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METHOD FOR PRODUCI NG VIAS N THE MANUFACTURE OF ' o éj

PRI NTED W RI NG BOARDS FIELD OF THE | NVENTION 5

The present invention relates to a nethod of making nult|}$@&ér
printed wiring boards, nore particularly, to a method wherein a via
hole is easily forned in the mul ti-layer printed wiring board using a
| aser, while | mprovi ng the adhesi oh between an out er W ring made from
10 plated copper (a copper layer) and an insulating resin (a
thernosetting resin |ayer) which is present between the outer wiring
and the inner wiring BACKGROUND OF THE | NVENTION 15

As el ectronic tﬁ:ﬂ#%@%e@ﬁ@@&’% | ¥EASN LN | JEr MANUFAGTURE OF

hi gher-performance, it is necessary to_reduce_the wi dth of wiring
lines and the di aneter of th@gggggﬁ%+§§gl§§—%¥¥¥ﬂ£%onnect | ayers in
multi-layer printed wring boards. It is extremely difficult to use
mechanical 20 drilling to form hol es bel ow about 200 [err] mdi aneter, and

| asers have been used to nake 893+ﬁ A car bon di oxi de
| aser can form holes at high ' subst ances, such as
epoxy resgn and pol yi m de resip. Such |asers have_ been mndel used in
maki ng The present invention relates to a method of making

multi-layer printed wiring boards, more particularly, to

a method wherein a via hole is easily formed in the

multi-layer printed wiring board using a laser, while

improving the adhesion between an outer wiring made from

10 plated copper (a copper layer) and an insulating resin

(a thermosetting resin layer) which is present between

the outer wiring and the inner wiring.

BACKGROUND OF THE INVENTION

15 As electronic equipment becomes smaller and lighter
with higher-performance, it is necessary to reduce the
width of wiring lines and the diameter of the wvia holes
which connect layers in multi-layer printed wiring
boards. It is extremely difficult to use mechanical

20 drilling to form holes below about 200 um diameter, and
lasers have been used to make such small holes.

A carbon dioxide laser can form holes at high speed

in organic substances, such as epoxy resin and polyimide
resin. Such lasers have been widely used in making

25 printed wiring boards. Forming holes in thick copper



25 printed wiring boards. Formng holes in thick copper

2 foil is difficult, however, because the copper foi

reflects the | aser beam To solve this problem as di sclosed in
Japanese Patent Publication No. 4-3676, a hole is etched through the
copper foil having the sane 5 dianeter_as the via hole to be nmade. Then,
the | aser beamis used to formthe %ole through the organic

substrat e, with the beam di amet er bei ng | arger than that of the via
hol e. In the nethod of Japanese Patent Publication No. 4- 10
3676, since it is necessary that a hole having the sane di aneter is

et ched t hrouglfotiheisogpéfifolt, Haordwmed dpcause ther adppernfodth t he | aser
beamto formthe. via hole, etching nust be done twice, i.e., first,

for form ng treflectsvihehbhser ro¢dre. cApevolfva Ithdsdprebtemd, agor form ng
the 15 wring pattern. The repeated etching in such a process

results in a sdsctvseldosia OJépiriesk (Rdterdty PubBliizatdynbio. 4-36T6ppared with
t he use of conventional nechani cal drilling wherein the etching is

done only oncgolehdak eSched thréwdh ftHdndupgdie fuill haviagt eha. s&at her nore,
it is not 20 easy to etch a hole in an outer wiring so as to align

the hol e v§ thaianetepads BREAVSE KBTI B0 3L Wales Then, akh@ni&Sér| S
required. I n anot her process, the faces of an inner

beam is used to form the hole through the organic
substrate, with the beam diameter being large£ than that
of the via hole.
In the method of Japanese Patent Publication No. 4-
10 3676, since it is necessary that a hole having the same
diameter is etched through the copper foil, followed by
irradiating with the laser beam to form the via hole,
etching must be done twice, i.e., first, for forming the
via hole in the copper foil and, second, for forming the
15 wiring pattern. The repeated etching in such a process
results in a serious loss of productivity. fhis may be
compared with the use of conventional mechanical
drilling wherein the etching is done only once, that is,
for forming the wiring pattern. Furthermore, it is not
20 easy to etch a hole in an outer wiring so as to align
the hole with inner pad, because highly accurate
alignment is required.
In another process, the faces of an inner

insulating layer board which have inner wiring patterns

25 are coated with an insulating resin, holes are formed in



i nsul ating | ayer board which have inner wiring patterns 25 are coated
with an insulating resin, holes are forned in the resin
by the | aser beam and then the resin surfaces are directly plated

Wi th copper to forman outer copper | ayer. Only a single |ayer of
copper is deposited. In this process, however, it is necessary to
roughen the 5 surfaces of the insulat¥ng resin |layers fornmed by

applying the insulating resin to obtain acceptable adhesi ve strength
bet ween the pl ated copper and the insul ating resin |ayer.. Roughening
of the insulating resin surfaces often cannot provide sufficient
adhesi ve 10thet resgnhbyetheckazeie kespperaridydiengfitet hesinsshufaces

resin | ayer. . The present invention solves the above probl ens of
the prior arereaddrprolydeiabedrvcds cdopemdld fgrmikni outer coépger print ed
Wi ring boards, in which via holes are 15 easily formed with a | aser, and
adhesi on bet Vegert heOnly aosimgleiayer it tampperodsedeprentefie plmt ed

copper | ayer and the insulating resin | ayer between the outer wring
pattern and thési precess| i hgweatt erit iis inguemsedy to 2Oughen the
SUMVARY OF THE | NVENTI ON The inventors earnestly studied the

above prdbl eserfaces of the insulating resin lavers formed by
applying the insulating resin to obtain acceptable
adhesive strength between the plated copper and the
insulating resin layer. Roughening of the insulating
resin surfaces often cannot provide sufficient adhesive
10 strength between the copper layer and the insulating
resin layer.

The present invention solves the above problems of
the prior art, and provides a process for making multi-
layer printed wiring boards; in which via holes are

15 easily formed with a laser, and adhesion between the
outer wiring pattern formed from the plated copper layer
and the insulating resin layer between the outer wiring

pattern and the inner wiring pattern is improved.

20 SUMMARY OF THE INVENTION

The inventors earnestly studied the above problems
associated with the prior art and have found that a hole
can be formed quickly in the outer layer of copper layer

and the insulating resin layer without damaging the



associated wth the prior art and have found that a hole can be forned

quickly in the outer |ayer of copper |ayer and the insulating resin

| ayer without damagi ng the 4
inner wring pattern by the nethod of making a nulti- | ayer printed
Wi ring board in which an inner core conprising an inner wring
pattern and an outer |ayer of copfler foil are lamnated with an
organi ¢ insul ating 5 resin | ayer between the inner wiring pattern and the
outer layer of copper foil to forma nulti-Ilayer board (a), avia
hole is fornmed on the nulti-layer board (a) by irradiating with the

| aser beam amnéhevimimg pattern by thef metppdr of omdkimgl 4 mexlitiner circuit
pattern are 10 . electrically connected to each other by depositing

copper on thelayétiptiyesd hoarichg bpardvingwhliehvaa iher core Wwherein the
t hi ckness of said outer |ayer of copper foil IS no nore than a

speci fic thi ckomssiainty st dintiexr Rdlrdng pattiesnf antedn i subet N 88&ird oFut er

| ayer of copper foil and 15 said insulating resin |ayer sinmultaneously by

irradiating wébppér | BSEI DeAManineieahtiyhaagabbginic inswWifdimde | aser. The
present invention has been nmade on the basis of the findings.

That is, she peshoch dwér BEdWER thel HhnkayQiridg pQEté‘h@Chﬂ& rdqeg board of
t he pr esent invention is one in

outer layer of copper foil to form a multi-layer board
(a), a via hole is formed on the”multi—layer board (a)
by irradiating with the laser beam, and the outer layer
of copper foil and the inner circuit pattern are

10 electrically connected to each other by depositing
copper on the multi-layer board (b) having the wvia hole,
wherein the thickness of said outer layer of copper foil
is no more than_a specific thickness and said via hole
is formed in both said outer layer of copper foil and

15 said insulating resin layer simultaneously by
irradiating with a laser beam, preferably a éarbon
dioxide laser. The present invention has been made on
the basis of the findings.

That is, the method for making a multi-layer

20 printed wiring board of the present invention is one in
which an inner core comprising an inner wiring pattern
and an outer layer of copper foil are laminated with an
insulating resin layer between the inner wiring pattern
and the outer layer of copper foil to form a multi-layer

25 board (a), a via hole is formed on the multi-layer board



whi ch an inner core conprising an inner wiring pattern and an outer

| ayer of copper foil are lamnated with an i nsul ating resin |ayer
between the inner wiring pattern and the outer |ayer of copper foil to
forma nmulti-layer 25 board (a), a via hole is forned on the nulti-Iayer
boar d 5 (a) by irradiating
with a | aser beam and the outer éopper foil and the inner wring
pattern are el ectrically connected to each other by depositing

copper on the nulti-layer board (b) having the via hol e, - wherei n the
thi ckness of said outer copper foil is no nore than about 7 [err]m
preferably r@)mdre itheadiiating waEp) |y larewalRkepmheandi hgessitier no nore

t han one-fifth of the thickness of said jnner wiring pattern, and

sai d via holS®RReY orfedl i napet h 1% d RS CBPPERIf oPRELETD g@Fesai d
insulating resin |layer sinultaneoysly b 0O irradjati with a | aser
beam prefereiﬁciF3‘%*}‘%f%i'rjbvonconneclifa xi%?e gégér other by d%%OSltlng BRI EF

DESCRI PTI ON OF THE DRAW NGS . Fi q. h t i , f
bonel bl ot PR BPotEEs e haaver aobart ElyerhiRe: EhbLidg hoar d”

( ( ing a nu yer W rihg board in
accordance Wy, t %e@éﬁ?@hé MEU s of said odtidk Siteps
(i)-(vi)Sof @apattern plating process or sem -additi've process for

meking a militd no more than about 7 um, preferably no more than 4
um, and also the thickness is no more than one-fifth
of the thickness of said inner wiring pattern, and
saild via hole is formed in both said outer copper foil
and said insulating resin layer simultaneously by

10

irradiating with a laser beam, preferably a carbon

dioxide laser.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 shows steps (i)~{v) of a panel plating
15 process for making a multi-layer printed wiring board in
accordance with the present invention.
Fig. 2 shows steps (i)~(vi) of a pattern plating
process or semi-additive process for making a multi-
layer printed wiring board in accordance with the

20 present invention.

DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

The method for producing multi-layer wiring board
according to the present invention will be described

25 Dbelow with referring to Figs. 1 and 2.



| ayer printed wiring board in accordance with the 20 present invention.
DESCRI PTI ON OF | LLUSTRATI VE EMBODI MENTS The nethod for producing
mul ti-layer wiring board according to the present invention will be
described 25 belowwth referring to Figs. 1 and 2. _
Fig. 1 shows steps of a panel plating prqocess for - meking a
multi-layer printed wiring board in accoPdance with the present .
i nvention. Fig. 2 shows steps of a pattern plating process for making
a nmulti-layer printed 5 board, in accordance with the present. invention.
I n these Figs. 1 and 2, there are shown copper foil 1, _
insul ating resin | & 4, shewsr seepsngf patpanel (Riatuig process $ori nner
resin layer 4, viia hole 5 outer copper |ayer 6, outer wiring pattern
(circuit) 7, ewdting & evildi-lagepaprénhed widimnddard in accordahaoet he
met hod for preparing multi-printed wiring boards according to the
present inventwith the giresent invention: | aFby. ashbwsa)stiepspoépar ed by
| am nating an inner core conprising an inner wiring pattern 3 and an
outer 15 | aysattedrma pdepiery pebtedswEdh makixiganinulivisllaglerngrinted | ayer
2 between the inner wiring pattern and the outer
S5 board, in accordance with the present invention. 1In
these Figs. 1 and 2, there are shown copper foil 1,
insulating resin layer 2, inner'Wiring pattern (circuit)
3, inner resin layer 4, via hole 5, outer copper layer
6, outer wiring pattern (circuit) 7, etching resist
10 pattern 8 and pad 9.
In the method for preparing multi-printed wiring
boards according to the present invention, first, a
multi-layer board (a) is prepared by laminating an inner
core comprising an inner wiring pattern 3 and an outer
15 layer of a copper foil 1 with an organic insulating
layer 2 between the inner wiring pattern and the outer
layer of copper foil (see Fig. 1(i)). The inner core
shown in Fig. 1(i) comprises two inner wiring patterns 3
and an inner resin layer 4.
20 The lamination of the inner core comprising the
inner wiring pattern 3 and the outer layer of copper
foil 1 with the insulating resin layer 2 is carried out,
for example, by the following procedure.

1) A thermosetting resin varnish is applied on a

25 surface of an outer layer of ultrathin copper foil



| ayer of copper foil (see Fig. 1(i)). The inner core shown in Fig.

1(i) conprises two inner wiring patterns 3 and an inner resin |ayer
4. 20 The lam nation of the inner core conprising the i nner
wiring pattern 3 and the outer |ayer of copper foil 1 with the
insulating resin layer 2 is carried out, for exanple, by the

fol |l ow ng procedure. 1) A t her noset t | ng resin varnish is
applied on a 25 surface of an outer layer of ultrathin copper foil
supported by a carrier (a supporting nenber) in which the outer |ayer
of ultrathin coppeerfed| bhavicarmaier (a dupmkiteissy oleniseAOr tharey [err]m
preferably no nore than 4 [err]mand al so the thickness is no nore

t han one- the | pufeat laex hpéknedsratthithecbpper vigilnghpathgrmis 5

| am nated on the, carrier %f or exanple, a supporting metal foil)

havi ng an or gamMCkReeaseE| HPermaks fohaR 7 umy her¢ferabbet tbngnaxesi n | ayer
heated 0 aap (EHRlandes thio HSIERI Fone nEranthsre st 10 a
base pol ymer orie TherbddtidEeY oF CHEIMRRR, AigH % FOR ST (for
T Rer can be- PPriEY, og, crell I, M EHELL B sl iing The

metal foil) having an organic release layer to form
the thermosetting resin layer (insulating resin layer)
2. Then, the thermosetting resin layer 2 is heated
at a temperature of 140-150°C for 5-20 minutes to

10 a semi-cured state (B-stage) to prepare a composite
copper foil. As a base polymer of the thermosetting
resin varnish, epoxy resin (for example, Epicoate 1001,
produced by Yuka Shell Co., Ltd.) and the like, can be
used. The thermosetting resin varnish for forming the

[5 thermosetting resin layer 2 may be an epoxy resin
composition which contains the epoxy resin,
dicyandiamide as a hardener, a hardening accelerator
(for example, 2E4MZ, produced by Shikoku Kasei Co.,
Ltd.), and methyl ethyl ketone as a solvent. The epoxy

20 resin composition can be prepared by appropriately
mixing the above components. Alternatively, as the
thermosetting resin layer, a prepreg made by
impregnating with thermosetting resin, a fiber matrix,
such as glass cloth, aramide paper, or the like, or a

25 thermosetting resin film can be used. The thickness of



15 thernosetting resin layer 2 may be an epoxy resin conposition

whi ch contains the epoxy resin, di cyandi am de as a hardener, a

har deni ng accel erat or (for exanple, 2E4AMZ, produced by Shi koku Kasei
Co., Ltd.), and nethyl ethyl ketone as a solvent. The epoxy 20 resin
conposition can be prepared by appropriately m xi ng the above )
conponents. Alternatively, as the & hernpsetting resin |layer, a prepreg
made by i npregnating with thernosetting resin, a fiber matrix,

such as glass cloth, aram de paper, or the like, or a 25 thernosetting
resin filmcan be used. The thickness of

8 t hehéhehapsesét hipnd esdgid dysfer? 2i 4 sppek€eabbyyi in aa radgee of
20-200 [err]m . If the thernosetting resin layer 2 is t hi nner than 20

[err]m suffbeigot200tenl ayef dHws Wiiimkedtdng resiadhggére sigength cannot
be obtained. If the 5 thernosetting resin layer 2 is thicker than 200

[err]m it thinnks €hdhizelin! GdfFiBidnt dnkekeahayi DAs@1SFBIA Lianmeter.
The coated conposite copper foil having the t hernosetting resin |ayer

2 in the Se”haﬁééﬁgesééééhééh cannoﬂﬁﬁ%p%iﬁgi%%dQ”eIQV;Héth of the opposite
faces of the 10 inner core 4 so as to allow the resin side of the

CONpOSi t & COPRgEmbLELL 1Ry PRedined A% 2 bandithd chdce cnbhiefog 1ym, d@minated by
heati ng and pressing at a tenperature of about 150-200[err]C.
is difficult to form a via hole having a small diameter.
The coatéd composite copper foil having the
thermosetting resin layer 2 in the semi-cured state is
disposed on one or both of the opposite faces of the
10 inner core 4 so as to allow the resin side of the
composite copper foil to be used as a bonding face, then
laminated by heating and pressing at a temperature of
about 150-200°C.
Next, from the multi-layer board thus obtained, the
1S5 carrier is removed, for example, by peeling off or
etching to obtain a multi-layer board (a) as shown in
Fig. 1(1i).
2) Alternatively, the multi-layer board in Fig.
1(i) can be made by applyving the thermosetting resin on
20 the outer layer of copper foil without a carrier in the
same manner as described above, said copper foil having
a thickness of no less than 7um, laminating the copper
foil on one or both opposite faces of the inner core,
followed by heat-pressing, and then partially dissolving

25 the copper foil by etching to reduce the thickness of



Next, fromthe multi-layer board thus obtained, the 15 <carrier is

renoved, for exanple, by peeling off or etching to obtain a

mul ti-layer board (a) as shown in Fig. 1(i). 2)
Alternatively, the nulti-layer board in Fig. 1(i) can be made by
applying the thernosetting resin on 20 the outer layer of copper foil-
Wi thout a carrier in the same manfer as descri bed above, said copper
foil having a thickness of no less than 7[err]m |am nating the
copper foil on one or both opposite faces of the inner core,

foll owed by heat-pressing, and then partially dissolving 25 t he copper
foil by etCh'Bﬂetéhfé¥“¥é§éf“bﬁI@dﬁ%@§s§ogﬁ to 7 um_or less and the

9 the outer layer of copper foil to 7 [err]mor |less and the

t hi ckness of po. npre th one-fif of the.t of t he i nner

Wi ring patterﬁhlc eSS rméfwreT%%aﬁuPpl-Fégéﬁ ga} i HSGeSE O can al so
be 5 made by, ap the thernosetting resin on an outer | ayer of
copper foil m% ﬁm% qf%ﬁlq913ﬁ¥ &°&8ne nmanner as descri bed above,

sai d copper foil V|n a thickness not. |l ess, than 7p m nati ng
t he copper foil o gr e mulgd Byﬁroﬁﬁﬁggténfgf%s bl 1ren ﬁgéP g&re
followed hy 10 ressin V|n the carrier I{ et ching or

peel i ng off, %ﬁﬁet Y30 | %ﬂt SPGPRGEHYY X SR f1 oute

layer of copper foil with a carrier in the same manner

as described above, said copper foil having a thickness
of not less than 7pm, laminating the copper foil on one
or both opposite faces of the inner core, followed by

10 heat-pressing, removing the carrier by etching or
peeling off, and then partially dissolving by etching teo
reduce the thickness of the outer layer of copper foil
to 4 um or less and the thickness is no more than one-
fifth of the thickness of the inner wiring pattern.

15 In this connection, although ultrathin copper foil
having a thickness of 7 um or less may be used without
using a carrier, it is difficult to handle the copper
foil without causing wrinkles or creases. Also, it is
generally difficult to obtain the ultrathin copper foil

20 without a carrier when the foil has a thickness of 7 pm
or less.

In the present invention, the thickness of the
copper foil for the outer layer should be no more than 7

pm and the thickness is no more than one-fifth of the

25 thickness of the inner wiring pattern. If the thickness



reduce the thickness of the outer |ayer of copper foil to 4 pmor |ess
and the thickness is no nore than one- fifth of the thickness of the
inner wiring pattern. 15 In this connection, although ultrathin
copper foil having a thickness of 7 [err]mor |less may be used w thout
using a carrier, it is difficult to handle the copper foil wthout
causing winkles or creases. Also, it i@ generally difficult to obtain
the ultrathin copper foil 20 wthout a carrier when the foil has a

t hi ckness of 7[err]m or |ess. In the present invention, the
t hi ckness of the copper foil for the outer |layer should be no nore
than 7 ph dmel ¢depehifokinessads aso timer eutkanloverfekeceeds ardme- 25

t hi ckness of the inner wiring pattern. |f the thickness

10 ofiftie chHppes Froidr wsied ngs peltéegut enokayelty exiseeds one-

fifth of the inner wiring pattern, not only the insulating resin |ayer
but al so t heihswestimg irgsipatisaray but adse dasadgedewheir frog paxgcexrrhol e with
a | aser beam 5 particularly a carbon dioxide | aser beam in the outer

| ayer of copgee dandgeddihdis Uadiniing edionel ayeh at 1a8ér beam, sane tine. |f
the thickness of the copper foil exceeds 7[err]m many burrs are

producedsi n paet DeliBirl@yLercdfbon dioxGeRPehskel bedi! i g thé aslhiedd on with
the | aser beam 10 which results in an unstable hol e shape.

layer of copper foil and insulating resin layer at the

same time. If the thickness of the copper foil exceeds

7 um, many burrs are produced in the outer layer of
copper foil during irradiation with the laser beam,

10 which results in an unstable hole shape.

As the thickness of the outer layer of copper foil
is increased, the energy supplied by the laser for
forming a hole must be increased. The increased energy
supply increases temperature. As a result, the resin

15 between the outer layer of copper foil and the inner
wiring pattern may be badly damaged. It is possible to
increase the thickness of the inner wiring patterns to
diffuse heat but, when the inner wiring patterns have a
thickness exceeding 35 pm, if thickness of the outer

20 layer of copper foil exceeds 7 um, the energy applied to
the resin becomes too large and a periphery of the via
hole swells. This swelling is caused by melting and
thermal decomposition of the resin and is not desirable,
because it can be a reason to reject the printed wiring

25 Dboard. Therefore, the thickness of the outer layer of

copper foil should be no more than 7 um and the



As the thickness of the outer |ayer of copper foil I's increased, the

energy supplied by the | aser for

formng a hole nust be increased.

The increased energy supply increases tenperature. As a result, the
resin 15 between the outer layer of copper foil and the inner W ring
pattern may be badly damaged. It is pOSflb|e to I ncrease the thickness
of the inner wiring patterns to fuse heat but, when the inner

Wi ring patterns have a . t hi ckness exceedi ng 35 [err]nr i f thickness of
the outer 20 | ayer of copper foil exceeds 7 [err]m the energy applied
to the resin beconmes too |large and a periphery of the via hol e

swel | s.

of the resin and i s not desirabl e,

Thi s tbhekneag is mausere Wharelanend ifitdh of thet hbigkhegecehposition

because it can be a reason to

reject the thﬁteﬂnﬁFr¢h§CUQES board Therefore t he thi ckness of the
| ayer of ?iﬁ shoul d he nore_than 7 err m and t he
Fi

outer

t hi ckness is no nﬁ?etPﬁa

circuits

resi n adhesi ve

aranid p%perlggFanaflﬁeéggﬁgg pmﬁggogb%g b”Tgﬁ%gggﬁgont SQ uc%% é%

Ltd.),

‘pro yHi

or thﬁupont Co., Ltd.), epoxy resin adhesive film (e.g.,

10

15

20

25

"AS3000, " produced by Hitachi-Kasei Co., Ltd.}, or the
like may be used.

The coated composite copper foil which is produced
by applying a resin to the copper foil of the composite
may be used as described above. Various thermosetting
resins, such as epoxy, polyimide, polyphenylene ether,
BT resin, and the like may be used as the resin. For
general use multi-layer printed wiring boards, epoxy
resin is the most suitable, considering both the cost
and performance.

As the inner resin layer 4 in the present
invention, there can be used various types of insulating
layers, such as glass-epoxy, glass-polyimide, glass-
polvester, aramid-epoxy, composites, and the like. It
is necessary that the inner wiring pattern of the inner
core on which the outer layer of copper foil is
laminated with the resin has a thickness not less than
five times of that of the outer layer of copper foil.
If the thickness of the inner wiring pattern is less
than five times of that of the ultrathin copper foil,

the inner wiring pattern cannot stand the heat generated

g Fetin H@Ytem ERkeSONging the {pnelner
) . t I f bondi t he i
O orieif PARChEE MR R EED L Lhebondi g, Lhsed

nner
nat ed
epoxy



| i ke may be used. The coated conposite copper foil which is
produced 10 by applying a resin to the copper foil of the conposite

may be used as descri bed above. Various thernopsetting resins, such as
epoxy, polyim de, pol yphenyl ene ether BT resin, and the |jke may be
used as the resin. For gener al eégulti-layer printed wring boards,
epoxy 15 resin is the nost suitable, nsi deri ng both the cost and
per f or mance. As the inner resin layer 4 in the present

i nvention, there can be used various types of insulating -l ayers, such
as gl ass-epoxy, glass-polyimde, glass- ester ar am d- epoxy,
conposi t es, é%ﬁ ieadigkdng mith a 1a§§rn€§§§sg P¥Ra thele @Rek @eri ng
pattern of the i-nner on which the outer #gy of co er foil is
| ami nat ed witf t?ﬁ?t%&u9P9u¥§§%n€hpéﬁﬁ§§§ il 4 P%s?a@ amaged times of
that of the outer.|ayer_ of. c er f.ol.l %% t he thrckqess of _the inner
W ring patter f st Fesin ]u]nggr l%?eth‘ﬁtrlcﬁg 55 " I8Ki n
copper foiI swell t he i nner mnrlng pattern cannot stand the heat generated
12 rrradiating with a |aser beamto forma hole and, as a

eou e ooy e Sadh damie o ARS i et

of copper foil 1 and the insulating resin layer 6
simultaneously by irradiating the multi-layer board (a)
as shown in the Fig. 1(1) with the laser beam to form a
multi-layer board (b) having a hole (See Fig. 1(ii)). A

10 carbon dioxide laser is preferably used, but the
invention is not especially limited to this laser. A
desmearing treatment can be applied, if necessary, after
forming the hole by irradiating with the laser beam.

After forming each via hole 5, the multi-layer

15 board (b) having the hole is subjected to electroless
plating using a copper pyrophosphate plating solution
(for example, OPC-750 electroless copper plating
solution, produced by Ckuno Seivaku Co., Ltd.), at a
solution temperature of 20-25°C, for 15-20 minutes to

20 form a layer of electroless copper having a thickness of
approximately 0.1 um. The electroless copper layer is
formed also on the resin surface of each via hole 5.
Thereafter, an electroplating solution including 30-100
g/L of copper and 50-200 g/L of sulfuric acid at a

25 temperature of 30-80°C with a cathode current density of



5 The via holes 6 are forned in both the outer |ayer of copper

foil 1 and the insulating resin |ayer 6 si mul taneously by irradiating
the nulti-layer board (a) as shown in the Fig. 1(i) with the |aser
beamto forma mul ti-layer board (b) having a hole (See Fig. |(ii)).
A 10 carbon dioxide laser is preferably used, but the “invention is
not especially limted to this |aser. 13 desnearing treatnent can be
applied, if necessary, after formng the hole by irradiating with the
| aser beam After formng each via hole 5, the multi-layer 15
board (b) having the hole is subjected to el ectrol ess pl ati ng using a
copper pyroph0ospdats/dhbt icegr el usiednto form(é&nroexanptapgpaaPdaged

el ectrol ess copper plating sol ution, produced by Okuno Seiyaku Co.,

Ltd.), at a 6 havisglattlohckesgperad -85 Um20ad5pRowhCinf®Ptg15-20 minutes to
20 forma |layer of electroless copper having a thickness of

approxi mat el ¥ (2ii) [ erthen odther edaggiarollasercepper ellayeropbated aXsy ned al so
on the resin surface of each via hole 5. Thereafter, an el ectroplating

sol ution incbyddthg BEsiWOsurfacd)/df theC @RChoad950- 2RO Ghte®f1Hpdd Uric
acid at a 25 tenperature of 30-80[err]C with a cathode current density

of 5 of copper foil 1 has a strong bon&3strengthl@did@Opd dnferr], can
be used to forman outer copper |ayer 6 having a thickness of 5-35

[err]m as shawRi1iPifhOresin layer 2. Therefore, since the outer
copper layer 6 has strong bond étreﬁéth to the outer
layer of copper foil, the adhesion strength between the
insulating resin layer 2 and the outer copper layer 6 is

10 higher than the case where the outer copper layer 6 is
electroplated directly to the resin layer 2.

In a typical process, a photoresist (for example,
Microposit 2400, produced by Shiplay Co., Ltd.) is
applied on the surface of the outer copper layer 6 to a

15 thickness of approximately 7 um and dried. Then, the
photoresist is exposed to radiation through a photomask
having a predetermined wiring pattern to form an exposed
part and an unexposed part. After radiating, the
photoresist is developed using 10% KOH solution to

20 partially expose copper to form a resist pattern 8 (See
Fig. 1(iv)). The exposed copper is then acid etched,
using a solution including 100 g/L of CuCl; and 100 g/L
of free hydrochloric acid at a temperature of 50°C to

partially dissolve the outer layer of copper foil 1 and

25 the outer copper layer 6 thereby forming the outer



| (i1i). The outer copper layer 6 is electroplated al so on the resin
surface of the via hole 9. The outer |ayer 5 of copper foil 1 has a
strong bond strength with the insulating resin layer 2. Therefore,
since the outer copper |ayer 6 has strong bond strength to the outer
| ayer of copper foil, the adhesion strength between the i nsul ating
resin layer 2 and the outer copper Iayelr 6 is 10 higher than the case
where the outer copper layer 6 is el ectroplated directly to the resin
| ayer 2. In a typical process, a photoresist (for exanple,

M croposit 2400, produced by Shiplay Co., Ltd.) is applied on the
surface of thwivihgrpaopegar 7 aydhe qudexr wisinghbekhess bftpproxi mately 7
[err]mand dried. Then, the photoresist is exposed to radiation

t hrough a phobbtasked is dbedtng calivedenaeiteddtwi ai pgd patirerthde o f orm an
exposed part and an unexposed part. After radiating, the

phot or esi st i $nfevewbpiry usattgeAD%.KOH solution to 20 partially expose
copper to forma resist pattern 8 (See Fig. 1(iv)). The exposed copper

is then acid etcheginally, Usid Bifbtdiistn coaekddondedO @itewf CuCl[err]
and 100 g/L of free hydrochloric acid at a tenperature of 50[err]C to

partially sdi sgetyBgt Betester7 | 8y eFenfve@RRela freipeladlte 88 50tche outer
copper layer 6 thereby form ng the outer

14 Wi (5 D8g P3% L RAGH so T MR oWthliRdaPALL el N1 dyéPYSrinted
) wiring board as shown in Fig. 1(9).

The thickness of the outer layer of copper foil 1

is especially thin and, therefore, the etching
10 performance is remarkably improved to easily produce a
fine wiring pattern.

As another process, a pattern plating process or a
semi-additive process as shown in Fig. 2 will be
described. Figs. 2(i) and (ii) are the same as Figs.

15 1(i) and (ii), respectively. On the multi-layer board
{(b) having a via hole 5, photoresist is applied or
laminated, and exposed through a photomask, followed by
developing to form a photoresist pattern 8. This
exposes the outer layer of copper foil 1 at position(s)

20 corresponding to the outer wiring pattern and the inner
wiring pattern corresponding to a pad 9 (see Fig.
2(iii)). The copper layer 6 is made by electroless
plating, followed by electroplating, as discussed above,

to form an outer copper layer 6 which contacts both the

25 inner and the outer wiring patterns (see Fig. 2(iv)).



obtained is electrically connected to a pad 9 in the

i nner wring

pattern 3. Finally, the photoresist coated on each outer 5
wWiring pattern 7 is renoved at a tenperature of 50[err]C usi ng 3%
NaOH solution to obtain a nmulti-layer printed W ring board as shown
in Fig. 1(v). The thicknesslgf the outer |ayer of copper foil 1
is especially.thin and, therefore, the*€tching 10 perfornance is

remar kably i nproved to easily produce a fine wiring pattern.

As anot her process, a pattern plating process or a sem -additive
process as shown in Fig. 2 will be descr| bed. i%ﬁf. 28}),and (i) are
the same as Mhpn thesphotpyegihgt (i5) repeeedising 3% B golyHier- | ayer

board

| am nated, a

foil 1 at posianmeag

%g?:having a via hole 5, photoresist is applied or

e sded ediscSugRlat bhot DheR%, e |wikihdppattern §eddl oping to
forma photoresist pattern 8. This exposes the outer |ayer of copper

gnd the opberebpvati af cerrere fnitlerl isr ie¥yposgtt ern and

t he i nner wiring pattern corresponding to a pad 9 (see Fig.
2(iii)). The ®ofer Hesjior layer Rubetwger| the rodpmer wirespl(seendicf.ol | owed
by el ectroplating, as di scussed above, to forman outer copper |ayer 6

whi ch con®actas(widt.h the 25 inner and the outer wiring patterns (see Fig.

2(iv)).

10

15

20

25

15
In the present invention, since the outer layer of

copper foil 1 is very thin compared with the outer
wiring pattern 7, it is possible to remove the outer
layer of copper folil between the wires without
protecting the outer wiring pattern 7 by tin plating,
since only a short time is required when using an acid
etching solution, such as cupric chloride or ferric
chloride (see Fig. 1(v)). The undercutting of the
wiring is reduced, and the accuracy of the wiring
patterns is improved.

The present invention may also be applied to an
inner core having three or more layers. Furthermore, a
layer having a via hole formed by the laser as described
above may be multi-layered by repeating the steps of
lamination, forming a hole by laser, plating, and
patterning. Therefore, the present invention can be
applied to production of multi-layer printed wiring
boards having any number of layers.

In the present invention, after the ultrathin

copper foil supported by the carrier has been bonded to



When the photoresist is renoved using 3% NaOH sol ution after the

el ectroplating steps, the wiring pattern 6 is formed and the outer

| ayer of copper foil 1 is exposed on the resin layer 2 between the
copper wires (see Fig. 5 2(v)). In the present invention, since
the outer |ayer of copper foil 1 is very thin conpared with the outer
wiring pattern 7, it is possible to refd¥e the outer | ayer of copper
foil between the wires without 10 protecting the outer wiring pattern 7
by tin plating, since only a short tine is required when using an acid
et ching solution, such as cupric chloride or ferric chloride (see Fig.
1(v)). The untkecimbengcofe tdredl the carrieg hesrbdenedemawetl t ten dciguer acy of
the wiring 15 .patterns is inproved. The present invention may
al so be appli edughening treatnwresr nayr dehappddetihteethe omter | ayefasce
Furthernore, a | ayer having a via hole fornmed by the |aser as

descri bed of 8heVeopByr bfoillidirlakeoetd byotepsasi nguéteasteps of 20

| am nation, formng a hole by |laser, plating, and pat t er ni ng.

Therefore, thplReRsSeRidé NYEsH trhtCaR ReeatmendPpbi Blodi@c &I A CddpperOf
mul ti-layer printed wring boards havi ng any nunber of |ayers.

In the pr &S eNbxi ¥ ENbi Ofhe AEES L dHEDOND Tt"r@hmn@ntzéroéé?@@&rbﬁ Qidcisupported by
the carrier has been bonded to

Co., Ltd., to improve absorption of the laser and to
facil;tate forming of the via hole with the laser.
The laser used in the present invention is not
particularly limited and use can be made of various
10 carbon dioxide lasers such as NLC-1B21, produced by
Hitachi Seiko Co., Ltd., IMPACT MODEL L500, produced by

Sumitomo Juki Co., Ltd., or ML 505DT, produced by

Mitsubishi Denki Co., Ltd.

15 EFFECT OF THE INVENTION

As described above, according to the metﬁod for
producing multi-layer printed wiring boards of the
present invention, via holes can be directly formed
without first forming a hole on the surface of the

20 copper foil before irradiating with a laser beam and, as
a result, productivity of the multi-layer printed wiring
board is extremely improved.

The present invention will be explained more

specifically using examples and comparative examples.

25



16 the inner core and the carrier has been renoved, an fine
roughening treatnment nay be applied to the outer surface of the
copper foil using known processes, such as a bl ack oxide treatnment, a
treatment to produce red copper 5 oxide, or the MECet chBOND treat nment
produced by Meck Co., Ltd., to inprove absorption of the laser and to
facilitate form ng of the via hole with7the |aser. The | aser
used in the present invention is not particularly limted and use can
be made of various 10 carbon dioxide |lasers such as NLC-| B21, produced by
Hitachi Sei ko Co., Ltd., |IMPACT MODEL L500, produced by Sum tono Juk
Co., Ltd., or M. 505DT, produced byexampleMisubishi Denki Co., Ltd. 15
EFFECT OF THE | NVENTI ON As descri bed above, according to the

met hod for praduepogynuésinl eympogi tidredshwri g adilds 1ovashe

present invention, via holes can be directly fornmed W t hout first
form ng a holagpddethensar face of ameul@atitioppeprieni IEohéf smpportedi ating
with a | aser beam and, as a result, productivity of the nulti-Ilayer
printed wiridy a carrpgir dsuerextirgretgpreiprinidd., in which afhe present

invention will be explained nore specifically using_ exanples and
Conparati@e é§gﬁﬁpgspelggse layer (carboxy benzotriazole) is present

between the supporting copper foil and the ultrathin

copper foil (the thickness of the supporting copper
foil: 35 um, the thickness of the ultrathin copper foil:

4 pum). The thickness of the epoxy resin composition was
10 60 um. The coated copper foil was dried in an oven for
8 minutes at a temperature of 135°C until semi-cured to

obtain a coated composite copper foil.

Table 1
15
Composition Amount
Epoxy Resin 100 parts
(Epicoat 1001 produced by Yuka Shell Co., Ltd.)
Phenoxy Resin 15 parts
{produced by Touto Kasei Co., Ltd.)
Hardener Dicyandiamide 2.5 parts
Hardening Accelerator 2E4MZ
0.2 parts

(produced by Shikoku Kasei Co., Ltd.)

Next, using conventional processing, inner wiring
patterns having a thickness of 18 um were formed on
20 opposite faces of an FR-4 matrix (R-1766 produced by

Matsushita Denko Co., Ltd.) having a thickness of 0.5 mm



17 Example 1 The epoxy resin

conposition shown in Table 1 was applied on a face of an ultrathin
copper foil supported by a carrier (supporting copper foil), in which
an 5 organic rel ease | ayer (carboxy benzotriazole) is present

bet ween the supporting copper foil and the ultrathin copper foil (the
t hi ckness of the supporting copper 18foil: 35 [err]m the thickness of
the ultrathin copper foil: 4 [err]m. The thickness of the epoxy
resin conposition was 10 60 [err]m The coated copper foil was dried in
an oven for 8 mnutes at a tenperature of 135[err]C until sem -cured
to obt aith abtedhedncdmesi tereoppiier @& [black oxide treatment

Table 1 15 Conposi tion Anmount
Epoxy Resin was applied to the wiring patterrd0 et gesin cogEpdcoat 1001
produced by Yuka Shell Co., Ltd.) Phenoxy Resin

15 parts coposdieegopperofedl Kegei lapinatedi on each of Hgpdentte

Di cyandi am de 2.5 parts Har deni ng Accel erat or
2E4ANZ faces of tbeZlBﬁ% swiring R%‘Eﬁﬁﬂfe&oofhsﬁl kBRuXR83Ri Co.,

Ltd.) ‘ copvent.ional proc n er,wring
patterns H%viﬁﬁcﬁ Wﬁﬁyﬁﬁégﬁeﬁfgﬁ% b ?F??ﬁﬂ%ﬁﬁxf n§§lgnghéogﬁ ﬁ$5§¥te
faces of an FR.4.matrix R 176 duced b Den Co.

Ltd.) having é”ltrr%ungkh’%% ?hﬁnfamm& % was cafiad®BLtA:BENEH

minutes at a temperature of 180°C and under a pressure
of 20 kg/cm? using a vacuum press. After peeling off
the support member from the copper foil, a four layer

10 plate was obtained having embedded inner wiring
patterns.

Four pulses of a carbon dioxide laser (ML 505DT,
produced by Mitsubishi Denki Co., Ltd.) were irradiated
at a predetermined position on the outer layer copper

15 foil face of the four layer plate described above and a
via hole was formed. The laser beam's diameter was 220
um, the electric current was 12 A, and pulse width was

50 1 sec.

20 Example 2
A copper foil having a thickness of 35 um was
laminated on each of the opposite faces of an FR-4
matrix (R-1766, produced by Matsushita Denko Co., Ltd.)
having a thickness of 0.5 mm as core material. Inner
25 wiring patterns were formed from the copper foil using
conventional processing and then a black oxide treatment

was applied.



18 to obtain an inner core. Then a bl ack oxi de treatnent was
applied to the wiring patterns. The resin coated conposi te copper
foil was |am nated on each of opposite faces of the inner wiring
patterns so that the resin 5 face was between the ultrathin copper foi
and the inner wiring pattern. The |ami nation was carried out for 60
mnutes at a tenperature of 180[err]C hBd under a pressure of 20

kg/ cnm2 using a vacuum press. After peeling off t he support nenber
fromthe copper foil, a four layer 10 plate was obtai ned havi ng enbedded
I nner W ring patterns. Four pul ses of a carbon di oxide

| aser (M. 505DT, Next, pwoduhedt®yoM deppirsfoilemidithCan, alltlinumer e

i rradi at ed . at a predeterm ned position on the outer |ayer copper 15
foil face of calweikoulUTGEEESpl preduesd rixbaed thoy Mimigga & Smeltung hol e was
formed. The | aser beanml s di aneter was 220 [err]m the electric
current was £2.A L&Ad)pumadewpyt ¢lepisrodeposiBoirgeadppsgcwith a0

Exanmple 2 A copper foil haV|n%1a t hi ckness of 35 [err]mwas
| ami nat ed on tBEEkNSEst RE SpBBsPR ea 4R din gfhigk pRuminum caggierx (R- 1766,

producedﬁg Mat su hlta Denko Co,., Ltd.) havi n thlckness of 0.5 mm
as core t ewexe pﬁﬁgﬁted on the inner wiring patte s with

intermediate insulating layer of FR-4 glass-epoxy
prepreg (R-1661, produced by Matsushita Denko Co., Ltd.)
having a thickness of 0.1 mm. After laminating under
the same conditions as in Example 1, alkaline etching

10 with a 5% NaOH solution was used to dissolve the
aluminum carrier, thus producing a four layer plate
having embedded inner wiring patterns.

Then, a cupric chloride scolution was applied to the
four layer plate, and the whole face of the outer copper

15 foil was partially dissolved to leave a thickness of 4
Mm.

Seven shots of the laser beam were irradiated at a
predetermined position of the outer copper foil face, as
in Example 1, to form a via hole.

20
Comparative Example 1

Example 1 was repeated, except that copper foil
(3EC, produced by Mitsui Mining & Smelting Co., Ltd.)
with a thickness of 9 um, was employed as the outer

25 copper foil, instead of the ultrathin copper foil with a

carrier used in Example 1. Epoxy resin was placed on



25 wring patterns were fornmed fromthe copper foil using

conventional processing and then a bl ack oxi de treatnent . was appli ed.
19 Next, two sheets of copper foil with an alum num

carrier (UTCACE9, produced by Mtsui Mning & Snelting Co., Ltd.),
made by el ectrodepositing copper with 6%0 “thickness of 9 [err]mon a 40
[err]mthick al um numcarrier, S5 wer®*lam nated on the inner wring
patterns with an internediate insulating layer of FR-4 gl ass-epoxy
prepreg (R 1661, produced by Mtsushita Denko Co., Ltd.) having a
t hi ckness of 1 mm After |amnatjng under t he same conditions as in

Exanple 1, al Kal9 #&TefChi R the IQ\H P2 BY%IREER o lutrorbkasnuged to

havi g enbedd STPRRRGE oM FRBCRR pErhstextn P OMe! Mg 8 TOT prbc Bhiori de

The outer copper  TExtr otftisE wiing drat e hefado § Foickadt wtkness of
2 phodet ornfmeeESs Formed h ol fle ‘B asTRY afP A Chadi A 0E &

ga”p: e ]1-,5 to (RaAMe8, VhRoBREEA b¥Matsushita Denko Co., Ltgoppl’?é\?ltrllg\‘/ €
anpl e

a thickness of 0.5 mm to obtain an inner core, and a
black oxide treatment was applied. The copper foil
coated with resin was laminated on each of opposite
faces of the inner wiring patterns of the inner core so
10 that the resin face was adjacent to the inner wiring
patterns, followed by the same steps as in Example 1 to
obtain a four layer plate having embedded inner wiring
patterns.
Although eight pulses of the carbon dioxide laser
15 were used under the same conditions as in Example 1 at a
predetermined position of the outer layer of copper
foil, the shape of the via holes was not uniform, and a
via hole could not be formed at some positions. When
the number of pulses was increased, the resin was badly
20 damaged by the heat of the laser. Even where a via hole
could be formed, a larger hole was formed in the resin
between the copper foil and the resin matrix, as
compared with the opening in the copper foil surface,
that is, the copper foil was undercut, which results in
25 serious difficulties in plating the via hole in later

steps.



Exanple 1 was repeated, except that copper foil (3EC, produced by
Mtsui Mning & Snelting Co., Ltd.) with a thickness of 9 [err]m was
enpl oyed as the outer 25 copper foil, instead of the ultrathin copper
foil with a carrier used in Exanple 1. Epoxy resin was placed on

20 the surface of the foil as T Exanple 1 to obtain a copper
foil coated with resin. Nexf, inner wiring patterns having a

t hi ckness of 35 [err]mwere formed on opposite faces of an FR-4

mat ri x 5 (R-1766, produced by Matsushita Denko Co., Ltd.) having

a thickness of 0.5 mmto obtain an inner core, and a bl ack oxi de
treatment was applied. The cEpppaxajiive Exampbee® with resin was

| am nat ed on each of ogposite faces of the inner wri ng patterns of
the inner core soTWPoSherhf PheFRedi LIRS RRTest RolbRé i nner wiring

patterns, followed hy.the sane step S i Exar%‘t 1.t . Obtain a four
| ayer plate %ﬁ&e&TBXdHSBSPﬁHéFavﬁ?ﬁ%ﬁ% o., L %t é‘?‘ﬁg‘ a thickness

Al t hough ei ght Q)ul ses of th? %?r bon 1,(;eiao%cin(lj Isasg 15 . were used under the
same conditi Ofs ag MR BRERpratd &F & Ihre SHHES BbsPtion of the

outer | 98T SockP¥onn, gl bLoskiBsa0pan Sl Rnked BobgaVERETOl
the nunber ofcpul $88 . YepalRaECESERickNEsE &5F ™ YRS, Padlother sheet of

copper foil with a thickness of 9 um was laid on the -
sheets of the FR-4 glass-epoxy prepreg with its rough
face turned toward the prepreg. The superposed sheets

10 of the FR-4 glass-epoxy prepreg and copper foils were
laminated for 60 minutes at a temperature of 180°C and
under a pressure of 15 kg/cm? by means of a vacuum press
machine to obtain a double-sided plate having the copper
foils laminated on the outside of the FR-4 prepreg.

15 After forming inner wiring patterns with a
thickness of 9 um on opposite faces of the copper foil
of the double-sided plate, using the same process as in
Example 1, a black oxide treatment was applied. Then,
using the resin-coated ultrathin (4 um) copper foil with

20 a carrier, made as in Example 1, was laminated on each
of the opposite faces of the circuits under the same
conditions as in Example 1. After peeling off the
carrier, a four layer plate having embedded inner wiring
patterns was obtained.

25 The same number of pulses of a laser beam were used

under the same conditions as in Example 1 at



20 damaged by the heat of the laser. Even where a via hole . could

be formed, a larger hole was fornmed in the resin bet ween the copper
foil and the resin matrix, as conpared with the opening in the copper
foil surface, that is, the copper foil was undercut, which results in
25 serious difficulties in plating the via hole in later st eps.

21 : _ Conpar at i ve2|§<arrpl e 2 Two sheets of
FR-4 gl ass-epoxy prepreg (R 1661, produced by Matsushita Denko Co.,
Ltd.) with a thickness of 0.1 mmwere laid on the rough surface side
of a 5 copper foil (3EC, produced by Mtsui Mning & Snelting Co.,
Ltd.) havi ng aprédetamsinad @dicichm ofinbhkeousbrelaydr coppercdopdr f oil
with a thickness.of 9 [errJmwas |laid on the sheets of the FR-4

gl ass- epoxy prEaregivithe ifioury dayer plateface turned toward the prepreg.
The superposed sheets 10 of the FR-4 gl ass-epoxy gepr eg _and copper foils

wer e | ani nat kR fRRPFFaRCRut E8CaVig bhehper sintapnita ddss e and
under a pressure of 15 kg/cnierr] by means of a vacuum pr.ess machi ne
to obtain a dotHAERLE ded'SHS i'nglPhe €HPPRrsections Hqwevetyi nated on

t he outsidg of .the FR-4 prepre 15 After. formng i,nner wiring

patterns V\,st h %efamlnartlrﬁorbl?%é;sgbgﬁrgefiep?fW?Sﬂ %Bﬁom%rgf%é?gof t he copper
foil patterns and the inner resin layer where the laser beam
was irradiated. This delamination develops further due
to heat of solder reflowing, and may finally result in a

break in the conductive path through the vias, which is

10 a serious defect.



of the doubl e-sided plate, using the sane process as in Exanmple 1, a
bl ack oxide treatnent was applied. Then, using the resin-coated
ultrathin (4 [err]n) copper foil with 20 a carrier, made as in Exanple
1, was |aﬁ1nat@mmﬁﬂxﬂﬂ&m&nRehm@f t he opposite faces of the circuits under

the same n Exanple 1. After peeling off the
carrier, a four vi ng enbedded i nner wiring patterns was
obtai ned. 25 nunber of pul ses Of g . <

under the same conditions as in Exanple 1 at

22 predeterm ned positions of the outer |g

of the four | #PAT prét €LAIMED IS: | n appearance, ToTe .

those in Exanple 1 were forned. In a cross section, however, 5

del am nati on was observed between the inner wring patterns and the

i nner resin |ayer where®tRethedefopdiahing a wyd tilrdaypst BEinted s

del am nati on develops further due to heat of solder reflow ng, and may

finally resul WAl boardpinwhieh (e WU Pe CREPRIEARSUER 1PREYI as,

which is 10 ri f
. %r%%g gg%tggnegnd an outer layer of copper foil are

5 laminated with an organic insulating resin laver between
the inner wiring pattern and the outer layver of copper
foil to obtain a multi-layer board (a), a via hole is
formed on the multi-layer board (a) to obtain a multi-
layer board (b) having the hole, and the outer layer of

10 copper foil and the inner wiring pattern are
electrically connected to each other, wherein the
thickness of said outer layer of copper foil is no more
than about 7 um and also the thickness is no more than
one-fifth of the thickness of said inner circuit, and

15 said via hole is formed in both said outer layer of
copper foil and said organic insulating layer

simultaneously by irradiating with a laser.

2. A method of Claim 1, wherein said multi-layer
20 board (a) is produced by laminating an outer layer of
ultrathin copper foil on a carrier on the inner core
comprising the inner wiring pattern with an interposed

organic insulating resin, and removing the carrier.

25 3. A method of Claim 1, wherein said multi-layer

board (a) is produced by laminating an outer layer of

TR O O T



23 WHAT IS CLAIMED IS 5 1. A method for meking a
mul ti-layer printed Wi ring board in which an inner core conprising an
i nner W ring pattern and an outer |ayer of copper foil are

| aminated wit nﬂhmhasulatlng resin | ayer between 10 the inner
W ring patter r | ayer of copper foil to obtain a

nultl-layer a hole is 24 forned on Doar d
R ‘rﬁtﬁq IH A ﬁgNF

o] obtaln a nu | ayer board (b) having gg ut er
| ayer of copper forl and the i nner Wi r ﬁé are
electrically connected to each other, wherein ard nultl-layer

board (a) i5cREAAUCEd; BYohag Batt G ah WHlinner LAY Pheul trathin copper
foil on a carrier on the Inner core conprising the inner wiring pattern

with an itht ekRes8doer §aid Coh st Bty did JreHoppedndohieMBying hbe 20
carrier by peeling off, and the thickness of said outer | ayer of
copper foil iless tbee ﬂhpm,abemQViﬂgHWHanQanihﬂrs@nd. opthenthigkness is no
nore than 1/4.5 of the thickness of said inner circuit, and said via
hoIe i s fornmpdrthabdiyhdisso¥winy otheerodtasrerl agferc affpeppber| fantl sai d or gani c

|nsu%gt|ng | ayer srnultaneously by |rrad|at|ng with a car bon
d|0X|de | hsereduce the thiokneds ned iR WFregdian 17 Miherein said nul ti-| ayer
board (a) is produced by applying a thernosetting resin 30 to the outer
| ayer of copper foil. Heating the t her nosetting to a sem -cured
state to obtain a

conposite copper foil, AIQﬁFh%@l%@‘t%%”%dhpﬁé@te“@@ﬁﬁéP the °?B?¥ on one of

or each of o p05|te faces of _.th 0 S|ng t he i nner
wiring patteriy foPfofRHPEY £61T 1 pﬁﬁua %?1ckness € of qphm mors,

and after laminating said outer layer of copper foil to

10 said inner core, said outer layer of copper foil is
partially dissolved by etching to reduce its thickness
to no more than 7 pm and the thickness is no more than

one-fifth of the thickness of the inner circuit.

15 5. A method of Claim 1, wherein said multi-layer
board (a) is produced by applying a thermosetting resin
to the outer layer of copper foil, heating the
thermosetting resin to a semi-cured state to obtain a
composite copper foil, laminating the composite copper

20 foil on one of or each of opposite faces of the inner
core comprising the inner wiring pattern, followed by

heating.

6. A method of Claim 1, wherein the outer wiring
25 pattern is produced by forming an outer copper layer on
said multi-layer board (b) having the hole, applying a

photoresist on the outer copper layer, followed by

) R R A



5 3. A nethod of Caim1l, wherein the outer wring. pattern

I s produced by form ng an outer copper |ayer on said nulti-layer board
(b) having the hole, applying a phot oresi st on the outer copper |ayer,
followed by 10 forming a resist pattern, and subjecting the resultant
product to acid etching to partially renove the outer copper |ayer and
the outer |ayer of copper foil. 25 4. A nethod of daiml, wherein
the outer wiring 15 pattern is produced by applying a photoresist on said
mul ti-layer board (b) having the hole, followed by formng a resist
pattern, form ng an outer copper |ayer bet ween the resist pattern and

on resin surfareinf aheesisthpietarn, afd erubienningg theeresslsanpattern,
subjecting 20 the resultant product to acid etching to renove part of

the outer | apapdottcbppacifioetchimg e mantiallaxpeseyebyhe outde renoval of
the resist pattern.
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copper layer and the outer layer of copper foil.

7. A method of Claim 1, wherein the outer wiring
pattern is produced by applying a photoresist on said
multi-layer board (b) having the hole, followed by
forming a resist pattern, forming an outer copper layer
between the resist pattern and on resin surface of the
hole and, after removing the resist pattern, subjecting
the resultant product to acid etching to remove part of
the outer layer of copper foil, which part is exposed by

the removal of the resist pattern.
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