10 AUG x005 DESCRI PTI ON TI TLE OF THE | NVENTI ON PREPREG AND PROCESS FOR
MANUFACTURI NG SAME 5 TECHNI CAL FI ELD The present invention relates to a
prepreg having high thickness precision and exhi biting excellent AUG 2005
formability, and a nmethod of manufacturing the prepreg. Particularﬂg, %he
10 present invention relates to a prepreg through which viaholes can be
bored by | aser processing, and a process for manufacturing the prepreg.
The prepreg of the present invention can be suitably used for preparing
substrates for cellular phones, nputers, Ranbus nenories, PDAs,
-and the like 15 for which high-nggggggékgﬁgracteristics are required.
Background Art Recently, as higher frequencies than before are used for

| am nat ed sheets for circuit boards and nultiple-layer circuit 20 boards,
the requrrErends +we fpeewrpegrties of the materials used for such boards
have becone nore stringent. Miterials for «circuit boards have

convent i EREERBG haen srockegl, FOR! MARUFAETYRTNG! BalgSPect to circuit signal

del ays. Resins capable of controlling inpedance through a reduction in the
diel&ctric 25 constant of circuit boards and the increase in the thickness
preci sion of the substrates after fabrication have been devel oped. The

t hi cknesREQRNIAAL FIEND a substrate correlates 1 10 AUG 7005 with signal
del ays, and the square root of the dielectric constant correlates with the

signal del aysStheTimresfente, invernt tasi nglahest bocknpgeppeqChakvangoh igh

substrate is an inportant subject. It has been difficult to provide
thickness precision and exhibiting excellent formability, and
a method of manufacturing the prepreg. Particularly, the

10 present invention relates to a prepreg through which viaholes

can be bored by laser processing, and a process for
manufacturing the prepreg. The prepreg of the present inventiocn
can be suitably used for preparing substrates for cellular

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

15 for which high-frequency characteristics are required.

Background Art

Recently, as higher frequencies than before are used for
laminated sheets for circuit boards and multiple-layer circuit
20 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
25 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



5 conventional prepregs wth high substrate thickness precision due to
flow out of the resins inpregnated and cured in glass fiber during press
fabrication. Only poor substrate thickness precision can be achieved if
the newest type press facility is not used. In addition, resin powd@rAUG 2005
readily falls fromprepregs 10 when the prepregs are cut or bent during
handl i ng. such a resin powder adheres to copper foils and causes circuit
defects. Methods for inproving the substrate thickness precision have been

di scl : ] i ' Laj d- No.,.123875 /1978, No.
1a2576) 18767 RESAIEETTAYEg, A shid Stk Bt O/%efg?‘é‘.e S Faen

| i catj L d 1 5,.41978, : 76/ 1979 No.
ﬁ&gg;ﬂlgggéﬁ%ggl 8§gfgﬁ_§lg?8g§%g‘or’%{“§ nélq'rggnug' (?s)eéél}est'el ?Z'&'Elegg’rreési n | ayer
and a pajhéyesdiRg th8StRibRYEEs ?'}?h STRRS A A dddy of 4 gm nated

boards has been I'nproved by usin ese netho Wever. The¥e met hods 20

have a pifpberant Baslectl ot hAe HRENdIPLA dGdgygdace of a

conpletely cured resin |ayer and a partly cured resi ayer. Japanese

Pat et A@@M@@ti@ﬁal%ﬁeﬁﬁ&{h mtrxlﬁii%8é&_8§§raéé5€ﬁ%ﬁl_€§eés&f1 £8; Honposed

of resin layers having a ditferent reaction rate. I S nmet’hod provi des

only insdié it effow Uty Oveeted ihd NBnsh st &hadndtabidd tin &ppl i ed
to the fabrication of |amnated boards. In addition, the method nay cause

i grati ofilér durdng prebe fabeicst 06H, r@sLY pobd sEb2t 28t 4 208h4gai red
|l ong-termreliability. A nmethod of inproving the problemof resin powder
product i pred ishepragn égs avhérvednif nth¢ mewadistypeesrbas beenl i € sid osed in
Japanese Patent Publication 334/1994. The Japanese 5 Patent Publication
334/ 1999k ygedesIna ard ivibnf reslin pgwdee remt ily fadibswhiroh presreqowder
may readily fall out or the parts to which the resin powder has becone
at t 38hed’h$Q theupFepregs are cut or bent during handling. Such a resin

powder adheres to copper foils and causes circuit defects.

Methods for improving the substrate thickness precision

have been disclosed in Japanese Patent Applications Laid-open

No. 123875 /1978, No. 142576/1979, No. 16843871988, and No.

15 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

20 have a problem of peel-off of the resin layers at the interface
of acompletely 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

25 improvement in the dimensional stability when applied to the

fabrication of laminated boards. In addition, the method may

cause migration of voids in the inner cloth, resulting in



met hod can prevent production of resin powder from prepregs, the nethod
has probl ems such as denaturing of epoxy resin due 10 to nelting,

requi rement of investnent for equipnment, and an increase in the nupbays e005
process steps. Therefore, an object of the present invention is to provide
a prepreg having high thickness precision, free fromproduction of resin
powder by bending and the like, free fromvoids in the 15 inner | ayers,
free fromflow out, and exhibiting excellent formability, and a process
for manufacturi,n uch I I OSURE OF THE | NVENTI ON I n vi ew of
this si%ﬂgg}gﬁd gﬁé |ﬁ$%n 5§§‘§§H9he present 20 |nvent|on have conduct ed

ext ensi ve st ﬂdh%?h%ﬁdo'faéﬁi t | on ﬁrﬁﬁ%e&f dlé%‘g& ]t__hl ckness

precision, free from produ n powder by ng and the |ike,

free fr gb&@b@%gﬂ;&ﬁﬁ f&B wl?éﬁ bdérg&ﬁ}& (heate Eh%wt%tuesaﬁqseﬁeéhlt' ng

excel l e or ma |ty e30bt ai ne abricating a prepreg conprising

25 an igQ 515%&9&&9@ aﬁ%b'&%é’éeﬁti’ﬁ%‘l‘ fda‘i19:'1ﬁ§§471§’94 HestaphRese

|npregnate an epoxy resin and an outer |ayer of an epoxy resin

coatg NgpREk@KkdBdHIR AL 1bBRIB 471692 ?Qo@fas‘éléea neenbdl ayehelBing &G 2005
wherein the epoxy resin reaction rate in the inner layer is 85% or nore

and t hepgpReXyrF&fivhidRgldsah paw@ermipa<udialy Fayerous oBb@¥eopatess. These
findi ngs had led to the conpletion of the present invention. Specifically,

t he pregenivhignetheoBeplifvpdedes haepbegomeoaptashed.anlthoaghl afiés whi ch
has no interstice and is made froma glass fiber substrate inpregnated
with anmepboyd casi prevend produtediohapdr refianpewdry fremnpremtegg,provided
on at least one side of the inner layer, wherein the epoxy resin reaction
rate intheemehhed hageprollassosuchmse Gmmatt‘-tremﬂ)@f-y epoxy Fesdacdpnen rate
in the outer layer is 60%or |ess.
10 to meltJ.ng, requirement of investment for equipment, and an
increase in the number of process steps.
Therefore, an object of the present invention is to provide
a prepreg having high thickness precision, free from production
of resin powder by bending and the like, free from voids in the
15 inner layers, free from flow out, and exhibiting excellent

formability, and a process for manufacturing such a prepreqg.

DISCLOSURE OF THE INVENTION

In view of this situation, the inventors of the present

20 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 fabricating a prepreg comprising

25 an inner layer consisting of a specific glass fiber substrate

impregnated with an epoxy resin and an outer layer of an epoxy

resin coating provided on at least one side of the inner layer,



Preferably the glass fiber substrate has a weight of 40 g or nore and | ess
than 115 g per square neter and an air perneability of 20 cnB/cnR/sec or

| ess. The present invention further provides a process of nanufacturing a
prepreg conprising (a) a step of inpregnating a glass fiber substrbl &6 2005
having a weight of 40 g or nore and |l ess than 115 g per square neter and
an air perneability of 20 cnB/cn2/sec or less, with a solvent, (b) a step
of i npr egirigifg thite eBOKY e RESIAPYAFTALBd TeF 3™ f Fher it anes WSt B> epoxy
resin, (c) a step of heating the epoxy resin-ippregnated |.ass _fi ber

subst r at €97 (H* % e f 16t ePﬁ%Y%FS}‘ﬁpﬁ%aé:ﬁéf’f’nﬁaggelgegﬁym%%sﬁ ﬁ‘-"".yr‘?ﬁr ganat ed
gl ass fibgf, S&PS&%&% e eyl 9@%&%5. RN JL S 1A DR tYE8d orWihd the
epoxy resin, and (e) a step o eating the lastly obtained epoxy

resin-i eaited ngkassonfi ber substrate, wherein the epoxy resin reaction
rate in the inner layer is 85%or nore and the epoxy resin reaction rate
in the outer Spgeificald@% oth¢ egsesébblGnVAN4i00 AUGVAYRS BRIl EFepreg
DESCRI PTI ON OF THE DRAWNGS Figure 1 is a flow di agram show ng process

st eps for COTRFASFASt 1 nkpntate 1RAYesr eich ZaseMPoditrERtrofet RBdprasdRfs 5

i nvention DETAILED DE?CBIPTI Th | ass fi ber subgkrg&e %%§f§g.%he
prepreg of*The® Bra&&nt PRfef %Eretaeg lampv\I/éelgéjﬁfe'egf Y46™g “or e#’or and 1éss
than 10 11% gnPeutSIUAL IS 20deg8cRi bepEh MeBRELAY YpPbv28eaNBACRR/ SEC
or less. Such a glass fiber substrate ensures increased inpregnation of the
epoxy resigagisednkorsidee bfAinehel ayeleranthydres wlicardim athé neebxyayesin
substantially free fromvoids (hereafter nay be called "voidl ess").
Usual | y, verdsiqrerntatd nign 15he ninder ilgyer ligy &S 3made Mremaadgltdss Shoper
substrate and an epoxy _ ,
resin reaction rate 1in the outer layer is 60% or less.
Preferably the glass fiber substrate has a weight of 40 g or
more and less than 115 g per sqguare meter and an air
permeability of 20 cm’/ecm?/sec or less.
The present invention further provides a process of
manufacturing a prepreg comprising (a) a step of impregnating a
glass fiber substrate, having a weight of 40 g or more and less
than 115 g per square meter and an air permeability of
20 ecm®/cm?/sec or less, with a solvent, {b) a step of
impregnating the solvent-impregnated glass fiber substrate with
epoxy resin, (c¢) a step of heating the epoxy resin-impregnated
glass fiber substrate, (d) a step of further impregnating the
epoxy resin-impregnated glass fiber substrate, in which the
epoxy resin has been cured, with the epoxy resin, and (e) a step
of heating the 1lastly obtained epoxy resin-impregnated glass
fiber substrate, wherein the epoxy resin reaction rate in the

inner layer is B5% or more and the epoxy resin reaction rate in

the outer layer is 60% or less.
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resin by inpregnation and curing are renoved during a formng operation
such as a press form ng operation. However, the voids nay not be
conpl etely renoved by the press form ng operation. The renaining M% mfy
inmpair long-termreliability which is 20 verified by a mgration test or
the |like. Because the reaction rate of the inner |ayer epoxy resinis

mai ntai ned at 85% or nore in the prepreg of the present invention, the
epoxy resin has a high nolten state viscosity and, therefore, alnobst no
voids can be renoved during the heat form ng. Therefore, the inner 25

| ayer must be made voidless prior to press formng. If the glass fiber
substratgﬁﬁquggmqummr@p TRY CHRARSNGs air perneability of nore than 20
cnB/ cnR/SEC, reads formng 5 the glass fiber substrate are
not thoroughlpiffear psita fDbw @DhyramksABwihgdpibiedkt stepst F Ml ass
fiber to be inpregnated wth the resin varnish, but also réesulting in easy
for mat i aanufactiusigy viohesprépréfeopeaghembbdifnent! ags thebpreweiirate 5 is
| ess than 40 g per square neter, formation of the prepreg becones

di ff pculinverftiorre than 115 g per square neter, on the other hand

i npregnation of resins is not inproved, even if the requirenent for the
air perneability of 20 cnB/cnR/sec or less of the glass fiber substrate is
satisfied. A glass fiber 10 substrate having a weight of 47 to 105 g per
squar e BERATILRADY DESCRIPTHeN meability of 5 to 10 cnB/cnR/sec is preferable.
If the air permeability is |less than 10 cnB/cnR/sec, a reduction of the
time requi redorgkags rosukahrabeenpedt ar shropdepgednioghdihe
productivity. Mreover, because a glass fiber 15 substrate having the air
per neabiRGYSLTHY MY e Femhdeed gretds ChAD |Do¥e narGeads] Lges ¢ ting

repreg .G be fabricated usin a | aser beam . Known gl ass brj cs nmay be
P enbad ¥ oiter RUNATS Boner; afd AP IERePReRP by iey of 28%8n! i Aed™

or less. Such a glass fiber substrate ensures increased

impregnation of the epoxy resin used for the inner layer and
results in an inner layer substantially free from voids
(hereafter may be called “voidless” ). Usually, voids remaining
15 in the inner layer made from a glass fiber substrate and an epoxy
resin by impregnation and curing are removed during a forming
operation such as a press forming operation. However, the voids
may not be completely removed by the press forming operation.
The remaining voids may impair long-term reliability which is
20 verified by a migration test or the like. Because the reaction
rate of the inner layer epoxy resin is maintained at 85% or more
in the prepreq of the present invention, the epoxy resin has
a high molten state viscosity and, therefore, almost no voids
can be removed during the heat forming. Therefore, the inner
25 layer must be made voidless prior to press forming.
If the glass fiber substrate used for the inner layer has

air permeability of more than 20 cm’/cm?/sec, threads forming



The greater the value for the air perneability, the larger 20 the

cl earance between the fibers and the greater the anount of air

certain pressure allowed to flow fromthe surface to the back. On”ilﬁﬁﬁ 2005
ot her hand, the smaller the value for the air perneability, the smaller

t he cl earance between the fibers and the smaller the anobunt of air at a
certain pressure allowed to 25 flow through the substrate. The air
perneabi Iity can be neasured according to the nethod conformng to JI'S

e ooEngCgT¥ER. £ 2B8E ¥uliDRPa.LheeadnaperhOBoLERTY TEREaMBYORE, CAGE! °d © 10

AUG 200% he™ ar r-perneabi Strafe

hi f bl
W thin ngﬂtﬂfﬁff@%l@t&gg #BECrnd SPAVE M %r agepk %gnaeés erabl y

be renov from I"ass use the p I nventi on by

a suitaphe,t pgat PEQLn §H£HIL 8y} 1 BaLMEDbo: ré@ﬂlﬁﬁ?ghﬁﬁ E8§ eA8 RIS resin

i mpregnation in ensuring nanufacture of voidless

brepregse Iheahfl %gdgpentfgthé reétgﬁetofseﬁel G146 57 86S SibstigBemeans a
treatnen usi ng I gh pressure wafer jet or like to | oosen warp yarn

and s wekt yakB fRAA1 B0 §hses! agsafbbrétephstoangrand 6Kpend phepyedth 10
bet ween them The convergent agent renoving treatnent is a treatnent to

remove BieRdReS, dgEEecHRteriflorantthdie 15 kepef aryedtie aieddry, vaethehen a
gl ass fiber substrate is woven and to reduce the content of these

mat er i abghk@ Rat@f tidiprddhsdi ion efgres inkess notaimPréved Yoeddn Tfetbeare no
specific limtations to the epoxy resin used for the |nner | ayer and the
outer | apquiremehe foesene diw griingrabilBitsplenal epOiSm /eSS or hessl ak
epoxy resins, and the |ike can be given as exanples. Additives such as a
curi ng adethe glaissg fiberalspdistidte crs satistiedt, Aidlass BGRRT ng agent,
and the 20 |like can be optionally added to the epoxy resin of the present
i NVt | snbstzadlel pavike apeRydnbseh 43 kR 9 BFE PERATSE mgter and

an air permeability of 5 to 10 cm }*/cm?’/sec is preferable. If

the air permeability is less than 10 cm’/cm’/sec, a reduction

of the time required for impregnation can be expected, affording

higher productivity. Moreover, because a glass fiber

15 substrate having the air permeability of 10 cm’/cm’/sec or less

has loose threads, the resulting prepreg can be fabricated using

a laser beam. Known glass fabrics may be used as a glass fiber
substrate for the prepreg.

The greater the value for the air permeability, the larger

20 the clearance between the fibers and the greater the amount of

air at a certain pressure allowed to flow from the surface to

the back. On the other hand, the smaller the value for the air

permeability, the smaller the clearance between the fibers and

the smaller the amount of air at a certain pressure allowed to

25 flow through the substrate. The air permeability can be measured

according to the method conforming to JIS R3420. A

conventionally known thread opening treatment may be carried



varni sh formed by dissolving the epoxy resin in a solvent which preferably
has a good solubility with the resin. A poor solvent nay also be used to
the extent that there is no adverse effect. 25 Either the same Varni@g@fﬂmﬁ
di fferent varnishes can be used for the inner |ayer and the outer :

In the present invention, the reaction rate of the epoxy 7 10 AUG 2005
resin in the inner layer is 85%or nore and that of the outer |ayer is 60%
or less. The object of the present invention of inproving the substrate

or 1 bj ent i ! : ]
L ai ned 1y SR 2 EEHEMER LRLEPBE RoRhgboTiBeP BIEHERR e ana

attaine y using -nment1 oned” speci f gl ass tiber

formng (fi&id !Eﬁ%raﬂ:ésYérreﬁlfé OW§ HeA¥Rird 1 ?;E%:?@%%%égﬁ i@ﬁ@%@&.ﬂdﬁe

defined reaction rates. the reaction ra 0 resin in the

i nner '?&E‘é I 5H188 Hd a4 B M LPE AW AhrsiSatd by jqut
during eatfﬁI orr%sﬁg, ??glul ting ini rrpa?grqed t hi ckrfeséx 10 preciusi on.l On the

ot her haiyb pkbskhe 19ACht fon Al 8 Niitde] ERPLAtmRS NshiBntde redicienayer is
nore than 68% adhesion with the other |ayers nay becone insufficient when

usedsf orcgRlEhtthay@ncledideposyGlesin GAPRPegnaltddn Aichal Bsnéndayer,
mul tiple-layer printed circuit boards, resulting in inadequate Tormability

15 such erfsurisiy agiudeic teirkeddi ngidiesespnspragsi rThe tthrBet ageminde i nner
| ayer epoxy resin in the present invention has been cured to a nore
advanced: megmemt tdsedrispthg sesipelsitfs catiyod meams fa direiattynesntd ulsd 15y
adhesion if the inner |layer alone is provided. However, the provision of
t he out ex higyepressxyrer weterhjdetngr2bhenhkbikedee i loresen evasfp g%m@andess can
sufficiently achieve the object of enbedding of resin in the inner |ayer
ci r cui t weftdyagahkarminguche otaes Jihry subatragecand espanpd thpmddtdyer
boards. More preferably, the reaction rate of the inner |ayer epox resin
is B0 t PYBRIMER™t }é\‘hec FEHREIC M RFe T SEMPEsi g FEeatment 1s

treatment to remove binders, glue materials, and the like
conventionally used when a glass fiber substrate is woven and
to reduce the content of these materials to a certain level,
e.g. to less than 0.1 wt%.

15 There are no specific limitations to the epoxy resin used
for the inner layer and the outer layer in the present invention.
Bisphenol epoxy resins, novolak epoxy resins, and the like can
be given as examples. Additives such as a curing agent, curing
catalyst, filler, surfactant, silane coupling agent, and the

20 like can be optionally added to the epoxy resin of the present
invention. Usually, the epoxy resin is used in the form of a
varnish formed by disscolving the epoxy resin in a solvent which
preferably has a good solubility with the resin. A poor solvent
may also be used to the extent that there is no adverse effect.

25 Either the same varnish or different varnishes can be used for
the inner layer and the outer layer.

In the present invention, the reaction rate of the epoxy



25 0 to 20% wth particularly preferable reaction rates for the inner

| ayer and outer |ayer being respectively 90 to 95% and O to 20% If the
- reaction rates are within the above preferable 8 1 0 AUS 2005 range, gﬁ& 0
only can the thickness precision be increased and resin powder prodﬂ JN5
be prevented, but also flow out of the resin can be prevented and
formability can be inproved. In addition, if the reaction rate of the

outer layer epoxy resin 5is 0 to 20% enbedding of the resin in the

layer Cldeelinfl§n kRet %‘]ﬁn@i‘??a?ér”}_%té@% St Rfe RART 452628 D@ hMBLRER],

savi ng

fl ow ng-
i n which

the anmpbunt o

resin Tequired for enbedding or the anmount of

i nner

ﬂ%?@rnisT%b§ bestkks . PhienebgasedolthtakngessBheCiAly8AL ioloh o Prepreg
he reaction rate of the inner |ayer epoxy 10 resin is not as high

as requii@tovidd & HY Rt FdNE e DFk Rés s | Préc §6 1ghcahayptePefRiay Wi th the
reaction rate of  20% or less, flow out of resin increases and the

substra
pr esent

o IR D f f s ipowdér | dgi bedat Taene@asyi @8ingt ehien the

i nvention can be 15 determ ned by differential scanning

cal 0§ i Nabowe-BEAt iorREepbddlibyglake fident Babstaheecand o mieirey heed by
appl ying the exotherm c peak areas due to the DSC reaction of both the

unr eact dthiegsl ayencridieut esi Inyer €xom ¢pyxy res ifsehbdvihgwihgdeffdmad a (2).
The neasurenent may be carried out in a nitrogen 20 atnosphere at a
t enper atmeae triicge raft e50CE fii e ecedkbiben cratad (i epdxy regindon itde peak

area of

resin) / (reaction peak area of unreacted resin)} x 100 (2)

25

Al t houghinnex ELayeriioh legsctizam 85 cant ¥t reas ey apeunsult GREHbdd o¥isch as
adj ustment of the heating tenperature, heating, tine, irradiation of
and el e@tosluscidits haaty farningke roSubt g dpobmpaired thickness

10

15

20

25

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 a more 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 embedding of resin in the inner layer circuits and
adhesionwith other layers in the caseof multiple~layer boards.
More preferably, the reaction rate of the inner layer epoxy
resin is 90 to 95% and that of the outer layer epoxy resin is
0 to 20%; with particularly preferable reaction rates for the
inner layer and outer layer being respectively 90 to 35% and

0 to 20%. If the reaction rates are within the above preferable

lights



control by means of the heating tenperature and heating tine is easy and
brings about a good result. The weight ratio (R/(G of the epoxy resin Eﬁ%
and the glass fiber substrate (G in the inner |ayer of the present1ﬂdm 05
invention is 0.43 or nore, and preferably fromO0.53 to 2.40. Specifically,

t he amount of epoxy resin should preferably be 43 parts by weight or nore
for 100 parts by weight of the glass fiber substrate. If the anpunt of
epoxy resin is less than 43 parts by weight, inpregnation of the resin in
the glass_fiber 10 S t | L et Is W I S S f

| cavt ngtareanarobor Bl PR Bk shECRARSS) Byefi¥i0g bifcbedstliiand |

outer %@f‘ﬁh ¢><§w889t %&8&:} %:}?vérﬁ:yﬁeb;ﬁg' Qfsbrﬁ&? SIObE Eﬁg”c’t e

suffi ci enove ere rnmed | am nat ed "boards nay be

suf fi y
:‘gfal o | pl:'ltg f]':ayer ué%:eaarfsg COpperﬁpj\flfﬁt}Ll am nat e)grﬁ%oar 8r a?hy Hee
mul ti p' Sdlci§¥ﬁbnpr i Bt tﬁérfé'éétf?c‘:?ﬁrﬁé e}wf&ﬂ@%w&pmgekse aiydraean

|nsulat|ng the difcurt layers in nult | ayer prin CUIt boards, the

vei ght Qf §N& 9PeXYenBeHA iR o HNiHe ¥edAn ngQn@qmauqage&aa@fcﬁmegl d
preferably be greater than the value A determned by the follow ng formula

and | esgnt hae &asé8. of\-ﬁlﬂtibﬁﬂ@a)-l?.iﬁﬂel:oﬁbérﬁsl):a35bwﬂ@mgr6védi,Sshbf&n‘gei ght of
the resin per unit area of the outer |layer (g/cnR) is the amount of
resi duakheoppeuntXof resiai Mugdiredysr fatheddihe outehel ageanaf ofhe
prepreg, c indicates the 10 10 AUG 2005 thi ckness (Eun) of the circuit
copper ffdiowingndesins tTielispesidflits igraviteaged chi)ckofesishpreatiedionayer
resin. If the weight of epoxy resin per unit area in the outer |ayer is

| ess t ham & hpgremteg i whheh itruneact Logsrate i keolnrer lfamearyépoxs'

insufficient so that enbedding of the circuits tends
10 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
15 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

20 atmosphere at a temperature rise of 10°C/minute.

Reaction rate (%) = {1 - (reaction peak area of resin)/(reaction

peak area of unreacted resin)} x 100 (2)

25 Although the reaction rate can be controlled by various
methods such as adjustment of the heating temperature, heating

time, irradiation of lights and electron beams, and the like,



to be inadequate; if greater than 1.5A, on the other hand, the anmount of
resin in the outer layer is excessive, resulting in an increased flow out
anount during a form ng operation, which gives rise to inpaired thickness
precision. The effect on 10 flowout in different circuits having tlfcAU§=pi85
copper residual rate differs according to the circuit patterns .
Therefore, the anpunt of resin can be suitably determned in the above
range. A preferable range for the weight of epoxy resin per unit area in

the out &lod @ Hys MANEUE A Hefd thirftf ¢ ehlie RS il ain e YRRV kP Hidte? (%

I ndi cates the percentage of the circuit aréa formed 1n the inner circuit

layer of;jg Judy id®-bAVEys beBset ¥hgBogogbkigtand i npregnating the outer
| ayer resin on both sides of the inner |ayer, the amobunt of epoxy resin

applied to thfe didigitentasislef/ (de dHnaie lapary mass Pt e andertiecal . For
20 exanpl e, when copper foil surfaces on which an outer layer is provided

have di ffeisnts nppesubesidtal (Gat ¢6, theeihhbeknager of the ouegentayer my
be controlled according to the copper residual rate. Specifically, the
anoupt dfnveasi ormpid i3 o1t e resurdmt o fidrably drammnal ntesizdddl. rate
may be smaller than 25 the amobunt of resin applied to the surface with a

| ow cop@Bpecifesialliby, reiie. adruti dihemhi®y aresnin aouiids pafe flreasibl it ke he
different sides of the outer l|ayer ensures reduction of the 11 i 0 AUG 2005
f | ow out4 hpaurtis. byreaigbt mmnaqarse fprepPparts thy peagbstofithemlia®s with a
copper foil, the anount of resin in the outer |ayer can be determ ned
accor di fgiher swhstmake - ridgfiveegmpgnt pif| PPAEYT FRSLRAT 5 0DDithan t43 on the
roughened copper fail 5 surface. To produce the twp outer |ayers each

havi ng PaHYFF dYeiie idyboudmPEeIBFSLP T 4 hhet Rgsghak’ hepat 8% may be

P35, Sl U2, Ot Lee! AL BiATRU SO0 L |40y do s o
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.

15 The prepreg of the present invention can be preferably used
for multiple-layer boards such as copper-clad laminated boards
and multiple-layer print circuit boards. When the prepreg is
used for insulating the circuit layers in multiple-layer print
circuit boards, the weight of the epoxy resin per unit area in

20 each outer layer should preferably be greater than the value

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

25 wherein A is the weight of the resin per unit area of the outer
layer (g/cm?), b is the amount of residual copper (%) inacircuit

layer facing the outer layer of the prepreg, ¢ indicates the

10




ot her side. 10 Either one sheet alone or a conbination of two or nore

sheets of the prepreg of the present invention may be fornmed into a

| ami nat ed board. specifically, a circuit board or a nmultiple-layer d0rAUGiZ005
board can be obtained by lam nating the prepreg with a netal foil and

i nner layer circuit board and by 15 press-formng with heating. The use of
the prepreg of the present invention with an inner layer circuit board

bri ngs about a greater thickness precision effect than use of the

convent i ghibd kELP (@Y. o Fidie Birag iconyepet ol Paall €4S thd§pauy  of
resin nmust be increased or the viscosity of the resin 20 nust be decreased

to i nprayeatiey cidglemt) enberttt neueéf etdyedfhi@sinesults in an increase in
the resin flow and inpairs the board thickness precision. Wen the prepreg

of the presentfithemeight icf umsIky ties boper nfit esfan rigg e byt
enbedding the circuit can be adjusted according to the circuit

confi gurlayen isf Lehe 2tan ruber vhayerAcitteuamohoar df ared trheénr elsé mudtdexwv can be
m nimzed. The prepreg of the present invention can be manufactured by a
procéss layer iisi Agsedf ig isndp sof thagr eghadinggac§l bve ditmerit tEndeUG ? 6
substrate, havi ng a weight of 40 g or nore and | ess than 115 g per square
meter areP H¢ AnpdganpEssi Lftgreaten e dndifseon shel etker diand a tdut vent

(b) a step of |qr}_pregnat| ng the sol vent-inpregnated gl ass fiber substrate
with epdB8Punlsiaf resin snatgﬁe‘auléﬁrhé%r?ﬁgl&i tféé“é%ﬁﬁ@"? edi9iY kg ddt ed

gl ass fi ber, substrati é of further n‘ﬁregnatl 12 t he epoxy

resi n-i ift éGFEEAT SR Riovwr P Era‘E‘?JB Erdfeing 4 W‘\F’B ngtfép%‘ﬁﬂ) ny &ifthas been
cured, with the e o‘g%/ resin gn]g g }( a ste of. heatg?% r%% Iast obt ai ned
opoxy’ 1 YRS phEEred etfat akedt FBEF<RGsS L BEERAPEohndle F1ERS oy resin
reaghi ongy d{‘ ﬁhSlkEB?ént' QY PLub 8s8P00 g TR ANE L4 SP PO FRS

reactionra
ratediffers according to the circuit patterns. Therefore, the

amount of resin can be suitably determined in the above range.
A preferable range for the weight of epoxy resin per unit area
in the outer layer is between 1.1A to 1.4A. The residual copper

15 rate (%) indicates the percentage of the circuit area formed
in the inner circuit layer of a multiple-layer board.

When coating and impregnating the outer layer resinon both
sides of the inner layer, the amount of epoxy resin applied to
the different side of the inner layer may not be identical. For

20 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

25 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

11



outer layer is 60%or |less. The process for manufacturing the prepreg of
the present invention will now be explained referring to Figure 1. Figure
15 1 is a flow diagram for explaining the process for nanufacturinglﬂﬂ 2005
prepreg of this enbodinment. In the Figure, the prepreg manufacturing
device 10 conprises an unwi nder 1 which unwinds a glass fiber substrate, a
first accunulator Ila, a solvent inpregnation apparatus 3, a solvent

i npregnation region 4, a 20 first resin varnish inpregnation apparatus 5, a
first drfeswfout ameeOPd WEShNj¥2ARhENthBPpPERAELOBFARRR! RlSenht @ SeCONd
.drier 8, a second accumulator |lb, and a w nder "9. These apparatuses are
ar r angedi riveritidn Widel af ¢6ppehersps| radn FAVBEt F83Th 1M craddddgn, resin

anount --control li ng equi pnent, not shown in the 25 Figure, nay be

provi ded.ayde cire e @e o< 2 otd dichd g tass adieit FeRElird e fy from
the unwi nder 1 and inpregnating the glass fiber substrate 13 10 AUG 2005 2
with a shiMeintg thineaibasesoopils phtshent ahgetopghphed. copgersdE 19! ass

fi ber substrate as nentioned above can be used as the glass fiber

subsbr atsiXades. Toguiadnte tdienevdylu tfeor lageds eaddiVRay itgtddli feeideanol ve
(MCS) , nethyl ethyl ketone (MEK), and 5 the |like can be given. O these
sol vent MmNt iof ppekyrads ynustte gluss dibasysgbatrateimay e passfeatt uri ng
process, excellent inpregnation in the glass fiber substrate 2, and easy
r epl aceri@niough Khgroep Gier efia res inhanpunercenbpelThagtderwice eduiated f or

| mpregnating the %I ass fiber substrate 2 with the 10 solvent at this step
i s pref &RKNED 21 IpFILMPRGUAL ahdrRELE [EPRfERabISidr than P mwithe e at
roomte rature, If the inpregnation tinme is less than 0.1 mnute,

i npr egn&tGSF S¥19%0l vent becones i nsufficient. An i npregnation tine | onger

thapyone M nyte fGAUAES R &7 9P 8% £OPLLER1 89 188 b ¥ulOhr more

sheets of the prepreqg of the present invention may be formed
into a laminated board. Specifically, a circuit board or a
multiple-layer circuit board can be obtained by laminating the
prepreq with a metal foil and inner layer circuit board and by
15 press-forming with heating. The use of the prepreq of the
present inventionwith an inner layer circuit board brings about
a greater thickness precision effect than use of the
conventional prepregs. When using conventional prepregs, the
amount of resin must be increased or the viscosity of the resin
20 must bedecreased to improve the circuit embedding effect. This
results in an increase in the resin flow and impairs the board
thickness precision. When the prepreg of the present invention
is used, the amount of resin required for embedding the circuit
can be adjusted according to the circuit configuration of the
25 inner layer circuit board and the resin flow can be minimized.
The prepreg of the present invention can be manufactured

by a process comprising (a) a step of impregnating a glass fiber

12



15 the solvent inpregnation, giving rise to increased production cost. D p
coating, kiss coating, and the |ike can be given as a nethod for

i npregnating the glass fiber substrate with a solvent. After the solvent

| npregnation according to the step (a) 20 and before inpregnation

inner layer with the epoxy resin according to the step (b), the substrate
'is preferably passed through an air streamfor 1 to 5 mnutes at a
“tenperature lower than the boiling point of the solvent used in the

I t ol ti ' t t | t 500C
25 1 over™ TR The’ Y FRESoramh? dher8f b Mors B T &l it>
' ' | t bL§s h .} I t
| TP C0n%Y I SRERLEL Tt Or |1 4P () pordBhey DE O S 50 kRt el vent
a voi dl ess Jd¥ES bayRTa &biebnthi ﬁb?UQSEEéEgoHESiglgﬂéﬁﬁgtﬁ.ﬂrgo!&%@the air
stream an excess anount of solvent 'is renhoved a“colTecting rod or the

li ke so ddated e mpPedhat AR £{Ne PRI D AQ @ S to 25
parts by Weieght 5 per 1%0 {g?ts by V\gi ght of the {jlggs ﬁ%%ggbs(t%?ate. | f

therg is$ se @Eﬁ&m&?ttﬁé gpbxgntestife inxeegRh¥E4SQL¥aRt fiphezarri ed
over to the rEgsi n varni sh used ?n t?he step (E),émaki ngeit neé'essary to

remove tdiubseass, V@d;Oévmpidilftﬂ&rdhﬁtnﬂmeEQhatﬁ.ﬁg thet Bpoxkep (c). This
acconpani es undesirable 10 probl enms such as easy production of voids and
the. |ikesim-idEredreptéd)glashe Sobeensubapregaat éd ghash thleerepoxgbstrate
2 obtained in the step (a) is passed through the first resin varnish
i npr egnatesoim d@sabaars chired i wptagtheeepheygrassn, famdr(syubststame o with an
epoxy resin. Exanples of epoxy resins 15 used in the step (b) include, but
are not heaking the 1pptphbRelinedpoR9Xy esefHtn-aimp reywmi bkd apldss Mddiars. The
epoxy resin is used in the formof a varnish forned by dissolving the
epo;(é r &4hstrate, wherein the epoxy resin reaction raté in the inner
layer is 85% or more and the epoxy resin reaction rate in the
outer layer 1is 60% or less.
The process for manufacturing the prepreg of the present
invention will now be explained referring to Figure 1. Figqure
15 1 is aflowdiagram for explaining the process for manufacturing
the prepreg of this embodiment. In the Figure, the prepreg
manufacturing device 10 comprises an unwinder 1 which unwinds
a glass fiber substrate, a first accumulator 1la, a solvent
impregnation apparatus 3, a solvent impregnation region 4, a
20 first resin varnish impregnation apparatus 5, a first drier 6,
a second resin varnish impregnation apparatus 7, a second drier
8, a second accumulator 11b, and a winder 9. These apparatuses
are arranged in that order from the upstream to downstream. In
addition, resin amount-controlling equipment, not shown in the
25 Figure, may be provided.

The step (a) comprises unwinding glass fiber substrate 2

from the unwinder 1 and impregnating the glass fiber substrate

13



in a solvent which preferably has good solubility with the resin. A poor
sol vent may al so be used to the extent there is no adverse 20 effect.

Addi tives such as a curing agent, curing catalyst, filler, surfactayftAUG 2005
silane coupling agent, and the like can be optionally added. The tine
required for inpregnating the glass fiber substrate 2 with the epoxy resin
Is preferably 0.1 to 1 mnute, and nore preferably 0.1 to 0.5 mnute at
room 25 tenperature. If the inpregnation tine is less than 0.1 m nute,

\pr egngt L,9en0k $OBVEAE! b Idbdtadh ddHdl NiGF i Ba%égeggﬁgsmgwasneous-

An 1 npregnati on e l'onger than one mnute 15 1 _ S'reduires a large
and CO”Eglm%ag dska¢iiblery shiBstiraeeVasNinght ibMRGEABBYECRandbY! Afell 88 1O

i ncreased production cost. The step (c) Iis a step of heating the gl ass

fiber sypgt g%Es £ibAPr oghat egh i1 h A QB@&)én'i:e,SHﬂméﬂh?lfféﬁﬁ\aﬂiaér 6 to
form 5 an époxy resin layer which has reacted to a certain extent. In this

step, VQbe)r eHBERY NG 1N 4461 Fé QMUY £ metiRedt By Nelcitd NAEK)easdl vent
with the varnish and by heating. This procedure " increases the reaction

rat es of thigel Ep@XAr BEidiveh | bE theee dodwaintd ODRFNDbreFeeadly uBkds t he
i nner | ayer voidless, thereby 1.0 inproving the thickness precision of the

resul ti ageprepeasyarbnyycAy dant itige manulddone big resecepondexceTbenheat i ng
conditions are preferably 140 to 200C for 1 to 5 minutes. If the heating
t enper atimpeegnaltdwer irharthel40@ss tfildessylmstiatg 2 prandeeaspaction rate to
reach 85% requiring large scale production 15 facilities. If the
t enper atrepd acemendharittthan H@EyY t1es dpoky theslatemysbepdehheukdade gi vi ng
rise to inpaired properties of the resulting | am nat ed products,
parti curgduiried ferntupredmrbing dhedddes nfeRat ePsBha%e it Waity E8Bst ance.
If the heating tinme is |less ,than gne m_nute, voids nﬁg remain in the 20
i nnk} | §pdvents atnhthigastRg LenREPSeraRgdr OrHahor VBRI Ry e8nd more
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 requires a large and complicated facility for

15 the solvent impregnation, giving rise to increased production
cost. Dip coating, kiss coating, and the 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)

20 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

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

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

the solvent to homogeneously spread all over the glass fiber

14



| arge production facilities may be required. In view of conpatibility of
the productivity and voids renpval, desirable heating conditions are
“heating tenperatures of 160 to 180C and heating times of 1 to 4 m'nﬁ}gggz[mf,
The reaction rate of 85%or 25 nore of the epoxy resin in the inner |ayer
‘may not necessarily be achieved in this step (c) . It is sufficient that
“this target is ultimately attained in the prepreg after the

| at er - descri bed 16 10 AUG 2005 step (e). In the step (d), the epoxy
resin-i iU gl ASvolabels SHASE! PAPel. | sS4t {41 ddis Speond

.resin varnish 1 npregnation apparatus for | npregnati on t he

epoxy 5 pesidd vAIRSEDY ik QUIesteRAKY, BASERcka¥eAmbEnt G FRG AR {£ast
one side of the inner layer. The further epoxy resin inpregnation after

t he abovicen®néd oppda SE6P1£66LiAGCRHE BE the T1RRDEBSHNatl RN tAnflANSUT €S
the configuration conprising an inner |ayer in which the reaction has

pr oceedeiihed Pa€ely Btk exbasten it )aPeotnes 16¥62DPadtk 5! BRSIe iQfif; Si de of
the inner layer. There are no specific limtations to the epoxy Tesin used

for 5thepenitl0 lpayess. bBi sphghel o £rhey glesisnEibeevoubByt eROXY IE£YH¥re and
the |like can be given as exanples. The tine required for inpregnating the
epoxy ress aqni epregsameching] afsdlivart suheteat @©sd Hvaisiol vamtepexyarreisad i n
this step (d) is preferably 0. 1 to 1 mnute at roomtenperature. If the
i npregnaRven to nehésreess vaanidhlusaidnine thehetepsi(b )ramakdnget

I npregnated in the wwdth direction. An inpregnation tine |onger than one
m nut e rRRRE/FIBILA targemowAdtBenpkreasadef goilvieny fior thgr dirgtingmpr egnat i on
so that 20 production is hindered. The time in which the varnish is

i mpr egn RRRFFSLYR etRr BREYSERB(BG) 1 tBhES sageompanias vhedesirapleductivity.
The_ anmount of resin can be control.led b\F/htahe resin amount _control

equit BreREORIAMS RUGR 37 eB38Y r BFPAUGLABAnRIKNPAEs 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

15 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

20 effect. Additives such as a curing agent, curing catalyst,
filler, surfactant, silane coupling agent, and the like can be
optionally added. The time reguired 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

25 temperature. If the impregnation time is less than 0.1 minute,
impregnation of the resin in the width direction may not be

homogeneous. An impregnation time longer than one minute

15



or the like. Specifically, the resin anobunt can be controlled 25 by the gap
of the resin anobunt control equi pnent and passage position of the glass

fi ber substrate 2. For exanple, a prepreg wth an equival ent outer l

resin anount on both sides can 17 10 AUG 2005 be obtai ned by passi ﬂa @2’[505
gl ass fiber substrate 2 through the mddle of the.gap of the resin anount
control equi pnent. The step (e) consists of heating the glass fiber
substrate 2 inpregnated with the epoxy resin in a second drier 8 to form

5 an OUtL‘?é%@Péé‘é’ 4 €BaPgbaYRE - cIRBLieatbiORakRL € £9f FBROX Yl Qairhiigh t he inner
.layer and the outer layer is also adjusted in this step. The heating

condi t i ofifprEgh Pt Bde) gl ¥ingO0riee208CihereadeiOpRolub®lies. cbkti.he
tenperature is |lower than 140C, the productivity is poor; if higher than

200C, the curpiygsteacttprisla Swwp progestingneregsass! yimved sulbe ey resin
may be denatured, giving rise to inpaired properties of the resulting

| am nat ezl impredimitsed paitii ablearipyxiyn rieerins iaf aheatst e séBrE & @fbrm

wat er - absorption resistance. If the heating tine is |l ess than one mnute,
t he Begrae egoxyutiesdn bhayke whith hs asdaaredy dSchecair extssren, Imking it
difficult to produce prepregs. Heating time in excess of five mnutes
requi r esti g géepacvdids ezmaindmg ihehg ehpbhrreemnbeedr oy wrepilvcing
desirabl e heating conditions are a heating tenperature of 160 to 200C and
a heati righe ismlvent wibh4thenviaesishkoardebyeheatdngr affbisf pidocesivae resin
in the inner layer and the outer layer in the prepreg of the present

i nvent i HNGELAFRS SRS FEATF YR g3 of S0Pty FfiSd Nkl gBper dsyayy
perform ng _the above steps %g& to fge) in that order. A prepreg with a

di f f er erit® (B2 OMIEE 2P PAKESNRBE LRPEF JAYSTh¥OdHLES S afdET®PYcan be

| OB, Db R bR S LR L0 PN LR Bl fesiel )

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

15 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

20 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

25 more of the epoxy resin in the inner layer may not necessarily

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

is ultimately attained in the prepreg after the later-described
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t he second accunul ator lib, and continuously wound by the wi nder 18 10 AU6

2005 9 or cut to a prescribed length by a cutter, not shown in the

~Specifically, the prepreg prepared in this enbodinent can be cut infpEAWE2005
appropriate length, lamnated with a netal foil, an inner layer circuit

board, and the like, and fabricated 5 into circuit boards or

‘nultiple-layer circuit boards by press-formng with heating. Aternatively,
"the long prepreg may be wound as is and fabricated into circuit boards or

nultipleéég%gggf[rcuit boards by continuously lamnating with a netal

_such as a

circuit boardrpasgk tdhieed iks., Eﬁé’\@ggﬁy Jégiﬂiﬁﬁgpéghaﬂsatépélswib

described in nore detail by exanpl

Limitingsgbecpaesept islpakouanth@BughX e @ebodd HesaPAFRGHENUf act uring
apparatus shown in Figure 1, a prepreg consisting of an inner |ayer and an

whi ch shoul d”not be” construe

outer | ayfpregfab@snRIRRAF feus ThEokNN@FLhay Syl Rh off 8RRy

resin--inpregnated gl ass fiber substrate,
coat ad W&HiAp wHEXSLY @l Bubli aipddy &les i 1Agerope ticiGngt oncssitgaHE gl ass
fabric> A comercially avail able glass fabric having a wei ght of
per squasee n@ide sfsthabjiantedlhged .kmhen flurthe ropeoixy) rgwiacess to | oosen
warp yarn and weft yarn. A glass fabric with a thickness of 0.1 mmand an
air per nimpreguyt donldftas/ the/deevd oma it M 096epate phicdoedlind hteo ai r

perneability was determ ned by the nmethod descri bed above.

10

15

20

25

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 res in—impregnated glass fiber substrate
with an epoxy resin in this step (d) is preferably 0.1 to 1 minute
at room temperature. If the impregnation time is less than 0.1
minute, the resin may not be impregnated in the width direction.
An impregnation time longer than one minute requires a large
and complicated facility for varnish impregnation so that
production is hindered. The time in which the wvarnish is
impregnated is preferably from 0.1 to 0.5 minute in view of
productivity. The amount of resin can be controlled by the resin
amount control equipment, such as a squeeze roll, a comma knife,
or the like. Specifically, the resin amount can be contrclled
by the gap of the resin amount control equipment and passage
position of the glass fiber substrate 2. For example, a prepreq

with an equivalent outer layer resin amount on both sides can

17

foil, alumniumfoil, or nickel 10 foil, an inner |ayer

both sides of which have been

25 104 g



<Preparation of epoxy resin varnish (1)> 5 70 parts by weight of a

bi sphenol A epoxy resin with an epoxy equival ent of about 450 and 30 parts
by wei ght of a phenol novol ak epoxy resin with an epoxy equival ent of
about 190 were dissolved in 100 parts by weight of nmethyl ethyl ket®aBs 2006
this solution, a solution of 3 parts by wei ght of dicyandiam de and 10

. 0.15 parts by weight of 2-phenyl-4-nethylimdazole dissolved in 20 parts
by wei ght of di nmethylformam de was added. The mixture was stirred to

obt ai N afe UMPHI IS By BaLBISE the dPiss ¥ A5, fﬁ'%l&a@zﬁf%&éﬁtﬁﬁé‘ of
-epoxy resin varnish (1I)> 35 parts™ by wei ght of a bispheno poXy resin

with an mepoxy efuiNal gap 8F 8hBULe45Q, aZuRd' Tc%n@fo‘ﬂ:eie%ﬂf' erft Di sphenol

A epoxy resin with an époxy equival ent of about 2000, a parts by

wei ght of an The GREP ) YO SKs EP SV hEBE RgVE KA gAR sBPEXHe 2& B ¥R eNt  Of
about 210 were dissolved in 100 parts by weight ™ of nethyl ethyl ketone.

Thi s sol utingpredratedad o theaepokyt resinoin & pRIdohdUrWRIrIdt ¢&fform

di cyandi am de and 0. 15 parts by weight of 2-phenyl-4-nethylimdazole in 20
part$s byameiutdér afpatiyratdsyif dayer.deThe ebhathoAnr&pexyf r&sdy iessish (11).
25 <Preparation of prepreg> <Step (a) - step(c)> 20 10 AUG 2005 The gl ass
fabric rieltde donekr bayeheanhwhedenté&rwhsypasisedlsichadygbtieteins altvient

| npregnation apparatus 3, where glass fabric was inpregnated with DVF

sol vent fterp The heahingeconpibieust areughefarablysi4@atwa200%C far 3.5
mnutes. The 5 solvent-inpregnated glass fabric was then passed through the
first resi% v%rlﬁ‘ﬁ@htﬁrprén}éﬁéﬁ}%rtﬁwaa‘%%e 5lg okpweni trpanl 4 @bxythesi n

varni sh (Ig to j npregnate 100_Par,ts by wei ght of
productivity 1s poor; it higher than 200°C, the curing reaction

10 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

15 become uneven, making it difficult to produce prepregs. Heating
time in excess of five minutes requirés large facilities. From
the viewpoint of the productivity, desirable heating conditions
are a heating temperature of 160 to 200°C and a heating time
of 1 to 4 minutes.

20 The reaction rate of the epoxy resin in the inner layer
and the outer layer in the prepreg of the present invention is
respectively brought to 85% or more and 60% or less by performing
the above steps (a}) to (e) in that order. A prepreqg with a
different reaction rate in the inner layer and the outer layer

25 can be formed by suitably selecting the heating conditions of
the step (c) and the step (e). The prepreq obtained is sent to

the second accumulator 11b, and continuously wound by the winder
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the glass fabric with 64 parts by weight of the resin on the solid basis
(step (b)) . The product fromstep (b) was dried for 10. 3 mnutes in the
first drier 6 at 170C, to prepare an inner |ayer a consisting of a {ilad 2005
fabric inpregnated with the epoxy resin (step (c)). <Step (d) -- step (e)>
15 The epoxy-inpregnated glass fabric obtained in the step (c) was passed
.through the second resin varnish inpregnation apparatus 7 containing the
epoxy resin varnish (1) to inpregnate 100 parts by wei ght of the gl ass

fabric vétdy Bt RY bSpRKsweiigaly 18hgkhenyes! Euﬁ%%fl ;&%ggﬁ% ﬁg&ﬁﬁ 3:‘ g

inner layer resin) on'the 20 solid basis”(step

for 1.5 fiquies Specar tha Bly Atehe peped 9&%@%@%&&1{%%@%6@%% gegm)

A prepreg consisting of an inner |ayer "a and an outer yer

both si desn Kfe i iimer ahayppropeiabal 88gthh 14 SndPEASEith d4ymation
of reaction rate> 25 An inner |ayer, obtained by inpregnating the gl ass

fabric foilh, theiepexyavesi aiveult Bodrd, and €y 1 A%kel, Nard HihiAtef 0C for
4.5 mnutes as nentioned above, was used as a sanple for 21 10 AUG 2005 t he

i nneb | airero avifidwei sabpaeds cort heloipde-layer biwes itpbepadad cutting
the surface of the prepreg consisting of the inner |ayer a and the outer

| ayer b pirssnkermboy @ith heat ingedditatrinat ipedly | the Amplgesrépregacty | ayer
was determ ned by DSC apparatus (manufactured by TA Instrunent Co.). The
heat gdrRerayirh deaks arrdsiabricatetdeiotpi ngreeatt boards awout 160C for
the resin before the reaction and the resin for each |ayer were conpared,
and t he BEHCHR kRr Far or g Qi te Brates bryorerhbnuewsle Yamind tig@witdhown on
page 9, lines 2 qg 23. As a result, the reaction rates for the inner

a L L ) .
| ayer a %HﬁtﬂszG&t SUCh, 38 A LCRPEE cEAE] ¢ bk am ofswh T P I5 50 Cke L

reSESCt'floeJ!ly,' 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

15 invention.

Exanple 1
Using a prepreg manufacturing apparatus shown in Figure
1, a prepreg consisting of an inner layer and an outer layer
20 was prepared. The inner layer consisted of an epoxy
resin-impregnated glass fiber substrate, both sides of which
have been coated with an epoxy resin outer layer.
<Fiber opening processing of glass fabric>
A commercially available glass fabric having a weight of
25 104 g per square meter was subjected to a known fiber opening
process to loosen warp yarn and weft yarn. A glass fabric with

a thickness of 0.1 mm and an air permeability of 10 cm’/cm?/sec
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Exanple 2 A prepreg consisting of an inner |layer a and an outer |ayer b
formed on both sides of the inner |ayer a was prepared in the sane nmanner
as in Exanple 1, except that the inner layer b was fornmed by usi{pAUg 2005
epoxy resin varnish (11) instead of the epoxy resin varnish (1) 1n step
(d) . As aresult, the reaction rates for the inner |ayer a and the outer
| ayer b were confirmed to be 87% and 59% respectively. Conparative
Exanple 1 A prepreg having only an inner |ayer a was prepared, omtting

the stepsas ebthanedng 2ReQilrepelarabilit§RRE beakhynedidy the mdwisy (a) to
(c), the solvent-inpregnated glass fabric was passed through the first

resin vadésShibedrggmasl on apparatus 5 contai ning the epoxy resin varnish
(I') to inpregnate 100 parts by weight of glass fabric with 110 parts by
wei ght 155862-2 22 1 0 AUB 2005 of the resin on a dry basis. The
varni sh-inpregnated glass fabric was dried in a drier at 170C for 1.5
m nut es 4Brefrraniom @f eppegy Fhsinewmarnashr gtg>was 62% c¢ 5 Conparative
Exanple 2 A prepreg was prepared in the sane manner as in Conparative
Exanpl e 1, extemartmtby heeighthich-a rprsggrentadd Aylegsscyf atesin wath diried in a
drier at 170C for 3 minutes instead of drying at 170C for 1.5 minutes. The
react i orePQ@Re e@ald ved®en tl o £ vzt 4i50vangddhphsts by presighdyofomghsinalg of an
inner layer a with a reaction rate of 50% and an outer layer b with a
feact i oMYRR BRGNS IR&INpVephraR SRP¥hedvdiva rained aBonh Bdiwsre 1,
except for 15 enployin a;}_progri at_elﬁ/ nmodi fied_heati n% conditions in the
step dissolved in 100 parts by weight of methyl ethyl ketone. To this

solution, a solution of 3 parts by weight of dicyandiamide and

10 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.

15 <Preparation of epoxy resin varnish (I1I)>
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 epoxy resin with an epoxy equivalent of about 2000, and 30
parts by weight of an o-cresol novolak epoxy resin with an epoxy

20 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
dimethylformamide to obtain an epoxy resin varnish (II).

25
<Preparation of prepreg>

<Step (a) - step(c)>

20



(c) and step (e). Conparative Examle 4 A prepreg was prepared in the sane
manner as in Exanple 20 1 except that 100 parts by weight of glass fabric
"was inpregnated with 30 parts by weight of the resin on a dry baSiﬂ]hlﬁhmﬂ?
formation of the inner layer a in the step (b) , and 100 parts by wel ght
of glass fabric was inpregnated with 80 parts by weight of the resin on a
dry basis in the formation of the outer layer 25 b in the step (d) . As a
"result, the reaction rates for the inner |ayer a and the outer |layer b

were confirmephé gleesSEUand £880 ed ARPEFbVEhY uddndeAYG29 P Luppar at i ve

Exanple 5 A prepreg was prepared in the sane manner as in Exanple 1 except

that thetigtasghfebei somasnusetlpeaghatwohhappakeaicng 35 swirkCimddo a thread
openi ng process. The air perneability of +this glass fabric was 60

cnB/ cn/ faler i€ Bvas uamppagnatpdeptied) DAFdsvhiensi deteponRen-Cladd hag nat ed
board and a 10 four-layer circuit board were prepared using the prepreg

pr epar edpassdx anipt@sgil anda2rastr€ampataltie fxanplesmintifeb. Tine
properties of the boards were evaluated. The results are shown in Table 1.
I n Tabl esdlvént+impfeghatedi glassdbabr sc awaesthen pHsdde theadugh itare of the
prepreg before preparing the 15 doubl e-si ded copper-clad | am nated board
and the fbrst |zg2in vargish boprdgnapbiopr eppeabitos 6f cdodlalie-isigd@ch
copper-clad | am nated board> A copper foil with a thickness of 18 m was

| ayer ed FRPBOITLDIN THRLHR the {17 dpapites sLE G mant svibih wedahithg fat a
tenperature 170C for 60 m nutes under a pressure of 40 kgf/cnR, to obtain

& doubl 3% FURTDHANT LT 46t Hark hRAE o (1Y HE THYuIGR (¥1e IRgRia of the

.solid basis (step (b)). The product from step (b) was dried for
10. 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 (c)).

<Step (d) - step (e)>

15 The epoxy-impregnated glaés 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

20 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 ocuter layer b formed on
both sides of the inner layer was obtained in this manner.
<Confirmation of reaction rate>

25 An inner layer, obtained by impregnating the glass fabric
with the epoxy resin varnish (I) and drying in a drier at 170°C

for 4.5 minutes as mentioned above, was used as a sample for
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t hi ckness of 0.1 mm 25 <Eval uation of doubl e-si ded copper-clad | am nate>

The substrate thickness precision and fornability were evaluated on the

i nsul ating | ayer obtained by etching and 24 10 AUG 2005 renovi ng themchﬂﬁpﬁlﬁ

foil fromthe doubl e-sided copper-clad lamnate with a dinmension of 500 mm

x 500 mm For the determ nation of substrate thickness precision, the

substrate was divided into 36 squares and the thickness s 5 asured at
\rlm\ﬁéyﬁés

each of tHe® 36NBEHardYeITHe aveltgeSBFPthe I95 MfasHrkRe ak®h as

t he substrate thickness and the ndar evi ation_o e 3 S ment s
wos takerPasd BURITFRE R eiediniE S bR o ind ThkhE

eval uat ed; byl NBPREE | 8928358 MBu% 200 D RArchfOmeldhapclQ .Pr esenggt or
absence of voids in a given test circuit area and further inspecting the
board forgamraalinor pehkt i esshaples Mort kachakedeeyeaande tyrmisiedg bgnDePt i cal
m croscope. 18 m copper foil peel strength was evaluated according to JIS
C6481. 15afmmrative evmpoufaonisid sbydefAhestragestante;) onl y Bige gﬁﬂé of
the prepreg was etched and cut into a 50 nm x 50 nm sheet, thereby

obt ai ni ngEEEL CBs PedhedF AdhsIuEath tRItCWHES FEACTHAR §EbFE‘&‘E‘éd1%/(bCa

nmoi sture absorbing treatnent in a _pressure ogker_at. 121C under 2. 0_atm
for two hg‘fﬁ sthery e?]é%?)ez(?rgpég’lerrér%%c T ?l?én&cﬁ pped ﬁt%ar S5Ger*BEFh at

260C for SERONAS, ali&r (M CBabPEY, WBLEe | RaReChedul fEed herpresgace  Of
swel l'ing and neasl es by the naked eye and optical mcroscope. For the

eval uat i osb®fe f Foymald , (2 doshben sbdegdagepper -tilmd 25 hadi 2ate was a

prepared and the flowout length (the extruded area) was neasured.
result, the reaction rates for the inner layer a and the outer

layer b were confirmed to be 80% and 55%, 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 wvarnish (I) in step (4). As a result, the
reaction rates for the inner layer a and the outer layer b were

confirmed to be 87% and 59%, respectively.

Comparative Example 1

A prepreg having only an inner layer a was prepared,
omitting the steps for forming an outer layer b. specifically,
in the steps (a) to (¢}, the sclvent-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

155862-2 22



25 10 AUG 2005 <B. preparation of four-layer circuit boards An oxidation

(bl ackening) treatnent was perfornmed on the surface of a copper foi

- (thickness: 35 m) of a double-sided copper-clad lamnate with a thlftg@fﬂmﬁ
of 1 mm as an inner layer 5 circuit board. One sheet of the prepreg

| ayered on each side of the copper-clad | am nate, over which a 18 j Am
~copper foil was |layered. The resulting board was press-fornmed with heating
at a tenperature of 170C for 120 ninutes under a pressure of 40 kgf/cnR to

b f -
oE e el e RS BT P984 1O TR R e I A APy L
50 t h
moasur cd it dan of tefleiag ?gﬁiéeﬁfes% 7% L) 2*'1&#%%% theoBETY ot s
was takgn X E@ sug ErQEﬁct%B59§%&§§w%@p dhe standard devi ation of the 36
neasureneﬁtsp\&§§ ta en as the substrate thickness precision. The

formability was eval uated by inspecting a 500 nmx 500 nm board for the
presence or absence of voids in a given test 20 circuit area and further

i Nspgct iRkl A & fdfp1dy, abnormalities both by the naked eye and by
ToOpLl cat— T ¢ oSCope:

using a For the determ nation of inner |ayer peel

strength, the peehre§iwaNgrBpatetingn ithlesAne Radindrhgsiinebmpayak isepper
fail of 25 this subStrate, after t he bl ackening treatnent, and the

pr epr eg A 5 leattepihenael thos ﬁmusm&mmgmasmmimwhhe sane
manner 26 10 AU6 2005 as in the above-menti oned net hod of eval uati on of the
dried in a drier at 170°C for 3 minutes instead of drying at
170°C for 1.5 minutes. The reaction rate was 80%.
10

Comparative Example 3

A prepreg consisting of an inner layer a with a reaction

rate of 50% and an outer layer b with a reaction rate of 60%

was prepared in the same manner as in Example 1, except for

15 employing appropriately modified heatingconditions inthe step

(c) and step (e).

Comparative Example 4

A prepreg was prepared in the same manner as in Example

20 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

of the resin on a dry basis in the formation of the outer layer

25 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 81% and 68%,

respectively.
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doubl e- si ded copper-clad | am nate. For the evaluation of flowout, a
four-layer circuit board was prepared and the f | owout |ength (the1gﬁH52mﬁ
extruded area) was 5 neasured. Fall-out of resin powder was eval uate y
the following nethod. First, a prepreg is cut to a size of 100 nmm x 100 mm
using a hand cutter taking as nuch care as possible to mnimze 10 resin
powder falling out fromthe cut end. Ten sheets of prepreg thus obtained
were stacked and the wei ght was determ ned. The stack was then dropped ten
times froma height of 100 nmto determ ne the weight of resin powder
falling out by drop inpact. The anmpbunt of fallen-out resin 15 powder was

~determ %g f&' .%Qg g tecgfference for the sheets of prepreg before
droppin&<§%§i§g%ﬂ—éﬁgﬁgghgf*Such a nmeasurenment was repeated five tines to
determne th I h I s f Q Was nCRkLieg out as
Fol v, 20 FREee e wag PaRERr et i stlo S mait atin BRI gl

directign eg%ieg% q:m%ﬁlt#f;{sdgeTﬁ&fm&quQéécﬁsaﬁ.stQﬁ.ﬁhohh”ﬁeilf&%u' d be

random y an nt enti onal termned. The prepreg is then iInspécted

usi ng a%u%gté&aég RbCh QSHUMY opendtyTheocels.i 9hk, a il Qdrin@di ik geunt the

nunber of sStrand 25 voids with a size of 10 tmor greater. The resulting

nunber +qfi sSty13id viRiisid sedh Vdleshhineni’rgesanpl e area to calculate the
nunber of striand voids per unit area. This procedure is 27 10 AUG 2005

performed at three points along the length of the prepreg. The average of
the three points is taken as the evaluation point for the strand voids. 28
(Evaluation of prepreg)
A double-sided copper-clad laminated board and a
10 four-layer circuit board were prepared using the prepreg
prepared in Examples 1 and 2 and Comparative Examples 1 to 5.
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

15 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

20 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.

25 <Evaluation of double-sided copper-clad laminate>
The substrate thickness precision and formability were

evaluated on the insulating layer obtained by etching and
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removing the copper foil from the double-sided copper-clad
laminate with a dimension of 500 mm x 500 mm. For the
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
neasurements 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 C6481.

For the evaluation of solder heat resistance, only one 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 a moisture 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.

25

10 AU 2005
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<B. preparation of four-layer circuit board>

An oxidation (blackening) treatment was performed on the
surface of a copper foil (thickness: 35 um) 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 resulting board 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

26
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as 1n the above-mentioned method of evaluation of the
double-sided copper-clad laminate.
For the evaluation of flow-out, a four-layer circuit board
was prepared and the flow-out length (the extruded area) was
5 measured.
Fall-out of resin powder was evaluated by the following
method.
First, a prepreg is cut to a size of 100 mm x 100 mm using
a hand cutter taking as much care as possible to minimize
10 ‘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
15 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.
The evaluation of strand voids was carried out as follows.
20 First, a prepreg is cut to a width of 10 cm in the width
direction using a hand cutter. The sampling place at this
time should be randomly and unintentionally determined. The
prepreg is then inspected using an optical microscope
(transmission light, 120 times) to count the number of strand
25 voids with a size of 10 um or greater. The resulting number
of strand voids is divided by the sample area to calculate

the number of strand voids per unit area. This procedure is

27
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performed at three points along the length of the prepreg.
The average of the three points is taken as the evaluation

point for the strand voids.

28
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The prepregs obtained in Examples 1 and 2 exhibit high
substrate thickness precision and excellent formability. The
product of Comparative Example 1, which is an example of a
conventional prepreg, exhibited a substrate thickness
precision worse than the prepregs of the Examples. The prepreg
of Comparative Example 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 innér
layer a is lower than the reaction rate in the outer layer b,
exhibited substrate thickness precision worse 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. The prepreg of
Comparative Example 5, which was made from a glass fiber
substrate with insufficient thread opening, contained voids
remaining in the inner layer. The voids remained unaltered in
the laminate board made from the prepreg. The prepreqg also

exhibited inferior formability.

INDUSTRIAL APPLICABILITY

The prepreg of the present invention has high thickness
precision and is free from production of resin powder by bending
and the like, from voids in the cloth in the inner layers, and

from flow out. Due to these characteristics the prepreg

30
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UwHcnia. UycaCr.. HU 4~A. Cr..Cl] 10 AUG 2005 The prepregs obtained in \
Exanples | and 2 exhibit high substrate thickness precision and excehgig 2005
formability. The product of Conparative Exanple 1, which is an exanpl

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 Iayer in which the reaction has proceeded excessively.

Th f bility.
The Bi%’ggim %ﬁn&;}%ﬁ ERRRIETESEy b ARLE, BRepPis LARRED ot gr.”ﬁ the ~
i nner Lﬁ tiga" sack QBab8kenkfinbheyUbey chaver b.

exhlblte str precision worse t he prepregs of the
Exanpl eg, t ch the reaction rate
in the outyﬁf ayer Igé] @%%%@gélg {t-'%g rrggﬁtle gnv%ﬁg\ﬁ@gm nis |arge,

exhi bited substrate thickness precision worse than the prepregs of the
Exanpl es. The prepreg of Conparative Exanple 5, which was made from a gl ass
fiber substrate with insufficient thread opening, contained voids
remaining in the inner layer. The voids remained unaltered in the |am nate
board made fromthe prepreg. The prepreg also exhibited inferior
formability. | NDUSTRI AL APPLI CABI LI TY The prepreg of the present invention
has high thickness precision and is free from production of resin powder
by bending and the like, fromvoids in the cloth in the inner |layers, and
fromflow out. Due to these characteristics the prepreg 30 10 AUG 2005
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exhibits excellent formability. This prepreg can be manufactured securely
and in a stable manner using the manufacturing process of the present
invention. 31 111 AUG 2005 CLAIMS 1. A prepreg conprising an inner Iayfr
which has no interstice and is nmade froma glass fiber substrate, Am3HM5
i npregnated w th an epoxy resin, and an outer |ayer of an epoxy resin
coating provided on at |east one side of the inner |layer, wherein the

epoxy resth2E¥3ction rate in the inner layer is 85% or nore and the epoxy
resin reaction rate in the outer layer is 60%or less. 2. The prepreg
according to claim1, wherein the reaction rate of the epoxy resin in the

inner layer is 90 0 392 A0l thabri9ind hanoUlfled a¥RYetS AN nhESSo 3.
The prepreg according to claim1, wherein the weight™ ratio (R/(G of the
epoxy resiintéRyt beel driie igl aadef fbefi a sylbskr dtkef Guiist date,i Anpredmated | S
0.43 or nore. 4. The prepreg according to claim1, wherein the weight

rati o (R) MEEr ofn t RpodpoxgsiBsi AnER)amnduEpe deass fehern SRS a¥SYG) in
the inner layer is 0.53 to 2.40, 5. The prepre ac%prd'ng toclaiml

wher ei n t F825188s PXOVRERds Bkt Pht £ 979E SOWe| Gﬁgeofo 40tbeorlrfﬂﬁre W ess

than 115 (.S r d ! Lty - 0 cp/ or
| ess. 6. %ﬁgpgﬁgprég‘%%%gig%ﬁg%t5ggfg}%??eh%ig$éfhgtﬁgkafaégpgéiﬁ%#ﬁﬂp
substrat e Ragoe VBhGM nof e fiyt 3eb38 GeROfiSOUAIR MRl @heaBdtedNl@ydr is

perneability of 5 to 10 cnB/cnR/sec. 155862-2 32 10 AUG 2005 7_ The prepreg
accordi ngsé okabeds. wherein the prepreg,

2. The 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 20% or less.

3. The prepreg according to claim 1, wherein the weight
ratio (R)/(G) of the epoxy resin (R} and the glass fiber

substrate (G) in the inner layer is 0.43 or meore.

4. The prepreg according to c¢laim 1, wherein the weight
ratio (R)/(G) cof the epoxy resia (R} and the glass fiber

substrate (G) in the inner layer is 0.53 to 2.490.

5. The prepreg according to claim 1, wherein the glass
fiber substrate has a weight of 40 g or more and less than 115 g
per square meter and an air permeability of 20 cm’/cm?/sec or

less.

€. The prepreg according to claim 1, wherein the glass
fiber substrate has a weight of 47 to 105 g per square meter and

an air permeabil:ty of 5 to 10 cm’/cm®/sec.
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when used for insulating the circuit layers in nultiple-layer print
circuit boards, has a weight off the epoxy resin per unit area in each
outer layer greater than the value A determned by the follow ng fornula
and | ess than 1.5A. A=(1--b/102)xc/104xd (1) wherein A is the weil§AUGcHD% he
resin per unit area of the outer layer (g/cn2), b is the amount of

residual copper (%9 in a circuit layer facing the outer |ayer of the
prepreg, ¢ indicates the thickness (nn) of the circuit copper foil, and d
is the specific avi t /[cnB f.the_ou | aye i n. preg
according to cF&i%&f,‘ﬁ%ﬁ%&?nat 89%h%%rt9|%§%$ ?é %?%%?iedt%% %g%%ﬂgﬁdes of
the inner ayersead fohe irism%'mﬁéstgé thecqut el al.ayer i BpaxY ti g3k M st he

different side of the inner layer is not identical. 9. A lam nated board

prepared Ryifior8i fAghinedqireRr,egadr a wabgltr ofiff eHeayersd peepnegsr actar di ng
to any one of clains 1 to 8. 10. The | am nated board according to_claim9,
which is arepulini pheh|eyear boated oreabpherhall ddie ydlHgt 8 SRLAEPINgd & ayer
printed circuit_board. 11. process for mapufacturing a prepreg conprising
(a) a stéﬁ‘eofo}]ﬁ'f’é@éif’lrﬁ‘af\a @?‘iéﬁsﬁi Eéf‘ms{}gﬂ‘r ate, with a sol vent,
155862-2 33 1 0 AU6 2005 (b) a step of inpregnating the solvent-inpregnated
glass fiber substrate with epoxy resin to forman inner |ayer which has no

interstice, (c)pa(step@hxheabizag the egaxy resin-inpregnated glass fiber
substrate to partially cure the epoxy resin, (d) a step of further
i npregnating the epoxy resin-inpregnated glass fiber substrate, in which
t he epoxy wheskin hasi beere pasidml lof theredsinigdr amiepaxyar esi nhéooctoat at
| east one side of the inner layer with an outer |ayer, and (e% a step of
heati ng t layer (g/cm®), b is the amount of residual copper (%) in a
circuit layer facing the outer layer of the prepreg, ¢ indicates
the thickness (um) of the circuit copper foil, and 4 is the

specific gravity {(g/cm3) of the outer layer resin.

8. The prepreg according to claim 1, wherein the outer
layer is provided on both sides of the inner layer and the
thickness of the outer layer epoxy resin on the different side

of the inner layer is not identical.

9. A laminated board prepared by forming one prepreg or
two or more layered prepregs according to any one of claims 1 to

8.

10. The laminated board according to claim 9, which is a
multiple-layer board of copper-clad laminate or multiple-layer

printed circuit board.

11. A process for manufacturing a prepreg comprising (a) a

step of impregnating a glass fiber substrate, with a solvent,

155862-2 33



coated inner |layer, wherein the epoxy resin reaction rate in the inner

| ayer is 85% or nore and the epoxy resin reaction rate in the outer |ayer
is 60%or less. 12. The process for manufacturing a prepreg accor di)rget205
claim1l, wherein the reaction rate of the epoxy resin in the inner |ayer
is 90 to 95% and that of the outer layer is O to 20% 13. The process for
manuf acturing a prepreg according to_ claim1l, where:n the sol vel{], .

i npregnat é8) i & REPQIF4s S TEFEERAt Sibstitt BOHFHe "BF 8ERT & i L 3fi%re
f or mam deF}lﬂgEIga/tIF)er e‘%’f’el I osDoOé{\é/re, _eosrintrr%t()h¥l rgt Q%H}K%Pnfa%é’?"”%% g{af%cql%s for

manuf act u HE g clalm ereift the tinme for which

the solvenh ks AU e0paf ed deBpt he alasinki Rek SRS alRinnikpeegiarda) is
0.1 to 1 mnute at roomtenperature. 15. The process for nmanufacturing a
prepreg agtesdi pghép sebeiratkl toieneiinllaf teret hiee séepxy ayesind beflore t he
step (b), the solvent-inpregnated glass fiber substrate obtained in the
155862- 2 8fep OfADGT2D685 smppegmdting pdrs RPLHT JIRGH faARF PIRIYLRN ¥ 1 to

5 mnutes at a tenperature lower_ than the boilin oi nt_ of the_solvent
Used in  ERBEE SHDPEFAte6. LPhaRIFBCADE (B WA UM ToPEr BRF Bp 1LY

di t | ai.m.1 in.t f Ln.t | -
according 98?3335?}‘ 2n l%ﬁ ;gteegg PPULLLOf 5 SOh YLDt LAet G geOlteNie

i npr egnat &d ber after passing the substrate through an

air streaqnhand beforesihe stepuddd laelf haa2%epakt stepyonehght ipprehk00
parts by weight of the glass fiber substrate. 17. The process for

manuf act ucicaged jpnepr €lgryaecowtibngit ochec lepiomy 11es Wwheresiat iche rak areif grhenhi ch
the epoxy resinis inpregnated in the glass fiber substrate in the step
(b) is 0.1inngg laygnuie &1 romaengefablifecpoxy resin reaction rate in

the outer layer is 60% or less.

12. The process for manufacturing a prepreg according to
claim 11, 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%.

13. The process for manufacturing a prepreg according to
claim 11, wherein the solvent impregnated in the glass fiber
substrate in the step (a) is dimethyl formamide, methyl

cellosolve, or methyl ethyl ketone.

14. The process for manufacturing a prepreg according to
claim 11, 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 rcom temperature.

15. The process for manufacturing a prepreg according to
claim 11, wherein, after the step (a) and before the step (b},

the solvent-impregnated glass fiber substrate obtained in the
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18. The process for manufacturing a prepreg according to claim11l, wherein
the heating conditions in the step (c) are 140 to 200C for 1 to 5 mnutes
19. The process for nmanufacturing a prepreg according to claim11l, wherein
the time for which the epoxy resin is inpregnated in the glass fi B8rAUG 2005
substrate in the step (d) is 0.1 to 1 mnute at roomtenperature. 20. The
process for manufacturing a prepreg according to claim11l, wherein the

heating cendpt i ohsiurmdsseghtbhondle yoaiadstragericmylerta § RéBVESS i3t ©he

ste e) are 140 to 200C for 1 ) : -
P (e) temperature lower than %ge go?l{%g(%%in%5%§6%hé gglvent used in

the step (a).

16. The process for manufacturing a prepreg according to
claim 15, 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.

17. The process for manufacturing a prepreg according to
claim 11, wherein the time for which the epoxy resin is
impregnated in the glass fiber substrate in the step (b) is 0.1

to 1 minute at room temperature.

18. The process for manufacturing a prepreg according to
claim 11, wherein the heating conditions in the step (c)] are 140

to 200°C for 1 to 5 minutes.

19. The process for manufacturing a prepreg according to
claim 11, wherein the time for which the epoxy resin is
impregnated in the glass fiber substrate in the step (d} is 0.1

to 1 minute at room temperature.

20. The process for manufacturing a prepreg according to
claim 11, wherein the heating conditions under which the coated
inner layer is heated in the step (e) are 140 to 200°C for 1 to

5 minutes.
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