; e3eg$znt t unXt W&y 6yT$zQ [4 20 June 2003 | 9VI h~hl G N~I'I METHOD FOR PRODUCI NG
MULTI - LAYER PRI NTED W RI NG BOARDS HAVI NG BLI ND VI AS FI ELD OF ol kel 20gNT! ON
5 The present invention relates to a nethod of making multi-Tayer printed
Wi ring boards, nore particularly, to a method wherein blind via holes are
formed in the nmulti-layer printed wiring board using a | aser, while
i nprovi ng the adhesi on between an outer wiring made fron1 ers
and an insulating resin (a thernosettiig resin |ayer). BA ﬂﬁ@ﬁ“ﬂ””%“
| NVENTI ON As el ectroni c equi prent becones smal |l er and 1S l'ighter
necessary to reduce the width of wiring lines and the dlaneter ”t he V|a
hol es which connect layers in nulti-layer printed wiring boards. It is very
difficult to use neghiposRlrol PRODOEING MOf. 0T LOACER bER DMt@bout 200 di m
dianeter in an industrial scale, and lasers 2 0 have been used to nmake such
smal | hol es. A carbon di g¥ks AGEEDE AR 5 vaiadhi gh speed in organic
subst ances, such as epoxy resin and polylnlde Tesin. Such Ias
wi dely used i n naking prlnted Wi ring boards. Form ng holes in “E@M H@

is 2 5 difficult, however, h%HE°ER@EN&?bh reflects t
To solve this problen1 as dISCiO 20 June 2003 2 Japanese P&t&nht

Publ i cat & on Noas%h%ﬁg,@ehs%n@'%;eat%ﬁe d1bPeouah L hgoOonpege ol avi ng the

sane di aneter aser béamis use ormthe hol e

Chrough € he griganiy UbStialen WilBnbNBoRERN) V! Shr s BEL A ar ggr than

that of th eén suc

a method wherein blind via holes are formed in the

multi-layer printed wiring board using a laser, while

improving the adhesion between an outer wiring made Ffrom
10 copper layers and an insulating resin (a thermosetting

resin layer).

BACKGROUND OF THE INVENTION
As electronic equipment becomes smaller and
15 1lighter, it is necessary to reduce the width of wiring
lines and the diameter of the via holes which connect
layers in multi-layer printed wiring boards. It is very
difficult to use mechanical drilling to form holes below
about 200 pm diameter in an industrial scale, and lasers
20 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
printed wiring boards. Forming holes in copper foil is

25 difficult, however, because the copper foil reflects the

laser beam. To solve this problem, as disclosed in



process is used, additional plating nust be applied to the copper foil as
well as in the via holes. Consequently, the thickness of thgygudesodzayer of
copper layer is the sumof the thickness of the copper foil 10 itself and
the thickness of the plated copper, and it is not easy to formfine pitch
wiring lines. Furthernore, it is not easy to etch a hole in an outer wring
with the hole aligned with an inner pad, because highly accurate alignnment
is required. 15 In another process, the faces of an inner |ayer board which
have wiring patterns axe coated with an insulating resin, holes are forned
in the resin by the |aser beam and then the resin surfaces are directly
plated with copper to forman outer copper wiring. Only 2 0 a single |ayer

of copper i%ra%;%‘}%ssjé e drft U iR 8RS NoNOWEY e T L 1S §e£§s§@éﬂe&o

roughen the 1nsulating resin surfaces to obtafin atCeptabl e adhési on
strength bet r {Lhe.ins [ L n. _Roygheni ng of
t he insulatﬂ%ﬁﬁggg?ﬁjg%?%ggggpo ?@h%%g%%%ttggogéﬁe Hgaéggégeag%%3 3
sufficient adhesian strength hetween the copper._layer and t insul ating
resin. SUMVARY E IMNTI%? \E,'E‘sﬁ?egﬁf‘g‘sg%t ufﬁgeg?i gﬁrglo%%sﬂ?#‘a above
probl ens of the priaor._art, and prqvides a proce for makin | tilayer
printed wi ri%‘ﬂ%&? dehe \ﬁ%garfﬁicef‘%sé:rézzﬁ’l g’lggr ?féa &F?‘W 1E§§E¥F and
adhesi on_bet ween the condyctorsg (outer wirings) . nmade t he pl ated copper
layers and R0 13RS ré’&a}tn qﬁg tihr‘:r‘pP’&@‘egf’l‘Fhe Hgéﬁl ﬁPrEBa?e sol ved by
el ectroplatin (eleclrodepositingé-an al kaline refractory petal gan al kal
resi st ance st 5l s A e R I P LAE B9 PEREN s BPRLASA, tBut not

soluble in an al kaline etching ) )
the copper foil as well as in the via holes.

Consequently, the Ehickness of the outer layer of copper
layer is the sum of the thickness of the copper foil

10 itself and the thickness of the plated copper, and it is
not easy to form fine pitch wiring lines. Furthermore,
it is not easy to etch a hole in an outer wiring with
the hole aligned with an inner pad, because highly
accurate alignment is required.

15 In another process, the faces of an inner layer
board which have wiring patterns are coated with an
insulating resin, holes are formed in the resin by the
laser beam, and then the resin surfaces are directly
plated with copper to form an outer copper wiring. Only

20 a single layer of copper is deposited. In this process,
however, it is necessary to roughen the insulating resin
surfaces to obtain acceptable adhesion strength between
the plated copper and the insulating resip. Roughening

of the insulating resin surfaces often cannot provide



15 solution, on 1) a shiny surface, 2) a matted surface, 3) a roughened
shiny surface or 4) a roughened matted surface of a copper f K&W %ﬁﬁ ef ore,
the al kaline refractory netal is not dissolved in an al kali 1 é
solution. The alkaline refractory netal, however, 2 0 should be dissol ved
in an acid etching solution. In one aspect, the invention provides a nethod
of making multi-layer printed wiring boards in which an alkaline refractory
metal is electrodeposited on the surfage of copper foil. Then, a
thernosetting resin is 2 5 applied on the surface and heated to a

sem -cured state 20 June 2003 4 (B-stage) to obtain a resin-coated copper
foil. The coated copper foil is bonded (lamnated) to one or both of the

faces of an_ipper.laye ard ' a i [ tt 0 or both of
t he faces, ﬁ%?glgéfﬁlggrée%l?%lc%%t%@% osc}e\@tv{?éar}gobgﬁ%eﬁ%%g%ﬁeg%?l as a
bondi ng | ayer fter lamnating the coated copper foil to the inner |ayer
board, the %88p efb??gg%tTﬂ% et surface is renoved by al kal i ne et chi ng,
| eaving the al kaline refractory nmetal |ayer, which is not dissolved. A

| aser beamis used to formp|]j i & hales_| the.al kaline refractory
nmetal |ayer and the thernos ‘!1' Billg%‘Yr@i :&}\b&@ rectly irradiating said
exposedsalkaline %efractor petal to renopve tﬁe al kaline r fract%Iy nmet al
and t he>t her noset EENBTPESRh TRTRATLR ARYYSS 2haYe PLARYSTs o e for med.
I n anot her aspect, the invention is_a nulti-layer_printed wring board nade
by the met hERSJBEEPF LRETL abdWR. PXFYIFeT & RreTtiti Making puddivle to
easily formvia holes in the nmulti |ayer board with a |aser, and to inprove
adhesi on bet@¥er PRENEEEYViHARY MBRaTASe YiFmiHeED I3t ®Adper and t he
insulating resin, conpared with conventional processes. O her features and
advant ages 6Prmae VhtBnai basar! | and RARe R RIS hheh e iUty

description of a 20 June 2003 5
(outer wirings) made by the plated copper layers and the

10 insulating resin is improved.

The problems are solved by electroplating
(electrodepositing) an alkaline refractory metal (an
alkali resistance metal) which is soluble in an acid
etching solution, but not soluble in an alkaline etching

15 solution, on 1) a shiny surface, 2) a matted surface, 3)
a roughened shiny surface or 4) a roughened matted
surface of a copper foil. Therefore, the alkaline
refractory metal is not dissolved in an alkaline etching
solution. The alkaline refractory metal, however,

20 should be dissolveﬁ in an acid etching solution.

In one aspect, the invention provides a method of
making multi-layer printed wiring boards in which an
alkaline refractory metal is electrodeposited on the
surface of copper foil. Then, a thermosetting resin is

25 applied on the surface and heated to a semi-cured state



preferred enbodi nent taken in conjunction with the acconpanyi ng draw ngs.
BRI EF DESCRI PTTON OF THE DRAWNGS 5 The Figure 1 shows steps (a)~(f) of a
panel plating process for making a nulti-layer printed vog e d008r d
according to the invention. The Figure 2 shows another steps (a)~(g) of a
pattern plating process (sem -additive process) for 10 making a nmulti-Iayer
printed wiring board according to thed nvention. DESCRI PTI ON OF

| LLUSTRATI VE EMBCDI MENTS Al t hough both el ect rodeposited copper foil and 15
rolled copper foil can be used as copper foil for the present invention, a
process using an el ectrodeposited copper foil will be described below In

thg pr$ﬁesqa-§mtd Btitbizn&azﬁgm—kﬁdaﬁﬁedlcdp@ér fbfil. arlmfhied: ’ er fofl fig ?mdéteard ist |
maae. es Lgures 1— SNoOwW coppe orlrs, 1, a I ne efractory netal s
(o kea iy odemtithted tn ond of poi ol v FRBE 6 o Miger Ioyen Boa thgvigh his PRE S 3t uo
i nner Wi ri nagefngi drcond 6n bath of ftefaces Using RBaESIn Toatedasidebiethe boateo out er
copper | ayer ter. W ri

O o e G abct By e g breppir 6 oAbk o g™ o ©
inner layer board, the copper foil on the outer surface is removed by alkaline
etching, leaving the alkaline refractory metal layer, which is not dissolved. A
laser beam is used to form blind via holes in both the alkaline refractory metal
layer and the thermosetting resin layer by directly irradiating said exposed
alkaline refractory metal to remove the alkaline refractory metal and the
thermosetting resin simultaneously. Then, outer wirings are formed.

In another aspect, the invention is a multi-layer printed wiring board made
by the method describeq above.

With the above method, it is possible to easily form via holes in the multi-
layer board with a laser, and to improve adhesion between the outer wirings
made from the plated copper and the insulating resin, compared with
conventional processes.

Other features and advantages of the invention will become apparent
from the following description of a



In one process to produce a nulti-layer printed wiring board of the present
invention, an alkaline refractory netal 2 is el ectrodeposited on the
surface of copper foil 1. The degree of roughness ~(RZ) of t40elune20PB ace of
t he copper foil on which the alkaline refractory netal is plated is
preferably in the range of about 0.5-15 um nore preferably 2.5-1SE.im An
Rz less than 0.5 Nmis not desirable, because the adhesion between the

al kaline refractory nmetal 2 and the caepper 10 foil 1 is not sufficient. An
Rz larger than 15 EImis not desirabl & because a longer tinme is required
for etching the copper, and undercutting of the wirings forned fromthe

pl at ed copper is Iikely occurred I n one exanpl e, the copper foil is
roughened a%%i}eﬂe 03|t|n opﬁ on,foil froma cupric sulfate
bath cont ai Nand §8nQBBCEFEnoV1§%I? ic acid, using

t he copper foil as a cathodq for 5-20 seconds with a current density of
30-50 A/ dnPGIPPATRHRST SRR NGS 20- 40 C. Thi ckness of the copper foil 1 is
preferably in a range of 5-100 um If the copper foil is thicker than 100
Elm etching of the copper foil takes too' much time, which reduces

manuf act uri ng efficien%%{ | f _thickness of the copper foil is less than 5
Elm on the other handBRIEF2DESCRIFTIONOF tTHE DRAWINGS the foil itself and

handl e gi. The Fi _
gure 1 shows steps (a)~(f) of a panel plating
process for making a multi-layer printed wiring board
according to the invention.
The Figure 2 shows another steps (a)~(g) of a
pattern plating process (semi-additive process) for
10 making a multi-layer printed wiring board according to

the invention.

DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS
Although both electrodeposited copper foil and
15 rolled copper foil can be used as copper foil for the
present invention, a process using an electrodeposited
copper foil will be described below.
In the process shown in the Figures 1 and 2, a
multi-layer wiring board is made. These Figures 1-~2
20 show copper foils 1, alkaline refractory metals (alkali
resistance metals) 2, thermosetting insulating resin
layers 3, two inner wirings (circuits) 4, inner resin
layers 5, wvia holes 6, two outer copper layers 7, two
outer wirings (circuits) 8, etching resist pattern 9 and

25 pad 10 connected with the outer wirings.



20 June 2003 7 Next, alkaline refractory netal 2, which can be dissolved in
an acid etching solution, but which is insoluble in a certain al kaline pH
range is el ectrodeposited on the surface of the copper foil 40Jw;me2id3ous
nmetal s which are al kaline refractory and can be dissolved in arid nay be
used, such as tin, nickel, cobalt, or alloys, such as tin and zinc, zinc
and nickel, or tin and copper, can be used. It is preferred to use an

al kaline refractory metal chosen fromgthe 10 group conprising tin, zinc and
tin alloy, zinc and nickel alloy, and%in and copper alloy, and it is nost
preferred to use tin or an alloy of tin and zinc having al kali resistance
to etching by alkaline etchants. The al kaline refractory netal |ayer 2 may
be deposited from 15 a bath, such as shown in_Table 1, where tinis .

deposi t ed, usi ngtR g gPRGesDHito RFofducst Rolrlti-28Y9Ener2Bbsds8 Table 1
Composi tion (ConcentrationStannous Sul fate20-30 1Sul furic Acid70-90

/ 1Cr esol sulwbning Aedaisd-¢h thee patsisent3 invieationNa Anhalka2imeurrent De
sit5-10 A/ dnRTem erat ure20-30C The thickness of the al kaline refractory
metal 5 | ayeefRacdtoyy aietrabld/ im ed ecingpdepbsdtedsod. BhensurEhcehefal kal i ne
refractory netal layer 2 is thinner than 0.005 Vim adhesion between the

al kal i ne re¢oppenrfobhkthl |Eherddyraed afhaougbnesset(Rzhgofeshe |ayer 3 is
poor, and sufficient adhesi on cannot be obtai ned between the 10

t her nosft t i ;ngr f£S¢ Nof apled Soppetk twel o wire whillchi etheCappalihayer 7 which is
formed on the alkaline refractory netal |layer 2 as shown in Figure 1 at

(d). If therefikattoey edtartis pIaiatl iayplefdriablihiiokehet Fahgd @fUM it is
difficult to formholes through it with a carbon dioxide 1 5 laser. To

i ncrease adalesutye0 s$+ERhguh, hedve prdfea-addigr 2oSetliSing r &si R;31lasd the outer
pl ated copper |ayer 7, applying a chromating treatnment onto the al kaline

refractory gmigloleyeh 25 At et Ydcan@eC e hdfiesion
between the alkaline refractory metal 2 and the copper
10 foil 1 is not sufficient. An R, larger than 15 um is
not desirable, because a longer time is required for
etching the copper, and undercutting of the wirings
formed from the blated copper is likely occurred.
In one example, the copper foil is roughened by
15 electrodepositing copper on foil 1, from a cupric
sulfate bath containing 10-20 g/L of copper and 30-100
g/L of sulfuric acid, using the copper foil as a cathode
for 5-20 seconds with a current density of 30-50 A/dm2 in
a temperature of 20-40 °C.
20 Thickness of the copper foil 1 is preferably in a
range of 5-100 pum. If the copper foil is thicker than
100 um, etching of the copper foil takes too much time,
which reduces manufacturing efficiency. If thickness of
the copper foil is less than 5 um, on the other hand, it

25 is difficult to produce the foil itself and handle it.



20 June 2003 9 treatnent is effective. Further, a passivation by applying
zinc, tin, nickel, chromate, im dazole, am notriazole, benzotriazole, or
the like, onto the outer face of tk~e copper foil 1, that i<20dune 2008face
of 5 the copper foil 1 on which the alkaline refractory nmetal is not forned
may be carried out. A thernpsetting resin varnish is applied ox~ a surface
of the alkaline refractory netal layer 2 to formthe thernosetting resin

| ayer 3. Then, the 10 thernosetting rﬁsin 3 is heated and dried at a
tenperature of 140-150C for 5-20 mnutes to a semcured state (B-stage) to
prepare a copper foil coated with B-stage resin. As the thernosetting resin
3, epoxy resin (for exanple, Epicoate 1001, produced by Yuka 15 Shell Co.,
Ltd.) and the like, can be used. Mre specifically, the thernosetting resin
3 may be fornedNextihelkgdineerefraptonyknetat 2 efvatehrgameeal | ayers by
applying the thernosetting resin varnish. The varnish conprises the epoxy
resin, dicydirdicdviede ias aa haiderbchifgOsalubideni gt awlsetRrisor (for
exanpl e, 2E4MZ, produced by Shi koku Kasei Co., Ltd.), and nethyl ethyl

ket one as drmsmiludiie iAl Eeceatadel plkadinbepEheangseisi ng resin | ayer,
prepreg i npregnated thernosetting resins into a fiber matrix, such as gl ass
cloth, aranrsldetpapieposdteichen? thel sheface aft bbenosppérnfoiksin filmcan be
used. The

5 Various metals which are alkaline refractory and can be
dissolved in acid may be used, such as tin, nickel,
cobalt, or alloys, such as tin and zinc, zinc and
nickel, of tin and.copper, can be used. It is preferred
to use an alkaline refractory metal chosen from the

10 group comprising tin, zinc and tin alloy, zinc and
nickel alloy, and tin and copper alloy, and it is most
preferred to use tin or an alloy of tin and zinc having
alkali resistance to etching by alkaline etchants. The
alkaline refractory metal layer 2 may be deposited from

15 a bath, such as shown in Table 1, where tin is

deposited, using the copper foil as a cathode.



20 June.2003 10 thickness of the thernosetting resin 3 is preferably in a
range of 20-200 EIm If the thernosetting resin 3 is thinner_than 58 Eun,
sufficient interlayer insulation and adhesion strength cannd0 HBe 2803 ned.
If the 5 thernosetting resin is thicker than 200 Eon, it is difficult to
formvia holes with small dianeters. The face of the resin side of the
coated copper foil is bonded to one or both of the opposite faces of an

i nner resin layer 5 which has inner wﬁﬁings 4, then 10 | am nated by heating
and pressing at a tenperature of about®150-200C and at a pressure of about
30 kgf/cn2. A nmulti-layer board having two enbedded inner wirings 4 is
formed as shown in the Figure 1 at (a). Next, the copper foil is renoved
fromthe nmulti 15 layer board of (a) by al kaline etching, selectively

| eaving the alkaline refractory net #aBk8/dr, as shown in the Figure 1 at
(b). This alkaline etching nmay be carried out, for exanple, using a

sol ution including 200- 250—g/l—ofNEMOH 130-160 g/ L_of NEAC] and 150-160

2 0 g/L of Cu at a tenpérat urecd dg&ggj; Si ncg coheepei-basendf the copper
foil has a surface rougéness'of d.S-IS ~tm preferaply 2.5-15 El'm
renmovi ng the copper foi [|[StapsguesSubiater oi octilon20238 gdr edsi ons on the

surface of the al kaline|ggfikacierxci@tal 2, whijch7al-lbgwg215 tthe | aser beam
to be easily absorbed i gto the surface of 20 June ZUUg

Cresolsulfonic Acid 60-80 g/1
Gelatin 2-3 g/l
Beta Naphthol 1-2 g/l
|Current Density 5-10 A/dm2
Temperature 20-30°C

The thickness of the alkaline refractory metal
S5 layer 2 is preferably in a range of 0.005-3.0 pm. - If
the alkaline refractory metal layer 2 is thinner than
d.OOS Mm, adhesion between the alkaline refractory metal
layer 2 and the thermosetting resin layer 3 is poor, and
sufficient adhesion cannot be obtained between the
10 thermosetting resin layer 3 and the outer plated copper
layer 7 which is formed on the alkaline refractory metal
layer 2 as shown in Figure 1 at (d). If the alkaline
refractory metal layer 2 is thicker than 3.0 pum, it is
difficult to form holes through it with a carbon dioxide
15 1laser.:
To increase adhesive strength between the
thermosetting resin 3 and the outer plated eopper layer
7, applying a chromating treatment onto the alkaline

refractory metal layer 2, followed by a silane coupling



11 the alkaline refractory netal 2, and facilitates formng of holes with
the'laser. The via holes 6 are fornmed in both the alkaliner ﬂ&ﬁghﬂp% met al
| ayer 2 and the resin layer 3 5 sinmultaneously by irradiatiﬁ@ e
| aser beamthe nufti-layer board of (b), as shown in the Figure 1 at (c) to
forma nmufti-layer board (e) in which via holes are already forned. A
carbon dioxide laser is preferably used, but the invention is not
especially 10 imted to this |aser. desnearing treatnent can be appli ed,
if necessary, after formng holes by ifradiating with the | aser beam After
making the via holes 6, a | ayer of copper is deposited on the nufti-Iayer
board (e), nanely on the 15 alkaline refractory nmetal 2 and blind via hol es
6 including a resin surface of ,the holes 6 and pad  10; first by el ectrol ess
pl ating, foFFeatReBy &FcBff8priYeng FUrtifiiper® BASHIVESAREL BYpl at i ng
solution (for exanple, OPC 750 el ectrol ess copper, plating 2 0 solution,
produced byapReéngerjBRy thn, Bigkel, ghremadie, igH-deeedErat ure of 20- 25C,
for 15-20 m nutes, can be used to provide a | ayer of electroless copper
havi ng a t hesiknessiskodppr benrateigzolaumr The ddfkear onde &hect ropl ati ng
solution including 30-100 g/L of copper 2 5 and 50-200 g/L of sulfuric acid
at a tenper auger ¢hc80of fhelanppe00Boil BOGhat Hs ddichote fager oft density
of 10-100 A/dnR, can be used to provide an outer plated copper |ayer 7
havi ng & t hithlenesppelr Fo3% Unpnashidlwrhe naliel Figuref rhcatorid metalhe out er
pl ated copper layer 7 is electroplated on the 5 el ectrol ess copper |ayer
whi ch is fodisetoan foatdadt haysbef aaerbédtdet al kal i ne refractory netal 2 and
via holes 6 including the resin surface of the holes 6, to which the shape
of the surface ofa therfoppetihgi kebif variish aisfaypleiced Bre aal kal i ne
refractory metal 2 has a 10 strong bond strength with the resin layer 3.
Furt her, theueifecie elfetheCapRralihayeefpadtoee metd OGN ® Hd efeginh bet ween
the outer plated copper layer 7 and the alkaline refractory netal |ayer 2,
i.e., the adhesitperilosertting geBightayéhap. t hehemseciwhere the outer copper
15 layer 7 is electroplated directly to the resin layer 3. In a typical
g)oceitSLdO;i Rk fiodeittli ngl @esexanphie, hdheea@pasdtaZad, atprpduced by Shipl ay
- L) is

temperature of 140-150°C for 5-20 minutes to a semi-
cured state (B-stage) to prepare a copper foil coated
with B-stage resin. As the thermosetting resin 3, epoxy
resin (for example, Epicoate 1001, produced by Yuka

15 Shell Co., Ltd.) and the like, can be used. More
specifically, the thermosetting resin 3 may be formed on
the surface of the alkaline refractory metal layers by
applyving the thermosetting resin varnish. The varnish
comprises the epoxy resin, dicyandiamide as a hardener,

20 a hardening accelerator (for example, 2E4MZ, produced by
Shikoku Kasei Co., Ltd.), and methyl ethyl ketone as a
solvent. Alternatively, as the thermosetting resin
layer, prepreg impregnated thermosetting resins into a
fiber matrix, such as glass cloth, aramide paper, or the

25 1like, or a thermosetting resin film can be used. The



applied on the surface of the outer plated copper layer 7 to a thickness
of approximately 7 ~mand dried. Then, 2 0 the photoresist | aﬁﬁggﬁsg to
radi ati on through a photomask having a predeterm ned mﬁring%@ .
After radiating, the photoresist is devel oped using 10~ KOH solution to
expose copper, which is then acid etched, using a solution including 100
g/L of Cul2 and 2 5 100 g/L of free hydrochloric acid at a tenperature of
20 June 2003 13 50C to dissolve the qb&aline refractory netal 2 and a part
of the outer copper |ayer thereby fornfng the outer wirings 8, as shown in
the Figure at (e). The alkaline refractory netal layer 2 is much thinner
than the thickness of the outer copper layer 7 and is easily renoved by an
acid etching. Finally, the photoresist coated on the outer wirings 8 is

renoved at thickmesatef cthe Hoonesetfsing Neednsd ds sneferablyi Ala
mul ti-layer printed wiring 10 board as shown in Figure 1 at (f). The
t hi ckness od trémgel &fil 20re20@furact kfy thet dhezmosstaling kaeing33is. mor | ess)
is much thinner than the thickness of the outer copper foil 1 (typically
havi ng 18 \tlinndhetkéwrz0 jami cdwf fiidiiecitndssenflalyleer doppdrtibnl apdr used to
formthe outer wirings in the present
.adhesion strength cannot be obtained. If the
5 thermosetting resin is thicker than 200 pm, it is
difficult to form via holes with small diameters.
The face of the resin side of the coated copper
foil is bonded to éne or both of the opposite faces of
an inner resin layer 5 which has inner wirings 4, then
10 1laminated by heating and pressing at a temperature of
about 150-200°C and at a pressure of about 30 kgf/cm2.
A multi-layer board having two embedded inner wirings 4
is formed as shown in the Figure 1 at (a).
Next, the copper foil is removed from the multi-
15 1layer board of (a) by alkaline etching, selectively
leaving the alkaline refractory metal layer, as shown in
the Figure 1 at (b). This alkaline etching may be
carried out, for example, using a solution including
200-250 g/L of NH,OH, 130-160 g/L of NH.Cl, and 150-160
20 g/L of Cu at a temperature of 40-50°C. Since the
surface of the copper foil has a surface roughness of
0.5-15 um, preferably 2.5-15 Um, removing the copper
foil 1 leaves many projections and depressions on the

surface of the alkaline refractory metal 2, which allow

25 the laser beam to be easily absorbed into the surface of



invention is nmuch thinner (by nore than 15 ~Lm) than that used in the

typi cal process. As another process, a sem -additive process.or a tern
pl ating process as shown in Figure 2 at (a)--(g), 2 0 the nIRquq%gﬁi

boards (el in which via holes axe already fornmed as shown in Figure 2 at
(c), preparing as shown in Figure 2 at (a)~(c), is coated wi th photoresist
and exposed t hrough a phot omask, followed by devel oping to formthe

phot oresi st patterns 9 shown in Figure 2 at 2 5 (d). This exposes the

al kaline refractory netal 2 at 20 Juhe 2003 14 positions corresponding to
the outer wirings and pads. The wiring patterns (circuit patterns) 8 are
made by el ectroless plating, followed by el ectroplating, as discussed
above, which is shown in Figure 2 at (e). 5 Wien the photoresist is renoved
after the ethetabprlbinegrefegntary fedad Ri.gand fagilitpteshéonminyi ne
refractory nmetal 2 remains on the resin | ayer 3 between copper wirings 8
and nust . beof cholesl witth cthe slasssiJ y done by an acid etching. Then, a
multi-layer printed wiring 10 board is obtained as shown in Figure 2 at

(g). In the presEm¢ viwdmlesn, 6 drecdddredalinabote ther atkelyneet al | ayer 2
is very thin conpared wth the outer wirings 8, it is possible to renove

t he al kal i neefrhcesoipryeti®xl dlayeryd shdvtheoutesginhollegernd t he copper 15
wiring by tin plating, since only a short tine is required when using an
acid et §hi ngimel tahedus By Clhy abr rafiid imhvithdehes 1beeti beahl ehiede. The

undercutting of the wiring 1s reduced, and the accuracy of the wiring
patterns isSmhlRiOY¥&fer board of (b), as shown in the Figure 1 at
(¢) to form a multi-layer board (e) in which via holes
are already formed: A carbon dioxide laser is
preferably used, but the invention is not especially
10 1limited to this laser. A desmearing treatment can be
applied, if necessary, after forming holes by
irradiating with the laser beam.
After making the via holes 6, a layer of copper is
deposited on the multi-layer board (e), namely on the
15 alkaline refractory metal 2 and blind via holes 6
including a resin surface of the holes 6 and pad 10;
first by electroless plating, followed by
electroplating. A copper pyrophosphate plating solution
(for example, OPC-750 electroless copper plating
20 solution, produced by Okuno Seiyaku Co., Ltd.), at a
solution temperature of 20-25°C, for 15-20 minutes, can
be used to provide a layer of electroless copper having
a thickness of approximately 0.1 pm. Thereafter, an

electroplating solution including 30-100 g/L of copper

25 and 50-200 g/L of sulfuric acid at a temperature of 30-



2 0 The. present invention nmay al so be applied to nulti |ayer board having
three or nore |ayers. Furthernore, a |layer having via hol es h 2 @y t he
| aser as descri bed above may be multi-layered by repeating £Reun B
| am nation, formng holes by laser, plating, and 2 5 patterning. Therefore,
the present invention can be 20 June 2003 15 applied to production of
multi-layer printed wiring boards having any nunber of |ayers. The present
i nvention will be explained nore 5 SE i fically using exanples and
conparative exanples. Exanple 1 Aro gﬁening treatment was applied to the
shiny face (i.e., snooth side) of an el ectrodeposited copper foil having a
noninal t hi ckness of 18 ~,tm a roughness (Rz) of 1.9 Eun, and a matte face
(i.e., rough side) 10 roughness (Rz) of 5 ) per was electrodep05|ted
on the shi P TCawdthop saggeéﬂdeumx%t ad%‘%ﬁ#téﬁtOfdérfgﬂt%P /% spanR, using
the copper foil as a cathode froma cupric sulfate solution having a
t enper at ur PHFUIRIL tth Pravdided iang outey/ plared oppepetintiayed §/havingul furic
acid. 1S The roughness (Rz) of the surface after the roughening treatnent
was appl i ece viesickread mE H-3 5.8 ehecthowepbsi the Figwre baah hdling the
conposition shown in Table 2, at a tenperature of 20C,

The outer plated copper layer 7 is electroplated on the

5 electroless copper layer which is formed on both the
surface of the alkaline refractory metal 2 and via holes
6 including the resin surface of the holes 6, to which
the shape of the sﬁrface of the copper foil has been
transferred. The alkaline refractory metal 2 has a
10 strong bond strength with the resin layer 3. Further,
the electroless copper layer provides strong bond
strength between the outer plated copper layer 7 and the
alkaline refractory metai‘layer 2, i.e., the adhesion
strength is higher than the caee where the outer copper
15 1layer 7 is electroplated directly to the resin layer 3.
In a typical process, a photoresist (for example,
Microposit 2400, produced by Shiplay Co., Ltd.) is
applied on the surface of the outer plated copper layer
7 to a thickness of approximately 7 pm and dried. Then,
20 the photoresist is exposed to radiation through a
photomask having a predetermined wiring pattern 9.
After radiating, the photoresist is developed using 10%
KOH solution to expose copper, which is then acid
etched, using a solution including 100 g/L of CuCl, and

25 100 g/L of free hydrochloric acid at a temperature of



on the copper foil to which the roughening treatnent had 2 0 been appl i ed.
The anpunt of tin deposited on the treated surface was 1.2 03
(approximately 0.2 ~. Lnm. 20 June 2003 16 Table 2 Tin Pla |n ?%

osi ti onConcentrationStannous Sul fate251Sul furic AC|d801CresoIsquon|c

Aci d80/ 1Gel atin2/ 1Beta Na hthol 1/1 After rinsing with deionized water, an
electrolytic 5 chromate treatnent was applied to the tin-plated surface for
5 seconds with a current density of 013 A/dnR2, using an electrolite
including 2 g/L of chromic acid anhydride having a pH of 11.0 to obtain a
chromate-treated copper foil. 10 An epoxy resin varni sh was prepared by

m xi ng 100 parts epoxy resin (Epicoat 1001, produced by Yuka Shell Co.,

L\ i BREEredl YB0RL0 e Sy Q,eﬁ%fra@go&lxe{nggaghy 2E(AP, (pr oduced

by Shi koku KRaséi as an accelerator &tdne as a
solvent. The_l 0%0 r%5|2 vgrnlgh 8 the sur ace_ of the
chr omat e-t r 88¢ed oﬁg’é;’r P F, 8%8 ﬁe %Irfor 25 P8NS&r ature of
130C to the Sen‘g%u%?da%t% %wn in tﬁgnﬁléﬁ¥§;a (e). The alkaline
refractory metal layer 2 is much thinner than the
5 thickness of the outer copper layer 7 and is easily
removed by an acid etching.
Finally, the photoresist coated on the outer
wirings 8 is removed at a temperature of 50°C using 3%
NaOH solution to obtain a multi-layer printed wiring

10 board as shown in Figure 1 at (f).

The thickness of the alkaline refractory metal 2

(usually having 3 pm or less) is much thinner than the
thickness of the outer copper foil 1 (typically having

18 um). Therefore, a total thickness of the copper

15 1layer used to form the outer wirings in the present
invention is much thinner (by more than 15 um) than that
used in the typical process.

As another process, a semi-additive process or a
pattern plating process as shown in Figure 2 at (a)~(g),

20 the multi-layer boards (e) in which via holes are
already formed as shown in Figure 2 at (c¢), preparing as
shown in Figure 2 at (a)~(c), is coated with photoresist
and exposed through a photomask, followed by developing
to form the photoresist patterns 9 shown in Figure 2 at

25 (d). This exposes the alkaline refractory metal 2 at



t her eby.obtai ning a copper foil coated with the epoxy resin having a

t hi ckness of 75 um A FR-4 inner |ayer board having mﬁringsipmuggbg gides
(R-1766, produced by Matsushita Denko Co., Ltd.) 5 having a®h g) 8 of
0. 5nm was prepared. A black oxide treatnment was applied to the inner |ayer
board. The resin coated copper foil described above was bonded on both
sides of the inner |ayer board so that the resin side of the copper foi

was adjacent to the inner |ayer 10 boand. The:inner |ayer board and
resin-coated foil were |am nated for m nutes at a tenperature of 180C
and a pressure of 20 kg/cnR2, using a vacuum press, to obtain a nufti-Iayer
W ring board having the inner wirings enbedded in the resin. 15 The outer
copper foils were etched fromthe nulti_ |ayer board usin n et chi ng

sol uti on i nOOFdtIGRS0GOFFESBPRRERGHEC 1908 PHERE WHAESS f%tflaﬁgsg/ L of Cu at
a tenperature of 50C. The copper foil was renoved, |eaving the tin plating
| ayer exposdde ¥igipgepatfegnfolledregritoprttern) hete® Wade Morned on the
mufti-1ayer board from which the copper foil had been renoved and the tin

| ayers expo@é&CtKOd-@tsl?oDlélté%gdefpég@ﬂe@mmf heleglerotatping of2s50W with a

di ameter of 100 umwas used to formholes in the tin plating and 2 5 resin
to reach thdliisewesega@boveaowhinh Qeoehqma-lécﬁ@ll@sfcﬂibp@) pl ating was

applied to the tin layer and via holes including a resin surface of the via
5 When the photoresist is removed after the electroplating

steps as shown Figure 2 at (£f), the alkaline refractory
metal 2 remains on the resin layer 3 between copper
wirings 8 and must'be removed, which is easily done by
an acid etching. Then, a multi-layer printed wiring

10 board is obtained as shown in Figure 2 at (g).

In the present invention, since the alkaline
refractory metal layer 2 is very thin compared with the
outer wirings 8, it is possible to remove the alkaline
refractory metal layer 2 without protecting the copper

15 wiring by tin plating, since only a short time is
required when using an acid etching solution, such as
cupric chloride or ferric chloride. The undercutting of
the wiring is reduced, and the accuracy of the wiring
patterns is improved.

20 The present invention may also be applied to multi-
layer board having three or more layers. Furthermore, a
layer having via holes formed by the laser as described
above may be multi-layered by repeating the steps of
lamination, forming holes by laser, plating, and

25 patterning. Therefore, the present invention can be



holes for 18 mnutes at a tenperature of 23C using OPC 750 el ectrol ess
copper plating solution (produced by 5 Ckuno Seiyaku Co., Llé@gyt(ioagovide
pl ati ng thickness of approximately 0.1 mcron. Then, copper ne

el ectropl ated on the plated el ectrol ess copper, using a solution

i ncludi ng. 100 g/L of copper and 150 g/L of sulfuric acid at a tenperature
of 25C with a cathode 10 current density of 5 AlcnR to provide an outer
copper |ayer having a thickness of Zgrgtn to prepare a multi |ayer board.
Fol l owi ng a typical process, Mrcoposite 2400 (produced by Shiplay Co.,
Ltd.), as a photoresist, was 15 applied on the surface of the nulti-Iayer
board to a thickness of approximately 7 ~,un and dried. Then, photoresist
was exposed to radiation using a photomask having a predeterm ned wring
pattern. Afapplied txmweedustidre gfhonditdsileyenaprdateropéyingi ng a 10~ KOH
2 0 solution to renove the uncured resist to form photoresi st patterns.

Aci d et chi rigpanfds Heaeime sy coppear wefs l@arerised out, using a sol ution
including 100 g/L of Cud 2 and 100 g/L of free hydrochloric acid at a

t enperature of 5fifetprésemt t heventiioon wirliindgs ekiplalingd fo¥et he cured

phot oresi st remaining on the outer faces of 20 June 2003 19 the outer

W rings wasspetbftea by ngs ing Nedasiod o tarmh compartatier akamplel .3. 0C to
obtain a multi-layer printed wiring board.
5 Example 1
A roughening treatment was applied to the shiny
face (i.e., smooth side) of an electrodeposited copper
foil having a nomihal thickness of 18 um, a roughness
(Rz) of 1.9 pm, and a matte face (i.e., rough side)
10 roughness (Rz) of 5 pum. Copper was electrodeposited on
the shiny face for 5 seconds with a current density of
30 A/dm?, using the copper foil as a cathode from a
cupric sulfate solution having a temperature of 40°C and
including 10 g/L of copper and 100 g/L of sulfuric acid.
15 fThe r;ughness (Rz) of the surface after the roughening
treatment was applied was 2.9 pm.
Tin was electrodeposited from a bath having the
composition shown in Table 2, at a temperature of 20°C,
on the copper foil to which the roughening treatment had

20 Dbeen applied. The amount of tin deposited on the

treated surface was 1.2 g/m? (approximately 0.2 Mm).



Then, the peel strength (kgf/cm of the outer Swiring fromthe printed

W ring board was neasured, follow ng the procedure of JlS_C@ﬂﬁ#mE}Q resul t
is shown in Table 3. Conparative Exanple 1 Using the nethods © ﬁ%le 1,
the epoxy resin 10 varnish was applied on the roughened surface of copper
foil and heated for 10 mnutes at a tenperature of 130C to the sem -cured
state, thereby obtaining a copper foil -coated with resin having a thickness
of 75 EAm except that 18 )un copper fpil (3EC 111, produced by Mtsui 15
Mning & Snelting Co., Ltd.) was usedigs the copper foil 1 and the al kaline
refractory netal (i.e., tin) was not electroplated on it. A FR- 4 inner

| ayer board having wirings on both sides having a thickness of 0.5 n~ was
prepared and a 2 0 black oxide treatnent was applied to the inner board.
The resin coated copper foil was | afPR&Bed on both sides of the inner | ayer
board so that the resin face of the copper foil adjacent to the inner |ayer
boards, again using the nethods of Example 1 __Then carrying out the 20

June 2003 20 sane st ¢ps described in Exénple 1, amlti-layer prjnted
Wi ring board was obt @iTHed Plating Bath Composition |Concentration
| Stannous Sulfate 25 g/l
Sulfuric Acid 80 g/l
Cregolsulfonic Acid 80 g/1
Gelatin 2 g/l
Beta Naphthol 1 g/l

After rinsing with deionized water, an electrolytic

S chromate treatment was applied to the tin-plated surface

'for 5 seconds with a current density of 0.5 A/dm?2, using

an electrolite including 2 g/L of chromic acid anhydride

having a pH of 11.0 to obtain a chromate-treated copper
foil.

10 An epoxy resin varnish was prepared by mixing 100
parts epoxy resin (Epicoat 1001, produced by Yuka Shell
Co., Ltd.), 2.5 parts dicyandiamide as hardener, and 0.2
parts 2E4MZ (produced by Shikoku Kasei Co., Ltd.) as an
accelerator in metylethyl ketone as a solvent. The

15 epoxy resin varnish was applied on the surface of the
chromate-treated copper foil, and heated fof 10 minutes

at a temperature of 130°C to the semi-cured state,



Then, the peel strength -(kgf/cm of the outer wirings fromthe printed

W ring board was neasured, 5 follow ng the procedure o JIS-qgﬂﬁ%i %Bg
result is shown in Table 3. Conparative Exanple 2 Using the e2

mul ti-layer board having the inner wirings enbedded in the resin as in
Conparative Exanple 10 1, guide holes, corresponding to the holes to be
formed with the Iaser, were fornmed by etching at positions of the

copper, foil, having the sanme di anetery-as the holes to be forned by the

| aser. The copper foil was not etched away. Then, using the procedures as
in Exanple 1, a 15 nulti-layer printed wiring board was obtained. Then, the
peel strength (kgf/cm of the outer copper wiring having a thickness of 38

mm fromthe_printed wirjng board was asured ?éoll Wi t he procedure of
J1'S 08481, TREFPRE FREALIEhE /) GORPRILEE1S. C98tedpyeth the cbo
Conparativ ar ati veExam l.eExam | e | e 2Peel strength of outer
copperl,loégggﬁﬂﬁ ?YF%FfacﬁR§§%98%§§§%E?go ér | ayer202038co er foiiWrkable
m ni mum pattern w dt h5050100 . 20 June 2003 ,21 As shown in Table 3, the
peel strength bebweRmd tinekdiayemmdpopre baviprduwwiriggsienihetbased in
Exanple 1 by, including the |layer of alkaline refractory netal, 5 conpared
wi th Conpar&tfee Bahpbe predurad Wy MagsuehatpeDenkaedoby EBEER) ng.
conpared Wi th Conparative Exanple 2, where the outer wirings were thicker
than i nJExahaving anthimesutdl O Sumpes Prepared.t hd bitacknexideent i on
has been described with 10 reference to one or nore particul ar enbodi ments,
t hose skil | tdehtmene was awpliedduyiihee inher Adamprchaayds n@hebe made
thereto without departing fromthe spirit and
resin coated copper foil described above was bonded on
both sides of the inner layer board so that the resin
side of the copper foil was adjacent to the inner layer
10 board. The inner layer board and resin-coated foil were
laminated for 60 minutes at a temperature of 180°C and a
pressure of 20 kg/cm?, using a vacuum press, to obtain a
nulti~layer wiring board having the inner wirings
embedded in the resin.
15 The outer copper foils were etched from the multi-
layer board using an etching solution including 200 g/L
of NH OH, 130 g/L of NH4Cl, and 150 g/L of Cu at a
temperature of 50°C. The copper foil was removed,
leaving the tin plating layer exposed.
20 Then, via holes of 100 um diameter were formed on
the multi-layer board from which the copper foil had
been removed and the tin layers exposed. A ‘carbon
dioxide laser (with laser output of 60W) with a diameter

of 100 um was used to form holes in the tin plating and

25 resin to reach the inner pad.



scope of the present invention. Each of these enbodi nents and obvi ous
variations thereof is 15 contenplated as falling within thezﬁghﬁé§0@§d
scope of -the clainmed invention, which is set forth in the foI'row ng cl ai ns.
20 June 2003 22 1. A nethod of making a nulti-layer printed wiring board
conprising (a) electrodepositing an alkaline refractory netal which can be
di ssolved in an acid etching solution on one surface of a copper foil; (b)
applying a thernosetting resin on the el etrodeposited al kaline refractory
metal of (a) and curing said resin tol8 sem -cured state, thereby producing
a coated copper foil; (c) bonding said coated copper foil of (b) to an

i nner | ayer board haivng inner wirings on one or both of the faces thereof,
said thernosetting resin being | amnated onto said inner |ayer board to

forma multilayegiRegrdietd) cbﬁ?&\.‘i ﬁgaéﬁ&gfi_wm@plfi@d td @R Raphul til ayer
board of step (c) by etching with an al kaline etching solution: thereby

|eaving sal d glekabioeyi ! F8SAr YnEPhALnG PASEMn (Rle QLT chld i @ hol es

in both the al'kal i ne refractory netal and the thernosetting resin

directly irigdiatiedg 31 s Rpesedy abkalierd BLIACL O okRLAL A0l obl) TO

renove the kKal'i ne"rérractory neta ernosetting r
si mul t aneouslayy Wht 2.1 r._to iclay Ln which via
hol es are fgﬁﬁe }egﬁ%°?gfsf§§ﬁPﬁ% %?é$5€1%§£$é1$ Oaéﬁggﬁ%%b§n§3 2. A
met hod cordin 0.C aimJ, ein_the [ Wrings are.fornmed by first
el ectr olasgss 02%‘5‘ s%ﬁlé@%&‘g}ﬁﬁé(m@ﬁg'k hté?e%’f%ﬁ&eelé\%ﬁ%pto Y55 = “Gopper
| ayer on the nulti,-| r hoard,of step.{e) in which blind via holes are
al r eady forﬁE@F°§BHF§%ﬁ§ g‘@h@fSFggrstTéﬁgth%oggﬁﬁmwaﬁayer and thereafter
form ng photqresist patterns,_ acid etchi a rt of the outer copper |ayer
and the alkéﬁﬁﬁ§rp?ﬂP§@FoP? F?Fanaﬁﬁa F£%59¥$ge?%ep?ﬁRﬁ¥ﬁe&ﬁ%ﬂg tterns.
3. A nethod agcording tQ d,aim:- erei.n the oute i rings e fornmed by
appl ying a [ €§igP°&HdﬂH€ ﬁéPtSOFaQQrcﬁﬁ%?ﬂ ?ﬁés¥%§)?é% $¥1vwnch bl i nd
via holes are _al ready formed and thereafter forn hot or esi st patterns,
deposi ting COPFEFIG Bcig ﬁ&tFeFﬁEPﬁFFﬁuEFeefr%§é§§ﬂéﬁﬂaeFé@PP@G@position
bet wee he photoresist patterns, regnving t he phot oresi st patterns, and
r enovi E'g t hEYRmeRt fensditys OfoPy AfETMa| te PRI PetWET QPR pper Wi ri ng
patterns by acid etching. 4. A nethod according to aim1l, wherein said
copper foil 1f¥era hayignas&hirkness ehie2f aHBet®fPHeBRES bkt he face on
whi ch said alkaline refractory netal is electrodeposited. 5. A nethod
accordi ng t da¥ex Morrdrherein the thickness of said copper foil is in a
range of about 5100 um_ and the thickness of the alkaline refractory netal
layer is in a rafgdlowingo@ typrdgslipgogrss. HMprgopesdpe32400

(produced by Shiplay Co., Ltd.), as a photoresist, was

15 applied on the surface of the multi-layer board to a

thickness of approximately 7 pm and dried. Then,

photoresist was exposed to radiation using a photomask

having a predetermined wiring pattern. After the

exposure, the photoresist was developed using a 10% KOH

20 solution to remove the uncured resist to form
photoresist patterns. Acid etching of the exposed

copper was carried out, using a solution including 100

g/L of CuCl, and 100 g/L of free hydrochloric acid at a

temperature of 50°C to form the outer wirings. Finally,

25 the cured photoresist remaining on the outer faces of



24 6. A.method according to Claim1l, wherein said alkaline refractory netal
is selected fromthe group consisting of tin, zinc and tin C and
ni ckel alloy, and tin and copper alloy. 7. A nethod accordi %@éeéﬁg
wherein said copper foil of step (a) is el ectrodeposited copper foil or
rolled copper foil. 8 A nethod according to Claim1l, wherein a chromate
| ayer is further provided on said alkaline refractory netal layer. 9. A
met hod according to Claiml1, wherein said thernosetting resin layer is a
prepreg or a thernosetting resin fil Mm910. A nulti-I ayer printed wring
board nmade by the nethod of Caim1l.
. Ad. ANS. AS. ALE. A, . A Y. A . A Al . ASY. ASY. Al . Ay(. A AS. Af. A A(r.ASL. A A AYL. A3".
AF/ 0Gg VY:g>/g
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]ca] ca]ca] ca]c™a] ca]ca]calc<alcaUca!?t!Y ( Aw
Rs@ T{ val gba Xt éepieateaé caf ch)wnlmmalobahda] aajnadtdalegeeapeaheadical cal cal cal
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10%vE #SsidepghayvingT a0 thdvnegey e PR RDSRAX ¢¢-and a
fle%/l(&) ()-!10%vE (;V SF10%V&' () - I#Lylof(%Mv&gIEu)naSs 10%0vE& (?
2t | aBe RyB71bdR:k( pxide0 tveatmehtnvesiarr] ied 0tEERS - innenokheatd- | )~ 10%
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The resin coated copper foil was laminated on both sides

of the inner layer board so that the resin face of the
copper foil adjacent to the inner layer boards, again

using the methods of Example 1. Then, carrying out the



A w RsdEbCF 109%&' ()-310%& ()-s 109 ()-1109%6% () -
10%&f()-yflOW&f()-s@DdEbC(lO%&f()-f&!lo%&f()-$310@&f()-"10%§bghh§%a&%&f()-
109 ()- aBbC610%& ()-4-10%& () -
2MLO%&' ()-!S. 10%&' () -, GlO%& ()-*10%&' ()-ThC
109638 () - S&10%6&' () - & L@O0%& ()- 10 10 10S:!'10%& () -
910%&' ()-gaBbC@#: 10%6&' ()-S 10%=%' ()-S
109638 () -!fl0%EG () - S10%6& () - 1096& ().- SwxyzbCl0%&' () - Y109%&' () - SH@O0%&' () -
10G 10G 10G 109%& () - & 109%& () - +a}d
109 ()-109%&' ()-glO0%&' ()-!109%& ()-S910%& ()- 10%& ()-(PdEbC@' 10%&' () -
%0%& ()-#10%& ()-10%& () -,
10%&' ()-Z109%&' ()- OMdEbC3109%& () -, 1M 10%&' () -/ 10%&' () -
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Then, the peel strength (kgf/cm) of the outer
wirings from the printed wiring board was measured,
5 following the procedure of JIS-C6481. The result is
shown in Table 3.
Comparative Example 2
Using the samé multi-layer board having the inner
wirings embedded in the resin as in Comparative Example
10 1, guide holes, corresponding to the holes to be formed
with the laser, were formed by etching at positions of
the copper foil having the same diameter as the holes to
be formed by the laser. The copper foil was not etched
away. Then, using the procedures as in Example 1, a
15 multi-layer printed wiring board was obtained.
Then, the peel strength (kgf/cm) of the outer
copper wiring having a thickness of 38 mm from the

printed wiring board was measured, following the

procedure of JIS-C6481. The result is shown in Table 3.
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Table 3
Comparativel Comparative

Example 1 Example 1 Example 2
Peel strength of outer copper
wiring (kgf/cm) 1.1 0.3 1.8
Thickness of outer layer 20 20 38
copper foil (um)
Workable minimum pattern width S0 50 100
(pm)
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be formed by etching, compared with Comparative Example

2, where the outer wirings were thicker than in Example
1 and Comparative Example 1.
While the present invention has been described with
10 reference to one or more particular embodiments, those
skilled in the art will recognize that many changes may
be made thereto without departing from the spirit and
scope of the present invention. Each of these
embodiments and obvious variations thereof is
15 contemplated as falling within the spirit and scope of
the claimed invention, which is set forth in the

following claims.
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(d) removing said copper foil from the multi-
layer board of step (c¢) by etching with an alkaline
etching solution; thereby leaving said alkaline
refractory metal exposed;

(e) forming blind via holes in both the alkaline
refractory metal and the thermosetting resin by
directly irradiating said exposed alkaline refractory
metal of (d) to remove the alkaline refractory metal
and the thermosetting resin simultaneously with a CO;
laser to form a multi-layer board in which wvia holes
are formed; and

(f) forming outer wings.



109% & ()-T 109% & ()-'T 10% & ()-T 10% & () - UKVKj KnKpKgKyK{ KhL, 4T 10% & ()- T
10% & ()-'T 10% & ()-T 10% & ()-T 10% & () -' { K~KKKKKKKeG, 4T 10% & () -
109 & ()-T 10% & ()-T 10% & ()-' T 10% & () - KKL<LULLL|[: i&/édslo‘%'&' () -
FI0% & ()- f$310% & ()- f"10% & ()- fy & 10% & ()- f z10% L

MYMVWM [:, 4T 10% ff4@10% & ()- f210% & ()- fO010% & ()- f. 3100/'&' () -
f,10% & ()- fys* 109 & ()- M6NhNi N NKNogg{ NNVUAT £ @ OYSKYBS! () -

109BKIUBS () - ff#@O%SK%S&' ()-10"10"10" f810% & ()- f610% & ()- NO

QUOOOP| [: vUAT f ff10%8KUS& ()-f f10%BKUSE ()-f f 10USKUSE () -

f110%8KYS&' ()- ! 10%g#q&' ()- f 10%SK¥S&' ()- PNPPDQZQQQY [ vWAT f
f+s1098K%S&' () -, ) BHURKUBEA( )acfccf@ﬁlglo%%K‘V@ﬁah}l 17, L0BKMBEn ( rhe

#109KY&' () - f 10Y%SKYS& () - QR>RVRRRS|[: vUAT f f83109BKUSE () - f
f610%SK%S@l(’Qe-Jf f FLOUBKHSS' a)e f@omesw@@y() fnfmtm%sr@mt(r)oless

10%BKY%S SOSr SSSSSSy &109 W& ()r. s

f#@ow & (Cf F%%%)éﬁ%sﬁ%fﬁK% @Ei% /&%%%’ c1dePeidpdditing a

f 3: 10YBKY&RHDerSSLIYITTH : mmeuntfl@Lay@% &xearcﬂ b@ 19% () f in

F&@L1I0% & ()- f,LI0%W& ()- FFIO% & () - @Q%W & ()-T. UdUUUW|[: vWLAT f

fs$1006 & (Which Sesipds &fl(é) holgy <% al(f?adv fovEmeds) - aPRI YiD% @ () -

f@10% & ( f g % &

f@10% " &'ﬁkﬁ&\éﬁ@és\liO% & t}zﬂgﬁygfﬁff i éhﬁ)%xﬁ&xxx@%%ﬁ&r( edenl PV & 1)
photoresist patterns, acid etchlng a part of the outer

copper layer and the alkaline refractory metal, and

removing the photoresist patterns.

3. A method according to Claim 1, wherein the
outer wirings are formed by applying a photoresist on
the multi-layer board of step (e) in which blind via
holes are already formed and thereafter forming
photoresist patterns, depositing copper wiring patterns
with electroless and electrodeposition between the
photoresist patterns, removing the photoresist
patterns, and removing the alkaline refractory metal
remaining between the copper wiring patterns by acid

etching.

4. A method according to Claim 1, wherein said
copper foil has a roughness (Rz) in the range of 0.5-15
pm on the face on which said alkaline refractory metal

is electrodeposited.

5. A method according to Claim 1, wherein the
thickness of said copper foil is in a range of about 5-
100 um, and the thickness of the alkaline refractory

metal layer i1s in a range of about 0.005-3.0 pm.
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