DESCRI PTI ON LAM NATED W RI NG BOARD AND METHOD FOR
MANUFACTURI NG THE SAME Technical Field [0001]

The present invention relates to a lam nated wiring
board and a nethod for manufacturing the sanme. More
particularly, the present invention relates to a

| am nated wiring board and a nethod for manufacturing

the sane, which are cppritterefi@shi eving hi gh
connection reliability between an interl ayer

LAMNATHLY SVIRIENGBOARD ANIQ METHOD FOR MAeANUFA@TURING
mul tilayer wring board. Backﬁround Art [0002]
In recent years, with t [ sing demand for
m niaturization and nulti-functionalization of nobile
phones, various digital electronic devices and the
Tochhie8]l Fidlgre has al so been a strong denmand for
m ni aturization and rulti-functionalization of
[00@l]ect roni ¢ conponents such as a seni conductor |C
el egent used in those devices anf of a printed wiring
boaldeoRYSRRRE HIYAEHORGFRIBHRENDS 2alam, eWiripg kpagdy and a

d f '
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inveitsles WalatéDORB] a  laminatdd | wHtingXJwRlr8 @fud N8 method for
conventional nultilayer wiring board technologies is

. mazmfaEGing Birsesitimd, Wifieh dreyehpiadekefgathieenig blighyroasection
.dj scl osed in Patent Docunent. 1.. This technol o is for, .
rehg%iﬁwﬁéeweﬁgc REgHIIEHBYET £0BANSUVRGE ﬂﬂﬁtﬁuw g conductive
. - ' [ sem conduct or chip, for
lay%%lrurfbﬁélgﬁ% %’dﬁg“g%%:b?gﬁ‘?at e and sequentially building

up an insulating layer, a nmetal colum for an
interlayer via and a wiring netal |ayer thereon.

Backgoousgd Axt
[0002]

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 mulfilayer 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]



Mor eover, a second exanple is a technol ogy as

di scl osed in Patent Docunent 2. In the technol ogy, a
nunber of wi ring boards are prepared each of which has
a wring conductive |ayer provided on one surface of
an insul ating substrate and an adhesi ve | ayer provided
on the other surface thereof and is provided with a

Congﬁrﬂé{ebv&, V] Qedddy gﬂgﬁllp% est 9&@1101@;@2??2%}%1059(1 in Patent

con I ve paste an erving as an |

Doce@iwhic ] vEn wha. tethablogyhaseumiber nd widhgoards are prepared
| am nated with the adhesive | ayers interposed
each [pérwehishnbes 2 winingolonductive|lgyereprenided@n one surface of an

insffgfi Sbstrate pafen aqieahenaer Bayinl Goptid plifer surface
| P Waal i 20042 (P83 feh- enld
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_ Patent plication Publication No. 2001-102754
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Publ i cation,No,, 2005- 45187 ,Di scl osure_qf tha | nvention
thershafran FOAHRLEETVEN RyAEHe TR PeRiTOn HoBuna o HE B B a
multh8yE\Rrihgdyaehogy described in the above first
exahple 1s suitable for achieving ultimte
m niPattemi IxdcuementHiwSapanesd P atenb eApplicadiepFruuldication No.

i ncreased since a resist mask step, a plating step and
2004-9Af138 | ayer | amination step are repeated in

T, % B SR PR o

20089 @At es manuf acture. Moreover, a heating step is
required for every nmultilayer |amnation step. As a
r es Ratentrdincumeent Bi skapanese dfateap phpelicdtoors dimblicasiom No.
|layers on the insulating substrate and thus resin
200&4@?% ation is likely to occur.

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.



100061 Meanwhi | e, the technol ogy described in

t he above second exanple is suitable for reducing

conplications in the manufacture involving a |arge

nunber of steps and deterioration of the resin | ayers

on the insulating substrate due to the thermal history

as in the case of the first exanple. However, as shown
[00¢g]the step of Fig. 6(e) in Patent Docunent 2, in

ormati on of a through-hole 14 by |aser processing,

f or Mecanphide, ther feaheaclogygluzesibediihthearlpeeneved eeample is

_may be caused on a surface of _a conductive |ayer 12 hy
smtabﬁrfmatrp@hcmg comphcajdens int s mapulagrenaviolvasi a large

the processi No,. 0071 .. Wien.a gonduct i resin ..
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case of the step of Fig. 6{(h) described in Patent
Hovboeanmest sRowni il hec bteurdfafiz.r 6(eghive Ratedét Bocwmaht i) in

~occurs such that the conductive |ayer, 12 is cracked
formatonr ¢fk anthresghzhale) 14\pyr lassr pocesERgofor ggample, surface
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lay¥ 12 BY aBRisbiod o 18%aMehe inﬁéhﬁt%;,elﬁﬂﬁt]ié)hﬁe P @Ré PRdcessing.
that connection reliability in the connection portion

(0007 |ikely to be reduced. [00081 Mor eover, a

S
the_t endency of the conventiongl. technology regarding
a cohheR 2 FPRSYRHVEUFERR oFPIBRESIEER (RS ebrifudt oled I the
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or ‘rougheni'ng the conductive’l ayer
the S$tbh s Fi@r 6t edduerbedeirPPatant Dddign&ehesivdbh such surface
connection resistance, and the |ike between the
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[00 ove. [00091 The present invention was nade
t'd' sol ve the conventional problenms described above. It
i's ;
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surlch DL B RAPe o WSO B AR GRPPEHITS Ferifgitpgand the
ikef 1 ! h¥ichbhBfchPepdstd) sk
i BB LHEARELR L b 0c 08t LR oo be
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In the nmethod for manufacturing a | am nated wiring

board according to the first aspect described above,

it is preferable that the snoothing is perfornmed in

such a manner that an arithmetic nmean roughness Ra of

the surface portion, in the through-hole, of the

conductive layer is 1.0 gmor less. [0012] I n

t he gt rd l A b L

accorai e e I TR fal e A S P ol 4 e
desqribédradolve. t Hatist Ae slject if nghe prewvtoinmaition suchravide a

manner that _.a maxi num hei ght roughness:- Rz of the _
lamipatedcwinng thagad and ﬂh@efcg% doh mrelacringdhe same, which

conductive |layer .is 3. r 4ess. [0013 . )
can RCSHRER SRRERE AL DY R R T PRvGiay o SApAuetive via
and¥ Wifi9gROARHcA6E MyirithrtRuB My ¢h al xﬁﬁlﬁlﬁ?\éﬁ wAsREChSard.

the conductive paste 'may contain a metal conponent

form ng an alloy |ayer between the conductive paste

and_ t conductive layer. [00141 A second
Meag%@gt&gwqg@ep?@&ﬁlsi nvention is a lam nated wiring

[Ooﬁgard conprising: at |least one wiring board base
ving an insul ating substrate having a first surface

and Asfi ¢ GRPEctSH thaGsreQPROFiveR iR fshenddthsd f@f’ﬁfa@ﬁgact%r_ing
a

conductive | ayer provided-on the first surface an
a lacondted mnangitmaird ch wehricl o leastoomphwindng hoaad hiasg is btacked,
conductive l.ayer froamthe second syrface angd a
the @aﬁg{?@tqwrﬁ%@gepm‘rlﬁ]gbg Argondackys i%w-%ﬁefgrat ugface of an
. 1 nat i LN o Xi ej r hn .
ins AT Esale "BAAR) of (TR RO Ch AN MR e

thr@igidHelel neachayethd sondudtivelayestron] Q@d8dnd surface Hpposite to
third aspect of the present i1nvention is a | am nated

the vitnst raprfarer dmpohbings angprfate peskonone the rihrgupbdode, of the
ase having an,ipsul.ati ng supstrate. havi a first
condiifFut i AP RRIG f S i biyBs Fifh tpobg Hmmertd to the
: hy _ C .
cond (61 Bryef p G fHE L BUER HIOKHATH BRghiive bbBte. |
[001Hachi ng the conductive |ayer fromthe second surface

and_a conductive paste filled in the through-hole. In
t heln sh¢ matbad dpr e ufaetiainga laminaved: wiring hoard according

oughness f the,syrface portipon,.jn.the ..
to thR B naTner derriTh AHoNauct 1o @rpiyaple Ehat ghe, sprogthing is
perfofid L0844 o manper Egﬁﬂz rgﬂ'ﬁﬁge%ﬁ. ﬁl@ﬁn%ﬁgﬁness Ra of the
[lam nated wring board, the conductive past€ may
surfacapaition, meila! theouphtisié, dfahe cogdastiad Loy iayied {.lm or less.
bet ween the conductive paste and the conductive | ayer.
[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



[0017] A fourth aspect of the present invention

is alamnated wiring board conprising: at |east one

Wi ring board base having 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 including a

t hr ugh- hol e reachi ng the conductive |ayer fromthe
theggggﬁ 1@%%@%%@ and a conductive paste filled in the
[ooi4ir ough-hole. In the lam nated wiring board, the

conductive paste forns an alloy layer with the

condustdond dsppef of the piesknt ssvesftigthis allimjnitedewining board

0.5.t0 2,0 It and the alloy |ayer.contain ny of
comiringadh leations “tqrmshoard Base having apameRkHiase Substrate

| Li_n Qgg h r taur g SATE

hav\gfclz c?_r gf'gh)”g oa?%gn{&rgé? gﬁé]{}?%&gn i gﬁ’ %%%ﬁg tléullf _ag%&es ® a
confAéti O laydrhroRRiddne© vl fiked Surfaée 4h@ C@uctiveerihayeluding

is smoot hed. Therefore, even in various resistance
a threugh-ole reashingt ther crmldustive dayes froon theseopnd agrface and a
oard, fo agpl L gh gonnection.reliabili ..
condBekiks RoptseEiEnan chp JbEPugERo g TP arated iriping hoard,
a Sk AE RS HER0s RS (ﬁgﬁg %\b‘?‘fﬁﬁ:e{}ﬂﬂﬁ%ﬁh in the éhrou%h-hole,
reover, the wring boar ase having the conductive
of tié @ofBa&i e ldyee i€ 8Nt ekrilyas. paste is used. Therefore,
- the nunber of steps can be reduced by collectively
[00Kelati ng and pressure bonding a plurality of bases
i ncluding the wi ping board .base ..and the |ik ith.
o Pt aspertof K pRteiy RERERBy bR HTieY Vidng board
i iR8t 6 1 g h dOBa &P hlal i STBAUAREIMISE substrat
con] tlogt caugﬁﬁggigg?ﬁgﬁgf%hio?%fion ue to a thé?ga Shrate
havihgt=ofiyst sutfhee ianduh aktogd subkice aipposBei tef tHee fiest ptirface, a
of the_ Draw ngs Figs. 1(a) and 1(b) are . . .
condugfanataxeraroyideseen the firsy seifacd apdexpndustivg |a including

net h f.or nuf agturing a_| am nated wiring board-Db
a tRoRgl holS repPing: (e, CotPive gV B S She seeopd Shifagy and a
conBfic@Pe PARROAEA LN GheltheoREILSON. | VAN 10Rintbd witid) board,
show ng each of the wring board bases before assenbly
an arithisietic Méd) reigimesg Ra sf thecsdunfecoporttive, iarthadhesiigh-hole,
W ring board after assenbi%. Figs. 2(a) to 2(9)
of the sopdpefiyatayesas drQum 4 88 sectional vi ews show ng
[Oogggps of a nethod for manufacturing the wiring board
es in Fig. 1 according to the enbodi nent of the

presaithéMERL, 11@Nthe 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 aspect 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,



Fig. 3 is a characteristic diagramshowi ng Table 2 as
a graph, Table 2 representing a resistance change
rate of the lam nated wiring board after being left at
a high tenperature according to the enbodi mrent of the
present invention. Fig. 4 is a characteristic
di agram showi ng Table 3 as a graph, Table 3

r [ reesi st t '
e SPLESEI. B8, 7655 AR A0EE LA e LIBALORDTLSH: «
thi@6RE &f BHe lloy 18y eFhogl5NBIE.0 ¢fm | #8d Bhe 38y lhpMmesddtains any
Figs. 5(a) and 5(b) are cross-sectional views of a

of Gudinnané §usbns.ng board according to anot her enbodi nent
gé the present invention, Fig. 5(a) show ng a
[00 ]oss-secti onal view of the lam nated wiring board

aft qf, ﬁ%ﬁ?ﬂﬁhﬁf%&hg 1‘})0?&(2 )&1}13”‘3\@" rﬁgtm fof %nglg%?g.}ring the

Cross-secti onal ViIew am nat e rrng

sankd Ofccofdidl andtled bpreaeet CiRsatidact flenaurticevwposfiod, in the
| ami nated wiring board according to still another )
thremplydioksnof dhet penguatisvendayary éntdmoentbedg. Bierefomovivieg in

oo SR e 8 AR AL BRaREE e, o
e85 5EE' ABohih SPLEFT S ATG  0 Ded and e

confiibtive el £ie ke theughgole kaartsk Zchidesd.r i ption will be
gi ven bel ow of an enbodi nent of a [ am nated wiring
[00p8krd and a nethod for manufacturing the same

accqrdi hg to,the.present .i,nvention. Fig. 1 is a_.
Schafaraor el thesvilne toral kARG A GPe st iecmade of
the/BhdTBAYE PALH isNeseline THRFLAHRE Sthe i BEr BP&HsRUn be reduced
lam nating a plurality of wring board bases. Fig.
by dqiddctilebindeasicly afd thressirei bundingra phasdgybeff lases including
assenbly. Fig. 1(b) shows a structure of the | am nated
thewiwiring tnerd deser andsshe| ke prgidh  adhgsive laygys dngerposed
i art enlarged, cross-sectional .vie show_ng e .
thef bbb oq TBPEnait aLe T ConthibE (R g Bbaraely
malaBfIutdt Fithowk P82 Yesin deterioration due to a thermal history

in the insulating substrate.

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



First, as shown in Fig. 1(a), the plurality of wiring
board bases, nore specifically, first to fourth wring
board bases 1 to 4 vertically adjacent to each other
are arranged so as to be stacked on each other. A
first wwring board base 1 includes: a first insulating
substrate |l a nmade of, for exanple, a polyimde resin
repltéslem:igg erlég)?slté_ﬁé/e 8]?18.]{1%6 $hte QP gﬂ(? tlh%fﬁ?.li@ﬂe%ihg Mgéﬁhafter
i's nmade of,” tor éxanple, copper fol or W ring an
beinhiefhat 8 Wigh! tehiiRGa OlircOfRoBdiNpAREt HelirAB6 d it tB6fshe present
- first surface) of the first insulating substrate |a;
mvemfgora first adhesive layer | c attached to the entire
area,.of the other surface (lower sur e, second
Sur ISy 1 cRhmenitc Aftrhat i i Lab 55 & o Table 3
a a . .
rop SRELLE A Ml PTLAREE o o P AR GRONRD B2 e
beid®Wft aOathichyempiratin® adtokdinghiesthet dabbdinsdén tpeldsi piesent
~ layer Ic can be provided as needed. Specifically, when
invgntier, wi shed to attach the lam nated wiring board to a
predet eryd ned er of an el ectronic device or -
Drorhes Al angd Bt trete sec RenaCRissys 6t & Boninajed wiying
r i o i t oM/ bl ;
boa i 1, R Sof QRIRPLEDL L QLOYHAEEL N6V A0, B, St
sho®timed anresk-séditvridl viéw adhis i1y ihateel wiingbyabd adier tasesinbly
Mor eover, although, in Fig. 1, a conductive via nmade
andofig 65}5\ oehawing paser@lpdecg SwoRf eratineal  ewhef the daminated
. W rd ng Jboard base 1, the conductive via nay be
Wi }?/cf éld as needed. [0024] A second wiring
boagbdag(@) 2dd6(H)IeR: et REREnANFItA bPG BRI Ad Sviring
2a made of, for exanple, a polyimde resin film a
boapd wicedrdiyg ab 8t andtheandodividvwaehtyérthe Arentnic nventioayg &ig.
of , for exanmple, copper foil for wiring and which is
6(a, ghowing @ srowrrectigpak cdevuphdhe s@@@@g?d f¥hang board after

su ce .t second i nsul at | substrate 2a; _a
assGHbl A Fie D000 SHEP g " bl T SRR B RRL g of the
lam®hafcRewRihebostd.f ace (I ower surface, second surface)

of the second insulating substrate 2a; and a plurality

of conductive vias (through el ectrodes) 2d provi ded so

asgt orrespond to the second conductive |ayers 2b,
Best ié?fgf‘chr\é?Vy ng pbhthe fnventmn&ach of the conductive
[Ooggas 2d is made of a columar conductive paste filled

In a through-hole 2e fornmed in a portion correspondi ng

to &%gh referbhee Yo &Sed. N LAE ?ﬁ,ﬂfégélqpt:iﬂﬁ W idll e givﬁalbbﬁélbﬁtcﬁ:‘ an
2a. As to each of the conductive vias 2d, one end

exnlfosbpent fc Jamivate)l whengdfoard ouhrenetbod Jommanufecturing
surface of a secong conducti ve Iaéfr 2 _angothe otQSr .
the opame| ghgarding @y thgcpyeseRt Bstention. or Mg do 182 ¢ gphematic
L : f agl.0 UEf ac 0 '
crofl QL1 9 b BEIHERRR ot e BRI MEy oo
lamih SRASSEIAbbAR] by [Shindtingd flasdltky0sfSeirinShoad Bies. Fig.

face the first wiring board base 1 while being
1(a)dwind eanddof theswiringboarhbasestteforsr aseudilpn Bradd (fshows a
t he copductive vj 2d overl| he firsi_ conduct]
stryclyes of PhS ittt pating bw@p@%ﬁ? dsperably T8 255 0 260
r ect v . . : Q
are JEAC ALY Exthreed ikbrsectional Mot fipWhis BRRNOEA bAR6Y for
maphficthtihy c@th ol ithéel wieimUsddrdedsay @h Figh1for wring,
atterned on one surface of the third insulating
[00§ﬂbstrate 3a; a third adhesive |layer 3c attached to
the other surface of the third insulating substrate
3a; and a plurality of conductive vias 3d and

t hrough- hol es Be provided sb as to correspond to the
third conductive |ayers 3b, respectively. [00271



Simlarly, 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

¢ ; n ; € |
s Feur shfmb Erie 00y ch PRI L R M s ore
spetiBBREG! fivel 6 fdtathWRiIALIRACE IDiepar t& 4T0kithiallyPadagent to

third and fourth wiring board bases 3 and 4, the sanme
eachuitber alre sagangebeoafs tchbe sbaclksbondiathy gdwers Anfixstewiring
second W rj ng board bas are.used. [ 00281
boad Bate dcmeluffbst Rt RenIp B OB e AHp (PR aHe ahfob asamEte. 2
- . . o o N V
pofiie 3R gy 8ol ESlauhyt UL BP0 LBt o
for eQafiglé, bdiperefdill frnwitieafnd velhich Uist pattéie@d on one surface
configuration of the |lamnated w ring board, the
(upponsudaredirsgyariice) of dbe ifiyat dnswatingesubstradaslariaridng first
patterns spch as.the sane pattern or tterns
bl 1T GHRGEER 150 R CORECtiRer Of PRG LORE efase (ower
surflcBSsdfinti%ufithdel of 16 ARG AIMOUEbAM 120 board
ases to 4 are shown in the sa nunmper and in a
[0083jacked configuration. However, the nunber of the
conductive vias can_be arbitrarily selected for each ]
of (leasidaring the laminstedwinips beged showa indfgudtasene unit,
ias_2d tq 4d.can I various confi.guratjgns suych
the i} ariogh i e (hibakts Sthp JORpLBRE d2SrT LHRE Bifler Thus,
the 34t LB ERSAYBLNE kG hAFiBEE A3 ecde8CK8PBelficRAG N when it
ot her. [00291 After the first to fourth wiring
is vhiehed tbaseschltHeol dnirated calring hojmakcena trodetaemintfanember

are.  stacked on each other in such a nmapner .that the
of a3y plactromen dewws &F anpidheronying bpardisashiap fxeexgmpleea core

. W Irkn oar.d bases are .aliqgned an rd a hth. th

wirlld bRRRER H B 5 GoBt Fulnt 3t BHE hRR el fver 1c
On kR8'AhLASRNIS WHEAth&d RALE dubR kel thOFirBf @8BEGve layer 1c

collectively fromboth upper and | ower sides. Thus, a
may dei omitéed.wi MoneoveaantthdQghs irs foginl,i m cénductibyid made of a

nyfactured, [00301 . . The gollective hot press
condBERYF JeRFta bisy @0 sProwidest t@%/ ﬁ!tﬁﬁnwmggt heaNch s d the
: . cure pressing nmachine :

congﬁgé{}/%g%]a &gargtl?é(ng@r}ge%?g\é%%?gwbondi ng the | am nated
[009gdy in a reduced-pressure atnosphere of 1 kPa or

| ess. During the press, the adjacent wring board

bas dssemadaviranh bdamhbasé Redchulegas sectbindtating substrate

thermal )y curing the adhesive |layers l¢c to 4c.. At the
2a gaade (qf dor qyramplgd f MOTEIHIAE: EeSipf ﬁllﬁe g% qipralityy @f second

i t. i . J
coninE it 8, AR BRARL L 151 Lot 3oPhel By6lon b an
whiehridyaitterdet ayesse bhrfhte 8Rppd093FdcdViireD Y8 facé)N6f the second

conductive paste for each of the conductive vias 2d to
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.



4d contains: as a first nmetal conponent, at |east one
kind of nmetal particles selected fromthe group
consi sting of nickel, iron, alumnum gold, silver and
copper, having |low electrical resistance and good
heat - conducting properties; and, as a second netal
conponent, at |east one kind of |ow nelting-point
[ooﬁt al particles selected fromthe group consisting of
| bi smuth, indium zinc, antinony and | ead.
Mor BRVR! of the BRI GOHM GHALY @3S tiRade 0PN deTune P @B ictive
consisting mainly of epoxy resin is mxed. Such a
pastofilad tln\ﬁethrraggb licde &e dormiad tin\eeporgiosy ¢aairespongiing to each of

the et HRFORHPEHIA Y %ﬁﬁ%%?l?etﬁ%h? 3 thypaBat the conductive
v1as¥e ?(g’rar%fl;% ,BII gﬁ% lat?mﬂ gu}ﬁ%eﬁﬁ %El?e?isto 505 fla%%l‘ziurface

ornms an nct I on.

of afeebhi@ R ectivi Ry et 2D eﬁﬁilﬁh@bt]y@' érﬁi/ @owerentl Gudthda) Ehereof
made of copper or a material consisting mainly of

is fctmmﬂeaso as toesetrude drm@bwem@lﬁmm%&he\ﬁ@cgaé@dheswe layer
erabl conta sal It|n

2c. DMEsERER the Shiand Bising haatt basa g R lifod i cithe, first wiring

boaP&’BQSé 1% £ &8 R ATEY Widn g:%f‘d Bhé@l%ﬁ?%i@?}mﬁ

tin or any of 1 ndium zinc aid anti nony
~in si@hm ﬁﬂﬁ‘mm&hht protruBich ead€ of tlise asnduddivet viat Adeverlap the
| ow- el ting-point netal is increased, an anount of
firshponguativeclayprs Hedn she first minmnghoard doge dn resnestiselst he
[Ooﬁﬂnductlve | ayers 2b to 4b and a correspondi ng one of
e conductive vias 2d to 4d can be increased during
t he Aol PLRSite Hodra H:RR05 11 Pudls: 303Nl 89&11hHRL substrate 3a;
adhesive strength is further inproved and electrical
a plehligpof thiyd icondnttine talerk @3Bt wiring, paltethed wirt chne surface
reference to Fig. 2, description will he given of

of tbﬁﬁbﬁﬂﬁéﬁﬂ%iﬂ%m@tm a2 iR Bdbeavedgyehec m:ﬁaichgd to the

boar d.base .
othgy LR 6 s SR ISTRERATHE CE0sIaTS o3 Fodreh AR RRETS of
conffB@ti o VA5E3d AniOulbo68R 26480 rdeiiuasd ! 86rrelpdtPto the

sanme nethod, a nethod for manufacturing the second
thmdi crdndgxcticrarldymsﬁa Zewpddtivedy.mai nl y descri bed here.
g. 2 is an enlarged cross-sectional view of a
[OO%HHI on around one of the conductive vias, which is a

ma & atrbp L fo“?tl% gﬁgﬁ%eﬁ\@ﬂdqga%o and RAgs: 2 émI{E% insulating

second W r’f ng boar WN Fever se

sub%ﬁﬁ'te ah; E'I:Qurélity[ S0RAth conductNd Biyebalth fof whifing

&Eterned
nbodi nent, a singl e-sided copper-clad | am nate ( )
on mma seefdcast tie ﬁxs:mhlmsw}atmgsabstm’ga bovaa odbedifessackyer

e S 5 AT 55 b s
ol bS8 G R

coridifoRaAt té etheUfham® QBndaetive dbayelrs a4h) Q‘ébﬁ’éc@wely For the
i nsul ating substrate nade of a polyimde resin film

resprcdivegparts hml&lklngs.a) the ghirBrand/freth en;ru@bmami bases 3 and 4,
conduct [ ve aste ial consj.stin nhgl
the pamg mad ﬁ% §h‘b‘~’re g"ﬁéﬁeﬁ‘orﬁﬁ@ql} ng %%Hl t second wiring
board base 2 are used.

[0028]

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



[ 0035] First, as shown in Fig. 2(a), the second
conductive layer 2b for wring having a desired
circuit pattern is formed on one surface of the second
insul ating substrate 2a. This circuit pattern is
obtained by formng an etching resist pattern (etching
mask) corresponding to the circuit pattern on a

i AR AR OREe SOt Y AL ROV patiorn.
Howé&ert b& n@éétht}ﬂgrecﬁ\ﬂ:&héﬁ’é’en bf BB¢IRbVAL GRIFROS eenPfurdtidn of the

exanple, ferric | oride is used. [0036]
lamlumatedewuahg)boaaé the corglndtiveeclayers hee demgnedsiodeave various
copper -cl ad I

wirgghRatieras |syc o F %é% ee&%rspym@ gaﬁ@rps idifferent fpm each
oth%ég a;ixg fbagg @g, é&iﬁﬁﬁ%%&s 54 m NG &'ﬂes%ce{ldttat %M%ﬂ Wiing

e surface com ng |n 0 con W

boatd Sk ki BOtS W sireakRBewan i@ iheh @BireC niBaber u@ghness Hacked
mglJapanese I ndustrial Standards: JIS B0601:2001)

o geramcﬁnl s Hewewet,| yhaboumlerRal ther emﬁlyztlvtehenas can be

arbiienly el rior Fa of e mHCHiE BORRS Do preRen the
conﬁ)g@gl{reg V{%t %@o Wit (hyf é%gﬂgsé %i"l%ﬂs cl)ﬂﬁgz,]ram%n }mh Ps the case

reover, e second irve |ayer
Wh&é&:@i@ﬁas aré berdkedeid éah efexandeticddel wherthdi vias are not
: material having a thickness of 25 gmis attached to
stackeed en haeh stharace of the second insul ating substrate
[00@ For the second adhesive |ayer 2c, an acrylic resin
hesive material or a thernoplastic adhesive nateri al
my Agf‘eruﬁfedﬁxaé\{bﬁo%‘ﬁ?f h Wil%g¥500%A40851Y & JodhiBAllY Gdjacent
y be fornmed by applying a varnlsh resi n adhesi ve,
to ehioh oeanpteestacked ohhachwthac in efich hemaanenthatnthe ptatngsion
substrate 2a. [00381 Thereafter, as shown in
endgjof the@ondugtive sias i pre pf fhe sHring heard bas‘iﬁoar;&. fhli@zeed and

ovelEpRitiCid foletiiding Slchie Jibet:dln BOTMNG. wlife board

basle ayﬁ{h §Qanﬁﬁétéd‘ﬁo&§§é ﬁof bkéaskd c’él}BEﬁ%lnyrBhi PotiGPp&Sand
N may be ‘used instead of polyimnmde.

lowé\{' tsedmt |'E/Iahsy a dafithatedt tvaringbbeardnd0 det aborabl ;. Big.UKD) is
irradi ation nmay be deposited and fornmed on the surface
magpfachereecond adhesi ve | ayer 2c. [00391

[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 lc 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



Next, as shown in Fig. 2(c), the through-hole 2e is
fornmed, which penetrates the second insulating
substrate 2a, the second adhesive |ayer 2c and the
resin filmF. The through-hole 2e is forned by | aser
processing of irradiating a | aser beam using, for
exanpl e, a YAG | aser, a carbon dioxide |aser, an

| . . . as . _
i QAT b3 SEp g O MABE (B8 Ruld bLFtS it
selechfl HBhOHEh ghliPeditsiSiehy 08 nisked MbA, Alvinintink healdpsilverand

havi ng_a dianeter of, for exanple, 100 gm Moreover, =
copper, havingloanelectmcilesistance and goed dfeat trenduelong properties;

conductive,layer 2b in the vi.a hole, .i.n,other words, a.
andy 23§ Geron daral Ereshaloabderrepht Hitd thEbdi Reatoint
. e ' fied Yind;
P LA P e R
zincl€antithdny andvénid. aMurebeas imowhd @oiductivelbasiey Debinder
generated on the internal surface (via bottomsurface) .
componehb congistidec BYadnbt pf eppay aesp is myxegor Sugh 2fconductive

pashifh A ohahBed EVIEPATSE A h RS B L Sh state at
nor)?%ggzgt Qi8R ¢hifRYs PRUSH AT LERAESS Heal trbABSeAPSH Y as in

e surface roughness ‘of a portion, comng into
the hobipeds pidebsd, Her epsmipdd,iargl sedistmatam atthchinent Gymueion.
fail. [0041] Moreover, after the through-hole

[003%] is formed, a desmear process is perfornmed. As the

despea rocess, for exampl e | a desnear 0CesSS

usi RGCERePGE: 5hem She P pbclvelalit YL 4 AR mdd olipbper
or £m¥RbridEerRaLtinE RERTy GRRoPFePE9BEEGhdPABEYe, the conductive

Next, as shown in Fig. 2(d), the surface rough portion

pas@f prefesablyt bertains fokow-melhingt pointhatd @onpowent2fparticles)

is preferable that an arithnetic nean roughness Ra of
thapisepsiycditBisedia copper A g@ﬁ&%réalp%aeﬁw ajring cpPpeTy such

l.ess. or _a inum hei ght r R - P
as fifateEry f RS 5] B0 ok ot s daR compppent.
In fHis|ca8S, afancashonst T kRt lowmélﬁhgqqcﬁﬁt tohetad s hembked, an
mean roughness Ra or the maxi num hei ght roughness Rz,

amaettaol 2ldioy bgerifprined ati dn interficedretwieeh eacherfégheaonductive
bl d Fig.,. be d | bed | .

Ly 2 fedh 880 RoforSormRHing ODh A Lo ORI Gk Pl o4 be

incrse%sétkf Hurkdl AL 'Hoggﬁjelsg. m?ﬁ% fe%.ldg%e?cfﬁ aovall a%{l BhS(BhDsive
surface portion may be I p. mor Tess Fbr )

stréfpth MY fktdied Rin proweth A8 Bld&&rical Bsliabiliey & enksBded.
chem cal wet etching can be adopted, for exanple. To

[00823] nore specific, the chemical wet etching is a nethod
for _snpot hj t he surface,.rough, portion 2f..on the
| Ve T B TERTERE Bobif CorMRCHippen Ayl bepeppn of an
oA, SR RSl Mhhcle LAY ARG he

con@fictit®rvigx amebRlinBY&y ehy zadsent iatention) f Bine tled decond to
hydrochloric acid, a ferric chloride solution and a

fouddppéringbasriddeases| 2ttd oh cagybey samtfactiredblow eiseettide, same
me iy 0BORY Y DRGURIRIE (1> FRETC BULPRCE Rags 2iwil be
mafhl Qsch iRl ﬁ@?e.beﬁ"?é:.cﬂri%t ﬁhyeﬂ&ggaséﬂogsfsgﬁﬁ%l 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

11



[ 0044] Mor eover, as another nmethod for the
snoot hi ng, any of the foll ow ng nethods can be
adopted: a sand blast nmethod for snoothing the surface
rough portion 2f by allow ng abrasive grains to
collide agai nst the surface rough portion 2E a | aser
abrasi on nethod for snoothing the surface rough

' y evaporating the surface rough portion 2f
jim&ﬁ%%kgﬁpﬁééﬁ; and a plasma dry etching nethod for

[oos4ioot hi ng the surface rough portion 2f by physically
etching the surface rough portion 2f in a plasma gas .
at mbéphathat, {ooUE1embodimenkr # sivgletsidsd coppemhdad laminate

t.hods for the smoothing will be cribged i.n e
(i 1oy 00 ARGl ARG Do G O et of The Gggt to
fouth %ﬂ‘m%el? zﬁq{or‘ﬂa%@s' § 3t ho%ﬁ{?@fﬁcgﬂ SOV I 13@ tdfele-sided

copper of e Cconduct i ve | ayer I n copper sulfat% by
coppéi-tadslant imaite, @ebppentbinhhythpgahiglatessiofel 5 p)twhith is a

This method has an advantage that the nethod Is lowin
condustivé dayarsaagérial, ge mét@hearf@cﬂyasemﬁltm parfggeen epe side of a

eSSBS AR b B8 AR R TIRRANR o
s, seriscgecl AMSGROSE |, aasohecplode Sasidua

conpiseingabhdyrofther] abmpgnthes of dgperamidods it asbé.
described later. [00471 2. Sand Bl ast Mt hod
[008%k i nner surface of the conductive layer 2b is

snoqt.hed by,irradiati or, bl asting t.he . nper surface. .

of THECBRALEPPVE Ty e oot e e Iaratth £ Firing
havdhg! 4'elireW! Ei!?cﬁtnft)é(ﬂtﬂﬁ? ik AREARIAY6h Sle ARUBREVES Fhél fttond

and water. This nethod is a physical polishing process
insalhdirpasubstraty 2at adéhief cihaviit ngpttess is abtedrdabynftriing an

after the process since there is no.chem cal reaction
etchingrresiié nadtarn qseg@ggg mask) corresponding to the circuit pattern on

a surface of the copper foil by photolithography and then chemically etching
the copper foil. Note that, for the etching, an etchant mainly composed 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 pm. 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 2c made of, for example, a

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

12



3. Laser Abrasion Method The inner surface of
the conductive |layer is snoothed by irradiating the

i nner surface of the conductive layer that is a target
with a | aser beam having a high energy density,
causing a locally drastic increase in tenperature in
the irradi ated portion and thus |iquefying or

um SR o Bl OLyre 0 B TRE WHoRE Sn AP AGSate 20,

a 'smoot ape o e rnner sur
For GRRUsbhead 838¥e 2Ry &aBe,Pen eRfryliy redinalBEsivE material or a
adjusting | aser energy (frequency or strength). [00491
thernolhasraadhgsiEe chiatgrivktmay be used.TheMonenvelj rigei second
per fQrnmed by i rradj the inner surface of t

d [ .
adbBEie By Py 0 BB be TR RS AR PYASEch T BB AE i Fdnggiye, for
exalill B It AR taRRTE (RL AR S ST LIRS e

[oo38]d finer snoothing conpared with the sand bl ast
met hod using the abrasive grajins. Next, as
shoWherenftiry as2xlwwn sor B bl m iragin SlpeFrohmbdipade of
squeegeej ng a.conductive paste 2D s lied onto an ,. . .
polsgpReF TOaH JE¥ng o CRIEkRRS] ot ol PRERRipernd which is
. " oW i Fi
attafHE1 363 et MRS LI 1978 20 o et Bl B
plagtindlat isvehpastREToahar PEN emagnbel clisede inst@adt bf quiyimide.

el ectrode) 2d. %0050 Thereafter, as shown in
Alterngtivelyy)a filmenttepbablesand fdatasimable e MY deradiatiop jeay be

en orti.on of t conductive via 2d i,s expesed in a
dendpinLon 581 ot g ST Bpaecat pabe SR ARG 4
[ooffihesi ve [ayer 2c by a height corresponding to a

thi ckness of the resin filmF. Specifically, the resin

fil Mekkt] asashomak ihi Fig Gdpatthe tfroaghtistle g & formed, which

protrusi on height of the conductive via 2d b

pengigates Fhgseeond; msgkaidng supsirade var the pegmd ﬁ%b%‘ri@% dager 2c

051] . T d Wi ki b d 5 | e
and ot IR Foud et TS HEB S h 2R i de PP s prb0étRing of
irram({jﬁgg o laskh @bl 1didN dof AUkt AiVAGHRES Dasonddioxide

an are manufactured by use of the same materials
lasezndnnetdindramsthosethe 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 pm. 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
2e.

[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

13



used for the second wiring board base 2 except that
the pattern of the wiring conductive |ayer, the nunber
of conductive vias and arrangenent thereof nmay be set
different fromthose in the second w ring board base
2. [0052] In the description of this
enbodi nent, since the first wiring board base 1 has no
ti - V] - t
of afiRAFHEL Gy Mo JRRAGIH ol BRLERDE SUBOIRLE B liBeoppor
foilFig. 2(a). The first to fourth wiring board bases 1 to
4 thus manufactured are arranged as shown in Fig.
[OOQﬂa), and the processi ng advances to the step of ,
I descri bed

ass ling the | am pated ri board 10 a .
AbodLoreptos ftter the tirgpghiglaf 15 Prmegs Al eATpEpeess is
ctanr g .
per BB AL 0 D Rlockd B b RIE P ReRAP o bhftcss
usiff €Rnind OY efike Fastofténsrmisduth #SASbowwendédrgea?hthcess
is perforned after the desnmear process conpared with
cantheeadamiednt i onal case where the conductive paste is

[OO%i.ﬂl |l ed wi thout snoothing after formation of a
rough- hol e and a desnear process. Thus, the surface

rougl 08 kRBwWATinORigt DEL)S 8O VHrHeA FHaLR PR tiaN U i¢Bmoothed
the surface rough portioh 2f being catséed in the

to foemmat sraootd stifface rortioh- Bel elt2iy prafeedblyi thatteah andthmetic
the snmpoth surface portion 2g is formed. Thereafter

meam gougherset Ry of gastdagesof the smopth swefaeh potien g ie bam or

. ¢ being i o .
lesa fhd iR hetent tisheBo B Bp AT taiitias hndangs: a1
BO&tA:260 BN bNid B Yum 2 dess] ORBghrding an opfBunf¥8Tue of the

when various resistance tests such as a thermal shock
arithesétiasmden crouyirheaboRe ar esheomdaineay herglac kofighhesse Rz,

and_the |ike attributable to surface venness on _t.he
detaderdi deserintion jall be gven vsh éeé‘éﬁ%‘?dt%%%?e]%lléﬁ 3 ﬁna rﬁég- 3 to
onv.enti | technol ogy, can be prevented. Thus, the
be Tap egr%%&%bnductivity at the tinme of manufacture of
[ookdle conductive layers 2b to 4b are nmi ntai ned.
Mor eover, connection reliability between the
condisca imetHoayfor ssr2twthong thesdurfdve waghepgdioai Bfjso that the
_%Pnductive via%_Zd 0 IS i rov?d.1£0955]
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 um 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 um or less can be accurately and easily
formed.

[0044]
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Mor eover, since the inner surface of the second
conductive | ayer 2b has the snooth surface portion 2g,
a lower end portion of the conductive via (through

el ectrode) 2d is pressure-connected to the snooth
surface portion 2g in a state where the conductive
nmetal particles in the paste are evenly distributed

r egﬂ%&'lle%%gr fs %@&g@?%&ﬂoﬁ i} %Hgtsﬁ{dpo%ﬂﬁ{%‘? %fny of the fg]lowing

Furthernore, t ressure-connected portion~is nor
mefHddel ¥art Genagbgddand shha eslaby rhdhodaldrys@ubiiggt i surface

paste in a %r essurized state by the coll|ective hot
roughepoytivmoh by ralkowingl ¢biasive goaime] to collide sumustethrmpurface

en the ta articles consi sting or main
rougB R GE ot 1996% HEFICR MEROLder P opHEREL i gurface Tough

y i . fo@id.:.ar .
porf3R bl K apBHRing ThEERLL LIRILARAS, 2 wiBF Ly ond
plagman®s;t Btaih@ymbeiusl fdrssmbbflingl theagarfacy ebygh Qortidna2f by

a _connection interface between the snooth surface
physinallyoetchipathe saxfhcotouglepedinnéf iva nlasmazpshaimasghere.
[00# hot press. Thus, the connection strength is

reased and connection resi stance can be further

J edl}?@l@, chOR?fkhe gbove Hods Fof thS bnf¥ohiCRPe hatd¥seribed
shelt test 1s conducted on the amnated wring board
in werwdectilired by the nmet hod according to the enbodi nent

of . the present invention described above. Tables 1, 2

[00464 Fig. 3 show results of neasurenment of connection
el i abi Lt n_t i gh-tenperature shelf test, a

L %q%fﬁy%%@gﬁ?gﬁﬁeﬁ%@gl ow test is conducted on each
SaMSGaH@&hCﬂE,DE@o d #s8y ShetBolar UIQD1VIRG SRNMRIpPet Bf the

left at 175 for 100 hours. For both the conventiona
contdectinellagsr 3hdntdopppr eaHate bypwent g eulfurieatidsind 8 hydrogen

peramiteslNtiony 1t Tshodihgs AegVantAse Sk e SRR 61pw in
| i 0 . i .

cost Bl B PRl G RAIR RS A0eiBhing BB e 5

easilyMadijushel $9SmanBethe Aheorieatibmia tBRpRE#EA8tand the like,

i nvention in Table 1 shows test results before and
anditherininlee dvirfdvet efrpee abudecthelliyerb wirebet drsily smoothed.

arjthnetic nean,roughness of the surface of each
They %Pﬁcaslmfae@'ﬂw ERod s Re leeﬂqusf?xﬁéﬂ? Fyeihodmpge the
othéplzgét%oasgo%g &sgriﬂg?i?é’teimm hing. Moreover, the

Section of the C

onventional technology in Table 1
[ooghibws test results before and after the
hi gh-tenperature shelf test in the case of using the
2. SsavhBddsidetlsoddi scl osed in Patent Docunent 2 in which

no othing is perfo d. [Table 1]. RESI STANCE VALUE
O RREEAO PR Rl ARD KESSIACAORRNE Fareoothod by
irreﬁﬁgﬁé Maéﬁﬁg%hgﬁﬁﬁer 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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CONVENTI ONAL TECHNOLOGY (Ra=2.0 isnm) PRESENT | NVENTI ON
(Ra=0.6 pm) BEFORE TEST AFTER TEST BEFORE TEST

The inner surface of the conductive layer is smoothed by irradiating
the inner surface of the conductive layer that is a target with a laser beam
having a high energy density, causing a locally drastic increase in
temperature in the irradiated portion and thus liquefying or gasifying the
portion. This method has an advantage that a smoothing shape of the inner
surface of the conductive layer 2b can be easily adjusted by adjusting laser
energy (frequency or strength).

[0049]
4. Plasma Dry Etching Method

The smoothing is performed by irradiating the innef surface of the
conductive layer with plasma gas such as Ar and thus polishing the inner
surface. This method has an advantage of being capable of performing
much minuter and finer smoothing compared with the sémd blast method
using the abrasive grains.

Next, as shown in Fig. 2(e), screen printing is performed by
squeegeeing a conductive paste 2D supplied onto an upper surface of a resin
film F along the upper surface with a squeegee S. Thus, as shown in Fig.
2(f), 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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AFTER TEST AVERAGE VALUE (nf52) 2.76 6.98 2.42 2.68
STANDARD DEVI ATI ON VALUE (nat?2) 4.81 7.87 0.256

used for the second wiring board base 2 except that the pattern of the wiring
conductive layer, the number of conductive vias and arrangement thereof
may be set different from those in the second wiring board base 2.

[0052]

"In the description of this embodiment, since the first wiring board
base 1 has no conductive vias, manufacture thereof is completed by the step
of patterning a conductive layer 1b shown in Fig. 2(a). The first to fourth
wiring board bases 1 to 4 thus manufactured are arranged as shown in Fig.
1(a), and the processing advances to the step of assembling the laminated
wiring board 10 as described above.

[00538]

According to the structure and manufacturing method of the wiring
board base with the conductive vias described in the embodiment of the
present invention, the smoothing as shown in Fig. 2(d) is performed after the
desmear process compared with the conventional case where the conductive
paste is filled without smoothing after formation of a through-hole and a
desmear process. Thus, the surface rough portion 2f on the second
conductive layer 2b, the surface rough portion 2f being caused in the
formation of the thiough-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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0. 393 RESI STANCE CHANGE RATE (% 152.9 10.7 [0059]
In the test results, focusing attention on the
connection resistance average value (mQ of the
connection portion between the conductive |ayer and
t he conductive via in the through-hole, the connection
resi stance after the high-tenperature shelf test in
t he conventional technology is significantly increased
ISH?Br%y nb2, which is 2.5 tinmes higher than that
[oodsif ore the test. [0060] On the other hand, in
the present invention, the connection resistances
bef dMarcaver, ainesr the inemsutfaon of shesecasdcondesiveniayer 2b

has 3 agaes et eI 26, 6&@%%}938 PGl tﬁﬁdfonﬁuctl ¢ via
SO e

in 4 hRatoRaTel fhidlcoh@aéied Qﬂé’tal-ﬁmﬁlcléé ihstHengaksd aedl evenly
. that the wiring board base according to the_present
distribrdadirsgandlesa ofiitge partide tdiametert ithexepit yFurthermore, the

pressure-connected portion is more firmly connected and fixed by thermally
curing the paste in a pressurized state by the collective hot press shown in
Fig. 1(b).

Too56]

Furthermore, when the metal particles consisting or mainly
consisting of tin easily diffused in the second conductive layer 2b made of the
copper foil are contained in the conductive paste as described above, a
smooth alloy layer is uniformly and surely formed at a connection interface
between the smooth surface portion 2g and each of the conductive vias 2d
during the hot press. Thus, the connection strength is increased and
connection resistance can be furthex reduced.

[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 comnection 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]
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[ 0061] As to the standard deviation value, in

t he conventional technol ogy, the connection resistance
varies widely regardl ess of before and after the test
and is significantly changed from4.81 ng before the -
test to 7.87 rnS2 after the test. On the other hand,
in the present invention, a variation in the

conpect i resi n i S sal ' . .
contint: Siklk Tuh RSB onEB sttty bl s fbsb B nvention
in THBRAL dhews teft ReLekDand Ald Bftet BBe heSH-teBEAANRE shalf test
change in the connection resistance is also small,
whenhithén dritHmetic On256 nBEhyekerBat dfe the sturface0oB@ach agaooth
after the test. [0062] . \Izééther re, as to_al so
surfape PeElon Shcdec kanductive daper WeRnthébdris 87l tar @&y pm by

the test,, the resist ' O [V t
o5 g sk 531 % PRE RSB Bph L BLABL IR e 1
showBaest Resulia M forenat e fRireffNhisheRbeAiturk helf test in the

resi stance change rate is as very small as 10. 7% ]
caseSpusimigciid technblogyr &s discldsad dnt P atens doosmednty 2 ag hligh no

.W ring board bases having high connection reliability
smogHng TS IRST AT ity and thus can provide a

I.gR- performance and high-quality | am nated wring
[Tal%lggl:]d_ [ 0063] Meanwhi I'e, Table 2 .shows results
RESIFFANEE MATNEESOR 00 NEFCTHINEP ORIIBNT ANEs RESISTANCE

before and after a hi gh-tenperature shelf test on the
CHANGEM’BE@EFQREA%B\@'BE EE&dhductive | ayer and

e e o SRV o by PRI POk
cach SOl SUEKRFEORSY bty Bk e CONAUSH.LR 4 DT

is set to| 0. AEROREO. 6 PMFIER gn IBEROEBENd| 2. AOMER
by snoot hing. Mreovef, Fig. 3 shows a graph regardin

t he resi stanc@ESRnge|r at #SDr r espondi to Tabl B8

d

Note that;thée arithnefi ¢ mean roughness Ra of [the via

AVERA M sufface. i measur ed usei of nfocal |
v, ' g m cr o%’?gpe. [Tabl%‘Bé] RESI STAl CHANGE gﬁés
A@WAM) AETER BFI NG | FET AT_HI GH TEMPERATURE

STAPUAMESS| Ra OF VI A BOTTOM

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 in the conventional technology 1is

significantly increased to 6.98 m&, which is 2.5 times higher than that before
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SURFACE (pn) RESI STANCE CHANGE RATE (% 0.05 9.8 0.6
10.7 1.0 48.4 1.5 102.1 2.0

the test.
[0060] |

On the other hand, in the present invention, the connection
resistances before and after the high-temperature shelf test are as low as
2.42 mQ and 2.68 mQ, respectively. A change between before and after the
test is small and, particularly, the connection resistance after the test in the
present invention is much smaller than that in the conventional technology.
Thus, it 1s understood that the wiring board base according to the present
invention has a high connection reliability.

[0061]

As to the standard deviation value, in the conventional technology,
the connection resistance varies widely regardless of before and after the test
and is significantly changed from 4.81 m£ before the test to 7.87 mQ after
the test. On the other hand, in the present invention, a variation in the
connection resistance is smaller than that in the conventional technology by
one digit or less regardless of before and after the test. Moreover, a change
in the connection resistance is also small, which is from 0.256 m£ before the
test to 0.393 mQ after the test.

[0062]

Furthermore, as to also the resistance change rate between before
and after the test, the resistance change rate is significantly changed 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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153.4 [0064] As shown in Table 2 and Fig. 3,
the sanple having the Ra of 0.6 pm has a resistance
change rate of 10.7% as al ready shown in Table 1. In

the case of the sanples having the Ra of 1.0 pm 1.5
fivpriciads f samplCy 381 hialo dre aNGmatia aeanbipeshBrRt Rp of the

sorblEE 51 28 Sofie R S A Bl SPaETPE A0 o 4b),
otﬂe?m/&gfs Gf\ehé i bbadit shAkbads aehicod.050aReV.6Qm, 1.0 um, 1.5

reltabifity, the resistance change rate is preferablé/
prbasd @0 lpes Hyf smnoﬂnpgaMoma)lvev,l Eigdi shows asgnrwhyregar ing the
rshienes <Daaee a5t naUpRpSohTimg B b SNl bl barithmeric

e S
oA B Y YT B A B e o
coﬂi@c&ﬁla@éﬂ’sdﬁrﬁﬁﬁghﬁbrdscbper elated to a snoothing ti rre
at a satisfactory |evel, is preferable to set the

[Takde 2b 0.05 p, mor nore. In this case, the resistance

RESITANEE AR ATER BEFQREARD ATTERCREING LEFT AT

}Hé@fg@g Biw be concluded that a nore preferable

At [aWWaY~
A—t-he pres56 At —-Aventton—+s—6--05—tm+o

R qummggp ]B@'Iep@p[ a second hi gh-tenperature
shel'f test is conduct ed on f| VRESISTANCE SHANGERAILY (%)
pr epar SURRAGE (ra)sane condj tions. Table 3 shows

resurts of surement of cofinectron relralygity and
Fig. 4 shows™a graph of Tablje 3. In this

hi gh-tenper g@tgire shel f test,| a noi sture ab$Qr/pti on
reflow test is conducted on leach sanple under JEDEC

MSL | evel 31lahd then the sanple is |eft at48215 C for
+ a

1000 _hours Also-in-thiscas thetest o

FaWal All
by usi ng 40d Zonduct i ve vi as| as sanpl es,

aNIar

avTTl agc VClI

a—standard—deviatTon gg}g dlld a
resi stance :,jh%nge rate (9% of connection r tance

areneasured—Tabte 3 Shows resut ts obtal hed DYy
nmeasuri ng resistance change rates (% before and after
[Ootégf hi gh-tenperature shelf test on the connection
tion between the conductive |ayer and the

condngtshinGyrY i Thabile le Med Fii ngg fﬁe l@havm%/\fthelRat@QO .6 pm

maxi num hei ght roughness surface of each
has paesistsncd ahengematoofof0.7be asoalmady whoway én 'liaiﬂet b In the
4b) . in ot her words, . of the |a bottom surfage.i s

caseofithe smnplzem@wpgsﬂm Rnolol® hang lmed i, “Tesistance

oS AR oot e S S AT, FHB SR 153 4%,

respectively. Moreover, regarding the wiring board base and laminated
wiring board having a high connection reliability, the resistance change rate
is 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 pm 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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ROUGHNESS Rz OF WA BOTTOM SURFACE (pn) RESI STANCE
CHANGE RATE (% 1.7 2.3 2.6 8.4 3.0 43 6.2 121

um or more. In this case, the resistance change rate is suppressed as low as
9.8% and thus satisfactory reliability can also be achieved. Therefore, it can
be concluded that a more preferable range of the Ra in the present invention
is 0.05 pumto 1 pm.

{0065]

Moreover, a second high-temperature shelf test is conducted on five
kinds of samples newly prepared under the same conditions. Table 3 shows
results of measurement of connection reliability and Fig. 4 shows a graph of
Table 3. In this high-temperature shelf test, a moisture absorption refiow
test is conducted on each sample under JEDEC MSL level 3 and then the
sample is left at 125 °C for 1000 hours. Also in this case, the test is
conducted by using 400 conductive vias as samples, and an average value
(mQ), a standard deviation value and a resistance 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
setto 1.7 um, 2.6 pm, 3.0 pm, 6.2 um and 9.8 pm by smoothing.

{Table 3}
RESISTANCE CHANGE RATES BEFORE AND AFTER BEING LEFT AT
HIGH TEMPERATURE

ROUGHNESS RzOF VIABOTTOM | oo ot NGE RATE (%)
SURFACE (um)
1.7 2.3
¥ 8.4
3-0 43
6.2 121
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9.8 1318 [ 00661 As shown in Table 3 and Fig.
4, in the second high-tenperature shelf test, the
sanpl e havi ng t he maxi mum hei ght roughness Rz of 1.7
gm has a resistance change rate of 2.3% Simlarly, in
the case of the sanples having the Rz of 2.6 gm 3.0
gm 6.2 gmand 9.8 gm resistance change rates

correspondigg thereto are 8/ 4% 43% 121%@@ 1318%

respectively—[ 00671 As_described bout

the results of the first high-tenperature shelf test,
rgﬁardi ng the wiring board base and | am nated w ring
[0086br d having a high connection reliability, the

resistance. ch at e, {-.s efefably 50% qr . | ess to
G A R AT LR T Fhadetont Pish-thppra s shels
I B¥Eh l.0Rd < RR G tl
tes%?;gg:%ﬂnlgkto thgatthgg]tﬂ resEF?:ﬁe%htills nggggﬁfgtﬁg %%]thas a
resishenceachange reteglifit2. 3%ug Bheskhriy inthe kesy bfthwsd@ples having

surface to 3.0 gmor less. Furthernore, to maintain
the pRggofc 2 6ilDy, Bl dBd 6:% msandt dbnymi ¥asistange change rates

cor AP RBAE Blefat KR b APRDIELA T Tahep Boritfue;

[oottl s case, the resistance change rate is suppressed as
| ow as 2.3% and thus satisfactory reliability can also
be dehilesathedThbped @bent ithecmsubte abtind ditet hiiglattemperature

ef erabl e r.ange of the gaxi prum hei ght. roughness. Rz in
Sheﬁw testy é'§§"f‘1’f‘LPEv VORI S %’gaﬁ“ daseoandolagminated egiring 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 long period of time. Therefore, according to the test result, it
is preferable to set the maximum height roughness Rz of the via bottom
surface to 3.0 pm or less. Furthermore, to maintain productivity related to
a smoothing time at a satisfactory level, it is preferable to set the maximum
height roughness Rz to 1.7 um or more. In this case, the resistance change
rate is suppressed as 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 um 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 um while the thickness is small in
the sample without smoothing.

{0069]

23



Note that a cross-section observation of the interface
bet ween the conductive layer and the via portion finds
out an alloy layer of Cu3Sn or Cu6Sn5. Mbreover,
regarding a thickness of the alloy layer, it is
confirmed that the thickness is in a range of 0.5 to
2.0 gmin the sanple having the arithnetic nean

o L SRl Dt T e SINE pdS RO ALk Mated
wiri[:gg'oggé%@sﬁy use aﬂ%ﬂgé wifing!asd e atcdhBig t6 ¥R i B@iment of

_ descri bed above., _in the case of
the mparasdrecinyenbignt biee sesrinthtetbuwith iwigingphoardohasese? 66 4t den be

caslly AnReE b s o Snenl bt E L g oapaer o
proplﬁ%asqngég SJ{]'deC aH %ﬁ@%&ﬁg %Lgﬁs%&'é&%g p%vﬁﬁﬁé] gotﬁrough-hole in

SO-ca single-si Vi ng a“copper

the Ah8Mi46tk aiboRets hdd Winfihg AsdfAlingo sURGhEMNE paste in the
providing a through-hole in the insulating substrate
threugh-polenta fogmathe ¢arduchiyeaissfdifotddie paste in the
mof@r ough-hole to formthe conductive vias 2d to 4d.
0701 After sequentially stacking the second

to f i A - f]

b bl A AR ctohll of Blrth Wirihf Bhard bases 2
to 4Vohi 1l Bear Wikagdsaatichael | asihyahy OOL: 8¢ @sbesh, thaU&iring

a |lam nated wiring board can be easily_ manufactured.

boarthdrasperaze edlestively bt pregsede odbaws: isolmaninnied winpng board

cany Bt A CRGPIAEP L L DEREBHrRAPPRIEY i becfitbventional
builtt¥s MolePRo L ARes Eaté‘ﬂltP T RdUse MEOdEALRRMIHAE At%hod

production cost by elimnating a plating step and can
acc@lding Stagthé | eabbdimemidufetle phesert! uvealtiony can thsificantly
Wi ring. board base and deterioration of the base

redues preshation: imemnidipraduntioneost by«dinigadore a plating step and

Fuyrt hernpre,.\b etting the,yia bott surfac
can, i ARIECAULY Sedfife herrebictary ohthe feiriHe B hesp and
det&i§bHtiod SHHYBRAR Faohfhduftie M uth&RT i Hrd¥syiSi Ng
t he conductive paste containing | ow nelting-point
[00%Ek al , an optinmum all oy |ayer can be obtained and thus
good reliability can be_achjeved. [007

As to
t he lauthesmeres byusathing frhmgwnb%f@@c%ﬁféiq Koyghoess Ra to 0.6

sukface, | t hr ough- . chive | ayer
o 058kt 35e RIS Bl e SRR ol s ano
by ai¥eRsl RN tcoplluktife pﬁ&%”%ohﬂé&ﬁiﬁ% Ofowe-bdt2tid@SsdihPt in@Bal, an
was gi ven of the exanple where the snoothing is
optpeuforallny laydrheant bp ditabred 2(dd)thusogesdtryeliabdity can be
present invention is not limted to such a case. For
ac le, there is a case where previously roughened

[00FoPPer foils are prepared

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
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according to a wring board base product or

manuf acturi ng purposes, a through-hole is provided in
an insulating substrate and then the copper foils are
attached to each other so as to cover the

t hrough-hole. In such a case, by snoothing the copper
foil surface in the through-hole, the sane effect can

-achj eved.: \ [
oo REAEULYS himel Biked Rose pMUAERIE malline Diides, &
thrbagie-bblé & prvidst tf ad iseubaldeshidtatesand tied EBX cbhger foils
material as an insulating substrate, the wiring board

aretrigachal iheaclophist ©f ag te sover thaitirpoghsholg, florsuch a case,

exannl.e, | ass X esin_as_an i l.ati.n
by Sgetink dhe FREPR P URAES 1 Hag thoHehgielGat b pame offect can
be SdGV& | ayer or nultilayer core wiring board may be

used. I'n formation of the lam nated wiring board 10 by
[00g8hcki ng the wiring board bases on the first wring

board base 1, the core wiring board or the |ike, not
al | Mereoyes onldhenghour tthewembadineat deperibed Amhayes the first

. al S ve to he stacked. |n thig~event, gt least one
wifpd Bigr Bk e Bie Rl B nartien P U, bt B8 Biacgiar as
an W 4ing substraEd! tHEHIRNE hAkd 1REIm 9?)e°for 9 of a so-called

Insul atirng substrates of the first to fourth wring
RPGoasithgh foeexhnified anglasseefmtyneekiaf a@m aashlatingg substrate.

substrate obtai ned by inpregnating, for exanple, glass
Insteask pg the thrsh wesng baarddiape 1| a single-layenge multifayer core

. hot.required.to atitach adhesi ve ef. s such,as. the
il boRTL i b hoB {on B AG e B Tinigipd s ppaed 10
by Wa‘ék?rf% tHWERhEYdas@badks enhBe PRk MadidOb b FASL], the core
where the wiring board base with conductive vias I's

wirimg bealrdodr theslhke,aidted] fRGarsndgodourth wiring bbatd hgses 2 to 4
subs}tlrat e %uch a gII‘ass, epoxy resin. [00761,
alwrgghavg pettackeie 1y thisgevesit, @tdeast,ppe Wiking bgard base
- g . ther _anbqdi t using the lamnated wring
wﬁE(g‘é?@ug@w?%gaspx%gg:nr] &Sﬁgg%ti on. Fig. 5(a) shows a
[00%4psSs-section structure of a |amnated wiring board
conpleted after assenbly and Fig. 5(b) is an expl oded
cr odSurthetmorlatvieest oheof bhe iSpeatinigeallisfratasafrthe first to
iL,ring baard _hase 40 positioned in the center i.n a
fo mleagolzﬂ%réglﬁ%ﬁ bto al.aYeser‘ g"’ﬁ‘%?‘iir@g agy mpylagngrybstrate

3 ; -0-Skde er ' . .
obe AR sufyl e LS BARRETAELERERIMIN & resy adhosive
In 606 Mchbd)0itbRandt RagRidd t6 adthdhinadhadivBdlasebstsigheas the

40a made of, for exanple, a glass epoxy resin, a :

adhesive laiydes letd dcor the like. Acircuit pattern is
[ %gered on copper |ayers provided on both surfaces of
00 i nsul ating substrate 40a by chem cal mask etching

200 MG YEE thE Dot S patly daBhIp BIAGIPLER (0P8 g prhore
thetwieindbod @l har@ withsdohdueti¢#@aias is formed of a so-called RPC using
a rigid insulating substrate such as a glass epoxy resin.
[0076]

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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[0077] Thereafter, as shown in the center

portion in a horizontal direction of Fig. 5, a

t hrough-hol e TH penetrating an overl appi ng portion of

an. upper conductive |ayer 40bl, the insulating

substrate 40a and a | ower conductive |ayer 40b2 is

formed by use of a drill or a laser, for exanple. By

j et Pl At ' rfac - L.h
A N AT ) 1 2 S DR L ORE Yoy fhoreot:
Spdcyeilly, 4Qaie anifingtvardddsbraiugisitiohed shehedentiran! ByeFtical
. conductive via 40c_is forned. Here, the copper plating

dirqcioni IFigd 5tie fonmee & hy instng for axampls, a deublesided topper-clad

condugt i | aye , 40b nd 40b2. . However, the . .
tanmigafse faquitle i Tl as hatardits BaSe st o Ther fgwiring

I ; VeV,

bon R B et BURLORYEOR ARG of for ol W elass
epowy riesin, o otlibtidesredin andhédike.e Aeadrmiit ipakiernsisaffftd on

‘above the core mﬁrH;ghboard base 40 and, siml arl

. Y,
coppey fayexf Progifedhonihoth gusbanes dfddhesingulaiing substrate 40a by

se ntiallv.stacked.t.herepel ow. .Thus. a |am nat
cheiphR LB st Re S LB dikinaca St e Vind cpfhdlfye favers 4ob,
40b3Y AW LW0b2A refRRHlcd BE thE OtH iirkeeddaRT thePARR #ng Aubstrate

of the first to fourth wiring board bases (41 to 453 .
40ahave correspondi ng i nsul ati ng substrates (41la to 44a),

C%Pductive | ayers (41b to 44b), adhesive layers (41c
[0078] 44c), through-holes (4le to 44e) and conductive

Vi a 4 0 .44d) . MNor.eover, on j.nner surfaces,qf the

cond P PRE 25 Sbwe WD UEE ey BOpiON T ) fipstlifn of
Figl B! @ ffuahthdk UTH! ﬁ&la@mﬁgtm%vyﬂaﬁpﬁfglgot;ﬁoﬂﬂo@an upper

snoot h surface portions (419 to 44g) are fornmed by
condnoiovéilayer 4007 Ahe insulatihpsebsienate e dnd stlowerfondubtive

44 are_ manufact ured by _use of

W T .bqard ses 41 to, 4 )
13Y%ébg§ﬁ%?%%%‘£ Aniesenpf ﬂdgﬂié’rt%&?@ru EHaRplene By ppplying

conts SUNEAR oVt K0P AR 8 che A ROTIRR iffccs of
the WME cohALBBVE Oayets DERA 4d A0B2! AahkoliSh-hole-ERMpd D interlayer
Wi ring board bases 41 to 44 are aligned and stacked

condircive ath Hichey fasnahowderay Hiegcorifer) plathey éafapplied to the
collective hot press is perforned nount.in e
entfignPRORERF BORcD e erHY B IR r TR R ADRE aad 40b2.
[ R 11 aginated W hiAg re. havi .
HoRBRa, | L, L plotitfe fou MHISBELRT oD o) '8 bBftion
cor@sppnitgassitisbingarlaf HPO&Hd uctive via H2 HyiaR&igd W ring

board according to the anot her enbodi nent as descri bed
[00%8bve can connect circuits in the first and second

CEPTph DR BRSSP RS B, BB o
eul PO SAELLANRY 00 PSRty Bl 96 PR ik,

thisi aed fdwethneiibe Boairdcleageer 48 ansd (4lgré Geqfontially stacked
fornmed on the inner surfaces of the conductive |ayers

therebplowo This, iy lamieatedngyiriaghbegrd baseatlaorinated structure
MR A e
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).

26



Next, with reference to Fig. 6, description will be

given of still another enbodi nent of a | am nated

Wi ring board according to the present invention. Fig.

6(a) shows a cross-section structure of a | am nated

Wi ring board conpleted after assenbly and Fig. 6(b) is

an expl oded cross-sectional view thereof. Moreover,
Mof%gef' agﬁ LRty SodykAgsel 'y@ré IT&lb to 44b) the

odi nent omn In Fig. are denot ed:

surfrke rc@mgnm@ rcahﬁaoﬁwdlth@eacﬁr&iu@ixﬂemae rﬁam etatzs4d/)4 kooth
be described while omtting description of the sane
surfrsetrarsionsgéle £o d4g) yre forewddbympmonthivgar d base 50
[Ooﬁggltloned in the center in a vertical direction of
6 is fornmed by using, for exanple, a double-sided
COPMJS%e‘E)'véP RN Ak e td dBUPLE-wi lﬁg:r Pasés AR 9 are
base theredf. The core W ring boar ase 50 Is an
manafictatddby sudestf thie satie basts afid thethodxasphese asgd dsss the
epoxy resin, a polyimde resin or_the like. Acircuit

firsp4e feunthi wiring heardhasespbée 4 asperdingriopderpabpdizeent grown

8, 10 2. QLSRRI P2 e RSl e

to fél@.ﬁh wilids 8BS PORLe s eLd 4 EFéjaHgné@ anAQkRcled %S B other
the i nsulating substrate 50a

as Shewaafin dfig. d€bk hdTheteaftere coﬁattwre ﬂmﬂ:t peessiis performed by

hori zontal_direction of Fig a laser via hole (LVH
moyptings therlamingied dady |9Flo@e§§PW@ms SUze PreSpligetpagiine as

cond ve kLa 8l 1 and t ngul at i
desBpHA PIhareSha R & BN BR By Ak (GO RV X yegtically
syneR¥eiesd sthhdtude hQWRLWHORCET. I5(8) ls3s8emdIE and has an
upward openi ng shape with a bottom Subsequently, by

[00&@b! yi ng copper platlng for exanple, over an inner
surface of. the._via h 11, a surfa e of the u [
conddi lapinag %P"%’(ﬂgl oand agkording o 11 exhdpgpRt as

desylllt)efi A8 Aa(_)nwg %@&déi%ﬂﬁf% dh at)h%r &bgrad aslglgélﬁh S\.B:ﬁ)%% dw1r1ng

eérlayer con ive Vvia

boa®@RReEs AllHADE2its chictlitlst @nﬁfeusmyd aml foaeth owdtewuagboard
conductive | ayer 50b. However, the copper plating can

baseb 43 wed ddptliredgbrtihy thzroagbdrqle ‘shaped netegytaxtirmyndoctive via
I nt er _canduct i i a,boc maski n reove

100,3% B, GHrec BB rartshaser 4« MDrPBSr SUBRdilt Ppgot surface

porkBHET G180, 88g) 390 Fohel%n REE! BB dukialdie o X AR Bdvctive
shown i 1g. 6, the copper p ating may be arbrtrarily

lay@ey (o1bred a&bh&gd%@mdtﬁﬁf’g@] a high cobubsiem erliapilityh Qan be
first and second wiring board bases 41 and 42 and the

achienaddeeemdinf vamions weistagich dests syebers a1 shemmpalishagkeest.

[ g gned and | am nated with each ot her above and bel ow

00 core wiring board base 50 as shown in Fig. 6(b).
Ther, t c e f onas ;
rountey RS Pybfalde o (Bl PECRBsrnBRs SlIle Blien of sl

anothehietboditest of 4 dhedred wiihgi@akdadodoftEENG the present
vertically symmetrical |amnated structure as shown in

inventjons ( Hjg.i &lad shows| 2 grogsosghion structurerpft ,damanated: wiring

bo%“ércbﬁﬂ%lﬁ?ei%ﬂgﬁg%gﬁﬂ& BEAE% Bhis 4 Puploded Bastmptional
vieWPPElrelk f | mrg Ve, h Pgsﬁﬂé ; our@?)ﬁ:ﬂ%ﬂ@rﬁelﬁﬂgﬁe %tseﬂ'lcfsg in the

circuits int ower W ring boar
embodigseri3siowin 44 Fly. dighe degotddhshidpedamet #fdyes numerals

conductive via 50c in the core wring board base 50.
andvghanggtaristi¢ enaperents il be desdrakad whileicomdtingdgseyption of

44g) are fornmed on the inner surfaces of the

conductive | ayers (41b to 44b) by snoothi ng, high

connection reliability betyden the conductive |ayers

and the conductive vias can be achi eved even in

various resistance tests such as a thermal shock test.



I ndustrial Applicability [00851 In the

| am nated wiring board and the nethod for

manuf acturing the sane according to the present

i nvention, the surface portion, in the through-hole,
of the conductive |ayer is snoothed Therefore, high
connection reliability between the conductive | ayer

] ind
he il SRR SHEMAE AP SO Y PYRL: 0 JOK 401 i

the Wehitégihaarddtichbdirextasilof Fig G Ad Kymdd bA uehfofdr fekample, a
manuf acturing a lLam nated wiring board in which at

double;sidegn eonper ¢lgd bl@mma@gs@oubleswd@deacwomra §tzn§mg base

thefiedy) Trtsts SREmechant R R i inmliRh gy bBESHS 503 nade
of, #RXample, 2 glRED #)Wﬂes‘}nt Qrﬁgﬁ&ﬁ%lﬁsflﬁ% iy @k‘éheAt %1(15701111:

conductive layer Troma second surface opposite to
patfdérmstis sforfnedepn copper 3agmthbngbatls wukrfiees peff theninsudating
the throu%h hol e, of the conductive | ayer; and

subgtgaie s by rhameIcal angsla eﬁ@ahl@g ebihediley tAs gheesult, wiring
conRAHE S A O S RS LIRS e g of e
inshRAIAR& @kt el gk boar d, accordl ng to claim11, wherein
[0082]

Thereafter, as shown in the center portion in a horizontal direction of
Fig. 6, a laser via hole (LVH) VH is formed by laser processing so as to
penetrate an upper conductive layer 50b1 and the insulating substrate 50a.
The via hole VH has its lower surface covered with a lower conductive layer
50b2 and has an upward opening shape with a bottom. Subsequently, by
applying copper plating, for example, over an inner surface of the via hole
VH, a surface of the upper conductive layer 50b1 and an inner surface of the
hole VH in the lower conductive layer 50b2, a LVH-shaped interlayer
conductive via 50¢ is formed. Here, the copper plating is simultaneously
applied to the upper conductive lajrer 50b. However, the copper plating can
also be app]ied 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). Thereafier, collective hot press is performed by mounting the

laminated body on a vacuum cure pressing machine. Thus, a laminated
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the snmoothing is perfornmed in such a manner that an
arithnetic nean roughness Ra of the surface portion,

in the through-hole, of the conductive layer is 1.0 gm
or less. 3. The nethod for manufacturing a | am nated
Wi ring board, according to claim1l, wherein t he
snmoothing is perfornmed in such a manner that a maxi mum

i e A el ORI SRS RByb5 s

in Mg. 6lag isreédeadbledr manufacturing a | am nated wiring
bgard, according to any of clains 1 to 3, wherein
[0084e conductive paste contains a metal conponent :
forging an alloy lLayer. between the conductiye pasie
and fnEh€ olibrtAtes Walioe. DOBTA ARPSAFLFE et \i0G: WGLboanether
KRt R Yestibb§3Dbve lifd 8P SedoRdl r,[lgw
N H?Sﬁlaa?fller?g lsugst rat ’:e@ﬁégd\}?éngg%ﬁ?%%t surg?dgglg]gﬁé a e

boagd basss 4Unhdce? apposiriartéd té bachits $h thonhadeand fourth lower
. conductive layer provided on the first surface, and

wiringchparddiasee 44 and 4dithapagh she hVdlighaped enteatasteirregndietive
i SRR S P TARY FEACBH, LSRR e the smoot
surface portions (41g to 44g) are formed on the inner surfaces of the
conductive layers (41b to 44b) by sﬁ:oothing, high connection reliability
between the conductive layers and the conductive vias can be achieved even

in various resistance tests such as a thermal shock test.

Industrial Applicability
[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.
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wherei n a maxi mnum hei ght roughness Rz of the surface
portion, in the through-hole, of the conductive |ayer
is 3 gmor less. 6. Alamnated wring board
conprising: 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 provideﬁlgﬁh¢§e first surface, and

a conductive via including a through-hole reaching the

1. COREHBbHE VBr hemelfab@ih kelaaeerRed SHEMCKoAWiPwhich at least
conductive paste filled in the through-hole,

oneviirg hoard hase lmshckedpampusigighess Ra of the surface
portion,. in the through-hole, of fhe conductive |ayer .
i s Proviging a |copduc Ve TIATOF S0 tmf‘ﬂ&ﬁae yfapyg 1msulating

sub@60L ShAAALE 16 3L B BinMELS Hhoe; Lhe conduct i ve

paste contai NS a ne conponent forming an all oy

: ay g&oﬁaﬁﬂ\gaﬁb&bﬁgﬁm@@w}éd&ﬁngfﬂﬁé oMLt ViL] @R dktfth iaVcond
ayer. 8 A lamnated wiring board conprising: at
surfasgoppoade kp thadirebanrfaberse i ncl udi ng

smoothing a surface portion, in the through-hole, of the conductive
layer; and ' -

forming a conductive via to be connected to thé conductive layer by
filling the through-hole with a conductive paste.
2. The method for manufacturing a laminated wiring board, according to
claim 1, wherein

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.
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 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
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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 including a through-hole reaching the
conductive | ayer fromthe second surface and a
conductive paste filled in the through-hole,

wherein the cﬁﬁagéﬁ\tré VﬁapQﬁﬁl%dfiﬁ’%nﬁ @15&'0@# oﬂolleaxg{i%];i&g the

bet ween the conductive paste and the conductive
conduttive knessrom tHeeseabhdwulrfyceraridsa @obdtietive @agts fiHBd in the

thn&iﬁr%LLgy | ayer contains any of Cu3Sn and Cu6Sn5.
wherein a maximum height roughness Rz of the surface portion, in
the through-hole, of the conductive layer is 3 um 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 pm, and the alloy layer contains any of CusSn and CugSns.
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