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PROGE!’W%’PPRODUCING MULTI LAYER PRINTED CI RCU T B@AR® U ~ BACKGROUND 5E
THE | NVENTI ON " This invention relatés to' processes for 39/13
producing nul tilayer prlnte? circuit boardi H gher, .
densification of nultilayer iprinted |r d t\ho?rds\J%’g%nérarly“
attained by an increase of circuit Iayers But Ywhen the circuy |%ﬁ75 ﬁo

| ayers are sinply i ncreased, the nunb; bZ'thFoughthIes 19"

connecti ng circuits of individual Iaye S |ncreases with an

i ncrease of areas of the through-%oles, resulting in 10 |l owering in
capacity for formng circuits. In order to avoi d such a

di sadvant age, there is proposed a process for formng holes for
connection on only the portions necessary for connection to provide
"via hol es". For exanple, there is proposed a process for

15 producing a multilayer printed circuit board conprising drilling
holes for via holes in a single sided copper- clad l.am nate having a
sem -cured insul ati ng adhesive | ayer on an insulating |ayer side, or

a copper foil havi ng a sem -cured insul ati ng adhesi ve | ayer on one

PROCESS FOR PRODUCING MULTILAYER

PRINTED CIRCUIT BOARD



20 <ie thereof, lamnating the resulting hole-drilled _ sheet on an

I nnerlayer circuit substrate under pressure W t h hpstrrg—te—grve—an—
integral lamnate, and if necessary, drilling thrqudhihSHesT HABMBEEN
pl ating the holes for via holes and through-hol es.|| Thi s REP6AEED 25

" has an advantage in that connecting hol e3 for inner-
-2- | ayer circuits can easily be fornmed. But, at the tine of
| am nati on under pressure with heating, since the resin on inner
wal l's of the holes nelts first, followed by curing, the surface of it
beconmes snooth. Thus, 5 even if electroless plated copper deposits,
adhesi ve strength between the resin surface and the plated
copper deposit is low. Thus, the plated copper deposit is peeled from
t he resin surf g ECREONS G STEE OPPERYION heat treatnment enployed
during the production of 10 nultilayer printed circuit board. Into these
spaces, various trepii#dineéntiensreiftbedutbngrbbespesdEpli on
of nultilayer printed circuit board are soaked, result- ing in

causi ng var|OU$mmdﬂﬁxng;mu&ti&ﬁyexnpr&mbedoélrcult bbardsg takes pl ace,
swel ling or peeling of plating
_ Higher densification of multilayer printed
5 circuit boards is generally attained by an increase of
circuit layers. But when the circuit layers are simply
increased, the number of through-holes for connecting
circuits of individual layers increases with an
increase of areas of the through-holes, resulting in
10 lowering in capacity for forming circuits. In order to
avoid such a disadvantage, there is proposed a process
for forming holes for connection on only the portions
necessary for connection to provide "via holes".
For example, there is proposed a process for
15 producing a multilayer printed circuit board comprising
drilling holes for via holes in a single sided copper-
clad laminate having a semi-cured insulating adhesive
layer on an insulating layer side, or a copper foil
having a semi-cured insulating adhesive layer on one
20 side thereof, laminating the resulting hole-drilled
sheet én an innerlayer circuit substrate under pressure
with heating to give an integral laminate; and if
necessary, drilling through-holes, and plating the
holes for via holes and through-holes. This process

25 has an advantage in that connecting holes for inner-

This Sheet Has Been Rep}
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15 takes place by the heat of solder at the tinme of nmount i ng

el ectronic parts. Further, when the adhesive resin | ayer does not
contain reinforcing fibers, the resin easily flows so as to fill the
hol es and to nake the hol e dianmeter too small when subjected to

heating 20 under pressure, resulting Tnzcausing a problemin that
nestaver el oiRrob eRrRbe) ai"edhtly BESEhbe) ! put,, puy HEFLAR. W
Gireuit 25  BohriemUNRHER G BSRPRECRarS: HEOPo S taa P i

an adnesi ve shastorh Sioifliek waTfarbeeee AoleRPRLrs cixaty TR 0

for via holes pgeVéuring, the surface of it becomes smooth. 3Thus, oOusly,
| am nating the riesulting sheet on an innerl ayer circuit substrate to

gi ve an integrabvéamnifabectrolesBEhhtetingoppaer depbiss tef, Wdndyales, and
conducti ng el ectrical connection. According to this process, it 5
i s necessary tostoengthebatweshveheheesiangduirfiacendndt the plattesd step of
bondi ng the adhesi ve sheet to the copper foil, resulting in making
this process conpppentd@dgposit is low. Thus, the plated copper deposit
is peeledlfrom the resin surface to generate spaces by
heat treatment employed during the production of
10 multilayer printed circuit board. Into these spaces,
various treating solutions used during the production
of multilayer printed circuit board are socaked, result-
ing in causing various problems in that corrosion of
plating takes place, swelling or peeling of plating
15 takes place by the heat of solder at the time of
mounting electronic parts. Further, when the adhesive
resin layer does not contain reinforcing fibers, the
resin easily flows so as to fill the holes and to make
the hole diameter too small when subjected to heating
20 under pressure, resulting in causing a problem in that
it becomes impossible to obtain an area necessary for
connecting the innerlayer circuit electrically.
On the other hand, JP-A 2-62095 discloses a
process for producing a multilayer printed circuit
25 board comprising bonding a reinforcing material such as
a metal foil for protection to one side of a copper

foil and bonding an adhesive sheet to another side of

the copper foil, drilling holes for via holes previ-



Further, since the adhesive sheet is handled as a single body, it is
necessary to inpart flexibility to 10 t he adhesive | ayer by using a

rubber conponent which is |l ow in heat resistance. In addition, even
if this process is inproved by using_a copper foil coated with
‘an adhesive so as to reduce the nunber oT %téps, and not using the

A LS o bt RS AR
P 1 foll d.

adEQEECe Iayer%ﬁE%Pﬁfsﬁﬁﬁgékﬁg p@%d?%?emﬁnnlﬁﬁggégi iaﬁgﬁg&%ZSgnof copper
foil is 12 [errdéﬂﬂiélﬁﬁ%-ixﬁ@r Gl gl %%Oviac{wfééhg?hh Esgﬁb@?h}ﬁ | over s

wor ki ng efficiency at _ st eps drilling es and nul tilFayer
| ami nation and o] ectrAHESESheft{dNEr  AMBESAdI R €Y' tREsCPRBRESEQ! litl S

forcedly flattened, the thin copper foil is sonetines br oken. 25
. SUMVARY OF sTHE id\¥i\lddddry to form the adhesSvénshégechndf tbheopdesent
i nvention to provi de a process for producing a multilayer printed

the step of bonding the adhesive sheet to the copper
foil, resulting in making this process complicated.
Further, since the adhesive sheet is handled as a
single body, it is necessary to impart flexibility to

10 the adhesive lafér by using a rubber component which is
low in heat resistance. 1In addition, even if this
process is improved by using a copper foil coated with
an adhesive so as to reduce the number of steps, and
not using the rubber component which is low in heat

15 resistance, there takes place a problem of causing
curling of the copper foil as shown in Fig. 4, wherein
numeral 1 is a copper foil and numeral 2 denotes an
adhesive layer with a semi-cured state, when the
thickness of copper foil is 12 um or less. The curled

20 copper foil remarkably lowers working efficiency at the
steps of drilling holes and multilayer lamination and
adhesion. Further, when the curled copper foil is
forcedly flattened, the thin copper foil is sometimes

broken.

25 SUMMARY OF THE INVENTION
It is an object of the present invention to

provide a process for producing a multilayer printed



-4- - circuit board excellent in adhesiveness of plating to I nner
wal I's of holes and hi gh in connection relia- bility.
It is another object of the present invention 5 to provide a process for

producing a multilayer printed circuit board having a higher circuit

density and excel l ent in working erfﬁcrency. It is a

further object of the pgesent

produci ng a mul $HFEYEF Pagrd 5%$%$gén5i?8uﬁhh§§§%§n %gyg&ypﬁagﬂpceﬁi)for
| nter| am nar foqgff%'gg ﬁ?i%%bghﬁtKiaﬂdiﬁuEEﬁﬁ%$%qgﬁtQ@ﬁi% at the

same tinme mntrmaneS|ng grass ¢ resent invention
provides a proGgsp; £9r producing a multilayer prlnted circuit board,
which 15 conprises’ the steps of: a. drilling holes on

predeterm ned positions oft is anéthékbByketi aff ehkapRedentoMnveditide
si ded copper - clad | am nate having an insul ati ng adhesive |layer with

a cured st e ofopBdadde 04 grsbags ooraprbdacliayi agmul®ilalyeyeprimtiete,

or a f|In1nater|aI obt ai ned by form ng an insul ati ng adhesi ve | ayer
with a cured steiecwitAboard hatving ar hBghezgeimoudtne dendd tyf amdcopper
foil, b. | am nating the hole-drilled filmmaterial on an
|nnerlayer ci r cex¢cellént r aneweokingt effdatieocythe

It is a further object of the present inven-
tion to provide a process for producing a multilayer
10 printed circuit board satisfying both interlaminar
connection reliability and surface smoothness at the
same time without using glass cloth.
The present invention provides a process for
producing a multilayer printed circuit board, which
15 comprises the steps of:
a. drilling holes on predetermined positions of
a film material obtained from a single sided copper-
clad laminate having an insulating adhesive layer with
a cured state of A stage or B stage on an insulating
20 layer surface, or a film material obtained by forming
an insulating adhesive layer with a cured state of A
stage or B stage on one side of a copper foil,
b. laminating the hole-drilled film material on
an innerlayer circuit substrate so as to contact the
25 insulating adhesive layer with the innerlayer circuit
substrate and pressing with heating to give an integral
laminate,

c. roughening surfaces of the insulating



25 4 nsulating adhesive |ayer wth the innerlayer circuit Substrate

and pressing with heating to give an integral | am nat e, C.
rougheni ng surfaces of the insulating
- 5- adhesive layer flowed into the hgles at the time of

| am nati on under pressure and heating, —d. conducti ng

el ectrical connegtion between .circuit on,the_inperl [ Ciscuit
substrate and tarﬁﬁ"esslve ?Eﬁ%%’? @O?Y?%nl%{"ofﬁl? ﬁ?l?ﬁea#i ?ﬁ?nﬁ%{%ﬁ élf by

pl ati ng Inner r fihliing.1he holes with an

el ect roconduct i1vaénlﬁla%\?{eé,r§a‘%gdé£eppgée§&r8 élfla_ #%%?nl.%g'a circuit by
processing the gopper cond@itifd &i6cttiBaBEshh8btionObetween a ~ The

present inventidh al so provides a process for producing a multil ayer
printed circuiteidith Mi€he innerf&POFri 8€8chie S§uBBErQte and the
drilling holes on predeterm ned positions of afilmmterial made
froma ultma-t hidppaPnssrdon o Sfoil osfeghentflnanaterialdbiayilag idiy

i nsul ati ng adhesive | ayer with a cured state of A stage or B stage on
t he coppeinriex lwalls of the holes or filling the holes with an

electroconductive paste, and
e. forming a circuit by processing the copper
foil of the film material.

10 The present invention also provides a process
for producing a multilayer printed circuit board, which
comprises the steps of:

a. drilling holes on predetermined pos;tions of
a film material made from a ultra-thin copper foil

15 formed on a carrier and having an insulating adhesive
layer with a cured state of A stage or B stage on the
copper foil,

b. laminating the hole-drilled film material on
an innerlayer circuit substrate so as to contact the

20 insulating adhesive layer with the innerlayer circuit

substrate and pressing with heating to give an integral

laminate,
c. removing the carrier from the laminate,
d. conducting electrical connection between a

25 circuit on the innerlayer circuit substrate and the
copper foil of the film material via the holes formed
in the film material after removal of the carrier, and

e. forming a circuit by processing the copper



b. : | am nating the hole-drilled filmmaterial on an innerl ayer

circuit substrate so as to contact the 20 I nsul ati ng adhesive layer with
the innerlayer circuit substrate and pressing with heating to give an
i nt egr al | am nat e, C. nmoving the carrier fromthe

;
| am nat e, d. conducti ng eIeEtgiEaI connection between a 25
circuit on the fnnerlay CLLcuit strate and the copper foil of

t he fiIn1nateri%?l€i%ftﬁéehtfg? ?8§§§ﬁgi' inthe filmmterial after
renoval of the carrier, . - .Qr @ ' s rocessi ng
the copper %fle presefit inventibfi %h?%?%rcbﬁgﬂ%gégxﬁ)the e

material . process forT?fo&ﬁéiﬁataiﬁﬁ@@&hﬁ?e&“b&ﬂﬁ%eﬁfQME@%iﬁi
process for producing a multilayer printed circuit board using the

ultra-thin coppssat@i hsifgneHeOfltba-thin eappee’ failmFdirmededralmes,
wherein in the step b), a cushion material showing fluidity with

heating iss5  cafviéheas|aehosbaddoabbhe,f wherednednalthend tidre binner -
| ayer circuit substrate to give an integral |am nate.
cushion material showing fluidity with heating is
further laminated on the film material and the inner-

layer circuit substrate to give an integral laminate.

BRIEF DESCRIPTION OF THE DRAWINGS

10 Figs. 1A to 1F are cross-sectional views for
explaining the steps of one embodiment of the present
invention having the step of roughening an adhesive
flowed into holes.

Figs. 2A to 2F are cross-sectional views for

15 explaining the steps of another embodiment of the
present invention having the step of roughening an
adhesive flowed into holes.

Fig. 3 is a cross-sectional view explaining
the. state wherein an adhesive resin is flowed into a

20 hole at the time of lamination under pressure with
heating.

Fig. 4 is a cross-sectional view of a curled
copper foil having a semi-cured adhesive layer on one
side thereof.

25 Fig. 5 is a cross-sectional view of one
example of an ultra-thin copper foil formed on a

carrier.



BRI EF DESCRI PTI ON OF THE DRAW NGS 10 Figs. 1A to 1F are

cross-sectional -views for expl ai ning the steps of one enbodi nent of

t he present i nvention having the step of roughening an adhesive

fl owed into hol es. Fi gs. 2@ to 2F are cross-sectional views
for 15 explaining the steps of another énbodi ment of the pr esent

I nvention having the step,pof ro l,ve _flowed into
hol es. p% gﬂa crggsgggc F8RAr g?F%wp o1 & |ﬁb

the state wherej lﬁg,gkgsws BggbR bE bhaefipbBifeRt 8¢ criptelant 1M

of | am nation un ure wt 4 is
a Cross- SeCt'(”EﬁvéﬁEWbﬂfwﬁeféiheQn ultraCQHEﬁrcBEbbthbhﬂgf%fﬂ@@ d&P%Pd

adhesi ve | ayer on one si de thereof Fig. 5is a
Cross-secti onalcareiepfi®ngsed. exanple of an ultra-thin copper foi
fornmed on a carrier. -7-

Figs. 6A t® 6H are cross-Bigti Dnas &i ewsss-sectépphli vieg bifeast eps of one
enbodi mrent of the present
laminate obtained by not using a cushion material.
Fig. 8 is a cross-sectional view of a
laminate obtained by using a cushion material.

Fig. 9 is a cross-sectional view of a

10 laminate when a cushion material is used.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

A multilayer printed circuit board can be
produced by the Process A, which comprises the steps
of:

15 a. drilling holes on predetermined positions of
a film material obtained from a single sided copper-
clad laminate having an insulating adhesive layer with
a cured state of A stage or B stage on an ihsulating
layer surface, or a film mateiial obtained by forming

20 an insulating adhesive layer with a cured state of A
stage or B stage on one side of a copper foil,

b. laminating the hole-drilled £ilm material on
an innerlayer circuit substrate so as to contact the
insulating adhesive layer with the innerlayer circuit

25 substrate and pressing with heating to give an integral
laminate, |

c. roughening surfaces of the insulating



invention wherein an ultra-thin copper foil forned on a carrier is

used.- 5 Fig. 7 is a cross-sectional view of a | am nat e
obt ai ned by not using a cushion nmaterial. Fig. 8is a
cross-sectional view of a | am nat e oftai ned by using a cushion

mat eri al . Fig. 9 is a cros §ectional view of a 10

| am nat e when a gushi on teri se I HE
PREFERRED ENBOOJRSFYe layer Blowda ”A‘q?mFP‘Fl 3%?5 PENERE EERELOE boar d
can be pr ced b 0, h ses the steps of :
15 a. lgarl élirhgg "F}gdsg%nﬁf éfee\rl\gnh%e 8%%’2‘#?(0% of afilm

material obtaingd frO”‘a-é%ﬁﬁ%ﬁ%fﬁaeéléBEPféal conneEkQinﬁgk&%bﬁ Ravi ng an
i nsul ati ng adhesive |ayer wt a cured state of A stage or B stage on

an insulating circul@yéh €néfeeferPayarféliptiptesubbtrelta aad kel or mng
20 an insul ati ng adhesi ve | ayer mnt% a cured state of A stage or B

stage on ome Sidppdr peopper 6pifoil of the film materiinat bygpilleing
hole-drilled filmmaterial on an innerlayer circuit substrate so as
to contact the inner wakls abf nghadheleseorafillinghtheehpdeer Wagdr ani r cui t
25 substrate and pressing with heating to give an integral
| am nat e, electroconductive paste, and

e. forming a circuit by processing the copper

foil of the film material.

10 The Process A is characterized by having the
step c), wherein the adhesive resin flowed into holes
is roughened so as to strengthen the adhesion of
plating in the holes and to enhance connection
reliability.

15 In the step c), roughening of the surface of
insulating adhesive layer can be carried out using an
aqueous solution containing a permanganate or chromic
acid.

In order to enhance the roughening of the

20 adhesive layer, it is possible to add an inorganic
filler soluble in an‘acid, for example, calcium
carbonate, calcium magnesium carbonate, calcium
silicate, etc. It is also possible to add an inorganic
filler soluble in an.alkali, for example, various

25 silicate glass powders.

The most suitable concentration of a

roughening component, temperature of roughening treat-

ment and roughening time can be determined from the



C : rougheni ng surfaces of the insulating

- 8- adhesive layer flowed into the holes at the tine of

| am nati on under pressure and heating, d. conducting el ectrical
connection between a circuit on the_ignerlayer circuit substrate and
the 5 copper portion or foil of the filmmaterial by plating I nner

wal | s of the Noiesafisdbidffled by hobEsyELY Bl thus ELESLEACGRUGUe

paste, and e. circul y processing the copper

foil of the filysimdedn abptid®l microscope oPCahl 838&Erbnl mithdrepR.I zed
by having the step ¢c), wherein the adhesive resin flowed into hol es

i's roughened so as to st righ hehet 88rfdBesbnNadhesive lakall pareviicuzdyhol es
and to enhance connection reliability. 15 In the step
c), rougheni ng adntaining fewe of more sohsblat fhfledseshereliayds can be
carried out using an aqueous sol ution contai ning a pernmanganate or
chronic 5 amughened by dissolving expesedoféhhenseonhsheosyrdiaiceg of
the it is possible to select an acidic or alkaline roughen-
ing solution depending on the kind of fillers included
in the adhesive layer.
It is also possible to employ both the
10 roughening method using an alkali aqueous solution of a
permanganate or an aqueous solution containing chromic
acid and sulfuric acid, and the method of dissolving a
soluble filler.
In order to control the fluidity of the
15 adhesive resin, it is possible to use an adhesive layer
containing one or more inorganic fillers in the step
a).
Examples of the inorganic filler which
controls the fluidity of the adhesive resin are carbon
20 black, talc, metal oxides such as titanium oxide, glass
powders, calcium carbonate, magnesium calcium carbon-
ate, calcium silicate, etc.
It is also possible to co-use the soluble
fillers for roughening and the inorganic fillers
25 mentioned above. For example, glass powders can be
dissolved by hydrogen fluoride and sodium hydroxide,

calcium carbonate and magnesium calcium carbonate can

be dissolved by hydrochloric acid and sulfuric acid,



20 adhesive layer, it is possible to add an inorganic filler _
soluble in an acid, for exanple, calcium carbonat e, cal ci um nagnesi um
carbonate, cal cium silicate, etc. It is also possible to add an

I norgani c filler soluble in an aIkaI'0 for exanple, various 25
silicate glass powders. The” nost suitabl e concentration of

a roughen%&g ggfpfﬁrgn%%%isgpgr gg*{rseogjﬁtg%%%ﬁi %% rhry(?i".%':to-chlor:i.c ment

and roughening Timnme can erm ne rom

- 9- resul éi@ptafﬂége?¥r8Psﬁﬁ§hnﬂhéhgnb?#ﬁn&EGQEQQe§%r%%&%ioned

using an optical mcroscope or an electron m croscope. When

the surface of sElbesi ¥fel a¥BbsBECHHOURhYEr wallsCORt RblieRd @RS iYapTY €
soluble fillers therein is 5 roughened by dissol ving exposed fillers on

the surface, roughénisgpessthbeihfegelrtlsaBanCbdi ebtaialkalbyne roughen-

i ng solution depending on the kind of fillers included in the
adhesi ve | &/er.dissolving these itorgaanlisofpdieirbl.e to enpl oy both the 10
rougheni ng net hod using an al kali aqueous solution of a per manganat e

or an aqueous sol uti on cohsathénginglensided copperdcand dahfimaite,aci d, and
t he met hod of dissolving a
there can be used a copper foil bonded to an insulating
material (i.e. insulating layer) on one side thereof,
for example, a single sided copper foil-clad laminate
10 using glass cloth-epoxy resin, a single sided copper
foil-clad laminate using a flexible polyimide film,
etc.

As the insulating material, there can be used
organic materials obtained by impregnating a reinforc-

15 ing fibers such as paper, nonwoven fabric, glass cloth,
etc., with a resin:; non-reinforced resin products;
flexible films; composite materials obtained from these
materials and ceramics.

As the resin, there can be used a phenol

20 resin, an epoxy resin, a polyimide resin, a polyester
resin, a fluorine-containing resin, etc.

It is possible to use these insulating
materials dispersing a catalyst for electroless plating
therein.

25 As the adhesive, there can be used an epoxy
resin adhesive, an acrylic modified resin, a polyimide
resin adhesive, etc.

Such an adhesive can be coated on one side of



soluble filler. In order to control the fluidity of the 15

adhesive resin, it is possible to use an adhesive | ayer cont ai ni ng
one or nore inorganic fillers in the step a).
Exanpl es of the inorganic filler which controls the fluidity of the

adhesive resin are carbon 20 bl ack, ral%l Tret al oxi des such as titanium
oxi de, glass %ﬁomde% lcgécbgnggaiggﬂ t%ﬁn neS|unhgg<n¢fncarbon-
ate, calciumsi?i® el Is “8ES 5 %0 co-use

t he sol ubl e Oor._rou r n|c illers 5
ment i oned above® ln%%? éﬁ%l%?pﬁﬁgsg gmﬁi?é égﬁlge%eg é%ﬁyﬂ%ﬂﬁPi%/

Y oae i car el Seraie éggtEHEhMgEﬂéagegedéPsCOS%l by hyékgc%{orlc aC|d and

nmagnesi um cal ci um carbonate solve

SUl fUI‘I C aC| d coatin method etc - 10 - and
calciun1si|icate can %e dlssofved by hydr ochl ori c acid. Therefore,
when the imprganic fillerstnest adBedpossiblab@veudee stghosed sdhddingy wal | s
of hol es, desirable rougheni ng of the inner walls can be obtai ned by

in the form of a £ilm and bonded to a copper foil by
laminating.

Such an adhesive film are commercially
available, for example, Epoxy Adhesive Film AS-3000 (a

10 trade name, mfd. by Hitachi Chemical Co., Ltd.), and
MCF-3000E (a trade name for a copper foil bonded to an
epoxy adhesive, mfd. by Hitachi Chemical Co., Ltd.).

The adhesive layer bonded to the copper foil
should be in semi-cured state, more in detail, in a
15 cured state of A stage or B stage, preferably B stage.
Preferable semi-cured state means a state
having no sticking property at 40°C or lower, and
providing adhesive strength of 0.8 kgf/cm or more after
multilayer lamination.

20 Such a semi-cured state can be determined
experimentally by selecting heating conditions, that
is, temperature and time.

In the step a), a hole having a diameter A
for evaluating flowing amount of the adhesive is

25 previously drilled. Between the step c¢) and the step
d), a diameter C of innerlayer circuit exposed to the
adhesive flowed into the hole is measured. The

necessary hole diameter B for drilling in the film



5 dissolving these inorganic fillers. As the single sided
copper-clad | am nate, there can be used a copper foil bonded to an

i nsul ati ng material (i.e. insulating |ayer) on one side thereof,

for exanple, a single sided copper foil-clad am nate 10 usi ng gl ass

cl ot h-epoxy resin, a single si ded copper~ 12 - foil- clad | am nate using a
flexible polyim ul ati ng

material, there®™ Egﬁrbeqh§88 be caiﬁﬁi%%%?lﬁﬂﬂﬂw%us bta eh Y
i mpr egnat i ng a rﬁézr:lfgt‘{éCA l}’t 2 noig dl%ge%e%%lﬁ%\%ﬁgl%;telsl{ﬁgwg gfi%v?:t.)ﬁéc

gl ass cloth, aresirm, non-reéinforce

flexi bl e films: oS! £ 1RRChALS AR (1S RSRicod. o B! grGLS and

cerami cs. eresin re can be use
resin, an epoxytphgsiBmifaRibl BEndeD §% %heanﬁ(?iﬂrﬁﬁﬂ %Hole dlaxﬁ&b%f‘ a

f1uori ne- containing resin, etc. I S possible to use these
insulating 5 nebBk8air Foili TRANSICHY ch catgf ytﬂilsf LOhciles twitl &5 dP | bt Ng
therein. 25 : As the adhesive, there can be used an epoxy

resin adhesive, satia€yythe ndimued hods diamegielryimsabssary forsin

adhesi ve, etc. Such an adhesive can be coated on one side
of connection can be selected. Further, such data can be

taken into consideration for determining the selection
of adhesive, the kind and amount of inorganic fillers,
10 and laminating conditions.

The holes for via holes can be formed by
punching, drilling, and the like conventional methods.
The diameter of the holes is that conventionally used
in the interlaminar connection of printed circuit

15 boards, for example, 0.1 mm to 1.5 mm.

In the step b), wherein lamination under
pressure with heating is conducted, the adhesive layer
flows out into the holes to make the hole diameter
(diameter C) for connecting to an innerlayer circuit

20 substrate smaller. Thus, provided that the difference
of (A-C) is equal to the flowing amount of the
adhesive, and the hole diameter D necessary for
connection is previously determined, the hole diameter
for drilling in the film material can be determined by

25 calculating D + (A - C).

For example, when the hole diameter A is 0.4
mm, the diameter C after lamination is 0.2 mm, the

flowing amount of adhesive (A-C) is 0.2 mm. If the



a copper foil or on an insulating | ayer side of a si ngl e sided copper

foil-clad | am nate by, for exanple, a roll coating nethod, a dip
coating nethod, a curtain coating nethod, etc. 5 It is
al so possible to use such an adhesive in the formof a filmand
bonded to a copper foil by Ianinatrnb3 - Such an

A s T
MCF- 3000E (a tr gg HH}ITE f%%hg %.&é'.l%q_f%% %eed d% qlgﬂ or mofg

adhesi ve, The adhesi ve

| ayer bonded to the coppeg (l}feoirdlnlm ﬁstage ¢ dBln SSHAe&Ly e‘?a’gtﬁe nor e

in detail, ina 15 curé ate o stage, pre ly B

st age. : experimeRta195 AR a38Ed CLHaﬁ&irﬁ} %&1&%@ fdédSsary
having no sticking property at 40[err]C or |ower, and provi di'ng
adhesi ve stgengEbrothe predi/ct) FormMyxangilie) connectibi | t B tARGE NPbLoN.
20 Such a sem -cured state can be determ ned

experinmental |y khjieseadc hysgereatiisng commbidtiiors, raésidtance at sthéenperature
and time. temperature and time of solder bath necessitated, or
conditions necessary for satisfying requirements from
users at maximum.
10 As the electroconductive paste used in the
'step d), there can be used a silver paste, etc.
The steps a) to e) can be repeated depending
on the number of multilayer required.
The multilayer printed circuit board can also
15 be produced by Process B, which comprises the steps of:
a. drilling holes on predetermined positions of
a film material made from a ultra-thin copper foil
formed on a carrier and having an insulating adhesive
layer with a cured state of A stage or B stage on the
20 copper foil,
b. laminating the hole-drilled film material on
an innerlayer circuit substrate so as to contact the
insulating adhesive layer with the innerlayer circuit
substrate and pressing with heating to give an integral
25 laminate,
c. removing the carrier from the laminate,
d. conducting electrical connection between a

circuit on the innerlayer circuit substrate and the



In the step a), a hole having a dianeter A for evaluating flow ng
anount of the adhesive is 25 previously drilled. Between the step ¢)

and the step d), a diameter C of innerlayer circuit exposed to the
adhesive flowed into the hole is neasured. The necessary hole
dianeter B for drilling in the film - 14

12 - mat eri al ate fromB—D reln-A
is a hole dlaﬁEFQPPF6r289§|G%tﬂ$? Spfal v1aéﬁﬁﬁ§ﬁélQ§|205mﬁ§
dianeter with a,reduce i ze ter the | aminat | an ]

mi ni mum hol e di éﬁegg‘ﬁ (%%i %&5&5& arf&rer Aot 0%& t%a’én‘?sm‘éf e%nv\,hi ch
do not sati sfy the ol ﬂﬁﬁﬁﬁﬁﬁi f

connection can %é sel ecte Qﬁﬁ%th%réigﬁz da a “can éﬁ? i%%pento
consi deration feg; geFQr@h@ quhhﬁm%@%?%l(ﬂ1 of adhesive, the kind and

anount of i nor ganl C l'ers am nati ng condi ti ons. _
The holes fgr via holes capebeifial MEdBial usedUting, s€p 14§ nGanapd the

| i ke conventional nethods. The dianeter of the holes is that
conventional |y psepared by kdatdnightaer liasulart iornriiefiveimpteri£I 6nr cuit

one side of a copper foil and laminating a carrier (or
reinforcing sheet material) such as a metal sheet or an
organic material sheet on the other side of the copper

10 foil, or coating an insulating adhesive material on a
copper foil side of a copper foil formed on a carrier
such as a metal sheet or organic material sheet.

As the carrier (or reinforcing sheet

material), there can be used a metal foil or an organic

15 material sheet having a large modulus of elasticity at
high temperatures. Examples of the metal foil are
metal foils made of copper, aluminum, etc., and metal
foils coated with an adhesive. Further, it is also
possible to use a copper foil on which one Or more

20 different metals are plated, for example, Peelable
Electrolytic Copper foil (a trade name, mfd. by
Furukawa Circuit Foil, Co., Ltd. a laminate of an
aluminum foil of 70 um thick and a copper foil of 5 um
thick), CCT Foil (a trade name, mfd. by Hitachi

25 Chemical Co., Ltd., a composite metal foil containing a
first copper layer which is to become a circuit and has
a roughness suitable for adhesion to other resin, an

intermediate layer of nickel-phosphorus alloy of 0.04



15 boards, for exanple, 0.1 mmto 1.5 mm In the step b),

wherei n | am nati on under pressure with heating is conducted, the
adhesi ve | ayer flows out into the holes to nake the hol e di aneter
(dianeter C) for connecting to an innerlayer circuit 20 substrate
smal l er. Thus, provided that the di fferente = of (A-C) is equal to the

fl owi ng anount of adhesi ve, and the hol e di.aneter e sary for
connection is pF%viogsPV HE%E i ABE, 8t FECRBMe CIPRGR daYer W. h%%h(hﬁ |ng

he fil be, d d_b l_cul
0 e T T SR CRRL DB a5 Dot 1o U Wl e D,
|amination i's Oggupgksthenetal EbeY BAiARPU hefh12 4N W &)t 0.2 rm

If the | anmet er

necessary for C@ﬂﬂéﬁitOﬂoh§d0a§dnﬁhsclosehh§ndU@ﬂﬂ‘ﬁ;ﬂﬁysgyﬂ||'Fukéﬁgkbe
0.5 mmor nore he m ni mum di aneter for connection can be

experimentad |y ephmples. oEaKbﬁgeﬁ'Oﬁﬂh.tU are 2OESSqAl tradd Aantd\e ifdAusy
for exanple, connection resistance for thermal hysteresis, connection

resistance at tmetsui MihefApesabmedtdnd Cong @tdsql davibaf fa rieqassit at ed,

o copper layer and an etchable aluminum layer), 40E9 (a
trade name, mfd. by Mitsui Mining & Smelting Co., Ltd.,
having a 9 um copper layer and a 70 um copper layer as

10 a carrier).

In any case, the thickness of copper foil is
preferably less than 12 ym and 0.5 pm or more. The
thickness of copper foil commercially available is 1 Mm
or more.

15 As the organic material sheet, there can be
used those made from polyimide, polyethylene
terephthalate, polypropylene, polyvinylidene chloride,
polyvinylidene fluoride, polytetrafluoroethylene,
polyvinyl alcohol, polyacrylonitrile, polyamide,

20 cellophane, etc.

As the insulating adhesive, there can be used
an epoxy resin adhesive, an acrylic modified resin
adhesive, a polyimide adhesive, etc.

The insulating adhesive layer should have a

25 cured state of A stage or B stage. In the Process B,
the cured state is preferably that having no sticking
property of 40°C or lower, and providing adhesive

strength of 0.6 kgf/cm or more after multilayer



conditions necessary for satisfying requirenents from users at

maxi mum 10 As the el ectroconductive paste used in the

step d), there can be used a silver paste, etc. The steps
a) to e) can be repeated depending on_t he nunmber of multilayer
required. The nultilayer“p*?nted circuit board can also 15
be produced by Process.B, which conprises the steps of: a.

drilling holes ﬁmbPﬁgéPBrnined positions of a filmmterial nade

froma ultra-thin copper £Qi . faroed on rrier..an vi g an

i nsul ating adhesive EPS e?“wﬁPﬁ“QagﬁPédas_s%éWﬁ=ﬂ&€§€§§§2ﬁ4¥3s;age on
the 20 coppegoffibbeially alailable, 'F3F 23 d NandL-frdtdsd ﬂ;#.é“
material on an |nner?ayer circuit substrate so as to contact the

i nsul ating adhegkvgsl3yen \Mnkh.t B§ HIRACHAY Shemilcal Ico., LtbUPstM@ke and
pressing with heating to give an integral 25 | am nat e, C.

removing the cagpper (hea@m bYeHidachdt €hemical ¢o., Ltd. CANBEPpery foil
el ectrical connection between a circuit on the innerlayer circuit
substrate and tbeated with an insulating adhesive).

The insulating adhesive layer can have a two
or more layers having difference cured states in order
to balance circuit filling properties and flowing

10 amount of the adhesive. Such a structure having two or
more layers can be obtained, for example, by coating a
varnish to give a first coating layer on a copper foil,
curing the coating to a cured state of B or C stage
with heating, followed by coating of a second coating

15 layer which is cured with heating under milder
conditions than before tc give a cured state of A or B
stage.

Alternatively, it is possible to use as the
first coating layer a flexible substrate or a layer

20 having less fluidity such as a rubber with a high
molecular weight, a phenoxy resin, an epoxy resin with
a high molecular weight, a resin having as a main
component a high molecular weight epoxy resin, etc.,
and to coat the second coating layer on the first

25 coating layer, followed by curing with heating to the A
or B stage.

In the present invention, the term A, B and C

stage means a degree of curing of the insulating



-. 14 - copper foil of the filmnmaterial via the holes forned I n
the filmmterial after renoval of the carrier, and . e. form ng
a circuit by processing the copper foil of the filmmterial. 5

The filmmaterial used in the step a) can he prepared by coating an

I nsul ati ng adhesive material on orie ¥{ de of a copper foil and

| am nating a cary e ng _sheet mater.ial) .such _as net a
sheet or an %?bgﬁlﬂaﬁﬁfé?i FOEHSE# §Ha?§3 SeRsy 4 ?i&é‘ t'cggﬁ%r

10 foil,

foil side of a ‘coppe

or 9£a§£§ e e%ﬂ%“La&g&geag@eéi%Ss%ahﬂ%hibdQ”d%t gelléi:f)per

carri nmet al sheet

or organic mategsal ?Hfgﬁed heat release of” P tt@)efZ‘{")"%r Ufert:h@rtcff?dlnfffgé:ﬂ ng

sheet

materi a ere can e used a netal an organic 15

mat erial sheet P@yéageavwﬁgefa?dahyingf elrast BCisithget means digthge of

t enper at ur es.

copper,
Furt her,
nor e 20

El ectrol ytic Copper foil (a trade nanme, nfd. by

Exanpl es of the netal foil are metal foils made of

al M nugligh€ly eiidedehal gelledf illightodt,e@nd Hindshadherdate.

t

is al so possi ble to use a copper foil on which one or

di f fesbeasaedsl 230ate pDat ed, ther texadpheatPaelldase value

Furukawa Circuit

Foil, Co., Ltd.ferlemrimge oThenC stageameansum BStageofof7 Cdnsidenaktiliyxk
a copper foil of 5 éerr]n1 thick), CCT Foil (a trade nane, nfd. by
Hi t achi cured and gelled, and finished heat release of 60 to

10

15

20

25

100% of the total heat release value for curing.

The insulating adhesive layer can be formed
by coating a varnish of adhesive on a copper foil or a
film, using a bar coater, a roll coater, etc., which
can provide an almost uniform thickness of coating with
scarcely producing craters and voids.

When electronic parts having a large heat
release amount are mounted, the insulating adhesive
layer may contain one or more inorganic fillers such as
alumina, silica, aluminum nitride, etc., in an amount
of preferably 50% by volume or less. With an increase
of adding amount of the inorganic filler, the heat
release property increases but fluidity of the adhesive
sheet is lowered at the same time, resulting in
lowering the adhesiveness between the copper foil and
the adhesive sheet. When the adding amount is more
than 50% by volume, it becomes impossible to obtain
sufficient solder heat resistant reliability.

The drilling holes can be carried out by

piling 1 to 40 sheets of the film materials and

and



25 Chemcal Co., Ltd., a conposite nmetal foil containing a first

copper layer which is to becone a circuit and has a roughness
suitable for adhesion to other resin, an i nternmedi ate | ayer of

ni ckel - phosphorus all oy of 0.04 - 15
- to 1.5 [err]mthick, and a secorid %%pper | ayer which has a

whol e, .sai d comn |te netm

ol l bzotg g;ﬁ%ﬁﬁﬁg asa?eéﬁl}lﬁbéégl holes AF g FiBar o i 14Ege
JP-A 5- 5 ._F . E

name, nfd. by) UEbtff%EU?lkFﬁlﬁﬁ m%%é %hﬁoﬁgg EogeﬁaéghgngﬁgJﬁgrr]m
copper layer a %%f{%fiﬁﬁggeltﬁﬁﬂ”%gﬂﬂ‘%@%SrlhaﬁOE% %ﬁeets qfifﬂ}sjnanﬁ

nfd. by Mtsui nT N n1copper
layer and a 70 i}f%fgp £& %EXSH aghetl lsaaC%%hH%hb to cause I'n
any case, the t ness o per foil is preferably | ess than 12
[err]mand £.5 ﬂ)ﬁéﬁiéihé)rlﬁnééattabfng in thBi aknesdiameteaPemnd oil
comercially available is 1 [err]m or nore. 15 As the
organi ¢ nateri ayjendegtiohhefefgan be used those made from pol yi m de,
pol yet hyl ene terepht hal ate, pol ypropyl ene, pol yvinylidene chlori de,

In the step b), the lamination under pressure
with heating can be carried out by é conventional
method. Pressing, vacuum pressing can be employed.

10 By using the carrier (or reinforcing sheet
material), the workability in the step of indexing at
the time of lamination can be improved. Particularly,
when a thin copper foil is used, good workability can
be maintained without causing curling of the copper

15 foil bonded to an insulating adhesive material. The
thickness of the carrier is preferably about 10 um to
200 pm.

In the step c), the carrier can be removed by
peeling or using a conventional chemical etching

20 soiution, e.g. containing KMnO, 20-90 g/litér and NaOH
or KOH 20 g/liter or more.

In the step d), the interlaminar connection
can be carried out by using a conductive paste,
plating, soldering, wire bonding, and the like method.

25 . The steps a) to e) of Process B can be
repeated depending on the number of multilayer
required.

In the above-mentioned Process B, when a



pol yvi nyl i dene fluoride, polytetrafluoroethylene, pol yvi nyl al cohol,

pol yacrylonitrile, polyamde, 20 cel | ophane, etc. As the
i nsul ati ng adhesi ve, there can be used an epoxy resin adhesive, an
acrylic nodified resin adhesive, a polyinide adhesi ve, etc.

The insul ati ng adhesi ve | ayer shoul d have Y2 - cured state of A stage or

B st age. In the ocC B, th t f abl that h
no sticki ng cusé+s§2$nﬁ§ea+aaofapm?e%3Ffi%% P DA inasi va.
strength of 0. 6.kalom 9L,FRLEA' bE" MY il Shterial a

- 16 - an 1 nsu |ng adhe5|ve

terial i I d
of AS Soo'()s(mdln%g??:??é%hé“éﬁem R e e TS Oy

Hi tachi Chem cabofRecthbfl- reimﬁ%@ﬂ@&yf%hh be enﬂaﬁaéajbytdbﬁﬁkdIﬁiﬁ?I'ng

adhesi ve) . The insul ati ng adhesive | ayer can have a
or nore |ayers Bp¥i Bflofhtf BFcREBesiled flloweds dut ARy holes ficx baiance

circuit filling properties and flow ng
holes. This Process C is particularly effective in the
production of multilayer printed circuit board without
using glass cloth.

As the éushion material, there can be used

10 paéer,'rubber sheet, silicone rubber sheet, various
film materials, for example, made from polypropylene,
polyethylene, polyvinylidene chloride, various
fluorine-containing materials such as pélytetrafluoro-
ethylene, etc. It is also possible to use a combina-

15 tion of materials selected from paper, rubber and
various thermoplastic £films.

The thickness of cushion material can be
determined from various conditions such as the
thickness of insulating adhesive material, lamination

20 temperature, lamination pressure, and the like.

The insulating adhesive layer should have a
cured state of A stage or B stage. As to the fluidity
of the adhesive resin, it is preferable to use an
adhesive material having a flowing amount converted to

25 an area changing rate of 0.2 to 5.0% when measured
under the conditions of from the coated state to cured

at 170°C/15 MPa/10 minutes. When the flowing amount

(or area changing rate) is less than 0.2%, the filling



10 amount of the adhesive. Such a structure havi ng two or nor e

| ayers can be obtained, for exanple, by coating a varnish to give a
first coating |l ayer on a copper foil, curing the coating to a cured
state of B or C stage . Wth heatlng, foll owed by coating of a second

coating 15 | ayer which is cured with ﬁe%ﬂlng under m | der
conditions than pefore to state

Al ternatively, ? §ga5%§5?ﬂ?ggt8°ﬁ§g°§grﬁhgn %Be anrrlagbéilndﬁﬁ%yer a
L Th o e S BlEafibe 2 hENPE i cEint NOWREnLCBINCE A WiTh dhd | 10D

with a hi Har e €noxy resin, an €poxy resin wth

a hi gh nDleCUlafl&@iﬂ amauﬁﬁsgarh§¥éagcﬁ§ng E%'Eate) iSO Rhah hi gh

nol ecul ar wei ght epoxy resin coat ‘t he second coati ng
layer on the figsgs, 2he E?ﬁébﬂ%k%@htrb‘l'lhﬁbe@;h@y dodd BE WH Maatd ng to

the A or B stage In thée present invention, the term
A, B and C5  bystR€eciiBRD6namdegirealofiscinisng fatciche i ﬁﬁﬂlﬂlﬁ]ﬂﬂg in
- 17 - adhesive material conventionally used in this art. The A

stage neans a stadesidtablpoehusnngr ddwerdhggdhnl deterlaminar connection
reliability due to the large oozing amount of the
resin. Further, when the fluidity is too large, the
reduction in thickness among layers becomes large,

10 resulting in undesirably lowering the insulating
reliability.

The thickness of the carrier (or reinforcing
sheet material) is preferably in the range of about 10
um to 200 um. When the thickness is too thin, con-

15 cretely less than 10 um, the effect for surface
smoothness becomes undesirably small. On the other
hand, when the thickness is too large, e.g. more than
200 pm, the fluidity of the cushion material is
prevented, resulting in making the oozing amount of the

20 resin larger due to non-control of oozing of the resin.
When the hole diameter is 200 um, the thickness of the
carrier of about 50 um is preferable.

According to the Process C, since the cushion
material flows into the holes so as prevent the flowing

25 of the carrier to the drilled holes for connection, the
oozing amount of the insulating adhesive material can
be reduced. Thus, it becomes possible to make the hole

diameter for interlaminar connection smaller. Further,



and finished heat release of 0 to 20% of the total heat rel ease val ue
for curing. The B stage neans a stage of 5 slightly cured and gell ed

slightly, and finished heat rel ease of 20 to 60% of the total heat
rel ease val ue for curing. The C stagg means a stage of considerably
cured and gell ed, and finished heat releés 1ot 60 to 100% of the

total heat rel ease vaLFe f curin atin
8rﬁi8

adhesi ve Iayer 24fcBe wing of §hgo§ﬂsﬁ‘d'°§ \%’rttﬂrsli?%b %&?W%‘%%e
- copper fol | gfﬁ% ed ROFQHOHS 39+ P ﬁﬂiﬁﬁﬁs %ﬂéﬁﬂf(¥ﬁgfﬂne$§ﬁh?s¥m'Ch

can provide an ormt |ckness o coatin scar ce

producing crateps £0d YBhds1ayld copper foi ) e 1o Wl Aol Schaving a

| ar ge heat ease anou are unte the i nsu atlng adhesi ve

| ayer may Contaiﬂsemstghgﬁaaﬁeb&9@gﬁﬁt@ﬁ@dﬂ ¥oS aBltd dmprove tdIN Na,
silica, alumnumnitride, etc., in an anount of preferably 50% by
vol unme or Isss. sﬂffacansma@tgasgs,zo of addi ng anbunt of the inorganic
filler, the heat rel ease property increases but fluidity of the
adhesi ve sheet is | anethe 2Ptroclesssae themednsndsatlimgiqadhesive

| owering the adhesi veness between the copper foil and t he adhesive
sheet. Wen t hematidriglaandncarsiesr cam2be duiddeBD®thytheo|same timdecones
i npossi ble to obtain sufficient solder heat resistant reliability.

The drilling hosestbat bbecaisregisgrapjion is rare and the cost for

drilling becomes smaller compared with the process of
10 lamination after individually drilling holes.

In the Process C, it is also possible to
repeat the steps a) to e) depending on the number of
multilayer required.

The present invention is illustrated by way

15 of the following Examples.

Example 1
A copper foil having an insulating adhesive
layer on one side as shown in Fig. 1A (commercially
available under a trade name of MCF-3000E mfd. by
20 Hitachi Chemical Co., Ltd.) was prepared by forming an
adhesive layer 2 of 50 pum thick containing a high
molecular weight epoxy polymer on a copper foil 1 of 18
um thick.
The flowing amount (A-C) of the adhesive of
25 the adhesive layer-added copper foil was 0.1 mm.
Then, holes for wvia holes having a diameter

of 0.3 mm were drilled as shown in Fig. 1B. The



plllng 1 to 40 sheets of the filmmaterials and

18 - drilling or punching holes at a tine. The larger the
nunber of piles becones, the nore inproved in working efficiently.
But when nore than 40 sheets of film naterials are piled, there is a

tendency to cause 5 probl ens in scatre??ng in the hol e dianmeter and

eneration of f| n the s , the Ian1nat|on und
gressure RpETHEA RS é&ﬁmﬁﬁeeaPﬁ9§§%5ﬂ§tﬁP Yhara 615

met hod. Pressinﬂp vacuum pressi ng can be enpl oyed. 10 By using
the carrier (or téinforcing sheet material), the morkability in the

step of indexing at ' .Of | _
Particul arly, when a t%lh%)h?:igﬁ%erﬁlgnl rﬁ% SQ:Exsegg{bl dé‘ipf {abl?? ?/rcan
be mai ntai ned %&Q@uaaﬁ&ualtegwsw I1Iaﬂﬁn<aftetd1%zp<aqpqrnne7r‘i_a ydPidiRopgded to an
I nsul ati ng adhesive materi al hi ckness of the carrier 1s

preferably @boubuﬁgtkaté]ﬂ1kﬁ form a%QQdﬂ%ﬁﬂd?er circuit. In the step
c), the carrier can be renoved by peel i ng or using a conventional
chem cal etching Then, the innerlayer circuit substrate and
the hole-drilled copper foil changing an adhesive layer
were pressed with heating to give an integral laminate.
As shown in Fig. 1D, the adhesive layer flowed into the
10 hole.
The surface of flowed adhesive layer 5 was
roughen by dipping in the following roughening solution

at 70°C for 3 minutes as shown in Fig. 1lE. In Fig. 1E,

numeral 6 denotes a roughened portion.

15 (Composition of roughening solution)
Sodium permanganate 70 g/liter
NaOH 40 g/liter

After conducting electroless plating for under-
coating as usual, electric copper plating was conducted
20 to the thickness of 25 um to finally form circuit as
shown in Fig. 1F by a conventional subtractive process.
In Fig. 1F, numeral 7 denotes an outer layer wiring and
numeral 8 denotes plating in the hole portion.
The resulting multilayer printed circuit
25 board showed no peeling or blisters of plating in the
hole portions even if immersed in a solder bath heated

at 260°C for 1 minute.



20 solution, e.g. containing KMhO4 20-90 g/liter and NaOH or KOH 20

g/liter or nore. In the step d), the interlam nar

connecti on can be carried out by using a conductive paste,

pl ati ng, soldering, wre bonding, and the %'ke met hod. 25 The
steps a) to e) of Process B can be r %eéted dependi ng on the nunber
of nmultilayer B ieqaired. In the above-nenti oned
Process B, when 22mP-€ - 19 - cushi on

material showing fluidity,w ate ' . fyr r.+J:am t he
filmmaterial and the AM%%&R%?I%?E? ???%SﬁtaghggFEa%a#ﬂg{5§§%§ég?b),

t he conneghyep ol bAB Likk G8"sHBWANIANSY DY Y Uidgibed byt he

anount of_adhe5|v omeq out into hol es for via _ rocess
Cis partlCU|arfarﬂiﬁ§CéhV8dh€sibé layer Qf@¢U§h|QﬂlQ&ﬂEﬂtddﬁﬁﬁﬂniﬂquEd

circuit board w thout usi ng gl ass cl oth. As the
cushi on mat%ri ahighhmotecahakewaigit £poxypapdymeruldirera dggder dikane
rubber sheet, various filmmaterials, for exanple, made from

pol ypropyl ene, of 18 pnl ybibkl ¢premmpaiojailiy adanidatiileonindier \sarimade
name of MCF-3000E mfd. by Hitachi Chemical Co., Ltd.).

The flowing amount (A-C) of the adhesive of
the adhesive layer-added copper foil was 0.3 mm.

10 Then, holes 3 for via holes having a diameter
of 1.0 mm were drilled using a punch machine as shown
in Fig. 2B. The minimum hole diameter necessary for
connection was 0.5 mm.

As shown in Fig. 2C, the hole-drilled copper-

15 clad laminate was laminated on an innerlayer circuit
substrate 4 to form an innerlayer circuit.

Then, the innerlayer circuit substrate and
the hole-drilled copper foil having an adhesive layer
were pressed with heating to give an integral laminate.

20 As shown in Fig. 1D, the adhesive layer flowed into the
hole. The flowed portion was roughened in the same
manner as described in Example 1.

Unnecessary portions of outer copper foil
were removed by etching to form surface wiring 7 (Fig.

25 2E).

Then, the hole portions and land portions
around the holes were selectively printed with a silver

paste 11 to conduct electrical connection between the



fl uori ne-containing materials such as polytetrafl uor o- et hyl ene, etc.
It is also possible to use a conbina- 15 tion of materials selected from

paper, rubber and various thernoplastic fil ns. The
t hi ckness of cushion nmaterial can be Iﬂet erm ned from vari ous
condi ti ons such as t he thi ckness of #hsTl at i ng adhesive material,

| am nati on nEerature Ianlngt §$ %r ssur,e, and .t he
e

The insul at i ng ’a%%g QgeFaVéFlgﬁoﬁP er layex &g e&%g A % hye or
B stage. As to the flui d'ﬁﬁ n th %Eshﬁ%liﬁhﬁ. {9 1 S%rnﬁ)tfltcnadne\";de%ﬂﬁf@l

to use an adhesi ve eri a avi n oW ng

an area changi ngos e,k ngaEEtédo%bwﬁerEhESﬂé‘ir Qhock testdieddh the

conditions of fromthe coated state to cure at 170[err|C/ 15 MPa/ 10
mnutes. Wen togmphewsag afPpBH in an 62N h'é%%e‘élh%"tglzm)“@tﬁ)r iss | ess than

0.2% the filling of
spaces anorg cosdu6h@sSahd theni dippedyéh wated of normalbe;cémmature
insufficient. On the other hand, when the fl ow ng amount (or area

changing rate) fernbreetbads as onk. &¥clehe antlf eepealiticgni2®Idyaiged he ooze
of the resin the raising rates of connection resistance of the outer
layer wiring and the innerlayer wiring were within 10%,
and the connection reliability at the hole portions was
10 sufficient.
Fig. 3 is a cross-sectional view explaining
the stage wherein an adhesive resin is flowed into a
hole at the time of lamination under pressure with
heating. In Fig. 3, numeral 9 denotes a cured insulat-
15 ing adhesive layer, numeral 10 denotes an innerlayer
wiring, and numerals 1, 4 and 5 are as defined above.
As mentioned above, the Process A can produce

- multilayer printed circuit boards sufficient in elec-

trical connection between layers.

20 Example 3
An adhesive 2 containing an epoxy resin
having a high moleéular weight of 100,000 or more was
coated on the copper foil surface of Peelable
Electrolytic Copper Foil (a trade name, mfd. by
25 Furﬁkawa Circuit Foil Co., Ltd. having an ultra-thin
copper foil 1 of 5 uym thick on a carrier of aluminum

sheet 12, shown in Fig. 6A) as shown in Fig. 6B so as



5 by the cushion materjial is insufficient, resulting in undesi rably

causing lowering in interlam nar connection reliability due to the
| arge oozi ng amount of the resin. Further, when the fluidity is too
| arge, the reduction in thickness ampng | ayers becones |arge, 10
resulting in undesirably |owering the inEu?%tTng reliability.

The t hi ckness of the carrie r ei,nf orci erial

. heet '
preferably in tﬁ%.géﬁﬁeanaéng%Vfolayer °Fgﬁﬁrﬁﬁ<¥ 5 [%53]%ﬁml) Q£FQhe
t hi ck is t t hi -1 t el h . . th ffect
for surface  (B-BBgRTnasNopRustals, Foby Bl BE, thiiaR. (1P 1o
hand, when the thickness hg Eﬂ%ﬁh@&ﬂeFiﬁugﬁcﬁoﬁ%l B for viddhdfLslm the
i 5

fluidity of the cushion materia prevented, resulting I n nmaking
the oozing anduphy9hqt BedidReterediN 0.2 gR Wl t@-iNARscontrol of oozing of

the resin. When the hole dianeter is 200 [err]m the thickness of the
carrier of mbout 50 [err]msi shewal ¢halligy. 6D, a copper-claCimingtéo the
Process C, since the cushion material flows into the holes so as
prevent the flowfng.32mm thfickhescanr iiemero direwdt |dusbtrdtes 4 oras
connection, the oozi ng anount of the insulating adhesive material can

be reduced. Thupreparbdcends spbJecitled to fommationaife innerlajemet er for
i nterlam nar connection snmaller. Further,
wiring by a conventional etched foil process.
As shown in Fig. 6E, a pair of the hole-

10 drilled copper foil having an adhesive layer thereon
and the innerlayer circuit substrate were laminated and
pressed under a pressure of 25 kgf/cm? with heating at
170°C for 60 minutes to givé an integral laminate. In
Fig. 6E, numeral 13 denotes a via hole.

15 As shown in Fig. 6F, a through hole 3 was
drilled, and the aluminum sheet as a carrier was
mechanically peeled as shown in Fig. 6G, followed by
smear-removing treatment using a solution containing a
permanganate and an alkali, plating to deposit a

20 plating metal of 20 um thick, forming an etching
resist, and removal of unnecessary copper by etching to

give a circuit board having a conductor with line/space

of 60 pm.

Comparative Example 1
25 The process of Example 3 was repeated except
for using a copper foil of 12 pm thick in place of

Peelable Electrolytic Copper foil. But, the copper



-. 21 - since the flowing of the cushion material into non-hole

drilled portion of the carrier is small, the unevenness of the

i nnerl ayer copper foil can be flattened by the i nsul ati ng adhesi ve
material so as to inprove the 5 sur face_snoot hness. In
the Process C, the insulating adhesive -~ 26 materi al and carrier can be
drilled at the hat the m sregistratjon is rare and the
cost for g?gi #ﬂ&lﬁgcﬁhﬁsaéﬁﬁﬁFEP r SRS U (ﬁ%&%;?ﬂ 10

| am nation after | ing _hal In the
Process C, it i§°ﬁ §8¥p§§§#h¥3 b°1e n% Eganﬁﬁﬂiﬂ}eps a) to e) depending
on the nunber of mul tilayer required. The present
invention is illustrated by way 15 of the follow ng Exanpl es.

Example 1 Comparative”EX2RPBEEe 0i | having an insul ating adhesive

| ayer on one side as shown 1n Ffg. 1A (commercially avai |l abl e under a
trade name of MCF-3000E nige Bfoc%gs oﬁ' El@h%ﬂh%% Yepeatdd .ax o
prepared by form ng an adhesi ve | ayer of 50 [err]mthick containing

a high 5 for using a copper foil of 18 um thick in place of the
copper foil used in Comparative Example 1. No curling
took place, but it wés impossible to obtain a high
density wiring of line/space of 60 um/60 um.

As mentioned above, according to the Process
10 B, the multilayer printed circuit boards having a high
wiring density can be produced with higher working

efficiency.

Example 4
A multilayer printed circuit board was
15 produced by the following steps (1) to (8).
(1) On a copper foil of 18 um, an epoxy resin
adhesive was coated so as to give a film thickness of
70 ym after dried, followed by drying at 130°C for 10
minutes to give an copper foil having an insulating
20 adhesive layer thereon. The flowing amount of the
resin of adhesive material was 0.3%.
(2) The copper foil having the insulating
adhesive layer was further laminated with a sticking
sheet made from polyethylenetetraphthalate as a carrier
25 (film thickness 70 pm).

(3) The resulting laminate was drilled to form



nol ecul ar wei ght epoxy polynmer on a copper foil 1 of 18 [err] mthick.
The fl ow ng anmount (A-C) of the adhesive of 25 t he adhesi ve | ayer-added

copper foil was 0.1 mm Then, holes for via holes having a
di aneter of 0.3 mmwere drilled as sngn in Fig. 1B. The
- 22 - m ni mrum hol e di aneter necesSafy Tor connection was 0.15

nmm shown in Fi.g._ 1C the hole-drilled copper-

clad | aninate \/\Bglﬁﬁﬁ&ﬁﬁ é&tgﬁqﬁlﬁ'%erqomc%i%JHVln% a Cfé‘ﬁﬁ%t rate 4 to
forman innerl ayer. circuit. Then, the innerlayer circuit
substrate and éﬁamg{t % I?E)fl g—'&rm'ed copper foil changing an adhesive |ayer

were pressed w heat i ng Al.0 ;0i ' Ala1 ang th &s o
Fig. 1D, the ad Iggive Iayg‘trs Sv\{\lggq'l%rrlft %Ia'?%re ] ﬁg:fiéfe ylendSt£1RV6s The

oS« bughASTRARCENEN e sy on ey dottrauag ohe
Fig. 1E. |ns5Fi gthéEadhesivenwiatiedial -Ganeicied dopisenBsi Pprwhdch was
laminated on an innerlayer circuit substrate having a
copper foil circuit thickness of 18 um, and subjected
to pressing at 30 kgf/cm? and 170°C for 1 hour to give
an integral laminate.
10 (5) The polyethyleneterephthalate sticking sheet
used as a carrier was peeled off.
(6) The copper foil surface was subjected to
polishing, washing and plating pre-treatment.
(7) Interlaminar connection between the upper and
15 lower circuits was conducted by copper plating.

(8) Unnecessary portions of surface copper foil

were removed by etching to form the desired circuit.

Example 5
The process of Example 4 was repeated except

20 for using a composite copper foil obtained by coating

on a copper foil of 18 um thick as a first coating

layer an epoxy resin adhesive in 70 pm thickness after

dried at 150°C for 10 minutes, and as a second coating

layer an epoxy resin adhesive so as to make the total
25 thickness of the first and second coating layers 140 um

after dried at 130°C for 10 minutes.

The flowing amount of the resin in the second



15 *(Composition of roughening solution) Sodi um per manganat e

70 g/liter NaCH - 40 g/liter
After conducting electroless plating for under- coating as usual,

el ectric copper plating was conducted 20 to the thickness of 25 [err]m
to finally formcircuit as shown iR ?pgf 1F by a conventi onal

subtractive process., In Fig. nuneral 7 denotes an outer |ayer
wiring and coﬁiﬁgﬁaﬂageﬁéﬁﬁﬁgg'éﬁgting in the hole portion

The resulting multilayer printed circuit 25 board showed no peeling or
blisters of plating in the hol e portions even if imrersed in a sol der

bat h heat ed 6Q[err]C for 1 mnute. -
- 23 - Exg§gﬁ@l% $ A copper foil having an insul ating

adhesi ve | ayer on oRe 149 13 P r ted | & rfi ¥aSodF&PRaed by
form ng an adhesive layer 2 of 50 [err]mthick containing a 5 hi gh

nol ecul ar meighbr@agﬁgdpgbymﬁé(5byidwmﬁgwsﬁé§§ @) to (®f.18 [err]mthick
(comrercially avail abl e under a trade nane of MCF-3000E nfd. by
Hi tachi Chepical(1§o., LtdOn a Peelable Electrdikyiioviopperoboil (faC) of
t he adhesive of '
trade name, mfd. by Furukawa Circuit Foil Co., Ltd.)
having a thickness of 79 um (a first layer 70 um, a
second layer of copper 9 um), an epoxy resin adhesive
was coated so as to make the thickness 70 um after
10 dried at 130°C for 10 minutes to give a copper foil
having an insulating adhesive material. The flowing
amount of the resin of adhesive material was 0.3%.
(2) The copper foil having the insulating
adhesive layer was drilled to form holes for
15 interlaminar connection having a hole diameter of 0.2
mm.
(3) As a cushion material, a polyethylene film of
150 um thick was laminated on the copper foil side of
the adhesive material-attached copper foil, which was
20 laminated on an innerlayer circuit substrate having a
copper foil circuit thickness of 18 um, and subjected
to pressing at 30 kgf/cm? at 170°C for 1 hour to give
an integral laminate.
(4) The first copper layer was peeled off.
25 (5) Interlaminar connection between the copper

and lower circuits was conducted by copper plating.

(6) Unnecessary portions of surface copper foil



the adhesi ve | ayer-added copper foil was 0.3 mm 10 Then,

holes 3 for via holes having a dianeter of 1.0 mmwere drilled using
a punch machi ne as shown in Fig. 2B. The m ni num hol e di aneter
necessary for connection was 0.5 mMm As shown in Fig.

2C, the hole-drilled copper- 15 clad ta#?nate was | aninated on an
I nnerl ayer circuit sybstrate_4 to form-an inneslayer. circuit.
Then, the innerVﬁyﬁrr€WP¥GHtg§U3§FF&P€ §ﬁhf®rm thﬁuﬁéﬁﬂ%ﬁQﬂ?*?ﬁﬂFEbpper
foil having an adhesive | ayer were pressed with heating to give an
Integral lamnate. 20 As shown in Fig. 1D, the adhesive |ayer flowed
thxflomed portion was roughened in the sane
[

into the
Safio1]

manner as descri anple 1. _ Unnecessary portions of
outer copper foil wgr ﬁu&%msgérbbﬁh%@dﬂ%ﬂ&ﬁ% Boukd aggs Wi ring 7
(Fig. 25 2E) . Then, "the hol e portions and | and portions

around the hol epr¥gaaee8ebgciheelrib1owingd stidps § 19 lneer(6) . paste 11 to
conduct el ectrical connection between the
- 24 - 5 (1) A copper foil having an insulating adhesive .
layer was prepared by using a composite metal foil CCT
Foil (a trade name, mfd. by Hitachi Chemical Co., Ltd.
having a first copper layer of 5 um thick to be formed
into a circuit having a surface roughness suitable for
10 adhering to a resin, an intermediate layer of Ni-P
alloy of 0.4 um thick and a second copper layer of 20
pum thick) and coating an epoxy resin adhesive on the
CCT Foil so as to make the film thickness 70 um after
dried at 130°C for 10 minutes. The flowing amount of
15 the resin of adhesive material was 0.3%.
(2) The copper foil having the insulating
adhesive layer was drilled to form holes for inter-
laminar connection having a hole diameter of 0.2 mm.
(3) As a cushion material, a polyethylene film of
20 150 pm thick was laminated on the copper foil side of
the adhesive material-attached copper foil, which was
laminated on an innerlayer circuit substrate having a
copper foil circuit thickness of 18 um, and subjected
to pressing at 30 kgf/cm? at 170°C for 1 hour to give
25 an integral laminate.

(4) The second copper layer was removed by

etching.



i.nnerlayer wiring and the outer layer wiring (Fig. 2F).

When the resulting nmultilayer printed circuit board was subjected to
a thermal shock test wherein the sanpl e was di pped in an oil heated
at 260[err]C for 5 5 seconds and then dipped in water of nornmal
tenperature for 5 seconds as one ch?@ ~and repeating 20 cycles

the raising rate

of connection resistance of .the_oyter Ling
and t he innerla§§P wiringt %@FEEﬁFPHPﬁ ﬁ@%PeCtlonaﬂﬁ#WQﬁP(ﬁhﬁmﬂﬁg and
reliability at the hole |on fICI " Fi g.
3 is a cross- segf?VSﬁaFlﬁ %gm?f%ﬁldu%teds PI;agge %er e1% an adhesi ve

resinis flowed into a hoIe at the tinme of | am nati on under pressure
W th heating. In Fig. 3, nuneral 9 denotes a cured insulat- 15 i ng
adhesi ve | ayer, Rggggéﬁhelgxgﬁﬁgbpq an innerlayer wiring, and nunerals
1, 4 and 5 are as defined above. As nentioned above, the
Process A can produce TheMprocese lo O HxMA Cid G d Jﬁé}f’éﬂ&:&l’éiééﬂ)@m in
el ec- trical connection between |ayers. 20 Exanpl e 3

An adhesi ve52 c@branbitngsingepbey cagdiier. havi ng a hi gh nol ecul ar

wei ght of 100, 000 or nore was coated on the copper foil surface of
Peel abl e El ectrolytic Copper Foil (a trade nane, nfd. by

Reference Example 2
The process of Example 6 was repeated except

for not using the cushion material.

Reference Example 3
10 The process of Example 4 was repeated except

for not using the carrier and the cushion material.

Comparative Example 3
The process of Example 6 was repeated except
for using the adhesive sheet having the flowing amount

15 of the resin of 0.1%.

Comparative Example 4
The process of Example 6 was repeated except
for using the adhesive sheet having the flowing amount

of the resin of 7%.

20 The multilayer printed circuit boards

produced above were subjected to the following tests.



25 ‘Furukawa Circuit Foil Co., Ltd. having an ultra-thin copper foi

1 of 5 [errlmthick on a carrier of alum num sheet 12, shown in Fig.
6A) as shown in Fig. 6B so as - 25 -
to give an adhesive layer of 50 [err]mthick and sem -cured

(B-stage). No curling took place at this~tdher As shown in

Fig. 6C, holes 3 for. via holes havi ng a dianeter of 0.3 mmwere
drilled. 5 [Surface poe¥gBRRsSE] Frig. 6D, a copper-clad | amnate

of 0.3 mmthick as an i nn%ﬁﬁﬁéﬁfﬁ‘t&%"s%g"re%‘%é ‘gﬁazs measuzpé&q?iﬁgﬁﬁgéjched

subjected to formation of WTing by a conventli

foi | ' h ' ' , i {s le- 10
[i11ed copper PofFERaTRn5 i aReEs At s i A ¥ diBerglfeel ©

drilled copper Tt e layer thereon

innerlayer circgbtwadsthal aiWRest! pOrtaicd a3 the 1owWdRS FIHLHBIE wds
pressure of 25 kgf/cn2 with héating at 170[err] C for 60 mnutes to
give an integralekafblabg. the surface @nevenndis®®er@m)l3 denotes a via hole.
15 As shown in Fig. 6F, a through hole 3 was drilled, and
t he al um num sheet as a carrier was mechani cal ly peel ed as shown in
Fig. 6G followed by snmear-renoving treatnent using a solution

containing a [Dozing amount]

An adhesive sheet having a hole of 0.2 mm in
diameter was laminated on a circuit substrate and the
distance of oozed or flowed adhesive material into the

10 hole after lamination at 170°C under 30 Kgf/cm? for 1

hour was measured (um).

[Generation of voids]

No generation of voids having a diameter of
10 ym or more between the lower copper foil and the

15 insulating adhesive material observed by a microscope

was evaluated as "good".

When voids having a diameter of 10 um or more
were generated, it was evaluated as "no good".

The results of the tests are shown in Table

20 1.



per menganate and an alkali, plating to deposit a 20 pl ati ng netal of 20

[err]mthick, form ng an etching resist, and renoval of unnecessary
copper by etching to give a circuit board having a conductor with

| i ne/ space of 60 [errm : Conparative Exanple 1 25

The process of Exanple 3 was repeated exCeB? = for using a copper foi
of 12 [err]mthick in place of Peel abl e El ectrol ytic Copper foil.
But, the copper - 26 - f ol
havi ng the adhesive |ayer was curled to 'Ietf) conduct drilling
hol es and | am nati on. Conpar at i ve Exanpl e 2 The

process of Exanple 3 was repeated except 5 for using a copper foil of 18

[err] mthick i nppase—at—the= SSEe—iy S==tH SeE——Cofpat—atye —Exanpl e

1. No curling t ook pl ace, Burfidcevas | npogskhhg to [ohtanerathbbgh
density wiring pExanpdesprece pf uh@veaneksl 60 [ eampant of Aq
menti oned abovef according to] the Pumgess (um) voids
Example 4 9 44 Good
" 5 7 : 32 Good
" 6 9 30 Good “
" 7 10 30 Good
Reference
Example 1 18 45 Good
" 2 8 80 No good
i
" 3 8 80 No good
Comparative
Example 3 17 30 No good
" 4 8 100 No good




10 B, the nultilayer printed circuit - -boards having a high W ring

density can be produced w th hi gher working efficiency.

Exanpl e 4 A multilayer printed circuit board was 15
produced by the followi ng steps (1) to (8) (1) On a copper

foil of 18 [err]m an epoxy resin adh®sTve was coat ed so as to give a
filmthickness of 7 errlmafter fal l pwed b dr t
130[err]C for 10 ni%ﬁL8§ 8 gF?etQﬁ égﬁf 5f i 8 i ng

20  adhesive |a eéé Qg&%ggoppggefeéﬁ 'A% % aﬁ%ené&igylt e éé;

adhesi ve mat eri &% e copper avi ng

| at d | Clal
sheet ‘made frori B3| SEPRETCHEELLTRL Lo éiigﬁ’éjé’% Bl Rt dpd a0
thickness 70 [efgkl) - Furthekd) it becokd® %%‘élltﬁl@ ﬂ@@dﬁﬁ efi’i'?é witidgd to

form hol es for
i nterlam nag coppgebvel RAYchscailkolf®rming pﬁd@@ﬂﬁﬂésﬁoﬂ)dhﬁém layer (4)

As a cushion material, a polyethylene film of
circuits. Thus, miniaturization of multilayer printed
circuit boards and lowering in generation of defective-
ness can be attained.
Further, even if the cost for film may

10 increase, the indexing for composing the press is not
necessary, and thus the increase of production cost can
be reduced to a remarkably low level. In addition,
even if the steps for laminating the carrier and
peeling of the carrier may be added, these steps can be

15 automated, resulting in giving almost no influence on

the processing time.



150 [*ferr]mthick was | am nated on the copper foil side of 5 _the adhesive

—_—

mat eri al -attached copper foil, which was | am nat ed on an innerl ayer
circuit substrate having a copper foil ci rcwumﬂ“‘ﬂmﬁﬂum‘&g
[err]m and subjected to pressing gt3§0_kgf/ : | rr]C for
1 hour to give an integral lamnate.” 10 (59 ¢ * tThe

polyethy1eneterggﬂ&hg#abgﬁgwggk& sheet used as a carrier was peel ed
of f. (6) he copper toil surface was subjected to

l'ishi , washipng and pl ati - 1 3 : I I nar
pol i shing shpng Pl &l s fr&a};ﬁ‘?:ﬂiucxng a ﬂgftllﬁiﬁﬁ%gx’é{%

connection between the upper and 15 ower cilrculits was _
copper plating. circuit(8pard, whilemecoupHisdd i Bxetis S f ace copper foil
were renmoved by etching to formthe desired circuit. Exanpl e 5

The process of &xanple 4 dadlidngahedeaxedpipredterntineadsipis ft LONPOSE t €
copper foil obtained by coating on a copper foil of 18 [err]mthick
as a first coatéanfilm mateajel abtejmed fowm sadhisgile sided) dappéra

t hi ckness after dried at 150[err]C for 10 minutes, and as a second
coating | ayef AAmdpake hayipga@medingalading asihegdee Hayer withs

t hi ckness of the first and second coating |ayers 140 [err]m cafter
dried at 130[ er ?] BUF6A Baken@fcd stage or QIStage'Hﬂaqq(iﬂﬁﬁﬂQﬁﬁﬂmt of

the resin in thfa%%%Oggrface, or a film material obtained by forming

an insulating adhesive layer with a cured state of A
stage or B stage on one side of a copper foil,

b. laminating the hole-drilled film material on
an innerlayer circuit substrate so as to contact the
insulating adhesive layer with the innerlayer circuit
substrate and pressing with heating to give an integral
laminate,

c. roughening surfaces of the insulating
adhesive layer flowed into the holes at the time of
lamination under pressure and heating,_

d. conducting electrical connection between a
circuit on the innerlayer circuit substrate and the
copper portion or foil of the film material by plating
inner walls of the holes or filling the holes with an
electroconductive paste, and

e. forming a circuit by processing the copper
foil of the film material.

2. A process according to Claim 1, wherein the
roughening step is conducted by using an aqueous

solution containing a permanganate salt, or chromic



-, 28 -
mul til ayer

printed circuit board was

coating layer was 0.3% Exanpl e 6

prmﬁme&TT”WﬁTTa—owrm st

A
eps

(1) to (6). 5 (1) On a Peel abl e Electro “H[W“ (a

trade nane, nfd. by Furukawa Circuit Foil : g“ m“ W

t hickness of 79 [err]m (a first layer 707 L stcond* Iayer of
copper 9 [err] p resin hesi ve mas coated so as to nmke

t he thickness g%cfgr?fngg¥P % %% ‘dried at 130[err]C for 10 minutes to
give a copper fail a Aasive MRk A n THige

fl ow ng : a?munt of t eﬁkggfggo?%gka mat er%; E‘F was 0. 30}6n_ (2)
The copper f oi |1H§M1991haeaaﬁéuh%l Neyer usefadflexslt\&l é(/j\fisc&ittéi&g to
form hol es for i ntérlam nar coniection having a hole aneter of 0.2
nm (3) one ofSmareUshbegaflteriidllers Pantetihd eftudhdiimg step 150
[err]mthick was | am nated on the copper foil side of t he adhesive

mat eri al - attachegl &sppendheitked by asingsa treating solution containing

an acid or an alkali.

4. A process according to Claim 3, wherein the
inorganic filler is selected from the group consisting
of glass powder, calcium carbonate, magnesium calcium
carbonate, and calcium silicate, and the treating
solution contains hydrogen fluoride, hydrochloric acid,
sulfuric acid or sodium hydroxide.

5. A process according to Claim 1, wherein in
the step a), a hole for evaluating a flowing amouht of
adhesive and having a diameter of A is formed previ-
ously, and during the step c¢) and step d), a diameter C
for innerlayer circuit free from the adhesive flowed
into the hole is measured, and considering the minimum
hole diameter D necessary for electrical connection,
the hole diameter to be formed in the film material is
determined from D + (A -~ C).

6. A process for producing a multilayer printed
circuit board, which comprises the steps of:

a. drilling holes on predetermined positions of
a film material made from a ultra-thin copper foil
formed on a carrier and having an insulating adhesive
layer with a cured state of A stage or B stage on the

copper foil,



_—

20 ‘lam nated on an innerlayer circuit substrate Vi Ng. a copper
foil circuit thickness of 18 [err]m and subj ect eHm" mﬂmﬂumﬁﬁmng at 30
kgf/cmerr] at 170[err]C for 1 hour to give Sack sI nat e.

(4) The first copper |ayer was peeleg off. 25 (5) ¥

I nterl am nar connection between the coppeér 6 - and |l ower circuits was
gﬁpf;ggegoggefoggﬂ Plati iminating Phe hole-dMATRP ¥ ¥R AL O P on
removed by etching. I . e ' ' ﬁﬁﬁﬂ% 7

A multilayer prlaﬁt & ?lglg'ﬂ;ig?i ?%&%ﬁl&a%ﬂg&a%ﬁ ot ucaesd tb%/ the %?I%I\}\neng
steps (1) to (6)pgylatinglhdhesive 150RAEWiItH |t HRVidibAThydls Uk BEeaSL
adhesi ve ayer was prepareg-by sing a conposite netal foil CCT
Foil (a trade nagpsthte RMdHPr¥EYinf it he@tind-ttb give amaivhfégpalirst
copper layer of 5 [err]mthick to be Tornmed Into a circuit having a
surface roughnegamsuattahl e for 10 adhering to a resin, an internedi ate

| ayer of Ni-P alloy of 0.4 [errmthick and a second copper |ayer of
20 [ err] met.hi ck) andemostiingg tdre eponiersiromdiiesi lamimatag

wer e

d. conducting electrical connection between a
circuit on the innerlayer circuit substrate and the
copper foil of the film material via the holes formed
in the film material after removal of the carrier, and
e. forming a circuit by processing the copper
foil of the film material.

7. A process according to Claim 6, wherein the
thickness of ultra-thin copper foil is less than 12 um.
8. A process according to Claim 6, wherein the
carrier is a copper foil, an aluminum foil or a resin
film.

9. A process according to Claim 6, wherein the
carrier is removed by peeling.

10; A process according to Claim 6, wherein the
carrier is removed by using a chemical etching
solution.

11. A process according to Claim 6, wherein in
the step b), a cushion material is further laminéted on
the film material and the innerlayer circuit substrate.
12. | A process according to Claim 11, wherein the
cushion material is a sheet of paper, a rubber sheet, a

silicon rubber sheet, a polypropylene film, a poly-



CCT Foil so as to nake the filmthickness 70 [err]mafter a

[ t
130[err]C for 10 m nutes. The flow ng anount of 15 Umﬂl umt“! IE{iI'esi ve
material was 0.3% (2) The copper foil ha ¢ L e ng

*

adhesive layer was drilled to formholes for inter- | am nar
connection having a hole diameter of 0.2-m&7 - (3) As a cushion

7
terial, I hy| gl f 0 ., 150, hi | am nat ed
The copper 1 b | SEMIieE £118, 4 pOkELIX L dghel Pal Onfda cBime opBor foi |
whi ch wa am_nated on .an innerlaver_gcircyit bstrate having a
co:oper f?)i | ci rcgiiutortlﬁ’lec'lgr?& ](ﬂ‘i% 'T%‘F%ﬁe]rﬁf;#dﬂ%bjsgctsed _ VIt ogpr essi ng
at 30 kgf/cnfernl; at 170[%#@1%4&& (]]aé%!édix? 9LyCc14Pm 180 Mgéggiﬂ' the
| am nat e. (34') € second copper SFayer was renbve y

etching. adhesive layer bonded to the filmUmaterial has a
I nterl am nar connection between the upper and lower circults was

conduct ed by cogpewiRi@tdnitthnt of 0.2 Redesepee Exanple 1
The process of Exanple 4 was repeated except



5 for

not using the carrier.

The process of Exanple 6 was repeated except

cushi on materi al

of Exanple 4 was repeated except

cushion.materi al .
of Exanple 6 wagp

Ref erence Exanple 3 10
Bot using the carrier

for
Conmparative Exa

Ref erence Exanpl e

for

i
SHEET HAS BEEN |
e e |

and the
The process

usi ng the adhesi ve sheet haV|ng

the flow ng ano
The process of
sheet having th
The multil ayer
to the follow n

ARPARRE P HER Dascrgsts,
I
o lowng Shonerocees B

e resin

Conpar ative Exanple 4
roducin%?a{ f@?@ﬁ%& adhesi ve

printed eitrewit BRANYS compriTRAVEST PR hIBLE FLPI SELed

g tests.
holes in a composite film material containing at least

a copper foil and an insulating half-cured adhesive
layer, laminating the resulting film material on an
innerlayer circuit substrate, ad electrically
connecting an innerlayer circuit with an outer layer
copper foil, when an adhesive resin flowed into the
holes is roughened, or when a composite film material
having a copper foil of less than 12 um thick formed on
a carrier is used, or a special cushion material is
further laminated on the laminate of the innerlayer
circuit substrate and the film material, electrical
connection reliability is enhanced and circuit density

can be increased with easy steps.
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-.31 - [ Surface unevenness] The surface unevenness
was neasured by using a surface roughness neter and the | evel

di fference bet ween the hi ghest portion and the | owest portion was 5
defined as the surface unevenness ([err]n. [ Dozi ng anount ]

‘An adhesi ve sheet having a hole of 0.2 n di aneter was | am nated
on a circuit substrate and the di S{ance of oozed or flowed adhesive
material into the 10 hole after |am nation at 170[err]C under 30
Kgf/cmerr] for 1 hour was neasured ([err]nm. [ Generation of
voi ds] No generation of voids having a dianmeter of 10
[err]mor nore bet ween the | ower copper foil and the 15 i nsul ati ng
adhesive material observed by a m croscope was eval uated as "good".
When voids having a diameter of 10 [err]mor nore were generated, it
was eval uated as "no good". _ The results of the tegts are

shown in Table 20  F|G. 1A [T
| . RS \2
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-.32 - . Table 1 ‘surf ace

Qozi ng Ceneration Exanple No.  unevenness anount of
([err]m : ([err]m voi ds Exanpl e 4 9

44 Good " 5 7 : 32 Good

6 9 30 ' ' " 7 10

30 Good  Reference Exanplgqgg’s 18 45

Good " 2 8 : No good " 3

8 80 No good Conparatlve Exanpl e 3 17

30 No good 4. 8 100 No good
- 33 - According to the Process C, unevenness of t he

innerl ayer copper foil .can be flattened by the insul at-
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i ng adhesive material to inprove the surface snoot h- ness. Further,

it becones possible to formfine wiring 5 inproved in circuit formng
properties of outer |ayer circuits. Thus, .mniaturization of
mul tilayer printed circuit boards and Iomerlng in generation of
defecti ve- ness can be attai ned. Further, even if the
cost for filmmy 10 i ncrease, the F%déélng for conposing the press is
not necessary, and.thus the increase of production cost can be
reduced to a remarkably low level. In addition, even if the steps for
| am nating the carrier and peel i ¢5 tlye carrier may be added, these
steps can be 15. automated, resulti ngq " gi%i ng al nost no influence on
the processing tine. - WHAT IS CLAIMED IS: 1. A process for
producing a multilayer printed circuit board, whidh conprises the steps
of :  a. drilling holes on predeterpy¥ged posiytions of a film
mat eri al obtained froma si ngl g-si4es péﬂkfwg?géZZ?ninate havi ng an
i nsul ating adhesive layer with .\\\\\~\~:~FQ\\ ool -9

Pz

—10

7 ///// e

FIG. 5




a-cured state of A stage or B stage on an insulating |ayer surface, or a
filmmaterial obtained by forming an insulating adhesive |layer with a
cured state of A stage or B stage on one side of a copper foil, b.

| am nating the hole-drilled filmmterial on an innerlayer circuit
substrate so as to contact the insul at4z adhesive layer with the

I nnerlayer circuit substrate and press ??-vmth heating to give an integral

| am nate, c. rougheni ng surfaces of the insulating adhesive |ayer
flowed into the holes.at the tinme of |am nation under pressure and
heating, d. conducting el ectrical -connection between a circuit on
the innerlayer circuit substrate and the copper portion or 20| | of the
film mat ef@(@}’%tl wIIIAAAI»A,II.})JIAW‘,I»JA:I‘IA i ng the hol es
with an afII’CUIt by

processin the cop foil of thefllmmaterlal 2. A process
(7 7T 77T 77T T I T L LT ondugt ed by using an
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-35 - acid or both of them 3. A process according to Caiml,
wherein the insulating adhesive layer used in the step a) contains one or
nmore inorganic fillers, and the roughening step <c¢) is conducted by using a
treating solution containing an acid or an alkali. 4. A process
according to Gaim3, wherein the inogankc filler is selected fromthe
group consisting of glass powder, calcium carbonate, nmagnesium cal ci um
carbonate, and calciumsilicate, and the treating solution contains
hydrogen fluoride, hydrochloric acid, sulfuric acid or sodi um hydr oxi de.

5. A process according to Cla|n11 wherein in the step a), a hole
for evaluating a flow ng anount of g? ve nd having a dianeter of Ais
formed previ- ously, and during the E G) fand step d), a diameter C for
innerlayer circuit free fromthe adhesive flowed into the hole is

measur ed, and considering the m ninmum hol e diag D necessary. for

el ectrical connection, the hoIe dlaneter to be'{ormed inZhe filmmateria
is. determined fromD + (A - i

mul til ayer printed C|rCU|tf%§w zy' ﬂZaézVNh
drilling holes on predeter

A ECCOND
\ 422K§a SN2

Steps of : a.

FIG. 8
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“a, il mpmaterial made fron1a ultra-thin copper foil  fornmed on a carrier and
havi ng an insul ating adhesive layer wWith a cured sta "
stage,.on the copper foil, REPLAGE%ENTBHEET
| amingting the hole- drilled filmmateriak an- an i nnenll aye? GcMARIIGSH
‘substrate so as to contact the insulating adhesi ve | dypatewi.t.h..t.he.ooeeen
innerlayer circuit substrate and pressing with heating=te=grve—an-tntegr al
| am nate;, c. renoving the carrier fromthe |amnate, d.

conducting electrical connection between a circuit on the innerlayer .
circuit substrate and the copper foil of the filmmaterial via the holes
formed  in the filﬂw PRODUGING ¢UDYVRIAYER BRINTERICIREUIT BOkkD €.
forming a circuit rocessing the co %er foil of the filmmaterial. 7.
A process accor®f Eg URP 2P BF Emﬁ@V@NE PHe thickness of uItra thin copper
foil is less than 12 [er| %
wherein the carrier is a

ess .accordin a|n16

Bl o ChveBELonARRLAEER i FRICIRESS |

producing multilayer prlnted circuit boards.
Higher densification of multilayer printed

5 circuit boards is generally_attained by an increase of
circuit layers. But when the circuit layers are'simply
increased, the number of through-holes for connecting
circuits of individual layers increases with an
increase of areas of the through-holes, resulting in

10 lowering in capacity for forming circuits. In order to
avoid such a disadvantage, there.is proposed a process
for forming holes for connection on only the portions
necessary for cénnection to provide "via holes".

For example, there is proposéd a process for

15 produéing a multilayer printed'circuit board comprising
drilling holes for via holes in a single sided copper-
clad laminate having a semi—cured'insulating adhesive
layer on an insulatihg layer side, or a copper foil
having a éemi-cured insﬁlating adhesive layer on one

20 side thereof, laminating the resulting hole-drilled |

| sheét on aﬁ innerlayer circuit substrate uﬁder pressure
with heating to give an inﬁegral laminate, aﬁd if
necessary, drilling through-holes, ahd_plating the
holes for via holes and through—holes.'.This process

25 has an advantage in that connecting holes for inner-



film 9. A process according to Claim6, wherei nitW‘LWMEMTSLEE?

renoved by peeling. 10. A process according to Caimé6 &hﬁ{ in the

carrier is renoved by using a cheni cal etching solutlo? Da@t? ..... o
|-

process according to Caim6, wherein in= 8fe=step
is further | am natBeCESs FoH, PROD NGB L LAYER BRINTRD | GIREVI L BOARD i i t

substrate. STR—’%QTpIQ?cﬁgE m%go d ai m 11 V\/nerel n the cushion

material is a sheet of paper a rubber Eheet & I con i%bE sheet, a
pol ypr opyl ene film a pol 'a process for pro uc.mg ayer hyI ene

1m0l ngidens oo A e LAgT4REr EORLEARIRN PRt

ayer bonded to nbes' ma”%to%rsoayl&asfﬁm ¥ PLa PRYRL 2 Ph1 B2 at12a0%
-a copper foil and an insulating half-cured adhesive
layer, laminating the resulfing film material on an
inneriayer circuit substrate, ad electrically
eonnecting an innerlayer circuit with an outer.laYer
copper foil, when an adhesive resin flowed into the
holes is rougﬁened, or when a composite film material
having a copper foil of less than 12 um thick formed on;
a carrier is used, or a.special cushion material is
further laminated on the laminate of the innerlayer
circuit substrate and the film material, electrical
connection reliability is enhanced and circuit density

can be increased with easy steps.

Figure 6A-6H




