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-1 - MULTI LAYER PRI NTED Cl RCU T- BOARD AND PROCESS

FOR.4#£RODUCI NG-AND USI NG THE SAME FI ELD OF THE | NVENTI ON

<The present invention relates to a process for producing a multil ayer
printed’ circuit board which is exceilent in adhesion property of the
under coati ng 5 agent to copper foil in interlayer circuit board and
can unnecessitate black oxide treatnent, a multilayer printed circuit
board, and a process for using the mul tilayer printed circuit board.
BACKGROUND OF THE | NVENTI ON 10 The nultilayer printed circuit
boards have , MU@?EEAKERbeésﬁEﬁaﬁERGHEEr3@389 ANpPr BBOEESSonpri sing the
st eps of appl yi ng an oxi di zi n reatnent or so-cal | ed bl ack oxi de
treatment, on both si dEPFPRORUGING USING (B $® d on which circuit
has been forned and 15 which is used as an interlayer circuit board
(i.e., roughening the circuit surface), laying thereon one or

nore sheets of f) re obtalned by i npregnating a t hernosetting resin
in a base mat &5k WYEN?%% thereon a netal foil, and

subjecting the assenbly'éhe present invention relates to a process
for producing a multilayer prigped circuit board which
is excellent in adhesion property of the undercoating
S agent to copper foil in interlayer circuit board and
can unnecessitate black oxide treatment, a multilayer
printed circuit board, and a process for using the

multilayer printed circuit board.

BACKGROUND OF THE INVENTION

10 The multilayer printed circuit boards have
generally been manufactured by a process camprising'the
steps of applying an oxidizing treatment, or so-called
black oxide treatment, on both sides of a core
substrate board on which circuit has been formed and

15 which is used as an interlafer circuit board (i.e.,
roughening the circuit surface), laying thereon one or
more sheets of prepreg obtained by impregnating a
thermosetting resin in a base material, further laying
thereon a metal foil, and subjecting the assembly to

20 hot pressing. The purpose of the black oxide treatment

. is to achieve good adhesion property between the
interlayer circuit board and the prepreg. Since the
interlayer circuit board without the black oxide

treatment almost showed no adhesion property to the



20 hot pressing. The purpose of the black oxide treatnent is to
achi eve good adhesi on property between the I nterlayer circuit board
and the prepreg. Since the interlayer circuit board w thout the black
oxi de treatnment al nost showed no adhesion property to the

- 2- prepreg, this black oxide treatnent has been an essenti al

techni que for ghe, anufaciding Lk BLidd d¥flatment WA b&En CAfCUI T boards.

Thi s techni quée makes ‘use of t he oxi dation phenonenon initiated by a

chemi cal 5 eddatiiEnttedhiitfus UidRGens GRBBIEd Ot brOf o Nmb DE LT A PHLT
circuit board (a copper-clad lamnate in which circuit has been

formed and whipdintediseikasit Bedtdyer This dchnique hndikes , us@dof
practically it involves very difficult control of the process and
requi res a gredte dealdadfiorl hemmmenoreninitietstddry @anchemndieahg cost. The
fact has al so been pointed out that since copper oxide has a

poor aci d5r esitﬁ%ﬁrﬁ@mmglféﬁ Iswfacesepper fokkrf An interlayeml es tend
to occur during the multilayer nol ding, drilling and through-hole

pl ati ng oper atGigifaiit ppard "(a copperrifplad HaRinaty Heorhichvwirgeit

For mat o of D% Herh Frumes, 2 WA G5 Tthehe TOTSEIRERT S LFORHF cul 1
board, as 0 \SIANCSH ARy 10 1 V3 IS4 GaefFedi 0062194 and
control of the process and requires a great deal of

10 equipment investment and running cost. The fact has
also been pointed out that since copper oxide has a
poor acid resistance and also low in physical strength,
troubles tend to occur during the multilayer molding,
drilling and through-hole plating operations.

15 There have also been known the multilayer
printed circuit boards producing methods featuring
formation of a resin layer on the surface of the
interlayer circuit board, as for instance disclosed in
JP-A-53-132772, JP-A-60-62194 and JP-A-63-108796.

20 However, in any of these prior art proposals, it has
been intended to improve dielectric strength, haloing
resistance, or heat dispersibility, by suppressing
formation of voids in the molding operation, or to
increase insulating layer thickness, and those purposes

25 are different from those of the present invention.

The present invention relates to a multilayer
printed circuit board which is excellent in adhesion

property of the undercoating agent to copper foil in



20 However, in any of these prior art proposals, it has been

I ntended to inprove dielectric strength, hal oing resi stance, or heat
di spersibility, by suppressing formati on of voids in the nolding
operation, or to i ncrease insulatln? layer thickness, and those

pur poses 25 are different fromthose of the present invention.

The present | mprLi 4Pl &1 £5ui® Bodbl lihdYBhiercby BhIBhEdnCLAGUI t board

whi ch is excel adhesi on property o e undercoati ng agent to

copper foil imnplack oxide treatment is not required. -Pn order t8terlayer
circuit board and thereby, in which the bl ack oxide treatnent is not

required. I n 3¢here tthe probbéhy einvelwedbiembhé gl ¥ETayert peifvedi | ayer
printed circuit board such as adhesion property to the copper 5
foil in interlaymruit riveatd achl, aespdivesidy phapetoy to thehcoppep bl ack
oxi de treatnent has been applied, heat resi stance under noisture
absorpti o, plfeihdgnointeniayer cirewistbored, sespeelahliyathah, tohe
present inventors have made extensive researches on_the conposition
of 10 underduigh mp Raek LHide rEeaent thrs phecrmpplied, i heahti on.

SUMMARY OF THE | NVENTI ON . The present jnvention_ provides a
process for resistance under moisture absorption, plating solution

resistance, and delamination, the present inventors
have made extensive researches on the composition of
10 undercoating agent and could reach the present

invention.

SUMMARY OF THE INVENTION
The present invention provides a process for
producing a multilayer printed circuit board,
15 comprising the steps of:
impregnating a thermosetting resin in a base
material to form a prepreg,
applying an undercoating agent comprising
{a) a terminal-bifunctional linear epoxy resin
20 having an average epoxy equivalent of from 450 to 6,000
and
(b) at least one component selected from the
group consisting of 2-undecylimidazole, l-cyanoethyl-2-
undecylimidazole and 2,4-diamino-6-{2’-undecyl-
25 imidazole(1’)} ethyl-s-triazine, or
(a) a terminal-bifunctional linear epoxy resin

having an average epoxy equivalent of from 450 to



producing a nmultilayer printed circuit board, 15 conprising the steps

of : | npregnating a thernosetting resin in a base

material to forma prepreg, appl yi ng an undercoati ng agent
conpri sing (a) a termnal -bi fupctional |inear epoxy resin 20
havi ng an average epoxy equival ent of from450 to 6,000 and (b)
at | east one c® ent sel ected fronlthe group consi sting of
2-undecyl i mi dazol e, 1-cyanoet hyl - undecyl i m dazol e and

2, 4- di am no- 6- @Bj-undecyén aﬁﬁhatiénﬁbmyﬁﬂ&ﬂe)&n@thyI s-triazine, or

(a) a termnal -bi functional |inear epoxy resin havi ng an aver age
epoxy eqU|vaIenr)of frorna#SDedst one component selected from the - 4-

6, 000, (b) an aromati c pol yam ne and (O at | east one
conponent sel ept@ip feamsiseing of Zruwugecyhimbdanglef B-deaogthyidaiole,

1- cyanoet h I-2- 5 undecyl i m dazol e and 2, 4-di am no-6-{2' -undecyl -

i m dazol e( )}unﬂ¢gﬂl%m4¢a%el%eand 2,4rdiaminesst { dheundeenit side of an

i nterlayer circujt on at | east_ one side of which circuit has
been f orifetfazale (1’ )} ethYl‘??®¥+@F%ﬂ% prepreg on at |east one side
of

to at least one circuit side of an interlayer circuit
board on at least one side of which circuit has been
formed,

10 laying the prepreg on at least one side of
the undercoating agent-applied interlayer circuit board
and subjecting them to laminating press.

The present invention also provides a
multilayer printed circuit board comprising an

15 interlayer circuit board and a prepreg,

wherein the prepreg is obtained by
impregnating a thermosetting resin in a base material,

the multilayer printed circuit board is
obtained by applying an undercoating agent comprising

20 (a) a terminal-bifunctional linear epoxy resin
having an average epoxy equivalent of from 450 to 6,000
and |
(b) at least one component selected from the
group consisting of 2-undecylimidazole, l-cyanoethyl-2-

25 undecylimidazole and 2,4-diamino-6-{2’'-undecyl-
imidazole(1l’)} ethyl-s-triazine
to at least one circuit side of an interlayer circuit

board on at least one side of which circuit has been



t he undercoating agent-applied interlayer circuit board and

subjecting themto | am nating press. The present invention
al so provides a mul tilayer printed circuit board conprising an 15
interlayer circuit board and a prepreg,_ 5 _ wherein the prepreg

I s obtained by i npregnating a thernDsettlng resin in a base material,

the mul tilayeredimidd 2d £y rx@nﬁh@gﬁfébfég on at ORRsHEhdYs Hde! ¥ Negnén

under coati ng agent conpr|5|ng a term nal - bi functi onal

| i near epoxy r@ﬁié}coatln&aigé}&-ap@/ﬂ&gﬁw@ﬂ@y@ﬁ%yﬁém Bbard 08ndS0 to
6, 000 and (b) | east one conponent selected fromthe

group consi st i@ oty deast i 46 dmmizmtﬂng:ypfmhydn&- 25
undecyl i m dazol e and 2, 4-di am no-6-{2'-undecyl - i m dazole(1')}

et hyl -s-triazi ne tttheatmd Jtaiskayere prirched ciceniof boarditless ayer
circuit board on at | east one side of which circuit has been

- 5- 5f or rgnpd [kadianse thetwesn adhas on reepexke of dchef the

under coating agent-applied interlayer CIrCUIt board and subj ecti ng
themto | am ndMARFGHa<ng Agent to copper foil pin rﬂﬂt#’!%aﬁ¥ nt ed

circuit board figs.a ¢ 19,899 Al P15 Astacen Bdlies',gn JLgRer Ly of the

absorption, and plating solution resistance.
The present invention further provides a
10 process for using a multilayer printed circuit board,
comprising the step of applying the aforesaid multi-
layer printed circuit board to cameras, facsimiles,

duplicating machines, word processors or computers.

DETAILED DESCRIPTION OF THE INVENTION
15 A detailed description of the present
invention follows.

As the results of extensive researches on
compositions of underocating agent, the present
inventors found that a satisfactory adhesion property

20 to copper foil in an interlayer circuit board and heat
resistance can be obtained by the use of a combination
of a terminal-bifunctional linear epoxy resin having an
epoxy equivalent in the definite range and the specific
imidazole compound as the undercoating agent, or a

25 combination further including an aromatic polyamine not
only when black oxide treatment is performed on the

interlayer circuit board but also even when no black



under coating agent to copper foil in an interlayer circuit board,

heat resistance under noisture absorption, and plating sol ution

resi st ance. The present invention further provides a 10
process for using a nultilayer printed gigcgit board, conprising the
step of applying the aforesaid nmulti- | ayer printed circuit board to
caneras, facsigki&s treatmedtPp!icating nmachines, word processors or
conputers. DETAI LED DESCRI PTI ON OF THE | NVENTI ON 15 A
detailed description of AbetRsesgbky resini DMCBheOPr&8bheWEnvention,

As the results of extensive researches on conposi tions of
underocat i ng agieate ¢ie PECEESE the terA¥RALObsfhAbtdohARt 1ansaki sfactory
adhesi on property 20 to copper foil in an interlayer circuit board and
heat r esepday ceesins bitavbhai ardabvgrage apexyf equivabenat odn of
a termnal -bi functional |inear epoxy resin having an epoxy equi val ent

in the defi ni t458amgé0@ndfoheexspmple) cbifunctionaddzbineavnppons as t he

undercoating agent, or_a 25 _ conbination further including an aromatic
pol yam ne not resins pbtaimed By tRagking bifunabiennal phenpslfeWish t he

interlayer circujt boar ut al so even en._no black
- 6- y oxid%pihii&%¥ Eh and termfna -bEfunctgonal linear epoxy

resins obtained from alternating copolymerization
reaction of bifunctional epoxy resins with bifunctional
10 phenols. It is possible to use combinations of several
types of these resins. Exemplary of said epoxy resins
are bisphenol A type epoxy resins, bisphenol F type
epoxy resins, tetrabromobisphenol A type epoxy resins,
propylene oxide bisphenol A type epoxy resins, bis-
15 phenol S type epoxy resins, biphenyl type epoxy
resins, 2,6-naphthol type diglycidyl ether polymers,
bisphenol A type epoxy resin and tetrabromobisphenol A
copolymer, bisphenol F type epoxy resin and tetra-
bromobisphenol A copolymer, and bisphenol S type epoxy
20 resin and tetrabromobisphenol A copolymer. It is
possible to blend epoxy resins having a low epoxy
equivalent (low molecular weight) such as diglycidyl
ether of bisphenol A as far as their average epoxy
equivalent falls within the above-defined range. Also,
25 brominated epoxy reins may be used for providing flame
retardancy.
Molecular weight and epoxy equivalent of

the epoxy resins used in the present invention is



As the epoxy resin in the present invention, t here can be used the
term nal - bi functional |inear epoxy resins having an average epoxy
equi val ent of 5 450- 6, 000, for exanple, bifunctional |inear epoxy
resins obtained by reacting bifunctional phenols wth epi hal ohydrin
and term nal - bi functional |inear epoxy resins obtained from

al ternating coppsynBsédatl i ®le presehfathi€At8rsbEbUNA! tAAR! a€BR¥YLERSI NS
wi th bifunctional 10 phenols. It is possible to use conbi nations of

sever al hyDP8SuDArt Wesght cends E¥epPbRideOh BigHeePABYre8SOLES
are bi sphenol A type epoxy resins, bisphenol F type epoxy resins,

t et r abr onobi sphdiesidnt ppepepoyy (tescapper withpubpbllack oxide bi sphenol A
type epoxy resins, bis- 15 phenol S type epoxy resins, biphenyl type
epoxy r ebreatment) nopht dw| thepetheyl handytendhetopdbyerr splder

bi sphenol A type epoxy resin and tetrabronobi sphenol A _copol yner,

bi sphenol F tyRRabpERFisEange gnpdesipaisture abgerBbiePhenBhif copol yner,
and bi sphenol S t% e epox sin and tetrabronobi sphenol A copol yner.

It is pos&R %CYohﬁiéﬁég%ﬁﬁ;goFeéiﬁstﬁﬁeFn@faepeﬁye§6§}ns
cautval ont (1ot EBLeck! 21 PELAN 4y PHEe83e %8 YEbthononaynt R eBb. 1 1 (e
ciove. it e §aR0exb| Ghap 5P ond" PoRF FUaBROSY FERTALRAIE Locd o
epoxy equival egb1Pimine usbd® €PLXYs'§8h85a ¥EGIpb i bPEaPERGENERENVENLI ON 'S
10 peeling strength between interlayer circuit board and
prepreg practically required for the epoxy-based
multilayer printed circuit boards{such as FR-4 grade)
is 0.6 kN/m or above. When an epoxy resin having an
average epoxy equivalent of 450 was used, the peeling
15 strength between interlayer circuit board and prepreg
without black oxide treatment was 0.7 kN/m, which is
above the practically acceptable level. When using a
resiﬁ having a weight-average epoxy equivalent of more
than 6,000, although the peeling strength between
20 interlayer circuit board and prepreg (without black
oxide treatment) is as high as 1.1 kN/m, the required
heat resistance under moisture absorption can not be
obtained because of too much spacing between the epoxy
groups at the site of crosslinkage.
25 Inidazole curing accelerators, which are
popular curing accelerators for epoxy resins, are used
as a curing agent or curing accelerator for the

improvement of curing characteristics of the under-



-7- di scussed. The present inventors found that a greater

nol ecul ar wei ght tends to provide a higher degree of adhesi on
property (to copper wthout black oxide treatnment) but on the other
hand tends to | ower sol der 5 heat resisance under noisture absorption.
Thi s tendency helds good for all types of epoxy resins al t hough
a slight diffecarRitg agefen daperficdNPrBdnte inventiddse foel@ieon of the
epoxy resin or the aromatic pol'yam ne used. It is generally believed
that the 10 impeekement! ofNiiea theosdetanties indledr milstitirde i ak@nd
prepreg practically required for the epoxy-based mul til ayer printed
circuit boardsfienchnds ihRetlgmimay adhesiion ,0.26-unfenydrindamnldihen an
epoxy resin having an aver age epoxy equival ent of 450 was used, the
peeling 15 lscyengeithyd-Resndecyddmigazodier emd 2ndardd amdahpréepi g

w t hout bl ack oxide treatnent was 0.7 kKNNm which is above the
practical Py atsdpcydimidagzsile (\Widitekdiydgsatriazingsiarenhagady either

wei ght - aver age _.epoxy equi val ent of more t han 6, 000, al though the

peel i ng stren§ERI8E Aedn Semixtyre iny on EMoymY %Mfﬁﬁﬁ;ﬂeg}

i th bl ack I d ' hi 1.1 kN i red
heat resi st ant® AndePaRee Pl Boi900 BT (0ahates By weiohtat the " iocuse
of 00 mich SEaELg RELYEeNyhiR R tnidazold Wet! Sibctld 2 &

crosslinkage.
parts by weight,curing takes place too fast, resulting -

10 in poor moldability and making it difficult to obtain
desired solder heat resistance under moisture
absorption and/or desired interlaminar adhesion. On
the other hand, when the imidazole amount is less than
0.2 parts by weight, curing of the resin becomes

15 imperfect, which leads to unsatisfactory heat
resistance and reduced adhesion property. In case an
aromatic polyamine such as mentioned below is blended,
the amount of said imidazole compound is preferably 0.2
to 0.9 parts by weight per 100 parts by weight of the

20 epoxy resin. When the imidazole amount exceeds 0.9
parts by weight, curing takes place too fast, resulting
in poor moldability and making it difficult to obtain
desired solder heat resistance under moisture absorp-
tion and/or interlaminar adhesion. On the other hand,

25 when the imidazole amount is less than 0.2 parts by
weight, curing of the resin becomes imperfect, which
leads to unsatisfactory heat resistance and reduced

adhesion property.



25 | m dazol e curing accel erators, which are popul ar curing
accel erators for epoxy resins, are used as a curing agent or curing
accel erator for the i mprovenent of curing characteristics of the

under - coating agent. In_the_present invention, for the

| nprovenent of heat resistance under noisture absorp- tion and

interlam nar adhesion, 2ZanngeeyAtitdg8PyEmine can be blended where
1- cyanoet hyl - 2- undecyI|n1dazoIe and 2, 4-di am no-6-{2' - 5

undecyl i m dazoseéh é}EitﬁluérSa&ﬁé@ibﬂe%ﬁbpeﬂﬁ?dtel bbﬁger foilskfngly or in
adm xture in an anmount of preferably 0.2 parts by wei ght per

100 parts by wntdilafet heircuit bparyd iesdesivéen thgampldazefetngount
exceeds 2.5 parts by weight, curing takes place too fast, resulting
10 in poor nuremetictyohyamnimés ngsablei ifii thétpresehbtainventiondesired
sol der heat resistance under noisture absorption and/ or desired
interlam rfar abhebudg . 4 oh’ ~dianinediphesylnehtbaneheh, ¢ hediamiineol e anount
is less than 0.2 parts by weight, curing of the resin _becones 15

i nper f ect , mhl%%PW%%M%S?%f%m%aim%F%éP%@yYh%%? iaminey 4 4{ adéaming-r educed

adest o DroPSt LY, LILBRPP B imeRholRlbbROLIR b IRs i R, et Loned
0, wnen’ EMEABEPL APLOn B RO a0 ELBLRE-ATE 20 P00
diaminodiphenyl, 2,2'-dichloro-4,4‘-diamino-5,5"-

10 dimethoxydiphenyl, 2,2’,5,5"-tetrachloro-4,4"'-
diaminodiphenyl, 4,4’-methylene-bis(2-chloroaniline),
2,27,3,3'-tetrachloro- 4,4'-diaminodiphenylmethane,
bis(4-amino-2-chloro-3,5~diethyldiphenyl Jmethane,
4,4'-diaminodiphenyl ether, 3,4’-diaminodiphenyl ether,

15 4,4’ ~-diaminobenzanilide, 3,3’-dihydroxy-4,4’'-diamino-
biphenyl, 9,9’-bis(4-aminophenyl)fluorene, and
9,10-bis(4-aminophenyl Janthracene.

In case an aromatic polyamine having sulfide
linkage, sulfone linkage, sulfoxide linkage or ether

20 linkage is used as a curing agent, adhesion property to
copper foil without black oxide treatment is improved
approximately 10 to 20%, as compared with the case
using an aromatic polyamine not having such linkage,
although it is somewhat disadvantageous in terms of

25 cost. It can be understood that such an effect of said
aromatic polyamine is due to high chemical affinity of
the linkage although any of said types of linkage does

not directly constitute a chemical bond with the copper



parts by weight, curing takes place too fast, resulting I n poor

nol dability and making it difficult to obtain desired sol der heat

resi stance under noi sture absorp- tion and/or interlam nar adhesion.
On the other hand, 25 when the imdazole amount is |less than 0.2 parts by
wei ght, curing of the resin becones |npe} ect, which | eads to

unsati sfact or yjhgat, £ 1 £ n
-9- el 1{Afr%lsc{avrsj'r%t I'C Bgfyam (r:fg‘gca & %Fﬁnded %&H@i&g of even - a

hi gher adhesi ah IRt d Cp&gnﬁﬂnéémﬂaﬁh sulfi&eré@y%nélafu't boar d
I's desired. Exanples of the aromat i ¢ pol yan1nes usable in the present

i nvention 5 gulfislidle Yirkadh amdmsie eiuhivddoheenyl it £br8] no-

di phenyl sul f one, net haphenyl enedi am ne, 4, 4'-di am no- 3,3 -diethyl-

, 5" -dinet hylzuzslmwﬂmmn@&noxy)phenﬂmrmyeﬁ 3, 3d+am nodi phenyl
3,3 -di net hyl - di am nodi phenyl, 2,2'-dichloro-4,4'-diamno-5,5

10 dlneﬁhoxyummmhgm 4;&T}dihminohxnhenyifﬁpsﬂrSWﬂfone, 2 2-bis-~
dlap1nod|phenyl 4, 4" - et hyl ene- bi s( 2- chloroan|llrm?_ _
2,2',3, 3" -t et ridctimimepheny ] Y uwkf omkdemn chwa thisitre( 4~aninophenoxy)
bIS(4 am no- 2- chl or.o- 3, 5- dlethyldlphenyl)nethane L. .
4, 4" - di ani nodiBheEA 1 st ifgxide 8,3 Qﬁﬁﬁﬁhﬂ%ﬂﬁxﬁﬂ‘Q&qﬂ&QObﬁkﬁenYl‘
4’4I_dianinOb%ﬂﬁangdf¥%xéﬁé€ anJ]éﬂégggod henfinéﬁifide.
Exemplary of the aromatic polyamines having
10 ether linkage are 4,4’'-diaminodiphenyl ether, bis{4-
(4-aminophenoxy)phenyl Jether, 4,4’-bis(4-aminophenoxy)-
biphenyl, and 1,4-bis(4-aminophenoxy)benzene.
The aromatic polyamine in this invention
is blended in an amount of preferably 0.1 to 2.5
15 equivalents to one equivalent of the epoxy resin, more
preferably 0.5 to 1.5 equivalents to one equivalent of
the epoxy resin for obtaining both of desired heat
resistance (particularly solder heat resistance under
moisture absorption) and desired interlaminar adhesion.
20 Usually an equivalent ratio of aromatic polyamine to
epoxy resin is around 1, but in the present invention,
the aromatic polyamine can be used in a higher or lower
ratio. It should be noted, however, that a higher or
lower equivalent ratio than the above range tends to
25 invite a reduction of heat resistance and adhesion
property.
In case of using the aromatic polyamine

having sulfide, sulfone or sulfoxide linkage,



bi phenyl, 9,9'-bi s(4-am nophenyl)fluorene, and

9, 10- bi s(4-am nophenyl ) ant hr acene. In case an aronmatic

pol yam ne havi ng sul fide | i nkage, sul fone |Iinkage, sulfoxide |inkage
or ether 20 linkage is used as a curiRg agent, adhesion property to
copper foil without black oxide treatment is inproved appr oxi mat el y

10 t0 20% a5 SRR IR ISR polyadSidd A WRLE PaLYAT ne no!

havi ng such 1i t hough 1t7 i s sonewhat dis ageous in termns

of 25  cost prdfierEPEdNderait i > ¥ of F@ft1 08 saig. 5
aromatic polyan1ne I's due to high chemcal affinity of t he |i nkage

al though any dorsaptdinieny Goth ieierstDafeat resivtaritie eppéyti:@mstltute a
chemi cal bond with the copper 10 -
el ement havi ndaanlysalalerheatnbeysicftdhceExani@e malfsture abdwrptoom) i C

pol yam nes having sul fide, sulfone or sul f oxi de |inkage incl ude

di am nodi phenynsl|desiged interdamilyiay msﬁmmopﬁéﬁmlﬂ)]pm;nyl ] sul f one,

3,3 - 5 di et hyl - 4, 4' - di am nobi phenyl -6, 6' -su| fone, 2, 2-bi s-

(4- am nophenylefﬁ’ﬂ-l"fad)ﬁ‘ﬁe ratin lﬂfs[aéFC(mte}rﬁ mﬂﬁi@qu to epoxy resin
phenyl ] sul f oxi de, 3, 3 dlneény -4,4' -di am nobi phenyl - 6, 6' - sul f oxi de,
and di ani nodi ptfeA QQﬂf iUt in the present QR okt 14 aromati c

E?L‘{im nes havj r%,ﬁﬂ??&&éﬁ{ﬁ% )%% ar een rftdjltﬂarsn](szong he%hoéher

It should be noted, however, that a higher or lower

10 equivalent ratio than the above range tends to invite
a reduction of heat resistance and adhesion property.
In the case of the aromatic polyamine having ether
linkage, it is preferable that the equivalent ratio of
the polyamine to the epoxy resin falls within the range

15 of from 0.5 to 1.5 for attaining said both desired
properties.

When the above-described undercoating agent
is coated on an interlayer circuit board, the viscosity
of the undercoating agent can be adjusted by the use of

20 a solvent. As the solvent, there can be used, for
instance, actone, methyl ethyl ketone, toluene, xylene,
ethylene glycol monoethyl ether and its acetates,
propylene glycol monoethylether and its acetates,
dimethylformamide, methyl diglycol, ethyl diglycol,

25 methanol, ethanocl and the like.

It is also possible to add an inorganic
filler to the undercoating agent for providing

thixotropic properties or heat resistance. Exemplary



bi phenyl, and 1, 4- bi s(4-am nophenoxy) benzene. The aromatic

polyamne in this invention I's blended in an anount of preferably 0.1
to 2.5 15 equi val ents to one equival ent of the epoxy resin, nore
preferably 0.5 to 1.5 equivalents to one;gquival ent of t he epoxy
resin for obtaining both of desired heat resi stance (particularly

sol der heat r e sstlﬁﬂpqwzxgﬁnic £ilTERSdE SRR Mk Hydrheigesi red

i nterl am nar adhesi on. Usual |y an equivalent ratho of aromatic

pol yam ne t0 magnesiR@ hydddids, & Qiithal, dntindhy exidesapdrimiention,
the aromatic pol yam ne can be used in a higher or |ower ratio. It
shoul d be not ed tamateyergolilwitdedl I8ighiara Orcalcium | cveerbeateal @nlciwmhi 0
than the above range tends to 25 invite a reduction of heat resistance
and adhesi on sulfaym,opiaa, silica, silicon darkiabe, dfalei ngitdmiwmonatic
pol yam ne Jhaving sul fide, sulfone or sulfoxide |inkages

equi val en® r a9 dst, RIPA y FHGRORIGN exideox 2 iregmium siligakerably falls
within the range of from1l.5to 2.5 for obtaining both desired heat
resi stance (p&fg§xynitride, garpany ¢wraphdie @and khgckiXfder noisture

AR G N A = O I
undercoating agent for improving adhesion property to
copper and/or inorganic filler. As the coupling agent,

10 there can be used silane coupling agents, titanate-
based coupling agents, alumichilate-based coupling
agents, etc., the typical examples thereof being
chloropropyltrimethoxysilane, vinyltrichlorosilane,
y-glycidoxypropyltrimethoxysilane, y-mercaptopropyl-

15 trimethoxysilane, N-f{aminoethyl)y-aminopropyl-
trimethoxysilane, y-ureidopropyltriethoxysilane,
isopropyltriisostearoyl titanate, isopropyltrimethacryl
titanate, isopropyltri(dioctylphillophosphate)
titanate, and isopropylisostearoyldi(4-aminobenzoyl)

20 titanate.

Further, in order to provide anti-foaming or
foaming breaking properties, silicone-based anti-
foaming agent, an acrylic anti-foaming agent, a
fluorine-based surfactant or the like may be added to

25 the undercoating agent. It is generally known that
increase of toughness is an important factor for the
improvement of peeling strength between interlayer

circuit board and prepreg. For this purpose, it is



is around 1, but in the present invention it is desirabl e that said
equi valent ratio is nore than 1. It should be noted, however, that a
hi gher or |ower 10 equi valent ratio than the above range tends to invite
a reduction of heat resistance and adhgsign_property. In the case of
t he aromati c pol yam ne havi ng et her | i nkage, it is preferable that

the equival ent,okatid Ofto add tt&rmgj,%a@ j ttellflﬁf’é%?" Hsin falls within
bo # 085 af?gF%?hg sal d )t

t he range 15 o) rom0.5to 1.5 fo _ ot desired
properties. acrylonitrile bR rt f‘(%uﬂ)p\é% dEHN iRRd IHKIRY Gaadn Nthagent

Is coated on an interlayer circuit board, the viscosity of the

under coati ng apdnistedeshe Ladi.yst @t Rpddye-mirl fdfed Hblytsiiemy . As the
sol vent, there can be used, for i nstance, actone, nethyl ethyl

ket one, tol uemapbeyl oxe the likeettioy|tdwee wyldermloatdimgetagdntet her and its

acet at es, propyl ene gl ycol nonoethylether and its acetates,

di met hyl f &r mam de, net hﬁutgli gindegicoadiiimg agiegity ansly, be2mppligdhdirplthet hanol
and the liKke. It is also possible to_add an inorganic

filler to theCoRYENESRMEdg cRg&ANg Frethosds Aush as rokdhiseatidic properties
or heat resistance., Exenpl.ar . . . - 12 -
of such inorg&HF%aFPIFggg%ﬁgé SeEHRGn KPho8oating and gfepeen
hydroxi de, al %@iﬂ%’in%r]ti @{1}\/0 ﬁie(%'eme %gdlj@an be employed as far as
it is capable of uniform coating of the surface of the
10 interlayer circuit board. Since there is optimum
viscosity of the undercoating agent, it is necessary to
properly select or adjust the type of the reactive
diluent and solvent, the type, particle size, and
amounts added of the inorganic filler and other
15 additives depending on the coating method employed.

The undercoat thickness is variable depending
on the coating method, the copper foil thickness of the
interlayer circuit board, etc. For instance, the
thickness may be 10-50 um, but this of course is not

20 definitive.

Cured state of the undercoating agent coated
on the interlayer circuit board before lamination with
the prepreg is discussed below. The cured state of
thermosetting resin is generally classified into the

25 following "stages": "A stage" where the agent
composition is in a totally uncured state, "B stage"”
which signifies a semi-cured state, "gel stage" which

indicates a further advanced state of curing than B



titanate, colloidal silica, calciumcarbonate, calcium sul fate, m ca,
silica, silicon carbide, talc, titanium 5 oxide, quartz, zirconium oxide,

ztrconiumsilicate, boron nitride, carbon, graphite and the |ike.

A coupling agent may be added to the _ 1 under coating agent for inproving
adhesi on property to copper and/ or |%organic filler. As the coupling
agent, 10 t cap,henHs Lk upk.in n A e

based couplingggégﬁfs?ngluﬁﬁg ?égtegﬁgggdeégugpggg %ﬁmpbsggg%%g?u%ac-, t he
Lypi cal exanpl ggohngeeebobeyNgured. —EULA! 9T @RY! LRUERLARLIS affent

vinyl trichl orosilane, y-gl yci doxypropyl tri nmet hoxysi |l ané€,

y- ner capt opropyk- inlany bfi §RbBex¥ehbags, thiel ehtbiraayeeethHoh taBoager opy! -

trimet hoxysil ane, y-ureidopropyltriethoxysilane,

i sopropyl triis¢sbatedywitht ahat agensprapnyber usetih&or leminate wiitthnat e,

I sopropyl tri (dioctyl phill ophosphat e) titanate, and

i sopropyl i 3ost paepyedi in- shenpbeaenyl inveption)t bust the agents in a

Further, in order_to provide anti-foam ng or f oam ng breaki ng

properties, sitaebnérgassgasatPr in B stagringra§emetimgsadnyki state

anti-foam ng agent,  a fl yorine-based surfactant or the |ike may be

added to 25 19h@hhﬁﬁeFESaFPﬁbngg€ﬁ99tlpp L8 GBHEP&FI?dWﬁBﬁﬁdtWthe

i ncrease of toughness IS an inFortaBt factor for th i mprovenent of
EPFE

peel i ng strengtfh?BBrwBER PHE Ger ecausecPFcﬁ??ngﬁpﬂléﬁg'prepreg. For

this purpose, It is The prepreg in the present invention is

10 obtained by impregnating a thermosetting resin in a
base material and preferably drying the same in the
following manner. A typical example of the thermo-
setting resins usable here is the conventional epoxy
resins which have been generally employed for the

15 purpose of electrical insulation, and which include,
for instance, bisphenol A type epoxy resins, bisphenol
F type epoxy resins, bisphenol S type epoxy resins,
phenolic novolak type epoxy resins, orthocresol novolak
type epoxy resins, isocyanurate type epoxy resins, all

20 of which have two or more epoxy groups in the molecule,
trifunctional or tetrafunctional glycidylamine type
epoxy resins, epoxy resins having a biphenyl skeleton,
epoxy resins having a naphthalene skeleton, epoxy
resins having a cyclopentadiene skeleton, epoxy resins

25 having a limonene skeleton, and bromides thereof.
These epoxy resins may be used either singly or as a
mixture. Usually the epoxy resin used for said purpose

contains a typical curing agent such as aromatic



- 13 - possi ble to add a carboxy-term nated but adi ene

acrylonitrile rubber (such as CTBN avail abl e from Ube I ndustri es,
Ltd.), an epoxy-nodified pol ybutadi ene rubber or the like to the
under coati ng agent. 5 Such jendercoati ng agent nay be applied
in the conventional coating nethods such as roll coating,

curtain coatinghl ndd), Styar@fdmidesdtadid e8Mhydrided] | 8££NY. afgy Ot her
nmet hod can be "enpl oyed as far as it is capable of uniformcoating of
the surface ofa tygpiddl curimy | fycslstd€ot tsheRrals il d&Lole) ead@uept i mum
viscosity of the undercoating agent, it is necessary to properly

sel ect or adjust inmddzpeesf plesplebres yetertiaryli amenes anaind ahiventds t he
type, particle size, and anounts added of the inorganic filler and
other 15 addBpsulateidpeensinporthexreebati ng net hod enpl oyed.

The undercoat thickness is variable depending . on the coating nethod,
the copper® foil thicknesHipFegnation may mperfayeiedioetiafvenr forsing For

i nstance, the t hi ckness may be 10-50 pm but this of course is not

20  definitik solution of the thermeopetting gFesin by a8t YHRT abRAt

coat ed Qr t terlayer cirgcuit Qgﬁ efore lamnation wth

he | d
the prepreg is ?‘g‘ffl'ses 1-dl.rb({elI('ﬁ?.ml'h]e“ tirE ‘g?ré e s.the SQhEPRbset ti ng
resin is gener?{ége s Bd 1:§8hd M Pot nstahce | ULOVLAY, "REARFE etnfh Stage”

where the agen

ketone, methyl cellosolve, dimethylformamide and the

10 like. A resin content of the thermosetting resin
solution is not specified, but it is preferably in the
range of from 30 to 60% by weight. The impregnation
temperature may, for instance, be in the range of from
0°C to 40°C, but it is not specifically defined as far

15 as it allows sufficient impregnation of the thermo-
setting resin in the base material. The drying
temperature for the base material impregnated with the
thermosetting resin is also not specified, but it is
preferably in the range of from 100°C to 210°C, more

20 preferably from 150°C to 180°C.

The base material used for thé preparation of
the prepreg may in this invention is not specified
though glass cloth may be cited as a preferred example.
The thickness of the base material is not defined, but

25 it is preferably in the range of from 30 to 300 um,
more preferably from 50 to 210 um. The resin content
in the prepreg after impregnation and drying is also

not specified, but it is preferably in the range of



conpositionis in a totally uncured state, "B stage" whi ch signifies

a sem -cured state, "gel stage" which I ndi cates a further advanced
state of curing than B - 14 -

stage, and "C stage” where the agent conpgsition has been perfectly
cured. Even if the undercoating agent Is in any of these stages, the
interlayer clreibh 993L8 703 by (w8ELRM, Mnble! PReRERablyCaRolic48sEd (O

| am nate with 5 prepreg In the présent Invention, but the agents in a
tack-free statgs®rpynw&ighege, or sonmetines in a state in which the
curing reaction is turther advanced to gel stage, are preferred

because of easy handli nghccording to the prbégeptepnegntiiohhetheesent
i nvention is 10 obtai ned by inpregnating a thernosetting resin in a
base materi al preppegfebtbiyedrimnghéhmasnee deschibed abotel Lewiladgdmanner.

A typical exanple of the therno- setting resins usable here is the
conventi orfal efpkyced) onrati heashi ehehaiechdbnsydacril thecipteyddyksr the
15 purpose of electrical insulation, and which include, for

i nstance, bi spREFSELR PopEdepaRyatelpast BRephids of which cigeudfsoxy
oot DI Sohopol SeldPESRRN 453, Donsecsey PLCIRMSRERNG. AR RITEO)
o0 1o Bld, fPiovBlo YAL) DS $BeREa RS BRFIoRER\ER bishis
one circuit side or both circuit sides of the inter-
10 layer circuit board. Plural sheets of the prepreg may
be placed. Laminating press may be carried out, for
example, under the conditions of 40-80 kg/cm®? and 150-
180°C for a period of about 60 minutes or more, but the
pressure, temperature and time for this laminating
15 press are not limited to said conditions. As the
method for producing a copper clad laminate having yet
no circuit therein, there may, for example, be employed
a method in which one sheet or plural sheets of the
prepreg produced in the manner described above and a
20 copper foil are laminated and press under the above-
specified conditions. The thickness of the copper foil
is not specified, but it is preferably in the range of
from 90 to 105 pm, more preferably from 35 to 70 um.
The thickness of the copper-clad laminate is not
25 specified, but it is preferably in the range of from 30
to 2,000 uym, more preferably from 100 to 1,600 pm.
Various methods may be employed for forming circuit on

the copper-clad laminate. For instance, an etching



epoxy resins, epoxy resins having a bi phenyl skel eton, epoxy resins
havi ng a napht hal ene skel et on, epoxy resins having a cycl opent adi ene
skel et on, epoxy resins 25 having a | i nonene skel eton, and brom des

t her eof . These epoxy resins may beqiysed either singly or as a

m xture. Usually the epoxy resin used for said purpose contains a

typical curin : . tyl : )
yp Q:é%gg{%j %‘#}wﬁéﬁqﬂi the form of the cu&?ﬁi’@”% ern on

di cyandi am des, des, etc., an a typical ‘curing

accel erator sygfe appBrlaZlEStamditd by scrééniﬁﬂ?@mgf;s,amowgﬁnes,

tertiary am nes, and m cro- capsulat ed versions thereof.

| npregnat i on reeHithg dld iirridd afdte) folTowed by removdl Ubf othef the

t hernosetting resin by dissolving the t hernosetting resin in a

sol vent. As thmsidtvent, t here can be used, for instance, acetone,

met hyl et hyl ket one, methyl cellosolve, dinethylformam de and the 10
like. A Besin content dthe xideliosdireatpentsi fblack oxidetfomis not
specified, but it is preferably in the . range of from30 to 60% by

wei ght. The i MStdgh&f dihe intexlagay girquitnpodrd isisuewablybe in the
range of from . Olerr]Cto 40[err]C, byt it is not specifjcally defined
as far 15 &garnied |9 RIS SHER iR tFYn-fe t‘hé theripter-=

setting resinjn 4he hase MLl ply; ANGIYIN 2ing agent which is

not so strong, such as a peroxide, washing the etched

10 surface with an acid such as dilute hydrochloric acid
(acid treatment), followed by an oxidation treatment
and drying the treated surface. As the oxidizing agent
for the surface oxidation treatment, there can be used,
for instance, an alkali solution of sodium chlorite and

15 sodium phosphate (e.g. a sodium hydroxide alkali
solution). The oxidation treatment temperature may be,
for instance, 70-90°C.

The use of the undercoating agent in the

present invention can unnecessitate the black oxide

20 treatment which has been essential in the conventional
methods for manufacturing the multilayer printed
circuit boards. This can reduce the production cost
and manhour required for quality control in the process
of black oxide treatment. Also, since there is no

25 possibility of causing haloing because of no black
oxide treatment, it is possible to easily make high-
density circuit. Further, in forming the layer of an

undercoating agent on the circuit surface of the



tenperature for the base material inpregnated with the t her nosetting
resin is also not specified, but it is preferably in the range of
from100[err]C to 210[err]C, nore 20 preferably from 150[err]Cto
180[err] C. The base mat gigi al used for the preparation of
the prepreg may in this invention is not specified t hough gl ass cloth
may be C'ted.ﬁﬁ%ékIHfgf”éf¥Eﬁ%%”ﬁﬁé&d the réledddSKHESStWRéed NEnBASE

material is not defi'ned, but is preferably 1n the range of from 30
to 300 pm  circdi¥£ ﬁ@fﬁfﬁt&d/ dp cwat&o tie 2ifi@Rtodviend e8gén€ONt ent

in the prepreg after inpregnation and drying is also not specifi ed,
but it is prefitisnsdtes Ferfa@e Mdlding of the multilayer printed -
16 - from30 to 70% by weight, nore preferably from45 to 55%
by weight. circuit board, Acicth dicgfdar tde Jeesind aiwerelbs, when

prepreg obtained in the manner descri bed above is laid 5 (placed) on at

| east oné& mlﬁhﬁtPQ#RESQﬁlﬁrﬁamxna#&dunﬂ the ingerlayer pobrenibn at | east

one side of which circujt has been fornmed, and subjected to

| ami nating pR&Fdn This qoptxihytsas P VRLAMIAL NG sk kg %‘f/e%%lﬂ(aced on
ei t her e CIrCUIt | de_or, both CIrCUIt sjdes_of. the |nter-

| ayer circuit® fg ISR CPtee PR élty ”E) l'Maaced

Lam nating pre]%%%/kbe S eq:éjg:}i%gt%tentlon SXHPL & e cépser

conditions off
foil in the interlayer circuit in the conventional

10 procedures. Specifically, since the thickness
precision of a multilayer printed circuit board is not
dependent on the copper foil retention ratio on the
interlayer circuit, it has become possible to
accommodate the variety of interlayer circuit boards by

15 use of limited types of prepreg, and this has enabled
reduction of the types of prepreg required for the
manufacture of multilayer printed circuit board.

Further, the time required for filling up the
recessions between the circuits of the interlayer

20 circuit board with a resin of the prepreg is unneces-
sitated or reduced. In the prior art, since the
heating rate has been set at 2-5°C/min for the neces-
sity of securing the sufficient time for defoaming, the
molding time in laminating and molding operation has

25 reguired 140 minutes or more. According to the present
invention, since the heating rate can be increased to
as high as 6-15°C/min, the molding time could be

reduced to about 80 minutes or less. This results in a



180[err]C for a period of about 60 m nutes or nore, but the pressure,
tenperature and tinme for this lamnating 15 press are not limted to
said conditions. As the met hod for producing a copper clad | anm nate
havi ng yet no circuit therein, tReye may, for exanple, be enployed

a nmethod in which one sheet or plural sheets of the prepreg produced
in the nmannererfiesicdb e drad@reidloft p2OducEPBRCEcER! As kel agsnat ed and
press under the above- speci fi'ed conditions. The thickness of the
copper foil manhour srégiisgdctdr ethe btbntiol sopreh&l &byyand the range of
from90 to 105 pm nore preferably from35 to 70 pm The thickness of
t he copper - cdtanckamg naf ethe poddulbs. specified, but it is preferably in
the range of from 30 to 2,000 pm nore preferably from 100 to 1, 600
pm Vari ous net Hthis pegsénrt cipveryeton ois f bunther citiustraned t he
copper-clad | am nate._ For_instance, an etching

_ 17 - 5 bydshetfekleping eerampler. f JFhe 2xamples ratetnht terheon

the copper-clad | am pate by screen printing, and then . etching is
carried out,CQQﬁ?¥Hﬁé;%@'q | 3%t %Wk@eg the scepe of ghis The
oxi dati on treatn&g%ﬂéblack oxi de treat- ment) of the interlayer
circuit board Y& 11y carried out by soft-etching the surface of
the inter-

EXAMPLE

Example 1

10 To a solution of 100 parts by weight of a

bisphenol A type epoxy resin (epoxy equivalent: 925) in
120 parts by weight of butyl cellosolve acetate, 0.8
parts by weight of 2,4-diamino-6-{2’-undecyl-
imidazole(1l’)}ethyl-s~triazine was added and dissolved.

15 Then 80 parts by weight of calcium carbonate having an
average particle size of 1-2 pm, which has been
subjected to a hydrophobicity-imparting treatment, 20
parts by weight of ultrafine particulate silica and one
part by weight of y-glycidoxypropyltrimethoxysilane

20 were added and the mixture was kneaded by a three-roll
mill and deaerated by a vacuum deaerator in a vacuum of
3 mmHg for 5 minutes to obtain an undercoating agent.

Next, a both side-copper-clad glass-

reinforced epoxy resin-laminate having a substrate

25 thickness of 0.1 mm and a copper foil thickness of 35
um was polished on the surface and soft etched to

remove the anticorrosive coating, and circuit was



<

| ayer circuit board with an oxidizing agent which is not so strong,
such as a peroxide, washing the etched 10 surface with an acid such as
di lute hydrochloric acid (acid treatnment), followed by an oxidation
t r eat ment and drying the treated syyface. As the oxidizing agent

for the surface oxidation treatnent, there can be used, for instance,

an al kal i sol gbi-R8q Oby SeERmGh| 0i5h81 29dci FeuitSedrarpBASpBate (e.g. a
sodi um hydr oxi de al kal i solution). The oxidation treatnent

tenperature niylbéwed by afblatksbride, tX¥8affift;] but no such black The
use of the undercoating agent in the present invention can
unnecessi t at eoxide bt seatmentiewa8Ocontinetedeahdwhaitd hadebeoaténgential in
t he conventi onal nmet hods for manufacturing the multilayer printed
circuit boar dagefrhi wasascreencprihtedronuoneoairogit side afidthenhour
required for quality control in the process of bl ack oxide treatnent.
Al so, sirfte tirterlayey sheet pudsheatedyinfacduyergahaldlPR§ Bezalse of no
bl ack oxide treatnent, it is possible to easily make high-
density circd?%?“ﬁ%?tﬁ%r?r?ﬂuF%rﬂiEgckhérPﬁy€9n6+téﬁn' A simddfgoat i ng
agent on the ciécuit gurface

f h . .
. iaiftcent opad R18p Eofmed an, bhe.ePBREiEE: fAdR ARG

circuits are &L&é d up with the undercoating agent. Thi s ensures
perfect nolding of "the multilayer printed

A sheet of a 100 um thick FR-4 prepreg

10 (EI-6765 available from Sumitomo Bakelite Co., Ltd.)
obtained by impregnating an epoxy resin in glass cloth
and drying the same, was placed on both sides of the
undercoating agent-applied interlayer circuit board,
then a sheet of 18 um thick copper foil was overlaid

15 thereon and the assembly was subjected to hot press
under vacuum to effect heat curing of the prepreg over
a period of 80 minutes including the heating and
cooling times with the ultimate temperature of the
assembly being set at 170°C to obtain a multilayer

20 printed circuit board. Property evaluations of this
circuit board gave the results shown in Table 1. No
haloing was observed during through-hole plating since
no oxidation treatment was conducted on the interlayer

circuit board.

25 Examples 2-12
The procedure of Example 1 was followed

except that resin composition of the undercoating agent



circuit board, with no fear of leaving air cells, when 5 the prepreg is
| am nated on the interlayer circuit board. This contributes to
elimnating the necessity of changing the resin content and its
fluidity in the prepreg according 40 the retention ratio of the
copper foil in the interlayer circuit in the conventional 10

procedur es. @@Céﬁéﬁ%&yasskﬂﬁﬁnthﬁ PBHEKNESEo makge%écinﬁh‘ﬂﬁlg e?

mul tilayer printed cifcuit board is not dependent on the copper foi

retention rat% PiRbedN€ircuit bBALALAYARA EhegH grobérhiésb%QEE possible to
accommodate the variety of interlayer circuit boards by 15 use of

limted typesevdlnated ey, TH8Arébin Bemposabiefls and theduohilaat@bnt he types
of prepreg required for the nanu?acture of multilayer printed circuit
board. results aréushben, inhhBableelt eqNor hdibophénbimengnupasthe
recessi ons between the circuits of the interlayer 20 circuit board with
a resin di thebgerpedgassinnBxasple 1. sitated or reduced. In the prior
art, since the heating rate has been set at 2-5[err]C/ mn for the
neces- sity of securing the sufficient tine for defoam ng, the
nolding time in lamnating and nol di ng operation has 25 required 140

m nutes or nore. According to the present i nvention, since the
heating rate can be increased to as high as 6-15[err]C/ mn, the

nol ding time could be reduced to about 80 mnutes or less. This
results in a
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manhour
products.

Exanple 1 10
bi sphenol

The present
by the follow ng exanples. The exanpl es_akg not to be
anyway as |limted the scope of this

remar kabl e reducti on of production cost as well
required for the control

of quality and
invention is

i nventi on.

as

st ocki ng of the

further ill

ustr at ed 5

construed in
EXAMPLE

To a solution of 100 parts by weight of a

A typg enox\v._resin (Qp

XL pglj_lL\Lal ent -

928)

Ln

120 parts by

wei ght of butyl jcel}l o$ol ve acet atje, 0.8 partélby wei ght {of
2, 4-di am no-6-{q - udnde¢cyl - i mi dazole(l')}ethyl-s-triazine Was added
and di ssol ved. |15 hen 80 partjs by wei ght of caljci um carbonat® havi ng an
average particl g silz#{of 1-2 §n |which has been subj egtgd o a
hydr ophobi ci ty-ifjmpartiing treatment, 20 parts|by weight df Hltrafine
particul ate silijcalang one part by wei ght of =
y-gl yci doxypropyl t i mgt hoxysi | an 20 wer e addedjand the m Xt u®e was
kneaded by a thiee4roll m I}l and deaerated by a vacuum deaerator in a
vacuum of 37 for 5 mnytes to obtain an dindercoati ng ent.
Next, a both sige-dopper-clad gl gss- reinforg¢ed epoxy rgsig-1amnate
having a substrdte @5 trﬂgkness of 0.1 mmand a coppen;fml ti ckness of
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pm was polished on the surface and soft etched to renove the
anticorrosive coating, and circuit was

= 20 - formed by etching. Usually circuit formation is fol | oned
by a black oxide treatnment, but no such bhack oxi de treatnment was
conducted and sai d undercoating agent was screen printed on one
circuit side of the 5 interlayer sheet and heated in a dryer at
120[err]C for § F-pH-05—t-0—produce—artack—free—sondi-hi on. A sinilar
undercoat was dlso formefl on t opposite pide and difi ed.

A sheet of a 1040 pm t hi ck R—4§repreg 10] (ElI-6765 avai flabl e from

Sum t ono Bakel ift e L ) B O obt ained by i ®regnatin epoxy resin
in glass cloth C%gnd |gyidgt saan%, pl gecpon bo hzi des of the
under coati ng adent - appl i pdi nte¥l ayer circpit boafd, t hen a sheet of
18 pmthick cogper foil jas overlaid 15 {thereon and theflasdenbly was
subjected to h press under vacuum}lo effect heat cyri®g of the
prepreg over a perfod of 80 mnutes jncluding the hedting and
cooling tinmes Jith the uftgmt&tenperaturf of the agsewrbl y bei ng set
at 170[err]C tq obtain aj ful tjlfhyer 20 rintesdbcircuit Boagd. Property
eval uations of [thisS& L (r#%t doar dggaje theteglts sfjowh in Table 1.
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no oxi dation treatnent was conducted on the interlayer circuit board.

25 Exanpl es 2-12 The procedure of Exanple 1 was foll owed
except that resin conposition of the undercoating agent
- 21 - was changed as shown in TablLe24 to nake the multil ayer
printed circuisdq —pepertEes=—wee————==xalyad ed. The resin
conpositions apd | he eval uation results are shown in Table 1. No halo
phenonenon wasj} 5 observed as}in Exanple 1. -122 -
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Comparative Example 1

An undercoating agent was produced according
to the process of Example 1 except for use of 2-ethyl-
4-methylimidazole as the curing accelerator, and by
using this undercoating agent, a multilayer printed
circuit board was made by following the procedure of
Example 1. The property evaluation results of the
board are shown in Table 2. No haloing was observed as

in the preceding Examples.

Comparative Examples 2-8

Multilayer printed circuit boards were made
by following the procedure of Comparative Example 1
except that resin composition of the undercoating agent
was_changed as shown in Table 2, and the properties of
the boards were evaluated. The resin compositions and
the evaluation results are shown in Table 2. No

haloing was observed as in the preceding Examples.

Comparative Example 9

A multilayer printed circuit board was made
according to the procedures of the preceding Examples
and Comparative Examples except that no undercoating
agent was applied and that anoxidation treatment was
conducted on the interlayer circuit board. The
property evaluation results are shown in Table 2.
Haloing was formed since an oxidation treatment was

conducted on the circuit surface.
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Comparative Example 10

The procedure of Comparative Example 1 was
followed except that an oxidation treatment (black
oxide treatment) was applied on the circuit surface of
the interlayer circuit board to make a multilayer
printed circuit board. The property evaluation results
are shown in Table 2. Haloing was observed as an
oxidation treatment was performed on the circuit

surface.
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[err] - 26 - Conpar ati ve Exanpl e

1 An under coating agent was produced accordi ng to the
process of Exanple 1 except for use of 2-ethyl- 4- et hyl i mi dazol e as
the curing accel erator, and by 5 usi rg 2%hi-s undercoati ng agent, a
mul tilayer printed circuit hoard was made by foll ow ng the procedure
of Exanplje 1. The propertyjevaluation resplts of the board are
shown in Tabl e|24 No Fal oi ng was|observed as V'in the preceding
Exanpl es. 16 o Cgpgarative Exanpl es 2-8 ge) Mul til ayer
i ircuitl B o %« o @
printed circuiy Boads were elsg = =
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Table 2 (continued)
(blister occurrence rate %)

moisture absorption

molding (°C/min)
Moldability (void formation rate)

Undercoating agent

Black oxide treatment
Heating rate in multilayer
Multilayer molding time (min)
Interlaminar adhesion (N/m)
Solder heat resistance under
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Measuring methods
1. Moldability

A multilayer printed circuit board was
prepared by using an interlayer circuit board having
100 pieces of 20-mm-diameter circular sections (A) to
have been etched. After etching the surface copper
foil, the board was examined to see whether voids were
formed or not in the sections (A) and the rate of
formation of voids (%) was determined from the number

of the sections (A) where voids were formed.

2. Interlaminar adhesion

A multilayer printed circuit board was
prepared by following the procedure of the Examples or
Comparative Examples except that an interlayer circuit
board having circuit formed on one side alone was used.
The prepreg was peeled from the interlayer circuit
board, measuring the peeling strength, and this peeling
strength was given as an indication of interlaminar

adhesion.

3. Solder heat resistance under moisture absorption
The multilayer printed circuit board was

subjected to a PCT treatment at 125°C for 30 minutes

(pressure cooker test: saturated steam treatment under

heating), then dipped in a 260°C solder bath for 20
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seconds and visually checked for the presence or
absence of blister.

The process for producing multilayer printed
circuit boards according to the present invention is
capable of providing high adhesion property of the
undercoating agent to copper foil, resulting in the
unnecessary black oxide treatment which has been
necessary in manufacture of the multilayer printed
circuit boards according to the conventional methods.
Therefore, there is no possibility of causing haloing,
so that the circuit boards produced according to the
process of this invention are capable of high-density
circuit with ease, and also an appreciable reduction of
production cost and manhour required for quality
control in the process of black oxide treatment can be
realized. PFurther, since an undercoating agent is
beforehand applied to fill the recessions of the inter-
layer circuit board, there is elimihated any possi-
bility of leaving the air cells that could otherwise be
formed in the recessions, so that no voids are formed
in the circuit board and good moldability can be
obtained without long-time vacuum pressing required in
the prior art. Moreover, as there is no need of
changing the type of prepreg according to the copper
foil retention rate in the interlayer circuit board,
the multilayer printed circuit board production time

can be remarkably shortened. Furthermore, the
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multilayer printed circuit boards obtained by the

aforesaid process can be applied to cameras,

facsimiles, duplicating machines, word processors and

computers.



Measuri ng net hods 1. Moldability - - Amultilayer printed
circuit board was prepared by using an intér”mhnﬂi rcui t board
*® C i

having 5 100 pieces of 20-mmdi ametegscLrcul ar ﬁuﬂ("m[”ﬂm

have been etched. After etching the surface copper metel boar d
was exam ned waaseaswagAI®ED Qisds wer e formed or not 1n the sections
(A) and the rate of formation of voids (% was determ ned fromthe
nunber 10 af. the seclA godeds foar eroauts mperee rfudiiididhyer printed

I nt erl am nar adhesi on A multilayer printed circuit board
was pr epgdmesiityy boglridowicogpidis imgo ddeurstagfs tdfes Exanpl es or
Conpar ati ve Exanpl es except that an interlayer circuit 15 board havi ng
circuit formed on one siiyPrgignading a ghermosetting yasdy dp viadaal ed

fromthe interlayer circuit board, neasuring the peeling strength,
and this peel Maferial to form R RESRF®%n as an indication of interlaninar
adhesi on. 20 3. Sol der, heat resistance ynder noisture absorption

The mul tilayer printed GPRAY{0%HER dnfercoating agent; KPMRFiS t r eat nent
at 125[err]C f,qr, 30 mnutes.__ . ressyr.e cooker test: saturated steam
t r eat ment unde(%) hgatqﬁeﬁgblpatlﬁﬁ‘f&nf%el@q g’é’(ﬁﬁrererqoé%oﬁecférn bath for

20 having an average epoxy equivalent of from 450 to 6,000
and
(b) at least one component selected from the

group consisting of 2-undecylimidazole, l-cyanoethyl-2-
undecylimidazole and 2,4-diamino-6-{2’-undecyl-
imidazole(l’)}ethyl-s-triazine
to at least one circuit side of an interlayer circuit
board, on at least one side of which circuit has been
formed,

laying the prepreg on at least one side of
the undercoating agent-applied interlayer circuit board
and subjecting them to laminating press.
2. The process according to claim 1, wherein the
interlayer circuit board is subjected to no oxidation
treatment.
3. A process for producing a multilayer printed
circuit board, comprising the steps of:

impregnating a thermosetting resin in a base
material to form a prepregq,

applying an undercoating agent comprising



: 33 - seconds and visually checked for t he H absence
of blister. The process for produc ’mmnHMHW| nt ed
circuit boards according to the present jgvention is ¢ 5tcapa

provi di ng hi gh adhesi on property of the undercoati ng agent to copper

foil, resultipgyin the a termiHA2CBSSARYLRbAGK Qih@&rté ?E&Tes‘i’ﬁ' ch has
been necessary in manufacture of the nmultilayer prinfte circuit

boards accor dhagihg afcavepiget epory eguhodientlBf frberaboreo there is no
possi bility of causing hal oi ng, so that the circuit boards produced
according to 6ph@00, process of this invention are capabl e of

hi gh-density circuit with ease, and al so an appreci abl e reduction of
producti on coéb)and nanaouaremgticepolyamgnel and 15 control in the
process of black oxide treatnment can be realized. Further, since an
undercoating &gént is at lepstopeRafEmEppEREdsederted £rem; &bessi ons of
the inter- | ayer circuit hoard, there is elimnated anthosm

bility of |ea9FAgPt 8n§+FtEEFIgftﬁaPnéﬁﬁyalﬂﬁﬁéFﬁﬁge BéCYEGOG ¥lméd in the

hat d f h t board and d
ot dani |11y canageriRid8egre’afa’ 8 Frdiemiangbtife VACRGMD  cocing
required in mldaﬁ fef éegﬁ 1_Qb£§9¥?5n?as there is no need of

changi ng the 1 ype o g atcording he copper 25 foil retention

rate in the 'E&eékaiéésﬁ'éﬁé'élPeﬁiﬂ side of! Bf THEbrhayer BiLBLEE circuit

board production tine
board on at least one side of which circuit has been

formed,

laying the prepreg on at least one side of
the undercoating agent-applied interlayer circuit board
and subjecting them to laminating press.
4. The process according to claim 3, wherein the
interlayer circuit board is subjected to no oxidation
treatment.
5. The process according to claim 3, wherein the
aromatic polyamine (b) has sulfide linkage, sulfone
linkage, sulfoxide linkage or ether linkage.
6. The process according to claim 5, wherein the
interlayer circuit board is subjected to no oxidation
treatment.
7. A multilayer printed circuit board comprising
an interlayer circuit board and a prepreg,

wherein the prepreg is obtained by
impregnating a thermosetting resin in a base material,

the multilayer printed circuit board is



dan be remarkably shortened. Furthernore, the I'H

- 34 - multilayer printed circuit boards obt aij neHm mfu!&m&wleg wor d

process can be applied to caneras, facskggiles, dup |la
processors and conputers. ' -35- WHAT IS

CLAIMED | S bbtained AyDe@pasinleiarAali bt dddrty Yot gl 1 roul

board, conprising the sfepsS of: | npregnat’l ng a thernosetting

resin in a baga) materi @ tednligED-biFRidtd®nal linear epth) WdHimn
undercoating agent conprising (a) a termnal -bi functional |inear
epoxy resin |having an average epogy eguivalent eff ffwom 48D ttoo 6 0000 and
(b) at | east one conponent selected fromthe group consisting of
2-undecyl i m dandl e, 1-cyanoethyl-2- undecyli n dazole and 2,

4-di am no-6-{2'-undecyl - imdazole(l )}ethyl-s-triazine to at |east one
circuit side dPlan int ePtaj@ast ong componant gelacteshfirashehg de of which

circuit has been .. ..
group consisting of 2-undecylimidazole, l-cyanoethyl-2-

undecylimidazole and 2,4-diamino-6-{2’-undecyl-
imidazole(1l’)}ethyl-s-triazine
to at least omne circuit side of an interlayer circuit
board on at least one side of which circuit has been
formed, laying the prepreg on at least one side of the
undercoating agent-applied interlayer circuit board
subjecting them to laminating press.
8. The multilayer printed circuit board
according to claim 7, wherein the interlayer circuit
board is subjected to no oxidation treatment.
9. A multilayer printed circuit board comprising
an interlayer circuit board and a prepreq,
wherein the prepreg is obtained by
impregnating a thermosetting resin in a base material,
the multilayer printed circuit board is
obtained by applying an undercoating agent comprising
(a) a terminal-bifunctional linear epoxy resin

having an average epoxy equivalent of from 450 to

6,000,
(b) an aromatic polyamine and
{c) at least one component selected from the

group consisting of 2-undecylimidazole, l-cyanoethyl-2-
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resin havi

ng an

aver age epoxytegatvhetast ohefcdrnrd$0 sdde6p008n ifiberlayerapiacodhtic

pol yam ne and (O at | east one conponent sel ect

ed fromthe
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subjecting them to laminating press.
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10. The multilayer printed circuit board

according to claim 9, wherein the interlayer circuit

board is subjected to no oxidation treatment.

11. The multilayer printed circuit board

according to claim 9, wherein the aromatic polyamine

(b) has sulfide linkage, sulfone linkage, sulfoxide

linkage or ether linkage.

12. The multilayer printed circuit board

st .one
and

according to claim 11, wherein the interlayer circuit

board is subjected to no oxidation treatment.

13. A process for using a multilayer printed

circuit board, comprising the step of applying the

multilayer printed circuit board according to any one

of claims 7-12 to cameras, facsimiles, duplicating

machines, word processors or computers.



the undercoating agent-applied interlayer circuit board and subjecting

themto |am nati ng press 4. The process TasShaethlas Bedn _B'f—
wherein the interlayer circuit board is subjected

treatnment. 5. The process accorldi ng to cl ai H" mé ﬂtﬁl ]
aromatic pol Mmqmpmamzswmdﬁsbh@(age sul fone Tinkage, sul fOXI de

| i nkage or ether |inkage. : The process according to claimS5,

wherein the 'nt%ﬁk. qghp atlon
treat nent . . % itllayer pmlﬁea CIFCUIt arg conp r|s|ng an

interlayer CIrCUIt boar goRNERGDBE ERGEAND USING THE YRREei n the prepreg is
obtai ned by inpregnat 'i‘?@cwéﬁgoar dtéf&ﬂzéfr?drh'rﬂlftfféfe%f{ﬁééd a7

the nultilayer printed ¢

obt ai ned by Mg FehriGRAI KPS SQIp isENg (3) a
term nal -bi functional |inear epoxy resin having an average epoxy

equi val ent of from 450 inprediitimica tH¥rmosettiing %n@nfh CoNHLsENt
selected fromthe group consisting of 2-undecylimdazole, 1-cyanoethyl-

undecyl i m dazatemial Xol-thmmaeredig undecy! -
I m dazol e(l')}ethyl-s-triazine
applying an undercoating agent comprising

(a) a terminal-~bifunctional lineér epoxy resin
having an average epoxy equivalent of from 450 to 6,000
and |
(b) at least one component selected from the
group consisting of 2-undecylimidazole, l-cyanocethyl-2-
undecylimidazole and 2,4-diamino-6-{2’-undecyl-
imidazole(1l’)}ethyl-s-triazine,
or

(a) a terminal-bifunctional linear epoxy resin

having an average epoxy equivalent of from 450 to

6,000,
(b} an aromatic polyamine and
{c) at least one component selected from the

group consisting of 2-undecylimidazole, l-cyanocethyl-2-
undecylimidazole and 2,4-diamino-6-{2‘-undecyl-
imidazole(1’)}ethyl-s-triazine
to at least one circuit side of an interlayer circuit
board on at least one side of which circuit has been
formed, |

laying the prepreg on at least one side of
the undercoating agent-applied interlayer circuit board

and subjecting them to laminating press.
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to at |east one circuit side of an interl ayer circuit [hg i t
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2, 4- di am no-Heddlise wflcclyd - improvied cadiidsigretpydperty i o i tite tndei-| east
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t he
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under coati ng 'a Eélm‘ applmehﬂﬁ mf rlayer circuit board and subjecti ng'ﬂf”ﬁem to
| am nating pgfess. 10.: mul tilayer printed circuit board according
to claim9, thrqj@J;e‘lﬂﬁggylterl yer circuit board is subjected to no
baf nent . 11.
o

oxi dation tr The mul til ayer rlnted CII’CUI'[ board
accor di ng tof cFarmre—whrereth |t he aromatic ' 1- 3danualy 198¢

| i nkage, .sul fone |inkage, sulfioxide |inkage or ether Ilnkage 12.

The nmultilayer printed circurt board according to claim11l, wherein the
i nt er | aABSTRACT OF PHEDISCLASURECt ed to no oxidation treatnent. 13.

A process for using a nmultilayer printed circuit board, conprising the

step of applyi nOMUITILAYER PRINTEDICIRGUITCBOARD PtNBPR@GES"Sj' ng to any one
of clainms 7-12 to caneras, facsimles, duplicating nachines, word

processors or conput elEpR PRODUCING AND USING THE SAME

A process for producing a multilayer printed circuit board, comprising the
steps of:
impregnating a thermosetting resin in a base material to form a prepreg,
- applying an undercoating agent comprising
(@) aterminal-bifunctional linear epoxy resin having an average epoxy equivalent
of from 450 to 6,000
and
(b) at least one component selected from the group consisting of 2-
undecylimidazole, 1-cyanoethyl-2-undecylimidazole and 2,4-diamino-6-{2'-
undecylimidazole(1’)}ethyl-s-triazine,
and optionally
. {c) an aromatic polyamine, preferably having sulfide, sulfone, sulfoxide or ether
linkage,
to at least one circuit side of an interlayer circuit board on at least one side of which
circuit has been formed,
laying the prepreg on at least one side of the undercoating agent-applied
interlayer circuit board and subjecting them to laminating press.
Desired properties of the multilayer printed circuit board were achieved with
no oxidation treatment because of the improved adhesion property of the

undercoating agent to copper foil.



