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" PROCESS FOR PRODUCI NG MULTI LAYER PRI NTED Cl RCU T BOARB®G3-1 Tres

BACKGROUND OF THE | NVENTI ON This invention relates to a31/8
process for producing a nultilayer printed circuit board.

Mul tilayer printed circuit boards are 5 produced by | am nating a
plurality of inner |ayer

PROCESS FOR PRODUCING MULTILAYER

PRINTED CIRCUIT BOARDS



pl at €3 obt ai ned by fornming circuits on copper-clad | am nates and a

plurality of single-sided:copper-clad | am nates or copper foils via
prepregs obtai ned by i npregnating glass cloth as a base material with
a 10 resin, followed by pressing with heating to cure with

heating, and formng circuits on outer surfaces of the I nt egrated
copper-clad | am nates contai ning inner |ayer circuits therein.

Wth recent tendency of mniaturization, 15 hi gher perfornance, and nore
function of electronic devices, multilayer printed circuit boards
have becone . higher in density, thinner in individual |ayers, finer

in wring, snmaller in dianmeter for connecting I ndi vi dual | ayers, and

to use interstitial via holes 20 (hereinafter referred to as "IVHs") for
connecti ng onl BACKGROURR| QRAbDTHEnINVENTEQN| ayers. Now, in order to nake

Wi ring density higher, a snmaller dianeter of IVHIis required.
A prior art nultilayer pFhiseinventidn pelates2to ahpvpagssVERTi s produced
by | am nating an i nner |ayer - 2-

producing a multilayer printed circuit board.
Multilayer printed circuit boards'are
5 produced by laminéting a plurality of inner layer
plates obtained by forming circuits on copper-clad
laminates and a plurality of single-sided copper-clad
laminates or copper foils via prepregs obtained by
impregnating glass cloth as a base material with a
10 resin, followed by pressing with heating to cure with
heating, and forming circuits on outer surfaces of the
| inteérated copper-clad laminates containing inner layer
circuits therein.
With recent tendency of miniaturization,

15 higher performance, and more function of electronic
devices, multilayer printed circuit boards have become
higher in density, thinner in individual layers, finer
in wiring, smaller in diameter for connecting
individual layers, and to use interstitial via holes

20 (hereinafter referred to as "IVHs") for connecting only
neighboring wiring layers. Now, in order to make
wiring density higher, a smaller diameter of IVH is
required.

A prior art multilayer printed circuit board

25 having IVHs is produced by laminating an inner layer

-



circuit substrate 1 obtained by forming circuit on a copper -cl ad

| ami'nat ¢ and a pair of single-sided copper- clad | am nates or copper
foils 3 via a plurality of prepregs 9 as shown in Fig. 2A, adhering
under pressure 5 wth heating to give gn.integrated copper-clad | am nate
having interlayer circuits therein as showm in Fig. 2B, drilling

hol es on predeterfuiedsiiBeirh@BS 1S6bR&ihed by fokRaah the cuikebhaper
circuits to formholes 5 for I VH as shown in Fig. 2C if necessary,

drilling a threogperiB8ladhthmifagecandi agpharaofir s@hgaet-sptdedesdppershown

I n Fig. 2D, connecting the interlayer circuits and outer | ayer
copper foils bgletdetamihasescopperppeat fngland via a plechidicycodper
plating 7 as shown in Fig. 2E, formng etching resists 8 on the outer
| ayer copper fpreprags 95as shown in Fig. 2K, adheyengnynderepriessudechi ngs
as shown in Figs. 2G and 2H, and renoving the etching resists
as shown i % Fi yith heating to give anAéB&PEFﬁﬁeﬁoCBPP@F‘&ﬂdeAQ@é§§é§

pol yi m de filnms,are ysed as . a naterlﬁe capabl e g chemi cal 20

et chi ng usi ng RPULRY hBtex éYe§s°&F§BFG§e& FSF“ as shoyn dneFigy 2B-a

50-4577, JP-A 464, J - A 53-490 Furth f
et chi ng epoxy aﬁéix Bgrgﬂ €s on prg 8F8§m&§88 P8F153%9§:% g%g ?fsggargg

with concen-  yoach! ERECInBUhULEE BEituitl" 28 Foh Ho1BS" BRRNIGAC d,

as shown in Fig. 2C, if necessary, drilling a through
10 hole 6 according to a prior art process as shown in
Fig. 2D, connecting the interlayer circuits and outer
layer copper foils by electroless copper plating and
electric copper plating 7 as shown in Fig. 2E, forming
etching resists 8 on the outer layer copper foils as
15 shown in Fig. 2F, conducting selective etchings as
shown in Figs. 2G and 2H, and removing the etching
resists as shown in Fig. 2I.
According to prior art processes, polyimidé
filﬁs are used as a material capable of chemical
20 etching using hydrazine, etc. as disclosed, for
example, in JP-A 50-4577, JP-A 51-27464, JP-A 53-49068,
etc. Further, processes for etching epoxy resin cured
articles used for printed circuit boards with concen-
trated sulfuric acid, chromic acid, permanganic acid,
25 etc. (surface roughness, smear treatment) are
disclosed, for example, in JP-A 54-144968 and JP-A 62-
104197.

According to the prior art processes for



75 etc. (surface roughness, snear treatnent) are di scl osed, for

exanpl e,” in JP-A 54-144968 and JP-A 62- 104197.

According to the prior art processes for

- 3- form ng holes for I'VH since hokes are drilled until

interlayer circuits are reached, it is inpossible to conduct the
drilling by |apbpaihgon8185UE8Yi T¥HOf since hBLEB 88eClEEHIEabAREYS I N
contrast to drilling of 5 througﬁ holes. Thus, the drilling is
conduct ed one interla{éer capeubes, are@sybhthgdi, Nitedsi Linpgsaibosgtperi od of
time and giving poor productivity. Further, in order to control the

depth of the poontiuot thel drilhéndepyhlaminatbhgcappeurailitggofiatterns is
coincided with. But since 10 there is a variation in thickness of

mul til ayer priprédted circinitubpapdar @B, cohbrastake gradéingsef of reaching
t he I nterlayer circuits or not, and in the case of thin

i ntral ayer5t hi Ehreugh heles.coBhust whehdyihllinagis condurtedi ongf the

I ayer thereunder, resulting in causing _15 defective_el ectrical

connecti on. |ﬂfﬁggigpgﬁyeﬁmeﬁesultlng in requiring a long period of

time and giving poor productivity. Further, in order
to control the depth of the point of drill, the depth
of copper wiring patterns is coincided with. But since

10 there is a variation in thickness of multilayer printed
circuit boards, there take place'cases of reaching the
interlayer circuits or not, and in the case of thin
intralayer thickness, holes contact with a wiring
circuit of the layer thereunder, resulting in causing

15 defective electrical connection. In addition, when
holes of 0.3 mm or less in diameter are drilled, the
life of drill is remarkably shortened due to loss of
core center and working of resin layers containing a
glass cloth substrate.

20 On the other hand, according to prior art
chemical etching methods, the use of hydrazine is not
preferable due to its toxicity, and the use of concen-
trated sulfuric acid, chromic acid or permanganic acid
is not preferable due to désignation of special

25 chemical substances. These chemical substances should

be avoided from the viewpoint of safety.



hHol es*of 0.3 mmor less in dianeter are drilled, the life of drill is
remar kably shortened due to | oss of core center and working of resin
| ayers containing a glass cloth substrate. 20 On the
ot her hand, according to prior art ghem cal etching nethods, the use
of hydra2|ne I S not preferable due to its toxicity, and the use of

concen- dunikadty sof foiit CridetrIgr om ¢ aci d or permanganic acid
is not preferable due to designation of special 25 chem cal substances.

These chemi cal substancept siwwl object DEf ayRe (8Fed &0 LAvaNt BHROLH!L Of

safety. -4- SUMVARY OF THE

| NVENTI ON provides a prdédcess afoobpesdueing e miksthdyenveninbadt o
provi des a process for producing a nmultilayer printed - circuit board
cont ai ni ng i ntekstuit dboard ¢onesining)intérstibibal avia eekbés e(WVHS h nmass
productivity, connection reliability and electrical properties, are
able to bé that Are #xcehtsniexie nast ReedeGtivityg peoaection.
The present invention prOV|des a process for rodu0|nPea nultllayer

to be

print ed CerL“qe%*ﬁF%ﬁ Whiand electrical properties, are ab
thin and show excellent safety during production.
The present invention provides a process for
producing a multilayer printed. circuit board, which
10 comprises the step of:
laminating on an interlayer plate having
conductor circuits thereon a thermosetting copper-clad
adhesive resin sheet having a copper foil on one side,
so as to make the resin side of the sheet contact with
15 the interlayer plate, followed by pressing with heating
to cure the resin and to give an integrated laminate,
said thermosetting copper-clad adhesive resin sheet
having been prepared by integrating a copper foil with
a thermosetting epoxy resin composition comprising (a)
20 an epoxy polymer having a film~forming ability and a
weight-average molecular weight of 100,000 or more,
obtained by polymerizing a bifunctional epoxy resin and
a bifunctional halogenated phenol in an equivalent
weight ratio of epoxy group:phenolic hydroxyl group of
25 1:0.9 to 1:1.1, (b) a crosslinking agent, and (c) a
polyfunctional epoxy resin, and curing the resin
composition to become a B-stage condition,

forming an etching resist on the copper foil



10 “conprises the step of: : | am nating on an interl ayer

pl at e havi ng conductor circuits thereon a thernosetting copper-clad
adhesi ve resin sheet having a copper foil on one side, so as to make
the resin side of the sheet contact w {hg 15 the interlayer plate,

foll owed by pressing with heating to cure the resin and to give an

integrated | agEnghe, thermosétdnghecppeetnad aaRBek ve! &ésaﬁh%ﬁb\é% resin
sheet havi ng been prepared by integrating a copper foil wth a

t her noset t i ngfepd¥wetebiyn foenRtiohi 6f ERRRr holeg fa) thaocop?@zell@i)l pol ymer
having a filmformng ability and a wei ght - aver age nol ecul ar wei ght
of 100, 000 orsnwface by sedbtaiwedebghpahyneri zi ng a bi functi onal epoxy
resin and a bifunctional hal ogenated phenol in an equival ent

wei ght ratio of epoxy grempvéngthBcehyhiogyregiéup of 25 1:0.9to
1:1.1, (2% a crosslinking agent, and (c) pol yfunctional epoxy
resin, curing the r &SmAVing th@oﬁﬂ§§ﬁtF6ﬁ1F019¥€§anéeB-§h§gélﬂe

condi tion, form ng an etchlng resi st .on the cqpper foi
-5- holes by etching using an etching solution comprising

(A) an amide as a solvent, (B) an alkali metal
compound, and {(C) an alcohol as a solvent to form via
holes and expose parts of the conductor circuits,

- 10 " . plating a metal layer or coating an electro-
conductive paste so as to electrically connecting the
conductor circuits of the interlayer plate and an outer
layer copper foil,

forming an etching resist on the outer layer
15 copper foil, followed by formation of wiring circuits
on the copper foil by selective etching, and

removing the etching resist.

"BRIEF DESCRIPTION OF THE DRAWINGS
Figs. 1A to 1M are schematic cross-sectional
20 views explaining the steps of producing the multilayer
printed circuit board according to one example of the
present invention.
Figs. 2A to 2I are schematic cross-sectional
views explaining the steps of producing a multilayer

25 printed circuit board according to prior art.



of the thernosetting copper-clad adhesive resin sheet, fol |l oned by
formati on of fine holes in the copper foil surface by sel ective

et chi ng, renovi ng the etching resist, 5

removing the cured resin layer under the fine hol es by et ching using
an etching solution conprising (A) an am de as a solvent, (B) an

al kal i netal pggcrREPFPONNGY PiF é@FﬁﬂRﬁbCﬁﬂﬂbnﬂ&EﬁT§0' vent to formyvia
hol es and expose parts of the conductor circuits, plating a

nmetal |ayer or coating amneh&€sdFdance mtﬁoeﬂélcg)raee@@smvé@tﬁénto
el ectrically connecting the conductor circuits of the |nterlayer

pl ate and an otliere has béeayeatiadeoppeiidies| of various resin cobepssig an
etching resist on the outer |ayer 15 copper foil, followed by formation
of wiring circti¢ss contabmingencophessfolothyases chaseemateniay, andd
renoving the etching resist. BRI EF DESCRI PTI ON OF THE DRAW NGS
Figs. 1A to 1MRkie teheenthineedsandcsvibable Por formimgekplesnfay the

st eps of produc ng the multil ayer printed circuit board according to
one exanpl e ofl by CheT&%%%ﬁ?t¢%#%%t+%n°ne simple processings. 28 to 2

are schematic cross ect] onal
f ‘ in accordance with the invention, a thermo-

setting epoxy resin composition has been found to be
subjected to chemical etching after thermal curing, and
10 an etching solution therefor.
According to the present invention, a
multilayer printed circuit board can be produced by
laminating on an interlayer plate having
conductor circuits thereon a thermosetting copper-clad
15 adhesive resin sheets, each sheet having a copper foil
on one side, s0 as to make the resin side of the sheet
contact with the interlayer plate, followed by pressing
with heating to cure the resin and to give an inte-
grated laminate, said thermosetting copper-clad
20 adhesive resin sheet having been prepared by integrat-
ing a copper foil with a thermosetting epoxy resin
composition comprising (a) an epoxy polymer having a
film-forming ability and a weight-average molecular
weight of 100,000 or more, obtained by polymerizing a
25 bifunctional epoxy resin and a bifunctional halogenated
phenol in an equivalent weight ratio of epoxy
group:phenolic hydroxyl group of 1:0.9 to 1:1.1, (b) a

crosslinking agent, and (c) a polyfunctional epoxy



Vi ews expl ai ning the steps of producing a nultilayer 25 printed circuit
board actcording to prior art. - 6-
DESCRI PTI ON OF THE PREFERRED EMBODI MENTS In accordance with
the present invention, there has been made studies of various resin
conposi - tions containing no glass cloth as a base material and 5

able to be th!faaql,a%étwﬁlmege iy A4 r&/@aﬁ%ﬂ&{ to bﬁcélﬁé'lsa by

chemi cal etching 1n one sinp processi ng. a result, 1 n accordance

with the inverjtife cdbddi&fivh, setting epoxy resin conposition has
been found to be subj ected to chem cal etching after thermal curing,

and 10 an etching solfgrmimg hat eftthing resist on the ¢t nfpiD t he
present invention, a mul tilayer printed circuit board can be produced
by of thd athematoswttomqarcopperdclst quleisi vawewiin sheettonduct or
circuits thereon a thernosetting copper-clad 15 adhesi ve resin sheets,
each sheeb haviigigavesbgperfdmidgtion of dhinmmdiciar indhes aepprikefahe resin
side of the sheet contact with the interlayer plate, followed by
pr essi ng sugfacendut isRl e iR €4 NBsin and to give an inte-
removing the etching resist,
removin§ the cured resin layer under the fine
holes by etching using an etching solution comprising
10 (A) an amide as a solvent, (B) an alkali metal
compound, and (C) an alcohol as a solvent to form via
holes and expose parts of the conductor circuits,
plating a metal layer or coating an electro-
conductive paste so as to electrically connecting the
15 conductor circuits of the interlayer plate and an outer
layer copper foil,
forming an etching resist on the outer layer
copper foil, followed by formation of wiring circuits
on the copper foil by selective etching, and
20 removing the etching resist.
The thermosetting epoxy resin composition
used in the present invention comprises (a) an epoxy
polymer having a film-forming ability, (b) a cross-
linking agent, and (c) a polyfunctional epoxy resin.
25 The epoxy polymer (a) having a film-forming
ability and a weight-average molecular weight of

100,000 or more, preferably 100,000 to 1,000,000, can

be obtained by polymerizing a bifunctional epoxy resin



grate€d |lam nate, said thernosetting copper-clad 20 adhesi ve resin sheet
havi ng been prepared by integrat- ing a copper foil with a

t hernosetti ng epoxy resin conposition conprising (a) an epoxy pol yner
havi ng a filmformng ability anq_qﬁwplght aver age nol ecul ar

wei ght of 100,000 or nore, obtained by polynerizing a 25 bi functi onal

ePOXy resin agRqR abiriitiieictdRAlaINHa00RAALd phendiN@ilar it RO ent

wei ght ratio of epoxy group: phenol i ¢ hydroxyl group of 1:0.9 to
1:1.1, (b) a weightChR%Sld Wl §oX§e YrouptPhchol1d P MypdrdGill YruLRIXY
-7- resin, and curing the resin conposition to becone a B-

st age condi ti ehe range of 1:0.9 tONMiNg dn ehehigiegedessiofon t he copper
foil of the thernosetting copper-clad adhesive resin sheet, 5
foll owed by fcatatllyst efithi heatdngs prefldrabdgpfder of @dlvent ofsiarf ace by
sel ective etching, renoving the etching resist,

renovi ng bhe emide woasiketongehayider at o ifliing Polnt lefl a3 URE e hi ng using
an etching SOL&E%%Q i%h%r§253%ed solid content of 50% by weight or
less. The weight-average molecular weight is measured
by gel permeation chromatography using polystyrene as a
standard.

10 As the bifunctional epoxy resin, there can be
used any compound having two epoxy groups in the
molecule. Examples of the bifunctional epoxy resin are
bisphenol A type epoxy resins, bisphenol F type epoxy
resins, bisphenol S type resins, and aliphatic hair-

15 like epoxy resins. The preferred is bisphenol A epoxy
resin. These compounds may have any molecular weight.
These compounds can be used singly or as a mixture
thereof. Components other than the bifunctional epoxy
resin may be contained as impurities so far as they do

20 not affect the operation and accomplishment of the
present invention.

As the bifunctional halogenated phenol, there
can be used any compound having one or more halogen
atoms as substituent and two phenolic hydroxyl groups.

25 Examples of the bifunctional halogenated phenol are
monocyclic bifunctional phenols such as hydrogquinone,
resorcinol, catechol, etc.; polycyclic bifunctional

phenols such as bisphenol A, bisphenol F, naphthalene



10 {A) an anmide as a solvent, (B) an alkali netal conpound, and (O
an al cohol as a solvent to formvia hol es and expose parts of the
conductor circuits, plating a nmetal |ayer or coating an
el ectro- conductive paste so as to glectrically connecting the 15
conductor circuits of the interlayer plate and an outer | ayer copper

foil, djols, PISPINAOLEN GG TN uLle R RIcb YT

copper foil, followed by formation of Ing clrcuits

foil by sel ectingsetedmpiunded Bhkese compounds MfdPVihdge taygy et ching resist.
The thernosetting epoxy resin conposition used in the present

i nvention conmickEsul#y WwigHOXY These EohydRiddavamoba hsédtr £ DiglRg
ability, (b) a cross- | i nki ng agent, and (c) a pol yfunctional epoxy
resin. 25 or as a milenepoklyepsdfrerCémpomavisgothér | thdwr thag
ability and a wei ght-average nol ecul ar wei ght of 100, 000 or nore,
pref er abl Y 10RDMelanabhabogerakred phenglk may dpeceontaet§n@si zi ng a
bi functional epoxy resin - 8-

and a bi f unct i SHRUTHel %) cFat - ey rametyatEeehtthe operation

and accomplishment of the present invention.
As the catalyst, there can be used any
compounds which have catalytic activity to accelerate
10 etherification reaction of epoxy group or groups with
phenolic hydroxy group or groups; Examples of the
catalyst are alkali metal compounds, alkaline earth
metal compounds, imidazoles, organic phosphorus com-
pounds, secondary amines, tertiary amines, quaternary
15 ammonium salts, etc. Among them, the use of alkali
metal compounds is most preferable. Examples of the
alkali metal compounds are hydroxides, halides, organic
salts, alcohlates, phenolates, hydrides, borohydrides,
and amides Qf sodium, lithium and potassium. These
20 catalysts can be uséd singly or as a mixture thereof.
As the solvent used for the reaction, there
can preferably be used amides or ketones, and amides
having a boiling point of 130°C or higher. Any
solvents which can dissolve both the epoxy resins and
25 phenols used as starting materials can be used.
Examples of the solvents are formamide, N-methyl-
formamide, N,N-dimethylformamide, acetamide, N-

methylacetamide, N,N-dimethylacetamide, N,N,N’ ,N’'-



wei ght rati o of epoxy group:phenolic hydroxyl group in t he range of
1:0.9to 1:1.1 in the presence of a catalyst with heating preferably
in a solvent of an 5 am de or ketone having a boiling point of 130[err]C
or higher in a reacted solid contenty of 50% by wei ght or | ess.
The wei ght -average nol ecul ar wei ght i s neasured by gel perneation

chr omat ogr aphyt étstdifle f10F Metdd SNE-BPriolidone pinfeEkly1-40pyrrolidone, AS
t he bifunctional epoxy resin, there can be used any conpound havi ng

two epoxy groupsrbamidieacid esterefubec. ExTtigsessolivémes beannpoéi esed epoxy
resin are bi sphenol A type epoxy resins, bisphenol F type epoxy
resins, bisphesioiglytogpers esimbsxtumrel chepdaf i ¢ Axithe Ké&tons| kehepexy
resins. The preferred is bisphenol A epoxy resin. These conpounds
may have any r@ede® aisqfti g lohexanongexrkceth aericoran dbisaldtyingly or
as a mxture t hereof . Conponents other than the_bifunctional epoxy
resin may e cEHINPePRRTIMPurtIPRROLYNS arMekhY he§Y@ohexanone: affect t he

operation and acconpl i shment of the present invention.
As the bifunct3 SR FRenakEY: phenol , there can be used any

compound hai 19 one. o RS ' 88herans O o BTSSR ERE LY o

phenol are ratio of the bifunctional epoxy resin and the bifunc-

tional halogenated phenol is in terms of the equivalent

10 weight ratio of epoxy group:phenoclic hydroxy group in
the range of 1:0.9 to 1:1.1.

Although the guantity of the catalyst is not
particularly limited, the catalyst, generally, is used
in a quantity of 0.0001 to 0.2 mole per mole of the

15 bifunctional epoxy resin.

The polymerization reaction temperature is
preferably 60° to 150°C. When the temperature is lower
than 60°C, there is a tendency to make the polymeriza-
tion rate too show. On the other hand, when the

20 temperature is higher than 150°C, there is a'tendency
to bring about side reaction to fail to obtain a long
chain polymer.

The solid content in the reaction solution
during polymerization is preferably 50% by weight or

25 less, more preferably 30% by weight or less. -

As a result of the polymerization, the epoxy

polymer (a) having a molecular weight of 100,000 or

more is obtained.



ﬁDnodycIic bi functional phenol.s such as hydroqui none, resor ci nol ,

catechol, etc.; polycyclic bifunctional phenol s such as bi sphenol A,
bi sphenol F, napht hal ene -9-

di ol s, bisphenols, and al kyl-substituted phalides of t hese conpounds.
These conpounds may have any nol ecul ar wei ght. These conpounds can be
used singly Or 3sa8 Ehx!Ur8sEiehRThe GGERENTRYHS rALNehe! BRBLNE S

bi functi onal hal ogenated phenol may be coﬁtalned S I mpufitres so far

as they do nopoai{heet (b§¢ eREra! cAR be usedNfladkeaNBkbehERAkeal whiienpr esent
I nventi on. As the catalyst, there can be used any

conpounds whi ahehagecgahakybi naskbiviiby bloakedlewath al@ompouldrification

reaction of epoxy group or groups with phenol i ¢ hydroxy group or
groups. Exanphaving§ ahether actawvel hydragenal kali netal conpounds, al kaline
earth met al conpounds, i m dazol es, organic phosphorus com

pounds, s®condary ani nefhet éspcyapatesnesn heassynispcyabatesmhaniing salt s,
etc. Among them the use of alkali nmet al compounds i s nost

preferabl e. EXWRpPEsmMPret hgocyanate groups in the molecule.

Examples of the masked isocyanates are isocyanate such
as hexamethylene diisocyanate, diphenylmethane diiso-
cyanate, isophorone diisocyanate, tolylene diiso-~
- 10 cyanate, etc. masked with a phenol, an oxime, an

alcohol, etc. From the viewpoint of improvement in
heat resistance of cured article, the use of isophorone
diisocyanate or tolylene diisocyanate masked with a
phenol is preferable.

15 The using amount of the crosslinking agent
is preferably 0.1 to 1.0 equivalent weight of the
isocyanate group per equivalent weight of alcoholic
hydroxyl group of the epoxy polymer (a).

As the polyfunctional epoxy resin (c), there

20 can be used any compounds having two or more epoxy
groups in the molecule. Examples of the polyfunctional
epoxy resin (c) are glycidyl ethers of phenols such as
phenol novolac epoxy resins, cresol novolac epoxy
resins, resole epoxy resins, bisphenol epoxy resins

25 etc.; alicyclic epoxy resins, epoxidized poly-
butadienes, glycidyl ester type epoxy resins, glycidyl-
amine type epoxy resins, isocyanurate type epoxy

resins, plexible epoxy resins, etc. Among them, a



al kali" metal conpounds are hydroxi des, halides, organic salts,

al cohl at'es, phenol ates, hydrides, borohydrides, and am des of sodi um
l'ithium and potassium These 20 catal ysts can be used singly or as a

m xture thereof. As the g6 vent used for the reaction,

t here can preferably be used am des or ketones, and am des

having a boi | ijGeiSlntysé dBSkPTEEELATONI SRLxLHRY of a pRERYENLFHEN ch can

di ssol ve both e epoxy resins and 25 phenol s used as starting materials

can be used. epoxyEx@sDhesndfatpelpPhnebional cepoxyepesen Nsnet hyl -
formam de, N, N-di net hyl formam de, acetam de, N- met hyl acet am de,

N, N- di net hyl aceteferablel, M Nbordér to improve heat resistance. -
10 - tetramet hyl urea, 2-pyrrolidone, N nethyl-2-pyrrolidone,

carbam c acid esters, etThe Tpetefvntvbonalcepoky vestn (c) cannhgeéy or as a
m xture thereof. As the ketons, there can be used cycl ohexanone,
acetyl acedtoneusedipbamyamount ofe2@nto bhO? ob¥, weighhobased amtbhe

cycl ohexanone, acet ophonone, etc. As the

pol yneri zat i oI tPHnkhe t fROKY xPAEY™er (@) atio of the bifunctional epoxy

resin and the bifunc- Further, since the polyfunctional epoxy resin

(c) functions as an adhesive component and a flowing
component of the time of molding, the using amount can
10 be contrb;led properly considering the thickness of
copper foil on the interlayer or the density of its
circuits.
The polyfunctional epoxy resin (c) can be
used singly or as a mixture thereof. Further, a curing
15 agent and a curing accelerator for the polyfunctional
epoxy resin (c¢) can also be used. As the curing agent
and the curing accelerator, there can be used a novolac
type phenol resin, dicyandiamide, an acid anhydride, an
amine, an imidazole, a phosphine, etc., singly or as a.
20 mixture thereof. Further, the addition of a silane
coupling agent is preferable for improving adhesive
strength of epoxy adhesive film, particularly for
improving the adhesive strength to the copper foil.
Examples of the silane coupling agent are
25 epoxysilane, aminosilane, ureasilane, etc.
A varnish comprising (a) the epoxy polymer,
(b) the crosslinking agent, and (c) the polyfunctional

epoxy resin, mentioned above is coated on the copper



t'i onal’ hal ogenated phenol is in ternms of the equivalent 10 weight ratio

of epoxy. group:phenolic hydroxy group in the range of 1:0.9 to 1:1.1.
Al though the quantity of the catalyst is not particularly limted,
the catal yst, generally, is used iRja_quantity of 0.0001 to 0.2 nDIe
per nole of the 15 bi functi onal epoxy resin. The

pol yneri zat i ored€REnPa+ LEP S PERed Bing to ﬂ@éeaaé% péPLEer4d to
150[err] C. Wen the tenperature is |ower han 6 err]C there is a

tendency to makdhddirdotedid i Sileet of thé %‘-é'@é@el OOTI8é O-e £¥rd1HEe Ot her
hand, when the .20 tenperature is higher than 150[err]C, there is a

t endency cumiry i sgndibioidn stolegateatlie MB-3tadai condivbdmi hsa | ong
chai n pol yner. The solid content in the reaction solution
during pol ynerhestingn ats 3@ E5QIC yEGO% 610 vieimitesr e thicknes®mre
preferably 30% by weight or |ess. As a result of the

pol yneri za i oef tthe epradn layer pis ypref¢mablinvihgta Tl ignul depewdfng of

100, 000 or nore i s obtained.
on the thickness of copper foil on the interlayer

circuit. The thickness of copper foil is préferably 5
to 70 um. .
The thermosetting copper-clad adhesive resin

10 sheet of B-stage is laminated on one or.both sides of a
previously prepared interlayer circuit plate so as to
face the resin side of the adhesive resin sheet,
followed by pressing with heating to cure with heating.
Thus, a copper-clad laminate containing interlayer

15 circuits is obtained. Since a B-stage thermosetting
resin can be cured completely at a molding temperature
of 170°C or more for 30 minutes or more, there can be
employed conventional molding conditions for epoxy
resin laminates so long as satisfying the above-

20 mentioned conditions. Particularly, since the heating
temperature and time influence the degree of curing and
causes a variation in the etching speed in a later
stage, it is necessary to cure completely. Further,
since the pressure influences the flow of resins, it is

25 necessary to employ a suitable pressure. Preferable
pressure is 2 MPa or more.

Then, on one or both outer layer copper foils

of the resulting copper-clad laminate containing



As the crosslinking agent (b) for the epoxy polymer (a), there can be

used masked i socyanates which are isocyanates nmasked (or bl ocked)
wi th a conpound havi ng anot her active hydrogen. 5 The
I socyanat es can be any isocyanates havin two or nore isocyanate

4 -
groups in the nolecul e. Exanpl es o%_the masked i socyanates are
| socyanat e SUCihterladyélﬁ EEXSHBE D YL ESee T | SOsYSN A ELh dthb et fRbbane dii so-
cyanat e, isophorone diisocyanate, tolylene diiso- 10 cyanate, etc.
masked Wi th a sdetiohg EdppetPEladnadhesival £08Dh , sigéét , RinnetRiNgewpoi nt

of 1 nprovenent in heat resistance of cured article, the use of

i sophor one resiki sie yEorted prfoblgwedebyli developracet reskedtiweh a

phenol is preferable. 15 The using anmount of the crosslinking
agent i seprhing dby ya Ocanventionaluphategraphy ghetiddt be form

| socyanat e group per equival ent weight of al coholic hydr oxyl group of

the epoxy %ol ykire (hgles on the copper f@i}neidesyf Fheiearrerpbeyatesin
TR AL S i et Mo RS e o
(c) are gl yel dyb EAhes s oL PDENTh S, S 5 1.8 suea PBS RbaRRUChEE °BO
Company, Editor-in-Chief: Cryde F. Coombs, Jr.). The
fine holes become opening portions for IVH. Then, the

10 etching resist is removed.

For Example, a dry film including a photo-
sensitive resin layer (i.e. HK-425, HK-450, trade
names, mfd. by Hitachi Chemical Co., Ltd.) is
preferably used as the etching resist. In this case,

15 the dry film is laminated on the copper foil by using a
hot-roll laminator. The conditions for exposing to
light, developing and removing the film depend on the
type of the film.

| The cured resin layer under the fine holes is

20 removed by etching using an etching solution comprising
(A) an amide series as a solvent, (B) an alkali metal
compound, and (C) an alcohol series as a solvent so as
to expose the interlayer circuit. The epoxy polymer
(a) which is a component of the thermosetting resin

25 composition constituting the thermosetting copper-clad
adhesive resin sheet can be dissolved by the alkali.
The etching action of the cured resin layer is

conducted by cutting and decomposition of the skeleton



resins, resol e epoxy resins, bisphenol epoxy resins 25 etc.; alicyclic
epoxy resins, epoxidized poly- but adi enes, gl ycidyl ester type epoxy
resins, glycidyl- am ne type epoxy resins, isocyanurate type epoxy
resins, plexible epoxy resins, etc. Amangd hem a

- 12 - phenol type epoxy resin or a mxture of a phenol type

epoxy resin anslf atipe! gpoRgt reSah ECRPXNaveBGNal Bigh mol8Eégi&ralbeght order
to i nprove heat resistance. The pol yfunctional epoxy resin
(c) can be  Soyseleialkal anbuptreghaédt ntO0théycueedhiebifellagart he

wei ght of the epoxy polyner (a). Furt her, since the

pol yfuncti onal aecpompanging the amid¢ $eniéesosslwentnandhtbévalcohpdnent and
a flow ng conponent of the tinme of nolding, the using anpbunt can 10
be control | ed $2BER$ | Fotvertderi ag t%egiﬁeckhesgr@gments hawvpperafoi | on
the interlayer_or the density of its ' The

pol yf unct idnal LeFpeRy"PLeCR1RE) weighbe WhiChC%éggﬁéghﬁiﬁsﬁiVag anptheure
ther ool FUr U Ighia8 SY109 sdTvenBOEl! o2PLcR SULhLG 3c0e! erator for the
pol yfuncti onal .

As the amide series solvent (A), there can be
used formamide, N-methylformamide, N,N-dimethyl-
formamide, acetamide, N-methylacetamide, N,N-dimethyl-

10 acetamide, N,N,N’,N’-tetramethylurea, 2-pyrrolidone, N-
methyl-2-pyrrolidone, carbamic acid esters, etc. The
use of N,N-dimethylacetamide, N,N-dimethylformamide,
and N-methyl-2-pyrrolidone is preferable, since these
solvents can remarkably dissolve decomposed portions

15 having of the cured product lower molecular weight.
These solvents can be used singly or as a mixture
thereof. Further, these solvents can be used together
with one or more ketone series solvents, ether series
solvents and other solvents.

20 Examples of the ketone series solvent used
together are acetone, methyl ethyl ketone, 2-pentanone,
3-pentanone, 2-hexanone, methyl isobutyl ketone, 2-
heptanone, 4-heptanone, diisobutyl ketone, cyclo-
hexanone, etc.

25 Examples of the other series solvent used
together are dipropyl ether, diisopropyl ether, dibutyl

ether, anisole, phenetole, dioxane, tetrahydrofuran,

ethylene glycol dimethyl ether, ethylene glycol diethyl



epoxy ‘resin (c) can also be used. As the curing agent and the curing
accel erator, there can be used a novol ac type phenol resin,
dlcyandlanlde, an acid anhydride, an am ne, an imdazole, a
phosphi ne, etc., singly or as a 20 i xtgure thereof. Further, the
addition of a silane coupling agent 1s preferable for inproving

adhesi ve eﬁﬁéfngaheeﬁyféﬁéy?ﬁfééf'Hﬁméth§1 Eﬁﬁétcuﬁﬁékﬁyieﬁe
I mproving the adhes/ ve strength To the copper

Exanpl es of thglpedbrnei€onpli 8ghagpnétare 25 epoxyS|Iane am nosi | ane,
ureasil ane, etc. - A varnish conprising (a) the epoxy

pol yner, (b) the cTnestonkengsagﬁntheaadlﬁemtshﬁapohptuhet|onal
epoxy resin, nmentioned above is coated on the copper

- 13 - fpatrticdlarigdlivnibedeat Ihgisopgeferabtepper cohtidin the
adhesive resin sheet of the B-stage. The preferable curing condition
to get thed B- s@lag@ec%ﬂnieﬁoﬁolgent (3) héat angaa@ungoo%bpetp]e:o obY5- 10

m nut es. The thlckness of the resin |ayer Ereferably 25 to 70
[err]m depend¥@yght bas%ﬁ ?Hethﬂ|ERﬁ§§sW6+géBpB€r hei pteRingesphtiar| ayer

tion, in order to accelerate the decomposition rate and
dissolving rate of the cured resin.
As the alkali metal compound (B), there can

10 be used compounds of alkali metals such as lithium,
sodium, potassium, rubidium, cecium, etc., said
compounds being able to be dissolved in the alcohol
solvent. Examples of the alkali metal compounds are
metals such as lithium, sodium, potassium, rubidium,

15 cecium, etc.; hydrides, hydroxides, borohydrides,
amides, fluorides, chlorides, bromides, iodides,
borates, phosphates, carbonates, sulfates, nitrates,
organic acid salts and phenol salts of the alkali
metals. These alkali metal compounds can be used

20 singly or as a mixture thereof. Among these élkali
metal compounds, the use of lithium hydroxide, sodium
hydroxide and potassium hydroxide is particularly
preferable from the viewpoint of decomposition rate of
cured resin.

25 The alkali metal compound is preferably used
in an amount of 0.5 to 15% by weight based on the total
weight of the etching solution, in order to accelerate

the decomposition rate of the cured resin.



cFTcurf.‘The t hi ckness of copper foil is preferably 5 to 70 [err
The t herrpsetting copper-clad adhesive resin 10 sheet of B-stage is

| am nat ed on one or both sides of a previously prepared interlay
circuit plate so as to face the resip side of the adhesive resin
sheet foll owed by pressing with heating to cure with heating.

Thus, a copper-clad |an ngs G0 RldHA da¥ R84 WSTverkdhs (6] SUidse ! San

obtained. Since a B-stage thernpsetting re5|n can

e cure

conpletely at pdmiddd GdtHBRIBR! uartehanol e p AU ST ] Q-ftlird&hﬁbi or130

m nutes or nore, there can be enpl oye COﬂVEﬂtIO

nDIdlng

] m

er

condi tions for mixaol, 2-bulaidl | aBdhEsarsl | A toowtinst ying the above-
20 menti oned conditions. Particularly, since the heating

t enper at ur e angeritanalnf | 2rgreretdntel deHpen tdnalyy | Zgueitityl -1 -buttaniskes a

variation in the etching speed in a later stage, it is necessary
cure conpl &t el iso=mparterl alcohok,; rimart+penrk akeohalk | ukmeethyhe2+$ | ow of

resins, it is
pressure is 2
copper foils

- 10

15

20

25

25 necessary to enploy a suitable pressure. Preferab

MN$4ﬂ°¥nnﬂ90PentYl alcohol, Irthgxanpl ordrmthsothlout er

pentatiol," 4 sthy 1 W S PESIo L) AN 1A S M
heptanol, 2-heptanol, 3-heptanol, cyclochexanol, 1-
methylcyclohexanol, 2-methylcyclohexanol, 3-
methylcyclohexanol, 4-methylcyclochexanol, ethylene
glycol, ethylene glycol monomethyl ether, ethylene
glycol monoethyl ether, ethylene glycol monopropyi
ether, ethylene glycol monobutyl ether, diethylene
glycol, diethylene glycol monomethyl ether, diethylene
glycol monoethyl ether, diethylene glycol mbnopropyl
ether, diethylene glycol monobutyl ether, triethylene
glycol, triethylene glyccl monomethyl ether, tri-
ethylene glycol monoethyl ether, tetraethylene glycol,
polyethylene glycol, 1,2-propanediol, 1,3-propanediol,
1,2-butanediol, 1,3-butanediol, 1l,4-butanediol, 2,3-
butanediol, 1,5-pentanediol, glycerin, diproylene
glycol, etc., singly or as a mixture thereof.

Among these alcohols, the use of methanol,
ethanol, diethylene glycol monomethyl ether, diethylene
glycol monobutyl ether, diethylene glycol monoethyl
ether, ethylene glycol monomethyl ether, ethylene
glycol monobutyl ether, and ethylene glycol monoethyl

ether singly or as a mixture thereof is particularly

to

| e
| ayer



14 v interlayer circuits therein bonded with the therno-
sett'ing copper-clad adhesive resin sheet, an etching resist is
formed, followed by devel opnent -sel ective etching by a conventiona

phot ography method to form 5 fine h0|€? on the copper foil sides.
conventi onal es

"Printed CirCU?kéfE?QQEQO& (tésﬂﬁghbgoWESEQW%y'bk @H%kﬁlkall (f2TRany.

Editor-in-Chie
portions for
For Exanpl e,

(i.e.

a dry filmincluding a photo-

phot ogr aphy nmet hod is cribed in Chapter 6 of
Cryde fine
| ¥6lpdtiga. the 10 etchlng resist is renoved.

sensitive resin | aye

HK- 425, HK-450, tradeis prefeagbie tbdusbythiet atkoh6ierficgalinCan

r

15

Ltd.) is preferably used as the etching resist. In this case,
the dry filmismbantnafed.bntoh@5&oppewelight bpsedi pg &he totalot-rol
| am nator._ The conditions for exposing to | i ght, devel opi ng and
renovi ng the fveightpeRdths ekehing Soiyﬁéoﬁflphér Brnto accelerate

cured resin | ayer ander the fine hol es
et chi ng sol uti bR€c

al kal i

net al

10

15
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The

ol es becone openi ng

The

enoved by etching using an

;
ﬁﬁPmEPﬁ@tlon raFﬁ)°§nt§ﬁ188r§9rF§§l§s a solvent, (B) an

compoyad, oaBfle( Dn2lcd SN (3OLHES ASeR SELYEN, S0 s

the etching solution, and the temperature of the
etching solution depend on the desirable etching speed
and degree of etching mutually, it is necessary to
employ conditions suitable for the IVH diameter and IVH
thickness. Generally, the diameter is 50 ym to lmm.

In this case, the preferable contact time is 10 to 60
minutes and the preferable temperature of the etching
solution is 50 to 80°C. Any etching method such as a
spray method, or a dip method, can be employed so long
as the etching solution as mentioned above is used. 1In
other words, it is possible to form a fine IVH if the
combination of the thermosetting epoxy resin composi-
tion as a cured resin layer and the etching solution is
used and the suitable conditions are employed.

For the removal of decomposed material suffi-
ciently, it is preferable to wash holes with water by
using an ultrasonic washing device. The preferable
time for the washing is 3 to 5 minutes.

After the etching, the exposed interlayer
circuits and the outer layer copper foils are elec-

trically connected by a conventional plating method



to expose the interlayer circuit. The epoxy pol yner (a) which is a
conponeiht of the thernosetting resin 25 conposition constituting the

t her nosetti ng copper-cl ad adhesi ve resin sheet can be dissol ved by
the al kali. The etching action of #§e cured resin layer is

conducted by cutting and deconposition ot”the skel eton

- 15 - ahchhg eggxgtle%%%'ic(?l g%' 9 %P%hgf&h@'sﬁ%' s Yol by
the alkali inpregnated’into gsin acconpanyi ng the

am de series §ﬂki§”te§%@ ngeggﬁgﬁgklpgrcan§%%|%§ o0l vent so as to give the

fragments having a ower | ecu wei ght, which is then dissolved in
the . am de seri es salr'eael,t @hef baelteliedilNGonnection can be As the
am de series solvent (A, there can be used formam de,

N- et hyl f or naradeielN, Mudi metihyg an electhocondude.ivec pasgiejewhich is

N- net hyl acet am de, N, N-dinethyl- 10 acet am de,

N, N, N , N 5t et contely| dréded 2ndycrgleddone, N met hyl - 2- pyrrol i done,
carbam c acid esters, etc. The use of N, N-di nethyl acet ami de,

N, N- di et hyl f or mani de, Then, éﬁdemchéﬂﬁyﬂﬁgiﬁﬁrﬂ§lﬁ@@m@d §npﬁéﬁerable

since these
outer layer copper foil and development/selective

etching is conducted by a conventional photography -
method to form wiring circuits on the outer layer
10 copper foil side. After removing the etching resist,
there can be obtained a multilayer printed circuit
board wherein the interlayer circuits and outer layer
circuits are connected by IVHs.
Using the thus produced multilayer printed
15 circuit board as an inner layer, laminating one or a
pair of thermosetting copper-clad adhesive resin sheets
on the inner layer, and repeating this a number of
times, it is possible to obtain a multilayer printed
circuit board having 6 or more layers connected by
20 IVHs.
The present invention is illustrated by way
of the following Examples, in which all parts and

percents are by weight unless otherwise specified.

Example 1
25 Production of a multilayer printed circuit
board is explained referring to Figs. 1A to 1M.

A bisphenol A type epoxy resin (epoxy



§o|véht$ can remarkably dissol ve deconposed portions 15 havi ng of the
cured product | ower nol ecul ar weight. These sol vents can be used
singly or as a mxture t hereof . Further, these solvents can be used
t oget her with one or nore ketone_sgpies solvents, ether series

sol vents and ot her solvents. 20 Exanpl es of the ketone series

sol vent used equjvall@gft! Wir%fte: acAL.GNe.a TR Al FifiidBhlontal UPoxy-RedHRNONe,

3- pent anone, 2-'hexanone, net’hyl isobut’yl ketone, 2- heptanone,

4- hept anone, din $@b@ndurkelda, 710l 271.9 VRO LRBromdD
Exanpl es of the other series solvent used t oget her are di propyl

et her, diisopbdgyphetidlen (diRitodyl equiwailesit wwighi:e,27ahanetsd ea di oxane,
t et rahydr of ur an, et hyl ene gl ycol dinethyl ether, ethylene glycol

di et hyl bifunctional halogenated phenol -anitb (.78 g ofetligthiulinet hyl ene -
gl ycol dinmethyl ether, diethylene gl ycol diethyl ether, etc. .
The cont efts &yduexisls wentas aabpliyst kere disggdmedc i N14mited. It is

preferable to contain the 5 am de series solvent (A) in an amount of 50
to 90% by dimethylacetamide as an amide series solvent. The

solid content in the solution was 30% by weight. The-
solution was stirred by a mechanical stirrer and
maintained at 120°C for 10 hours. Finally, the

10 solution was saturated at 5,000 mPa sec viscosity and
an epoxy polymer having a high molecular weight was -
obtained. The weight-average molecular weight of the
epoxy polymer was 182,000 (gel permeation chromato-
graphy) .

15 A resin composition comprising the epoxy
polymer having a high molecular weight (a), an
isophorone diisocyanate masked with a phenol resin (b),
and a cresol novolac polyfunctional epoxy resin (c)
(thé weight ratio of (a):(b)s(c) = 100:16:84) was

20 coated on a roughened copper foil (18 um thick) to give
a thermosetting copper-clad adhesive resin sheet 2
having a resin layer (B-stage condition cured by
heating at 130°C for 10 minutes) of 50 pm thick (MCF-
3000E, a trade name, mfd. by Hitachi Chemical Co.,

25 Ltd.), which was laminated on a previously prepared
interlayer circuit plate 1 (substrate: MCL-E-67, a
trade name, mfd. by Hitachi Chemical Co., Ltd., shown

in Fig. 1A). Then, pressing in vacuum was conducted at



wei ght’” based on the total

to accelerate
resin.

rubi dium cec
t he al cohol

netals such as lithium sodium potassium rubidium 15 cecium etc.
hydri des, hydr@x¢sgserbeladytaniste contailﬂlﬁlgS.Ln’f:é.’é!?éygﬂsclﬁaﬁﬂﬁ‘sdes

bronides, i odi
nitrates,
netal s. These

wei ght of the etching sol u- tion, in order

t he deconposition rate and di ssolving rate of the cured

As the al kali metal conpound (B), there can 10
used conpounds of alkali nmetals such as I4st hi um . sodi um potassi um

be

um etc., said conpounds being able to be dissolved in
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des, bor ates, phosphates, carbonates, sulfates,
(FbgganBy.aC|d salts and phenol salts of the al kal i
al kali metal conmpounds can be used 20 singly or as a

m xture thereof. Anong Ahegtchihgl resist 4neaaphobupenaﬂtivehdryse of
| i t hi um hydroxi de, sodium hydr oxi de and potassium hydroxide is

particul ardy fllm pﬁé$e4%%beafﬁﬁﬂﬂﬁh%ameewmﬁdntbﬁfHéb%@hpoghembﬁalate of
al kal i et al nBound i S greferably used
2 r 13¥PEht of the

cured resin.
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the cured resi®
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interlayer circuits by using a hot-roll laminator (Fig.
1C). A part of the resist with diameters of 50 to 300
pum were removed from selected positions by a photo-
graphy method to form holes for IVH (Fig. 1D). The
condition was exposing to 50 mJ/cm? strength light and
developing by Na,C0O; aqueous solution. Further, from
the portions in which IVHs are to be formed, a part of
the outer layer copper foil was removed (Fig. 1E).

Then, the etching resists were removed by
NaOH aqueous solution to expose cured epoxy adhesive
film on the portions in which IVHs are to be formed
(Fig. 1F).

Subsequently, an etching solution comprising
90% of N-methyl-2-pyrrolidone, 3% of potassium
hydroxide and 7% of methanol heated at 50°C was
contacted to etch the cured epoxy adhesive film for 15
minutes so as to expose thé interlayer circuits (a dip
method). Thus, holes for IVHs were formed. Since the
removal of decomposed materials was insufficient, the
holes were subjected to continuous ultrasonic treatment

by dipping the board into an ultrasonic washing device



S17 _ As the al cohol series solvents (C), there can

be used net hanol, ethanol, 1-propanol, 2-propanol, 1- but anol ,
2- but anol, iso-butanol, tert-butanol, 1- pent anol , 2-pentanol,
3-pentanol, 2-nethyl-1-butanol, 5 i s@-pentyl al cohol, tert-pentyl
al cohol , 3-nethyl - 2- but anol , neopentyl al cohol, 1-hexanol,

2-methyl -1-  for Peitmids #ndBidBHirg PRIERNALer- ?Ff@' - g put anol, 1-

hept anol , 2-heptanol, 3-heptanol, cyclohexanol, 1-
net hyl cycl ohexanol , 2- nerhen cy£! €hexegio hoBe 6 Wohs dﬁhyé@yfirp@exmpl

4- et hyl cycl ohexanol , et hyl ene gl ycol, ethylene glycol nononethyl

et her, ethyl ene g/ Sudus equoaroel hy | cappesr , pEtbinenef gl ycod 2@napr opyl

et her, ethylene glycol nonobutyl ether, diethylene " glycol, diethylene
gl ycol nononetwdas conducted eirhyﬂ@lehohﬁ fop yEOi amhocheytheepgh hole

di et hyl ene gl ycol nonopr.opy et her, diethy]ene glycol ponobutyl

ether, trid%ethfdefs to el%‘FVé’ffFa“cY | SIS T ethe yb‘b"i"eﬁg%mﬁt%?mé’eﬁ%r tri-
ethylene gl ycol oet hyl ether, tetraeth Ie e coI pol yet hyl ene
glycol, 1,2-p r#hﬁ 'J ép gﬁ bb{bnedlo

1,3-butanediol, 1,4- bthPedLO|an étchlng resist 8 (a photosensitive

dry £film, H-K 425, a trade name, mfd. by Hitachi
Chemical Co., Ltd.) was formed. on each outer layer

10 surface by using a hot-roll laminator (Fig. 1J) and
subjected to selective etching to form wiring circuits
(Figs. 1K and 1lL). After removing the etching resists
(Fig. 1M), there was obtained a four-layered multilayer
printed circuit board.

15 The resulting multilayer printed circuit
board was subjected to an anti-corrosion test, a
soldering heat resistance test and measurement of peel
strength of the surface copper foil.

The anti-corrosion test was conducted by

20 subjecting the interlayer circuit previously having a
comb-like pattern with a conductor interval of 0.1 mm
to the conditions of 120°C, 85% of moisture and 100V to
measure.changes of an insulation resistance. The
initial valve was 10!’Q and changed to 1029 after 1000

25 hours. As to the soldering heat resistance test, no
change was admitted after the solder float test at
260°C for 3 minutes. The peel strength of surface

copper foil was 1.7 kg/cm.



but anedi ol , 1, 5-pentanedi ol , glycerin, diproylene gl ycol, etc.,
singly of as a m xture thereof. Anong t hese al cohols, the
use of nethanol, et hanol , di et hylene glycol nononethyl ether,
diethylene 25 glycol nonobutyl ether g%eghylene gl ycol nonoet hyl

et her, ethylene glycol nononethyl ether, €lhylene gl ycol nonobutyl
ether, and ethylgpgi@l ypcol nonoethyl ether singly or as a mxture
thereof is particularly - 18 -

preferable due to high sanebigridaesel dfM@xafald 1Melad) repeatc B
It is preferable to use the gicohol (c) inhgﬁ ann&%t of 4.5 to 35% by

wei ght based ofioirh@stiagalan =tchifig] ko leftidhe coimpiind nROIS0y @F - order to
accel erate t he deconposition rate of the cured resin.

Si nce the cont aethlyilr2 -piyxired icdoned 168 mfapdtassiunm feydatoediidey agwl ut i on,
and the tenperature of the - etching sol ution depend on the desirable
etchi ng spted 354 ofamgthegode hepted: Bitnd OfGt,uandy condyct ime: @eivipng o
enpl oy conditions suitable for the |VH diameter and | VH .. thickness.
General |y, thebdi gpatactinoswitd, the caradmepoxy adhesive film for 30

minutes. As a result, a 4-layered multilayer printed
circuit board having the same properties as in Example

1 was obtained.

10 Example 3
The process of Example 1 was repeated except
for using an etching solution comprising 90% of N,N-
dimethylacetamide, 1% of potassium hydroxide and 9% of
diethylene glycol monomethyl ether heated at 70°C, and
15 conducting etching by contacting with the cured epoxy
adhesive film for 15 minutes. As a result, a 4-layered
multilayer printed circuit board having the same

'properties as in Example 1 was obtained.

Example 4
20 The process of Example 1 was repeated except
for using an etching solution comprising 80% of N,N-
dimethylformamide, 4% of sodium hydroxide and 16% of
methanol heated at 50°C, and conducting etching by
contacting with the cured epoxy adhesive film for 15
25 minutes. As a result, a 4-layered multilayer printed

circuit board having the same properties as in Example



In this case, the preferable contact tine is 10 to 60 m nutes and the
preferabl.e tenperature of the etching 15 solution is 50 to 80[err]C.

Any et ching nethod such as a spray nmethod, or a dip nethod, can be
enpl oyed so | ong as the etching solgion as nentioned above is used.
In other words, it is possible to forma fine IVHIif the

conbi nati on of1tdgstbBtapaedli ng epoxy resin conposi- 20 tion as a cured
resin |layer and the etching solution is used and the suitable
conditions are enpl oyed. For the renoval of deconposed
material suffi- ciently, it is preferable to wash holes with water by
usi ng an ul t r aBommpleaShi ng device. The preferable 25 time for the
washing is 3 to 5 m nutes. After the etching, the exposed

i nt.erl ayer circuit@hannroﬂ686uoérExayplecbppeﬁ repeatedeestept

trically connected by a conventi onal Elatln hod
- 19 - sfer wging ancetehing) ge Hslov\h@ﬁmpﬁesmeseﬁ PN §-

smal |, el ectrol ess be used. t her the
el ectrical® coﬁ%ﬁ@??gﬁf%a 5@3Qe, 0.5% of lithium hydroxlde and 19.5

of methanol heated at 60°C, and conducting etching by
contacting with the cured epoxy adhesive film for 25

minutes. As a result, a 4-layered multilayer printed
circuit bqard having the same properties as in Example

10 1 was obtained.

Comparative Example 1
The process of Example 1 was repeated except
for using an etching solution containing N,N-
dimethylacetamide heated at 50°C. As a result, the
15 cured epoxy adhesive film was not etched to fail to

obtain the holes for IVH.

Comparative Example 2
The process of Example 1 was repeated except
for using an etching solution containing methanol
20 heated at 50°C. As a result, the cured epoxy adhesive
film was not etched to fail to obtain the holes for

IVH.

Comparative Example 3

The process of Example 1 was repeated except



carri €d out usi ng an el ectroconductive paste, which is 5 coated, dried
and cured. Then, an etching resist is formed on the

outer |ayer copper foil and devel opnent/sel ective etching is
conducted by a conventional photography_ 5 nmethod to formwiring
circuits on the outer layer 10 copper Foil side. After renoving the

et ching resi st for usiric_f'%se é}gré%ﬁ;& %ﬂﬁﬁﬁﬂﬁa;aeﬁy&ué)réﬁ&&g rcuit

board wherein the interlayer circuits and oute CIrcuits are

connected by | Vdmtaining 5% of sodidt MdrskidiSqd asiiced Oé;eé@%érég&ﬁf

printed 15 circuit board as an inner layer, |amnating

pai r of- t her mopeidmangartee hed sl ather e, r o8 1 SARRIS:, the Alkrddie inner .
| ayer, and repeating this a nunber of times, it is possible to obtain

a multilayer prepexyd adhesiva rfdiint wesarmbuyhdmgl Grorth®rsudfyes sseonnect ed
by 20 | VHs. , The present invention is illustrated by way
of the fol Pow f@ilx&eplexpoden the cintenlayean S:J'amlhits andalamtio afai by
wei ght unl ess qtherw se specified. - Exanmple 1 25 _
Producti on of &%mHm Apdespfiar i i rcui t board is expl ai ned
referring to Figs. 1A to 1M '

As mentioned above, according to the present
invention, since the formation of IVH can be attained
simultaneously by chemical etching and small holes of

10 100 ym in diameter or less can be processed, produc-
tivity is greatly improved compared with the drill
processing of prior art technique and processing of
very fine diameters becomes possible in contrast to
driliing which is difficult to conduct. Further, since

15 the thermosetting copper-clad adhesive resin sheet is
used, the pressing step can be simplified to improve
productivity compared with the prior art technique
using prepregs. The resin composition used for the
thermosetting copper-clad adhesive resin sheet has the

20 same general properties as FR-4 which is used in multi-
layer printed circuit boards. Therefore, the present
invention is remarkably useful in the production of
multilayer printed circuit boards mounting various
electronic devices in high density.

25 Furthermore, the present invention is

excellent in safety during the process.



A'bisbhenol A type epoxy resin (epoxy
- 20 - - equi val ent weight: 171.5) as a bifunctional epoxy resin -

in an anount of 171.5 g, 271.9 g of a tetrabrono- '
(hydroxyl equivalent weight: 271.9) as a 96 . .Di funcl:l Em [!B B j!%d
phenol and 0.78 g of lithiuum 5 hydr oxi de as a ca L [ | ved

in NN - wih¥etrBY ragaeMel 4g.as an am de series solvent. The
solid content in the solution was 30% by wei ght. The sol uti on was

stirred by a mpchani cal at prbResanNdor prodiRifgaanadldl1hgerepriated 10
hours. Finally, the 10 Solution was saturated at 5,000 nPa sec viscosity
and an epaxygupel porird)awhigha chimph ielse thkea s tepisgbif swas

obt ai ned. The wei ght-average nol ecul ar wei ght of the epoxy pol yner
was 182,000 (gel perneatilemivohtingt on an intgrdplyeyr. plaSe having A
resin conmposition conprising the epoxy pol ymer having a high = .

mol ecul ar meigﬁpn@uFFOQnCircuitﬁsﬁgﬁgﬁ@neadﬁh§@@9§#&ﬁénﬁa§ﬁ@@eMﬂﬂia§ phenol

resin (b), and a cresol novol ac pol yfunctional epoxy resin (c)
1l on one side,

(the wei ght ra?ﬁaeﬁﬁveafgﬁéP:ééfei TGU?PG:84F°W@§r foi
so as to make the resin side of the sheet contact with
the interlayer plate, followed by pressing with heating
to cure the resin and to give an integrated laminate,
said thermosetting copper-clad adhesive resin sheet
having been prepared by integrating a copper foil with
a thermosetting epoxy resin composition comprising (a)
an epoxy polymer having a weight-average molecular
weight of 100,000 or more, obtained by polymerizing a
bifunctional epoxy resin and a bifunctional halogenated
phencol in an equivélent weight ratio of epoxy
group:phenolic hydroxyl group of 1:0.9 to 1:1.1, (b) a
crosslinking agent, and (c) a polyfunctional epoxy
resin, and curing the resin to become a B-stage
condition,

forming an etching resist on the-copper foil
of the thermosetting copper-clad adhesive resin sheet,
followed by formation of fine holes in the copper foil
surface by selective etching,

removing the etching resist,

removing the cured resin layer under the fine
holes by etching using an etching solution comprising

(A) an amide as a solvent, (B) an alkali metal



20 ¢oated on a roughened copper foil (18 [errJmthick) to glve

t hermosetting copper -cl ad adhesive resin sheet 2 Iayer
(B-stage condition cured by heati ng at 130] err] Cumm mm ml lmgl |
50 [err]mthick (MCF- 3000E, a trgdfﬁngne y Hitachi* Clent cal
Co., 25 Ltd.), which was | am nated on a previously pr epar ed

interl ayer cir te stira r - nfd.
by HltaZhl Che%?g oﬁhﬁ aﬁd(iﬁg hh acol{oh Es é soly ﬁft %%En pr?gging in

vacuum was CO”HBQEQdaﬁH expose parts of the conductor circuits, 21 -
170[err] C under a pressure-of 2"MPa for 30 mnutes to give a

copper-clad | am nate conpldiafting ianmethdyaayeir o t®ating apFi 9. 1B)

An etching resist 4 (a photosensitive dry 5 film H K 450, a trade nane,
nfd. by H tachiel€kémocainductiveCpastet ¢o) awatof eleedrdcaddyh surface of
outer |ayer - copper foil of the copper-clad | am nate containing

i nterlayer circanneclyingsithg gonductelr dimeuidisoof( kthg interlayer. A part
of the resist with dianmeters of 50 to 300 10 [err]mwere renoved from
sel ect ed posit PédAseppngd pRopyter layer copper foil,

forming an etching resist on the outer layer
copper foil, followed by formation of wiring circuits
on the copper foil by selective etching, and

removing the etching resist.
2. The process according to Claim 1, wherein the
amide as a solvent in the etching solution is at least
one member selected from the group consisting of N,N-
dimethylacetamide, N,N-dimethylformamide, and N-methyl-
2-pyrrolidone, and used in an amount of 50 to 95% by
weight based on the weight of the etching solution.
3. The process according to Claim 1, wherein the
alkali metal compound in the etching solution is at
least one member selected from the group consisting of
lithium hydroxide, sodium hydroxide and potassium
hydroxide, and used in an amount of 0.5 to 15% by
weight based on the weight of the etching solution.
4. The process according to Claim 1, wherein the
alcohol as a solvent in the etching solution is at
least one member selected from the group consisting of
methanol, ethanol, diethylene glycol monomethyl ether,
diethylene glycol monobutyl ether, diethylene glycol

monoethyl ether, ethylene glycol monomethyl ether,



graphy method to formholes for I'VH (Fig. 1D). The condition was

exposing ' to 50 mli/cnferr] strength I'ight and devel o
aqueous solution. Further, from the portions in whlgln l Lﬂﬂ
formed, a part of 15 the outer |ayer_ per foil was retoved Y Firg. sl
Then, the etching resists were renoved by NaOH aqueous solution to
expose cured e@Eﬁ%éléHBeél&%ol monoi;hltﬁfﬂ.ogthgg RAG! bR 1bnewe,'1§%thHS are to

be forned Su sequent an-e I ng

sol ution conprinéhB8éthyl etﬁe% OhndF §BERY inZafyafhelhdoBe. 43% eb B@T%ab?'

hydr oxi de and 7% of net hanol heat ed at 50[err] C was contacted to etch
t he cured epoxweadghesbuasetli bm the ¥#Bight ofnthet esch@ngs sblutipnse the
interlayer circuits (a dip 25 met hod). Thus, holes for |IVHs were

fornmed. Since5the Thenpvakest decormpdisgdtoaCénial 3 ,waberednf thei ent
t he hol es were subjected to continuous ultrasonic treatnent by
di ppi ng the bointerhapexnplpteabari conduhtny dévcudts on both sides

- 22 - for 3 mnutes and washing with water (Fig. 1G.
Then, a througBnfiofePBita®fdthel Ehermpgettipg copper-clad adhesive

resin sheets are laminated on the both sides.
6. An etching solution for etching cured epoxy
resin, said etching solution comprising

(A) an amide as a solvent,

(B) an alkali metal compound, and

(C) an alcochol as a solvent.
7. The etching solution according to Claim 6,
wherein the cured epoxy resin is obtained from a
composition comprising

(a) an epoxy polymer having a film-forming
ability and a molecular weight of 100,000 or more,
obtained by polymerizing a bifunctional epoxy resin and
a bifunctional halogenated phenol in an equivalent
weight ratio of epoxy group/phenolic hydroxyl.group of

1:0.9 to 1:1.1 in the presence of a catalyst with

heating,
(b) a crosslinking agent, and
(c) a polyfunctional epoxy resin.
8. The etching solution according to Claim 6,

wherein the amide (A) is used in an amount of 50 to 95%
by weight, the alkali metal compound (B) is used in an

amount of 0.5 to 15% by weight and the alcohol (C) is
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Subsequent |y, copper plating of 15 to 20 [err]m was conducted in the

hol es for I'VH and the through hole 5 so as to electric "
interlayer circuits and the outer |ayer copper f0|1 lﬂﬂﬂﬂ Iﬂm‘nl ﬂ“
Next, an etching resist 8 (a photosensiti i KL42%,

trade nane, nfd. by Hi tachi Cheni cal” Co. Ltd ) mas forned on each
outer layer l@eqSyhlatCatdulit! 88 &.50t0" 954 b?%@ﬁ?ﬂ{: ﬁEsad(éA) tﬁad

subj ected to selective etching to forn1mnr|ng clrcui Figs. 1K and
1L). After rempyi?gtt@g €héhépehiRgi S6ution. (Fig. 1M, there was obtai ned
a four-layered nu | ayer printed circuit board. 15 The
resulting nultilayer printed circuit board was subjected to an
anti-corrosion test, a sol dering heat resistance test and nmeasurenent
of peel strength of the surface copper foil. The
anti-corrosion test was conducted by .20 subj ecting the interlayer
circuit previously having a conb-1i ke pattern with a conduct or
interval of 0.1 nm to the conditions of 120[err]C, 85% of noisture
and 100V to measur e changes of an insulation resistance. The

initial valve was 10[errr] and changed to 10[err] after 1000 25 hour s.
As to the soldering heat resistance test, no change was adm tted
after the solder float test at
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260[err]C for 3 mnutes. The peel strength of surface copper foil was
1.7 kg/ cm - 23 - Exanple 2
The process of Exanple 1 was repeated except for using an etching

sol ution conprising 50% of N methyly- 2- pyrrolidone, 15% of potassium
hydr oxi de and 5 35% of met hanol heate at 70[err] C, and conducti ng

et chi ng ABEHOHREF NV s diisswiy ed epoxy adhesive filmfor 30
mnutes. As a result, a 4-layered multilayer printed circuit board

having the same pr Opertues{awcég\s B oducing la Wasl bl @yee dorintdd
Exanpl e 3 The process of Exanple 1 was repeated except

for using an eticleuit Ssdard qrradnged Scthvgr&ﬂeémizé\di Nby using a special
di met hyl acet am de, 1% of potassi um hydroxi de and 9% of di et hyl ene

gl ycol nononetthermesdestit irgntepbxy 7€ i r¢@pesikt idid compnising nga ptami ng by

contacting with the cured epoxy adhesive filmfor 15 mnutes. As a

result, a 4-|8R9%g resin, (b) a crosslinking agent and (c) a
polyfunctional epoxy resin, for forming a thermosetting
copper-clad adhesive resin sheet, which cover an
interlayer circuit plate, followed by etching of cured
adhesive resin for forming holes for interstitial via
holes " (IVH) having a small diameter using a special
etching solution comprising (A) an amine as a solvent,
(B) an alkali metal compound, and (C) an alcochol as a
solvent, is suitable for mass production of multilqyer

printed circuit boards having IVH excellent in

connection reliability and electrical properties.

Fig. 1
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nultlrayer printed circuit board having the sane

Exanpl e 1 was obt ai ned.

Exanpl e 1 was repeated except

conprising 80% of N, N
16% of nmet hano

contacting wth the cured epoxy adhesive filmfor
circuit board having the sane

result, a 4-layered nultil
properties as in Exanple
1 was obt ai ned.

was repeated
NN- Edimeﬁfﬁ r Fof\ de,

nmet hano

with the cured epoxy adhestV
printed

4-| ayered multil ayer

FIG. 1B

FIG. 1C

FIG.

FIG. 1E

FIG. 1F

FIG.

. Exanple 4 20
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circult Jboard having the same properties as in Exanple 10 1 was obtained.

Cbnparatlve Exanple 1 . The process of Exanple 1 was repeated

except for using an etchlng solution containing N, N

di mret hyl acet am de heated at 50[err]C. As a result, the 15 cured epoxy
~adhesive filmwas not etched to fail ¢/ 2 obtain the holes for | VH

Compar ati ve Exanple 2 The process of Exanple 1 was repeated

except for using an etching solution containing nethanol 20 heat ed

at 50[err]C. As a result, the cured epoxy adhesive filmwas not

etched to fail to obtain the holes for | VH. ~ Conparative

Exanpl e 3 The process of Exanple 1 was repeated except

- 25 - '
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for using as an etching solution an aqueous sol ution cont ai ni ng 5% of
sodi um hydr oxi de and 5% of potassi um per manganate heated at 70[err]C.
As a result, the cured epoxy adhesive fil mwas roughene®otm-1 lter
surface to 5 fail to expose the int%rlayer circuits and also to fai

to formholes for |IVH - 305" nent i oned above, according to

t he present PROCESY @0R| PRODUSINGCHMULTHIEAYER mat i on of | VH can be attai ned

si mul t aneous! y PRINTHEOIBAIITEBGARDSg and smal |l holes of 10 100 [err]min
di aneter or |ess can be processed, produc- tivity is greatly inproved
conpared with tABsSThAdT OF THE MISESSSUREOf prior art techni que and
processi ng of very fine dianmeters becones possible in contrast to
drilling which is difficW tptacesndiet . pFodtbeng simgdtilsdyert heinted

t hernosetti ng copper-clad adhesive resin sheet is used, the pressing
step can be si rgilnduidd haardnpreduced characiterivedybyonpingdawspaciag
prior art technique _using prepregs. The resin conposition used for

t he t her FASEMASREHoph SPTF A eFiHe sFOBPPeET hoR heePPEASinge (2208 sane
general properties as FR-4 which is used in multi- | ayer printed
circuit boards.CPRRF digstid: tR) # e%’éﬁSllnkln‘i?n?f%ﬁFFoﬁn?s(anﬁr kably usef ul

|n the productlon Hunctiondl dpddy FePlh M £ CHEEHE g PRAEASABYREE Mg

vari ous

copper-clad adhesive resin sheet, which cover an
interlayer circuif plate, followed by etching of cured
adhesive resin for forming holés for interstitial via
holes (IVH) having a small diameter using a special
etching solution comprising (A) an amine as a solvent,
(B) an élkali metal compound, and (C) an alcohol as a
solvent, is suitable for mass production of multilgyer
printed circuit boards having IVH excellent in

connection reliability and electrical properties.

Fig. 1
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el ectronic devices in high density.

present invention is

-26- WHAT IS CLAIMED I S:

on an interlayer plate having

25

Furthernore, the

excellent in safety during the process.
1. A process for producing a nmultilayer
printed circuit board, which conprises the steps of: | am nati ng

conductQr circuits thereon a thernosetting

copper-clad adhesive resin sheet havt#ig- a copper foil on one side, so as
to make the resin side of the sheet contact with the interlayer plate,

foll owed by pressing with heating

to cure the resin and to give an

integrated | am nate, said thernDsettlng copper -cl ad adhesi ve resin sheet

havi ng been prepared by ingss

epoxy resin COpR
meight-averaggqngeétggr 4

pol ymeri zing a bifuncti onEkeRaRiZITZy
phenol in an equival ent wei ght
group of 1:0.9 to 1:1.1,

FIG. 1B

FIG. 1C

FIG. 1D

FIG. 1E

FIG. 1F

FIG. 1G
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c;osslinking agent, and (c) a polyfunctional epoxy resin, and curing the

resin to becone a B-stage condition, formng an etching resist
on the copper foil of the thernbsetting copper-clad adhesive resin sheet,
foll owed by formation of fine holes in the copper foil surface by

sel ective etching, renmovi ng .t he etching resist,

renmovi ng the cured resin |ayer under t#5-fine holes by etching usi ng an
etching solution conprising (A an amide as a solvent, (B) an alkali netal

- 28 - ethylene glycol nonobutyl ether and ethylene glycol nonoethyl
ether, and used in an anmount of 4.5 to 35% by weight based on the weight
of .the etching solution. 5. The process according to Caiml,

wherein the interlayer plate has conductor circuits on both sides and a
pair of the thernosetting copper-clad adhesive resin sheets are |am nated
on the both sides.

FIG. 2A
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- 28 - ethylene glycol nonobutyl ether and ethylene glycol nonoethyl
ether, and used in an amount of 4.5 to 35% by weight based on t &% ger
of the etching solution. 5. The process according to Claiml1,
wherein the interlayer plate has conductor circuits on both sides and a
pair of the thernosetting copper-clad adhesive resin sheets are |am nated
on the both sides. 2g

ethylene glycol monobutyl ether and ethylene glycol
monoethyl ether, and used in an amount of 4.5 to 35% by
weight based on the weight of the etching solution.

5. The process according to Claim 1, wherein the
interlayer plate has conductor circuits on both sides
and a pair of the thermosetting copper-clad adhesive

resin sheets are laminated on the both sides.
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