b,
and continuously wound by the winder 10 or cut to a prescribed
length by a cutter, not shown in the figure. Specifically, the
prepreg prepared in this embodiment can be cut into an
appropriate length, laminated with a metal foil, an inner layer
circuit board, and the like, and fabricated into circuit boards
or multiple-layer circuit boards by press-formingwith heating.
Alternatively, the long prepreg may be wound as is and
fabricated intocircuit boards ormultiple-layer circuit boards
by continuously laminating with a metal foil such as a copper

foil, aluminium foil, or nickel foil, an inner layer circuit

board, and the like.

EXAMPLES
The present invention will be described in more detail by
examples, which should not be construed as limiting the present

invention.
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by wei ght of glass fabric was inpregnated with 80 parts by weight 19 13 SEA
2005 of the resin on a dry basis in the formation of the outer layer b in
the step (d) . As a result, the reaction rates for the inner |layer a and
the outer layer b were confirnmed to be 75% and 70% respectively.

(Eval uation of prepreg) A double-sided copper-clad | aninated board 13r8EPa2005
four-layer circuit board were prepared using the prepreg prepared in
Exanples 1 and 2 and Conparative Exanples 1 to 4. The properties of the
boards were evaluated. The results are shown in Table 1. In Table 1,
fall-of fgedmpeei @ powder is a result of the evaluation of the prepreg
before preparing the double-sided copper-clad |am nated board and the
four-layer cipgiihy ROprépr&d. mdiepaEalit Dig OdpPlRLit €s Séiewh cp e gutead

| am nat ed board> A copper foil with a thickness of 18 mwas | ayered on
both si deb, i pheppegpregsipteng-odradimen hepér nenditarn dutrperiatyere  170C
for 60 m nutes under a pressure of 40 kgf/cnR2, to obtain a doubl e-sided
copper - clwals | prrepatredw ttheninnsnl dayey hager froii akoemmenti@ll gdmss

<Eval uati on of doubl e-sided copper-clad | am nate> The substrate thickness
preci si onf Hipelr f xretor at¢ yimparegnathesd wattbdanrepdwy inesulnat baghl siydes aift ai ned
by etching and renoving the copper foil fromthe doubl e-sided copper-clad
| ani nat e witighahaveeheroncentsgdo wiibhx aBOGPERY EE'S ith@W®er] 3 agEy 2005
determ nati on of substrate thickness precision, the substrate was divided
into 36 squares and the thickness was neasured at each of the 36 squares.
The average of the 36 neasurements was taksg as the substrate thickness

and the LRRarat4eyi ofi GROFY RS 186 VALALS eddnts was taken as the

substrate thi ijﬂeﬁgr%eﬁ)'r S‘!vgfghghgffgrbnfsbﬁrlléﬁgl stepoxy resin with an

epoxy equivalent of about 450 and 30 parts by weight of a phenol
novolak epoxy resin with an epoxy equivalent of about 190 were
dissolved in 100 parts by weight of methyl ethyl ketone. To this
solution, a solution of 3 parts by weight of dicyandiamide and
0.15 parts by weight of 2-phenyl-4-methylimidazole dissolved
in 20 parts by weight of dimethylformamide was added. The

mixture was stirred to obtain an epoxy resin varnish (I) for

glass fabric.

<Preparation of epoxy resin varnish (II)>

35 parts by weight of a bisphenol A epoxy resin with an
epoxy equivalent of about 450, 35 parts by weight of a bisphenol
A epoXxy resin with an epoxy equivalent of about 2000, and 30
parts by weight of an o-cresol novolak epoxy resin with an epoxy
equivalent of about 210 were dissolved in 100 parts by weight
of methyl ethyl ketone. This solution was mixed with a solution
of 3 parts by weight of dicyandiamide and 0.15 parts by weight

of 2-phenyl-4-methylimidazole in 20 parts by weight of
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eval uated by inspecting a 500 nm x 500 mm board for the presence or
absence of voids in a given test circuit area and further inspecting the
board for any abnormalities both by the naked eye and by using an opti cal
m croscope. 18 mcopper foil peel strength was eval uated accordi (r;@ SE? m#s
C6481. For the evaluation of solder heat resistance, only one si f e
prepreg was etched and cut into a 50 nm x 50 mm sheet, thereby obtaining
three test specinmens. Each test specinen was subjected to a noisture
absorbing treatnment in a pressure cooker at 121C under 2.0 atmfor two

hours. The test _ specinmens were then dipped in a solder _bath 2600C for
128 sec@rﬂ%@thé‘f]tféfm\‘réﬂ%ﬂ? tHRyP ’e“ﬁ‘flég%%?’é‘ld ?%?lPh‘éaBPégﬁnég&)Of swel | i ng

and neasl es by the naked eye and optical mcroscope. For the evaluation
of flow out, a doubl e-sided copper-clad |am nate was prepared and the
flowout | ength (t.he extruded rea) was neasured. <B_ preparation of
four-| ayérprﬁ%racrtﬁ(ttl%aq QA?P%"?(%ati on (bl ackeni ng) treatnent was perforned

on the Z%é%psggam%st[s%(?ﬁe_ of a copper foil (thickness: 35 m of a

doubl e-s opper -¢ am nate with a thickness of 1 mm as an inner

aver | ci roul tyhoghdesPenplesleded BECPEFOR tha'BhuliRupret ik paSlegsi de of

the copper-cla m nate, over I m copper was | ayered. The

resul ti ng iQay, %@mﬁ@rm&%ﬁ&watspgaraﬁa_ genpReabuggagk 170C for

120 m nutes urder a pressure of kgf/cnm2 to obtain a four-lTayer circuit

board. <Byaad vk Ofmpreghoted | aves sir csblverer dstepoqahhe datewasnation
of the substrate thickness precision, a 500 mmx 500 mm substrate was

di vi ded igisxseib IS @nda ik hertbamkaesssunstorasis anlifwresaciTiof the 36
squares. The average of the 36 neasurenents was taken as the substrate
t hi cknes sdneerthel mypregisa tedleyl ag s dinlafic 3@ hweapasseshithirough the
first resin varnish impregnation apparatus 5 containing an
epoxy resin varnish (I) to impregnate 100 parts by weight of
the glass fabric with 64 parts by weight of the resin on the
solid basis (step (b)). The product from step (b} was dried for
3 minutes in the first drier 6 at 170°C, to prepare an inner

layer a consisting of a glass fabric impregnated with the epoxy

resin (step (<)).

<Step (d) - step (e)>

The epoxy-impregnated glass fabric obtained in the step
(c) was passed through the second resin varnish impregnation
apparatus 7 containing the epoxy resin varnish (I) to impregnate
100 parts by weight of the glass fabric with 110 parts by weight
of the resin (including the weight of inner layer resin) on the
solid basis (step (d)), followed by drying for 1.5 minutes in
a drier at 170°C to form an outer layer b (step (e)). A prepreg
consisting of an inner layer a and an outer layer b formed on

both sides of the inner layer was obtained in this manner.
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was taken as the substrate thickness precision. The formability was

eval uated by inspecting a 500 mm x 500 mm board for the presence or
absence of voids in a given test <circuit area and further inspecting the
board for any abnornalities both by the naked eye and by using an q@t'pQME
m croscope. For the determ nation of inner |ayer peel strength, the égel
strength at the interface of the inner |ayer copper foil of this
substrate, after the blackening treatnment, and the prepreg was neasured.
The sol der heat resistance was neasured in the same nmanner as in the

?Q%Vﬁ;?‘éfé%niﬁ%r@%ﬁi‘é’ﬁo% BAFCERROCaRES: on of 11 ow out. & four | ayer
t
e moasar ed, A TR HRYEY RGATReh R Yniifeg By EhRTa FEES ARSI TO

method.  H {5lond SR £8slif &é'f:ni?%?(ef}'t %%doﬁr#ggg”ﬂ)%m gfi?@oca hand

cutter taking as ch-care as poss o mni resin po alling

out fromghe gud tdE€M S hRslSi Hled SR EY ¥ Su b Al e 1hiH stagked and

t he wei ght was eterm ned. The stack was then dropped ten times froma

hei ght oft HOQ nHBrt Pagel&f.M MetdiEnyEe bl Ve beTlet PRYEED whaldidpthrad by
drop inpact. The anount of fallen-out resin powler was determ ned fromthe

wei ght digy{ ef@eind ahd Reir feebT eheppeepeggbedns stingpoHo ke dimider

droppi ng. Such a neasurenent was repeated five tinmes to determne the

aver age. P3ydn aSERA20Ré cuneifl@yer b obtained above. A heat generation
peak in samples for each layer was determined by DSC apparatus
{manufactured by TA Instrument Co.). The heat generation peak
areas due to the curing reaction at about 160°C for the resin
before the reaction and the resin for each layer were compared,
and the reaction rate was calculated from the above formula (2).

As a result, the reaction rates for the inner layer a and the

outer layer b were confirmed to be 88% and 59%, respectively.

Example 2

A prepreg consisting of an inner layer a and an outer layer.
b formed on both sides of the inner layer a was prepared in the
same manner as in Example 1, except that the inner layer b was
formed by using the epoxy resin varnish (II) instead of the epoxy
resin varnish (I) in step (d). As a result, the reaction rates
for the inner layer a and the outer layer b were confirmed to

be 86% and 52%, respectively.

Comparative Example 1

A prepreg having only an inner layer a was prepared,

omitting the steps for forming an outer layer b. Specifically,
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in the steps (a) to (c), the solvent-impregnated glass fabric
was passed through the first resin varnish impregnation

apparatus 5 containing the epoxy resin varnish (I) to impregnate
100 parts by weight of glass fabric with 110 parts by weight
of the resin on a dry basis. The varnish-impregnated glass
fabric was dried in a drier at 170°C for 1.5 minutes to obtain

a prepreg. The reaction rate was 57%.

Comparative Example 2

A prepreq was prepared in the same manner as in Comparative
Example 1, except that the varnish-impregnated glass fabric was
dried in a drier at 170°C for 3 minutes instead of drying at

170°C for 1.5 minutes. The reaction rate was 77%.

Comparative Example 3

A prepreg consisting of an inner layer a with a reaction
rate of 53% and an outer layer b with a reaction rate of 70%
was prepared in the same manner as in Example 1, except for
employing appropriately modified heating conditions in the sfep

{c) and step (e).

Comparative Example 4

A prepreg was prepared in the same manner as in Example
1 except that 100 parts by weight of glass fabric was impregnated
with 30 parts by weight of the resin on a dry basis in the
formation of the inner layer a in the step (b), and 100 parts

by weight of glass fabric was impregnated with 80 parts by weight
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of the resin on a dry basis in the formation of the outer layer
b in the step (d). As a result, the reaction rates for the inner
layer a and the outer layer b were confirmed to be 75% and 70%,

respectively.

(Evaluation of prepreg)

A double-sided copper-clad laminated board and a
four-layer circuit board were prepared using the prepreg
prepared in Examples 1 and 2 and Comparative Examples 1 to 4.
The properties of the boards were evaluated. The results are
shown in Table 1. In Table 1, fall-off of resin powder is a result
of the evaluation of the prepreg before preparing the
double-sided copper-clad laminated board and the four-layer

circuit board.

<A. preparation of double-sided copper-clad laminated board>
A copper foil with a thickness of 18 um was layered on both
sides of the prepreg, press-formed with heating at a temperature
170°C for 60 minutes under a pressure of 40 kgf/cm?, to obtain
a double-sided copper-clad laminate with an insulating layer

thickness of 0.1 mm.

<Evaluation of double-sided copper-clad laminate>

* The substrate thickness precision and formability were
evaluated on the insulating layer obtained by etching and
removing the copper foil from the double-sided copper-clad

laminate with a dimension of 500 mm x 500 mm. For the
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determination of substrate thickness precision, the
substrate was divided into 36 squares and the thickness was
measured at each of the 36 squares. The average of the 36
measurements was taken as the substrate thickness and the
standard deviation of the 36 measurements was taken as the
substrate thickness precision. The formability was
evaluated by inspecting a 500 mm x 500 mm board for the
presence or absence of voids in a given test circuit area
and further inspecting the board for any abnormalities both
by the naked eye and by using an optical microscope.

* 18 um copper foil peel strength was evaluated according to
JIS C648l1.

¢ For the evaluation of solder heat resistance, only cone side
of the prepreg was etched and cut into a 50 mm x 50 mm sheet,
thereby obtaining three test specimens. Each test specimen
was subjected to amoisture absorbing treatment in a pressure
cooker at 121°C under 2.0 atm for two hours. The test
specimens were then dipped in a solder bath at 260°C for 120
seconds, after which they were inspected for the presence
of swelling and measles by the naked eye and optical
microscope.

* For the evaluation of flow-out, a double-sided copper-clad
laminate was prepared and the flow-out length (the extruded

area) was measured.

<B. preparation of four-layer circuit board>

An oxidation (blackening) treatment was performed on the
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surface of a copper foil (thickness: 35 pm) of a double-sided
copper-clad laminate with a thickness of 1 mm, as an inner layer
circuit board. One sheet of the prepreg was layered on each
side of the copper-clad laminate, over which a 18 um copper foil
was layered. The resultingboard was press-formed with heating
at a temperature of 170°C for 120 minutes under a pressure of

40 kgf/cm’ to obtain a four-layer circuit board.

<Evaluation of the four-layer circuit board>

* For the determination of the substrate thickness precision,
a 500 mm x 500 mm substrate was divided into 36 squares and
the thickness was measured for each of the 36 squares. The
average of the 36 measurements was taken as the substrate
thickness and the standard deviation of the 36 measurements
was taken as the substrate thickness precision.

* The formability was evaluated by inspecting a 500 mm x 500
mm board for the presence or absence of voids in a given test
circuit area and further inspecting the board for any
abnormalities both by the naked eye and by using an optical
microscope.

* For the determination of inner layer peel strength, the peel
strength at the interface of the inner layer copper foil of
this substrate, after the blackening treatment, and the
prepreg was measured.

* The solder heat resistance was measured in the same manner
as in the above-mentioned method of evaluation of the

double-sided copper-clad laminate.
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* For the evaluation of flow-out, a four-~layer circuit board
was prepared and the flow-out length (the extruded area) was
measured.

* Fall-out of resin powder was evaluated by the following
method.

* First, a prepreqg is cut to a size of 100 mm x 100 mm using
a hand cutter taking as much care as possible to minimize
resin powder falling out from the cut end. Ten sheets of
prepreg thus obtained were stacked and the weight was
determined. The stack was then dropped ten times from a
height of 100 mm to determine the weight of resin powder
falling out by drop impact. The amount of fallen-out resin
powder was determined from the weight difference for the
sheets of prepreg before dropping and after dropping. Such
a measurement was repeated five times to determine the

average.
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C) 44HcnWAI n44HV] 44ND4 13 SEP 2005 The prepregs obtained in Exanpl ¢ ? Ep%@g
2 exhibit high substrate thickness precision and excellent fornmabi

The product of Conparative Exanple 1, which is an exanple of a
conventional prepreg, exhibited a substrate thickness precision worse than
the prepregs of the Exanples. The prepreg of Conparative Exanple 2 has a
surface resin layer in which the reaction has proceeded excessively. The
prepreg exhi bited good thickness precision, but inferior formability. The

f Co ' Ex (3, i h h
oo 815 1 onhet RERPTRGS, BREGHDHr APeErRRRNESoh 2rd 3y srios tgﬁﬁf.ﬁﬁ oo
bstrate_thick th t Th
pr epreg of" ?%ﬁﬁ%f%fﬁ@b@%%%?%r“%fﬁow?ﬁ% SRR ot B R S er
layer b i bhgly a8 Ehg,anRUDLe BLBASE §51 syl 10 g;p{zae@ edsypstrate

t hi ckness™ precri si on ~wWo FEprégs o t A6 Rl AL

APPLI CABI &J{eﬁ@foﬂéfpé\g&’??gg' ”Exﬂhﬂﬁtfeﬁ' Qk%%?t% 28@ $hqkrdsge from

production of resin ben and t fron1v0| in the

o) PN ki rarenk g ol o Lp e rasiden
nmanuf act Us f RSmPa3eRSvOExbiPle 2 has a surface resin layer in which the
reaction has proceeded excessively. The prepreg exhibited
good thickness precision, but inferior formability. The prepreg
of Comparative Example 3, in which the reaction rate in the inner
layer a is lower than the reaction rate in the outer layer b,
exhibited substrate thickness precisionworse than the prepregs
of the Examples. The prepreg of Comparative Example 4, in which
the reaction rate in the outer layer b is high and the amount

of the resin is large, exhibited substrate thickness precision

worse than the prepregs of the Examples.

INDUSTRIAL APPLICABILITY

The prepreg having high thickness precision, free from
production of resin powder by bending and the like, from voids
in the cloth in the inner layers, and from flow out, and
exhibiting excellent formability can be manufactured securely
and in a stable manner using the manufacturing process of the

present inventiocn.
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present invention. 25 13 SEP 2005 CLAIMS 1. A process for manufacturing a
prepreg conprising (a) a step of inpregnating a glass fiber substrate with
a solvent, (b) a step of inpregnating the solvent-inpregnated gl ass fi ber
substrate with epoxy resin, (c) a step of heating the epoxy 13 SEP 700
resin-inpregnated glass fiber substrate to forman inner |ayer V\:hiCPl Fl 3 5
no interstice, Cga@istep of further inpregnating the epoxy
resin-inpregnated glrass fiber substrate, in which the epoxy resin has been
cured, with epoxy resin, and (e) a step of heating the |ast-obtained epoxy
resin-inpregnated glass fiber substrate to forman outer | ayer on at |east
one of the sides of thé preress [fayeranupERENg a PEEDERD CPMOTEINE (RadtstoRl r at e

in the inner layer is 85% or re.and the epoxy.fesin ,reaction rate ip the
outer layer is BOPEEPapBgsa ﬁ.ﬁg)s'i’h ! Sfo@ﬂ?@%or‘xﬁhnaf Selvgn ’néb ?)rgtﬁpe F
according to cl ai . i _ I r I RLhiy t he
i nner layer is %Bte#ngg%e@%dg?ﬁgﬁt gﬁﬁlt%%ggiggt gy;? g{'}g{:ﬁ‘ﬁgﬁ %(tg %gt?/i @g!.)ﬂ%'he
process for manwsagt(e) ia&&;ﬁoph@ﬁr@ha@g@xgirmniimped:gi:md glaspifibegisubgtiae

sol vent inmpregnated in the gl ass I ber “substrate in the step (a) is

di met hyl f or mantalformethyinneel lapso which drasnsohiftersting,| (Ketaostep of fomtber

process for manufacturing a prepreg according to claiml1l, —wherein the tine
for which the séiFlPEfiEt“aPBEithﬁrf‘é’é’ﬁéft@ami“r’inlflﬁ@%és%]a?% gg]pr SEE%@‘F&E%W}H&? he
step (a) is 0.1 to 1 mnute,at,room eha i T C [

manuf act uri ng a i EEPRGTEEEBRUPRE f”é}egpg‘flﬂ‘ %Jéx%/v\%cgirnéia%,% @? ?i e$§'§ r?g%se?té%g (a)
and before the Bbtai S&in i IRr SR EElass Ry ubBhteSPRIFRAS
obtained in theﬁifgapse ?EF”F%PSgg%%d trkllrng]@gh an algrasstreanS]u% 1§ SEP 2005 for
1 to 5 mnutes auter laysirar atleast dreveii the kidestdfehbanndrigyeoiwherein thhepoxy

sol vent used in the step (a). 6. The process for manufacturing a prepreg

according to cl a¢sin3eactigmerate intthe iapgrulsyenis 86V enmeng anghthe epoxy resin

sol vent -i npr egnat ed. gl ass. f i ber ubst.rate after passing the substrate
through an air &$%3%49 rg};dmﬁbpgpéerﬁ%erl fa’@p/" %ﬁeSF-s 16 to 25 parts by wei ght
per 100 parts by weight of the glass

2. The process for manufacturing a prepreg according to claim 1,
wherein the reaction rate of the epoxy resin in the inner layer is 90 to 95%

and that of the outer layer is 0 to 20%.

3. The process for manufacturing a prepreg according to claim 1,
wherein the solvent impregnated in the glass fiber substrate in the step (a)

is dimethyl formamide, methyl cellosolve, or methyl ethyl ketone.

4. The process for manufacturing a prepreg according to claim 1,
wherein the time for which the solvent is impregnated in the glass fiber

substrate in the step (a) is 0.1 to 1 minute at room temperature.
5. The process for manufacturing a prepreg according to claim 1,
wherein, after the step (a) and before the step (b), the solvent-impregnated

glass fiber substrate obtained in the step (a) is passed through an air stream
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fi ber substrate. 7. The process for manufacturing a prepreg according to

claiml1l, wherein the tinme for which the epoxy resin is inpregnated igtthe
glass fiber substrate in the step (b) is 0.1 to 1 mnute at room 13 SEP 2005
tenperature. 8. The process for manufacturing a prepreg according to claim
1, wherein the heating conditions in the step (c) are 140 to 200C for 1 to

5 mnutes. 9. fdie] RHOF aFRUIRr atRHAGHHIE NEwRr PRAPHSI b3ARY Hohd dfahe! ai m
1, wherein the tine for which the epoxy resin is inpregnated in the gl ass

fi ber substrat esolventhgsesitiapgh¢dlepi®)0.1 to 1 minute at roomtenperature. 10.
The process for manufacturing a prepreg according to claim 1, wherein the
heating conditions under which the epoxy resin inpregnated glass fiber

substrate in the st °B. (ﬁ?e 1%'5%85154 ortlganzuq'gc%uiig,rg alp;[e:(l?)reg5 agg,onrggnegsfo glgim 5,
wherein the amount of solvent in the solvent-impregnated glass fiber
substrate after passing the substrate through an air stream and before the
step (b} is 16 to 25 parts by weight per 100 parts by weight of the glass
fiber substrate.

7. The process for manufacturing a prepreg according to claim 1,
wherein the time for which the epoxy resin is impregnated in the glass

fiber substrate in the step (b) 15 0.1 to 1 minute at room temperature.

8. The process for manufacturing a prepreg according to claim 1,
wherein the heating conditions in the step (c) are 140 to 200°C for 1 to 5

minutes.

9. The process for manufacturing a prepreg according to claim 1,
wherein the time for which the epoxy resin is impregnated in the glass

fiber substrate in the step {d) is 0.1 to I minute at room temperature.

10. The process for manufacturing a prepreg according to claim

1, wherein the heating conditions under which the epoxy resin

impregnated glass fiber substrate in the step (e) are 140 to 200°C for 1 to

5 minutes.
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