DESCRI PTI ON  LAM NATED W RI NG BOARD AND METHOD FOR
MANUFACTURI NG THE SAME Techni cal Field [0001] The
present invention relates to a |anm nated w ring board
and a nethod for manufacturing the sane. More
particularly, the present invention relates to a

| am nated wiring board and a nethod for manufacturing
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disclosed in Patent Docunent 2. In the technol ogy, a
[0082hber of wiring boards are prepared

In recent years, with the increasing demand for miniaturization and
multi-functionalization of mobile phones, various digital electronic devices
and the like, there has also been a strong demand for miniaturization and
multi-functionalization of electronic components such as a semiconductor IC
element used in those devices and of a printed wiring board on which such
components are mounted. In order to meet such a demand, development of
various multilayer wiring board technologies has been underway.

[0003]

A first example of the conventional multilayer wiring board
technologies is an EWLP (Embedded Wafer Level Package) technology as
disclosed in Patent Document 1. This technology is for forming a package
substrate having a multilayer structure by disposing a semiconductor chip,
for example, on a support plate and sequentially building up an insulating
layer, a metal column for an interlayer via and a wiring metal layer thereon.

[0004]



each of which has a wiring conductive |ayer provided
on one surface of an insulating substrate and an
adhesi ve | ayer provided on the other surface thereof
and is provided with a conductive via -

(through-el ectrode) made of a conductive paste and
serving as an interlayer conductive via. Then, these
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Patent Document 4: Japanese Patent Application Publication No.

2005-45187

Disclosure of the Invention
Problems to be Solved by the Invention
[0005]

The EWLP technology described in the above first example is
suitable for achieving ultimate miniaturization. However, the number of
steps 1s increased since a resist mask step, a plating step and a multilayer
lamination step are repeated in manufacturing the wiring board. Therefore,
execution of the above steps takes a long time, which complicates
manufacture. Moreover, a heating step is required for every multilayer
lamination step. As a result, many heat histories are applied to some resin
layers on the insulating substrate and thus resin deterioration is likely to

occur.



nunber of steps and deterioration of the resin | ayers
on the insulating substrate due to the thernal
history as in the case of the first exanple. However,
as shown in the step of Fig. 6(e) in Patent Docunent
2, in formation of a through-hole 14 by |aser
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[0008]

Moreover, as the tendency of the conventional technology regarding a
connection configuration between the conductive layer and the conductive
paste, there are many technologies for roughening the conductive layer
surface for the purpose of improving adhesion, connection resistance, and f,he
like between the conductive layer and the conductive paste, as can also be
seen in Patent Documents 3 and 4. Those technologies have problems
caused by unevenness in roughening the conductive layer as in the case of

the second example described above. Moreover, it is required to accurately

control the surface roughness and uneven shape in active roughening.

Therefore, the manufacture is complicated for the reasons described above.

[o009]




can achi eve high connection reliability between an
interlayer conductive via and a wiring conductive

| ayer particularly in a nmultilayer wiring board.

Means for Solving the Problens [0010] A first aspect

of the present invention is a nethod for manufacturing

a lamnated wiring board in which at | east one wiring
boar% base is stacked, the gethod conpri si ng: .
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paste. [0011] In the nmethod for manufacturing a
| am nated wiring board according to the first aspect

Medessclor SethinBake Probldis pr ef erabl e that the snoot hing
is. performed in such a manner that an arithnetic mean
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[OOVflji ng board base having an insulating substrate

In the method for manufacturing a laminated wiring board according
to the first aspect described above, it is preferable that the smoothing is
performed in such a manner that an arithmetic mean roughness Ra of the
surface portion, in the through-hole, of the conductive layer is 1.0 pm or less.
[0012]

In the method for manufacturing a laminated wiring board according
to the first aspect described above, it is preferable that the smoothing is
performed in such a manner that a maximum height roughness Rz of the
surface portion, in the through-hole, of the conductive layer is 3 pm or less.
[0013]

Moreover, in the method for manufacturing a laminated wiring board

according to any of the above aspects, the conductive paste may contain a

metal component forming an alloy layer between the conductive paste and



having a first surface and a second surface opposite

to the first surface, a conductive |ayer provided on

the first surface and a conductive via including a

t hrough- hol e reachi ng the conductive |ayer fromthe

second surface and a conductive paste filled in the

t hrough-hole. In the lamnated wring board, a

maxi mum hei ght roughness Rz of the surface portion, in
the panduntbieglayevl e, of the conductive layer is 3 mor
[Od%ﬁ [0015] A third aspect of the present invention

a lamnated wiring board conprising: at |east one
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an arithmetic mean roughness Ra of the surface portion, in the through-hole,
of the conductive layer is 1.0 pm or less.

[0016]

Furthermore, in the above laminated wiring board, the conductive
paste may contain a metal component forming an alloy layer between the
conductive paste and the conductive layer.

{0017]

A fourth éspect of the present invention is a laminated wiring board
comprising: at least one wiring board base having an insulating substrate
having a first surface and a second surface opposite to the first surface, a
conductive layer provided on the first surface and a conductive via including
a through-hole reaching the conductive layer from the second surface and a

conductive paste filled in the through-hole. In the laminated wiring board,



In the lam nated wiring board and the nmethod for
manuf acturing the sane according to the present
i nvention, the surface portion, in the through-hole,
of the conductive layer is snoothed. Therefore, even
in various resistance tests such as a thermal shock
test on the wiring board, for exanple, high
connection reliability between the conductive_| ayer
they nenduetive opastet faransy iap iailoyh daxes subh-thel eorductpee layer, a
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[oery] Fig. 1(b) showing a structure of the |am nated
wiring board after assenbly. Figs. 2(a) to 2(g) are
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Brief Description of the Drawings

Figs. 1(a) and 1(b) are schematic cross-sectional views for explaining
a method for manufacturing a laminated wiring board by stacking a
plurality of wiring board bases according to an embodiment of the present
invention, Fig. 1(a) showing each of the wiring board bases before assembly
and Fig. 1(b) showing a structure of the laminated wiring board after
assembly.

Figs. 2(a) to 2(g) are main part enlarged cross-sectional views
showing steps of a method for manufacturing the wiring board bases in Fig.
1 according to the embodiment of the present invention.

Fig. 3 is a characteristic diagram showing Table 2 as a graph, Table 2



being left at a high tenperature according to the

enbodi nrent of the present invention. Figs. 5(a) and

5(b) are cross-sectional views of a |lanm nated w ring
board accordi ng to anot her enbodi nent of the present
invention, Fig. 5(a) showi ng a cross-sectional view

of the lamnated wiring board after assenbly and Fig.
5(b) showi ng an expl oded cross-sectional viewof the

renraRe ARG R rosistansepchange ratgsof thelamimatedoyiripg board after
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of a nethod for manufacturing each of the wiring

witpgrhwapdses in Fig. 1. [0022] 7 First, as shown in
Fig.,l(a), {he.p ality of wiring board pases,. nor ..
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a0 S oLEhed

Best Mode for Carrying out the Invention
[0021] .

With reference to Figs. 1 and 2, description will be given below of an
embodiment of a laminated wiring board and a method for manufacturing
the same according to the present invention. Fig. 1 i1s a schematic
cross-sectional view for explaining a method for manufacturing the
laminated wiring board by laminating a pluralify of wiring board bases. Fig.
1(a) shows each of the wiring board bases before assembly. Fig. 1(b) shows a
structure of the laminated wiring board after assembly. Figs. 2(a) to 2(g)
are main part enlarged cross-sectional views showing steps of a method for
manufacturing each of the wiring board bases in Fig. 1.

[0022]



(upper surface, first surface) of the first insulating
substrate la; and a first adhesive layer |Ic attached
to the entire area of the other surface (I ower
surface, second surface) of the first insulating
substrate la. [0023] Considering the |am nated wiring
board shown in Fig. 1 as one unit, the first wring
board base 1 nakes Qéomernnst layer of the uynit.
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conductwe paste is not provided in the first wiring board base 1, the

conductive via may be provided as needed.
[0024] | |

A second wiring board base 2 includes: a second insulating substrate
2a made of, for example, a polyimide resin film; a plurality of second
conductive layers 2b which is made of, for example, copper foil for wiring and
which is patterned on one surface (upper surface, first surface) of the second
insulating substrate 2a; a second adhesive layer 2c¢ attached to the entire
area of the other surface (lower surface, second surface) of the second
insulating substrate 2a; and a plurality of conductive vias (through
electrodes) 2d provided so as to correspond to the second conductive layers 2b,

respectively.



is formed so as to protrude froma | ower surface of

t he second adhesive | ayer 2c. Myreover, the second

Wi ring board base 2 is disposed on the first wiring

board base 1 so as to face the first wiring board base

1 while being positioned in such a manner that

protrusion ends 'of the conductive vias 2d overlap the

first conductive layers Ib in the first wiring board
Hxﬁﬁé respectlvely [0026] A third mnrlng board base
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[0026d 4, the same materials as those of the
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Similarly, a fourth wiring board base 4 includes: a fourth insulating

substrate 4a; a plurality of fourth conductive layers 4b for wiring, patterned
on one surface of the fourth insulating substrate 4a; a fourth adhesive layer
4c attached to the other surface of the fourth insulating substrate 4a; and a
plurality of conductive vias 4d and through-holes 4e provided so as to
correspond to the fourth conductive layers 4b, respectively. For the
respective parts making up the third and fourth wiring board bases 3 and 4,
the same materials as those of the corresponding parts in the second wiring
board base 2 are used.
[0028]

Incidentally, the first to fourth wiring board bases 1 to 4 are shown as



configuration. However, the nunmber of the conductive
vias can be arbitrarily selected for each of the

Wi ring board bases. Mreover, the conductive vias 2d
to 4d can enpl oy various configurations such as the
case where the vias are stacked on each other and the
case where the vias are not stacked on each ot her.

.. [0029] After the first _to fourth vvirin% board bases 1
if the firsy 69 fourth|opndurtive fayensolhotoc#b bawe the sams winlag nattern.

each ot her in,such a manner that th rotrusi

Ho§E%r o, fiagh AP dyfeBORE of A Forduif W (54 Rns TR of the
larRAsRed %ﬁ%ﬁ% berRd t%@dconwﬁhkzeﬂa%fshaw aeﬁghéa%qmeneamus
conducti v ayers In the other Wwring board base,

wiritghpsttéan satledsbtly samehpattpresaepattoimediffersng frommeach
bot h_. upper and | ower sides. Thus, .a | am nat

d
othgsar Moreorer, she sandnctive viag 3 to 4d indhersese a\% thwiring

o BB e

kRn.a ASWERL Uil PhEmbeRd of BEHY N@rfidtiveN®Aas can be
heatl ng and pressure bonding the |lan nated body in a

arblachrdgds@leemhrfer egichospthee wifing bPardrbdsess. Muordover, the
the press, the ag jacent wiring board_ bases are
congdchecrian 7 ¥ 48 GanEBRIGY BRReRS pynfgeratiqns, suqh apghe case

t he esive 0 e
wibBE (REVRSLYE atoBUE Boldhchis abh /B %RE Wl € pre not
- stalcked Balda¢htthed in a state of being crushed and fi rmy
connected to the correspondi ng conductive layers Ib to

[oc29] [ 0031] Moreover, the conductlve paste for each of
t he du tive wg ont ai_ns: '

8 st to %’%nBE omrﬁh ages st Vsﬁﬁlffailb? 3gjacent
to éfreéheé}éh 5%@%@]&; t]% 2 8 S S £ %%.VI né{xﬁt}hat thR'protrusion

er an COppef,

end@d 6FtHd %dﬁ&ﬁeﬁrﬁﬂ%ﬁﬁ iopfidwheal F ’(ﬁﬂiﬂlbﬁsbﬂ Gire aligned and
properties; and, as a second netal conponent, at

overde twibh ethqumdrezslpondmgmbndu@lm lagters ot thie qzﬁlelrmir@sg board
sel ected fromt oup consi st of .tin,

bast i [ RAted g FyhotiRress SOOI From Pothaipper and

Lo SUEE! VEHRAS hearfid¥tBd Skiring board 10 as shown in Fig. 1(b) is

manufactured.

[0030]

The collective hot press described above is performed by mounting
the laminated body on, for example, a vacuum cure pressing machine and
then heating and pressure bonding the laminated body in a reduced-pressure
atmosphere of 1 kPa or less. During the press, the adjacent wiring board
bases are attached and fixed to each other by thermally curing the adhesive
layers 1c to 4c. At the same time, the conductive pastes of the conductive
vias 2d to 4d are thermally cured in a state of being crushed and firmly
connected to the corresponding conductive layers 1b to 3b.

[0031]

Moreover, the conductive paste for each of the conductive vias 2d to

10



conponent consisting mainly of epoxy resin is m xed.

Such a conductive paste is a conductive material in

an uncured or partially cured soft state at nornal

tenperature, which is thermally cured by heat

treatnment such as in the hot press process, for

exanpl e, and perforns an attachnent function. [0032]

Furt hernore, when the conductlve | ayers 0.4b a
4d captaiys: ap golrst Iaetag GeErRanent, ab A%a@tqnfrgﬁwaf af 9&%# particles
selggt%? . a%l %e orlf ceo%smﬁy bf E.P:?ef 019919 Cél\.%%e “?ﬁ? Séoq.d silver and

I ns a - poi nt
copiRFPRACME l()ﬁaélbbﬁﬁ@i)resisﬁéﬁcé #n@ %&bﬂ hedt{cbHaaetihg properties;
copper or a material mainly containing copper, such
ands as ian secormhynethal |cnd1pmenz; at laast omée Ikmdyoﬁ/\leTDIEiltmgspomt

o FRRRTISITH uh b i oSS Bt S,
A T T

corhﬁ@n@@ Horedibdiag Vi 0!-' Epdely ¢asinbfs niifed easadh tlicbAductive
e hot press. This leads to an advantage that

pastéhiesi mdtyttt‘mwgtaterxal i amhencuredr @vpartanldy ehieed softatate at

notsgaFfeupordtu v Rt Gt hﬂéeim%y P al freado it as in
D

the o PR todl SRR A6 SO AR BhU A3 G DR b ion.

[oO3¥ention. Since the second to fourth Wi ring board

bases 2 to 4 can be manufactured by use of the sane
met hEurtb@rm@trhowh&orthﬁmuﬂacme laxpre(2d wetloare maden:é copper
boar S desc |be e
or & Al R siat s Al B SPRATeR GFSCEibedopivan th SR tctive
[
pa R PRttty %?#% H ok Rl Yoy el Welhuitfent dparticles)
thdtasreastigshffdsed is bopyper @ve ms@idrial mhindncbhtdindig Edq@per such
1. [0034] Note that, in this enbodinent, a
as $imgr enyi efoindivppeine laad antimenyewitiotin ap @ tedd cempgnent.
le of a startin ard basg.of eag he. first
In E58 Pk, s S AAGAOAF s dSwaRetidE poRt matel fjrdpedied, an
amto'il%t%!f%ﬂio 1§ng for B¢ %n%h%é’rﬁaé@‘heﬁ&éen 8aCPPEhe LOAAuctive
having a thitc ness of 12 gm which iIs a
layers 2b to 4b and a corresponding one of the conductive vias 2d to 4d can be

increased during the hot press. This leads to an advantage that adhesive
gtrength is further improved and electrical reliability is enhanced.
[0033] |

Next, with reference to Fig. 2, description will be given of an
embodiment of a method for manufacturing the wiring board base having the
conductive vias according to the present invention. Since the second to
fourth wiring board bases 2 to 4 can be manufactured by use of the same
method, a method for manufacturing the second wiring board base 2 will be
mainly described here. Fig. 2 is an enlarged cross-sectional view of a
portion around one of the conductive vias, which is a main part of the second

wiring board base 2. The second wiring board base 2 is shown reversed
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conductive layer material, is attached to the entire

surface on one side of a flexible insulating

substrate nade of a polyimde resin filmhaving a

t hi ckness of 20 gm Moreover, as the conductive paste,

a material consisting mainly of nmetal conponents of

copper and tin is used. [0035] First, as shown in Fig.

2(a), the second conductive layer 2b for wiring
ﬁ”ﬁé@%%b°€§ﬁ%§+red circuit pattern is formed on one

face of the second insulating substrate 2a. This

Clfcuit pattern is obtained by formng an etching

resi Not®ahhlih {leikCdthbodiRek), e@@{xi%é@i?c[léﬂ Beppet-¢1AE laminate

circuit pattern on a surface of the copper foil by
(Cohbin Iuiseg @gr iplexamyde tof ensteivbimigchddryl basehofigach b the first to

for the etc

copper. foil.. te that hing, an et chant :
foﬂiﬁnwf’&’&n}%%‘é g’la,sesfzar tx &npl §,P9Flg‘3ﬁﬁ&: AR dsingle-sided

e ' | , . shf f e ST
confiHad ATkl S5 fot gkt SRR el RO icn s o
coduBtifeClagiek ymataidlall atiakBed il thel enth® suficalsRbraNgide of a
which is to be used as the starting base of the

flewible Ngsulating bshstratiee madd afe ac polynmide nresinofilmcthaving a

Wth the i,nsul ati substrate, ,an ari.thnetic an ;
tthV\kﬂﬁﬁﬁq s 28 -5 o HeERQYern fifks tthea corductiue JRasts| @ material

corfily SReibly pEALEA e BRARSDY PolPEHhd oin Hhend
[00851f ace fromthe mcro viewoint. Fig. 2 represents

the rough surface configuration with _exaggeration. .
[ 003Firsirsethasyn in Fag: ridrecatigendl gendugtave lyerddleforfwiring
for ex le, a thernpsetti epoxy-resin-film
hayitie. 8" Jttrad diremt RAYISTS I (HTBRACLL 3 Surfags of fhe second
; eoQt ey, q e; j =T
B L e S L i i g
etchiigy régist pattera détehinve nimke chalesponding teethwngik@sit ipattern on
adhesive material nay be used. Moreover, the second

a spgipesiofdhp apppep foikhy mhwtelkthnsmaphy amd themychemigadlys¢tching
the b TPTlc N 15k 58 B b, b s pant sh iy Fontpbaed of

for example, ferric chloride is used.

[0036]

Incidentally, as to a surface of the single-sided copper-clad laminate
(CCL) for which a commercially-available electrolytic foil is used and which
is to be used as the starting base of the wiring board base, the surface coming
into contact with the insulating substrate, an arithmetic mean roughness Ra
(Japanese Industrial Standards: JIS B0601:2001) thereof is generally about
2 uym. Therefore, the surface can be treated as a rough surface from the
micro viewpoint. Fig. 2 represents the rough surface configuration with
exaggeration.
[0037]

Moreover, the second adhesive layer 2¢c made of, for example, a

thermosetting epoxy-resin-film adhesive material having a thickness of 25

12




Thereafter, as shown in Fig. 2(b), aresin filmF

which is made of polyimde resin having a thickness

of 25 gm for exanple, and which is attached to a
surface of the second adhesive |layer 2c. For the resin
filmF, a plastic filmsuch as PET and PEN may be

used instead of polyimde. Alternatively, a film
attachabl e and detachabl e by UV irradiation nmay be

nmy i attiachgd atﬁdtheopm girfaes of the Heeond lnh@lamgaﬁubstrate 2a.
003 1 Next S .shown

|
Fof (1€ 4ebind Rflipele 152 7, A8 soryfif RO BdbBeivedmafiib or a
theiﬁfcﬁﬂgsﬂlé‘séﬁﬁééﬁeg ﬁl‘é‘@éﬁﬁPtﬁagvabet %@e&ecmr@é{tﬁs'tﬁ% second

l'ayer 2c and the resin filnm F. The through-hole 2e is

adhesivedayer Rasesy pedoemednipy applyingadivariish rosinsethesive, for
beam usi n%ég(for exanpl e, a YAG | aser, a_ carbon dioxide

example, onke the surface phithe segondi@spiating suhstrpte 2asin

[OOf :lm F side toward the second conductive |layer 2b. In
3§' s event, the through-hole 2e serves as a via hole

Wi t Wﬁelké%ﬁ&”hg%\ﬂo% n AN@TBA(EY, PhresibCfil@¥RWhich ﬂsoguade of

gm Moreover, in this event, an internal surface of
polyihmidee cosit hamhghl tleicknyer oP125 poi,hforverampdd, eand rwhich is
a via bottomsurface is expqgsed_inside

d
attg}#gefi Fﬁmg{?ng%wé tﬁzéecqmbaéslealﬁﬁalréﬁg ¢ priretdigi regin film F, a

riBe ERCRRY  BIEE P ENE 001" 40 et Jprimice

Alﬂé@ﬁ&fh%ly,zﬁ ABY 418ackHl1er A E debieHdMe IBH W?ﬂ'raﬂ&'éﬁ@ﬁ Emay be
(via bottom surface) of the second conductive |ayer

deptisitedrend rmesho thé avrfage lofithe secmdadbesivevbaydr 2c.
[q@ ses the arithnmetic nean roughness Ra to be 3 gm or
0 This surface rough portion 2f may have

unev; SBRE8, Bhwh! [PSL0AST (hOYRL00N 5L 9503 RABUIE i

13 o a’portron, com 0 con

peﬂdtﬁ&lﬁe@tﬂ}iégse‘éﬁﬁéhhahﬁuﬁ stb&tra P28, thd ddondl AMedive layer 2c
Mor eover, after the through-hole 2e is forned, a

andy éhm&‘aﬁlmﬁbners The theough-helk 2#\ds tfdmnekbbuelasep pooeessing of
sing CF4_and

irrqBatiien lpasr BrATnrPegher CHERPLS AIAS laovion GubpBationide
lasB¥, O&x?s&mmer laser or the like from the resin film F side toward the
second conductive layer 2b. In this event, the through-hole 2e serves as a
via hole with a bottom having a diameter of, for example, 100 um. Moreover,
in this event, an internal surface of the second conductive layer 2b in the via
hole, in other words, a via bottom surface is exposed inside the through-hole
Ze.

[0040]

The laser processing sufficiently exposes the via bottom surface
inside the through-hole 2e. In this event, a surface rough portion 2f may be
generated on the internal surface (via bottom surface) of the second
conductive layer 2b, the portion 2f having large unevenness which causes the
arithmetic mean roughness Ra to be 3 pm or more. This surface rough

portion 2f may have unevenness 1.5 times larger than the surface roughness
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can be adopted. [0042] Next, as shown in Fig. 2(d),
the surface rough portion 2f is snobothed to forma
snoot h surface portion 2g. It is preferable that an
arithnmetic nean roughness Ra of a surface of the
snooth surface portion 2g is 1 mor |ess or a maxi mum
hei ght roughness Rz (Japanese Industrial Standards:
JI'S B0601: 2001) thereof i m or .| ess. Regar di an
of 3 RorHom CARIRE Hftométa%trm@hé}q WSHALDE SUGRHELS Thihg copper
foil he maxi mum hei ght roughness Rz, detailed description
W Il be given with reference to Tables 1 to 3 and Fig.
[o041]Jo be described later. [0043] As a nethod for

snoot hing the surface rough portion 2f so that the ]
ar i t NoreovenrafterrthegthresghRmwlef2et iscfosmed; la desrhearprocess is

et Al o 52t Sorlh s AR S8 e
oGRS ) 4SS Ry B B 306E Mo

cas befaioptéd®ugh portion 2f on the inner surface of the

second conductive | ayer 2b by dissolving the rough
[0g#ti on 2f with at |east one kind of chemical etchant

I framth . I St f, for,. I
T e R AN
o T B S AT RIS ity e

mel FAfgthes tRD 6f 3G urSideest e @meoftoblirface pasitoh @¢i 80l pm or
the arithnmetic nmean roughness Ra of 1 gmor |ess can

lessor scmanimainy beightaesighpess Be{dapaneendustrinb Btandards: JIS
thod, f t t hi f.th

B AR PhefReiaa 1 Profesiaopeer e S FPHIUE Feleof the

angﬁfng\%fgé gﬁ%ﬁ‘ groitu\%%nﬁgé TRE Cor TtRUI F(}%gfﬂdrﬂ.n hg{gl%f% roughness | Rz,

asive grains to col agai nst e
detdilddodescriptighwild beigve? twitlaréfeseiceato Bsblen 1rethadd Rig. 3 to
smoot hi ng the surface rough portion 2f by evaporating
betdﬁécﬁb‘ﬁdgﬁjél‘-rough portion 2f with a laser; and a
[Olﬂéﬂsma dry etching nmethod for snoothing the surface
gh portion 2f by

As a method for smoothing the surface rough portion 2f so that the

arithmetic mean roughness Ra of the smooth surface portion 2g may be 1 pm
or less (or the maximum height roughness Rz to be 3 pm or less), chemical
wet etching can be adopted, for example. To be more specific, the chemical
wet etching is a method for smoothing the surface rough portion 2f on the
inner surface of the second conductive layer 2b by dissolving the rough
portion 2f with at least one kind of chemical etchant selected from the group
consisting of, for example, hydrolyzed sulfate, sulfuric acid, hydrochloric acid,
a ferric chloride solution and a copper chloride solution. By use of the above
method, the smooth surface portion 2g formed of a smooth surface having the
arithmetic mean roughness Ra of 1 pm or less can be accurately and easily
formed.

[0044]
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physically etching the surface rough portion 2f in a
pl asma gas at nosphere. [0045] Here, each of the above
net hods for the snmoothing will be described in nore
detail. [0046] 1. Chemical Wt Etching Method As an
exanpl e, adopted is a nmethod for dissolving the copper
of the conductive |ayer 2b in copper sulfate by using

sul furic acid and hydr og er oxi de, sol uti on, _Thj )
net htPTRA%CTa AS ARPA 'P%&E’tgﬂ‘ggb* FEO9bRINEs apg\ Pl the fﬂﬁowmg

me(f:ﬁ8§s h&GaHg e, Jp(tgdg SNELE HlAQC e%:hlgiiqfé%r dscﬁiégﬂﬁng Nhe surface
erchi ng anount ~(rate) Ts easi 'y ‘adjusted by maRaging
rowglf PosEsh IZH b Allowihg Elasive’ fraafd tbh@llifdk @gaigdtdthid urface
inner surface of the conductive |ayer 2b can be easily
roughopohdn 2fThelaske abrasionanethahifogsmoothodgi thet srerfaws rough

refergbl e met hod anpong the other nethods t.o be ,
potiian ﬁfﬁadem@.atu{&)%%urgce SRNEBPERHOMEE Fjdh dasers and
| r.sulface | l,gye |
PSR 5 5E06R ot REMBIN e N SHudlid S 0hiEn 211
phesiadl et dleinizahersufi@Giohghvpdritiont 2Linod pBsdnv 8 gk AithfosPhere.
with a mxture (abrasive) of abrasive grains and
[00#fler. This nethod is a physical polishing process
and s an advanta of hayi | ess ion.contanjpatjon.
21 t eHeFReeasToplthe EhoveemetBrds far the SHEREIRE Filhbe deRcribed
in MdrB delfgiibase. [0048] 3. Laser Abrasion Method 15 The
I'nner surface of the conductive |layer is snmoothed by

lo048ladi ating the inner surface of the conductive |ayer
that is a target wwth a | aser beam having a high

1. GhemygaldWes ifitohingsMethed a | ocal |y drastic increase in

t t [ t he, | di at ed [ . .th

| QUBP A GEBTP ISR 1 Remeiod fo dispAvn pihA GgPRes of the
cortdu @R g%bt @E%%%gﬁe%?@g%e stilf & did Irél?{jl a hydrogen

surface e co € eas
peridis belhitinn. ad[histrhethddabas an advantage that the method is low in

cost because of a general process liquid used, an etching amount (rate) is
easily adjusted by managing a concentration, a temperature and the like,
and the inner surface of the conductive layer 2b can be easily smoothed.
The chemical wet etching method is the most preferable method among the
other methods to be described later.
[0047]
2. Sand Blast Method

The inner surface of the conductive layer 2b is smoothed by
irradiating or blasting the inner surface of the conductive layer directly with
the abrasive grains or with a mixture (abrasive) of abrasive grains and water.
This method is a physical polishing process and has an advantage of having
less ion contamination after the process since there is no chemical reaction
with the base.
[0048]
3. Laser Abrasion Method
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energy (frequency or strength). [0049] 4. Plasma Dry
Et chi ng Method The snoothing is perfornmed by
irradiating the inner surface of the conductive |ayer
with plasma gas such as Ar and thus polishing the
inner surface. This nmethod has an advantage of being
capabl e of performng nuch mnuter and finer

snoot hi ng conpared with the sand _blast nethod _ using._ . .
t he J&Eﬁ 38pee Sarfaicﬁ@\.'fmtiz@ﬁppgagﬂgﬁ daver i smeotheddyy irradiating
i nti ' r f.or med eegeej -
the ST oRa, bE Poe SeRER By st BB 3P losg beam

ha®idgesi Nhigh | SRdrgg! Ae@sithe dRShg SHI 16G8IyM drdsfic increase in
squeegee S. Thus, as shown in Fig. 2W a space inside
temhperatiore ughtheoireadiated portiondand tthus Hegwedpihg o \gasifying the

poBi5L{ Bl moriee SR NSl Ga ok BBt B dnner
sul 5 Bt thl TG TRV, o2 HODRSI AL RGEA W0 b o
enérpyt (R quiepey ot wtfsdpehyi de of the adhesive layer 2c by

a height corresponding to a thickness of the resin
[0G49Im F. Specifically, the resin film Fis a mask film

bl f | ' t ' hei ght of th
4"@ 3% &@t%%%asg{gci iuﬁlgoint selt %i ck(r)]e.ss_?»r om a
baser oY et TF RRERem L BY rr EpRREIRY ek EhohAA B the

conthuutiveclayer Rgitht slRSmaVBagevieh, ad A@ 4y tHusdlicBiig bhe inner
W ring board bases 3 and 4 are manufactured by use of

suxfpee.s akbismmathod| basrah mdvaodage of theing dapabde dff performing
the second wi,ring board base 2 except. that the ttern

g pRE ST RRY S0 ACPPYEE GyBPaIth i s st adthod

us{g%c%ﬁég%‘)@ iﬁé‘.d arrangenent thereof may be set

rent fromthose in the second wiring board base

2. [Ne%2] aknshbendéacFigt i2{e), okeridohs peintdald nidntperfirical by
the first wring board base 1 has no conductive vias,
squResgeing acendnelive papte Pmynnlied antotar uppepsurface of a resin

film F along the upper surface with a squeegee S. Thus, as shown in Fig.
2(0), a space inside the through-hole 2e is filled with the conductive paste to
form the conductive via (through electrode) 2d.

[0050]

Thereafter, as shown in Fig. 2(g), when the resin film F is removed,
an upper end portion of the conductive via 2d is exposed in a state of
protruding on the upper surface side of the adhesive layer 2c by a height
corresponding to a thickness of the resin film F. Specifically, the resin film
F is a mask film capable of adjusting a protrusion height of the conductive
via 2d by selecting its thickness from a variety of thicknesses.

[0051]

The second wiring board base 2 is thus completed through the above

manufacturing steps. Moreover, the third and fourth wiring board bases 3

and 4 are manufactured by use of the same materials and method as those
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of patterning a conductive layer Ib shown in Fig.
2(a). The first to fourth wring board bases 1 to 4
t hus manufactured are arranged as shown in Fig. 1(a),
and the processing advances to the step of assenbling
the lamnated wring board 10 as descri bed above.

[ 0053] According to the structure and manufacturi ng
net hod of the wirin board base with the conductjve

us¢d for thessacppe viring hearshbrss dereenritthagdhe pagtarm of the wiring

codWeEle Biyex; P SREL SR BRARRRYR Jifls difh aftdHedrient fhereof
ma??ulsx?/ 8EY AFRAENEHDE YHSNeSin! (MR $RBANGirif bOAH BadeS2.

ed wi thout snoothing after formation of a
[0Ga ough- hol e and a desnear process. Thus, the surface

O R ) Sl UELLIE, (L8 BB board
o T 0L P B 5.y A e st

of phftetANEUS ldo¥BuBAFS 2ayér Lb!dhRed M L. 20! Ofmlah fifdto2Purth

In a state of being in pressure contact with the
wizingdidard shaskadetopéd thize magufastxednareharmameedeis skownan Fig.
d a hown in Fig. 2(f). [0Q54] Thus, even. whe ;
1) o APy ngcgs%mgeati‘e%rtcgsstacﬁ:%%tea Phassemmbling the logupated

. [ @pg r nducted, a crack failure and
Wﬁ?%gqﬁ%ég l%g%trl %?Dg@l% 0 surface unevenness on the
[oos®dducti ve | ayer, which have caused a problemin the

conventional technol ogy, can be prevented. Thus, the
shapéceording beltbe istiucfure andemanmiacirimgnofesbod of the wiring

o USSR oS0 i B LB Lhiment of e
et B T L

deddE£O pedcess ichbp arbé withaehesdvhvaatiofhl tde wbesddhe conductive
conductive |ayer 2b has the snmooth surface portion
pastg isafilledewithout soradthing faftereformadinn of @ thrpugh-hole and a

t hrough el ect pde d is pressure;connectegd.to the
dediE PD6F I THOS | Gl A5rTAGh JOUER: BOROR ook (AR the second
cortAMHRE! 1¥Fer @bl tHRAGLEEE Srddbd HorbRal 9f BdingVEDMided in the
formation of the through-hole 2e, is eliminated and the smooth surface

portion 2g is formed. Thereafter, the conductive paste is filled in the
through-hole 2e in a state of being in pressure contact with the smooth
surface portion 2g to form the conductive via 2d as shown in Fig. 2(f).
[0054] |

Thus, even when various resistance tests such as a thermal shock
test as described above are conducted, a crack failure and the like
attributable to surface unevenness on the conductive layer, which have
caused a problem in the conventional technology, can be prevented. Thus,
the shape and conductivity at the time of manufacture of the conductive
layers 2b to 4b are maintained. Moreover, connection reliability between

the conductive layers 2b to 4b and the corresponding conductive vias 2d to 4d
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di stributed regardless of the particle dianeter
thereof. Furthernore, the pressure-connected portion
is nore firmy connected and fixed by thermally
curing the paste in a pressurized state by the
col l ective hot press showmn in Fig. 1(b). [00561
Furt hernore, when the netal particles consisting or
. mainly_ consisting of tin easily diffused in the
18 improwgdconduct i ve | ayer 2b made of the copper foi
[ongi contained in the conductive paste as descri bed
ve, a snooth alloy layer is uniformy and surely
for neRbrédved, ERIEBAHE! DiherhAFAQCEE tIRCEUERTH bOSd SRR [hyer 2b
surface portron 2g and each of the conductive vias 23 
haglth¢ smdoble shofacprpeation2y)ss ldvwer end pection of $he enogdhctiee via
i ncreased and _connection resistance can be further

(threugh electrodeb 24 inpxessugecpraectedr-the fpesath ruatageqartion 2g

. test .is_condycted o he _|amnated,w ki boar.d
in g0 Rt HRRG By CHei o Bl SRNFRISY B (e BAE are evenly
disEABat B8 ardiedd6f BRESRAtICIYBRhERY fi8Sebf bePuAPeYRore, the
Tables 1,72 and Fig. 3 show results of neasurenent of
presenneconmected ipoativhiis ynotenfitindy chngéeted et fiked dystherinally
test, a noisture absorption rgfl%\gt st i s .conduct eﬂ i
curing dhepasterpna prREsHrizedetakshy| thegollectivg hotaress ghown in
Fiéalw eis left at 175 C for 100 hours. For both the
onveénti onal technology and the present invention,
[odsee test is conducted by using 400 conductive vias as
sanples. As a result, an average value (nQ, a
st andarthedmoret i whenalthe ametad pesticlesnocensidtingeor atmainly

coniS AR Of HpIRASIY,(hSEA 1o Zlﬁé PGl CoPBACLE IobRT 3p TpRde of the
coffief il kR Ethlibd ifl AR Fnduiyhdsh lad FebiiBed above, a

smbbh alloy hﬂ%éxi s ARgorhBr ahfessefafodindd 8t aUdonaeetieh interface
each snoot surface portion of the conductive |ayer

betitient thet bincoth seirfice Pordion By amwheachioidheMunsletive vias 2d
t.he sect.ion of theTEonveEti onal t.echnol o hi.n Tabl e 1‘:1 d
dugipg,the gt press « sTBUS.oLhe fapnectigp pirgneth is increased an

cortle@ioh SRR Gart BE ehrlieS trehicdd1®
[0057]

Next, a first high-temperature shelf test is conducted on the
laminated wiring board manufactured by the method according to the
embodiment of the present invention described above. Tables 1, 2 and Fig.
3 show results of measurement of connection reliability. In the
high-temperature shelf test, a moisture absorption reflow test is conducted
on each sample under JEDEC MSL level 3 and then the sample is left at
175 °C for 100 hours. For both the conventional technology and the present
invention, the test is conducted by using 400 conductive vias as samples. As
a result, an average value (mQ), a standard deviation value and a resistance
change rate (%) of connection resistance are measured.

[0058]

18



case of using the technol ogy as disclosed in Patent
Docunment 2 in which no snoothing is perfornmed. [Table

1] RESI STANCE VALUE OF CONNECTI ON PORTI ON AND

RESI STANCE CHANGE RATE BEFORE AND AFTER TEST

CONVENTI ONAL PRESENT | NVENTI ON TECHNOLOGY (Ra=2.0 grr)
(Ra=0.6 gn) BEFORE AFTER BEFORE AFTER TEST TEST TEST
TEST _ AVERAGE 2.76 6.98 2.42 2.68 VALUE (h

STANDARD TabEa/llmlije deseritedy 7 The sectipmofit W@Eﬂ'{ Hpjention

in Tle T ehts Semtobeyus Rotarecid PR e hidb-toiRGtatds SEELE tost

whef St %E'gt?u:u @ﬁﬁﬁ@nvﬂ nefPORL of! fife GARRRE! bP@ach smooth
portion between the conductive layer and the

surfacy potrtiva of ahiencordudthveo layerh 2, tot Hb) densetc to oﬁhﬁ pum by
resistance after _the high-tenperature shel{1 t est r]T
smopihingny Mnrresven the@ﬁﬁfé%ﬁ the conyepfienaltechyology in Table 1

ndfELEEEFIE SR T U ol B0 B 198 m e

c:aéenott ﬁﬁn@rtﬁ%et@t:hhé‘l\ﬁgﬁtds%sclbggd ¢RMAEht Dbcugsdritt 2 §¢hich no
before and after the high-tenperature shelf test are

smostHinyiaperfdrdizdrg and 2. 68 nmQ respectively. A change
bet ween before and after the test is small and,
[T agb&‘?tl cularly, the connection resistance after the t est

RESISTANCE VALUE OF CONNECTION PORTION AND RESISTANCE
CHANGE RATE BEFORE AND AFTER TEST

CONVENTIONAL PRESENT INVENTION
TECHNOLOGY (Ra=2.0 pm) (Ra=0.6 pm)
BEFORE AFTER BEFORE AFTER
TEST TEST TEST TEST
AVERAGE
VALUE (mQ) 2.76 6.98 2.42 2.68
STANDARD
DEVIATION 4.81 7.87 0.256 0.393
VALUE (mQ)
RESISTANCE
CHANGE 152.9 10.7
RATE (%)
- [0059]

In the test results, focusing attention on the connection resistance
average value (mQ) of the connection portion between the conductive layer
and the conductive via in the through-hole, the connection resistance after
the high-temperature shelf test im the conventional technology is

significantly increased to 6.98 mQ, which is 2.5 times higher than that before
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present invention is nuch smaller than that in the
conventional technology. Thus, it is understood that
the wiring board base according to the present
i nvention has a high connection reliability. [0061] As
to the standard devi ation value, in the conventiona
technol ogy, the connection resistance varies w dely
regardl ess of before and after the test and is
th%ﬁyﬁiflcantly changed from 4.81 mQ before the test to
[0 7 nmQ after the test. On the other hand, in the
QQ sent invention, a variation in the connection
r esi QANgS ithefhhRd, i Bar’chbhi‘ﬁeéefhtt heveRi¥EN thaN@bnnection
technol ogy by one digit or |éss regardless of before
ressichnebs deférecahé siftervthice bugh -tempebaiuye shealf téset are as low as

2 GBI Toh 50 b Kb hefSe it ter
0062 .
0Bl oS P PR R WSt i e

prés%ﬁ't §hedRBoR ReROECH 8nalles tﬁhﬂmhfa*t qa%byco%%ﬂﬁﬁﬁal fechnology.
152. 9% in the conventional technology. On the other

Thianit, is nndéestpod shat the wieing bnard base escatdang dodihengpesent
. rate is as very small as 10 7% Specifically, the
m‘mnés%h% B BB IcORRea0R FRBRLEEN ove wi ng boar d
3es havi ng high connection reliability and uniform

qu ity and thus can provide a high-performance and

hi ghagugl tHey statiBlaRd! diridtibh nealaeainl thé QB3¢ niYBAAIR dHology,

Tabl e 2 shows results obtained by nmeasuring resistance
the tmnwtm zesls(t%lc@eanes vadelyafegardkesaof hefoeerpmiaaftmethe test

and g figtitan e ¢ ot oot the Bist Lot §7 v after
thér( l(tj uegi n gjsrsl %&agp%:?@f '}ﬂaﬂ/g] g %].J(t:g]e 5(1)'%1{%13:0 5191 %nva_?atlon in the

corﬁiﬁ'dtidi’ﬁré%ﬁsthh@e @@Bﬂiﬂlelr\thahaﬁlﬁlt 1ﬁ3:hetdén4bﬁtloh§l tedhihelogy by
words, of the via bottomsurface is set to 0.05 gm

on@ digi§ox lesOregardliess of hefenedarsd aftgmtby testootMprepver, a change
i BSOS s SrS S o RotREl AL S 0.t D06 m g the
10, 408 R Geatoer | Guatncos Fa of e via
[0062] |

Furthermore, as to also the resistance change rate between before
and after the test, the resistance change rate is significantly chéhged to
152.9% in the conventional technology. On the other hand, in the present
invention, the resistance change rate is as very small as 10.7%. Specifically,
the present invention can stably achieve wiring board bases having high
connection reliability and uniform quality and thus can provide a
high-performance and high-quality laminated wiring board.
[0063]

Meanwhile, Table 2 shows results obtained by measuring resistance

change rates (%) before and after a high-temperature shelf test on the

connection portion between the conductive layer and the conductive via for
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confocal |aser scanning m croscope. [Table 2]
RESI STANCE CHANGE RATES AFTER BEI NG LEFT AT HI GH
TEMPERATURE ROUGHNESS Ra OF VI A BOTTOM SURFACE (gm
RESI STANCE CHANGE RATE (% 0.05 9.8 0.6 10.7 1.0
48.4 1.5 102.1 2.0 153.4 [0064] As shown in Table 2
and Fig. 3, the sanple having the Ra of 0.6 gm has a
resi stance change rate_of 10.7% as. al ready shown in
fivey s1of pampias” 1 yebichs they aridhmatic mean sguehaessy Rer of the

surtatle 38 badh SR Srfc® PO 5L RS BSAySIRT ik it 4b), in
otHe@sRe£dd, bEltie VR RO subRiEaridises tb veosvuid, Wehaa! 4.0 um, 1.5

base and | am nated wiring board having a high
pocand & ponby emanbhing. y MoreoveesFigt Srsbewehagoeph atgardisg the

redtfaary chanae driermrrosnine ipOALIe % ndVvtel S the apiihmetic
st foctatde % ag
mearCraranre, Bk of i Sokfle torfudhss dibfmedld prSype of

cortfb€aMagePeddriithgShicdrasc®ope® 1 gm or |ess. Furthernore,
to maintain proguctivity related to a snoothing tine

[Tahle 2lsat i sf actory level, it is preferable to set the

RESSIANCE A, Afas, oAkl By, AR, 4T “fion

T @pkﬁgpﬁg@/ reliability can al so be achi eved.

eretore 1t can bhe conclyded that a nore preferable

ROUGIENTSS Ra BF VIA Boerpoaggnt invention is 0.05 gm -
to 1 m [0065] Moreover, a 4e®RESISTANCECHRANGE RATE (%
shel f &&RFA('JFEW)JM ed on fiive kinds of sanples

newy prepa under the Sane condrtrons. fIaple o

0.6 10.7
1.0 . 48.4
1.b 102.1
2.0 153.4

[0064]

As shown in Table 2 and Fig. 3, the sample having the Ra of 0.6 uym
has a resistance change rate of 10.7% as already shown in Table 1. In the
case of the samples having the Ra of 1.0 pm, 1.5 pm and 2.0 pm, resistance
change rates corresponding thereto are 48.4%, 102.1% and 153.4%,
respectively. Moreover, regarding the wiring board base and laminated
wiring board haﬁng- a high connection reliability, the resistance change rate
1s preferably 50% or less from a practical viewpoint to surely maintain and
stably provide the reliability in the market over a long period of time. Thus,
it is preferable to set the arithmetic mean roughness Ra of the via bottom
surface to 1 um or less. Furthermore, to maintain productivity related to a

smoothing time at a satisfactory level, it is preferable to set the Ra to 0.05
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results of neasurenent of connection reliability and
Fig. 4 shows a graph of Table 3. In this

hi gh-tenperature shelf test, a noisture absorption
reflow test is conducted on each sanple under JEDEC
MSL | evel 3 and then the sanmple is left at 125 C for
1000 hours. Also in this case, the test is conducted

by using 400 conductive yias as, sanpl es,. and an
pmQremage. h this qagg) theresisiange ghamge sateos spppgesspdpslow as

i st h te . f . ' .

9.8 3T AUE S IGHL Rty B BREPGERBPRAT T BEARGR, it can

be 0BREUNEAGhAE A BbAN SR EFE1E Gahet @F th&RPE! HepAndfih@éntion
the high-tenperature shelf test on the connection

is @Obtimodegmeen the conductive |ayer and the :
cgiductive via for five kinds of sanples in which the
[0 i mum hei ght roughness Rz of the surface of each

OOk e SR BOE - Al JRCSA A G LAVUSIA LR L ive

Vi a omsurtrace 1S S

kidd® of sAnipled 1@Wl¥ )&ﬁ'e aféd ndeitlid 8aheGomdPioBSOOTAHIE®B shows
[ Table 3] RESIS CHANGE RATES AFTER BEI NG LEFT AT

resul @-0f MEMPERATGFFoROUGIESS Rliability AndGigzOo sboRBEACEraph of
RESI STA CHANGE RATE (9 1.7 2.3 2.6 8.4 3.0
Ty 36:E§1 Phie igh-rapqrasyre F&e%é&%%t SHehenaRipEo reflow
tesf 10 Bhfluotba bA I SERENC,HHGR JHaWRE! BIAK ©eIod fnd then the
test, e sanple having the naxi mim helg roughness

sampledfis left Bt NEZS 2C f@si190ONESuENangRor B ehef cdsd%he test is
SSmlarly, in the case of the sanples having the Rz

corgfucted hynps2ig04gbncoadaciywe ands asssagnplese sindt ancaverage value
ereto.are 8.4% 43%

(m ,icr;bg 3#@%%8%%%2%8 8\? lgg%}l [BoEepistance change’ rate (%) of
connection resistance are measured. Table 3 shows results obtained by
measuring resistance change rates (%) before and after the
high-temperature shelf test on the connection portion between the
conductive layer and the conductive via for five kinds of samples in which the
maximum height roughness Rz of the surface of each smooth surface portion
of the conductive layer (2b to 4b), in other words, of the via bottom surface is
set to 1.7 pm, 2.6 pm, 3.0 pm, 6.2 pm and 9.8 um by smoothing.

[Table 3]

RESISTANCE CHANGE RATES AFTER BEING LEFT AT HIGH
TEMPERATURE

ROUGHNESS Rz OF VIA BOTTOM
RESISTANCE CHANGE RATE (%)
SURFACE (um)
1.7 2.3
2.6 8.4
3.0 43
6.2 121

22




As described above about the results of the first

hi gh-tenperature shelf test, regarding the wring
board base and | am nated wiring board having a high
connection reliability, the resistance change rate is
preferably 50%or less to surely maintain and stably
provide the reliability in the market over a |ong

period of ting. Therefore, gccording to the_rest
result, it qr_rg preferable tg set the nmaxi ddtthei ght

roughness Rz of the via bottom surface to 3.0 gmor

| ess. Furthernore, to maintain productivity related to
[ogsejmoot hing tine at a satisfactory level, it is

preferable to set the maxi num height roughness Rz to

1. 7 Asshowmor ;1 Thblet iaaddbige 4, ithéhe sstontdalmeh - tempemture shelf

rate i s syppressed. as | ow as ﬁ.]%?and ghus -
testathe pample aving she mayimum height reushepseBepf 1.7 pm has a

| 0 t b )
o R T LR SRR B B A Svine
the 'R 28 pf,13.0 {062 Ao and HEZImNAeBidthAte ®hange rates
cross-section observation of the interface between the

comresphndingdhergtorararft 4%, 43%,4 3386 eindnl 318%|srespectavely.
[[fe{j]oy | ayer of Cu3Sn or CusSn. Moreover, regarding a
00%%ilckness of the alloy layer, it-is confirnmed that

the 1‘4@' fbed %bdvré Qb%lﬁtnnegﬁe Whsitd drdie: Ardf L%H:-B‘%pggrature

sanpl'e having the arl i ¢ nean roughness

shélf tbsf) regiidingeahsawiltiaghbyartl babe an@Abiifhte] Giring board
roughness Rz= 1.7 to 3.0 mwhile the thickness is
hagirg 4 high conpectzom reliahility thesresiathinog changs 9ate2i preferably

ib b , in.th f facgt ur.i he.. .
509 B laPedo AT RRIRIAR (APG.0abl PRevide, ey giabiity in the
| t e ' f t .
38 EE Q1 e 00 Rt ke gty i

is peeférable tiesetdhs IMarbhamddight rouglthesssRz Gl tiRdvia bottom
si ngl e-si ded CCL havi ng a copper foll _provided on one
sutfpee toB.Qum Aslgss: | AGirthesners, 4o mabtain pgoductivity related to

o SRS A o e AR RSB, LA B
el AT RFRORE 7 3 i 1000 i gocechanes
ratiedastppasssedZs low as 2.3% and thus satisfactory reliability can also be
achieved. Therefore, it can be concluded that a preferable range of the
maximum height roughness Rz in the present invention is 1.7 pm to 3.0 pm.
[0068]

Note that a cross-section observation of the interface between the
conductive layer and the via portion finds out an alloy layer of CusSn or
CugSns. Moreover, regarding a thickness of the alloy layer, it is confirmed
that the thickness is in a range of 0.5 to 2.0 pm in the sample having the
arithmetic mean roughness Ra= 0.05 to 1.0 pm and the sample having the
maximum height roughness Rz= 1.7 to 3.0 pm while the thickness is small in

the sample without smoothing.
[0069]
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to 4 on the first wiring board base 1 using the CCL as
a base, the wiring board bases are collectively

hot - pressed. Thus, a laminated wiring board can be
easi |y manufactured. Therefore, conpared with the
conventional built-up nethod (see Patent Docunent 1),
t he manuf acturing nethod according to the enbodi nent

of the present. invention_can significantly . reduce
pr odfist deseritiede ahave, pibdhet Fave ©bsmapitagtngng, the glagninated

.platin tep_an can.al so skanifi cant,. educ .
wifipd e vcBest O e FhraBe bBaf) #Bt e inle KER6 Bnbodiment of
thé pi&den® havb2oR! thd Seddagetot fR2HY ‘Bﬁﬁn_gt b&urdehatedcs v UN@in be

process. [0071] Furthernore, by setting the via bottom
easly bbtainedUughmeasy Basd-called sisglemidéd Chrhaangi mgopper foil

maxi pum hei ght roughness Rz tQ 3.0 mor | ess and ]
proyaded opRne: Sig LAY npHatise gtpngroviding a trl]lrougg'hole in

I tiNng-pQi I ' | | .
th, TR beC R Ye B4 Bt PRE FEY T s fBR in. the
thidfigheNsld- to[f0Fh dheABnHactive vias2d whade surface

roughness occurs in the surface, in the through-hole,

[0as0)t he conductive layer by |aser processing in the

® ebafies sedisphalE stioking fDpdecend o Sofrth Rz g Bapicsbases 2
' ' - f ' Fi ..
o Y055 Sub R Bek A0S P e OCLAER By v

bodsll HHSEE Aré adHectiPdlyhat Prcdsed! NFhas] & Rintidd€edRefrtng board
previ ously roughened copper foils are prepared 24

camdeoedeily menufagturedy CObexkitres coprpaned: woth the conventional
nufact yrin urposes, .a thr -hol e i ovided in

buﬁﬁ'%éﬁ?%dngs‘g%bﬁw eDoRHm ﬁqihéﬁ% pandtagiyring mgthod

oA RO, SR, 0 28 bRbAClniifion cha igpificantly

red@iel produte6s time andd ﬁﬂ@ﬂ@@ﬂhnfmbeb% eligninabihged peaing step and
be achi eved. LE)O?S] Mor eover, al though, in the
caw absndsigpificagdiieredume ablammal histonyr en thewwirmg bearddbase and

o abet o P e R SR B b1

[Odlfﬂe may be fornmed of a so-called

'Furthermore, by setting the via bottom surface roughness Ra to 0.6
um or less or setting the maximum height roughness Rz to 3.0 pm or less and
by using the conductive paste containing low-melting-point metal, an
optimum alloy layer can be obtained and thus good reliability can be
achieved.

[0072]

As to the case where surface roughness occurs in the surface, in the
through-hole, of the conductive layer by laser processing in the step of Fig.
2(c) in the embodiment of the present invention, the description was given of
the example where the smoothing is performed in the step of Fig. 2(d).
However, the present invention is not limited to such a case. For example,

there is a case where previously roughened copper foils are prepared

24



RPC using; for exanple, a glass epoxy resin as an

i nsul ating substrate. Instead of the first wiring
board base 1, a single-layer or multilayer core

Wi ring board may be used. In formation of the

| am nated wiring board 10 by stacking the wring
board bases on the first wiring board base 1, the core

W T board. or the L. not .al|l the second to fourth
acwrflw% tgoR r Wimag droard Eaae BIedHgt o apadagiuriag, quegoses, a

ABAR i BRI A ABRRR PR b o

aré @dtiched @o®achéthied %ul 2 td‘@oﬁ#hﬁfer tHreagRfhdlee I sathiOcase,
fourth wiring board bases 1 to 4 may be forned of an

byusmnthmg@tscxnmwafoﬂ sugfacei incthetshronghdplet thegsarhe effect can
b g@ﬁ glass fibers with a resin adhesive. In such
egc & is not required to attach adhesive |ayers
[O(f/;t?qh as the adhesive layers |c to 4c. [0075]

reover, the present invention can also be applied to

t he Mifi'eoWi:?rﬂthddgﬁh Vi ERg eb@mcﬁnmﬁedwdrtbemauueél Yiee first
vias is formed of a so-called RPC using a rig

witinghaarihpse ubist formedsefoh sercalled |BRG vspagg ﬂ@gble material as
[.OO7 ef erenc

an, AR iRg PYRSTBFe. ShEUTISIOE BRBGHPAG i PR OTRBA of & sorcalled
Rﬁ@r{gﬁﬁ%efbr""&éﬁ le,boé‘r a8§ e&:la%rpfe%ﬁ‘frﬁs ?ﬂvﬁfbtdlgﬁngiz%%strate.

OWs a cross-settion structure o am na

Instend ngf tieafidstc aipingt beard2basd tlgra ahsgletlhyernds mrultilayer core
5(b). is _an expl oded cross-sectional viewthereof.
winpgdiaardampy beyusest-e lu farmeatieom of thaJaminaissk mm@gehpard 10

tical i .ection of, Fi

by ife 50 reting boad hiadion, the, BSt Rfing ingayt bede's) the core
w1ﬁ91 Rﬁ)"arﬁloilqlhel]ﬁ%' nét alGHewRk&F ﬂﬁg@%o @ozﬁrdaﬁ&éee@ to 4
e oar as

base thereof core W ring
always have g lsaibsddkatle 4ﬁathmda@'enf:,, af deast X h&&nr@ bd)@fds base
epoxy_resin, a polyimde resin or the like. Acircuit
Wlﬂhﬁqlﬁ%‘t}‘@ Yigp meay p stagkedler | ayers provi ded on both
mo?g@f aces of the insulating substrate 40a by cheni cal
k etching or the like. As a result, wring

ConCpSUIIL S 14 b AR 04t s
fourth wiring board bases 1 to 4 may be formed of an insulating substrate
obtained by impregnating, for example, glass fibers with a resin adhesive.
In such a case, it is not required to attach adhesive layers such as the
adhesive layers 1c to 4c.

[0075]

Moreover, the present invention can also be applied to the case where
the wiring board base with conductive vias is formed of a so-called RPC using
a rigid insulating substrate such as a glass epoxy resin.

[00786]
Next, with reference to Fig. 5, description will be given of another

embodiment using the laminated wiring board of the present invention. Fig.

5(a) shows a cross-section structure of a laminated wiring board completed
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40a. [0077] Thereafter, as shown in the center portion
in a horizontal direction of Fig. 5 a through-hole
TH penetrating an overl appi ng portion of an upper
conductive | ayer 40bl, the insulating substrate 40a
and a | ower conductive |layer 40b2 is forned by use of
adrill or a laser, for exanple. By applying copper
pl ati ng qver an_inner. surface of_ the through-hole TH
aftgr Resaprbly candrFigy b as hm:@ﬁalnsieﬁv@rqsays@p@ouebfl%dthereof

Soggocpfd Ko o8P BREE Abd S G i P ier 46 2 yShicat
direBfion %'El'tfhg% oAby hisiie f6eSRaRpleY 8 dRMbSideEcopper-clad
| ayers 40 40b1 and "40b2.” However, the copper

Iamixmten(glouhla gided B€Lappd iacstarting base thereof.onThe core wiring

espondlng to the interlayer condugtiye, via 40c by
bomﬂa 40/ goms inHafing sehstrater 49a a%d% e‘éoﬂqa axamplg, & glass

epPREEy 992%?? Bt rponhl ah§ JUET A Bl pRGSEH 1BYed on
copptd TaQufd rmlabﬂgnbﬁam shfRes b8 tﬁecinééla&iﬁg substrate 40a by
sequentially stacked therebel ow Thus, 'am nat ed

chewmidal gndmiaeﬂ:hlmg onthahkeat Ad stesmdt, lwnmg/mndmﬁideylayers 40b,
oard, base 40,

105} m;ﬁeglf'f)ﬁf &re %mfeéﬂfl% Kb oL g 5 ngﬁgga osééssm@uhaweg &H})strate

40§ave correspondi ng insul ati ng substrates (4la to
4a), conductive |ayers (41b to 44b), adhesive | ayers
[od#dc to 44c), through-holes (4le to 44e) and

conductive vias (41d to 44d). 26 Moreover, on inner

S ur f Bbereadter; e showdict theerentgepertion in &dmd-'tlzl@)'x,tal dierection of

Fls facgisfa‘i%'}mhn periva ati%%%?\'étﬂ%@l?&%g : %ovnzem ')a?ls upper
cox?chﬁ:t{v%r Hﬁfgr% mﬂﬁé qggtglat{n%?g@st%j{ e@dg and! Q? ief' %B]éﬁﬁctwe

WT | ng bard bases manu

layy 4012 of forfrdSBymisbasgas daillofat lgdr, &Sr te&ﬁﬁﬁ)lus eByf @pplying
the first to fourth wiring board bases 1 to

coppegplating avertdareimmsrosinfacs ofthenthroughFhele. TH mdjsﬂrfaces of
enS RSS20 LA L I8 R e Sortayer
coftld@RRIVAN 08 LiBHERe t TERCIhE Bpber plating is applied to the
entire surfaces of the respective conductive layers 40b, 40bl and 40b2.
However, the copper plating can also be applied only to a portion
correspondiﬁg to the interlayer conductive via 40c by masking.

[0078]

Thereafter, first and second wiring board bases 41 and 42 are
sequentially stacked above the core wiring board base 40 and, similarly,
third and fourth wiring board bases 43 and 44 are sequentially stacked
therebelow. Thus, a laminated wiring board has a laminated structure
vertically symmetrical about the core wiring board base 40. All of the first
to fourth wiring board bases (41 to 44) have corresponding insulating
substrates (41a to 44a), conductive layers (41b to 44b), adhesive layers (41c
to 44c), through-holes (4le to 44e) and conductive vias (41d to 44d).
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as shown in Fig. 5(b). Thereafter, collective hot
press is perforned by nounting the | am nated body on
a vacuum cure pressing nmachine as described above.
Thus, a lam nated wiring board having a vertically
symmetrical structure as shown in Fig. 5(a) is
assenbl ed. [0080] The Ianinated mﬁring board accordi ng
to the anat her enfodi nent as scrlb abogg1can

Morgpivite 1 OR | 1P0GE ¢ uriAcesh @ f'ihresf"’% E‘“%%"c et palb oy 4, the

1"'?gurt ﬁ%ﬁr‘lﬁgﬂ Fl naé%(g%?%%h%%ggﬁ et i ZH¥(?1Y oug ’tﬁ%mm’h

suihe® parti bl @@W)ImefbfmarbycmdMng.e via 20¢ in
the core wiring board base 40. Mreover, since the
[005%%ot h surface portions. (4lg to 44g) are fornmed on

) M A e BB e B 8 e
ST ST 18 UL 5oL LA P B o e

firdli . fortld adeingboad hidek beo giacesrdihg tbithe enflieliftint shown
enbodi ment of a |lam nated wi ring board according to

in Figs.drasd R Subseaueotly, thagcom(va)nsa basrd base 40 and the first

to F5ER abER e HAbGn o e Arosdlogniay ey FLACKRT alf Bl other

as%]ﬁﬁﬁz%ﬁcﬁé’”ﬁg]g V"I%r& oéoﬂé\é@l{ﬁr‘éoﬁﬁﬁ,&)ggg§ i8 3P ormed by

const 1 tuent ers as those in I ment s
mounthig).the kimitkeiedt bdd@yoﬁ he sadmurhetare pressinge hﬁdtﬂnne as

and characteristic conponents wil| be described while
desmhetdq fyorescripns.on yminmtedhwisiage beardchaving a vertically

[ a core Wr b base posi ti oned
sypfetpical Blabop 7°Miokh i de B de APRATORRE g 6 1's
[odggqrred by using, for exanple, a double-sided
copper-clad | am nate (doubl e-sided CCL) as a starting
baseThe heméndtedWiring beard aecuydioate thaasotiter eanhtild1ment as
insul atjng substrate 50a made of, for exanple

ngferéeé eb@‘}@/ capcGomnest sgicyityi de the it @nd mecandc a,ippAr wiring

t e f d
borfif il 4RO o G BF T B8 (BERP R TENEhg B g board
badBaS43 @hdidghASud ehd tkfoudShaler @Rifidd intbflafer conductlve via
conductive | ayers 50b, 50bl1 and 50b2 are fofned t he

40b ot Hthe woacesing bbaed biass W0at iMgreowbst siate tﬁ@esmooth surface

portions (41g to 44g) are formed on the inner surfaces of the conductive
layers (41b to 44b) by smoothing, a high connection reliability can be
achieved even in various resistance tests such as a thermal shock test.
[0081] |

Next, with reference to Fig. 6, description will be given of still
another embodiment of a laminated wiring board according to the present
invention. Fig. 6(a) shows a cross-section structure of a laminated wiring
board completed after assembly and Fig. 6(b) is an exploded cross-sectional
view thereof. Moreover, the same constituent members as those in the
embodiment shown in Fig. 5 are denoted by the same reference numerals

and characteristic components will be described while omitting description of
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[0082] Thereafter, as shown in the center portion in a
hori zontal direction of Fig. 6, a laser via hole

(LVH) VHis formed by | aser processing so as to

penetrate an upper conductive |ayer 50bl and the

i nsul ating substrate 50a. The via hole VH has its

| ower surface covered with a | ower conductive Iayer

50b2 and has an_upward._openi ng shape with a botto
esgﬁlggq@@m%e};s b§pe%ﬁp.yy,p CBB%&@FID%I laqqr hbaqeo§0 p051t1oned in

theeé&ﬁgk' Gn OV?{P@&Q difi¥lonS uc?ﬁc %{fo&gﬁd\é}b&}g‘ﬂ% for| 'e_kaﬁple a

ce o upper con

doubleasidsd rdopper-elad Nemihades (dohb1E- sﬁa@i @R aféoﬁdél(ia&tih% base
| ayer 50b2, a LVH shaped interlayer conductjve via

theyeof.i Theoconedwinieg bpardbasepPds apl imsuluting substrate 50a made
i mul tan ousIY applied to the upper condu e | ayer
» B &X E AR EPOEP FEF D T PP re%pﬁ; ?rl i @cfircuit

ﬁgi'ﬁ( {50 ftﬁ‘n?&i td,P 3‘6%8%{' el%gggg tk}ght BErihBE rdtf ﬁylfer insulating

conductive Via feover,

sulsstpry 504y eleimiéalt ﬁﬁskoé&hm%%d&h“et like. |®éeﬁ3reﬁﬁlt wiring
and 50b2 is not performed in the exanple shown in Flg

consiucttm leyprebObl 20k hgndbphZeare formedrin the botlosuedces of the
E\)\’i gOOS % Subsequently, the first and second
in ?‘W’@SH 898s 41 and 42 and the third and fourth
[00@2{]' ng board bases 43 and 44 are aligned and | am nated
h each ot her above and bel ow the core wiring board

bas eThéreaster)ayBhown ihithe cebor pdieiehi 4 Horizeataledirbaton of
hot press is performed by nount i n the | am nated body

Fl&arﬁ,aavlae%mta: ncacihme hmdgseraprmesﬁmgeelo as to

B R e BB o AR et 0
Thé$i% 'Egh@@'H h3QgH lo!vﬂirt glﬁ'fﬁ@tﬂlécgﬁtr@& vwgﬁ'dqgwtbgzéo‘ijlductwe layer

according to t he anot I ment

502 acd hagl aabapwardiopenihg shapehwith 4 Yoteuid. sBabsequently, by
upper wiring. board bases 41 and 42 are connected to
appiyiRg coBPe¢Pplating, Hor exampleoaven angipmer amrfaqqagoibtim dia hole

VEL 3t B thy ooy AR gy Er RPPR Rp A P St tage of the
oYL (1D U5 A, S O I INPLOAO i
conductive via 50c is formed. Here, the copper plating is simultaneously
applied to the upper conductive layer 50b. However, the copper plating can
also be applied only to a portion corresponding to the interlayer conductive
via 50c by masking. Moreover, although copper plating for the lower
conductive layers 50b and 50b2 is not performed in the example shown in Fig.
6, the copper plating may be arbitrarily performed as needed.
[0083]

Subsequently, the first and second wiring board bases 41 and 42 and
the third and fourth wiring board bases 43 and 44 are aligned and laminated
with each other above and below the core wiring board base 50 as shown in

Fig. 6(b). Thereafter, collective hot press is performed by mounting the

laminated body on a vacuum cure pressing machine. Thus, a laminated
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conductive layers (41b to 44b) by snoothing, high
connection reliability between the conductive |ayers
and the conductive vias can be achieved even in
various resistance tests such as a thermal shock test.
I ndustrial Applicability [0085] In the |am nated
mﬁring board and the nethod for manufacturing the
3ord|ng to the present invention, the surface
Wlﬁ&g rd hayvipga Vem%&qsmme trigal {aminaied mructare Apeshown
& refore hi gh connection reliability
ulgggmeenh¥%e CJ% uctive layer and the conductive via
[oosM) be achieved even in various resistance tests such
as a thermal shock test on the wiring board, for
exanph ethe2daGiisak@l wiriagmbbhodl dccordingiftactthei sgilh another

oSS it < 3 ol i v
o SR L L e A i oo

wifingboawd ek Q3ﬁﬁﬁiﬂﬂ4 ﬁiﬁréﬁﬁl N UVEH -5 M&pé B ¥sterfdyefcdnductive
second surface opposite to the first surface;

vias ot in mbe acager Waegpboeatdobase n5@.neMdreowgh -dinte thef smooth
t e con | aye and form onductive via to

Co. R dY‘ﬁgt Zé%)n(?%t £‘%¥€“€f‘{;y)é7‘r the 1mmer ﬁHafV acpg of the

coét%ﬁ&%h I%W—:Irg Wit 13 oﬂﬁﬁ% hé%% i gﬂl Hﬁ%ﬁogehablhty

cturing a Rccord I g

beiweerctlad corducthier l%ﬂy@ré Bﬁd&ﬂé%ﬂlﬁﬂtwé vies £oh ethdhieved even
such a manner that an arithnmetic mean roughness Ra of

in yapoys resisanpertestsrsuabnas adhermelighodiotest. of the
conductive layer is 1.0 mor less. 3. The nethod for
manufacturing a |lam nated wiring board, according to

Indlaa A mﬁbﬂ}gﬁ the snobothing is perforned in such a
mRnner - that Xi mum
[0085]

In the laminated wiring board and the method for manufacturing the
same according to the present invention, the surface portion, in the
through-hole, of the conductive layer is smoothed. Therefore, high
connection reliability between the conductive layer and the conductive via

can be achieved even in various resistance tests such as a thermal shock test

on the wiring board, for example.




hei ght roughness Rz of the surface portion, in the

t hrough-hol e, of the conductive layer is 3 mor |ess.
4. The method for manufacturing a | am nated w ring
board, according to any of clains 1 to 3, wherein the
conductive paste contains a netal conponent form ng an
alloy |ayer between the conductive paste and the
conductive layer. 5. A lanmnated wring board
conprising: at |east one GAIME board base incl uding

1. Shptbod Tp hap e aramietad Mafing haegaon Which at least

8‘9% ' I r: j first surface, and

on% a gg%aéaggtﬁsg I\S/%ggﬁéﬁg%%é{%ﬁghrough-hol e reaching
t he pesiditgt iav @ohdietivé rlapet i sediied swifaacefagd msulating
conductive paste filled in the through-hole, wherein

substrrate meludrd ihthe wirngdoargbase: t he surface portion,

in the.thro - holie f the.copductive layer is 3 m

o 1 eRide et haf wathing i RndityR Gyet fro 2 second
suﬂggga g{,lsqtaf/]\w {ﬁ}gﬁpg%&fg‘%ge i ncl udi ng an insul ating

su st? te

aving a first surface and a second surface

opposmbethiagt deukfacet portiohada, the tloedighthole, bfiyké conductive
provided on the first surface, and a conductive via
layexcandi ng a t hrough-hol e reaching the .conductive

11 gl 4, 8o o i be e cntected B Ph conffufiye Taver by
ﬁﬂﬁ?%g&yag@hggsﬁ%%ﬁhae@nmt;%&gyt. on, in the

of the conductive layer is 1.0 mor

2. | @he. méthdd dod amamafaetinihg ianipostddawiang ibegripacdcading to
5, wherein the conductive paste contains a netal

claggnbombeeifor ning an alloy |ayer between the

CONIEL Y PR £ DL HIS SO UGS haKEhe Biathn arithmetic

| am
mean roughness Ra of the surface portion, in the through-hole, of the

conductive layer is 1.0 pm or less.
3. The method for manufacturing a laminated wiring board, according to
claim 1, wherein

the smoothing is performed in such a manner that a maximum
height roughness Rz of the surface portion, in the through-hole, of the
conductive layer is 3 pm or less. '
4. The method for manufacturing a laminated wiring board, according to
any of claims 1 to 3, wherein

the conductive paste contains a metal component forming an alloy
layer between the conductive paste and the conductive layer.
5. Alaminated wiriﬁg board comprising:

at least one wiring board base including

an insulating substrate having a first surface and a second

surface opposite to the first surface,

a conductive layer provided on the first surface, and
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at |least one wiring board base including an insulating
substrate having a first surface and a second surface
opposite to the first surface, a conductive |ayer
provided on the first surface, and a conductive via

i ncluding a through-hole reaching the conductive

| ayer fromthe second surfacemﬂnd a coRductlge Faste
filled in the ¢{hrough-hole erein the conductive

paste forn® eenduatixg I‘%\?em dudingen t througbrhnlet reaching the

lﬂﬁfcttﬁreﬁl% 8{{ @n%rﬁ gﬂguct Y Bﬁé t n C %?‘%yg{i%{?ﬁled in the
thiooghahdls, any of Cu3Sn and CusSnb5. 31
wherein a maximum height roughness Rz of the surface portion, in
the through-hole, of the conductive layer is 3 pwm or less.
6. Alaminated wiring board comprising:
at least one wiring board base including
an insulating substrate having a first surface and a second
surface opposite to the first surface, |
a conductive layer provided on the first surface, and
a conductive via including a through-hole reaching the
conductive layer from the second surface and a conductive paste filled in the
through-hole,
wherein an arithmetic mean roughness Ra of the surface portion, in
the through-hole, of the conductive layer is 1.0 pm or less.
7. The laminated wiring board according to claim 5, wherein
the conductive paste contains a metal component forming an alloy
layer between the conductive paste and the conductive layer.
8. Alaminated wiring board comprising:
at least one wiring board base including
an insulating substrate having a first surface and a second
surface opposite to the first surface,
a conductive layer provided on the first surface, and
a conductive via including a through-hole reaching the
conductive layer from the second surface and a conductive paste filled in the
through-hole,
wherein the conductive paste forms an alloy layer between the
conductive paste and the conductive layer, a thickness of the alloy layer is 0.5

to 2.0 um, and the alloy layer contains any of CuzSn and CugSns.
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