PHeE®S FOR-MREDUCI NG MULTI LAYER PRI NTED. CI RCUI T BOARD FOR

W RE BONDI NG _ BACKGROUND OF THE | NVEN¥YON The present
i nvention relates to a process for producing multilayer printed
circtit board suited for wi re bondi ng. 5 Wth a steady
trend toward snall er size, hi gher perflormance and functi onal

di versification of el ectroni c appliances, the necessity for higher

W ring . density of multilayer printed circuit boards has intensi-

fied. In order to answePRAGESEHIGR PROPYEENG MPRFIIAYER ARINTHR) t enpts and

i nprovenments have been naGERCSIE BOA FORWIREMONDING of interlayer

t hi ckness, formation of fine wiring and di m ni shnent of dianeter of
the interlam nar connecting holes. It has been al so proposed and
practiced to form interstitial via holes (1VH), which connect the
adj oi ning 15 BACKGROUNIADF CHEIGNVENTONE, and beried via hol es

(BVH), and attenpts are being nmade to further reduce the di anet er of
t hese I VH and BVH. The presemheirventidmoreldaves types mfooaess i fayer
cir- cuit boards: a type in which a plurality of circuit 20 |ayers
and i nt er posed pnesivicdmion ruldjidayear @rimtag gincuit bdapd rmuidedfdwt
pressing and el ectrically connected by formng holes at the necessary
parts; and a b#ime jending.

5 With a steédy trend toward smaller size,
higher performance and functional diversification of
electronic appliances, the necessity for higher wiring
density of multilayer printed circuit boards has intensi-
fied. 1In order to answer to this request, various at-

10 tempts and improvements have been made, such as reduction
of interlayer thickness, formation of fine wiring and
diminishment of diameter of the interlaminar connecting
holes. It has been also proposed and practiced to form
interstitial via holes (IVH), which connect the adjoining

15 interlaminar conductors alone, and beried via holes
(BVH), and attempts are being made to further reduce the
diameter of these IVH and BVH.

There are known two types of multilayer cir-
cuit boards: a type in which a plurality of circuit

20 layers and interposed insulating layers are integrally
laminated by hot preSsihé aﬁd electrically connected by
forming holes at the necessary parts; and a built-up
layer type in which cirguit layers and insulating layers
are formed alternately to constitute a built-up structure

25 with the holes being formed at the necessary locations.



| SMpe~t ype i WwWhich circuit |ayers and insulating |ayers are forned
alternately to constitute a built-up structure 25 with the hol es being
formed at the necessary | ocations.

- 2- In a typical exanple of said built-up mul til ayer
circuit board, plated through-holes in the2 = interlayer circuit board
havi ng sai d t hrough-hol es and Interlayer circuits therein are filled
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connection. Then the inner walls of these holes are netal lized by
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i nsulating | ayers, followed by formation of the circuits thereon. By
conducti ng the so thathdhe deies iwiid lobe giarfientayt alased r dhaen e d, it is
possible to formanother |am nation of insulating |ayer and circuit

| ayer, and by m&sda iisy quried dpeheatdmg t itk afipr Fenaying e tIRSHesi red

mul tilayer circuits. Such a built-up type nultilayer circuit
boar d which has run out from the holes by suitable means such

as polishing, a thermosetting resin is applied on the

10 board and cured by heating to form an insulating layer,
with the pertinent portions of this insulating layer
being removed to provide the holes for interlaminar
connection. Then the inner walls of these holes are
metéliized by plating or other means and the circuit

15 conductors are formed on the insulating layers, followed
by formation of the circuits thereon. By conducting the
above opération on said interlayer cirucit board, it is
possible to form another lamination of insulating layer
and circuit layer, and by repeating this operation, there

20 can be formed the desired multilayer circuits.

Such a built~up type multilayer circuit board
tends to suffer a reduction of strength for the following
reason. In the ordinary circuit boards, since a prepreg
comprising a glass cloth impregnated with an epoxy resin

25 or the like is used, the strength of the insulating
layers can be maintained by incorporating a reinforcing
material in the glass cloth, but in the case of the

built-up multilayer circuit boards, no such reinforcement



tends to suffer a reduction of strength-for the following reason. In

the ordinary circuit boards, since a prepreg conprising a glass cloth
inpregnated with an epoxy resin 25 or the like is used, the strength of

t he insul ating | ayers can be maintained by incorporating a reinforcing
material in the glass cloth, but in the cas@ of the built-up

mul tilayer circuit boards, no such reinforcenent
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structure only at the sections where no strength is required or

provi ding a sepghayetbethe essent?ht PUnskesh: oéCIaue&k&uﬁ&O%\é% it IS
‘often required 10 to nount sem conductor devices wth narrow fernina

interval s or5toseenst thhe shel abB¢eCpebblbhicBECL¥RS s@rength £RA Bk CUI L
board which .is required to have a high wiring density, so that it is
necessary to preasiityaobeseomkaby suchgmesast aesadopeatgbehanaboet t he
sem conductors with the 15 mechanical properties of the board and secure
wi re bond- cinguitedofvd dtructumsuotilpgatf theeseetionsdubhbee parts.
high strength is required or providing a separate rein-
forcing sheet. Actually, however, it is often reqguired.
10 to mount semiconductor devices with narrow terminal
intervals or to mount the semicohductors themselves on
the circuit board which is required to have a high wiring
density, so that it is necessary to provide a base that
guarantees a good balance of the semiconductors with the

15 mechanical properties of the board and secure wire bond-

ing used for direct mounting of the semiconductor parts.

SUMMARY OF THE INVENTION
The present invention is envisioned to provide
a process for producing a multilayer printed circuit
20 board which is small in interlayer thickness, capable of
forming fine wiring and reducing the diameters of IVH and
BVH, high in strength and also excellent in wire bonding
workability.
The present invention provides a process for
-25 producing a multilayer printed circuit board convenient
for wire bonding, which comprises:

(a) a step of compounding electrically insulating'



SUMVARY OF THE | NVENTI ON The present invention is envisioned

to provide a process for producing a multilayer printed circuit 20

board which is snall in interlayer thickness, capable of ~ fornming fine
wiring and reducing the dianmeters of |VH and BVH, high in strength and
al so excellent in wire bonding wor kabi Ki ty. The present

I nvention provides a process for 25 produciﬂg a nultilayer pan;ed circuit
board conveni en . for.wire bonding, ich c ri ses: , a a
step of conpoun%?ﬁaméFeEP}g%SFFy1P%8ugaFg%§T°SQ%¥RFQ resin :arnlShr

-4- ceram g§; Whj LNLO. 2. tLi.ng sin_varnis . .

-di spersing the §ﬁ%§%£§§£§n%p%ewﬁﬁégﬁggg?ﬁi%éergégﬁmﬁﬁﬁit:ng ;Fgfglyn?y
stirring, coati Skkt I X : LH 1ed. s of . a
copper ?oil, seﬁgféggiﬁg %h%k?gg§%0§§5%%8§e%??nge?3%F% gyﬁgeay!%gg otpgrn1a
thermosetting reéughened éiﬁérofphaéagﬂeihféilDeégﬂieEhkﬂﬂgr%ﬁénth%¥ﬁ5-on
an interlayer circuit board in Ich the pl ated hrough-hol'es and
conduct or ciScuseétthngerasinady hesding tof e6pda @Rdriekepteng pastihem to

forman integral lam- 10 nate; - (b) a step of formng an
et ching resi st baveni dplacingophés tbermosetitdéhghragihhkageppen &ail
portions exposed fromthe etching resist into the shape of holes for

interlayer circuit board in which the plated:
through-holes and conductor circuits have already been
formed, and hot pressing them to form an integral lami-
10 nate;
(b) a step of forming an etching resist on said
copper foil, and etching the copper foil portions exposed
from the etching resist into the shape of holes for
forming interstitial wvia holes (IVH):;
15 (c¢) a step of removing the etching resist;
(d) a step of applying laser beams to the cured
thermosetting resin layer exposed from the fine holes of
the copper foil etched into the shape of holes for form-
ing IVH to remove the resin layer to the extent that the
20 circuit conductors of the interlayer circuit board are
exposed out, thereby forming the via holes;
(e) a step of roughening the cured thermosetting
resin layer on the via hole wall surfaces with a roughen-
ing agent;
25 (f) a step of carrying out plating for electri-
cally connecting the circuit conductors of said
interlayer board to said copper foil;

(g) _ a step of forming an etching resist on said



formng interstitial via holes (IVH) 15 (c) a step of renoving the
etching resist; (d) a step of applying | aser beans to the cured
thernosetting resin |ayer exposed fromthe fine holes of t he copper
foil etched into the shape of holes for form ing IVH to renove the
resin layer to the extent that the 20 cir&ui~t conductors of the _

i nterl ayer circuit board are exposed out, thereby formng the via

hol es; ep u henln the cure er no: ett

resin | ayer on Fﬁgper % agplegug Dge& ﬁlfﬁpgefogﬁﬁg loﬁs %%ﬁﬁﬁﬂﬂ
25 (f) af%ﬁpsg&acagem RuL:Bkatlpg for electri- cal 'y

connecting the circuit conducto sai d I nterlayer board to said

copper foil; 1(h()9) a %tarpee;fofrefnwﬂd@g ¥l £ §¥silson said

5- copper foil, and etching the copper foil portions exposed from

said etching resist; and The abdve steps? (%t)e.mgf ma§Hd %pﬁ&daté:hl ng
resist. The above steps (a)-(h) may be repeated a

desired nunbBr @ésirsdsnumbéer 6Ft BémesatboFesmotheWwiar holes &8r waaw S.
BRI EF DESCRI PTI ON OF THE DRAW NGS FIGS. 1A, 1B, 1C, 1D, 1E,
1F, 1G 1H and fbre layers.

BRIEF DESCRIPTION OF THE DRAWINGS
FIGS. 1a, 1B, 1C, 1Db, 1E, 1F, 1G, 1H and 1I
are the schematic sectional illustrations of the sequen-
10 tial steps in an example of the process according to the
present invention.
FIG. 2 is a schematic sectional view of an
example of multilayer printed circuit board produced from

the process of the present invention.

15 DESCRPTION OF THE PREFERRED EMBODIMENTS
The process for producing a multilayer printed
circuit board for wire bonding according to the present
invention is characterized in that the following steps
(a)-(h) are carried out in this order:

20 (a) a step of compounding the electrically insu-
lating ceramic whiskers into a thermosetting resin var-
nish, dispersing said whiskers in said varnish uniformly
by stirring, coating the resulting mixture on the rough-
ened side of a copper foil, semi-curing the resin by

25 heating to form a thermosetting resin léyer, placing this

layer on an interlayer circuit board in which the plated



are the schematic sectional illustrations of the sequen- 10 tial steps in

an exanple of the process according to the present invention.

FIG 2 is a schematic sectional view of an exanple of multilayer
printed circuit board produced from the process of the present

i nvention. 15 DESCRPTI ON OF THE PREFERRED EMBODI MENTS The
process for producing a multilayer printed circuit board for wre
bondi ng according to_.the presen i nventjon js characgterized in_that
the follow ng gh’q'm(‘*a'f) 31 caueh9y sEEStHE T Ravs Resferforiga, (a)

a step of conpqunding the el.ectrically i - . Jating C 1.C. Whi skers
into a ther ms&r}rb?r%‘gogcr (?Slie'ns'?’vlg1 - thea“l é/nol sﬂ,sﬁ}:liasnpelrns? 11arsiailaa%l;‘fj}‘lﬁ’r‘-}ls &rs in said
varni sh unifor byg siid ig@,fgfﬁqﬁ A hersetnd t109: D3 XN 8,98 the
rough- eng1 si de of %.coﬂ%er forl, §%%?-cur#n§H%he r%%?n ﬁy a2§

| heating to forRghddierfPsetdrd G tdsiny | ocogedC i fti I Hidrtions |&¥eds&p an
i nterlayer circuit board in which the plated

- 6- t Iy ouHonh RS efthiG iyt Gidtalitise Ehdpd s Hald@dtor and
hot pressing themto forman integral |am nate; (b) a step of
form ng an et cHoxpiresi®H;on sai d copper foil and etching the copper
foil portions exposed

(c) a step of removing the etching resist;

(da) a step of applying laser beams to the thermo-

setting resin layer exposed from the fine holes of the

10 copper foil etched into the shape of holes for forming
IVH to remove the resin layer to the extent that the
circuit conductors in the interlayer circuit board are
exposed out, thereby forming the via holes;

(e) a step of roughening the cured thérmosettig

15 resin layer on the via hole wall surfaces by a roughening
agent;

(£f) a step of conducting plating for electrically
connecting the circuit conductors in the interlayer cir-
cuit board to said copper foil;

20 (g) a step of forming an etching resist on said
copper foil and etching away the copper foil portions
exposed from the etching resist; and
(h) a step of removing the etching resist.

The step (a) may be subjected to various modi-

25 fications. Also, the steps (a)-(h) may be repeated a
desired number of times to form the via holes of two or
more layers.

The materials used in the above process and the



5 fromthe etching resist into the shape of holes for formng | VH,
(c) a step of renoving the etching resist; (d) a step of
applying | aser beans to the therno- setting resin | ayer exposed from
the fine holes of the 10 copper foil etched into the shape of holes for
form ng IVH to renove the resin layer 2o-the extent that the

circuit conductors in the interlayer circuit board are exposed out,

thereby form ng the via holes e) . a spep af .raughening the
cured t hernose ﬁfe9ﬁ§VQWﬁﬁqPﬁeﬁﬁﬁ 4%#??ﬁ?§ﬂe%quﬁ%§%é§Ibéﬁﬁkeces by a
r ougheni ng agent; (1) a step of conducting plating for
electrically connecting the circuit conductors in the interlayer cir-

cuit board to éﬁ es (9) a step of formng an etching
resist on said copper (nﬁ etching away the copper foil portions

exposed fromthe etching festid; f@EEnt in¥dntion, if $&PoLEibEAD¥HNY the
et ching resist. f%e step (a) may be subjected to various

modi - 25 ficatusnsrarAldis tyiRes P THenmddut iy heeghpeatmg athe préiesired
nunber of tines to formthe via holes of two or nore | ayers.

The materi alss wsad invetre abose qpemielicallyy tdmracterized in that the
" resins having no film-forming ability per se can be used.
The term film-forming ability" of the resin
used in the present specification means resin character-
istics of being easy to control coating thickness when a

10 varnish prepared by dissolving the resin in a solvent is
coated on a carrier film, and of being resistant to
cracking and proof against loss during transport, cutting
and lamination of the hot dried semi-cured resin, and the
capabilify of the resin to secure the minimum thickness

15 of the insulating layer at the time of hot press molding.

The thermosetting resins usable in the present
invention include the resins which are conventionally
used as an impregnant of glass cloth, for example, the
resins whose molecular weight does not exceed 30, 000,

20 such as epoxy resins, bistriazine resins, polyimide res-
ins, phenol resins, melamine resins, eilicone resins,
unsaturated polyester resins, cyanic ester resins,
isocyanate resins, and modified resins thereof. Of these
resins, epoxy resins, bistriazine resins and polyimide

25 resins are preferred because of high Tg, modulus of
elasticity and hardness.

The epoxy resins usable in this invention



respective steps are described in detail below (Thernosetting

resin) In the present invention, it is possible to ~ use
various types of thernpbsetting resins, but the pres- 5 ent invetnionis
specifically characterized in that the resins having no frlnrfornrng"
ability per se can be used. - Bhe term"filmformng ability
of the resin used in the present specification neans resin character-

oropar ed by df Sareias PREBPEBPA P CkEs) deRtire oY BheBalon sHORcar i er

prepared by disso eresin
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transport, cutting am nat1 on Ot lriredsem-cure

and the cagpbicyi +¥sOhst Ngal €6 maieeﬁeaarﬁorfefam 8hawy Lhisgkgess 15 of
the insulating |layer at the tine of hot press nold The

thernmosetting rbssplenshbienovol iR @p6sgNtesins, laifabeﬂc|€§bH?erEQ§ns
resins which are conventionally used as an inpregnant o ass cl ot'h,
for exanpl e, 5th@lycldyleeshermbpenynnéstusargMpcngldmﬁﬁenépoﬁyceedlﬁg,000
20 such as epoxy resins, bistriazine resins, polyimde res- i'ns,
phenol resins, h@¢em¢9enrenenz reSinSDnesoeganerate eporgaresahs amhyester
resins, cyanlc ester resins, i socyanate resins, and nodified resins

t her eof . t heRlgatic cY%%%%seP@§5x93$eg$nsan@|§h¢i§zhﬂbld%S|asdahﬁdro-

ol |n1de 25 resins referred because of high Tg, nodul us of
gl a}s/tlm ty and $RaH ‘g Saucts. * These #ﬂ%l%ﬁdk?weem%e@smleomhlmrs

i nvention tion. Of these resins, bisphenol A novolak epoxy resins
10 and salicylaldehyde novolak epoxy resins are preferred

because of high heat resistance.

(Electrically insualting ceramic whiskers)
The electrically insulating ceramic whiskers
used in the present invention are preferably those having
15 a modulus of elasticity of 200 MPa or above. The whis-
kers having a modulus of elasticity of less than 200 MPa
tend to lack rigidity and may be unable to provide a
desired adaptability to wire bonding.
The electrically insulating ceramic whiskers
20 wusable in the present invention include, for example,
aluminum borate, wallastonite, potassium titanate, basic
magnesium sulfate, silicon nitride and @ -alumina.
Aluminum borate and potassium titanate whiskers are pre-
ferred as they are almost equal to conventional E glass
25 in Mohs hardness and allow obtainment of the wire bonding
adaptability equal to that of the conventional prepregs.

Aluminum borate whiskers are especially preferred



- 8- I ncl ude bi sphenol F epoxy resins, bisphenol S epoxy resins,
cresol novol ak epoxy resins, bisphenol A novol ak epoxy resins,

sal i cyl al dehyde novol ak epoxy resins, bi sphenol F novol ak epoxy
resins, alicyclic epoxy resins, 5 glycidyl ester epoxy resins,

gl yci dyl am ne epoxy resins, hydant oi R 8pexy resins, isocyanurate epoxy
resins, ali- phatic cyclic epoxy resins, and their halides and hydro-

d d . Th se
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epoxy ‘resins are. pL. %eirggeVaﬁ? V&ﬁ % ?gg hi gh heat resistance.

(Electrically i histat I'Ng The electrically

insul ating ceramc whi Skeh% for t&é%ﬁ@ Etfetﬂégie@tle'c@:’:‘}g%l%%a@h%u at-

preferably those having ulus of elasticity of or “above.
The whis- k8§ SchAxh 08 ahﬂgﬁafgs ot fbaaésﬂamef thsestha% 8OQrL¥8a
tend to lack rigidity and nay be unabl e to provid desired

adapt abi | i t y5t odsémetdéonidsng.3-3 £m and theerhﬁréi:ia@E Nty inas ating
ceram ¢ whiskers 20 wusable in the present invention include, for exanple,
al um num bor at eleast | dstbmes ethposwesagen dismetér, bWhéen the avagagsi um
sulfate, silicon nitride and a-al um na. Al um num borate and potassi um
titanate whi skedtamgeepris less thaned.3s/lmheyther athdlskests eqpealhaml to

conventional E gl ass
mix with the resin varnish, and when the average diameter

exceeds 3 /Um, dispersion of the whiskers in the resin
10 tends to become insufficient, resulting in the increased
unevenness of the coating surface. The average diameter
of the whiskers, therefore, is preferably in the range
from 0.3 to 1 /4m.
When the average length of the whiskers is
15 1less than 5 fimes the average diameter, the desired
rigidity of the board may not be obtained. The average
length is more preferablf 20 times or more the average
diameter. It is also recommended to set the upper limit
of the average length of the whiskers at 100 4m or below
20 because the average length of the whiskers needs to be
smaller than the intervals of the interlayer circuits and
there is presently available no circuit board in which
the interlayer cirduit intervals are less than 100 4m.
If the average length of the whiskeré is greater than the
25 intervals of the interlayer circuits, there tends to take
place migration of copper ions along the electrically
insulating ceramic whiskers when they contact both cir-

cuits, which has high probability of causing



25 in Mhs hardness and all ow obtai nnent of the wire bonding

adaptability equal to that of the conventional prepregs. Al um num
borate whi skers are especially preferred
-9- because of high nodulus of elasticity (400 MPa) and easy
mscibility with varnishes. - 1@s-for the size of these
electrically insulat- I ng ceram c whiskers, it is desirable that their
aver age 5 di %Eﬁgkﬁjstg:%}§ [err]mand their average length is at

~least 5 tines the aver é;e oﬁar?e'ter. When t he average di aneter is |ess
than 0.3 [err]m the whi r r ' ' t i n varnish
and when the average di asrrip?t‘?e‘?ﬁr(ﬁ’éIe %x%%%%%n% vfeefrqr: mﬂzglt%pﬂfs#%% of the
whi skers in theieRsirlcahQ ¢ SR Il RRF B duiy Wt 1difits W88 tHd Geldirddie
i ncreased unevenness "of the coating surface. The average di aneter
of the whi sker settigieh@isingd,s i efe/Rid Mrdbld o nageche whidiwed. 3 to 1
[err]m When the average |length of the whiskers is 15 | ess
than 5 tinmed t mmrfsmeageradtanktverth teheagsliimggl agent s | dislithe afoupilkeingar d
may not be obtained. The average |l ength is nore preferably 20 tines or
nmore the averaggent, thepestaan he used|converdtdanaddabuding agentpper
limt of the average |ength of the whiskers at 100 [err] mor below 20

because the avé&Usde asefgiiieme Retifskdristandems serins, alulipym &fe han

the intervals of the int erl,e&/er circuits, and . .
ries, zirconlium Sseries, zirco-aluminum series, chrome

series, boron series, phosphorus series and amino series.

10 (Curing agent)

As the curing agent for the thermosetting
resins in the present invention, there can be used any of
those usable for the above-mentioned resins. 1In the case
.of epoxy resins, for example, there can be used

15 dicyandiamide, bisphenol A, bisphenol F, polyvinyl phe-
nol, phenol novolak resin, bisphenol A novolak resin, and
their halides. Bisphenol A novolak resin is especially
preferred because of high heat resistance.

The mixing ratio of the curing agent to the

20 thermosetting resin is preferably in the range of 2 to
100 parts by weight per 100 parts by weight of the resin.
In the case of dicyandiamide, the mixing ratio is prefer-
ably 2 to 5 parts by weight, and in the case of other
curing agents, the mixing ratio is preferably 30 to 80

25 parts by weight, per 100 parts by weight of the resin.
When the mixing ratio is less than 2 parts by weight,

insufficient curing tends to result, causing a reduction



there is presently available no circuit board in which the interlayer
circuit intervals are less than 100 [err]m If the average | ength of
the whiskers is greater than the 25 intervals of the interlayer circuits,
there tends to take pl ace mi gration of copper ions along the
electrically i nsul ating cerani ¢ whi skerlst when they contact both cir-
cuits, which has high probability of causing
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titani um series, alum num se- ries, zirconiumseries, zirco-alum num

series, chrone resist&hd&Sef PER&Nr&8€ihesS, phosphorus series and am no
series. 10 (Curing agent) As the curing agent for the

t her nosetti ng resins in the present invention, there can be used any
of t hose usabl e for the above-nentioned resins. In the case of
epoxy resinsy fCueksgpieceldreatorhn be used 15 dicyandi am de, bi sphenol
A, bisphenol F, polyvinyl phe-

In the present invention, it is desirable to
add a curing accelerator to the mixture of a thermoset-
ting resin and a curing agent. As the curing accelera-
tor, there can be used imidazole compounds, organic phos-

10 phorus compounds, tertiary amines, quaternary ammonium
salts and the like in case the thermosetting resin is an
epoxy resin. |

The curing accelerator is preferably used in
an amount of 0.01 to 20 parts by weight, more preferably

15 0.1 to 1.0 part by weight, per 100 parts by weight of the

. resin. When its amount is less than b.Ol pért by weight,

curing of the resin may become insufficient, resulting in
reduced heat resistance of the resin, while use of the
curing accelerator in excess of 20 parts by weight may

20 shorten the life of the B stage resin to cause a reduc-

tion of heat resistance.

(Solvent)
In the present invention, the thermosetting
resin, electrically insulating ceramic whiskers, curing
25 agent and curing accelerator are used after diluted with

a solvent. The solvents usable for this purpose include



nol , phenol novol ak resin, bisphenol A novolak resin, and their
hal i des. Bi sphenol A novolak resin is especially preferred because of
hi gh heat resistance. The m xing ratio of the curing agent
to the 20 thernosetting resinis preferably in the range of 2 to 100
parts by weight per 100 parts by wei ght of12he resin. In the case of

di cyandi am de, the mxing ratio is prefer- ably 2 to 5 parts by

wei ght, and in _the case of . other uringtg ents, the mxin th'o S
preferably 30 B8GR5 "SI SR Hle KGO Ster %rﬁar t’%ya‘rﬁl%i"& t he
resin. e o P! REHA! | sd it S LdiiAerie RAYG D ndinilEny 1

I nsuf ficient caring térds result, cdausing ar ctiron of

heat resi Stanc%t@fef,h%étﬁx?r{bl,v"@ﬂrﬁadb‘ie, §f, N nfetiHyiE ormam@fENt 10 excess

of 80 parts by weight tends to cause deterioration of the electrical

properti es andM)@aldimethy1@etaMicR @ind thd QSiKe. 5 (Quring
accel erator) In the present invention, it is desirable to

add a curing accel erat or The tdiEluend ufsoDferet § hedmisetused intamgamiesnhd and
a curing agent. As the curing accel era- tor, there can be used

I m dazol e conpodngsefergdiiyc 1phes 2001 Pparier by eeigiundmonres pnedfierayiiynes,
quat ernary anmmoni um salts and the like in case the thernosetting resin
is an 30 to 100 parts by weight, per 100 parts by weight of the
resin. When the diluent amount is less than 1 part by
weight, the viscosity of the mixed solution becomes too
10 high to perform uniform coating, and when the diluent
amount exceeds 200 parts by weight, the viscosity of the

mixed solution becomes too low to perform coating to a

desired thickness.

(Proportion of whiskers to resin)

15 The proportion of the electrically insulating
ceramic whiskers to the thermosetting resin is preferably
so adjusted that the whiskers will be present in a ratio
of 5 to 50 vol%, more preferably 20 to 40 vol%, in the
cured resin. When the ratio of whiskers is less than 5

20 vol%, the film forming properties of the resin are unsat-
isfactory and also the resin becomes difficult to handle
and involves the possibility of scattering during cut-
ting. Also, the rigidity of the produced board proves
low and the wire bonding workability is deteriorated. On

25 the other hand, when the whiskers ratio exceeds 50 vol$%,
resin filling of the holes in the interlayer cixrcuit

board or resin filling of the circuit interstices becomes



epoxy resin. The curing accelerator is preferably used in

an amount of 0.01 to 20 parts by weight, nmore preferably 15 0.1 to 1.0

part by weight, per 100 parts by weight of the resin. Wien its anmount

is less than 0.01 part by weight, curing of the resin may becone

insufficient, resulting in reduced heak3 resistance of the resin, while

use of the curing accelerator in excess of 20 parts by weight PBK 20

shorten the |if f ; t .resjin. to_cause reduc- tion o eat

resi st ance. fngufé%&%g%?)ggglns hot presslﬂoiﬂéngrégeﬁpeinvention, t he

t her nosetting egl t Ligal I gsuk at | 1 ' S ring
abovbablerfbEh! Lbap! LX) 8RS A AL 6818 GelRETKEES stk

25 agent and curing accel erat or use ter ute a~sofvent .
The solvents usghl¢ &1 (48) SwRUEROESe! BREUSBbstitutes for the steP (a),

- 12 - acetone, methyl ethyl ketone, toluene, xylene, nethy

i sobutyl, ethylcaseingeformnyiencogl yeolismananehhy! spots €hhehe mBLAARAG! .
et hanol , N, N-di net hyl f or mam de, N, N- di net hyl acet am de and the |ike.
5 5Thandi & upedu¢tbbuecaf) inanlbtingeder fiommanceuof the mofided
preferably 1 to 200 parts by weight, nore preferably 30 to 100 parts
by wei ght, per RoOdgatts by wei ght of the resin. VWen the diluent

anmopunt is less than 1 part by . ]
The steps in the process for producing a

multilayer printed circuit board according to the present
invention are discussed more particularly below.
10 sStep (a):
This is a step of compounding electrically
insulating ceramic whiskers into a thermosetting resin,
.dispersing the whiskers in the thermosetting resin uni—-
formly by stirring, coating the resulting mixture on the
15 roughened side of a copper foil, semi-curing the thermo-
setting resin by heating to form a thermosetting resin
layer, placing this resin layer on an interlayer circuit
board in which the plated through-holes and conductor_
circuits have been formed, and hot pressing them to form
20 an integral laminate.
For coating a mixture of the thermosetting
resin and electrically insulating ceramic whiskers on a
copper foil in the above step, the electrically insulat-
ing ceramic whiskers are mixed in a solution comprising
25 said thermosetting resin, curing agent, curing accelera-
tor and diluent (this solution being called thermosetting
resin varnish) and stirred, and resulting varnish is

coated on the copper foil and semi-cured by heating.



wei ght, the viscosity of the m xed solution becones too 10 high to perform
uni form coati ng, and when the dil uent anount exceeds 200 parts by

wei ght, the viscosity of the m xed sol ution beconmes too |low to perform
coating to a desi red thickness. (Proportion of whiskers to
resin) 15 The proportion of thé4etectrically insulating

ceram ¢ whiskers to the thernosetting resin is preferably so adj usted
that the whiskers wll be present in.a.rafi.o . of 5 ta 50 vQ rr], nore
preferably 20 ?r@afﬂn\?oﬁaé’r %e 5% "WQ‘laShea& (PLYr e lrn&ian.c%veer{g?%oeturlgtio of
whi'skers is le ot ryd it f rm é¥§¥ti . t he
resin are unsat%-%atﬂ% ?ns act\oé(r:dfhl:nard‘J é:[ls%a%t ﬁgdr%eésxlo'n dtgcér?es i f f)?%'u t to

handl e an¢dated Vespddie ety | treirsit aldiar idih iy | Reedifer

ting. Also, the rigi _di ty of the produced board proves | ow and the wire
bondi ng wor kabidd1lly doatiéai,eldty.at et i@ dethiddi eottftelenidrs; aviesatitey
whi skers rati o exceeds 50 vol[err], resin filling of the holes in the
interlayer & ragthod irbedvicdthortheesharfing ifuyrae itshd aadesliin itherdiraes
becones - 13 - i nsufficient
during hot predsarinfingglel tiwe the caoppar-ffudc dhddhes aqruressive farre
bel ow descri bed step _(al) or (a3) which are the substitutes for the
step (a), isdsaded dimdtheofligiecidiars varkigal, hdihe igPRRRE i ng
plane.
The resin flow of said thermosetting resin
10 wvarnish determined by the method described below is
preferably 500 Um or above, and the thickness of the
thermosetting resin layer after semi-cured is preferably
in the range from 25 to 100 Xm. The "resin flow" signi-
fies the minimum distance of flow of the resin which has
15 run out from the edges of the 30 mm square holes to the
copper foil surface when a copper-foiled prepreg with a
resin thickness of 50 /[m and having the 30 mm square
holes formed therein was layered on a copper-clad lami-
nate so that the resin would face the copper foil side of
20 said laminate, and then hot pressed at 170°C under 2.5
MPa for 60 minutes for lamination.
This resin flow is preferably adjusted to be
in the range from 500 4m to 10 mm. When it is less than
500 4m, embedding of the interlayer copper foil is
25 unsatisfactory, causing surface unevenness of the pro-
duced board, and when the resin flow exceeds 10 mm, the

ends of the laminate are too small in thickness, result-

ing in reduced insulating performance.



5 and a reduction of insulating perfornmance of the nol ded product .

The steps in the process for producing a mul tilayer printed circuit
board according to the present i nvention are discussed nore
particularly below 10 Step (a): This is a step of
conpoundi ng electrically I nsul ati ng-ceébani ¢ whiskers into a
thernosetting resin dispersing the whiskers in the thernosetting
resin uni- rni hy stirrin coating the resulting m xture on the
15 roughened s§&@9§f(éléoﬁﬁéf(ﬁ& , seni-curing the therno- setting

by h f
Fosin iéye?af)'nngntf’mé’ii“@aﬁ@ﬁ"ﬁﬁ”?f%’ééﬁ' o Fonbounaiid o 1B Bre B 19
h h- hol :
Lhrough- hol es 300, 500dUEY Gcansc TS VS %%r}nio%ré@&nga%gzr cont i ng

pressing them

a mxture of t Gasb@fsrm@eteﬂéigmskexrsesnm 1 QA UriEd iy BY &b

ceram ¢ whiskers On a copper foil 1 n the above step, the électrically

i nsul at - 5 gt e lcvatd nghithes resyla ifig el dture o9l WhHeOTigiened Ng 25
said thernosetting resin, curing agent, curing accel era- tor and

diluent (this snlnfbic@ndfertm@ aipped tllagerood @ mpmposirtes imetedr icsill) and
stirred, and resulting varnish is coated on the copper foil and
seni -cured by kesposgd of a circuit-forming copper layer having bh -
| appropriate roughness for bonding with the resin and a
carrier layer having a sufficient strength for handling
10 as a metal layer as a whole, said two layers being easily
separable from each other, semi-curing the resin by
heating to form a thermosetting resin layer, placing this
thermosetting resin layer on an interlayer board in which
the plated through-holes and conductor circuits have been
15 formed, and hot pressing them to form an integral lami-
nate.
(a2) is a step of removing the carrier layer
alone.
The above steps (al) and (a2) are the substi-
20 tute for the step (a) described above. The copper foil
treated in the step (a) may give way or wrinkle in the
course of handling when the foil is very thin, so that a
composite metal foil composed of a thin copper foil and a
carrier layer is used to facilitate handling of the foil,
25 and after laminating the foil on an iﬁterlayer circuit
board, the carrier layver aloné is separated away and the
thin copper foil is subjected to circuit working. This

allows finer working of the circuit conductors.



Coating can be acconplished by using a conventi onal coating neans such

as bl ade coater, rod coater, knife coater, squeeze coater, reverse
roll coater, transfer roll coater, etc. It is desirable to enploy a
coating 5 method in which the sharing force is |loaded in the direc-

tion parallel to the copper foil or the corlfressive force I's loaded in
the direction vertical to the copper foil pl ane. The

resin flow of sgjd thergosetting resin.,10 varni sh determ ned by the nethod
descri bed beIoW§#§ps Ca rei@%gb?985565ferr]nlor above, and the thickness
of the t her nosetting gl ay fter sem.- Cur ks pref I

in the range from25 to 166%[e?5]%1g%ﬁg b?eg?%E?Pga}ggigﬁﬁ-éﬁé@%a%éé%%phe
m ni nrum di st anc f 0, ; ' .&hs ha L T .he edges
o the 30 nm Sciy o er g perARLERhISKBLE AT, HharhlBethiny PELLRS
copper -foil ed paespe€PsIh§NtBe whisk€8&NihhtRKNLESiAT uRDFELRILMbNdLhaVI Ng
the 30 mm square hol es forned therein was | ayered on a copper-clad

| ani - nat ertng | hadatirgrese nrasul tihgceikbereoppethéorbughdaedaf 20
said | am nate, and then hot pressed at 170[err] C under 2.5 MPa for 60
m nutes for | andwefaom. of the first coppérslapernof| anwcosppsiter mbtal
adjusted to be ~ in the range from500 [err]mto 10.nm VWen it is less
t han 500 [&e1d n?omwﬂmg afcineuihttermyng toPpém ftdidck Fingt
unsati sfactory, causing surface unevenness of the pro- duced board,
and when the ré%?PP??oﬁP%&Ee@@glﬂﬂ ) appeopriateppughness fari hapdinge

too snalllr1tf%£¥ﬂe€§é £§§EAE-a 10-1%89uhpt%8%=C%%éd%‘“éﬂﬁﬂé [¥g;é¥nnnce.

10 having a sufficient strength for handling as a metal
layer as a whole and a 0.04-1.5 Um thick nickel-phos-
phorus alloy layer interposed between said two copper
layers, semi-curing the resin by heating to form a ther-
mosetting resin layer, placing this thermosetting resin

15 layer on an interlayer circuit board in which the plated
through-holes and conductor circuits have been formed,
and hot pressing them to form an integral laminate.

(a4) is a step of femoving the second copper
layer alone.

20 (a5) is a step of removing the nickel-phos-
phorus alloy layer alone.

In this step, in order to prevent scratching
or other damage and adhesion of foreign matter on the
copper foil surface during handline of the thin copper

25 foil having a physically separable carrier layer, there
is used a composite metal foil with a high degree of
attachment which includes a metal layer having the dif-

ferent chemical conditions from the circuit conductors



- 15 - Steps (al) and (a2): (al) is a step of
conpoundi ng the electrically I nsul ating ceram c whiskers in a

t hernosetting resin, di spersing the whiskers in the resin uniformy by
stir- 5 ring, coating the resulting m xture on the roughened surface
of the copper |ayer of a conposite netal €fadi1 - conposed of a
circuit-form ng copper |ayer having an appropriate roughness for

[ ith th ' ' L ' fficient
strength Tor haldtinge 26%aden ne. SRSl boEri8ET, RRBPE =8, ThorREsFaps <
bei ng easily thiéﬁﬁé‘éé‘b!)? Loom Qaﬁétgihféye:?e%?SHE{:ﬁﬂoﬁESaieéhﬁ Y so
heating to forma thernosetting resin layer; placing I'S

t her nosetting rgsd n ' L axeseb dy i W pkated
through hol 65 A osnararer BrosCRbEElHC0f ERepEBatititn prockss. DERLE!

themto form anébdEdlayerais-used ad3hR- intermediate layéf2hti $ha step of
renmovi ng the carrier |ayer al one. The above steps (al)

and (a2) aresthsositbsdn-wh@Petdtehing isetstvg éadedescri bed above. The
copper foil treated in the step (a) may give way or winkle in the
course of handling when tResbdukips venyatihing sblbltdheaions, ammposiure
netal foil conposed of a thin copper foil and a carrier |layer is used
to facilitate haw@$i@@do¢opp%rfb¢m§ (this solution being hereinafter

referred to as "alkali etchant") is used for etching away
the second copper layer alone. For this treatment, the

10 1layer is contacted with the solution by a suitable means
such as dipping or spraying.

In the step of removing the nickel-phosphorus
alloy layer alone, the layer is dipped in an aqueous
solution principally composed of nitric acid and hydrogen

15 peroxide and also contéining as additives an organic acid
having one or more carboxyl groups and a heterocyclic
compound containing nitrogen in the form of -NH- or -N=
as a ring-forming member, or such a solution is sprayed
to the layver.

20 Step (b):

This is a step of forming an etching resist on
said copper foil and etching the copper foil portions'
exposed from the etching resist into the shape of holes
for forming IVH.

25 ' In this step, the exposed copper foil portions
can be etched away into the shape of holes for forming
IVH by the the same method as commonly used for forming

circuit conductors on a circuit board. The etching



25 and after lamnating the foil on an interlayer circuit board, the

carrier |layer alone is separated away and the thin copper foil is
subjected to circuit working. This allows finer working of the circuit
conduct ors. - 16 - Steps (a3),
(a4) and (ab5): (a3) is a stédB of conpounding the
electrically I nsul ating ceram ¢ whiskers in a thernosetting resin,

di spersing the _whi,skers in t res uni f or khy sti.r- 5.1in coating

the resulting AT e ?’r?e%cﬁﬁ“ de &d © metrIj%:c}/udr fl)eglceW olfcrf ife If‘a‘lsrl'eﬁgt c%%ﬁelrs

| ayer of a co [ I | i J LW A Loy & 3
”Ib%n%%d*%xg the cqﬂ;%‘r %ﬁ%&}@gp%ﬁ JiHd éﬂl&“é@r&ex?or

[err]mthick frrst pper priate roughness

bondi ng W ' i - d RirtkreiRaPnd COPRSE # 8RN 10
havi ng a suffigﬂg’rﬁﬂgdr g?gdthﬁﬁ‘%#he?ngléi ﬁ%éﬂa{{sa a et al | ayer as a \Aah%l e

and a 0. 04- 1. 5 jlaafinaBddiciK tHe kRpgitoFoil suriidiar otdayaildhtesposed
bet ween said two copper | ayers, sem -curing the resin by heating to

forma ther5 are mppalilddgheasito [theuglplaaghutdrask tdrertmsetthagei®si n
15 layer on an interlayer circuit board in which the plated

t hr ough- hol es &@wd tr @oduditoor adioneuiwisd Ihdnee lleefidn f or ned, and hot
pressing themto forman integral |am nate. (ad4) is a step
of renoving the second cdigpreretching guway sthmecopper foil portions

exposed from the etching resist, said copper foil por-
tions are contacted with a chemical etching solution to

10 selectively remove said portions. A cupric chloride
solution, a ferric chloride solution or the like can be
used as the chemical etching solution.

Step (c):
A step of removing the etching resist.

15 In this step, the etching resist used in the
preceding step is removed by a chemical means, usually
using a solvent or an alkali solution.

Step (d):
A step of applying laser beams to the thermo-
20 setting resin layer exposed from the fine holes of the
copper foil etched away into the shape of holes for
forming IVH to remove said resin layer until the circuit
conductors on the interlayer circuit board are exposed
out, thereby forming the via holes.

25 The types of laser usable in this step include
carbon dioxide laser, YAG laser, excimer laser, etc., of
which carbon dioxide laser is preferred in view of pro-

ductivity. Laser beam irradiation is preferably conduct-



20 (a5) is a step of renoving the nickel -phos- phorus all oy
| ayer al one. In this step, in order to prevent scratching

or other damage and adhesion of foreign matter on the copper foi
surface during handline of the thin copper 25 foil having a physically
separable carrier layer, there i s used% Tonposite et al foil with a
hi gh degree of attachnment which includes a netal |ayer having the dif-

ferent chemicalg gfﬁlgnia%é Pb%ﬁ?lfé%S%'whEo ﬁg%tgégﬁﬁéﬁeg§e of

- 17 - for t e renova e carrrer

Lhi ckness of ‘SughodcoRigb | AyGh bachiecpnBkoabeitaflsh eor BRGRRIL!2LCS

prol ongation of the production proc rayer ed’af an

i ntermedi ate | aygsedtptilSe oScPOshtbLNwMhEhecshCALPE1bS LR BﬁtBﬁ@that
A sol ution containing chlorine ions, amoni um I ons and copper 10ns

(this solution &klowsheokenfbdreing at aef&téedft 2-8Spi ﬁéé§|hn§é§héﬂé") I's
used for etching away the second copper |ayer alone. For thi

treatnment, the camditiensiefcpulseteiduhts 1h40solsed;opulsen mpét&kﬁfbﬂmans
such as dlpplng or spraying In the step of renoving the

ni ckel - phosphorﬁ%equencﬁlTo¥5@a$@r°@@oﬂé; Pabs¢ ayepetitidpppraten=ah-aqueous

sol ution princi osed of nitric acid and hydrogen 15 peroxide and
al so containindggLS%%dlt RES tyPer@hinteseEi@scillator is preferred

because of easy control of oscillation. The above oscil-
lator output, when converted to energy density, falls in

10 the range of 15-40 J/cm?.

When the output per unit time is below the
above-defined range, it is impossible to evaporate and
disperse the resin layer, and when the output exceeds the
above range, the hole diameter may become greater than

15 necessary and is difficult to control, and also the resin
which has been once evaporated may be carbonized and
deposit on the board, making it necessary to perform an
operation for removing the deposited carbide.

Step (e):

20 This is a step of roughening the cured thermo-
setting resin layer on the via hole wall surfaces with a
roughening agent.

Any of the conventional roughening agents
capable of swelling or dissolving the resin can be used,

25 but usually an alkaline permanganic acid solution is
preferably used.

Step (f):

A step of carrying out plating for electrical-



havi ng one or nore carboxyl groups and a heterocyclic conpound

containing nitrogen in the formof -NH or -N= as a ring-formng
menber, or such a solution is sprayed to the layer. 20 Step (b):
This is a step of formng an etching resist on sai d copper foil and
etching the copper foil portions expost fromthe etching resist into
t he shape of holes for formng IVH 25 In this step, the

For Tormng . TPVEPBIerkEngEoe e AR oA G ENREnl] SOBA PO R aEng
circuit conduct8£§ 95+Bo kacgbttggaéggpggeﬁggihlng

- 18 - reSi st can In which a resist ink is
printed on the copper foilp1gus fn@canbxhugl Bedl Ll 2659904 out By WHds
technique, or a method in which™a resist fil | am nat ed on tHhe
copper foil surtpeesaid dbthaygobehs’ a¥talld éﬁpléﬁéhlerthﬁtéhghLBbQégh a
phot omask so that the cir- ~cuit portion alone will be left.

For etchi ng awaglahktngoppethéochirpolti boards. Sppoifdchilom, t bematelring
resist, said copper foil por- tions are contacted with a chem cal

et chi ng sol uti owhich bécemesctheehyclensvefspldtpogti sush Ascppiileddkmori de
| is deposited on the roughened resin layer and the layer
is contacted with an electroless plating solution com-
prising an ionized plating metal, a plating metal
10 complexing agent and a plating metal reducing agent to
effect plating of said nucleus material, with additional
plating being conducted thereon, so that the plating
metal will be deposited over the entire hole walls coated
with the nucleus material. This plating establishes
15 electrical connections of the outer layer copper foil,
IVH wall surfaces and interlayer circuits.
Step (g):
A step of forming an etching resist on the
copper foil and etching away the copper foil portions
20 exposed from the etching resist.
In this step, the outer layer circuits are
formed in the same way as in the step (b).
Step (h):
A step of removing the etching resist.
25 The etching resist is removed in the same way
as in the step (c).
The present invention is further illustrated

by the following Examples, in which all "parts" and "per-



solution, a ferric chloride solution or the like can be used as the

chem cal etching solution. Step (c): A step of renoving
the etching resist. 15 In this step, the etching resist used in
t he preceding step is renoved by a chenmi cal neans, usually using a
solvent or an alkali solution. Step (d)21 - A step of

applying | aser beans to the thernb- 20 setting resin |ayer exposed from

the fine holes of the _ ., _copper foil etched a into the shape of holes
for forninﬁe?Vﬁif%)reﬁﬁﬁeggayalgggiHniﬁﬁﬁrg%ﬁFfwlﬁﬁenBF?guit
conductors on the interlayer circuit board are exposed out, thereby
formng the via holes. 25 The types of | aser usable in this
step incl ude Exg@égenldioxide | aser, YAG | aser, exciner |aser, etc., of
whi ch car bon di oxi aser is preferred in view of pro- ductivity.
Laser bean1irra§£§biFg3b§ preferably conduct-

19 - ed with a [aser oscillator which is capabl e of short-tine,
hi gh- out put pul se oscill anh Ong nar thiaekplgdass cloth-apexkypuiesd rodaigdeaf-or
whi ch can devel op an out put that allows hole formng at a rate of 2-5
pul ses under5t heated douhilletsbdedotoppesechadt hamina#té MEErEsé6F2 fal se
repetition frequency = 150-10,000 Hz; pulse repetition rate = 1-10

trade name, mfd. by Hitachi Chemical Co., Ltd) was sub-
jected to drilling and electroless copper plating and
then further worked according to the conventional sub-
traction method to make an interlayer board 1 having

10 through-holes 101 as shown in FIG. 1A.

Then aluminum borate whiskers were mixed in an
amount of 30 vol% in a thermosetting resin wvarnish of the
composition shown below and stirred, and the mixture was
coated on the first copper layer surface of a composite

15 metal foil 3 comprising a 5 Um thick first copper layer,
a 0.2 Um thick nickel-phosphorus alloy layer and a 15 im
thick second copper layer by using a knife coater and
dried at 150C for 10 minutes to form a copper-foiled
adhesive film having a semi-cured 50 Um thick thermoset-

20 +ting resin layer 2 as shown in FIG. 1B.

Composition of thermosetting resin varnish:
Bisphenol A novolak epoxy resin 100 parts
(epoxy equivalent: 200)
Bisphenol A novolak resin 60 parts
25 (hydroxy equivalent: 106)
2-Ethyl-4-methylimidazole (curing agent) 0.5 part

Methyl ethyl ketone (diluting solvent) 100 parts



pul ses. This type of laser oscillator is preferred because of easy
control of oscillation. The above oscil - | at or out put,  when converted
to energy density, falls in 10 the range of 15-40 J/cnfierr].

When the output per unit tinme is belowthe above-defined range, it is
| npossi ble to evaporate and di sperse t3#& vesin layer, and when the
out put exceeds the above range, the hol e di ameter may becone greater

h d d
whi ch has beon once evaporBfed ey PEea ?@n”%galshﬁr&ralb"ar&eﬁoa on the
board, making '&oﬂﬁ&P§§8§ge&°?B§éé9¥g‘@le wergps4ﬁéégnoggro VIn%the

dep05|ted carbid rsUis a St

roughening the §Hr€Ha£h@ﬁQDC1rcu1t586ﬁaﬁgt6§§'Bfl§M§r1H@e£m§y¥habBQ¥8 yal |
surfaces with a rougheni ng agent

conventional rowghEdi SGn8g€Eht the thefmdSELLiAG ﬁé@ihlmayéf di ggokueng the
resin can be used, 25 but usually an al kaline permanganic acid solution is

preferably u5edadhes1€beﬁ11m) and hot pressed &tsl%p%bﬁnﬁmwﬂ)BrEJMPH for
plating for electrical-
|y connecting t®@ miretes tonfiormoas integralniamingte. Thecresmntbmawd to

the copper foil,
in this operation was 3 mm.

Step (a4):
The second copper layer alone was etched away
10 with an alkali etchant of the following composition.

Compostion of the alkali etchant:

Cu 175 g/1
NH,OH 154 g/1
NH,C1 ) 236 g/1
15 Liquid temperature: 50C
Step (ab):

The nickel-phosphorus alloy layer alone was
etched away with an etching solution of the following
composition.

20 Compostion of the etching solﬁtion:
Nitric acid 200 g/1
Hydrogen peroxide (35%) 10 m1/1

An organic acid containing

.carboxyl groups (DL malic acid) | 100 g/1
25 Benzotriazole 5 g/1
-Step (b):

An etching resist was formed on said first

copper foil by Dry Film Photec H-K 425 (a trade name,



Plating in this step is carried out by using the sane techni que as
usual Iy enpl oyed for through-hole 5 plating of the circuit boards.

Specifically, a material whi ch beconmes the nucl eus of plating, such as
pal | adi um i s deposited on the roughened resin |layer and the | ayer
i's contacted with an electrol ess plating-s®¥ution com prising an

ionized plating netal, a plating netal 10 conpl exi ng agent and a plating

a1 Lﬁii‘c' "I by s oot R BT 2 SRR it

metal will gﬁaﬁbﬁa@d g%%etdh%r%ﬁt lche Q@&lwgl 3393t Ghre etcldd &

nucl eus naterl hi's plating establishes el ectrical connections “of

the outer |ayeqn¢ePRfle kblape of 1obV|7daMaaia;§@EéﬁC@£r@I@slﬂéepfavgae the
circuits. Step (9): A step of form ng an etching resist

on the coppenihgisl 4a0¢ ehehiceppawa)dille foapFornioig the viienholds
exposed fromthe etching resist. In this step, the outer
| ayer circuist saar @hown ihomTed i1€.t he sane way as in the step (b).

Step (h): A step of renmoving the etching resist. 25
The etching reStep i(s)renpved in the sane way as in the step (c).

The present invention is further illustrated by the follomﬁeg Exanples
in which all "parts" and The@tching resist was removed by a

2-minute treatment with a 2 wt% NaOH solution.
Step (d):

10 The cured thermosetting resin layer 2 exposed
from the openings 4 of the copper foil was irradiated
with_carbon dioxide laser beams under the conditions of
energy density of 20 J/cm?, oscillation time of 1 Usec,
oscillation frequency of 150 Hz and repetition pulse rate

15 of 4 pulses to remove the resin layer until the circuit
conducfors in the interlayer board were exposed, thereby
forming the via holes 5 as shown in FIG. 1D.

Step (e):
The cured thermosetting resin layer on the via

20 hole wall surfaces was roughened by treating it with a 7%
alkaline permanganic acid solution at a liquid tempera-
ture of 70C for 5 minutes.

Step (£f):
Plating was carried out at a liquid tempera-

25 ture of 70C with an electroless plating solution of the
following composition for electrically connecting the
circuit conductors of the interlayer board and the copper

foil.



- 21 - cents (%" are by weight unless otherw se noted. Exanpl e
1 Step (a3): A 0.6 mmthick glass cloth-epoxy resin

| mpr eg- 5 nated doubl e-si ded copper-clad | am nate MCL-E-679 (a trade
name, nfd. by Hitachi Chem cal Co., Ltd) was sub- jected to drilling
and el ectrol ess copper plating and t-he#d furt her worked according to

t he conventional sub- traction nethod to nmake an interl ayer board 1

TRYD 0 URRREkERohObeRpa BB Minsing aprusionr o1 <

t hernosetting resin &agalngq5 t he conmposi ti ofysheyn bel ow and
stirred, and the nixfure*was? coated on the first“copper |ayer surface

of a conposite 15 nepahp fAld 3 conprising a 5 [erabnbymlck first copper

| ayer, a 0.2 [err]mthick nickel-phosphorus alloy |ayer and a 15
[err]m thi ck sespgducapper | ayer by using a knpfgigeater and

dried at 150[err]C for 10 mnutes to forma copper-foiled adhesi ve
filmhaving @ sem -cNa@H 50 [err]mthick thernoseamoul® reggiredi n | ayer 2
as shown in FIG 1B. Conposition of thernposetting resin varnish:

Bi sphenol A novol ak epoxy resin 100 par tfor making pH egbx3

equi val ent : 208& Bi sphenol A novol ak resin 60 parts
25 (hydr oXyeRql@Val ent: 106)

An etching resist was formed on the copper

foil by Dry Film Photec H-W 440 (a trade name, mfd. by

10 Hitachi Chemical Co., Ltd.), and the copber foil portions
exposed from the etching resist were removed.
Step (h):

The etching resist was removed as shown in
FIG. 1E. |

15 Step (i):

The above steps (a3) to (h) were carried out
repeatedly as shown in FIGS. 1F, 1G, 1H and 1I, in which
numeral 7 indicates the thermosetting resin layers,
numeral 8 the copper foils, and numeral 9 the openings in

20 the copber foils. By applying laser beams, the resin
layers were removed to the extent that the circuit con-
ductors on the interlayer board would be exposed to form
via holes 10, and then the holes designed to serve as
through-holes 11 were formed as shown in FIG. 1H, fol-

25 1lowed by roughening in the same way as in the step (e).

Further, a solder resist 16 was formed and
electroless nickel plating was carried out on the bonding

pads with a plating solution of the following composition



2-Ethyl - 4-met hyl i mi dazol e (curing agent) 0.5 part Met hyl et hyl
ket one (diluting solvent) 100 parts

22 - The thus produced interlayer board 1 and
copper-foil ed adhesive fil mwere placed one on the other so that the
circuit conductors of the interlayer board2?® - woul d contact the

thernosetting resin llayer 2 of the 5 adhesive film and hot pressed at

170 C under 2. %,lerPlaat]{]i?%uid t I[Q'Mee?ém(%d@r%gg%ggﬁ%gﬁ?gsl.amrﬂgte. The

resin flow operatl on was
The second coppals i3y el dffedas£e ohegnanay 10 with an al kali etchant of

the foll ow ng Conposition. Conmpostion of the alkali etchant:
Cu Composition of el€rt¥dless nickel Misfirdbolution:
154 g/ | NH[ err] C 236 g/l 15 Li quid
tenperature: 50[errNackel shilffat{enb): The r8akelx phosphor us
all oy | ayer al one was etched away with an etching solution of the
following 5 conp&idiuwm hyitiphCsmpidste on of the et chi ng blgitl on:
Nitric acid 200 g/ Hydr ogen peroxi de (35%
10 m /| Sodium acetate 10 g/1

pH: 5

Then electroless gold plating was carred out
with a coating solution of the following composition at a
10 1liquid temperature of 90°C for 7 minutes to provide a 0.5
4m thick gold plating.

Composition of electroless gold plating solution:

Potassium gold cyanide 2 g/l
Ammonium chloride 75 g/1
15 Sodium citrate 50 g/1
Sodium hypophosphite 10 g/1

Example 2

The procedure of Example 1 was carriéd out
except that the aluminum borate thskers were mixed in an
20 amount of 10 vol% with the thermosetting resin varnish.
Laser drilling was conducted using carbon
dioxide laser under the conditions of energy density = 20
J/cm?; oscillation time = 1 flsec; oscillation frequency

= 150 Hz; pulse number = 3.

25 Example 3

The procedure of Example 1 was followed except



An organic acid containing car boxyl groups (DL malic acid) 100

g/l 25 Benzotri azol e 5 g/l Step (b):

An etching resist was formed on said first copper foil by Dry Film
Photec H K 425 (a trade nane, - 23 -
nfd. by Hitachi Chenmical Co., Ltd.) and th@®copper foil portions
exposed fromthe etching resi st were etched away into the shape of 100

Am di amet er  ci r?ﬁ S %& Ydl(ilx Iﬂ%rlat%%é%.@%% %ve(}fe tnhﬁze )Q’le ard YUrlod:f

formng the via

The etching reg éﬁs‘“%lr%e%“c%d e AR A restn iy, €1 eat rent

with a 2 wt % Na sol ution The cured

thermosetting resin |ayerL£s&B<RﬁSﬂjlln wéé%aﬁma&mngél otatiben copper
foil was irradi ated wi th carbon dioxide | aser beans under the

condi tions of dioxideengseicnsider @he?@ohditiomes@if laaidryy dasialy = 20

1l err] sec, oscillation frequency of 150 Hz and repetition pulse rate
15 of 4 pul $es /en’enoseilhatieoni hihayer lutsde;t lsaillatiifon frequeemuct or s
in the interlayer board were exposed, thereby formng the via holes 5
as shown in Fl & 180 Hz; pulse number = 5.

Example 4
The procedure of Example 1 was followed except
that the steps (a3) to (a5) were replaced by the follow-
10 ing steps (al) and (a2).
Step (al):
A 0.6 mm thick glass cloth-epoxy resin impreg-
nated double-sided copper-clad laminate MCL-E-679 (a
trade name, mfd. by Hitachi Chemical Co., Ltd.) was
15 drilled and subjected to electroless copper plating,
followed by working according to the conventional sub-
traction method to make an interlayer circuit boa;d 1.
The aluminum borate whiskers were mixed in an
amount of 30 vol% with a thermosetting resin varnish of
20 the following composition and stirred, and the resulting
mixture was knife coated on the thin copper layver side of
a composite metal foil composed of a 5 f£m thick copper
layer and a 70 Um thick carrier copper layer, and dried
at 150C for 10 minutes to make a semi-cured adhesive
25 film having a-copper foil.
Composition of the thermosetting resin varnish:

Bisphenol A novolak epoxy resin 100 parts



Step (e): The cured thernosetting resin |ayer on the via 20

hol e wal |l surfaces was roughened by treating it with a 7% al kal i ne

per mangani ¢ acid solution at a liquid tenpera- ture of 70[err] Cfor 5
m nut es. Step (f): ' Plating was carried out at a liquid
tenpera- 25 ture of 70[err]C with an el-e@%al ess plating solution of the
follow ng conposition for electrically connecting the circuit
conductors of the in%erla er board and the copper foil.

- 24 - Conposi ?Bﬂx%fegﬁéV%%%EFFogggé pl ating sol ution

%SSE Frr] -SH err] g70/§|1:' @benol A novol%lg glelsin 3/ |_EDTéO4I\1;IJaarts,\laO_|

anount required . . for making pH 12.3
Step (9g) (hydnoxy & lluﬁ‘g'a%%%}:'st w2t ormed on the copper

foil by Dry Film Phopegrhb Y 440e{RyiinfgaRaiE. nfd. by 1G H tachi Chem cal
Co., Ltd.), and the coppg? foileplgir’tionsa exposed fromthe etching

resist were genoved. (curin$t &§ehb) : The etching resist was
renoved as shown in
Methyl ethyl ketone (diluent) 100 parts

The thus produced interlayer board 1 and

copper-foiled adhesive film were placed one on the other
so that the circuit conductors of the interlayer board l'

10 would contact the thermosetting resin layer of the adhe-
sive film, and they were hot pressed at 170°C under a
pressure of 2.5 MPa for 60 minutes to form an integral
laminate. The resin flow in this operation was 5 mm.
Step (a2):

15 The carrier layer alone was stripped off.

Comparative Example 1
The following prepreg was used in place of the
copper-foiled adhesive in Example 1.
(Prepreg)
20 Composition of the thermosetting resin varnish:
Bisphenol A novolak epoxy resin 100 parts
(epoxy equivalent: 200)
Bisphenol A novolak resin ' 60 parts
(hydroxy equivalent: 106)
25 2-Ethyl-4-methylimidazole 0.5 part
(curing agent)

Methyl ethyl ketone (diluent) 100 parts



FIG 1E. 15 Step (i): The above steps (a3) to (h) were
carried out repeatedly as shown in FIGS. 1F, 1G 1H and 1lI, in which
nuneral 7 indicates the thernosetting resin |ayers, nuneral 8 the
copper foils, and nuneral 9 the openings in 20 the copper foils. By
applying | aser beans, the resin | ayer £8vere renoved to the extent that
the circuit con- ductors on the interlayer board woul d be exposed to
form vi a hol es &P Sgng%$ n the hol es designed to serve as

t hr ough- hol es 11 weré PP et e shown in FIG IH, fol- 25 |owed by
roughening in the sane way as in the step (e). Further, a
sol der resist 16 was fornmed and el ectrol ess nickel plating was carried
out on the bondt&fparatPRESExahpr@ #! ating solution of the following
conposi tion - 25 - at a liquid
tenperature of 90[err]C farthdrmbsgtesngThesin vaPhakhneft khek283soWasgd
[err]m Conposi tion of electrol ess nickel plating solution:

Ni ckel sul fate composition was used in placglof the copp&odfoiled adhe-
hhypophosphite 10 g/l Sodi um acet at e

10 g/ | S siypiim Example 1. Then el ectrol ess gold plating was
carred out

Composition of the thermosetting resin varnish:
Bisphenol A novolak epoxy resin - 100 parts

(epoxy equivalent: 200)

Bisphenol A novolak resin 60 parts
10 (hydroxy equivalent: 106)
2-Ethyl-4-methylimidazole 0.5 part

(curing agent)

Methl ethyl ketone (diluent) 100 parts

Comparative Example 3
15 - A thermosetting resin &arnish of the following
composition was directly coated on the interlayer board 1
by the silk screen printing method, then a copper foil
was laid thereon and they were hot pressed to form an
integral laminate, and this laminate was used in place of
20 the copper-foiled adhesive in Example 1.
Thermosetting resin varnish composition:
Bisphenol A novolak epoxy resin 100 parts
(epoxy equivalent: 200)
Bisphenol A novolak resin 60 pafts
25 (hydroxy equivalent: 106)

2-Ethyl-4-methylimidazole 0.5 part



with a coating solution of the follow ng conposition at a 10 |Iliquid

tenperature of 90[err]C for. 7 mnutes to provide a 0.5 [err]mthick
gold plating. Conposition of electroless gold plating solution:

Pot assi um gol d cyani de 2 g/l Ammoni um chl ori de
75 g/l 15 ~ Sodiumcitrate - 29 - 50 g/l

Sodi um hypophosphite 10 g/l Exanple 2

The procedure of ExaE'r%‘l was_¢c sried out except that the al um num
bor at e whi skers were §%ﬁg|ﬁgﬁﬁ 20 anount of 10 vol[err] with the

thernosetting resin Mg&ﬁgilase un tone 1lh§ﬁ%5 drilling ys éngg%gucted

usi ng carbon di oxXi er th condi tions of energ ity = 20

Jicnferr]; oscill at' on ti g“ﬁe sabk%&faltagcma%@aut%&lefanﬂ e Hhner dfe_ 150

Hz; pul se nunber = Exanpl e he procedure o

Exanple 1 was fQEfQE@Q 8K6¢8! were subgected to the follow1ng test. The26 -
that the al um num borate whi skers were m xed i n an anount of 45-vol %

with the thesnoggéti P@stBssnaxar shékn in Table 1. Laser drilling was
carried out using carbon di oxi de | aser under the conditions of energy
density = 20 :
TEST
Wire bonding workability:
As shown in FIG. 2, IC chips 13 were secured
to each test substrate by using a die bonding agent 15
10 and then they were wire bonded with 28 /m-diameter gold
wires 14 by using a wire bonder HW22U-H (trade name, mfd.
by Kyushu Matsushita Electric Industrial Co., Ltd.) at
the substrate heating temperatures of 150°C and 200°C.
Tensile strength of the wire bonded gold wires

15 was measured by a pull tester PTR-01 (a trade name, mfd.

by RHESCA Co., Ltd.). The results are shown in Table 1.



5 J/cnferr]; oscillation time = 1 [err]sec; oscillation frequency =

150 Hz; pul se nunber = 5. Exanpl e 4 The procedure of
Exanple 1 was foll owed except that the steps (a3) to (a5) were
replaced by the follow 10 ing steps (al) and (a2). Step (al):
A 0.6 mmthick glass cloth-epoxy resin i mr3y-- nat ed doubl e-si ded
copper-clad | am nate MCL-E-679 (a trade nane, nfd. by H tachi Chem ca
Co., Ltd.) was Tableri||ed and subjected to el ectrol ess copper plating,
foll owed by working according to the conventional sub- traction net hod
to make an interlayer—circuit hoard 1 The al ym num bor at e
whi skers were m xed ijn an amount pf 43Q. RN wod ilng resin
varni sh of 20 the fdllow ng conpositifpn and qf%rrxﬁp ané&ﬁi sulting
m xture was knife cogted on the thin cppper;kgyer sifde of 55000 @ cqnposite
metal foil conposed qf_a 5 [err]lmithick copper aver and a 70][err]m
thick carrier copper |§¥§$p gng drled avw150[err] C fq@ 10 mrjutes to
make a sem -cured adHesive 5 filmhajing a opper foil. Conposi tion
of the thernosetting rﬁsampbarﬁlsh. &Bi sphejol A ngvol ak époxy
resin 100 partq Example 3 © © - 27 -

Example 4 O ©

Comp. Example 1 O O

Comp. Example 2 X X

Comp. Example 3 A X

X: could not be bonded

>

: less than 4 g

O

: 4-10 g

©

above 10 g

As described above, there is provided accord-
ing to the present invention a process for producing a
multilayer printed circuit board which is small in
interlayer thickness, capable of fine wiring, minimized
5 4in IVH and BVH diameters, high in strength and also

excellent in wire bonding workability.



(epoxy equival ent: 200) Bi sphenol A novol ak resin 60

parts (hydroxy equival ent: 106)

2- Et hyl - 4- et hyl i mi dazol e 0.5 part 5 (curing agent)
Met hyl - et hyl ketone (diluent) - 100 parts The thus
produced interlayer board 1 and coppedlfoil ed adhesive filmwere
pl aced one on the other so that the circuit conductors of the

i nterlayer boa 0 tact the thernosetting resin |layer of the
adhe- siv@gpﬁi%# gﬁ%& Equ%%re hot pressed at 170[err] C under a

pressure of 2.5 MPa for qpodr?c;v\k/':agsse% fn% fﬁdﬁ@%}%%tfg‘i 'tillasyelL Pe-\3t&y The

resin flowin this operati . . The
carrier layer aliopgiWapoilrd RRAPrAding the £oTAMRANY it qH)-q nh

The follow ng prepreg was used in place of the copper-foil ed adhesive
in Exanple 1. which( Brepic@riedd oue0 RO HHilsObrderi:ne thernosetting resin
var ni sh: Bi sphenol A novol ak epoxy resin 100 parts

(epoxy equi val dat): 200) compoundiriy sgitemtotidaligyadrdulaising ceramic 60
parts (hydroxy equival ent: 106) 25

2- Et hyl - 4- met hyhilskeéasolie a thermosettiges gesim varnish, Jqimpeunsgngehe
Met hyl et hyl ketone (diluent) 100 parts

whiskers in the varnish uniformly by stirring, coating
the resulting mixture on a roughened side of a copper
foil, semi-curing the resin by heating to form a thermo-
setting resin layer, placing this layer on an interlayer
circuit board in which plated through-holes and conductor
circuits have been formed, and hot pressing them to form
an integral laminate;

(b) forming an.etching resist on said copper foil,
and etching the copper foil portions exposed from the
etching resist into the shape of holes for forming inter-
stitial via holes;

(e) removing the etching resist;

(d) applying laser beams to the cured thermoset-
ting resin layer exposed from the fine holes of the
copper foil etched into the shape of holes for forming
interstitial via holes to remove said resin layer to an
extent that the circuit conductors of the interlayer
board is to be exposed, thereby forming via holes;

(e) roughening said cured thermosetting resin
layer on the walls of said via holes by using a roughen-
ing agent:

(£) conducting plating to electrically connect the

e

L L0



- 28 - d ass cloth Conpar ati ve Exanple 2

A thernosetting resin varnish of the follow ng conposition was used in
pl ace of the copper-foil ed adhe- 5 sive in Exanple 1. Conposi tion of
the thernosetting resin varnish: Bi sphenol A novol ak epoxy resin
100 parts (epoxy equi.val ent: 20032 - Bi sphenol A novol ak
resin ' 60 parts 10 (hydroxy equival ent: 106)

2- Et hyl - 4- et hyli mi dazol e .5 part curj agent

Met hl ~ethyl keFdREUEE CoRGUFtors of t%@olb’%eféayer boaﬁﬁiﬁwﬁé'rda&q\?e%@%#ﬁﬁ e 3
15 ok ernosetting resin varnish of the foll ow ng

conposi tion was &l(ectly coated on the interlayer board 1 by the silk

screen printi nqgmtet hod, thamhéhd WP tdiflidg resid@od adhid h%% agyl 1 hey

wer e hot presse o forman Integral Tamnate, and this nat e was

used in place @hd d¥chi®gC RS thel lepprahedive portien®lekpbsed from

Thernosetting resin varnish conposition: Bi sphenol A novol ak

epoxy resin saidle@chdnigs resist; and
(h) removing the etching resist.
2. A process according to Claim 1, wherein the
following steps (al) and (a2) are used in place of the
step (a):
(al) compounding electrically insulating ceramic
whiskers in a thermosetting resin varnish, dispersing the
whiskers in the varnish uniformly by stirring, coating
the resulting mixture on a roughened side of a copper
layer of a composite metal foil comprising a
circuit-forming copper layer having an appropriate rough-
ness for bonding with the resin and a carrier layer
having a sufficient strength to stand handling as a metal
layer as a whole, said two layers being easily separable
from each other, semi-curing the resin by heating to form
a thermosetting resin layer, placing this resin layer on
an interlayer circuit board in which the plated
through-holes and conductor circuits have been formed,
and hot pressing them to form an integral laminate; and
(a2) removing the carrier layer alone.
3. A process according to Claim 1, wherein the
following steps (a3) to (ab5) are used in place of the
step (a):

(a3) compounding electrically insulating ceramic

RO



(epoxy equival ent: 200) Bi sphenol A novol ak resin 60

parts 25 (hydroxy equivalent: 106)

2- Et hyl - 4- et hyl i m dazol e 0.5 part

- 29 - (curing agent) Met hyl et hyl ketone (diluent)
100 parts The substrates medRfactured in the manner de-

scri bed above mere subjected to the follomﬁng test. The 5 test results

h in Ta di Llity: |
A shown i n FI BRLBKEFE 4R B tDEIRRETLARY EEOLD V%lé& SRETSIEN 1R by
using a die bog SRe28°1 oh Jcﬁg v%ﬁ'ngrs]ﬁ hﬁﬁ%&ﬂ‘i LBt rrﬁﬂgz %gt(lt fgg d§8

[err] mdianete using a

nane, nfd. ﬁéeafihelwgt ﬁ&i%&-@ ;!nest &ba?]haﬁgat Gigk G2 o leidgk at

the substrate heatlng tenpératures o o[ er nd 200[err]C
Tensil e strengkBppbrt hay@ir efbeneeﬁlpeeh@ewmeeal kél\maeomeeae&e@ Ry a pull

tester PTR-01 (a trade nane, nfd. ESCA Co., Ltd.). The results are
shown in Tabl ecircuit-forming 1-9 #m tthk first copper foil having an
appropriate roughness for bonding with the resin, a
10-150 #m thick second copper layer having a sufficient
strength to stand handling as a metal layer as a whole
and a 0.04-1.5 4m thick nickel-phosphorus alloy layer
disposed between said first and second copper layers,
semi-curing the resin by heating to form a thermosetting
resin layer, placing this resin layer on an interlayer
circuit board in which the plated through-holes and

conductor circuits have been formed, and hot pressing

them to form an integral laminate;

(ad) removing the second copper layer alone; and
(a5) removing the nickel-phosphorus alloy layer
alone.

4. A process according to any one of Claims 1-3,

wherein the steps of (a) to (h), (al) to (h), or (a3) to
(h) are repeated a necessary number of times to form two
or more layers of via holes.

5. A process according to any one of Claims 1-3,
wherein the thermosetting resin flow is 500 /m or great-
er, and the thickness of the semi-cured thermosetting
resin layer is 25 to 100 fm.

6. A process according to any one of Claims 1-3,

wherein the amount of the electrically insulating whis-

Sy
g



- 30- - Table 1 W re bondi ng

wor kabi ity 150[err] C 200[err]C
Exanmple 1 [err] [err] Exanpl e 2
[err] [err] Exanpl e 3 [err]

[err] Exanpl e 4 _ - [ [err]

Conp. Exanple 1 [err] Conp. Exanple 2 X

X X

X: could not be gondegﬂpbsnged in the tk%?&%gg ipgakegig 1S S5 to 50% by

0: 4-10 g volume. [err]: above 10 ¢ As descri bed
above, there is provided accord- ing to the present invention a process

for producing ay, mul ti haypebcBekNhetotahifk ol ic
i nterlayer thickness, capabPe gf fine ﬁrPrng,%ﬁIE?%?zgg ghb§ and BVH

di alr(reL elrs hi ghth@rmseagihgaﬁdsahsmow igxsedl ﬁm{ drn ML HONAUNY the
wor kabi | 1ty.
thickness of the semi-cured thermosettlng resin layer is

25 to 100 /Um.

8. A process according to Claim 4, wherein the
amount of the electrically insulating whiskers compounded

in the thermosettihg resin is 5 to 50% by volume.

e
—

[
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WHAT IS CLAIMED IS: 1. A process for producing a multil ayer prlnted
circuit board conprising the follow ng steps (a)-(h) which are carried out
in this order: (a) conmpoundi ng el ectrically insulating ceranic

whi skers in a thernosetting resin varnish, dispersing the whiskers in the
varni sh uniformy by stirring, coatlng1/32e resulting m xture on a
roughened side of a copper foil, sem ing the resin by heating to form
a therno- setting resin layer, placing this layer on an interlayer

circuit board in which plated through-holes and conductor circuits have
been formed, and hot pressing themto form an 2q0 | aminate; (D)

formng an r esi *“fnmh=;w=- ng.t he copper foi
'

portions eﬁi&ﬂ Am t@ N /%/
Qﬂt, 4ﬁﬁ' d

hol gs for
formng inter- stitial

tchlng resist;
(d) appl ying | aser beans to the cured thernpset- ting :§5|n | ayer
exposed fromthe fine hales af _the ¢ shape of
holes for form ng _intdps m-Iayer to an

extent thaf|G, dlESU|tZ;§ j _ i s to be

exposed, thereby form red
thernosetting resin |a si g a
roughen- ing agent; (f) conducting plating to electri&ally connect
t he - ' - -/"“‘jr-4

Lodndnden
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- 32- circuit conductors of the interlayer board and the copper foil;

(9) formi ng an etching resist on said copper foil and etching away
the copper foil portions exposed from said etching resist; and (h)
removing the etching resist. 2. A process aceording to Claim1l
wherein the follow ng steps (al) eumié é are used in place of the step
(a): (al) conmpoundi ng el ectri cal ?2 nsul ati ng ceramc whiskers in a
t hernosetting resin varni sh, dispersing the whiskers in the varnish
uniformy by stirring, coating the resulting m xture on a roughened side
of a copper |ayer of a conposite netal foil conprising a circuit-formng
copper | ayer having an appropriate rough- ness for bonding with the resin
and a carrier layer having a sufficient strength to stand handling as a
netal |ayer as a whole, said two | ayers being easily separable from each
other, sem-curing the resin by heating to form a thernosetting resin

| ayer, placing this resin layer on an interlayer circuit board in which
the plated through-holes and conductor circuits have been fornmed, and hot
pressing themto forman integral |am nate; and (a2) removi ng the
carrier |ayer alone. 3. A process according to Caim1l, wherein the

FIG. 2 _16.' | | 14 13
15

S AFPIDIIITI TP

Lo

N 777771 1Y
Yo7 A

v o s
.

0




follow ng steps (a3) to (ab) are used in place of the step (a): (a3)
conpoundi ng electrically insulating ceramc

- 33 - whi skers in a thernosetting resin varnish, disper +-he
whi skers in the varnish uniformy by stirring, coating the JF%&MEEﬁgiAs BEEN
m xture on a roughened side of a first copper |layer of a tespasiit AﬁEDaI

foil comprising a circuit-formng 1-9 [err]mthick first copper f oi

having an appropriate roughness for Ag%\m th the resin, a 10-150
[err]mthick second copper |ayer havi ficient strength to stand

handling as a netal |ayer as a mhole and a 0.04-1.5 [err]mthick

ni ckel - phosphor us aIon | {ﬁ@ﬁ and second

copper |l ayers, sem - curln %ﬁe re5|n ﬁ%éﬁ??ﬂééﬁ%q?%rn1a t her nosetting
resin layer, placing this r§§KHHHHV@¥mbﬁxhWﬂﬁhﬂﬂmﬂyér -circuit board in
whi ch the plated through-holes and -conductor circuits have been forned,

and hot pressing themto forman integral |amnate; (a4) r enovi ng
t he second copper |ayer alone; and (ab) renovi ng the
ni ckel - phosphorus .all oy | ayer alone. 4. A process according to any

one of Clainms 1-3, V"her‘ii 'ﬂtutll?ﬁl%%qs p(}:fin( d tcoil:(cmit (baolgré Osrr(a@l J'% (a3)

to
interlayer thickness, capable of fine wiring, minimized

in IVH and BVH diameters, high in strength and also
excel;ent in wire bonding workability can be produced by
a pfocess comprising the steps of coating a thermosetting
resin varnish compounded with electrically insulating
wh;skers on a roughened side of a copper foil,
semi-curing the resin by heating to form a thermosetting
resin layer, integrally laminating it on an interlayer
board in which plated through-holes and conductor
circudits have been formed, and roughening the cured
thermosetting resin layer on the wvia hole wall surfacés

with a roughening agent.

(Figure 2)
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(h). are repeated a necessary nunber of times to formtwo or.nore |ayers

via holes. 5. A process according to any one of Mﬁ’r

wherein the thernosetting resin flowis 500 [err]mor gre -
t hi ckness of the sem -cured thernosetting resin layer isf 25 to 100 geim

6. A process according to any oneﬁf Caims 1-3, Wher 8idIbhedfount
of the electrically insulating whis-

34 - Kkers conpounded in the thernnsetﬂfﬁgﬂggln is 5 to 5pWwby—Vvol une. 7.
A process according to Claim4, wherein the thernosetting resin flow.is
500 [err]mor greater, and the thickness of the sem -cured thernosetting
resin layer is 25 to 100 [err]m 8. A process according to Cl aim

4, wherein the amount OfprbHEsCEEE PROGRIING M&%LW@RWEWHS CO”DOUHded
in the thernosetting resi n | s&R&&T QO/XEQ)yF&Q MR- BoNDING

A multilayer printed circuit board small in
interlayer thickness, capable of fine wiring, minimized
in IVH and BVH diameters, high in strength and also
excellent in wire bonding workability can be produced by
a process comprising the steps of coating a thermosetting
resin varnish compounded with electrically insulating
whiskers on a roughened side of a copper foil,
semi-curing the resin by heating to form a thermosetting
resin layer, zntegrally laminating it on an interlayer
board in which plated through-holes and conductor
circudits have been formed, and roughening the cured
thermosetting resin layer on the via hole wall surfaces

with a roughening agent.

(Figure 2)




