e3e \TF6T\ d~' 14 JAN 2005 Specification WRI NG SUBSTRATE AND MANUFACTURI NG
METHOD THERECF The present invention relates to a wiring substrat & Jnd2ms
manuf act uri ng nmet hod thereof, and nore particularly, to a wiring substrate
having a low i nter-| ayer connect i on resistance, provided with reliability

in terns of electric insulation and reliability in ternms of H”ENMHMWMHMMJ
mechani cal connection, and suitable for a nufti |ayer struct

met hod for nanufacturlng such a vgpédprse@sisoate. |t is inportantisder a
Wi ring substrate which is so formed in a nmufti layer structure as to highly
densely nmount sem conductor chips of LSI and the like that a plurality of
wiring layers formed at fine wiring pitches can electrically be connected
to one anot her yak e SAHYECI T NS ATRRECTUR G LRt ob NTRER F@FOf a
conventional nufti |layer wiring substrate enploying an inter-Tayer
connecti on manner by through holes, a first technlque and a second

techni que for enabling any electrode of a nufti layer wiring substrate to

be inter- - CQN t t .any wiring |layer-position have al ready been
di scl osed™ Pat ent Publication No. 14 JAN 2005
Hei 6 - 268345 agd Ja ane e, Unexam ned g t Publlcatlon

335526, respectivel§r i hBY EBF1OPhES ﬁ 6?“66?ﬁ“ié€ﬁﬁ¢ﬁ&§§ ﬁPﬁI be
described. -The first technl ue As it wl be described with reference to
Fig. 11, Fh@aﬁurfé-f:%&md%t %dt@%ﬁﬁ%cta%womc@égawumféw|59e|as by
filling a conductive paste in inner via holes of a multi |ayer wring

substr at er?ﬁé‘go?HW%aw hayd non Aéet 1 ke pr ba¥es aanne e FeseFi BEANGERT h

.reference to Fig. ga) to FI? 11(d)
provided wit rellabl ity 1n terms of electric insulation and

reliability in terms of electric and mechanical connection, and
suitable for a multi layer structure and a method for

manufacturing such a wiring substrate.

Prioxr Art

"It is important for a wiring substrate which is so formed
in a multi layer structure as to highly densely mount
semiconductor chips of LSI and the like that a plurality of
wiring layers formed at fine wiring pitches can électrically
be connected to one another at low connection resistance.

For that, in place of a conventional multi layer wiring -
substrate employing an inter—iayer connectionmanner by through
holes, a first technique and a second technique for.enabling
any electrode of a multi layer Qiring substrate to ‘be
inter-layer-connected at anywiring layer position have already

been disclosed in Japanese Unexamined Patent Publication No.

AR

*G00002*




As illustrated in Fig. 11 (a) , a through hole 202 is fornmed in,a porous
substrate 201 having void 302 and then as illustrated in Fig. 11 ”(HﬁN,ZU%he
through hole 202 is filled with a conductive paste 203 containing a
conductive filler and a thernoplastic resin. As illustrated in Fig. 11(c),
copper foils 204 are overlaid on both side of the porous insulation
substrate 201 and the insul ation substrate 201 and the copper foils 204 are .
t her mal | yHpte6s- peters ta@ldcur@@am%ec@ﬁ@%&divl%dp@é&@ngoﬁuﬁﬂﬂchEBnc% er 3
foils 204 are electrically connected through the conductive paste and i
as illustgatedpin Ebg5zg;(gksﬁgy%f¥gl r foil 204 are patterned in desired
patterns to formwring layers 205. In the thermal press-bonding process in

Fig. 11 (c¢) , t i 4 2 o] {.me e.203 is .pressurized
in the. thickne@grgﬁ?ggffﬁﬁ é@gatﬁgé?%ggngg?q%%e cg%gh%%ﬁ%gspégﬂé' 3

penetrateaegggig§EQS 302 of the porous substrate 201. Consequently, the

packed density of the conductive particles is increased and the conductive

particles are blgﬂgh%.%nEOtco tact with one another to actualize the -

conductivity and connact ~wrFrigers. However, in-case of the first of
n substrate 201 is porous, as illustrated in =

t echni que, sinsg thg inftlati {
Fig. 12 (a) , Vordst 3ol 6xpetdeFCThRedert bhcFafereree B9 Fhe- pbbi tilem where
the through hol e Zgg,is formed. Attributed to the voids 302, recesses 304
recessed buf War ieFRifEe| hfeko \EPIREGE RbY (R eRRFR T DO~ bayet orived.
Wien the through hol e 202 having such recesses 304 is filled with the
conduct i vkl haste 2EPEE e Fef@ roinsezoui atw e oifapdnabti tlereml | y
press-bonded, as illustrated in Fig. 12 (b) , the conductive paste 203
flows in YhelRr@ceykasrabd.and causes so-call ed paste bl eed 305, which is
penetration of the insulation substrate |ayer 201 with the conductive
paste. In case Dfetditfinstof ehleniconeccsiinnepanceksckilt Bé elakdreingksdt o be
converged upon the paste bleed 305 and electric short circuiting to a
Wi ring | ayethbesfeeenseetsi Fygcaaded)ator ifiyt.ed 1 (d) .
As illustrated in Fig. 11(a), a through hole 202 is formed
in a porous substrate 201 having void 302 and then as illustrated
in Fig. 11(b), the through hole 202 is filled with a conductive
paste 203 containing a conductive filler and a thermoplastic
resin.
As illustrated in Fig. 11l(c), copper foils 204 are
- overlaid on both side of the porous insulation substrate 201
and the insulation substrate 201 and the copper foils 204 are
thermally press-bonded to cure the conductive paste 203 and both
copper foils 204 are electrically connected through the
conductive paste 203 and as illustrated in Fig. 11(d), the

copper foil 204 are patterned in desired patterns to formwiring

layers 205.

In the thermal press-bonding process in Fig. 11(c), the



to the outward projected shape of the past bleed, the first tecpﬁi%®$
| eaves_room for inprovenent in terns of insulation reliability. T gggond
techni que 3 14 JAN 2005 | In case of the second technique, a

t hernosetting resin-containing insulation |layer is disposed between an
upper and a lower wiring patterns. The insulation substrate has a via
contai ning a conductive paste (containing a netal powder, a binder, a

sol vent apgdnhfethike)astd @o?i-gggbgg;ﬁ;&%d%ﬁvtg{g ﬂ&%g%%@%vgsi'ﬁgg«%?g@t i ng

the insul ation substrate. Cons ent gaps” ar or med among powder
i cl . o T .' Ui h h . .
et or e conplerte edin 40 e SPRtkE e ke BRat 6 107 Bty ia T tResTAEF & he

i nsul atio ubstrate and to fill the g a t he netal powder particles
with the gpgaﬁﬁctﬁ%%i%Pr?%ﬁe§8#?tfﬁ%8ag@ﬁvfn§$£b§ﬁﬁﬁﬁﬁF%%mh TR uRe 5?%hough
t here occgrs no sgﬁfakked aste bl eed i n which the ¢onductive paste
penet r at e8SER&EYn&Ut atr6n TLAEE PRETAGAGSnG S af PETERSEAe 3RS aFNpownder
in the voids in the via _is_about 65~ or higher and the voids are about 35~
or | over. STREVGSLTE BRELEALPEA SR AYqUEh bl fisor AR bRERNTECh eFienarpthehe
resin is cured. For that, no void is left inthe entire via and the

el asti ci t jonmdgtlad 1ge &hghglcadustiiititeasett spennéeet hat dirgslagehs gh.
Therefore, even if nechanical stress is applied to the wiring substrate by
heat in the thiBkweverdi ristt cene tdie ehei riedxidytethhhgue risigicubsheate is
hardly expanded or contracted responding to the stress and the wiring

| ayers tehdstbabéonamibhytxiase @0iets pdroitsh &bHe limtsalr apmsden Fig.the(adia. As
aresult, there is left roomfor inprovenent in terns of the reliability 4

1! 14 JANvo288530f ekibstrim tind peesipindcal wnmneetsi ehebpbvietioni whage! ayers
Consequently, the present invention mainly object to provide a wiring

subst r at etet thropghviedlee2oabid itormdd W vty iAyeI$ to ther #6185 3oyl ation
and connection and to provide a nethod for manufacturing such a wiring

substrat erefes9Edi 7G4 e e ddd S buRsReE 1 AftHda indienhi 99, o £ helketi SoRgRVi ded
a Wwring substrate as defined in claim1l of the appended clains. According

to a secopdiaspest ;oL this,dyvention, there is provided a nethod as defined
in claimb6.

When the through hole 202 having such recesses 304 is
filled with the conductive paste 203 and the copper foils 204
are overlaid and thermally press-bonded, as illustrated in Fig.
12 (b), the conductive paste 203 flows in the recesses 304 and
causes so-called paste bleed 305, which is penetration of the
insulation substrate layer 201 with the conductive paste. -

In case of the first technique, since an electric field
tends to be converged upon the paste bleed 305 and electric short
circuiting to awiring layer beside is easily caused attributed
to the outward projected shape of the past bleed, the first
technique leaves room for improvement in terms of insulation
reliability.

-The second techniqué




For that, in the first aspect of the present invention; so-callﬁg B&i%&s
bl eed, which is penetration of an insulation layer with ~a conducCtt
paste, does not occur and further, the elasticity nodulus is | ow and the
Wi ring substrate is made soft since the voids in. a through holes are not
all filled wth an organic resin and sone voids containing a gas such as
air but not being filled with the organic resin '"exist, the elasticity

nodul us is | ow aRd thgeflgxi bijdt yséc%ﬂdrprt(%]\é%ql&ic{flet heae\%;i'xégmxgggts:g.pgt e by

Therefore, even if nechanical stress 1s applie 0'the rrng su

s on ey B EERESA P Ehe B A cudh 1MV8 3 o a3 s EAAhE00RR RN el 2 | O

expansi on and the contraction of the entire
di t .and dth r wiring layers tend to
be- hardl y BeBoneue e MiEH PRE AN ondr. ‘BaBLPARER EhoR 2tk abstal

powder in_the_.yi s.a result, the reliability. of electric and

nechani calvago%%}ég ?ggnae?v%%rhg?ﬂéiﬁﬁp%?sﬁ?\d FBWA LN Ry ks Bopder,

hei ght ened.. 6 1:3f 14 JAN 200 n the respectively inproved wiring

Coboy ot o8 BPndeR 4 Vet 2 s héﬁﬁr)ese?:n}tlei 5 gmd the seiwaatvoi ds
are preferably forned selectively in aggloneration parts in the, functional
subst ance®r® %VgeEBY Realing fbeskronba vbrR S WbstrasdedCanseauRatly,

aggl oneration parts of the functional substance are hardly degassed and the
organi c r88Pf dFetirnremhesions med afagewdetf panticles perdta aties tKeghoi ds,

. the low elasticity nodulus is stably kept for ~a long duration and thus
the reli aBFEFFEYrEnt s erdlied ttioct hadtmechase cal ng ares=ot befoake thweplpper and
the lower wiring. layers is~ heightened. In the respectively inproved

Wi ring subsringetoofpendratéi the adpectiti the preaedt irwsdni ion, thée
second voids are preferably formed as to have the average volune snall er
than the anendgéivolsumesifabe ping abifiyl btheeses binve gf te Medradl powdst ances
form ng at |east the aggloneration, parts. OnMng to that,, even is a

hi ghmechaparalicitsewsdths tapploreddic thws i as by expansion or contraction of
the wiring substrates,

However, in case of the second technique, although there
occurs no so-called pasté bleed in which the conductive -paste
penetrates the insulation substrate, the loading ratio of the
metal powder in the voids in the via is about 65% or higher and
the voids are about 35% or lower. The voids are entirely filled
with tlhe organic resin and the resin is cured.

For that, no void is left in the entire via and the
elasticity modulus as a whole is increased and the hardness is
high. Therefore, even if mechanical stress is applied to the
wiring substrate by heat in the thickness direction, the entire
body of the wiring substrate is hardly expanded or contracted
responding to the stress and the wiring layers tend to be easily
disconnected with the metal powder in the via. As a result,

there is left room for improvement in terms of the reliability



t he aggl oneration state of the functiorial substances is kept well and thus
the retain-ability of the second voids by the, functional subst'{r].ﬁgﬁ i2§05
hei ght ened to make the second voids hardly crushed and to. keep the vow

el asticity nmodulus "for along 7 . r:_ 14 JAN 2005 duration by the
second void. In other words, the wiring substrates provided have the
reliability in the electric and mechani cal :connection of the upper and the
| ower wiring |ayers kept.stably for a long duration and for that, to keep

t he aver \ i é?%glr ' fe . lncidentald he

f or egoi n%g\%ilr%ng ay%%@r?c’fau e u%pcaérf%?%éhoémw%ﬁﬁe?%g}é&?ﬁ&%ya%"{se‘r ned
wring layers {wrin ter and circuiting patterns), Incidentally, the
concept of "la @FEQQgﬁﬁiyf0E§6m9ﬁ§%%ﬂﬁn%ﬂY%ﬁ€+%§eW§15%ﬂ fdiesd 1ters, is
not restricted in the thickness. Further, the wiring substrate include not
only a RASSHYH & Wht bR HRERF2BAdlictbAnprioye s uehiabil styamfl winging ke and
ot her electronic parts are nounted but also a substrate in the stage before
nount i ng-3eF S 1§u§§€-‘ﬁ‘§t efohnghbileltion ehdctonniectpent and tm fomwidmtaed but
wirings are to-be forned. Fig. 1 (a) is a schematic cross-section figure of
a first netdest foof meeufact wr Engf sachi & RYrsubsisudkeratet he nost preferable
enbodi nent of the present invention. Fig. 1(b) is. a schematic cross-section
figure of a second process in the foregoing enbodinent. Fig. 1:-(c) is a
schematic cross-section figure of a third process in the foregoing

enbodi MENilscl®sure of. the Invention

According to a first aspect of the invention, there is
provided a wiring substrate as defined in claim 1 of the
lappended ciaims.

| 'Accofaing to a second aspect of this invention, there

is provided a method as defined in claim 6.

For that, in the Ffirst aspect 0f the present ihventiéﬁ;-
so-callgd;paste bleed, whicﬁ is penetration of an insulation
layer withné conductive paste, does not occur and further, the
elasti;:ity médulus is low c;md the wiring substrate is ﬁade soft
since the voids in.a through holes are net all filled with an
organic resin and some voids containing a gas such as air But
'not being filled with the organic resin:exist, the elasticity
quﬁlus is low and the flexibility is improved in the entire
V§a.. Therefore, even.if mechanical stréss is applied to the

Wwiring substrate by heat in the thickness direction, the via




14 JAN 2005 Fig. 1(d) is a schematic cross-section figure of a4 puiopg
process in the foregoing enbodinent. Fig. 2 is a cross-section figure o
the wiring substrate of Fig. 1. Fig. 3 is a figure illustrating the
constitution of renoving a binder froma conductive paste using a liquid
absorption body. Fig. 4 (a) is a cross-section figure illustrating a first
process of manufacture of a double-sided wiring substrate by a transfer

met hod. Fig. 4(b) is a cross-section~figure illustrating a second process
of manuf a8@Sid Yofod lenuprpasisdes andithe adniiractidy of thensitirediduyd.
Fig. 5 (a) is a cross-section figure illustrating a first process of

manuf act uog theawivingl sykstrghbe mespomydsnysto it skirgssSah) tiise apper
cross-section figure illustrating a second process of nanufacture of a

f our - | ayeentlypeeviowen withisig dagerfs genb(#8) besharal9ssi SeSinad-dd gurg of a
Wi ring substrate in which a resin penetrates the entire voids, relevant to
anot her enhedfnratiehallheubsesabes! SYERTdHB nELEL Shddes IrAtREOSSs Q&L | On
figure of a wiring substrate in which sonme voids are left as conpared with
that in Feg & Galuld) 0rné (Ad1isod1sehern | e1ebe9sc5caid Ohriieaal 2
first process of manufacture of a wring substrate illustrated in Fig. 6.
Fig. 7(b) Rejrat | ssgysectlan fi e a.S pr ss._ of,
manuf act urckegﬁgf@c?im ri %S‘E\g&%@t rstal"?g Hp Léer rg#Eeid iljgnw% g%&%’lﬁg&f%?%{:s 7 l(Ec) is
a schemat i.g -section figure of a third process of manufacture of a

W ring subg%%%?%%i%ﬁustrated in Fig. 6. Fig. 7(d) is a schematic
cross-section figure of a fourth process of manufacture of a wiring
substrate illustrated in Fig. 6: Fig. 8 (a) is a cross-section figure
illustrating a first process in manufacture of a wiring substrate of a
further different enbodi nent of the present invention. Fig. 8(b) is a

cross-section figure illustrating a second process in manufacture of a
Wi ring substrate of a further different enbodi nent of the present
invention. Fig. 8 (c) is a cross-section figure illustrating a third

process in manufacture of a wiring substrate of a further different-
enbodi nent of the present invention. Fig. 8(d) is a cross-section figure
illustrating a fourth process in manufacture of a wiring substrate of a
further different enbodi ment of the present invention. Fig. 9(a) is a
cross-section figure of a first process in manufacture of a nmulti |ayer
W ring substrate. Fig. 9(b) is a cross-section figure of a second process
in manufacture of a nulti layer wiring substrate. Fig. 10(a) is a
cross-section figure-illustrating a first process in manufacture of a

Wi ring substrate of a furthernore different enbodi ment of the present

i nvention. 10 14 JAN 2005 Fig. 10(b) is a cross-section figure
illustrating a second process in nmanufacture of a wiring substrate of a
furthernore different enbodi nent of the present invention. Fig. 10(c) is a
cross-section figure illustrating a third process in manufacture of a

Wi ring substrate of a furthernore different enbodi nent of the present

i nvention.




Fig. 10(d) is a cross-section figure illustrating a fourth process in

manuf acture of a wring substrate of a furthernore different enbodi ment of
the present invention. Fig. 10(e) is a, cross-section figure h!'l' ustr?%&g ng a
fifth process in manufacture of a wiring substrate of a further

di fferent enbodi nent of the present invention. Fig. 10(f) is a

cross-section figure illustrating a sixth process in manufacture of a
wiring substrate ofrthy LBELEREL vl BiBRbyERALL 1RAsBls diia O B3¢
invention. Fig. 10(g) is a c?oss-sec.tyif onﬁgl&gure [ ﬁés]tratsi nlfg]aecaeosg\s‘;gér}}:I

‘process i pipapufa re.of a Wk %E@ : further e di.fferent
enbodi nent of the%tgwéa;%é:nt in\\l/\ﬁgﬁt?g%. |%ér?{18‘(%en| slég{’c?glseggégegfio‘fﬁo#s ure
il lustratip j rocess. in .mnuf act ure of Wi substrate of a
f.urt her nor egﬁ,ﬁ%.lgﬁ%ﬁ?%ﬁtﬂo q:tl'ﬁ'ee é?earﬁgf%%’ﬁ?ggﬂp RRfs i@(fﬁ}e.i s a .
cross-sectj.on.figure illustrating a ninth process in manufacture of a =~ |
W ring su%{s’lgfegégggfl guﬁﬁ%qﬁ?%re di fferent. enbodi-nent of the present
~invention. Fig. 10§xj ) is a cross-section figure illustrating a tenth 11
..~ 1 4 JAN 2008"pPgcd FRakendihiet srecnf Fodds nirsrperdage wéitha the
furthernmore different ‘embodi ment of the present inventioh. Fig. 11(a) is a
cr oss- secPPEROPRFaLdon |IRAEEQL PHg tRef | Twicpraak ssobs angeace eraxd by
conventional wiring substrate. Fig. 11(b) is a cross-section figure
i |l ustrat fRg2assecand prtdcessrghndenuf @sinr erof t he c@aihmsiwmabrei madge

substrate. Fig. 11(c). is a cross-section figure illustrating a third-
process ofifiachatt toepohetrateeheonaldw, ring SawdIadeiciig nddilisis a
" cross-section-figure illustrating a fourth process of. manufacture of a

conventi ohal stabl pokepbstsate 1dng dukdtabon 8nd ERASStEECEHE Db P¥EG Of 2
step of formng a through hole in a porous. substrate to illustrate '
so- cal | edthpaslechiedarid ife 04y £8k1 085hnbEERBRILE: R0 uplAPlads &, .
cross-section figure of -a step of. overlaying copper foils an taherma ?y.

press- bongdorert herhaig Sz,ateﬁég;g Iﬁ?%%@\geﬁﬁal.l ed"paste bleed” in a
re 0

conventional technique. erre rments of-the Invention Fig. 1 to
~Fig. 5 show'th fep j t.ne ' ti.an. A
badi o mnufacturo o RET-oF Ro g o EeFyaed brild SRR B e

descri bedg w AL tirst, as illustrated in,Fig. .1 (&) a'via hole, 401 is
for med ‘i nfg%?nsu%aﬁ%i&gﬁ substPgtgﬁfa‘?{qsr%q,&Piv%ﬁtl’é&brfhﬁoiecﬂ&t",'o%gsj .
illustrat in Fid. b)- t:he yia hole 401 is-12 1 4 JAN 2005 filled with
a conduct?gs P&a%ﬁeg‘%#)f aﬁ%’ﬁtﬁg‘yéscmaﬁé&q teefaveraga v lanespanderdian
_ subst ance, gnd at the same tine_at |east some of a binder of. the conductive

paste i s Fefio?EG RS FMWor deT4@4 Bl radoltorer fit & SBRCtAF ecotnationali| | er
403 in the via holke 401, that is, the voids 404 are forned.in the
sur r oundi ﬁ‘é@ngnFﬁé pREMicie P bl eaet cohduegulentrptépra®arthen, as
illustrated in Fig. 1 (c) , nmetal foils 405 such as copper foils for
forming patter ngdIRrin§Sath Byen b advigh eemhaniaal ot destshisiagsl e
pressurized and | am nated and thus the organic resi'n of the .insulation
subst r at et@agReay basdarexpapeiety at ednte fairiegoo fighowds i4@ds wios t patrea, vi a
507.- In this casée, the voids 404 in the via 507 are not entirely _

the agglomeration state of the functional substances is kept -

.,-We'l‘l a'nd_t.hu's' the retain-ability 6f the second voids by the
functional subst_ances is heightened to make the second voids

hardly crushed and to keep the low elasticity modulus for a long’

4



penetrated with the organic resin of the insulation substrate 402 bu£ g@rﬁms 33
of the vaoids (first voids) are penetrated with the foregoing organik r %
but the remaining voids (second voids) 404' are not penetrated with the
foregoing organic resin and positively left as they contain air. In other
words, air exists in the second voids 404'. -Incidentally, a gas other than
air may exist in the second voids 404'. Further, the conductive filler 403
cont ai ns [ r tJ f.C cti filler particl are, .
R e8! el CRBRET (S hAEF PBEREE: ey B i n

aggl oner ated one a her. The second voi ds 40

the agglo ri.i i he conducti.ve filler 403 and_the average

vol une ofg?hgkgggggdb%%?Ege%Okavﬁs%ﬁ§d5e§ﬁﬁpﬁéﬁtﬂhéﬁ %ée eé?CtIFclaﬁgJAN
2005 -. tge aveiage volﬁne of 3aglurality of respective conductive
filler 403°FaPPLEPEsCPRPRFRYCHICT it UPRETagh oRe A hitiipgslayers
Incidentagl§dt t@g}a %Ioneration means the situation where second voids are
sur r oundedSRFtHF ]p\? P&l § tersk e saddeni and fiom Eragotoakeep theaveevayes
containing air in the inside. Finally, as illustrated in Fig 1 (d) , the
metal foi FSlUBS LR BHER & dedngte iF Rusferklle a photol it hographi ¢ met hod
to formwiring |layers 407 having desired patterns. In the above descri bed
manner, a doubl éngidentaliyng thebsiaragring ustrizted dye s gin@lude e
obtained. Fig. 2 shows the situation where the organic resin 406 of the

i nsul ati opastbsnedt wizd2gpdaaterat esidanmh exé miad iwi sione bivéhe fwisingoids
404 in the surroundi ngs of the conductive filler 403 fornmed by renoving at
| east sompabferhe bhddedroluittheigc gahtednng) paste and al so second voi ds 404
(white depleted parts in Fig. 2) are left as they contain air wthout being
penetrated w t hIhbedenganie,r esien Afegth dhe K Of o £ N 196 ef@@é’%@ﬁ%, the
voids 404 are forned in aggl onerates of the conductive filler 403 in the

via hol e 4R3ubytieAvYa&perataheasir sRHEL Hfetde i Rl reQRl-ai-Red A Lhe
conductive paste after the via hole 401 1s filled

wi th the conductive paste

and the otgankgekgSin 406 of the insulation substrate 402 are nade to

penetrate the voids 404, so that so-called "paste bleed" which is

penetration of ghechgsul athon inSu 402 i 1hh the conductjve paste

can be avoi ded. 1Iln tﬁe case ofﬁfﬂ}%éeﬁ%gﬁnlgarﬁe? il}ﬁlcgrﬂ%? S(I)l(rég o?gé‘ e i nder

cont ai nedg},Ps £LPRANGI V& iRFSLE Lk , e situyati LS uced where
stPs ££8 é'ct;ﬂ W 1R Egﬁn&?ﬁﬁa%\é%(} ?Bbﬁsssu‘%s Iag?fgsgﬁpcgﬁgetﬁgk

the organic resin conponent O e 1nsulatio %i nder
cont ai ned_ ] i Ve, paste exist_in the vojids 404 whjle being m xed
or being %ﬁgsée&?esrg%g%eé?rﬁ%ﬁgﬁ&résr GEFU?%)JPICF@%?EQ?JIS& a ﬁuhﬁgﬁ?f:ﬁllg’?o be
used for the t hod of manufacturing, the wiring substrate will be

descri bed%hfﬁ?)r{%lgr‘?s}ﬁ?eg?ﬁﬁﬂ%‘ﬁb 1A esqk?%ttﬁa&%? BR Yiifst Parel¢strppic

Insul at | O}Qaégsig {?gbgter%tognted but wirings are to be formed.

Fig. 1(a) is a schematic cross-section figure of a first process
of manufacture of a wiring slubstrate of the most preferable
embodiment of the present invention.

Fig. 1(b) is a schematic qross—section figure of a second
process; in the foregoing embodiment. |
Fig. 1(c) is a schematic cross-section figure of a third process

in the foregoing embodiment.

e



and contains an organic resin. Any insulation substrate can be enpl oyed

wi thout any restriction as long as the insulation substrate is capabll*eJM 2005
electrically insulating the wiring layers of the wiring substrate one

anot her and besides, is capable of penetrating the organic resin in voids
of a via hole. That is, any insulation substrate can be enployed if the

i nsul ation substrate has a constitution with which an organic resi n can be
fluidizedg t he Jyanuf agt ocess of the wri substrate. | es
with such alaicoﬁstcﬁ‘tau%l‘{7 o% :é#c &P{ &© shedr=T FﬁStFrBPdgggﬂf&t er‘?é oif PEh

t her nopl a resi, nd/ a thernDs tting resin in the sem-cured state as
an organi E)Er ém% 121 %o ?;lrt egorflé)t%r?rg? ‘Ebﬁ%’fﬁeg) conposed of a

t hernosetting resin and/or a lb i 4 JAN 2005 , . thernpsetting resin in
the seni - tafad $Cat &P TR @ dri Juts génthe Wéﬁ%?uh§ﬁr%9éﬁggll6th or a
conposite_material conposed of a-.thernoplastic resin and/or a thernosetting
resin in the sem-cured state and an organic or inorganic filler. As the

t hernopl astic and/or thernpsetting resin, usable resins are an epoxy resin,
a polyi ni 8é9redi hS & BhEHBP ié%uﬁtratﬂhaotberegnﬁtlantunsabﬁraEdepngyester
resin, a PPE (polyphenylene ether) resin, and a cyanate ester resin. As.the
or gani c of hHumemdireonwwvendictior pestes e bnda Lsgble alrses pETie by dn . or
non-woven cl ot hs made of organic fibers such as PBO

(pol y- p- pRéayl4tad eberz obiosexaralta)orf £beuse RBludtpoltyihenzai idstagebeyséi bers,
aram de fibers, PTFE (polytetrafluoroethylene) fibers, PBZT

( pol y- pphefiytamefmoizobe stihaadmlie) e f § beed ,wiarich pllibefh rarensy izct pehyester
fibers and inorganic fibers such as glass fibers . As organic or inorganic
filler, usahhedsubstances are al um num hydroxi de, al um num oxi de (al um na)

, Silicon dioxide (silica) , and silicon nitride. Practical exanples of the
i nsul at i origubsit(kat ei £ oAPRSRME Ofsddessh WEES&k@' 1358 t3% 13T Les EpOXY

substrate, a gl ass epoxy substrate, and the like. (B) Conductive

filler/copduebbyeopashubacelduchicve bblibte-kedBal wspeakl keakLyateshyl cted

in the shape for use and a powder, a fibrous tiller, ranul at ed body of a
powder, aspbgrkealr Ralhogor their mxture can be used.

Fig. 5 (é) is across-section figure illustratinga first process
of manufacture of a four-layer type wiring substrate.
Fig. 5(b) 1is a cross-section figure illustrating a second
process of manufécture- of a four-layer type wiring substrate.
- Fig. 6(a) is a cross-section figure of a wiring substrate in
which a resin penetrates the entire voids, relevant to another
embodiment of the.present invention.
Fig. 6(b) is a cross-section figure of a wiring substrate in
which some voids are left as compared with that in Fig. 6(a).
Fig. 7(a) is a schematic cross-section figure of a first process
of manufacture of a wiring substrate illustrated in Fig. ’6.
Fig. 7(b) 1is a schematic cross-section figure of a second

process of manufacture of a wiring substrate illustrated in Fig.



16 14 JAN 2005 .E The size of the filler may be selected to be sui\g?lg 2005
to fill a via hole according to the purpose of the present invention. ﬁa@ -
is, those having a particle size approximately same as the di aneter of the
via hol e can be used. Incidentally, in the case of using the conductive

filler while granulating it, the filler may be used whil e being adjusted as
to have a size approximately sanme as the dianeter of the via hole after the
granul atign. The volune ratio of the filler in the via is preferably 30~ or
hi gher since filler particles are easily brought into contact with one

anot her t @:louplcf he hWblel Vel aIIecklen res| siance - Pract cal _exampl es

of the conductive fillers are at Teast one of nmeta PF%ﬁ?@%Id,

silver, copper ' I | adi lead, tin, indju and . bjismuth, their

al | oys, a%g ﬁﬁ&u;f'a%%)( S g)aﬂ u(r%#eqrr}g astg%S%%%? eln]gjr“ésn‘tl:%’)%?%ﬂ t#1¥&¥s Ronposed

of balls e of, t.he, f oreqgoi.n tals and all oys and oxi des such as al um na
and sili cgﬁgﬁdoi (rc%jan}% gy%tﬁ%’ee?‘}%tslr%s?ﬁgsﬁﬁﬂe%B R ndsIBret Ik r EgBr Yy

nmet al s and aIIo%S. As tge onduct.i ve, paste, usable ones are those produced

by di sper SFRGECRE T BAEY iaﬁg"”t%"na awgljﬁglﬁ@sstr@&@e%héustﬁﬁ?dim Regessary,

an organi%.resin and/or a binder. of a volatile conmponént . The organic

,resin to-be used as the binder includes a liquid epoxy resin, a polyimde
resin, a cyanate ester resin, a phenol resol resin, and the |like. As the

epoxy resfnd-thetlelsrecgrysrgpctdorefligype iddmer naddingsa fiats tasrdcephenol A
type 17 14 JAN 2005 ~. a epoxy resins, bisphenol F type epoxy resins, -
bi sphenol 1ADMeppEassaxe ©dsiansyimimny thebd ket alf oy cficthgped epdayenesi ns .
gl yci dyl am ne type epoxy resins ~ epoxy resins having two or nore epoxy s
groups suehbadinkpti dfl thst @rasge: eporontriesins ~ and the like. As the

vol atil e conponent, any substance can be enpl oyed w thout restrictions if

it can beFignpwdd)bylevaparatssrsaition ffljung o11dukiragihigl |d Nge @l

sol vents can be used as such a substance. Exanples are butyl cell osolve,

ethyl celbosokss, ibutndmafditote ofthy carbid®! substybearbist ol Acetite,

ethyl carbitol acetate, and a-terpineol. If necessary, the binder may

contai n adiéddréhtechboliasnt 4 iHH: oM erdtor; ddig gy Mosetting resin and
a dispersant for inproving the dispersion state of the conductive filler:

Next, a Mei§od (rismngiagkusibg ibher | i hGicR g 1abeJidd s be
described in detai%s. As iIIustréted i%m€§g}ﬁ%sygf%?%§§y?%gﬁﬁﬁﬁéﬁééS

substrat e; 40R28QREaL-R9 &N 50 i rﬁﬁiﬁ”gnq i.NQe Vi | es. 401 f.or med
at prescr%bedapositig%g P? ﬁhgggﬁég%y. ol ds nggyg?q%ﬁ§ﬂho égﬁéér?$Fthe

i”SUlati08m58@§ﬁéﬁ&gaéoEheTB?é@é%€“¥ﬁ?§ﬁ9%nﬁre formed by a general via

hol e formation net for a"wiring substrate,” that is, the nechanica

hol e | ethod { g SUBSTTatE” that ani cal
car bon' di biFdle? Telciver GABTASR t Pracrodnt byt SHROESE: & protesai ng,

and the lb#@cess in manufacture of a wiring substrate of a further

different embodiment of the present invention.
Fig. 9(a) is a cross-section figure of a first process in

manufacture of a multi layer wiring substrate.

Fig. 9(b) is a cross-section figure of a second process in
manufacture of a multi layer wiring substrate.
Fig. 10(a) is a cross-section figure illustrating a first

process in manufacture of a wiring substrate of a furthermore

different embodiment of the present invention.
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For exanple, in case of using an aram de epoxy substrate 18 14 JAN 2005
of 120 ~.un thickness, via holes of 100 N mto 250 ~m can be fofnkedARy205
carbon di'oxi de gas laser of 9.4 ~mto 10.6 dun wavel ength. Next, the via
holes 401 are filled with a conductive paste fromthe opening parts in one
side of the via hole 401. The filling nethod to be enployed is for exanple
a printing nethod by squeegee 506 illustrated in Fig. 3 and a nethod for

pressur e- ixnjecti by: [ e Liqui.d absorptign body 503 is di.sposed
in the opggjigﬁg 183?"[)5 llsﬁ % %ﬁ%%r Eggé\l‘lf}hus HYEEd b L}ﬁ%g]?a%l%% ThEe5Ppgsi t e
to the si [ hj C h nductive paste 508 is injected, so that the
absor pt i og(EBSS;g/S\ggiﬁ Ig%}sl%f%ggléﬁﬁ %1LL Br JarfLJin%fS"%‘Fetrlﬂtr‘rJdé’rf 8f LeRENEERAGEL | ve
paste 508 E%%k%d %n t edyia Qple 01 sinmultaneously with or successively
to the filtrAag6Ptt REPOCAMRE TS i GuRFETFRE coMERREIQR- past e 508 to

hei ght en {he I%?ping density (the volunme ratio) of the conductive filler
403 as weft9as Hd Forhs vBi 44 Saferion hEisirbed Lilyséxadlingd 4 nthbhedi nsi de
of the via holes 401 as illustrated in Fig. 1(b). In this case, the binder

i s suckedPFACEAE #BITINHYCEGRE @ T ongvimitnid suths tuwsitds 0o£04 fuethermede That
is, sinultaneousl¥ with or after the loading with the conductive paste 508,
vacuum sugtf6ATeBT120bpd 1180 tmey tihee qaresemt citvertidmat tine, the voids
404 can be fornmed in the inside of the via holes 401 in the conditions of
25 to 35 Figm &P (the isurd aceosenseohnioh tfheurendudhister gaiste H$080¢80nht 0 45
mV m of the surface tension of the binder resin), 20 [Pa-s] of the

vi scosi t ypobcehe 19 mamof@cthi & eo Pasinve riGfy saibd t2Q tie0 040a sEEOPES 96 r & he
suction duration. However, the conditions are only exanples and voids 404
can be fodiEfleranot babodifikartentt atnrdighansnt Amractisal constitution
exanple of the liquid absorption body SO3 can be conposed, as illustrated

in Fig. 3rify mouebings an ichoelsaldedit i9iDSE] §iLe 4921002 ¥a0WUM adsppption
support 502 and setting the liquid absorption body 503 between them
process in manufacture of a wiring substrate of a furthermore
.diffefent embodiment df the present invention.
Fig. 10(f) is a cross-section figure illustrating a sixth
process in manufacture of a wiring substrate of a furthermore
different embodiment of the present invention.
Fig. 10(g) ié a cross-section figure illuétrating a seventh
process in manufacture of a wiring substrate of a furthermore
different embodiment of the present invention.
Fig. 10(h) is a cross-section figure illustrating a eighth
process in manufacture of a wiring suBstrate of a furthermore
different embodiment of the present invention.
Fig. 10(i) is a cross-section figure illustrating a ninth
process in manufacture of a wiring substrate of a furthefmére

different embodiment of the present invention.

Fig. 10(j) is a cross-section figure illustrating a tenth
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A plurality of holes 504 for suction are formed in the vacuum adsorptio
support 502 and the conductive paste 508 is packed in, the side (thﬁ“h@ﬁ%r
face side) opposed to the support 502 and the binder of the conductive
paste 508 is sucked to the liquid absorption body 503 to formthe voi ds 404
in which the binder is expelled in the inside of the via holes 401. As the
| i qui d absorption body 503, substances having a | arge nunber of capillary

t ubes suc eets i p he used, .and with such mat eri al ,
the voi dsgiggeggnﬂelf?‘ug;c‘}ﬂef%??blggegi%oar? ﬁeﬁdﬂﬁ}? 'S bt at ﬁ%rl':ﬁ%ﬂ‘?’é?i ty of
t he capi | s _on the binder hesides the binder, suction effect of the
vacuun1adé%?%?%%%%sﬁﬁgﬁpgmﬁﬁf 9§kﬁh§(ﬁﬁﬁﬁﬁﬂ iR sQary, if a mask 505 is
installengn tqﬁdkgsulation substrate 402, the conductive paste 508 can be
prevent ed FPom ddifer i hy o FATE HHOR hbhdthe ¢idussiredizgt.a | AL¥RE next
process, as illustrated in Fi%::gécﬁ , metal 20 14 JAN 2005 foils 405 i
such as cBPPEESEorRIts MERU RS LSy A & fpnvsRdrionaly wikning seesteatpatterns
are overlaid in_both sides and pressurized and | am nated. By the pressure SH
appl i cati 6h9 -t ke (87 gahScar 650§ SiFeatd onnsiilatneon sibstratt nglo2 secondi di zed
and penetrates the voids 404 in the via holes 401 . At~ that tine, if

necessar yPrREGEENG i sacanfieicdgireutofi i ercderenttoidra ghwen ndesdbstxkhtey. of t he
organic resin or cure the organic resin. For exanple, the pressurizing and

| ami nat i n§iproddsls)mays be carrsisedsemiticdrorfidnerar aniide tepexygsubstinte with

the thickness of 120 ~.~min conditions of 50 kgf/cnR2, 200 C, for 1 hour

whi | e decreaseng blfe mambifemtt upfee eI domvidh tQIA 1 iwh €iase QfbdOafsLa-s] of

the m ninmumviscosity of the nmelt. Since sone or all of the binder in the

i nside of Fige vilgdholies #40drbss+eapresnt @iGarm tiha wadirds 404 4 nedberpri or
process, the fluidity of the conductive paste in the via holes 401 is

si gni fi caprbyekoveredanfiFaatigeulds, o RenvenamnRon hatnd he, lve

paste flows in the voids 404 even if there exist voids in the insulation

substraterdg2aigeagabbed cpaskeUaadn aaple £ IMdaeh: Ghldg,other

hand, since the fluidity of the organic resin of t t1on sd% rate

402115 notnhehandeo1end P ol §55EpRERELEALES 1% AL 405 &x{ph N 11

t he via hol es
“paste bleed” in a conventional technique.

Fig. 12(b) is a cross-section figure of a step of overlaying
copper foils and thermally press-bonding the foils to

illustrateSOfcalled“pastebleed”jjlaconventionaltechnique.-;

Fig. 1 to Fig. 5 show the most preferable embodiments of

the present invention.

A basic manufacture method of a wiring substrate of an

embodiment will be described below
At first, as illustrated in Fig. 1(a), a via hole 401 is
formed in an insulation substrate (an insulation layer) 402.

Next, as illustrated in Fig. 1(b) the via hole 401 is

12
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In this case, as illustrated in Fig. 2, the organic resin fromthe

i nsul ation substrate 402 flows in some of voids 404, 21 14 JAN ool 208%t
is, the flirst voids anmong the voids 404 and the remai ning second voi ds 404’
are left as they contain air without being filled with the organic resin.
Incidentally, if the binder in the via holes 401 is entirely renoved, the ,
organi c resin conponent enters the first voids and if the binder '"in the i

via hol esg4 j t] ed,_ the organic resin and the binder resin

of the con 8(%??\5/%9%%5% géer%c%“{e&]}t)‘f{% Ha3%G P8 img 8 88?%5#3%@@% ¥ ot her

or in pha§83%§$ar§ted stat?ééin i sl and iiate . Further, the conductive

filler 403 P A HYQrbheral etHRI GaRca /b rE SRSy biRe Updeagiesome
selectivelé f rneg inﬂ%he agalonerated portions of the conductive filler

403. The 2 e?g@bn BF Utk bRethenducbhdevBRrase482 reBOVAdetenEPIRIVOIEH the
aver age vglgme of a plurality of .respective conductive filler 403 particles =
form ng afCfedsRIHOMEGGIEETe? Aitdtr pordiusid verf hbl ey 40k inlthesviatkelén Fig =
1 (d) , the metal foils 405 in both sides are processed by a conventi onal .
net hod, s&Bhs ahat pifot dihiet hvgidph# 84 neréotbtmed dmmthver sugrbayeisgdQyt havi ng
desired patterns and to conplete a doubl e-sided wiring substrate

i |lustratedeipartycles pfi the wonidugtintestfidtlerof4dhi s enbodi ment, as
illustrated in Fig. 2, the conductive filler 403 is agglonerated in the via
hol es 401 and tTheeny gawiid hestrafednin IR g Nnulati aBta0bsbt akesd92s a4 er s

the first voids and the second voids 404" are selectively left as they are

in the poasianmpperhdnd lisheo 22 orméng AN AN D Rdrehiywei & iddter s483sexdsts in
aggl oner at ed state.

overlaid on both sides and pressurized and laminated and thus

the orgénic resin of the insulation substrate 402 are made to
penetrate the foregoing voids 404 to form a via 507.
InthiscaSe,thevoids404:ﬂ1tﬁevia507arenotehtirely
penetrated with the organié resin of the insulation substrate
402 but some of the voids (first voids) are penetrated with the
foregoing organic resin but the remaining voids (second voids)
404' are not penetrated with the foregoing organic resin and
positively left as they contain air. Inother words, air exists

in the second voids 404°'.

Incidentally, a gas other than air may exist in the second

volds 404",

Further, the conductive filler 403 contains portions
where at least conductive filler particles are agglomerated one
another. The second voids 404' are selectively formed in éhe
agglomerated portions in the conductive filler 403 and the

average volume of the second voids 404' is made smaller than

13




Further, the average volune of the second voids 404" is made to be smaller
than the_average volunme of the conductive filler 403. According 14 AN 2005
enbodi ment, the wiring substrate obtained is free from paste bl eedi ng and
excellent in insulation reliability. In this case, since the interfaces of
the side walls of via holes are renoved, the tensile stress caused in the
vias and the insulation substrate follow ng the bending of the wiring

bstrat e i j i i .Sh t ttributed th
Thermml oXBane on Y (TR Gha P LUEBI I A VI SEaRat e PHRARGETER
bstrate,.t ti b kK)-.of th ' I f th ia h
ardly t aEe B acR AP TR  Phinl ATTM S’ alE At prof dRETMPERTECFRr m

structure, Further, in the case where the organic resin in the via holes
and the 0P85 i-®™Fesin of the insulation substrate axe the same naterial, o
the structure becones for, firmand the thermal expansion coefficients of -
the organic resiRSIERBtadNoxi FR® e RYIdSMe Rt 1iqfr Beanshdha ophbeat ban i
reliability. Further, in this enbodi ment, only sonme of voids 404 in the via -
507 are fMPRER IFEIPE WO isgake s urasivmdas Wik apldsaldtyarfecontduativéi | | ed
with the ot%anic resin and the second voids 404' having the smaller average
vol une t h&alirs 408r age twolleawveofvaids coorthecinimeg falt einatlee posstdael y | eft
selectively in the 23 14 JAN 2005 aggl onmerated portionsof the conductive
filler while cofRtakhilyg asrilkostiated e Eliastid){ yrioddtis ifsibeweosd and

the excellent flexibility is inproved. For that, even if the nechanical I
stress i siappbtbdsidesherwi progessbdtbat & pyobeaithbheappantibeRoantot he =
contraction of the entire body of the wiring substrate easily follow the =
stress andothewiingg layests a0 ik vimeyidiag Md hdtedriel iability in the -
el ectric and nmechani cal connection between nei ghboring upper and | ower

patterns. In thif easeanddd0i@ictBeagghaneiat @d Al ans: &d tPhering
conductive filler 403 thensel ves have a high elasticitynodul us, the Second

vol ds 404suBgerhebl 1sebaeiiacaly i Y0l OTeiat Gk RALd Aisg Of the conductive
paste having the high elasticity nodulus, so that the elasticity nmodulus in
the agglomer at egigorb! BRSwBheERe Lhe.2eeoRd HaLdS ARl XL PE £20:REyboveT ed.
The followi ng two et hods, for exanple, are availabl € T0 Sél ectively | eave Z

the voi dsoChge niEtdloth COURTLBGS LA: HERL GRS dlordmng, gagg%gggsgﬁgp%“ on

portions of the conductive er and portions
t ak I [ I j j th ti fill th
conduct i Ve pasT et SACr TRr SR RATTRE W Spbr ST ORCURIVE TEal R EREFat e (o

tai t h i wh th ducti te_i d i
G sper oi nGeheEn B nb O BB BAr B LeS R e Aot = =F neBaRcS b1 CREXP ST 6% - by
wei ght oftﬁle '

Uit ive paste and also second voids 404' (white depleted .
parts in Fig. 2) are left as they contain air without being
penetrated with the organic resin 406.

In the case of this embodiment, the voids 404 are ermed

in agglomerates of the conductive filler 403 in the via hole

401 by removing at least some of the binder contained in the
conductive paste after the via hole 401 is filled with the
conductive paste and the organic resin 406 of the insulation

substrate 402 are made to penetrate the voids 404, so that

so-called “paste bleed” which is penetration of the insulation

14



24 14 JAN 2005 powder of about 5 ~m average particle size as a
conductive filler is dispersed in 12 . 5 ~ by weight of an epoxy ¥ epNn200§/

t hree roﬂls, if the gaps anong the rolls is controlled to be about 10 ~, un
and 5' passes are perfornmed, the mxture is nmade to be a paste while '
keepi ng the network of the copper powder w thout conpletely dissociating

t he aggl onerates of the copper powder particles. Consequently, even during

the work alxuicuun deeasaiio and Laading: 1he, conduct) 5. past gacdeoassi ng

hardly takes place in the remalning voids Sufroun gl oner at ed

portions of the;go ive filler and further.even in case_qf penetrating
voids with the 5?@%‘??%5&% TS SRS 1t ﬁgr%"g]ﬁf éPF‘et‘P]E%S‘regQHPQGFeSi n
hardl y pegs&&g&e% t he VOiqi surroundeg wi,t h thexggglo rated portions of
the conduSPPVERA &F &R VC pRASEFatss HERE KRt dst i Tht Ar B Adt 1S
surrounded wi th %he agg{ﬁgprated‘portions. As a result, the voids are

sel ect i vePyOPBFES ¥RE £ RECRGD T ERFTs ESMPRBePLoLEsENEf LRgRLAGIANcuring &
agent for cgrin a %Bgrnqiettin resin together with a conductive filler =
and the tREPRGEELE] PG Fhs PandsrdGertedndsie vl cosidng td visomasteas t he
curing agent. |f a powder curing agent having a particle size bigger than
that of tRELESnEREHEVECEES 404 W&&@@@l%@l@@ﬁd@bﬁe«i@qPhaee-isoiateéd to
exi st Ioca[l{ in the conductive paste. Hence, by sucking the resin and the
curi ng agéatlandestsudiictiele paste is provided with aggl omerated portions
of the conductive 25 14 JAN 2005 filler and the portions where no

aggl oner ati on tBkesipkdter, Thusya tver sl suor bandeseddnifidry titee aggtiossr ati on
parts are hardly penetrated with the organic resin and the voids which are
not surromadedawictirinke thgglwdrerat i b Ppardse arEl Basé | ye pepebeat ed with the
organic resin. As a result, voids containing air are selectively left.
Incidental |y, evyRh Chsaleeiductsurstremger is used in place of the
conductive paste, the voids can selectively be left in the sanme manner as

described aboveThkmnirdisa€ase sublie raerdusinvendhlh€loh s SYESLEQLLhe via
but exists while being agglonerated to a cértain extent. That is a common

t echni quezha &gg@agggdgﬁtggdghfgryg%ﬂg_the conductive filler is dispersed
too evenly, the contact anpong conductive filler particles is elimnated to

result in deterAﬂyathﬁ1%%£JH3%?BE%%% '

LYi r t,., 1 C,
reliability can be 1 nproved w thout e%%r%%?a ?n& %émgﬁggﬁ% fgf yéﬁg

| ecti gt ' ' t ich .t h ti
par s %?:%%ZEQ%%?E%& fg ﬁ’t@’éﬁ gcnf%@ﬁf%gfﬁ%ﬁrsﬁ%;fr:ereiigﬁ seg%gﬁsﬁﬁ s in
via, i ; vai,ds whi i [ S
nardl y peRsEE St SE it Yh Ther 7 bhipe TR Himinel aEavarfy o4 n thksebr ERE
p03|t|veI¥ubggyggg 8380§go¥ﬁégsand besides, is capable of penetrating-

the organic resin in voids of a via hole. That is, any
insulation substrate can be employed if the insulation
substrate has a constitution with which an organic resin can

be fluidized in the manufacturing process of the wiring

substrate.
Examples with such a constitution include a sheet-1like
molded material of a thermoplastic resin and/or a thermosetting

resin in the semi-cured state as an organic resin; a composite

material (prepreg) composed of a thermosetting resin and/or a
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having the snal |l er average vol une than the average vol une of resggghkve
conductive filler particles, a |large anount of the 26 14 JAN 2 ,N 2005
conductive filler can exist and nechanical and el ectric connection of the
conductive filler particles are nade excellent. Further, since the second
voids are surrounded with a plurality of conductive filler particles in
aggl onerated state where they are firmy connected to each other, the :E
second voiHsrab8ehaidly redisheth apde! ebhyiatuliegh Jratkio And e ly the °
W ring substrate obtaﬁﬁed IS providgd mﬁ#h 5 Sre g%%ﬁle coﬁ%? Jﬁ?o§£mhere
a |l ow el aghheikb ;oY ngj [ or,,a long duration, that.is,
poryRls d&%.gﬁPGQ%%SQ%QER Eﬁgtk NERSTA RQﬁﬁﬁﬁuﬂﬁt%ﬁﬁa}omer

the electric and nechani c ron rellrabiTity ©

wiring la ' [ fQr l.ong_duratio | nci dent al | al t hough
s doscr; boaBadof el L s Ys By il S bhe BosAcr Ledr T ¢e Agent

t he same fects _can be _obtained: b sing resin balls, a resin powder, a
ceramc pg&dgﬁeaﬁamﬁﬁguﬁe%e s\ﬁat%r? zfyr}%radbg%‘-’ratri”(ﬁ E5i NP TIAM ¢ h%fljo?rt he
conductive filler., JFurther incidentall al t hough. the description is give
usi ng copper fofTst8 & r‘f%tﬁn]aﬁs?b‘?laé‘*cﬁ/(%r R IMOSRtEG D FRAGDE y23Rle07,

any netal foil 405 cggable of formng wiring |ayers 407 can be enpl oyed
wi t hout ah§SpaFt FEDI &t FRVLY iXQF g, APl Hsteairepdn, aosherot es@hml e,

al um num can_be enpl oyed. Al so as the copper foil, a rolled copper foil and
an el ectrdl yE1EOERpPEss i |, anhilets adiver atrmho oy YesSE@ If orewiini ngasubRE r at es,
can be used. 27 J" 14 JAN 20U5 ~ ,~ i Al so, although this enbodinent is

descri bed (B9l ¥ABEBYLAGCackberdd fesrimermnd iy cyETetnf d@sisebimaeim of t he
conductive paste 508 by absorbing it with the [iquid absorption body 503 as
an exanpl e of tAe phecesgahdr bar Minog gard o/ oicdee @t inord-heowdrd did s, 401,
there is another nethod avail able using a conductive paste 508 containing a
vol ati | e ueabbaented erefurveme rt henvebden4b theapatatd Mg ryhaivol atdt e
conponent of the conductive paste 508 after the step of filling the via

hol es 401suthh a@OnEBO! | (P& Uyegi-a 8y én el £76b 1 fiex 51 &Pe Pf £libklisng dde vi a
hol es 401 with conductive paste 508. The evaporation of the volatile

conponent(pgnybgnggimﬁggzgmbzby afgggfsgryhg}éﬁhﬂgcuuggggggsunap%?ﬁease
dryi ng method. Although the formation of the wiring | ayers 407 is descri bed

25 copper Tol e oh porn Sl dag Sha then [ asaedi ng t he hotal 119 e40s, "
E:g(ranr)(rai isZsﬁlEfQ%ggé% %53??35?&%8%%) ? o.|.iﬂselff8t5r%kl%pmh:aghﬁt %jef \é/lvi’arfllgr%aq{]ia%/ers
hol co. 401 arLoeSoY g e L A B S St il " e o
D, D 10eh hy LDCFOTANELKE PBR1T 500 AN ML B 0 16 LS

foils 405. re particu e a C

hydroxide, aluminum oxide (alumina), silicon dioxide (silica),

and silicon nitride.
Practical examples of the insulation substrate composed-
of these materials are an aramide epoxy substrate, a glass epoxy

substréte, and the like.

(B) Conductive filler/conductive paste

A conductive filler is not specifically restricted in the

shape for use and a powder, a fibrous filler, a granulated body

of a powder, a spherical ball, or their mixture can be used.
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célled a transfer nmethod in which netal foils formed on supporting bodies
413 are processed to be wiring layers 407 and :; 2 8 = '~~ c 14 LAANZESS
being united with the supporting bodies 413, the netal foils are so
overlaid on the insulation substrate 402 as to bring the wiring |ayers 407
into contact with the insulation substrate 402 and then pressurized and
then the wiring |ayers 407 are transferred by removing only the supporting
bodi es 418n8Ys2ReCbentng o11TEEL A G |de AU A9 MRL, 18 FQUELLayer
i nsul ation substrate as an exanple of a nufti Tayer wring substrate of an
embodi ment, 9f jthe; pre i [ r d L _ in Fig.
P BT A L IR o B Y SRR e Bishk o REEEH 6

5, by overlaying I nsu strat s are so
formed as haye i el enpving at_|east_s of _the bjnder of
the condud ?Gef%hstt\hgj%éggggé%:‘%ﬁ%retfrl#% 8 Fo??%raiﬁmgggﬁya%a%%ﬁﬁe DEGils
on the out,sides of strates 402' an both sides,of ubl e-si ded wiring
subst r at edégmagffr?%g%’eagbe TS §211R% FFeshd gf‘-{j_lg&ﬁ%f#?-é’y ™ %6t f2g€fdes of
a conventianal]. ed bot h-sided_w ring. substrate_and pressurized. and

| ami nat ed® o"bséjt‘?\:%ﬁ’ﬁ FﬂnﬁHsﬁaaﬁbﬁﬁL@ag@%% PRENLLBEL Pt atdre Rbhler
processi n% the metal foils 412 such as copper foils into wiring |ayers 407
to obtai 2K §5ed Whéteheing adinstes: S &0 heves parepPRPrexgnately) . By
repeating such processes, a further nufti layer wiring substrate can be
obt ai ned. SERei aénthel diametiegugf tthe deschipie after dgihvengmanahaekanpl e of
a nmethod of manufacturing the foregoing nmufti layer wiring substrate by

usi ng insul ati oRheuvsivaeesande’ of nthwtii lsiedes notthehwidoubl praferabiyri ng
substrate, it is possible to 29 14 JAN 2005 use a nmulti layer wiring
substrat e3R&vongh2gbernsieckafiildernppratelet the dasbleg-srdedghsubsteoate.
In case of using a nufti |ayer substrate, different types of insulation
subst r at esofitastl wiktbnohayensihemytbelbaatr nehedinftor- exaapl eonnstifon

gl ass-epoxy substrates, one or a plurality of layers of circuits can be
fornmed i nreséseenbet.h sides of a double-sided or nufti layer wiring
substrate produced froman aram de=epoxy substrate. (Another enbodiment)
(1) I'n another ppheds RN eRin NEs RIFCERD MBI £83 1kkUst & Al 4 Bt Fi 0S.
6(a) and 6(b), a wiring substrate is produced in the same manner as
describedohs Whe fOrdes gobadiEBNte RXCept1dhak i he W Idfgsubsiiake) i s
produced asi ng a film 106 (including a%eet, ﬁe_reirr'l_af tcg% refereed as to a
film on Both,§hdRs %.883',09§hl,y?n8@ 5! gﬁ)i Bis%‘ﬁkﬁh ahbes| Xflég%?rén 04 and
105 containing an adhesive aré formed’ Tn case of thé wiring substrafte as
illustrated.in FE a) , f adhesiye cant ai [y ' esive
| ayers 10293%5 f%%tetgfée'rs aFn exelﬂg’t s%rl(r%ot hlgggliély%s a%éél g)%?gteflngk?gl?gg
surroundi h r s of_.th onductive fi.ller 403.in_the via
ol o1 nEPRpEsebios WELLTHEIE L e B atiR e HBere BDg) TThaYsi AEfLae

sone first_vqQids 404a filled with .the, adhesive and .the r iini ng second
Voids 404B*LERE I RT G At WP RoaRdyet hicaGnd organic Synthetlc tesTns

and coatings of the foregoing metals and alloys.

As the conductivé paste, usable ones are those produced
by dispersing the foregoing éonductive fillers together with,
if necessary, an Qrganic resin and/or a binder of a vplatile
component. The organic resin to be used as the binder includes
a liquid epoxy resin, a polyimide resin, a cyanate ester resin,
‘a phenol resol resin, and the like. As the epoxy resin, there

are glycidyl ether type epoxy resins such as bisphenol A type
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.+ ,.;__ 1 14 JAN 2005 filled with the adhesive and owi ng to that, ) 9
excellent flexibility is provided and even if nechani cal stress ig afﬁ” i @8
to the wiring substrate by heat in the thickness direction, the . entire
Wi ring substrate is made easy to be expanded and contracted correspondi ng
to the stress to give a high reliability in connection of the upper and

| ower wiring layers . The second voids 404b in this enbodi nent nay al so be
smal | er t h [ j fmthe C tive. filler 403 in,the same
Feason as Hoxdr: Bedbave e bi YRS SBRHE' T e tiastshe N Bt
substrate_j 0 .corposed t.0 have.the adhesive layers 104 and 105 in one
or both SFE§§§ .Irﬁees@g*? esiasg It%/eer\sﬁfﬁll aefa1]dw1¥5‘—5hacf egh?rr@é’%syi ngeat"féast a
t hernosetting.resin.and/or a thernoplastic resin, nore particularly an
epoxy typ€& ¥gﬁ8¥i98‘}n§n YRF F& X YpEC AURE S8R XK &P ERE IR iRt HAIRSTOE and
the like. In case of using the thernpsetting resin as an adhesive, it is
pref er abl EPPEY HRUPHeT MR &t Ty Giesiln e ket Kaptenox y resHnssurad Ehat e
since it can be fluidized. The film|06 nay be an organi c sheet produced
froma syhtk&tic resin such as polyinides, BCB (benzocycl obutene), PTFE
(pol ytetrafl uoroethyl ene).,. aram des, PBO

( pol ypar apheny| 2ebemn 20 atoldes soapongnd: ;e Aty subs bamnc ¢ carobgesmplayedl so
for the film 106, an insul ation substrate produced 31 14 JAN 2005 by
formi ng awitbpesi vestajerionsbbf Htsicdesberremeved ey evapoghiaionepbkyr
substrate or a ceramc substrate, which is comonly used as an insulating
mat eri al foilangi orndusihst fafléingaanke sudednas aani beuliakdoas! ayMeh. a
Regardi ng other materials, they are the sane as described in the foregoing
enbodi mensubklouryer., Bfakbteadhesi ¥atlayees14941a8¢ dORy1f B0 sBYVES
formed by applying a THF (tetrahydrofuran) solution containing a polyimde
type adhebuvel€3@bitby ,wei Bth@ncihei 8as] s obutQhlichrmBidAr) tocbethesi des
of a polyimde filmof 13 ~tmthickness and after that, drying the adhesive

at 120 C EEh%@EéEBi%Bli Asdleatdon Q{j@é%%@@%ﬁ ng the adhesive layers with
: . . LI

each 5 Eun thickness in sem-cured state: en | am nating PEN

(pol yethylene teeephthalate) fid %ﬁeeﬁggﬁgﬂtgbh%g%%@i% SEEQC?A'/ des,

tenporarily pressure-bonding under rtion at cne, and
of1 1 1ok Bt qa e PEN G I, Tha Jovend ol seogkin g cLae R coL he
251, 28 G2y PRYCLLL) TapTAS gethiod of ral actuni e dpee N T4pg
o eqoi ng eroodgent and compLsse prersases ol alr g via hol e g0 in an
105, 1 boLlghen sl Al edU D R o, 11119 the via holes 401
As illustrated in Fig. 1(a), an insulation substrate 402
containing an organic resin and having via holes 401 formed at
prescribed positions is made ready. Voids may or may not exist
in the insulation substrate 402. The via holes 401l are formed
by a general via ho}.e formation method for a wiring substrate,
_that is, the mechanical drilling processing, the punching
processing, the laser processing using carbon dioxide, excimér,

YAG laser, plasma etching, photo-via-processing, and the like.

For example, in case of using an aramide epoxy substrate
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14 JAN 2005 a conductive filler 403 and at the sane tine renoving % Ieaﬁé\.ré
sone of the binder of the conductive paste by suction in the same Il
described in the foregoing enbodi nent to formvoids 404 in aggl onerates of

t he conductive filler 403 in the via holes 401, as illustrated in Fig.
7(b)~ overlaying netal foils 405 such as copper foils fo,r formng
patterned wirings in both sides on both sides, as illustrated in Fig. 7(c),

and pressyk! 7oAt LRRkAal | pga LR JPLA 1681 i 0F5h0 My, RENBLLALE the o

voids 404 with the adhesive or the adhesive |layers

si des, ang,f] L | Lring lLayers 407 by.processing the copper
foils in %Xt %%#’aéﬁ%%%%?% %ﬁ%ér 8‘5h¥¢4n&?‘h8‘a 1065 (b 3 VoL engeh
illustrated in fi [/ ; t,ai.n | e;sided wiring _substrate.

| nci dental |y, ilﬁégﬁé tclgésj)e’l\%h%sr)le@%ﬁlﬁ)} %g%edﬁolﬁfq%$glgﬁr?dgf’ngiiﬁ?éi"ﬁéba? °t he
conductiv S is renmpved_in the same nmapner described 'in the

f or egoi ngflé8 ogiﬁﬁeé{),egf'ﬁg RARES) B §P% ﬁel%dt%fsﬁ%@ IEhferolgy 4 t he
adhesi ve | ayer %85)égqidﬁhe bi nder, contained in the conductive paste exi st
toget her in the Voi dd 4G54 MWHFE D i%@ R e8MRiLPHe8ad® ofPEr e¥emBdieng? phase
separ at ed staﬁe éin ialand structure). . Further, in the case where only
some of tREIBFhRErMESRPE R¥dSAHSERE Sc o fucith M tyasiad i kv el and st i ght
amount of the binder contained in the conductive paste sonetines penetrates
the adhesP9EPPRyEPE PREERBIProBdestdProvwet laaydimpensempr essuri zi ng and

| ami nating the netal foils 405 such as copper foils for formng wiring

| ayer in both stdelsquizd absprpbierdosly HAdiisi dhabbygedi int the arduidigrent, a
met hod to be enployed as the via hole formation nethod conprises step of

f ormi ng HPREES ofn Z) manriA)y asund ldiuat tat edadiratfling 30oahthe afpdases theam of
35S nm wavel ength for every,via hole by triple harnonics WYAG | aser.

Furt her ivhaddidd,onn wnidhéheasendhet @vehea st egisves liayieictes,f semath®nl y in
one-side, it corresponds to the case where the adhesive |ayer 104 (or 105)
does not ke stbsdrptivs edbodianeabsorbesafbest ver of1 1t be adhesingetayers 104
and 105 penetrates the voids 404 of the via holes 401. Although an _

i nsul at i orhsuhsindict Bfe a gddta or50s shrrikddPes nNothhave; SO ESSi bidi ty,
the | oading density (the volume ratio) of the conductive filler 403 can be

hei ght enesli il t diee OEOLESSL O dreBN ML d Nee ) e nef rihe s Ganducti v past e
507, so that a high conductivity (a | ow connection resistance) can reliably

be mai nt aigess Aacqrdhnghd %oh@u%t%bfwgia%%%t 5083 § ggﬁ%%%ﬁhg%oagcﬁﬁl

caused and the obtained wring. substrate is provi rel’ia y in

the InsulddonepalemegolifatiLg) | oy ehs éQZdQ?EQQ%;EJ.SJEJgee 4R LGd AP LY

in electric and nechani cal connection between [T ayers in both
si des. as to form voids 404 where the binder is expelled in the inside

of the via holes 401 as illustrated in Fig. 1(b).
In this case, the binder is sucked in the following
conditions until the voids 404 are forméd. That is,

simultaneo_usly with or after the loading with the conductive

paste 508, vacuum suction to 140 to 150 mmHg ié carried out.
At that time, the voids 404 can be formed in the inside of the
via holes 401 in the conditions of 25 to 35 mN/m of the surface

tension of the conductive paste 508 (30 to 45 mN/m of the surface

tension of the binder resin), 20 [Pa-s] of the viscosity of the

SO




The reliability in the connection will be described nore particularly. A

hi gh heat. resistant insulation substrate of the next generation, suth 3N a5
polyimde, a liquid crystal polymer, an 34 14 JAN 2005 aramide film and
the Iike usable as the film 106 is hardly adhesive fromthe point of the
nol ecul ar structure. On the other hand, the insides of the via hole 507 are
made firm being formed by surrounding the skeletal structures of the
conductiv i ; j or i £n TS NMor eover, since the _binder in
t he condug¥%§%k§%§é%3?%é%%q%??éd q%pﬁg%eeérQBeﬁﬁ%%P ?ﬁe@%%naPFEbon
convenieng&lgﬁgo he fluidity in order to fill the via holes with, it is
extrenely difficult to nake the binder sane as the adhesive. Attributed to
such matter, separatian sily takes place in_the interface of the adhesive
| ayers 104, 105°8K¢ tHe f'enFéﬁ 1L+80GeaF WP hY trarRkpa 2 8Ridend i s
enbodi nment,__voi ds. 404 are fornmed:ipn the via 507 by the agglonerates of the
conduct i v&3H eerfc’i"é‘"fseﬁn’o‘1 tHe SRS fRrept  penddheeRfe | ayers 104, 105
penetrates the voids, so that no clear interface exist between the via 507
and the adhesi v& P&Eget5CabLoneds. tuthirepspap Leaphatheildmtiat abyotpkesn pl ace
in the interfaces of the via 507 and the adhesive |ayers 104, 105 and the
reliabiliPPA¥nSPRecaDMrecompasedn s INelumtoreed imFLbi. s3 chyemoeneingf
separation takes place in the interfaces of the adhesive |ayers 104, 105
and the f@Pningelathenssphshrabe 4R2maet vacaah ddwo mbiriorg shapers 907 and
even if it takes place, it is within the via 507 and the reliability in the
connect i oancdaselsd imgi rithes neicyu Flirdbesrp t hen sleory ef 6 Bche Bge geseriémed in the
f oregoi ng enbodi ment can be obtained. That is, since there is no clear 35
14 JAN 2005 i nReplacellietwesnhbhesvisa5@6ragdct-ienadhasiyenkayes stid4,

105, separation between the via 507 and the adhesive |layers 104, 105 is

hardly cawseduhyatiberbensinl eupbbesssoaused hed wesiddie v daRelesand; § he
adhesive |l ayers 104, 105 by bending the wiring substrate in the thickness

di recti onpaagtetihen heals istd ¢8500b P8 tia dd8 114RST Hﬁ%?ﬁéaggﬁitﬂg Q&ﬁ%@f@“ce

between the via 507 and the insulation substrates esive Tayers 104,

105 and the2fahni6) 1ot Be ¥heighSubsivate 4is Bhevi dad, 41&% fhLm

structure. Further, in case of usi Nng Ssane organi c resin for e organi c

. esin o e broghic
he otruct s Pe P ERET ey Parana §hah it ol T Bl PRy phe ™ o
[ d du : ' I t I [ j cient.
FUrthor . STGECt A8 PRERLISE FOF % T 10eth U o 1Sy LRk bt g si ze

i sion, high i ng. ' iS | iLble. Incid |1y, al [
Phi's. onboi mont <eabbeahb At RBoPEPESBPnGoEnaaP neatos FRBCSS) MY Hba oy bo

fornmed using_the conductive te containing.a volatile caomonent b
iagge numBer of capgﬁiary ubes such as sheets of thin papg}

evapor ati ng

can be used, and with such a material, the voids 404 can
efficiently be formed by the effect of the capillarity of the
capillary tubes on the binder besides the binder suction effect
of the vacuum adsorption éupport 502.

" Additionally, if necessary, if a mask 505 is installed
on the insulatiqn substrate 402, the conductive paste 508 can

be prevented from adhering to parts other than the via holes

401.

In the next process, as illustrated in Fig. 1(c), metal
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the vol atile conponent after the via holes 401 are filled with the
conductive paste or during the step of filling the via holes 4b% UAN 12005he
conductive paste. Further, the formation of the wiring |ayers 407 may be
carried out by the above described transfer nethod as illustrated in Fig. 4
and noreover a nmulti layer wiring substrate can be obtained in the sane
manner as 36 14 JAN 2005 the foregoing enbodi nent. Incidentally, in this
enbodi nenkg; hel o] n N4 Si a : he_via_h s 401
by i pl o Barmonr o U vAS SeBp el P RS e bR P e e oY e Ro R a01 s
formed by pati 4 h ser_beam _Lnci.dental.l in.this
enbodi rrenl'?%@lg%at h&e@s‘s%a%%& nasntet?glglégi %rt eogﬁﬁgai}‘ﬁnn{nvﬁ%‘uﬁl weitese #dcri bed
| ater, a k p er, _may bhe used in place of the conductive paste.
(ii) The ﬁr‘gggg‘gg%gdn&ﬁ% &@F&%’iaﬁ:gecg Wi ring substrate of another different
enbodi nent  of t]ﬂe ﬁéesent i_nvent i\ogTi\(/g\d | I, be described below. As illustrated
in Fig. 8(a), an’ihstl BEFSSYSS0SPPALE IR ha iRy BIIanE & i BeFih ekn 6011e opened
only in ope side,at desired positions_and containing an organic resin is
nmade readjyr.‘S‘IlLaFﬁPg g %Fr?ﬁg 14 disaf L vhdigpdtand @@L nade o theayo hos
contain v&?s The met hod for produci.ng such an insulation substrate 402
may be caf?tedt Jie By-2ehpLEVI ﬂgla i Hitime,vii hetessarymtheat img hod
for a wirjing substrate, that is, |aser hole-formation processing by carbon
di oxi de gh% CahiisrerutyAs euder tphadmhtenchhad ripioy @ hohe-dogamtd on
processing to formthe blind via holes at desired positions of the
i nsul ati oFeSiMsP¥ acera0khbearigagia metsdin.foil 603 such as a copper foil in
t he whol e surface of one side and then processing the netal foil 603 to be
a w~.ring | ayerFeD®xaple,l4hdAblr@sbbrNexhg ssd illamisiatarRdprBcEkg. mBf b).,
the foregoing blind via holes 601 are filled with one or a plurality of,
that is, mmecarriede cobduir vehbi Ia{ﬁmmtb?b@ (Aohtuecd t vy ewpant | gl es)
604. Although the form of the conductive filler particles 604 is not
part | cul ahyckiesds | 6t d265uholg 88nkilesBAL! bEl 69 iEayen Ol 89045 14, he
blind via holes 601, a granul ated powder or one conducti e parti‘cle with
appr oxi et @by rt fiei sant e euet ; QE@@' g the;Rldnd via
hol es 601 are preferabl e si ncrgtﬁ itt%%i éﬁgggei:t%f%se angiaegogt{r;cg%fég (#a{rggem t he
probl ems of saEh;Bs-povnger tggshin@\ﬁg}(\h@ifslclolgliy&% {(‘gﬁt d apnld.cable is the
e [ e

sane nethod (a printing nethod) as scri be or egoi ng enbodi nent by
pushing the fild; r er ¢S] he opened_parts by .a squeegee
or aroller. Int ceé ns'ce%(i(%é %%o%ggs?ftkggrsr%%ﬁlé? gﬂ %glﬁlf’%ﬁdfeo?ﬁi Ea M ring

| ayer 609, Ll aj side _where_the blind via holes 601 are forned
an)é pr esg’ludr]isezsg:é%&nggl%ae?np%%?e Oagolrfnlﬁé VRS flh‘llﬂirbjC%@(Ef.loﬁ)Plior%eﬁﬁ'essure
appl i cat i.qn, . Or.gan] esin of the insulation substrate 402 |s f| uidized
and penet% eélh‘ﬁhcgl‘%giédg %}b%‘f %lﬁ%@b‘f? rl'%la%g% Hol'ese 6042 tIEP]c%?‘rpq%]t é%he via
607 . In%%risjf iacs%“fiigofecess ry, heating may be carried out in order to

hei ght en °YhES rganic resin or harden the organic resin. In
this enbodi nent, the voifs 608 pﬁg‘vi ously exist in the via and the | oading

density of conditct? vE*31+¥er tParPPepaBepon that the conductive paste

flows in the voids 404 even if there exist voids in the insulation .

substrate 402, so~called “paste bleed”, can be eliminated. On
the other hand, since the fluidity of the organic resin of the
insulation substrate 402 is not changed, the organic resin
penetrates the voids 404 existing in the via holes 401. |

In this case, as illustrated in Fig. 2, the organic resin

from the insulation substrate 402 flows in some of voids 404,
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38 14 JAN 2005 is high and no binder is used, so that the fluidity is
extremely low as conpared with that of a substrate resin and cbhsdildddl y,
even if there exist voids in the insulation substrate 402, so-called paste
bl eed, "which is a phenonmenon of the paste flowing to the voids, can be
elimnated. On the other hand, since the fluidity of the organic resin of
the insulation substrate 402 is not changed, the resin penetrates the voids
608 exi stitRdti s} [ . JEl.nal ' L3 [ 03,1 .. si des
are processed i% Pﬁ3¥§§#§gﬂgﬁﬁg% ggb?%a%ﬁeH&?ﬁ%ﬁ?ﬁ%%gé?nghg e%%?ﬁgﬁ%gto o
formthe Wik} S 9 | et.e - S] i.r1ng,substrate

as iIIust%%%ggaige§?§.4g d)agg %ggﬁoggaﬁégﬁcggﬁgg %réf§3ﬁ¥%%o% GP%&??ng

| ayers i st r . that in the,foregoi nmbaqdi nent. As
anot her eﬁ%ggfge‘g?§%?&%{§%%%&?\%g§ﬁdl ef?g?'arﬁ?g?)#%tﬁg&?‘%t ﬁé_ngFFan"‘vi a
hol es may f ar.med di,sposi ng--a_ _previ ousl afterned wiring layer in

pl ace of Fﬁ§|ﬁhﬁTkﬁf%ﬁ é@%wﬁﬁnﬁpgﬂrﬁlm %ﬁ@%éﬁéﬁl%%?rQFﬁ&Q&ﬁ Fpln
transfer nethod as described in the foregoing enbodi nent. Further, the

bl i nd vi a®R8P88e yeBEeFﬁr HBe birak i @rdd fnthiengiadest iat Ehefviae
present invention described in the foregoing enbodi nent or a commonly used
wiring subStratdPd Aserrsiakl yremeveshuFaeiviganissreats andithrdniidemi ng
the via holes . Also, in the formation order of the blind via holes, the

vi a hol esTEERRRGHNG 6OREIEE) vasPaste afet ithet fier$ bvogaisnghide bding AN
2005 enbodi nent are previously fornmed and then the copper foil is |am nated
to one siBexef garh oFhfmeron Phisste sepavetadpaieoushyisbanddsttreng | ayer
is arranged and | ayered while being conforned with the via holes. As the
conductive fillBurtbeadi ngheethodpaitiver fildrer He exemin fded omdtwcedf this
enbodi nent, any net hod can be enployed with any restrictions if the nethod
i s capabl etetefanditige Becdod e iads adii'ghardensibyrikel yerarpke, i twd hod
appl i cabl e conprises steps of dispersing the conductive filler on an

i nsul at i oaggLbmératedapd rvibhat o the Hsidate t/ 1hidd 4d®e via hol es.
Further, in the case where the wiring substrate is required to be

nul ti-layered, Bgei bvdsthigatl el 85 heDsecchd Morasughasa Myl ti dayer

W ring substrate can be manufactured by layering the wring substrate as

i1 ustratggaiDefi ehaf(ehe Ofive PESWI (b NGNSUPSLL a8y 01 £ &fez%%g& Linwant i on
illustrated in Fig. 1(d)eor on_% conmon m?ringssu strate 601 fﬁgnhethod
doscr | o reofab8taverhodu Tl Wosh The e (alidg 9B dedt 8 4l -
Especially, according to this enbodiment, one Wring su strate s produced
and then ' Lan te is lam nated thereon and the via holes are
formed to %ﬁ@gégé%g §393F5?ﬁg substrate, so that the positioning is nade

easy. By this e {nent, a.wring substrate letely free_from te

bl eed and excel %ﬁ?i?ﬁ’ i%‘l%d‘ll\gft So%%teefqb%‘i ?F‘gyfg‘g)ﬁ’ %%‘eo%'ﬁgla eﬁ‘?lﬁ% 4008§14 JAN
2005 In this case,. since no interface of the side walls of the via holes is
formed SUpRERT GiTat dthg BEPUSRP S By faPPavaRCLABLYi BoRoPRe TECRARI y
caused by B@g tegs%be stress caused, between the via _and the insulation
subst r at e® BY BERUT hGCPRBPREFi A “S96s tPatte hth Yird Nohilawifess A7 &g and
the shear ,stress owing to the thermal expansion difference between the via
and the iPeEtEeFoPabRtREt endinda hEomPhierg saibstoulkeTSigedyividtingth a
firmstructure. Further, in case of using -same material for the organic
resin i n $Hestrataoltdughgatrd dngdidide esin of the insulation substrate,
the structure is further made firmand the connection reliability is

i nproved due tol®hethappwogingt elsybsimatieheofal tdvisansimoe diowsrfti,ci e .
Incidentally, also in this enbodinent, in place of the loading with the
conduct i veljusteated igoRilgetd,vehpasiredurmyl be fadedrt4 ¥ iklagy tdneasatsadre i n

t he foregoing enbodinent. In case of |oading the conductive paste,- a gap
through in the via holes 401 and the organic resin from the insulation

substrate 402 enters the first voids and the second voids 404"

are selectively left as they are in the portions where the
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whi ch at | east a paste binder can pass is kept at the tinme when the wiring
pattern formng closed parts of the blind via holes or the nmethb JAN 2005 or
formng tthe wiring pattern is disposed and the binder nay be discharged to
the outside of the via through the gap. For exanple, a surface-roughened
metal foil is so positioned as to keep the surface-roughened side in the
via hole side and tenporarily pressure-bonded as to | eave a gap to the
extent in ' ; I ; . NO letely buried in the

or gani c rgé?lﬁgeﬁk}%hgq\l#%@hgl%eia#l}%g eag%ﬁéﬁﬁﬁ%t% Stateq43AN 2005 |

conducti ve past gh_t he_openin rts i uch a state and therpal
press is carriegu%gﬁggfhEBSX%ESEaBFgﬂgfu?%H%EH? S8FR VoSS 408) skhar ged

out the vj y.the pressure the thernmal press and the capillarity and

t he organ#gd?egéngftﬁ%azgﬁésgbg? gPetﬁgeFﬁgglXPiBﬁeI8§th?s£$&QEF%%%? to
flowin t el%aﬁeﬁggng t he conductive powder particle and that is therefore
pr ef er abl 1186 ‘'t he bi nder may remain between the surface-roughened o
metal foil and the insulation |ayer. Further, in the case where only sone" -
of the binder cBREAFARRY nt@ h&hdendeebPrdempast e ke r wiwiagd | subseratere
manner as that in the foregoing enbodi nent, the sane effect as described in
the foregePhglBRBGE AERE z0m Passbtial erdingiang ¢xce hberkiist bmoel of idme
organi c resin conponent contained in the insulation substrate and the

bi nder coheaiakdlifivthe conductive paste in the voids of the via in the

m xed state or in the phase-isolated state (in island structure). Further, =
also in this enbodilmbatcase sasinde tthe ireagfidyg ehatienente WHEL S e
effect can be achieved even in the state where the voids in the via are not
conpl et el yiéi hbkdsandeargasved, | eht tonsole BOrbkensaiBelihen cOmElustiye
filler-agglonerated parts in the via holes. (iii) A nethod for

manuf act uandg e Yhsungtsohsdumder Of e FUntLberRRY endilherient o erpedi ety of the
present invention wll - '

substrate in the thickness direction and shear stress

attributed to the thermal expansion difference and affecting
the via and the insulation substrate, the separation (break)
of the via holes from the via holes hardly takes place and the

insulation substrate is provided with a firm structure.

Further, in the case where the organic resin in the via holes
and the organic resin of the insulation substrate are the same ,
material, the structure becomes for firm and the thermal

expansion coefficients of the organic resins are approximately

same to improve the connection reliability.

Further, in this embodiment, only some of voids 404 in
the via 507 are filled with the organic resin but the voids 404
are not all filled with the organic resin and the second VOidS
404" having the smaller average volume than the éverage volume

of the conductive filler are positively left selectively in the
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be described below. In this enbodinent, a doubl e-sided wring substra%g i's
42 14 JAN 2005 manufactured in the same nanner as the foregoihly 005
enbodi ment (ii) except that a film (or a sheet) bearing an adhesive |ayer
in one or both sides in place of the insulation substrate 402 of the
foregoing enbodinment (ii). In this case, a part of the adhesive |ayer
penetrates the voids of the blind via hole. Although a filmor a sheet does

h I h f the
nol ave SYBRCASI byreL bl adhag sl { Lol e St LoL ol L1
, I
past e ex %grﬁzﬁ%@%egh@fﬁ& Vol o omneetLon res stanee) can

all cause obt.ained wiring substrate is prOV|ded with reliability
in the |ng&%atpgﬁlq%i%ﬁgﬁPQﬁﬁ%ﬁ%t|V|ty (a | ow connection resistance).
Addi tionally, % tgﬁ%hls emhodi.ment, a conductive paste nmay be enBIo yed
for filling in n“a‘Fﬁférl%§hﬁﬁée¢lbﬁl%%@%gstefrﬁﬁﬁ|lﬁemplhe@lt@cé ef the
conductive filler enp ¥ed for filling. In this enbodi ment, an exanpl e of -
manuf act uf”ér&PgaSHPFlt’n’é sup¥thenle (diengxrasshgucendetmscatwiadtiss of
described with reference to Fig. 10(a) to (j). At first, as illustrated in 2
Fig. 10(afheienkirehadiooh Heapiagnansuosesave ebadd v fobdok iaetréan
insulation layer 100 is conposed of the adhesive and the filn) as
i |1 ustratéad ahfi ‘glring(al)lb$taateves drdwidéd wahrtth & iwh ireg4ipatifdrgednfi | m
102 bearing

the electric and mechanical connection between neighboring

upper and lower patterns.

In this case, although the agglomerated portions of the

conductivefiller403themselveshaveahighelasticitymbdulus, =
the second voids 404' are left selectively in agglomerated |
portions of the conductive paste having the high elasticity E
modulus, so that the elasticity ﬁodulﬁs in the agglomerated

portions where the second voids 404' exist can be lowered.

The following two methods, for example, are available to

selectively leave the voids.

One method comprises the process of forming agglomerated

portiqns of the conductive filler and fhe portions where no
agglomeration takes place by incompletely dispersing the
conductive filler of the conductive paste and finishing the
dispersion while leaving agglomerate to_é certain extent at the

time when the conductive paste is produced using a dispersing

and mixing apparatus.

For example, in case ofmixing 87.5 % by weight of a copper
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43 a carrier are tenporarily pressure-bonded to one side and to the other
side, respectively, as illustrated in Fig. 10(b). As, an exanpl &4 dANeX05a
THF (tetrahydrofuran) solution containing a polyimde type adhesive (30 ~
by wei ght on the basis of solid matter) is applied to both sides of a
polyimde filmof 13 dun thickness and after that, the applied adhesive is
dried at 120 Cto obtain a film 100b bearing the adhesive |ayers with each

5~ ~mth [ - Cur state_and then.a cover film 101 (a_PEN
film 9 ~“mt RI céﬁeés}?s%dﬁga\%gﬁaﬁ&%ﬁﬁe?%%&lfziel AP POOBLLT Fhge §g-§élelri er
are tenporas kk I o] to one side and to the other side
respecti veﬁasrﬁ/%ﬂtggg%g?gﬁnﬁgefi%?ﬁgtyo‘g%%g & .aﬁ’ﬁé’olxé(nﬁ%?%ﬁ"%Iyyﬁb?%%§ﬁp'é§bondi ng
condi ti onsijgrﬁl1 be_controlled to at 80 C and_2 kgf/cnmZ, A copper foil
bearing a carttef2P3raB Ry artt &° et AGdCBRt WAL EAdataibe AGoBht @M Radf or ned
can be eny d for_the wring pattern 102a of the film 102. A :
sur f ace- F%Jugﬁgﬁ&& %Bﬁﬁé?%,\#%}fl}lgﬁaa?% MFE YTSud Adhede & Pace NastisuBider the
copper foil beari the carrier _and is preferably pressure-bonded while ,
| eavi ng a XEEPHY (e [HIe 9hybRe FpRPersPprdrsr Hbthobscaomplehelyesin i
of the conductive paste can be di scharged through the gap and the excess
bi nder refgiSHoFdatHINhENG agedemes adiesc hir tee eanpetheowderapatrhéctese of
pressi ng and the adhesive (an organic resin) conposing the ~ foregoing
i nsul ation | ayefong@queniade enan tdufinyy tire toe kv oifdvaddum dé4addng005
anong the conductive powder particles. Next, as illustrated in Fig. 10(c),
blind vi aams égaddBgatiee fanmmbitt ive pastesubatyrenihayesardDP taned s peabki nd
via holes 103 are filled with the conductor 104 and then the cover film
in the remaining voids surrounded with the agglomerated

portions of the éonductive filler and further eveﬁ in case of

penetrating voids with the organic resin in the process
thereafter, the organic resin hardly penetrates the voids
surrounded with the agglomerated portions of the conductive

filler and easi]__y penetrates the voids which are not surroundéd

with the agglomerated portions. As a result, the voids are
selectively left.
The other method comprises the process of adding a curing

agent for curing a thermosetting resin together with a

~conductive filler and the thermosetting resin in a conductive
paste and using a powder as the curing agent.

If a powder curing agent having a particle size bigger
than that of the conductive filler is used, the conductive

filler is forced to exist locally in the conductive paste.

Hence, by sucking the resin and the curing agent, the conductive

paste is provided with agglomerated portions of the conductive
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101 is renoved. Consequently, a double-sided wiring transferring

i nternmedi ate body 105 is conpleted. Formation of the blind via hdl ke gAN 00
can be carried out enploying a hole processing by |laser. As an exanpl e,

W YAG | aser (triple harnonics: wavel ength 355 nm by 40 shots) can be
enployed. It is preferable to enploy the |aser since fine blind via holes
(in case of this enbodi nent, the size of 20 to 70 dun) can be forned

i t hout danmgi i i i th jer. th
conduot or 1632 a2nal sh8 SRHAGHERRR 4 G, KT e Fof bRk opLEci0s are
during the 1111 TAgCer sebes SFESuRed vEEGHE adiw ol msber Cenare
conductiv P te is en%v d. .For xangle,,after_the blind via holes 103 are
filled w ﬁﬁ 8rs‘|¥ BSHSEEF& \93 H&§?‘et§§ Rr9ghd&gLesSipnhanf Fhej ¥opds vhigh o ®

pressure decreased chanbe nd, t he pressure of the pressure decreased
chamber iQrFO%Q?eEUFEQ¥? t%ﬂﬁﬁotgﬁ P IR PESIAHION R FteT eafof ngasbluti | e
conmponent. In _such a manner, voids fromwhich the volatile conponent is

el i ni nat eBeRstraggad jgaNcboddiearranisr nE@safeng Bhe xonesetlitve Yoider
particles. Incidentally, a via is defined as the state where a blind via
hol e 103 FRRERLREBIVREN BFe SeAREive pasr L. The advant age of the void
formati on by decreasing the pressure is that, as conpared with the case of
using a thernoséntidgntedily, ¢hen difra ocpnofudtiere psivdet S spiosatiedpl acsone
extent by heating even if the heating tenperature is not higher than the
curing teopetla¢ wwenadict hree ress te anché husi darefnils eQeritiale 16f beheegendit i ons
of such as the tenperature is required, such careful control is not

requi red thecasmeohaflaetreasi @gsidid e sy and consequently via hole in
whi ch voids exist can easily be formed. Next, as illustrated in Fig. 10 (d)
, a nmetal foil 1Q6th$soygskpi ghencbhaustdee EroMewhishnbhesgaMeinfiha 101
is renoved, of the double-sided wiring transferring internmedi ate body 105

via but exists while being agglomerated to a certain extent.

That is a common technique to keep conductivity since if the
conductive filler is dispersed too evenly, the contact among

conductive filler particles is eliminated to result in

deterioration of the conductivity.

For that, the connection reliability can be improved
without deteriorating the conductivity by selectively forminq
the voids in the portions, which are the agglomeration parts

of the conductive filler and have the highest elasticity modulus

in wvia, in other words, forming the voids which are in
agglomeretion parts and hardly penetrated with the organic

resin.

Incidentally, in case of positively leaving second voids
having the smaller average volume than the average volume of

respective conductive filler particles, a large amount of the
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and then heated and pressurized by a thermal press. At that tineﬂ1gh N 2005
wring pattern 102a is buried in the adhesive 100a and the adhesive 100a
flows inithe foregoing voids formed anong the conductive filler particles
by elimnating the volatile conponent. In this case, if the wiring pattern
102a is made of the roughened copper foil whose surface is roughened, the
resin of the conductive paste can be discharged out through the gap |eft
bet ween t trern a he adhesive 102 and 'the excess binder renaining
in the vig: n%lq‘ecttﬁs di gg%%?éedc%%t % of 2Pfe WP UMCAE 20U SARCDHOS t hus
t he adhesive _100a is de,easy to flowin the voids anpng the conductive
powder paftiéi®sthe® onHﬁFi oRRPGECERhBe t Hek et piddt irbedhe ag6nt Faffed to
be, for exanple, at, 150 kgf/cnZ pressure and 200 C for 1 hour in the
decreasedeﬁgg§§@ﬁ§'of 1.0 ntorr. Next, as illustrated in Fig. 10(e), the
metal foil 106 is processed to be a wiring pattern 106a by a conventi onal
phot ol i t hogr aphiF&r#dERad . SINFes udke aseramdrvoidsioubt eswidedndedi wth a
transferring material 108 can be conpleted. After that, a doubl e-sided
wi ring sulsfiradd tyanfoeondnpt eved iyl arepevinglekel kagglemdradrad seate
doubl e-sided wiring transferring material 108. A nmulti |ayer wring .
t r ansf er r Wwhgrient e preaii eatfe. foddy céB8ecardbies remulf achuredt iy seepeal vagds he
f oregoi ng process using the double-sided wiring transferring material 108
in place efretherdéyatrfishédbeat ilnftaatahtyRrrasid ldnss teakeduientfiygthd0 ( f
) . After that, a multi layer wiring substrate 110 can be

wiring substrate obtained is provided with a preferable

constitution where a low elasticity modulus can be maintained

for a long duration, that is, the electric and mechanical

- connection reliability of the upper and lower wiring layers can
be maintained for a long duration.

~Incidentally, although as described above, the manner is

exemplified using a powder curing agent, the same effects can
be obtained by using resin balls, a resin powder, a ceramic
powder and the like with a large particle size than that of the ..

conductive filler.

Further incidentally, although the description is give
using copper foils as the metal foils 405 for forming wiring
layers 407, any metal foil 405 capable of formingxdiring‘layers
407 can be gmployed without any particular restriction. As the

metal foil 405, for example, aluminum can be employed. Also

as the copper foil, a rolled copper foil and an electrolytic
copper foil, which are commonly used for wiring substrates, can

be used.
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conpleted by renmoving the carrier fromthe nulti layer wiring transferrin
i nternediate body 109 as illustrated in Fig. 10 (g) . Al though thd "e)d&Npﬂﬁ%
is described using the polyimde filmas the insulation |ayer, also usable
are those produced by applying the adhesive to other filns such as BCB
(benzocycl obut ene), PTFE (pol ytetrafl uoroethyl ene), aram des, 47 14 JAN
2005. ~:r. PBO (pol yparaphenyl enebenzobi soxazol e), and entire aromatic

pol yesters. In 0 | astjc fil since the filmitself, has an
adhesi ve pr oper‘§§§§9 %%g?é@ngﬁ rE?ﬁ‘es F#%d&gﬁ%eligéﬁqﬁl?’ﬁ&%yfﬁ“ edtde. In
anot her enbodi,.me of amulti |ayer wri substrate, as illustrated in
Fo. 20( b MELRRL B < Pl b Rl s i Enelet af & ek ponerChL v maT e
substrate 8% t he present invention or a conmonly wiring substrate may be
usabl e) i 3UHRY FSFRYEE Ludtitaidia 11 BHE eRsormtdon Rydy P3| ag an
transferring internmedi ate body 109 is overlaid in at |east one side of the
core subs®rabelerf §heiprecesaded farminy thaivpasrifiddnhiha Headmles ess.
The conditions of the thermal press may be controlled as, for exanple, at
50 kgf/cniOlpddiats ée angblerinethnd praddabd edesirasedonduebinemaste

Finally, the carrier of the nulti layer wiring transferring internediate
body 109 P48 regmivatning corilatl tqeanfanelayior Bormiggsthstvatas of04 hi s

enbodi ment. Further, an internediate connector 112 (produced by filling an
i nsul ati cavépyratinghtlze ceidiitley camponleert o €nthe rgnaucevee Hased Stascri bed
in the foregoing enbodinment as illustrated in Fig. 10 (i) is used in place

of the midfterayerstepioyfilanatertid 0gainy essredialebedydhefite dayddat e
the nufti layer wiring transferring material of this enbodi nent to 48 14

, T AN 200550 8ieogorduisithst take saeg |d£ISEE al @dgi Rnfa Or1al0nbled WO1MANUfACtUre
the nulti layer wiring substrate 113 of this enbodi nent.

conductive paste 508. The evaporation of the volatile

component can be carried out by a heat drying or vacuum/pressure
decrease drying method.

Although the formation of the wiring layers 407 is

described in this embodiment as to be carried out by overlaying
metal foils 405 such as copper foils on both sides and then
processing the metal foils 405, there is another method .
applicable, as illustrated in Fig. 4, which comprises steps of

overlaying metal foils 405 in which the wiring layers 407 are

previously formed on the insulation substrate 402 in which via
holes 401 are so formed as to have voids 404 by removing at least
some of the binder of the conductive paste 508 and then

pressurizing the metal foils 405.

More particularly, the above described method is so-
called a transfer method in which metal foils formed on

supporting bodies 413 are processed to be wiring layers 407 and
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By this method, the wiring fornmed on the insulation layer using a film an
the core substrate can separately be manufactured and therefore, & JAN W
conpared with a nethod of successively layering on a core substrate, the
manuf acturing process can be carried out wthout contam nating the wring
parts wth dust and the entire production yield can be inproved. Further,

if only sone of the binder contained in the conductive paste is renoved in
this enbog ' n t.he for.eqoi e di nent he_ sane

ef f ect asgfﬁggt8FEF%%FP§§QE§$%9g@kﬁ%%F&@ﬁi Ot ﬁqugvggggdmgFﬁ&e%?h%s

adhesi ve t hesi ve | ayer 100a, apd the binder contained in the

conduct i v%frgaggeo e%eg * r?r\/ﬁﬁﬁsl%fu{"ﬁ LOPSui e bRid0F ASxed being Bheh

ot her or phase-isol ated éi sland structure). Further, also in this

enbodi ment' 44 *FamB YR St A8 7f dREGoFRB taRbolR FBnEhet haSyAptienf sebstuatee

achi eved g%gn in the state where.the voids in the via are not conpletely
filled and%4 §RE t&reMraSFEREDHRG oren nthtevephmiactayers 407 are
filler-aggl omerated parts in the via. %i v) In all of the foregoing

enmbodi ment€2REEEREEGh Life SEROFENGN OFilve i§ hies subpa rliinionposiilest #aBebgoamr i si ng
conductive via filled with a conductive filler as a functional substance, a
Wi ring suBsfhabg esnpreicsiang apdrier sdedamatironatetiad such as thermal Iy
conductive via to heighten the thermal 49 14 JAN 2005 conductivity

bet ween nei ghbofi v kdyeps iausc lagsiost subytrate gy anicdanHs 6fancelti
conponents in the via parts can be manufactured in the sanme manner as the
above desteiybedienbogismbstts saecof Aingnib Od1hen PIoESERé PJriaeeiid OivedPabni s the
case of formng thermally conductive via using a thermally conductive
filler ofcancheaspradiigtaymaexi del@serstbican dhaxi de, i mpl @&&P&ﬁ@&
conductive filler in the above descri bed enbodi nrents and "t he case o B
forming reabalativhasubkigacasbon pqwﬂ%i%%ct}ia%s%?%@'s%c%ogﬂgd@@ like =
and rutheniumoxide as a filler. Advantages of the Invention The present

i nventi ontereyvéeso ad St kérs Ay &y Wdndig st rl%ta%&:p%%ﬁebla? ERe r@:‘:’r?é%r

sem conductor chips of LSI or the |ike at™a high density thereon an

suitabl e bo beecaphauedivB gubth ba¥Cing! FUFLHLE L 0c0Ri €0, DOUR o g ow

inter-layer connection resistance and exce insufatTon resl
sati sfact ggidypachiceMed. . RQhe outsides of substrates 402' on both sides

of a double~sided wiring substrate as described above [Fig. 1(d)

and Fig. 4(b)] or on both sides of a conventionally used
both-sided wiring substrate and pressurized and iaminated
together with the double-sided wiring substrate and then

processing the metal foils 412 such as copper foils into wiring

layers 407 to obtain the four-layer wiring substrate as
illustrated in Fig. 5(b). By repeating such processes, a
further multi layer wiring substrate can be obtained.

Incidentally, although the description is given as an

example of a method of manufacturing the foregoing multi layer =
wiring substrate by using insul'ation substrates 402' in both

sides of the double-sided wiring substrate, it is possible to
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14 JAN 2005 CLAIM5S 1. A wiring substrate conprising; two or nore wiring
| ayers; 5 an insulation layer interposed between said nei ghbouri ngawAN 20g5
| ayers and containing an organic resin; and a via forned in the insulation
| ayer so as to connect said wiring | ayers one to another, wherein said via
contains 10 a functional substance and voids; wherein the voids include
first voids disposed in a nonaggl onerated part of the functional substance

and secon Ol LSp i n.an_agg. rate ortion of the functiona
substancegséhg?@Pgt?i?égggogﬁggggngégggfﬁéeg?%%h?% & o5 t-R¥SEAstfat i on
15 | ayers t con ids contain a gas. 2. The wiring substrate as in
Claiml, gﬁgggcpgrﬁéﬁjéaﬁﬁ Ts%é% ?E%%??%B%r subst ance constitutes a
plurality of conuctive illers, wherein first voids exist in the non
aggl oner at ed 20 BorEFOP DHSERG 2 SHific L eyeri Sk srated dddereniot B exi st
in the agglonerated,portion of the conductive fillers. 3. The wiring
subst r at eP&sI R Gt ARHOD SR FA Be S cHarutiatrigredayarshana s iedl setnatedoi ds
have a smal |l er -average volume than the 25 average volume of a plurality of
t he respefPFveXalRée) onaingubsaancepokyr pilpgt aatéeasing e agglonel At on
portions anong the functional substances. 4. The wiring substrate as . -
clai med i Afclavars, oéhaiacuékiszedni he3fothad Saiahd wrcbowhakigebsbanges are
one or nore conductive fillers, and that said insulation |ayers are made of
conposi t edaubderslisledf corgahtt bayenorgaimg smpesy 2 Ot ddferyAabadami t h
said organic resins or conposite materials of organic or inorganic
non- wovenatkoiHerepoagnatyd twdthe £ he organic resins. 35 51 14 JAN 2005 5.
The wiring substrate as clained in claiml, characterized in that said
functional substances are one or nore conductive fillers, and that said
insulation | ayers are nmade of conposite materials containing organic or
i norgani ¢ (AhbtBeg anBos@m@dn®)organic resins. 6. A nethod for manufacturing
a wring substrate conprising: a first process of formng a via containing
a functional substapge i g PRr=T g ' taining an
10 organic resi lrp]; ; agg gﬁgggégld%%?ﬂodgel?%do¢s¢% ?ﬁ%%%’%ﬁé g}hrg‘égrg %4 6 voi ds
di sposed gql.o ied ht of,t functional substance with at
Lridsbrdred: g'nf P%{n% h RS tlé1fab)u’bsflr ar&*add ss@cs&ﬁfec@nejss of

| east an organic resin e insulation's

sai d voi j | ef Kl e it in_an 15 aggl onerate art of the
functiong?r§§%§?%n§%¥ %beThgaﬁ%tho%ﬁiﬁrnﬁﬁhf 8?6??R§H§5v}rghg subStfat e as
cl ai nred ig ﬁg i characterised in that the via holes of the insu]ation
substrate are§¥ﬁ%ggdeﬁf?ﬂEat%%ﬁ'%Q?i%ﬁfﬁﬁﬂnﬁEQ%%ﬂ%Eﬁ h§ PREISEeR G Dnal
subst ance t bi.nder j.n the first process to thereafter renove the

bi nder anﬁﬁwﬁﬁe(l 'eldﬁdjil}%iao%h?ﬁ@ Vet ergrddesor ¢ Faread wsat e art ™ ng t he
functi onal ub@ﬁangf.and voids are formed. 25 8. The nethod for_

manuf act ur} WT9sRy QRfstona el s aisksie)i pfcvairheadenai et ayees in

t hat the ﬁ¥gggge volunme of said second voids is nade snaller than the
average v

of 19°praririinyngr amadhesisn iare fiarmadnal subst ances
formng at | east the aggloneration portions in said second process. 30 9.
The method for FarcRaetefi e awikinggsyopsrabtecaasiklasoeated ot &Fig 6,
characterized in that said first process is carried out using one or nore =
conduct i ve(q] | Isame of the dedherwt vernantsubsidinoeshardiheaiprd dageassi®@p of
filling said via holes with a

and 105 enters and exists in the voids 404 existing in the

surroundings qf the agglomerates of the conductive filler 403

in the wvia holes.

In this case, the voids, as illustrated in Fig. 6(b),
may include some first voids 404a filled with the adhesive and

the remaining second voids 404b containing air without being
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35 conductive paste containing the conductive fillers and an 52 14 JAN
2005 or ganl c binder and a step of renoving at |east a part of tihie JANg 2005 c
bi nder of said conductive paste. 10. The method for manufacturing a wiring
substrate as claimed 5 in claim9, characterized in that said organic

bi nder contains a volatile conponent and at |east a part of said organic

bi nder is renpved by evaporating said volatile conponent. 11. The nethod
for manuf gt y4ri4ng S e as Iaimed 10 in_claim9,
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The film 106 may be an organic sheet produced from a
synthetic resin such as polyimides, BCB (benzocyclobutene),
PTFE (polytetrafluocroethylene),. aramides, PBO
(polyparaphenylenebenzobisoxazole), and entire aromaéié

polyesters.

Also for the film 106, an insulation substrate produced
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layers 104 and 105 in both sides, as illustrated in Fig. 7(a);

filling the via holes 401 with a conductive paste containing
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same manner as described in the foregoing embodiment to form

voids 404 in agglomerates of the conductive filler 403 in the

via holes 401, as illustrated in Fig. 7(b); overlaying metal

foils 405 such as copper foils for forming patterned wiringé
in both sides on both sides, as illustrated in Fig. 7(c), and
pressurizing and laminating the metal foils 405 to thus
penetrate the voids 404 with the adhesive of the adhesive layers
104 and 105 in both sides, and finally forming the wiring layers
407 by processing the copper foils in both sides by a
photolithographic method and the like, as illustrated in Fig.
7(d), toobtain a double-sidedwiring substrate. Incidentally,
in the case where only some of the bindér contained in the
conduétive paste is removed in the same manner as described in
thé foregoing embodiment, the adhesive of the adhesive layer
104 (or the adhesive layer 105) and the binder contained in the
conductive Jpaste. exist toéether in the voids 404 while being
mixed with each other or being phase separated state (in island
structure). Further, in the case where only some of the binder
contained in the conductive paste is removed, a slight amount
of the binder contained in the conductive paste sometimes
penetrates the adhesive layers in the process of overlaying and
pressurizing and laminating the metal foils 405 such as copper

foils for forming wiring layer in both sides.
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nm wavelength for every‘via hole by triple harmonics UV-YAG
laser.

Further in addition, iﬁ the case where the adhesive layer
is forﬁed only in one side, it corresponds to the case where
the adhesive layer 104 (or 105) does not exist.

In this embodiment, the adhesive of the adhesive layers Lf
104 and 105 penetrates the voids 404 of the via holes 401.
Although an insulation substrate of a film or a sheet does not
have éompressibility, the loading density (the volume ratid)
of the conductive filler 403 can be heighténed in the process
of removing the binder of the conductive paste 507, so that a
high conductivity (a low connection resistance) can reliably
be maintained.

According to this embodiment, paste bleed is not at all

~caused and the obtained wiring substrate is provided with
reliability in the insulation between the wiring layers 407 on
both sides and reliability in electric and mechanical

connection between the wiring layers 407 in both sides.

The reliability in the connection will be described more

particularly.
A high heat resistant insulation substrate of the next

generation, such as a polyimide, a liquid crystél polymer, an
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handling convenience and the fluidity in order to fill the via
holes with, it is extremely difficult to make the binder same
as the adhesive. Attributed to such matter, separation easily
~takes place in the interface of the adhesive layers.104, 105
and the film 106.
To deal with such separation, in this embodiment, voids
404 are formed in the via 507 by the agglomerates of the
conductive filler 403 and the adhesive of the adhesive layers
104, 105 penetrates the voids, so that no clear interface exist
between the via 507 and the adhesive layers 104, 105.
Therefore, separation hardly takes place in the interfaces of
the via 507 and the adhesive layers 104, 105 and the reliability
in the connection can be heightened. 1In this case, even if
separation takes place in the interfaces of the adhesive layers
104, 105 and the film 106, the separation does not reachlthe
wiring layers 407 and even if it takes place, it is within the
via 507 and the reliability in the connection éan be maintainéd.

Further, the same effect as described in the foregoing

embodiment can be obtained. That is, since there is no clear
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is hardly caused by the tensile stress caused between the via
hole and the adhesive fayers 104, 105 by bending the wiring
s.ubstr.ate in the thickness direction and the shear stress owing
to the thermal expansion difference between the via 507 and the
insulation substratés (the adhesive layers 104, 105 and the film
106) and the wiring substrate is provided with a firm structure.
Further, in case of using same organic resin for the organic
resin in the via holes and the organic resin of the insulation
substrates, the structure is further made firm and the
connection reliability is improved due to the approximately
same thermal expansion coefficient.

Further, since the film 1.06 forming the insulation layers
has high size precision, higher mounting density is made
possible.

Incidentally, also in this embodiment, as same in the
foregoing embodiment, the voids 404 may be formed using the
conductive paste containingavolatile component by evaporating
the volatile component after the via holes 401 are fill_ed,with
the conductive paste or during the step of filling the via holes
401 with the conductive paste. Further, the formation of the
wiring layers 407 may be carried out by the above descrik'aed
transfer method as illustrated in Fig. 4 and moreover a multi

layer wiring substrate can be obtained in the same manner as
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pm size are formed as the via holes 401 by triple harmonics UV-YAG
laser with 355 nm waveléngth. One via hole 401 is formed by.
radiating 40 shots of laser beamn.

Incidentally, in this émbodiment, in the same manner as
in the embodiment which will be described later, a conductive
powder may be.used in place of the conductive paste.

(1i) The method for manufacturing a wiring substrate of
another different embodiment of the present invention will be
described below. As illustrated in Fig. 8(a), an insulation
substrate 402 having blind via holes 601 opened only in one side
at desired positions and containing an organic resin is made
ready.

In this case, the insulation substrate 402 may or may not
contain voids.

The method for producing such an insulation substrate 402
may be carried out by employing a common blind via holelformation
method for a wiring substrate, that is, laser hole-formation
processing by carbon dioxide gas, excimer, YAG laser, plasma
etching or photo hole-formation processing to form the blind
via holes at desired positions of the insulation substrate 402
‘bearing a metal foil 603 such as a copper foil in the whéle
surface of one side and then processing the metal foil 603 to

be a wiring layer 609.
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one or more conductive filler particles (conductive particles)

604. Although the form 6f the conductive filler particles 604

is not particularly restricted as long as the particles léave
voic_ls 608 in the blind via Holes 601, a granulated powder or
one conductive particle with approximately the same diameter
as that of the openings of the blind via holes 601 are preferablé
since it is easy to be handled and free from the problems of
such as powder dust.

As the filling method applicable is the same metlhod (a
printing method) as described in the foregoing embodiment by
pushing the filler from the'uppér sides of the opened parts by
a squeegee or a roller.

In the next process, the metal foil 603 for forming a
wiring layer 6Q9 is overlaid on the side where the blind via
holes 601 are formed and pressurized and laminated as
illustrated in Fig. 8(c). By. the pressure application, the
organic resin of the insulation substrate 40_2 is fluidized and

penetrates the voids 608 in the blind via holes 601 to complete

the via 607. 1In this case, if necessary, heating may be carried

out in order to heighten the fluidity of the organic resin or

harden the organic resin. |
In this embodiment, the voids 608 previously exist in the

via and the loading density of conductive filler particles 604
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low as compared with that of a substrate resin and consequently,
even if there exist voids in the insulation substrate 402,
so-called paste bleed, ‘which is a phenomenon Qf the paste
flowing to the wvoids, can be eliminated.

On the other hand, sincé the fluidity of the organic resin
of the insulation substrate 402 is not changed, the resin
penetrates the voids 608 existing in the via hole 607.

Finlally, the -metal foil 603 in both sides are processed
in the same manner as that in the foregoing embodiment to form
the wiring layers 609 and complete the double-sided wiring
substrate as illustrated in Fig. 8(d) ..

A method applicable for forming the wiring layers is the
transfer method same as that in the foregoing embodirﬁent.

As another_ embodiment of the blind via hole formation
method, the blind via holes may be formed by disposing a -
previously patterned wiring layer in place of the lamination
of the metal foil and then carrying out the transfer method as
described in the foregoing embodiment.

Further, the blind via holes may be formed by arranging
the wiring substrate of the present invention described in the
foregoing embodiment or a commonly used wiring substrate in one
side of an insulation substrate and then forming the via holes.
Also, in the formation order of the blind via holes, the via

holes (through via holes) as described in the foregoing
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being conformed with the via holes.

As the conductive filler loading method, other than the
exemplified method of this embodiment, any method can be
employed with any restrictioﬁs if the method is capable of
filling via holes at a high density. For exémple, a method
applicable comprises steps of dispersing the conductive filler

on an insulation substrate and vibrating the substrate to fill

the via holes.

Further, in the case where the-wiring substrate is
required to bemulti-layered, as illustrated in Fig. 9(a), 9(b),
such a multi layer wiring substrate can.be manufactured by
layering the wiring substrate as illustrated in Fig. 8(d) on
the wiring substrate of the present invention illustrated in_
Fig. 1(d) or on a common wiring substrate 601.by a method
described in this embodiment with the reference to Fig. 8(a)
to 8(d). Especially, according to this embodiment, one wiring
substrate is produced and then an insulation subsfrate is
laminated thereon and the via holes are formed to manufacture
the wiring substrate, so that the positioning is made easy.

By this embodiment, a wiring substrate completely ffee

from paste bleed and excellent in insulation reliability can

be obtained.
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In this case, since no interface of the side walls of the

via holes is formed, separation (break) of the side walls of
the via holes is hardly caused by the tensile stress caused
between the via and the insulation substrate by bending the
wiring substrate in the thickness direction and the shear stress
owing to the thermal expansibn difference betweeﬁ the via and
the insulation substrates and the wiring substrate is provided
with a firm structure. Further, in case of using same material
for the organic resin in the via holes and the organic resin
of the insulation substrate, the structure is furthér made firm
and the connection reliability is improved due to the
approximately same thermal expansion coefficient.

Incidentally, also in this embodiment, in place of the
loading with the conductive filler, a conductive paste may be
used to fill with as same in the foregoing embodiment.

In case of loading the conductive paste, a gap through
which at least a paste binder can pass is kept at the time when *
the wiring pattern forming closed parts of the blind via holes
or the metal foil for forming the wiring pattern is disposed

and the binder may be discharged to the outside of the via through

the gap. For example, a surface-roughened metal foil is so
positioned as to keep the surface-roughened side in the via hole
side and temporarily pressure~bonded as to leave a gap to the

extent in which the roughened parts are not completely buried

in the organic resin. If the via holes are loaded with the
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the via is discharged out the via by the pressure of the thermal

press and the capillarit‘y and the orgénic resin (the adhesive)
of the insulation layer is made easy to flow in the gap among
the conductive powder particl'e and that is therefore preferable.
Some of the b.inder may remain between the surface-roughened
metal foil and the insulation layer.

Further, in the case where only some of the binder
contained in the conductive paste is removed in the same manner
as that in the foregoing embo.diment, the same effect as
described in the foregoing embodiment can be obtained owing to.
the existence of the organic resiln component contained in the

- insulation substrate and the binder contained in the conductive
Ipaste in the voids of the via in the mixed state or in the
 phase-isolated state (in i_sland structure) . ‘

Further, also in this embodiment as same in the foregoing |
embodiment, the same effect can be achieved even in the state
where the voids in the via are not completely filled and a gas

. is left in some portions in the conductive filler-agglomerated

parts in the via holes.
(iii) A method for manufacturing a wiring substrate of
furthermore different embodiment of the present invention will

be described below.

In this embodiment, a double-sided wiring substrate is
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manufactured in the same manner as the foregoing embodiment (ii)

except that a film (or a sheet) bearing an adhesive layer in

one or both sides in place of the insulation substrate 402 of

the foregoing embodiment (ii).

In this case, a part of the adhesive layer penetrates the

voids of the blind via hole. Although a f£ilm or a sheet does

not have compressibility, the loading density (the volume

ratio) of the conductive filler 403 can be heightened since no

binder of a conductive paste exist, so that high conductivity

(a low connection resistance) can reliably be maintained.

According to this embodiment, paste bleed is not at all

caused and the obtainéd wiring substrate is provided with

reliability in the insulation and high conductivity (a low

connection resistance).

Additionally, also inthis embodiment, a conductive paste

may be employed for filling in the same manner as the foregoing

embodiment in place of the conductive filler employed for

£filling.

In this embodiment, an example of manufacture of a wiring

substrate using a conductive paste will be described with

reference to Fig. 10(a) to (3j).

At first, as illustrated in Fig. 10(a), in a film 100b

bearing an adhesive 100a in both sides (an insulation layer 100

is composed of the adhesive and the film) as illustrated in Fig.

10(a), a cover film 101 and a wiring-patterned film 102 bearing
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containing a polyimide type adhesive (30 % by weight on the basis

s

of solid matter) is applied to both sides of a polyimide film

of 13 um thickness and after fhat, the applied adhesive is dried

at 120 °C to obtain a £ilm 100b bearing the adhesive layers with

each 5 um thickness in semi-cured state and then a cover film
iOl (a PEN film: 9 pm thickness) and a wiring-patterned film
102 bearing a carrier are temporarily pressure-bonded to one
side and to the other__s.ide, respectively, to obtain a film to *
be used.

The temporarily pressuré-bonding conditions may be
controlled to be at 80 °C and 2 kgf/cm’.

A copper foil bearing a carrier for a transfer method on ﬁ

which a wiring pattern is formed can be employed for the wiring
pattern 102a of the film 102.

A surface-roughened copper foil having the roughened
surface is used for the copper foil bearing the carrier and is

preferably pressure-bonded while leaving a gap to the adhesive

layer. That is preferable because the resin of the conductive
paste can be discharged through the gap and the excess binder

remaining in the via can be discharged out the via at the time

o.f pressing and the adhesive (an organic resin) composing the

foregoing insulation layer 100 is made easy to flow in the voids
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Next, as illustrated in Fig. 10(c), blind via holes 103

are formed in the insulation layer 100 and the blind via holes

103 are filled with the conductor 104 and then the cover film
101 is removed.
Cohsequently, a double-sided wiring transferring

intermediate body 105 is completed.

Formation of the blind via holes 103 can be carried out
employing a hole processing by laser.

Asaulexample,UV—YAGlaser(tripleharmonics:wavelength
355 nm: by 40 shots) can be emplqyed.

It is preferable to employ the laser since fine blind via

holes (in case of this embodiment, the size of 20 to 70 um) can
be formed without damaging the foregoing copper foil bearing

the carrier.

As the conductor 104, a conductive paste may be used.
The blind.via holes 103 are filled with the conductive
paste by a squeegee or the like and after or the during the
fillinglprocess, the volatile component contained in the

conductive paste is removed. For example, after the blind via

hdles 103 are filled with the conductive paste by a squeegee,
the film is put in a pressure decreased chamber and the pressure
of the pressure decreased chamber is lowered to 30 Pa to 100

Pa to evaporate the foregoing volatile component. In such a

manner, voids from which the volatile component is eliminated
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The advantage of the void formation by decreasing the

pressure 1is that, as compared with the case of using a
thermosetting resin, the curi'ng of the resin is promoted to some
extent by heating even if the heating temperature is not higher

than the curing temperature of the resin and thus careful

control of the conditions of such as the temperature is required,
such careful control is not required in case of decreasing the

pressure and consequently via hole in which voids exist can

ea.sily be fofmed.

Nexf, as illustrated in Fig. 10(d), a metal foil 106 is
overlaid on the side, from which the cover film 101 is removed,
of the double-sided wiring transferring intermediate body .105

and then heated and pressurized by a thermal press.

At that time, the wiring pattern 102a is buried in the
adhesive 100a and the adhesive 100a flows in the foregoing voids
formed among the conductive filler particles by eliminating the

volatile component.

g

In this case, if the wiring pattern 102a is made of the
roughened copper foil whose surface is roughened, the resin of
the conductive paste can be discharged out through the gap left

between the pattern and the adhesive 102 and the excess binder

remaining in the via hole is discharged outside of the via and
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The conditions of the thermal press may be controlled to

be, for example, at 150 kgf/cm® pressure and 200 °C for 1 hour

in the decreased pressure of 10 mtorr.
Next, as illustrated in Fig. 10(e), the metal foil 106

is processed to be a wiring pattern 106a by a conventional

photolithographic method.
In such a manner, a double-sided wiring transferring

material 108 can be completed.

After that, a double-sided wiring substrate can be

;ompleted.by removing the carrier from the double—sidedxdiring
transferring material 108.

Armulti layer wiring transferring intermediate body 109
ran be manufactured by repeating the foregoing process using

the -double-sided wiring transferring material 108 in place of

the metal foil bearing a carrier as illustrated in Fig. 10(f).
After that, a multi layer wiring substrate 110 can be
completed by removing the carrier from the multi layer wiring

transferring intermediate body 109 as illustrated in Fig. 10(g) .

Although the example is described using the polyimide
film as the insulation layer, also usable are those produced

by applying the adhesive to other films such as BCB

(benzocyclobutene), PTFE (polytetrafluorcethylene), aramides,
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In case of a thermoplastic film, since the film itself

has an adhesive property\by heating, the film can be used without =
an adhesive.
In another embodiment'of a multi layer wiring substrate, -

as illustrated in Fig. 10(h), a previously produced wiring

substrate (either a wiring substrate of the present invention
or a commonly wiring substrate may be usable) is used as a core
substrate 111 and the multi layer wiring | transferring

intermediate body 109 is overlaid in at least one side of the

core substrate 111 as illustrated in Fig. and laminated by

thermal press.
The conditions of the thermal press may be controlled as,

for example, at 50 kgf/cm®, 200 °C for 1 hour in the pressure

decreased to 10 mtorr.
Finally, the carrier of the multi layer wiring
transferring intermediate body 109 is removed to complete the

multi layer wiring substrate of this embodiment.

Further, an intermediate connector 112 (produced by
filling an insulation layer with a conductor and then removing »
a cover film) described in the foregoing embodiment as

illustrated in Fig. 10(i) is used in place of the multi layer

wiring transferring intermediate body 109 to laminate the

multi layer wiring transferring material of this embodiment to

48




10%g& ()-10%g& ()- &10%& ()-#ddE:2 10g |

F( 1%%;8 ()- &10%&' ()-&$109g& ()- "!109%g& ()-, !109%g& ()- 3 109%gd & }JANKHBT
10g9% 109%g& ()- 10g 10g 10g;

109%g& ()-8! 10%g& ()-6! 10%g& ()-L*! 109%g& ()- - LadEnbC 10g

110%g& ()-!10%& ()-@ | &10%& ()-Z10%é& ()- 3 910%é& ()-y1l0%é& ()-) gdEmbC
10g° *1 10%g& () - Y(MLO%g&' () - S&10%g& ()-L$! 10%g& ()-3"t! 10%g& ()- ,

110%& () - Wce 1085409 +1095 %ué@?%ékr?ﬂ%‘y@f‘oiﬁi to manufacture

the multi layer wiring substrate 113 of this embodiment.

By this method, the wiring formed on the insulation layer

using a film and the core Substrate can separately be
manufactured and therefore, as compared with a method of
successively layering on a core substrate, the manufacturing

process can be carried out without contaminating the wiring

parts with dust and the entire production yield can be improved.
Further, if only some of the binder contained in the
conductive paste is removed in this embodiment in the same

manner as the foregoing embodiment, the same effect as that of

the foregoing embodiment can be obtained since the adhesive of
the adhesive layer 100a and the binder contained in the
conductive paste exist in voids of the via while being mixed
with each other or phase-isolated (island structure).

Further, also in thi.s'embodim'ent as same in the foregoing

embodiment, the same effect can be achieved even in the state
where the voids in the via are not completely filled and a gas
is left in some portions in the conductive filler-agglomerated

parts in the via.

(iv) In all of the foregoing embodiments, although
description given 1is of a wiring substrate comprising

conductive via filled with a conductive filler as a functional

substance, awiring substrate comprising general functional via

such as thermally conductive via to heighten the thermal
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provide resistance components in the via parts can be

igumzuns

manufactured in the same manner as the above described

embodiments according to the present invention. That is the i
case of forming thermally conductive via using a thermally
conductive filler of such.as‘aluminunloxide and silicon dioxide

in place of the conductive filler in the above described

embodiments and the case of forming resistor via using carbon

powder such as carbon black and the like and ruthenium oxide

as a filler.

Advantages of the Invention

- The present invention provides a multi layer wiring
substrate possible to mount semiconductor chips of LSI or the

like at a high density thereon and suitable to be employed in

multi layer structure in which both of a low inter-layer
connection resistance and excellent insulation resistance are

satisfactorily achieved.
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1. A wiring substrate comprising;

two or more wiring layers;

5 an insulation layer interposed between said
neighbouring wiring layers and containing an organic resin;
and

a via formed in the insulation layer so as to connect
said wiring layers one to another, wherein said via contains

10 a functional substance and voids;

wherein the voids include first voids disposed in a non-
agglomerated part of the functional substance and second voids
disposed in an agglomerated portion of the functional substance,
wherein first voids contain the organic resin of the insulation

15 layers and the second voids contain a gas.

2. The wiring substrate as in Claim 1, characterised in that
said functional substance constitutes a plurality of conductive
fillers, wherein first voids exist in the non agglomerated
20 portion of the conductive fillers, and second voids exist in the

agglomerated portion of the conductive fillers.

3. The wiring substrate as claimed in claim 1, characterized in
that said second voids have a smaller average volume than the
25 average volume of a plurality of the respective functional
substances forming at least the agglomeration portions among the

functional substances.

4. The wiring substrate as claimed in claim 1, characterized in
30 that said functional substances are one or more conductive
fillers, and that said insulation layers are made of composite
materials of organic or inorganic woven cloth impregnhated with

said organic resins or composite materials of organic or

inorganic non-woven cloth impregnated with the organic resins.
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5. The wiring substrate as claimed in claim 1, characterized in
that said functional substances are one or more conductive
fillers, and that said insulation layers are made of composite
materials containing organic or inorganic fillers and said

5 organic resins.

6. A method for manufacturing a wiring substrate comprising:

a first process of forming a via containing a functional
substance and voids in an insulating substrate containing an

10 organic resin; and

a second process of filling first ones of said voids
disposed in a non- agglomerated part of the functional substance
with at least an organic resin from the insulation substrate and
second ones of said voids being left filled with gas in an

15 agglomerated part of the functional substance.

7. The method of manufacturing a wiring substrate as claimed in
Claim 6 characterised in that the via holes of the insulation
substrate are filled with a conductive paste including the
20 functional substance and the binder in the first process to
thereafter remove the binder and form the volds inside the via
holes so that a via containing the functional substance and

volds are formed.

25 8. The method for manufacturing a wiring substrate as claimed in
claim 6, characterized in that the average volume of said second
voids is made smaller than the average volume of a plurality of
the respective functional substances forming at least the
agglomeration portions in said second process.

30
9. The method for manufacturing a wiring substrate as claimed in
claim 6, characterized in that said first process is carried out

using one or more conductive fillers as said functional

substances and comprises a step of filling said via holes with a

35 conductive paste containing the conductive fillers and an
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10 in c¢laim 9, characterized in that at least a part of said

organic binder is removed by sucking saild organic binder.

12. The method for manufacturing a wiring substrate as claimed
in claim 6, characterized in that said first process is carried
15 out using one or more conductive fillers as the functional

substances and comprises a step of filling said via holes with

the conductive fillers. e

13. The method for manufacturing a wiring substrate as claimed
20 in claim 12, characterized in that said conductive fillers are

granulated bodies produced by granulating conductive particles.

14. The method for manufacturing a wiring substrate as claimed
in claim 6, characterized in that the first voids are penetrated
25 with the organic resin by applying pressure to an insulation
substrate in the thickness direction by metal conductors

disposed in both sides of the insulation substrate.
15. The method for manufacturing a wiring substrate as claimed

30 in claim 6, characterized in that said metal conductors are

either metal foils or wiring patterns.
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