; €3e7n97| 00156869Tn9&z| ~Vd~W-~~0 14 August 2002 SPECI FI CATI ON MULTI LAYER

PRI NTED W R Nﬂlmm“mum“\ﬂ LLED VI AHOLE STRUCTURE TECHNI %I.Ad(?tﬁlt%a'i]e

present invent to a multilayer printed wiring boar aving a
filled viahol e strygbtw e, and nore particularly to a multilayer printed
Wi ring board adapted to assure an outstandingly secure adhesi on between a

conductor circuitry layer and angppbefrans I nsul ative resin | ayer and
forma fine conductor circuit pattern. E§EE2§CUND ART The nul til ayer

print ed WMYLRTILAVER PRINTER & RING BOARDPWETHIF ILLED TAHQLRI STRUCTYREocard i n
whi ch co jrcuitry layers and insulative resin layers are
a!ternatgﬁggé@#ﬂé% %ﬂ%ién anot her and inner and outer ones of the conductor
circuitry | aypié peSefteirivémid oy re2aRES! ¥6la A 1230y St i B e d WAFANRS
formed in the insulative resin layers. Generally, the viaholes in such a

mul ti | aydroprd hasdng aj iyl bedviahal & styugtyyedepndimong) parsisulay lyet al
fil the i || t h,of fi h th
|t or am P8 o7 Bt ed ayet oo G105 k8ar WudiF, 14 HRHukE AU3" 1N°

W ring boou€lstawdiggiycherupbohdheloneBetieengh coaduatornetiratiaryageous
in that the netal_ deposit Jis ,Iikel,xﬁto break due to its lg{&eci Itation or a

heat cycl+3Yeh ansan imberlamimaminsulakivedcesin J ayesand & S il

the vi ahol&sawbtdr acPl-ahifOpaEtakn(this structure will be referred to as
"filled viahole structure” ﬁence orth) . Such filled viahole structures are

known fr oRACR@ROVNB|BBUre, for exanple, in the Japanese unexam ned patent
publication 3-3

Thenul ti | aye’r\gﬁ‘l€= n'?‘g%wz?'%ﬁg%gé?’aﬁgéf‘nwﬁg%ﬁﬁﬁ%ﬁ &%‘Sﬁgl%get%r l?ctbd‘rié"ll'su Bhowever
di sadvantmgteitayert peinted wii Aifg Nsdd @ Niwiwlith Wotldutd o icdlrcdpaged
outside the hole for viahole (the n~~~~~~~
layers and insulative resin layers are alternately formed one
on another and inner and outer ones of the conductor circuitry
layers are electrically connected to each other by viaholes
formed in the insulative resin layers. Generally, the viaholes
insuchamultilayerprintedwiringboardare formedby depositing
a plating metal film on the inner wall and bottom of each of
fine holes formed through the interlaminar insulative resin
layers.

However, the multilayer printed wiring board having such
viaholes formed through them are not advantageous in that the
metal deposit is likely to break due to its precipitation or
a heat cycle. To avoid this problem, it has recently been
proposedtofill theviaholeswithaplatingmetal (thisstructure
will be referred to as "filled viahole structure" henceforth).
Such filled viahole structures are known from the disclosure,
for example, in the Japanese unexamined patent publication Nos.
Hei 2-188992, Hei 3-3298 and Hei 7-34048.

Themultilayerprintedwiringboardhavingthe filledviahole
structure is however disadvantageous in that a surface portion

of the plating metal exposed outside the hole for viahole (the

AV
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14 August 2002 surface will be referred to as ~~vi ahol e surface"
henceforth) iseasily depressible. If an interlami nar rei nﬂw&hugg bosp | ayer
is formed on a conductor circuitry layer irrespectively of such a
depression existent on the viahole surface, a correspondi ng depression wl|
develop on the surface of the interlam nar insulative resin |ayer, and

el et ron e YT e adBrfhs R 0eTT 13l of sbeRal bR S

depressi qis 0asLDPpERPriessIHIE S QF difihtéLlimifaetiein Desubetingllageed by
applying an interlamnar resin nore than once. However, the_application of
the int erisfoxEed ena copAuctezcircuibrrdayen hreRAreStivelyof SUSh ani nar

| nsul ati Ve doaldhd ANPledi a¥neaBAYEND V1 ARDLE S AR, WBokraloR alugl ace

t han t hat (% the interlamnar insulative resin layer on t uct or
circuitrylépressidiiueilh teeefppcems tife fsumnface aofiothef dnterliaatiolag in t he

Interlamnar jnsul ative resin |ayer by exposure,, deve]o t and_| aser

adi at | ot AHATINEFRR ALY S s AR GAY S ERE RN TLHEF AL B IdmES PRE Kol e ¢ o
| over theagd eldd @k roAB1CELhORouRLIARI 164t PENLBDAFEO UL tHSRATinlgl ¥ for
mass production of multilayer printed wiring boards, the residual resin is

likely tP@R%edir since it is difficult to set different exposure and

devel opnent igd 0 [ ce f S r . duct or
circuitry | a%ﬂr‘@sﬁrﬁﬁle;. éﬂ'gr‘{?ce%/,ﬁ{]eg}egoﬂ/geﬂ fﬂ]?eﬁ*;%s?%q‘o?‘jsg’%%%%ﬁggdua|
resin, a dxis€ls upr s tiileaky 4o iedit Wan e Flattenzal hgeapplyiagednby t he
, Tapanese, unexam ped patept publication No. Hei 9-312472, et¢. In . this
convent i olB¥eriAmIRay resin frege FhamPureyr g Hoyeyes, e spddcation net al

is filledof e NQltR M 1m it Ped it WAl 1828008 U5 I e £1d:C WH ik B bfNAS a
t hi ckness nore than a half of the viahole di aneter and thus the conductor

circui t rytheintesrlamgnatr ixGod atises resih dayerrg ust aboverbhedepress idne

vi ahol e surface, .| his convention |t ilayer, brynte .0 N d,
novever , Tha e kapholR SurERE thablEhal b4tV e S B et s HatdVe o
resin | aypés sidaydrivm ghetofdductbra ivvuilc dyoleyepf mMHwE ivthepideeiss and
thus a conductor circuitry layer formed along with the plating netal on the

vi ahol e \P¥ Ifoming,@ halekfors viahelecin thadnferianinandnsylatdivie shoul d
al so be cpgig e PONE PHy e&?ﬂo%‘ﬁ‘ife-, éé?'i@rﬂ’ Eghtb ﬁg!tig? se% ltadifaidd f dGlerd O

i nside a pattern on a“photonmaskin ot l'ati'ng resist will be
t aper. Thimtes]lamibrar reislin vl I pavkied ly maiucivs igdatherholétollowert hi nner

as it goes,downypard. .Such a phenonenon wil.l . nqt, ,matt | on s.L/S =
50/ 50 L TRhaner OEEriFHTL BrRPRRRTSR ] nPaiaptla el s b  Fhey ot deh e Cause
a patter nesppaialipnrépemhsBgproliutbgonable i1t 1ayerpranted wirSng 25/ 25

~,m Further, _as disclosed in the , Tapanese unexam ned patent, publication
No. Hei 2P28B99pthrasidyalreninigldkely sopreyraidaathisdiffiqudted to

forma copguedOrafsf&EEbAL Ye G ire aawivﬁeoibogadgr & '@aiﬁﬂe@c%] s oGy cut

due to the etching and a fi pattern en. Furthernore, since in
the fill ediabobeéessrface ufeomahese nfpnethd dandudtaad dircuitatye ayer

vi ahol e, a |l rger stress will be caused by heat cycle than in a viahole
formed ju ?rg§ Prating an inner wall and bottomof a hole, so that a crack

is likely to pgethef) 66 ddlvd&he Problendfl BABhSHI L&l dwaRrddKie) laam nar
I nsul ative resin | ayer.

build-up multilayer printed wiring board has been proposed by

the Japanese unexamined patent publication No. Hei 9-312472,

etc.

In this conventional multilayer printed wiring board, a
plating conductor or metal is filled in a hole for viahole so
that a conductor circuitry layer has a thickness more than a

half of the viahole diameter and thus the conductor circuitry



Moreover, an electroless plating nethod is used to fill the plating netal
into the hole for viahole . However, the plating | ayer apglied b

el ectroless plating is harder and | ess nall eable than a Oﬁélﬁws}f@éﬁ%y t he
el ectroplating. Therefore, the plating layer is likely to crack under a
thermal shock or due to heat cycle. To solve the above problem a nethod of
form ng alé&é*egui'gacelfsp‘gguﬁtsﬁﬂg?lgbﬁﬁogg %hreugtlwh%l suY ﬂb.Oth ,

el ectrol ess” plating and el ectroplati ng has been proposed as disclosed in

t he , TapaneseInneéhdsi reshyeiteivnal bmutetilayelo. praitéd 3w2é¢ing Iboddd,s
filled viahole structure, however, the boundargﬁbet,\/\een t.he el ectrol ess

pl ating aROWEYEeEr rHe HNRF wald, of; the hele fefmed pin an Hatardamidaryer s
are separ gpke1 90 Qoﬁ)tiy% G eLNBk e TN RS KROL EHE %]F‘?f de/cle .
To avoid this separ g??o’h, a 7yat| néll?egéquﬁagatgggg %or rre%ﬁ(ble ore a hole
for viahohetal dr iconduditior andetlals @y cohduelteet cbptaitny. laipew \formesi nce

the plati ist is f d t he el | | at,i he.pl ati
Fosi ot 1 sABabfwitn the 8l BELnd nar T, fur he v iaip £ Fiad p AP G HLS0LS! by
take place. Apgprdi enivkeihg1aEERGN! thQVPEEEQBQh‘}%s@.nprsih'&mﬁ }MiscePe t O

overcone the above-nenti oned drawbacks o theeﬁrl or art by providing a
mul ti | ayefopFeaperdinglydsthar halisng rgsult), chightiniild de fractafhpt ed
to form |6 £ gu L rcuit [ gll_]&% i.ghl e

el ectri chBc%%nect %oﬁgg{é?ggecﬁygoﬂgﬁé{)ﬁégkgﬁ cﬁquﬁ%agle‘rgg é; 1E\oértlels t

i nvent i onraaistmtllldse bhpeet tThat dsi, dthexrewill be resulted a conductor

mul tilayerprntedw ringboardhavinga fill edyi ahol e _structure adapted to
nesure o RRGHPSRSUHALEAUARAT DR MoBReE dOMHRRS: UG BAPROBRIOMNG an
interlam i |2 &Sk ¢ d ¥hi | Cl & der a
t her mal sﬂg%}( ﬁyﬁé%\% ﬁga%ggéai.LﬁSC?@é%Whﬁ% PNVEK#P%\@IH%‘{}above
obj ects clrr Batertdineddbytance| dutyis will idauss appartedn wepanatica d

wor ked out_to.uneet s araneters.the inventors ~ have fqund through

vari ous s{BﬁFégEg&dlggng Rﬁg‘gﬁrPhéFeacgﬁnﬁeq“&r r?éd"%ﬁ‘ Y r&u”ct"&’r' | ayer
bet ween i nt erFapthaf, i asudakclesedsin ithgeUapanesedutieXaninedlligat@it er n
hi ghly securely agdhering to the interlaminar insulative resin | ayer and

conduct or PRayaFatian No, Hel, 21188932 ackler APIF M LRIRT 11 HEQMEDr esent
i vent | oNahHCRREROLE s TdE e E NI el Aoy A dydd P

mul tilayer printed wiring board having conductor circuitry 1ayers and

i nt er| ani hbicknplidtingeclayer wikl dves uddeasiutedual tor hheeetychinmg andiret her,
the i ntertam’ nartgnsul a1‘.':ll e regi n.l ayers having fornmed through them hol es
each fill &4™%i PR*ESpPaVE 5 PgyBFOkSMr or m a viahol e, the surface of the

pl ati ng | ayer Fe¥prRéefiopd! sihdein tRé Fifldedviano ot euétlicesagirnaing | | be
referred to as"viahol e surface"henceforth)being fornedsubstantially flat

and |yi ngm@Fad gk ing 4n ¢ hake feyalialioke, asdprgex skrefd whhlike or

e anofMSEpd SPOSEEL Tyt gt Uariat Lok iRateru il Y i o
bei ng | esant hanen wall axd thottomief @ Hiodent ep. that a crack is likely
to occur first in the viahole and then spread to an interlaminar
insulative resin layer.

Moreover, an electroless plating method is used to fill the
plating metal into the hole for viahole. However, the plating
layer applied by the electroless plating is harder and less
malleable than a one applied by the electroplating. Therefore,
the plating layer is likely to crack under a thermal shock or
due to heat cycle.

To solve the above problem, a method of forming a filled



Note that the "viahole dianeter"” referred to herein nmeans an opening
di ameter of the hole for the viahole. The first enbodimen '
above-nmentioned filled viahole structure is advant ageous ggwtﬁgg%&e( 1)
Because no depression devel ops on the viahole surface, the surface of the
interlam nar insulative resin layer is very flat, so a |ine breaking due to
a depressy dl a I L p tc n ' y unt ed
on the WIS‘?’% oard. EQI{{) ré ng tlf%eﬁﬁﬂ %Eﬁgss%¥g€ﬂ£8?ﬁ§gr@%‘ﬁ[§r4i RSl ati ve
resin | ayelectropravingdes ek proposed asrdis¢lgsédyin the gapanese al |y
uniformthe insuylative resin of , the, interlam nag Ipilé%r]ﬁwl Il less remain

5 :

when a hdiRexapined patemtppbligatign; Noy hHel, ar insulative resin

llayer, thus the enEetEiPRbACOIRRE1E0BtPYctiBeY | ABREGeLS THEC bRURAAYY
reliable. (3) Since the thickness of the conductor circuitry layer i's |less

t han t he betveer the elegirelessimkating tanshe lestaaplatding daylenshd shol e
for the vj le is filil 1.t h the .pl atiing netal . Thus e atin esin
can be th#%pgv\ﬁeﬁ’ c‘%‘%‘f I%‘%& }LM'J'? (?r]‘rﬁet]é‘g lfl%ﬁflfgl?g"te fmrgtb‘iengrogo %& or
circuit pother mnddcarsliditnd D shoek 6 dfDe6thedt the 1R, esebtavdidE thiign
(henceforth, second enbodinent), there is provided a build-up nultilayer

printed vi?PREALHAR d RVARGNIoREBLEBhaAS toube Eomadbefaxe ahake ARknar
i nsul ati vig; 4851 & 1le2¥ 81 $e SR %%@éf% &'l UG 1 AN 1ET Holi

! c?%h ) %e[r
interlam nar 1 nsulatirve resin layers ving fornmed~throu t hem hol és each
filled wisincglthe mldtaynmy resifsdr saformadl en the elacthrdss sofpliakdng
conductor,circuitry layer being |less than a half of the viahol e dianeter
and | ess 13¥8r o5 gl}/% l}/J(reﬁ':’n‘égs _ &t r?éﬁllﬁ’avis@’afrl%’]e?oo@é‘-dgrsﬁf’i oned
filled vi phobp-pattetn’ ShotBEiFBLEKNASE10pokBEbRYaLRRE pRAGRGt Or formi ng

t he conductor ci rcwtri/ | ayer can be |ess than the half of the viahole and

+Y ¢

less than 25 Aeerdingly: Hre prasens invertianthammeprimarympiest &0 having
an ! bt ovg e£8§§%i“%882;¢]\8 ¥ aef—?xe%%%@n 2 t&}a‘i@%&é’s o ”%%Qeq%gﬂgi“%&%r by,

circuitry by e ern-an tra-tine circul rst a
second enppovi@dihg afmubeipageenprintedt wikriagobbdrdr hhetialg n ifdlled

constructed as_follows: ~1 The vi %hol e and conductor circuitry | ayer
surfaces %FaholagRtrugtugs adapted &shifomuid Einancerirstey §&I’Fé‘i"&n

bet ween tpgeveAROARACHPEVERET aChigH |’ ¥el 34Ble2RY ebltidtad TcoanelRidnat i ve
resin layers. The surface of the“interlamnar insulative |layer including
t he i nnerbekweenfcohduablivef gircndtvyaheyerss roughened. Thus, an inproved

adhesion is r en . the via far fromthe fil l.at i_ng
retal and | ntibY aBrRgpatn AATAST cBef PRS-, GHRAdL (6| bFHxBHE, o
conduct ormaltflayey praydie dafick iy Bohpdhatingsfl Bled eiaRsle stayrturehe
conductor ¢ircuit r% I %ye[?g%i nper_pad) to which the viahol e bottom connects

has a surf eted o ] hkgh Ly, Fasprmpdhesd onsbetyaer a Fonducker
viahol e. dipsuith§ PSS a¥d afl interlaminar insulative resin layer and

which will not crack even under a thermal shock or due to heat
cycle.
DISCLOSURE OF THE INVENTION

The above objects can be attained by providing a multilayer
printed wiring board worked out to meet some parameters the
inventors' have found through various studies and under which
there can be formed on a conductor layer between interlaminar
insulative resin layers a conductor circuit pattern highly
securely adhering to the interlaminar insulative resin layer

and conductor layer.



14 August 2002 between the viahole and inner pad (inner conductor circuitry
| ayer) is inproved, which will lead to a possibility that ' and
conductor circuitry layer is hardly separable from each oﬂﬁgﬁngf?ﬁ@?r
boundary even at a high tenperature and humdity or by heat cycle.
Particularly, in a build-up multilayer printed wiring board derived froma
conbi nati on | Ihal 'ﬂn? | ahol e
securely adhce)éceé‘%%d)?'g@élsr?{ner e(?lggfitrtllse aé’lve ir:%g%fgﬁé?&ﬁggtfp%g 't he

i nner padf irsk vembodémene ) ¢ orghledtecliys ipre@giddd vat butddhupt el twilalyeirhe
interlam nay | njul ative resin | a%er I yigg bet ween,them The conductor
circuitryp¥b5%? Hﬁérhﬂgehﬁér?hgh BEng| cONdUGHAENSTRAEER JAVPXE, 8DEnt a
crack whi gle $PLAdi A 8K S ithAGR Ve Bbs 8h 1 @HE@BE&Q&%&%&-H&W%QN or
circuitry layer edge and interlamnar insulative resin |ayer due to an

i nsuf fi ci @ntancibtizer pnthet interlaminarcinsuddyévendeséni dayeayer handngpr ead

the resin v Preferabl not her . vi,ahol e shoul d he f.ornmed on one
Viahot o, THHAEE Shaiof en gl B% 885n! kEffpE HEH £ pYas e T 88 1 ng
by the vigdhea arthHdEs cyhatdidt face fof Ry Plladindendyler @fxgwéidnaut The
interlam nar insulative resin |ayer should preferably be nade of a

conposi t eHfthe thekeinrdhe Haligle(thehsunfaae widl s xeferged te

t her mopl WG h@. . ' Iy ' i .t he
Viahol o vl V5ERR s RAALE: ACHEPEbERh ] HRIng R ERELE N a1 89 18! U
when a grasd ktimyatdayvsubstantialdyf shinedlevebohs. thdmrfdce dfetheen t he
vi ahol e di anste and i nt, rLam’ n%é i nsul ati VS resin Léilx,er shoul d preferably
be wi t hi n°&® ‘é?\é‘ér &LrF ayGhddgpgsed 1L0e; inter Laninar ipsulative,y.
Particul apéyih Oagdie if WhiichTRAd §RRholEhg158! LX&E S ard thee thitinesar
circuitry layer of the first 14 August 2002 enbodi nent shoul d preferably
be | ess tofrklms cenductgr céxcudtriyol ayer dreing dessmaéhgant achal f tofe thiei ckness
shoul d e 20 E.~mor less . Especially for the second
enbodi nenﬁ{?al?égévi&g%%%éggmface exposed out of the hole for viahole,
nanely, the atote alhgioriheonvifhhblle aipmecdrsuréferred tddhesdeiivmeanssoul d
preferably be depressed and the depressed surface preferably be roughened.

The depr e?%j BReRHEE ‘Fb?’ﬂ‘éﬂeﬁ/i PE H‘ﬁvpaéeaﬁ°6bf"l}§e"_&ﬂ3f’éedefi ned between
contact surfapge €¢985tOembodiMdNe Wiy fthé NeboveaREheibAEAEEiQ0eldNe
precedi ng one. A stress to the viahole surface edges is thus dispersed, so
that a cretkhele sbructyret éd advantagenysphac&odddwspr eadi ng fromthe
contact surfa s to the interlam pnar jnsulatjve resin |layer. The
Fougheni ng. of CEhebaeayed B ashPraEASK IRt L85 B LHF S He1a BiErachiic

vi ahol e, €hadiifdcd dfcthé Nt €lahieaf Andidlayived kFesih 1ayépriedergnd

interlam par insulative resin |layer, which assures to prevent the conductor
| ayer froft3bpiad hénerbreekingidne tonacdepragsienhardly eamitfeAndpect
of the preeeiiiddlVeRkl Wad HNESHhOELTe Uﬂyr nﬁ?‘@é’&"dﬁe{?g&wifﬁ{fbb%x@.ov' ded
a build-up mul tilayer printed wring Boa avi ng conductor circuitry

| ayers and i n€2y|Sumeatherhilckness o£the indarlamigposinsulative weisény one
on anot he e interl am nat i.nsulative resip lLayers having formed.through
Chem hol cx*k3Eh 91| s v aRhat®s, iy | Sohfiefor ot Setfihpy AR e
t he i nt er$as tavit 1 ABLY An iDL, St Re i1 dtdWieBe 8in loFobhe dh tielamival

t hereof roughened, the roughened inner wall of the hole being covered with

an el ect rbR¥eE Wikl lees Kamaimmhem a hele ferdher vinbals dsidormed by the
el ect ol eps et} h00r ) AKEhaPY Lk dd I rWEIH Pl SEHLENLRAL LAGceRiRa1 O form

t he vi aho
connection by the viahole is more highly reliable.

(3) Since the thickness of the conductor circuitry layer
is less than the half of the viahole diameter, it can be small
although the hole for the viahole is filled with the plating

metal. Thus the plating resin can be thin, which allows to form



In the third enbodi nent having the above-nentioned fill viahole structure,
the electroless plating |ayer harder than g _ 14 August 20,

el ectroplating layer is fornmed over the inner wall of the 1%0%'}#%802

el ectrol ess plating |ayer bites, |ike anchor, the roughened surface, so it
is not easily broken even if applied with a separating force. As a result,
t he adheséog. béa}ween thﬁ vi ahol e, and 'H_}terl am nar insulative resin layer is
i nproved.” A e s??n%%u? 8”eFé£‘EPb§| R ﬁrPayer having a larger malleability

than the el ecAcedesing! a0 Nnendeer hispert! "ef N&her présent lihveMdion the
electroplating layer will flexibly follow the expansion_and shrinkage of

the inter(honogforely sagend emhadiment,) , thesre he prgrided M byd Ld-dpont ed
f bei t I t I h
[1.om bl i FE SEkpe IgHEheBa' RALTR WAty fadie! SoRBRLLBKCKralitY e
i s roughebaygersnaadecintdxkamiat | bgshdnedveornreximnl apers odegpesdtesiir f ace

w |l have correspondi ngly roughened. suyface, The roughened, surface or
surf ace afegepately w%%%egogﬁeéf'f the tprtenlaminay it'%\_af}swée Fe&itong
adhesi on i 9vé P hakShly Qi d ERrbAYR the SRS PE8chiF19NRdWiLh H?‘%ﬁ?ﬁﬁ aany

separation between the electrolesS plating |ayer and el ectrop _ yer
even undelayer ftorfoam shuighake dtbetthiwkness/of & herdonduchoudimguidaiyst

[he | nter FEROR HEPRETER MRS Halk BF Ele  VRanalE it 4 AL (e

irregul arepanfasen@l the el ectroless plating layer, and thus it will not
easily be separated fromthe electroless plating | ayer surface ., Therefore,

there will nofn&hesgegordpmbodiment having thaakoyrmenticned fiilhed ayers
in the pr e i ' i1 4 ;

o ol PEERSLE kLT ureqHY Lt g’é?%etf}?‘%ﬁié‘ﬂ%niggggﬁ?"f’%\%ﬁ“}lg‘g shoul d
pr ef er abl Yhéecoruhst tox tcdd-as iny tllayeaboan bé ehsss- tthan-thachal fi of) tthe a yet

anot her aspect_ of the present invention -9 14 August_ 2002 (henceforth,
fourth erﬁbgﬂh%ﬁﬁ“,d iﬁgﬁé'-‘}%“ BPIR dedhiispubhere s an peformad ér‘i‘h‘t’&?% ring

board forpeatingpeiEk hlading aflinpyoved Hes AL idH cwhadhnéhables |t | ve
resin | ayers deposited alternately one on another, the interlam nar

i nsul at | veas Ly nfoxm drhe [eondustias sdaauitayghy: atehingcand RILESTN AN with a

plating | gyeral 158" Bydcyighol e, the interlaminar insulative resin |ayer
bei ng forned Froma conposite of a fluororesin and a heat-resistant

t her nopl ast i cThesfir's € amb sieicond embbdimeatssof the presentuastentign esi n,
or a conposite.of a_the setting resin gnd a t-resistant thernoplastic
fesin. | nSRRBLIACBFEReEABLY; nF°ﬂ§$FH&tF§eaéb£’§iﬁéﬁt=i oned filled viahol e

structure, since t@ei npRE WVAAHYAE ARl Bd Hfc€ &S bl redd iyt DAL whEdded he
viahole is provided is forned froma "conposite of flulororesin and

heat - r esi 3¥anroughensd) awhieh ekl h conknibete ko Gn fimpyreredadhafion

.thernosejj jn: " Qfﬁ?ﬂﬁi I r&dl 130k
heat - r esi is’%{éﬂtge{\ﬁ%{renrr‘ﬁjﬁ?gé%?é cfoem n" %Ief}giéc{rlrg?%msagléer ngdlﬁﬁnéc}il crack first
at the vi ahsukatvea whsint hayewsal | ayer i s expanded due to heat cycle.
Al so, the | ow di e@e)ctri c constant of the fluororesin will_not cause any

del ayed signal prépaghiifoturface;of drhedinkgrianinag insylakive Javen n ¢ he

bui | d- up ﬂublhhm’x?rtw inhed wii1l 88 t Hed A PE6 LMl Ao 1 &€ s¥SRfHEndd\vent i on
should particularly preferably be fornmed froma conposite of a cloth of

f I uor or esThusi Ry impuovediadhasion Lagpssurad betweanithe yiabole fommed ot h.
oo bont 8 FEROUTEIHEL UL Fh St S AN TARHERES kBN
layer, as well as between the conductor circuitry layer and
interlaminar insulative resin layer.
@ The conductor circuitry layer (inner pad) to which
the viahole bottom connects has a surface thereof roughened and

by which it is connected to the viahole. Thus, the adhesion



Figs . 1 (a) -1 ( f ) show various steps included in the process of

manuf acturing the first exanple of nultilayer printed wri %
according to the present invention; -10 14 August 2002 Fful‘g%&&ggt %’22 (c)
show further steps included in the process of manufacturing the first
exanple of nultilayer printed wiring board according to the present

I nvention; JFigs ...3 (.2 - 3 ). . Show variqus steps Jncluded in.the
process ei’f‘?ﬁ%ﬂ a*él%ﬁ"ﬁ?d‘@?e aé\%gﬁmeé:xg élweﬁuf:?f‘flgf%?rpfgﬁ?@&rtﬂri ng
board accrdyesp ils improvedrcvhichvRillloleali €6 a pbadsibility that) theow
further steps included in the process of nmanufacturing the ei ghth exanple
of mul til'eiahols andegopdpnrhgrptreuiktey lAVRYF 6 kardhy Sfpparaphaefrodn: and
Figs. 5( 0, ry pPs..Lpckyded, i Ot 0

manuf act 3%?%8(1? eé)}elge‘een %yex%‘?r%ﬁgé%f %’YJ#{EI %‘gygr h%?f‘n?%ﬂ‘&%ﬁ%ﬁﬁgebfg&%
accor di nchumidiey ppeskeytheaveaycba. BEST MODE FOR CARRYI NG OUT THE

| NVENTI ON The_ best des of, carrying out the present invenfipn wll be

di scussed in Pch'f*a’r‘F‘?fﬁ’t'ﬁyr R gﬂ\éég_fb‘f’t Wﬂﬁ&é&%h@%m@ﬂf’ In a
mul ti 1 ayejePivdd $dofi 4 lceab@aa&ﬁowf Qge%@g@.&rx@ dhld'®, Y& hin2d
interlam nar 1 nsulative resin layers deposited alternately one on anot her
and i n wpah ank dlaerthariviahdle sestuned y @dhedentor $£higaiatiealasd nakr ough

t hem hol es h filled with a plati | ayer to formayiahol e, .according to
the TirstIRTBEAF HER (LR ARYEL B CPATCREP HINTH PR, FIL Y IARYIE A ehhol o
formed fresmpbetehpl éntegrad With t 8&ch| atheg lWwitdi thef dnted lawinaantial |y

flat and Jies_at,a substantially_sanme |evel as the surface of the conductor
circuit |HReV1kLyRsEeSin lagernleingnbrbverRsths®ive resin layer in which

t he viahole al so ffj e :m%l | GKNeSS (o} M el i ayer
Is less than a haflt ?ﬁ“?%’{n a%:fye%gl arrettg&. &Pﬁe?hgggﬁlﬁtee Jvviq"‘rﬁietrll‘grge)él:floard
accor di ngal®so rbaughened ,artvibch weAfl, prevent alaradlkawbiohsaulatbake place
depressed_and, so the surface of the interlam nar insulative resinJayer is
very f1attitet AT BRRRITY RovHeen B CRBTURERn S SRR ATST 2499 C
chips, etgnd-ihkerlehiNittihsa1@2ivRNrESiRIdyer MieNtE8hPAn'suE fiidilema boar d
wi t hout any inconvenience. Also, the interlamnar insulative resin |ayer on
t he vi ahchkéhesionr dpeltween ctire reinrquit (edge and yasigy dayemiand spreadesin
will less si.gdes hole for viahole is fornmed in the resin |ayer

Furt her, %#%c%gghﬁhfﬁgﬁhess of the conductor circuitry layer is |less than
the half of the Bahareferablye| andttiervhtahébhe shovlld be fidimed ahane i s
filled with the plati netal o forma viahole, the conducjor. circuitry

[ ayer i |ViRA9Ee Biobiel diBkde 1 RARAELE £7 IRl i AT te, HUL AP A4 FEACEn De
thin, whieh tld Wsxing by the vids1é Al ehereby’ a¥thiRaa tAirthd N Hilyh

mul tilayer printed wiring board having the above-nentioned filled viahole
st ruct ur edeRfEty n@ErwiEingef the hole in the interlaminar insulative resin

between he v ahcDe. FiteinFPERRRCRA dheaitadive EPATH CARVERCSIRMIN oy

i nsul ati vpreferablyp\lsr made of a composite of a thermoplastic resin and

thermosetting resin or only a thermoplastic resin. Such a tough
resin or resin compound filled in the viahole will be able to
positively prevent a crack from taking place even when a great
stress develops in the filled viahole.

@ The ratio between the viahole diameter and
interlaminar insulative resin layer should preferably be within
a range of 1 to 4, which will facilitate a finer patterning.

Particularly for the first embodiment, the

thickness of the conductor circuitry layer of the first



Further, the viahole should preferably be connected to the roughened
surface of the inner conductor circuitry |layer. Since the1ﬁp ngfurface
i nprove the contact and t hus adhesi on between the circuitry Tayer and
viahole, the circuitry layer and viahole will not easily be separated from
each other at their boundary even at a high tenperature and humdity or by
heat cycle ugheni e copductor circuitry layer, if lied,, wll
advant age%@?gg'ﬂgﬁgeﬁgggiarﬁfﬁ %?%ﬁyv\gﬁl f:e%l%v%‘?%‘b ﬁ MR- a q?'hgagdlﬂdary

bet ween t herfiat Loh bfya £ 26 patt@ril, thé8hiaknkBs Whttu MPmd LS Pi'df%h‘ﬁlblqnd t hen
perpendi cularly towards the interlam nar insulative resin [ayer. The

circuitrybead@rumuetatessougheni ng should preferably be linited to a depth
of 1 to 10 Erm e urface. ro epiLn i1l c n,.nter-| r
shortcircuit whi f@jae@%?ébﬂify s{?r’? %@g Eéﬁgﬂﬁ%%"#‘ﬁngégﬁ %g’rltaﬁ'?i

I nt er - | aysurfidte ®xposeheout mfjbhaihul e forvighcle; ahingllys €haeemtrald dati on
-12 14 August 20 bl acken{ ng),_ and reductiop, .of the surface qf the
circuit ryP?g'gé?f,‘ %‘8%&%. W%‘T’Pé&%&@é’%iéﬂ‘%&%gpéﬁ %‘P‘é’n‘f&r&}fﬂr@%&éﬁ d and
a cupric peddpPessdd AN RCHEBrESS @M RFadk piBlrerAbl§HO roughetlddld. O

t he above net hods, the oxidation (blackening) and reduCtion use an

oxi dati on batPBhefdepressiongthns faomed widlgprpvide ma3pbiusesamgdel), 1

' the piebHREd Hisden EBREaRE utaia B 5 tiaiels g ARIARIEAT

conpl ex wrihhdlespbinfed dRitHe pHidceditly aneCOppestfOs 81 g tHe vikilwle
conductor circuitry layer in the existence of oxygen, nanely, during
sprayi ng SRrEassiedaps,iskhus dispexeads &P thab @ crack qan beprevented

2CQu( 1) A/ 2r @i Wdi Y p1Ecl/ i0df" 2bAhe cohithllt) ir #abé ddfbsinere A
: Cbnplexiﬁg ageﬁ?&‘é :ccgﬁgﬁf 5?@gﬁgﬁﬁngg?g %ﬁ%ccupric ﬁggo%dary conpl ex
used in the thevinterhenishoulidsplatévebkeshe dayepri c secondary conpl ex of

any one of azgles. The cupri econdar onpl ex of an azo i_s,,used to

ol di 76 o ot SheEoupben iAo £HEE ARPEREF AR e tmEter € thei st os

t et razol epe8defiDERePYERABAB, Y conBud® a2l @aydrm®hhyhidhdahe &onductor
2-ethylim dazol e, 2-ethyl-4-nethylimdazole, 2-phenylimdazole or |

2- undecy| Farauisiis fopmedypnd d nsexdaminardansilat igre xesin layeyl St er abl y

be used ipgg rgmkggnre%tt Ond 2oldie ey QgﬁerlﬁéﬂgiﬁpﬁﬂQQng; gfglghq’{gt , the

cupric secondary coftpl ex shows an outstanding solu ty an y. The
organi ¢ aothers used in the aqueous solution to dissolve the copper oxide,

and Shoul o bt e BBl St d 1 hnO0as Sareiook il bRRTS Tiins 5L

acid, croy(nR8heegsr€h,O¥Rira éfb&dimMBheY| CtRELE i S Ysfdvidedd buidldihi i C

acid, nalghiti%gyer printed wiring board having conductor circuitry
layers and interlaminar insulative resin layers deposited
alternately one on another, the interlaminar insulative resin
layers having formed through themholeseachfilledwithaplating
layer to form a viahole, the hole in the interlaminar insulative
resin layer having at least an inner wall thereof roughened,
the roughened inner wall of the hole being covered with an
electroless plating layer, and an inner space of the hole defined
by the electroless plating layer being filled with an
electroplating layer to form the viahole.

In the third embodiment having the above-mentioned fill

viahole structure, the electroless plating layer harder than



14 August 2002 acid, benzoic acid, glycolic acid, lactic acid, malic acid,
and sulfam c acid. The content of the organic acid should1auﬁj sngyzbe 0.1
to 30 % by weight in order to nmaintain the solubility of the pper oxi de
and stability of the dissolved copper oxide. A cuprous conplex produced

wi |l be dissol ved under the action of the acid and conbined with an oxygen

to produc | ondar.y |_e Lah_ wi LI ' t,0 r
oxi dat i on%%aeﬁ'hgtfgo%fao%n%}?i 15‘ ie%isogog@egog%# %‘?és)glo'f%%j#é"ﬁalaj‘n(?%ggg?e

oxi dat i orhoke halTige Rl dctroder®iplatfingliayer ®itesh) @ikecanehog!, Bhen ne
ion may be added to an etchant ,or ,etching sp|ution of the qrganic, ,acid and
cupric cofpteiened supfaghn Sodtnd§ nobRAsbLhrkeR @vethiid: ppPaded,

sodi um ¢ | de, ' d The content of the hal ogen ion should
prefer ab%ﬂgﬁed%.%%ﬁgaggn%gégﬁgfght . In this range of content, the |ayer
surface rksgheasdlby the acliemidy beltweenchhatviahdlerand datariaminar
adhesi on petween, the conductor circuitry layer and interlam.nar insulative

t‘l’fﬂél &:1

resin | aydts T c Rt 1B eBr gthi AREY eI cu ise'seéér‘?&&ry@ §npl ex

is pr _epar@pb@wr@w&emgngaﬁeﬁumhbqnge%pmgeﬁmi%apimqaéahﬁ &8Re an
organic acid (containing a halogen ion as necessary) in water. For the
f or mat i orelfctroless alatinamlpyerolilhe thecnajorapart ofpthe haley the

phosphor | | af] r I e l.CO..IsS
Composed S1eietoPhys fpd Spvds BELT FRMIELY 269188 ¥nfCopafistenCin

sul fate, dfrimkd@e @pflthe IntérTamindr ifsdlatlibie gesiaf laypppnphithe, 10 to
40 g/ 1 of _boric acid and 0.01 to 10 g/, 1 of a surfactant. Further, in the
mul ti | ayel2¥PFRHECaR Be Brsy ket serhafing crackaiandanai thewmal shgrkner

vi ahol e shpuagle PESTREAP! ¥ybeeformed on one filled viahole to elimnate any

vi ahol e- caused dead space™ - 14 14 August 2002
When the surface including the inner wall of the hole in

the insulative resin layer is roughened, an electroless plating
layer formed on the roughened surfacewill have a correspondingly
roughened surface. The roughened surface or surface
irregularity provides an effect of anchoring to assure a strong
adhesion to the electroplating layer. Therefore, there will
not occur any separation between the electroless plating layer
and electroplating layer even under a thermal shock or due to
heat cycle.

Also a plating resist apblied on the roughened surface
including the inner wall of the hole in the interlaminar
insulative resin layer will have a close contact with the
irregular surface of the electroless plating layer, and thus
it will not easily be separated from the electroless plating
layer surface. Therefore, there will not arise a shortcircuit
between the conductor circuitry layers in the process of
manufacturingaprintedwiringboardby the semi-additivemethod.

The third embodiment of the present invention should
preferably be constructed as in the above items @ to @®.

According to a yet another aspect of the present invention



for wwring, which will inplenment a higher density of wiring. According to
this enbodi ment,the nultilayer printed wiring board can usgadtiustB6o2
interlam nar insulative resin layer, a thernosetting resin, t erm)p?astic
resin, or a conposite of thernosetting and thernoplastic resins. Mre
preferably for this enbodinment, the interlam nar insulative resin |ayer

houl d be,.f f ite,of ' d th last i
Fesins. THSHGREoRAEy T Y Shbosifent )y BREFec Bl deh RIS
pol yi M deny185i Yay ¥ pe@h te@siridd BoER A el BebdtHldeeirBRELryet C.

The thernoplastic resin may be a one sel ected fromfluororesins such as
pol yt et r dfayproeand| dacedpmEinamoipeuhgtivie resdphtlnyexe dppepited

I | | £4 . I i I
P oher - ( PRt dT a1 PR AR KhERRER L EhE A Addr ar (IR s O URERTY) S0
sul fon ( PREMrs hatinglforinest ttyrcugh Bheafholesosach fli¢dedowdtd ypeatkhy) |,
tetra fl gfroet hyl ene gerfl uor oal COXMO ol ymer (PFA

] , .Rol yet hyl ene
napht hal W epER) o Y_é‘tml%t kbe _ _,“Sb‘élafr&?’&’f?ﬁ%éieyefhe
conposi t eodfnd NeFdpRed { if3dnNY ¢ BEMBBBLRS! | 6£7 651 NS UBYOr¥E #h CHNOSA! & of
epoxy resin with PES, PSF, PPS or ES, or simlar. This enbodi nent shoul d
pr ef er ablheatseres takaws ithe rofopd asiticr vestn n danpes ideefi afduaroresipbset ti ng
resin charged i,n voids .in the cloth since the ¢ osi te,shows a .lo
i ol ect 1 T GhSRERBERE A% 28Tl Tnad CORRSLES, OF f HheEmesEstiflg,
t her noset#é$ion I &1%d Na Sheat drds e5eaa| Yhéemoplhsest 2eshn.sel ected from epoxy
resin, polyimde resi n,f’gol yam de resin and ghenol resin. The_ flugraoresin

fabric cloth Ehéiiedfpusthramhedinent haviggethe ahavarmantioned fiddedi r om
t he fl uor i i he, s . s A0 | G .l
pr oduced ‘g{laf%%mgkgﬁgigﬁgéfs angc}n%: té é? fég%lriafnéﬁggf uor \é)&éﬂbné??%}érqgly%ﬁd a
bi nder anchiheegh whichetlshedahbdefispronédédhiar fotmed fadoma leompAisite t hi s
enbodi nent _ of e present inyent iag_% can yse .an far use i.,n.the

a

h dhesi
ol oot rol €35 IEHITRFSRLT e deakrnan SEARK o EReFRARIAs LS o FOs AL

el ectrol essompeéitd ¥esivershosid ARd NBhé¥mbSe PEERGr @@ ] sper ai ng
cured heat-resistant resin particles soluble in acid or oxidizing agent

into a nofcempesiteat ofesithermosettinghi ¢@sin | ard mpbeatnsesdstantn acid

or oxidi zj C v L l.eGt K S t] i pse. d st
sui t abl y%@%ﬁ@gggée%g%%e %%{ewhéaﬁmérén%t&&ar]ft% k((r?%s‘l"'gh'I.'glair‘?PC‘Ia%rs@lgafvnlerbé'ets(ﬁllqls)sol ved
and r enovelle ividliel @reasanatheri thie meitdlolagerdistetpaided dws ried hielagr eon a
roughened suyface which can securely anchor an adjoining | ayer. The

el ectrol e%%"{'ﬁ at iNG g Jow Medisrtnig c&’l’rsé’t?“ﬁe&'g]lté‘% §3§HF°F8§F'H
particl esyishonbe pagser QH{rYdQQagéd' 82ghal prBpaghesbad froma
heat-resistant resin powder of 10 ~mor |less in _nean particle size,

aggl oner at e pFeelutetieslanbngyl dnFudakiye- resint dayeredinn ther budildsug 2
E,imor | i n rti.cl e si i e tresista SN
powder ofﬁgf‘f%figgg, @hntcg:lrcq eggk%ﬁgn;ﬂgr%%r??é?gdgﬁ eté)ndégéh g'te-s??sﬁ st ant
resi n powthevent i@nwshou llde gsar i cebaw Par preferable, bdunfoyrmedt febms a
produced by depopsiting at. | east a_one selected froma heat-resistgnt resin

powder or°¥%? Lhe OhAuFdrtdy of Lipgroresin; flher And g thedmoseityng ne

surface ofediRepi116ai $hapbil8sSin RR¥deiogh,2 to 10 ~min nean particle
size, mxture of a heat-resistant resin powder of 0.1 to 0. 8 ~, min nean

particle sizeAl$d,a bhat - Eeurthanembodimepyadeshouldy e pre ferabhyandeunder 2
E.~min nean_partjcle size, .and_.a heat-resistant resi owder af s0., 1 to
o TEaRs RNt Suces & Aty s e Lyen [ €R18CRDE @b’ Ssed

to form a@pore conplicated anchoring surface. -16

BRIEF DESCRIPTION OF THE DRAWINGS
Figs. 1(a)-1(f) show various steps included in the process
of manufacturing the first example of multilayer printed wiring

board according to the present invention;

-10-



14 August 2002 The heat-resistant resin used in the electroless plating
adhesi ve may be any one of the aforenentioned thernosetti n&réesisg, 002

t hernopl astic resin and conposite of thernosetting and ther "bqlfa t2| 8
resins. Particularly, the conposite of thernosetting and thernoplastic
resins is optimally usable for this enbodi nent of the present invention.
The nmultil ayer, prigte i ring, board according to the first .enmbodi t of

t he present ﬁ:rrﬁien‘t ?cgr?(;ﬁ?s(cﬂe H°H:é‘t’?€lb sg:ﬁp%nénf:g}'éﬁgi h@_thﬁpg‘osg‘ﬁﬁt ed

W ring bas# flantfaRBUrdagUEIRS fATsW ekamplédhubedlApeelntivead tliriager ence

to FIGS. 1 and 2. (1) First, a wiring substrate is prepared by formng on
ei ther sikRrard aceording ke rthe presenhntavenhdeBior circuit pattern 2 (as

in FIG 1 . : : : 4
Lher eof . The RigR SABNGIUET; BBl Yy i Suf AL ThE1AMRCLE Y pFoLREs © ¢
copper | ayemantifactieingitife 61ighbR edanpleibs nuditd Layed primeéd wikingt he

core substrate 1 may_be a gl ass epoxy substrate, polyimde substrate,
cerani c RRAYY AGCORA1ing &f sthe pEesapE. ipKerki®Néase, the inner conduct or

pattern 2 is ﬁé&’.: g;tg)(lwé}esﬁ%efé df dlteps DM 1R In Ahe peolckalsess

pl ati ng adhesive on t'he core substratée 1, roughening the adhesive
| ayer surdfmenufidcburphgttheeighbthexpmpisvof mulidd agentprintedwiminghe

el ectrolgss_platin t hod. herwise.  the inner conductor pattern 2 is
pr ovi dede%%a'%)‘kea%%‘?’é&r’gﬁ s{‘j?a? e PEHSehk §Bﬁ?9g68f‘t’i 983m3t hod. More
particul arly,Fige. estay %ﬁ@ugbﬁreﬁih&téfﬁ&?ieﬁst Beepkedncduded phaitheg

P

adhesive layer 1s electroless-plated, a_ plating resist is applied
sel ect | veP¥OeRs$ ref rmapnEactusingathe glevenkbeepampilen ofomudtdliay®Lni t h

t he pl ating. b Sbs 4 I p L hep.t p ' r esi ;S €MoVed,
and the eﬁ%’égéga'h%%%&ig‘%’%ghég{:ggﬁébgbgopggguE?%gagﬁe‘i?g%g&ét%gr circuit
pattern ZBESTISMGDE NBORfCARRRYINGpPOUTI THEaONVEBN®IONO|I ess pl ating |ayers. -17

14 August 2002 Fyrther, | ayer 3 havin roughed surf,ace is, for as
necessary on ’t%h%%ﬁﬁtr 5’6’6‘%& qfhEaFﬁﬁéf‘gcgﬁgu‘é??)?P’ﬁﬁ?Rﬁ AR P I “the

W ring subst BakBussedNAW dékdifs with) reffed-endednesl eHef ackdmpadiying s nade
of copper, nickel and phosphorus. The roughed surface layer 3 is forned by

el ectrol ed6ayings ng. The aqueous el ectrol ess pl atingsol uti onshoul d

pr ef er abl My J C at . f ' o] ;2
mol /1, ni (AITHE 8 SRANGL L COPERORASUL VI nY, rodvd HvERhD chubiubebt ?
hypophospebresitey dageaist raxid ointérladinae Gnkulative PAebiperlayers
precipitated fromthe el ect r%fﬁlbati ng solution wll ve, a needl e

h
crystal | | FePeEI R LRl tEFRALSL By i RE 2 P x ABPEBSE afABAor ifye WHiFh hFhe

el ectrol eggt @t Bhmifas Ol ikt Dt i Pe GUBA L1 aed 2k ¥8rHBd HierowgiedHem t he
above- nenti oned conpound. The surface of 'the layer 3 is roughened by an

el ect r ol ebelesppeh-fiildied with apatinglayengo foumn viahodad accarding
tchi t . ' t '
descr i pectSrtHE HinsY by held e nd B s 000 PR fon ) RS MFadl

t hr ough- hof eshé hw Dalgbl ehf srmédef romesaciortblbd ofi Kled witlpaiteplatimn t he
opposite sides of the core substrate 1 are el ectri Cngc% connected to each

other. AlldVeReit Arsmed AubatantdaliycElapantddesn ATy ¢
patterns gafiayeR@1fas kfe dttfade bTHEHe EBndacEbe G il tatbralitissed 2)
Next, an interlamnar insulative resin |layer 4 is forned
in the interlaminar insulative resin layer in which the viahole
also lies, and the thickness of the conductor circuitry layer
is less than a half of the viahole diameter.
Inthe printedwiringboard according tothe first embodiment,
since the viahole surface is not depressed and so the surface
of the interlaminar insulative resin layer is very flat, a line

breaking due to a depression can be avoided , and IC chips, etc.

-11-



on either side of the wiring substrate prepared at the above step (1) (as

in FIG 1(c)). Particularly, for the first enbodi nent of
i nvention, the interlam nar insulative resin layer 4 in mﬁ?&%&ﬁzg@es 9

are to be forned as will further be discussed |ater should preferably be an
el ectrol esspl ati ng adhesi ve contai ning -18 14 August 2002 as resin matrix

a conposite of a theg settinég esin p\dther l gstic,resi,n. (,3) After the
interl am TP i su?ﬁ??‘gg Y ?éyé}n o% &8 e‘ﬁf?g{‘)&s ofrd | Mg thAtki 88Y) ayer 4
formed atjddunvdiPiéhed .epm?sa,d';;ﬁedm@drlmmar&ﬁwlémdiz@eﬁlmageg f or med

inthe layer 4 (as in FIG 1 . In case the resin of the interlam nar
i nsul at i van theaiahole androndychiveiciratidry hayeslis vniformlyshipk,

exposi ng,, ,devel opi nd then. .t I uki r..4. . resin
is a thert#gesef%%mgqgﬁgl, qﬁ% %&%%rfwg%‘o%né(?&%ytftg e&'%éﬁﬂ}éc&}éihggt#ﬁg | ayer
4 and theinthegesdhildyet MHurithiex ,idifice thethitkheBsf brévenduckervi ahol e
diameter (D) and interlamnar insulative resin_|layer thickness (T shoul d

I
pr ef er abl SLERRIFERiLRYLY dfgtess than the hals of the ydabale diameiers o/ Ti
Is less tdady thézh_%tfé ﬁ%tlreoPloQt I:ﬂﬁ éﬁé#&i&“i%"éi'fu[ﬂﬁ WP e p1ARGgNI | €
I e hole to be fi

the ratio over 4 w not allowt led wth a plating netal
suffici emeétal to)fdiamia viadkokepther eendugtoricimmidaxileyeronilhbayer f ace

of the cured adhesi v ayer 4 are renoved, by deco sing or_dissel.ving with
oh actd it apcaReatbhibERefre S tRRBigs e SRR aRyEY Shnrbe Hhif,0Y,
roughenedy9ick CaDlows! € 8CLobmi & £OR8RUcohduELogcoikbiritlpartprhbe acid used
for this purpose should preferably be a one selected from phosphoric

aci d, hydrochl Bt i cthei mulfiayer adrdnhed awigigehi boasdl deorng £8enic
acid or %I&-&&ﬁé o+ d%lci‘i'ega Sﬁoli’ée‘éé’xf@c%’réo,etﬁa ﬂ{yg@f‘hﬁﬁ%ﬁt Qr it
a or or the 0o

wi |l not ack anetal 1 c conduc ayer exposed out vi ahol e when
t he surf ateleintthe faddexslancinay tnsdlativeugisdncchyeihshouldprie feirablly

QAL TR D O TEN TR S T
surface Grofméde RLSAVEFilIAL flatiflg mekadUOHAN 2K interlaminar
insulative resin layer.

Further, the viahole should preferably be connected to the
roughened surface of the inner conductorcircuitry layer. Since
the roughened surface improve the contact and thus adhesion
between the circuitry layer and viahole, the circuitry layer
and viahole will not easily be separated from each other at their
boundary even at a high temperature and humidity or by heat cycle.

Roughening the conductor circuitry layer, if applied, will
advantageously prevent a crack which would develop first at the
boundary between the circuitry layer and interlaminar insulative
resin layer and then perpendicularly towards the interlaminar
insulative resin layer.

The circuitry layer surface roughening should preferably
be limited to a depth of 1 to 10 um. A deeper surface roughening
will cause an inter-layer shortcircuit while a shallower surface
roughening will degrade the inter-layer adhesion.

The roughening should preferably be done by oxidation
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The catal yst nucl eus should preferably be a precious netal ion or colloid.
Cenerally, it is a palladiumchloride or palladiumcolloid,.

preferably, it should be a palladium To fix the catal yst q#u%@i‘%’stzo?% is
heated. (6) Further, the roughened surface 6 of the electrol ess plating
adhesive layer 4 is electroless plated to forman electrol ess plating |ayer

7 of whic he surface is,coryespondingly.rough to th ughened,surface 6
(as i n Freelagikgiinghe afa adialion, B ks scape 03 FREDETAC1 EEYS "I,
thick, anthy@r e spdPindan Gquddus’ mikBd WSt idnPlodt aAJokganic hayar 8 is
formed on the el ectroless plating layer 7 (as in FIG 2(a)). The plating
resi st shand acppsiiceomplax, evhyedactsolasscopper-anitkel cphosphasus| ac
type epo 1%€¥ﬂ¥ or phenol novol ac type epoxy resin, and an im dazole
curing aé%n . ‘may a commercially available dry film (7 ) Further, a
surface portien ehet bdtecimeehsds,plttid Nngxidseion obldekdnidy) phadi ng
resist layer is, not formed is_electroplated to forma conductor |ayer on

a
whi ch an XRARGEEM NS AN @¥datian hath PHNFW @P D alNadliQst (8P at i ng
| ayer 9 i i | j he, I t\0 +f i ' .Ggb) )

At this ti/rrj:éj At edéq gf:)fr%fp%a'a(fig?gl)l'alygﬁmgaeg%ggg%f%%tqa %??tdhf;délc?ﬁ e (é ghoul d
pref er ablg/be &nd NSBHN(L 0 o/ K)o, tredpadieivglyer conductor circuit 12 will
have a thickness,TZ not excee‘_g{ n% a _hal f_ of éheldi anet ef;. D of the viahole
(Tz < D 2). FSRFRELRGp kS AJUeCHS Rt x¢H SO LORSF PRHNAS A62F be
used. (8)akdllduUjFi®@ Complex R¥PL] HidsBIvd d MePald foll senhcds abppelren the
el ectroless plating layer under the plating resist is dissolved and renoved
in a mxefouwingthe dowear faaduckon) cikFuitarbdayeredsxithe exigkeachant of

sodi um pergu or j u I pr.ovi j e t wupper
conduct or‘g%i I’Iégé'?'r“y I“%%w'zr%‘g‘?'?% %éﬁgﬂg ol'e fgl%b%djdﬁﬁ QSSSSPBZOOZ
(9) Next,dideussedabelod:t he upper conductor circuitry layer 12 is
roughened to forma roughened surface 14. The roughened surface 14 may be
formed by etchi ng4 pbl $&eFhYAn g% dCHI(FJPRAe reducing, or plating. First for
oxi dation and re i e ' i | o0 'ﬁ"p from
20 g/ 1 of NaCH, %@%gﬁ)y%?}’l\lg%tzdz;ﬁ K?S@(;éé%(dl%, Nalg(ﬁigni a 1I'.gpuc}tﬁiéon bat h
i s preparékiere ol 2. Qomplexingaagentd 2. 0 §oerdinatken. numbere roughed
surface | ayerml4 .l d I f [.nd - t al | oy
IS precipi tat'](:ade Eb’igg% e?ee%%lr@glégg °§If’ét%|"n‘g;ﬁgg§§“aénﬁ%?§&" Igrc}ﬁ éegtg&?)ggﬁur]\'ge

sol ution peefébablplBe capitdusécondany conisle Xl ofr ahgrawe ofbhazodead .whi ch
is composed of 1 to 40 g/1 of copper sulfate, 0. 1 to 6.0 g/1 ,0f, nickel

sul fate, Theepppiq secandary complex ofpapjaggdeqts giedhdAddiri®a @ 10 to

40 9/ 1 of ndE&] CcdFpér NG Thdidl dl B ¥ fe @b 13 HeP Gliato1 &, Uk @Zzo01leh @ OUgh

surface layer 14 1's covered with a“layer of "a metal or a precious netal of
whi ch t hetébnazaleprandmorrcyreferablys imidazdia, dfmespydimidazodel | er

t han t hat 8%F%igﬁi¥%oggr covering the ro%gggﬂsga%g %,%%grlliﬁl\i%%lzjoiev‘“h

tin, aso? of onfl uori de and thi oca r~a solutidn of
tin chl or2dphengliniassobanocege2-ahaecg¢lhmidagdleln this case, an Sn |ayer

of 0.1 to 2 ~mor so in thickness is fornmed as _a result of Cu-Sn

substitution. The cupric secondary complex of azole should preferably be
used in an amount of 1 to 15 $ byweight. Inthis range of content,
the cupric secondary complex shows an outstanding solubility
and stability.

The organic acid is used in the aqueous solution to dissolve
the copper oxide, and should preferably be at least one selected
from formic acid, acetic acid, propionic acid, butyric acid,
valerianic acid, caproic acid, acrylic acid, crotonic acid,

oxalic acid, malonic acid, succinic acid, glutaric acid, maleic
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For covering the roughened surface layer 14 with a precious netal,
spattering or evaporation nmay be adopted. (10) Next, an el1(ic‘£d;qcu ??Q Iatl ng
adhesive layer 16 is formed, as an interlam nar i nsul ati ve 9/

the wiring substrate having been processed. ( 11 ) Further, the steps ( 3 )
to ( 8 ) are repeated to provide a further viahole 20 just on the viahole

conduct oA dhd-caPpEB3E achd, Kiysarishbdiay "t a i agia Ref) s Eha

furtherviggiydamizd ddid or ned as a conduct or pad which functions as a sol der
pad. (12) Next, a solder resist conmposition is a;i plied to the outer surface
of the wiringFhauisontent Wefvrthg praanicoasddeghaylinpraéerabdyobag?- Af t er
the sold 5155 r h n [ o] pattern
depi ct edett%eafoZontle a‘l ced lgn ?%grsg dg‘mgg?.&?t QPE Eg‘lﬂﬁéi% gl‘LﬁgSI st

| ayer is cisgptaecbﬁraie cenve | spessli 1 De 06 £n €lpe eals@omheahcbppesobdmepad
portion (including conductor pad_and_viahale), of the_conductor |ayer
exposed. The AoPRPFAYS sompdesPradyerd mbéé@o&hﬁ%lmﬁ updertheacthan t he

di ameter of ¢fie ié?icfiec{nc?aéio ﬁé@twi@? 51?1’ QﬁdtW %fo@ﬁc@xﬁoéﬁﬁrlc
Al ternatively, e openi ng arreter 0 emay e smaller than the

di anmet er ssEcariagw|abmp lead whltclhawrrltlecenge'lbntteh&%obpparpauldhtllobe
covered with the solder resist layer. In the latter case, the sol der pad
can be r & Htd under the sol der resi st | ayer, and thus it can be prevented

from bei ng semar pteflotel PxiNadionebdl d s dissolueioh aind gakdle
respectively, are formed on the sol der g exposed out of the hole. The

ni ckel | Sekdatinn d qohéfleg&m,yfeﬁ exampFe . rf1yprine 4n + K21oniRe 408r be
0.01 t
1to P%,ﬁ@*fs?ﬁg\ an.& Fﬁi ﬁésftg'aﬁf%é o‘id Laltch%';;egém Bn

resi stance ness of the ni | ayer w”l | render itself
easi |y sepfiritid e:rg?mmradm dande auprid a;amplea: d arrger hallbgleneasnvu'nhy | ead
to anlncreased ing cost while a smaller thickn ss wil |l wer the
ohogi on 4 GaBrke WAt oBdrash1Srie ARkay soailm lor Lag s 345 1F ageds) ver

pad exposed OrHe Qfod%@%ﬁ e Wald4geh adr sl pheifeira®hly beng.board.
The solder is fed by the solder transfer or printing nethod. In the sol der

transfer ¥20 by wedighdy. f 3 this atangshef conteptepthy layiar SHELIGRder
foil i .
cglrre!s;s)ondﬁ&ltjl%lg?#%hmey O%—,Q?]PP#% ﬁ?atéé %%ﬁaﬁ‘gggi%lmggéﬁﬁﬁgr %gcgrgol der

carrier fadiesiéd beteweknithée sonduciced d:n:ctlheti'ptlaylem- dmtinteddamiearst on
the substrate, the sol der carrl er filmis attached on the flux and heated

(o transfiBStlatiys gesin layer.

The etchant of the organic acid and cupric secondary complex
is prepared by dissolving a cupric secondary complex of an azole
and an organic acid (containiﬂg a halogen ion as necessary) in
water.

For the formation of a needle-like alloy by the electroless
copper-nickel- phosphorus plating, a plating bath should
preferably be used which is composed of 1 to 40 g/1 of copper
sulfate, 0.1 to0 6.0 g/1 of nickel sulfate, 10 to 20 g/1 of citric
acid, 10 to 100 g/1 of hypophosphite, 10 to 40 g/1 of boric acid
and 0.01 to 10 g/l of a surfactant.

Further, in the multilayer printed wiring board according
tothis embodiment, a further viahole should preferably be formed

onone filled viahole to eliminate any viahole-caused dead space

-14-



On the other hand, in the solder printing nmethod, a printing nmask
(metallic) having through-holes fornmed in positions corresp -d?s 2h t he
sol der pads is placed on the wiring substrate and a sol der paste i s printed
on the mask and heated. In the printed wiring board according to the first
enbodi nent, a solder bunp is forned on the filled viahole. In the

conventi qnal ri.nted w.ri.ng .kRgar.d. .since the.yiahole_i ot .fj a
| ar ger a?&fm‘ﬁd'ﬂflnﬁjl a’\ﬁ*“’;&‘ag'ﬁg g.m;pé.&mern d % glﬁb‘r%%l ggé‘ﬁﬁagr Egu%kgggﬁi gh as
a sol der bunacoralifitotNidcempbodimdAetIthe hlibtDDhgerpriiitted Whking nask

has to be large. According to this enbodi nent of the present invention,
however, kg a3 ugeah@se the dpterdamiparsdngulafivecrggpnpdayfyri@d in a

uni form iy i i od i 0g igze. (B)
Next |t ne Pl 410 ML 67, holioPLA S O0rEREK B DREnBoRREE B

di scusseccheammisditing rarsd nthérmhoeykaspic nteslingr i ng board havi ng conduct or
circuitry layers andinter]am nar insulatiye _resin |ayers,deposited
alternately %npﬁﬁg?ﬁﬁ*’,fyt %g’rl n&*?a_ﬁ%&fllfnﬁgﬁ!'at ThR, ?‘Eggﬁimgﬁ' havi ng
formed thrgyighad iR K8 85 PaFr f4ho@Tld Vbé NESriRbat £P6m! @Y 8bmpEsieemod

vi ahol e, according to the second enbodi nent, the thickness of the conductor

ci rcui t r thesmgosetting sandiagvhermoplastichregindol e di aneter and | ess than

25 wm In the,filled vi l.e structure of the pri i, Fal 0
accordi ng toe]i fo tg‘eecﬂlocfaeg%old{ﬁ r%{een l,n t%aérot i gkﬁ@?sggﬁgf\#gdp g??‘n§5§6‘¥duct or
form ng thesinphdupoldiyimideli t Fgsinyer plendk | eesimhan therheketéfinghe

vi ahol e and |l ess than 25 Vim Thus, there can be fornmed a thinner plating
resi st hRAIEPREPYIARREJ(FPRED! L8FSn, which nakes it possible to easily

formthe condygd O‘i:h%irh%!ﬂltars_\(:i'@?’res%ﬂ AN She? 082 b/ els ddecidd)l Bgtomnd
pattern an ultra-fine circuit. Further, since the conductor circuitry |ayer
has the tflwkrmesssinss tdweh t hashal podftekeaddaoncg tiivlemeer (PTFEQ ,vi ahol e

and |l ess than 25 Vi t he ar of . cont ac t he_edge qgf. the c tor

ci rcuitryP? %‘%?'ﬂ;t h&?‘?ﬂéﬂ?%ﬁ%ﬁ? i rf'tsPLﬁQé\)t’l vepr"g‘%is q1f§§‘eer i ggrggﬁdced
corr esporgbIgphenyieii€ka1¢idenep ey} eakritoplliagit ief pé NEpheémyDéwe etheace
shoul d preferably be depressed and roughened, whereby the adhesi on between

the condutBRE) i apelyethemt splfengar (PR ) at i PelYether| Amide 5 (PEL)irnpr oved
and t hus i t wee can vent ed Infii , a
%‘2&0‘*%@ 5&1@@ %ggsﬁ A t8W5‘i‘1§B‘i~6bfth%|elrxXé

stress d o he e can i'spersed so that the“conductor
and i nsulkexaflueyepsopphebe qoppignieac FEB)M bei hg esamafiued oethyleach

other. The aforenenti oned secqnd enbodi nt shoul ef er abl e
Const r uc tRRE SLGH o7 LESRY e SORAIIMSTor LEERW: DOLYARMIIHERGPESERL2ERd | nner
conduct or (PENFHi pbYyt€NEE &LRELT kBBEheA(PEEKGG! poigbligfeanneted to each

ot her by a roughened surface | ayer provided on the surface of the inner

conduct or ci r'Eif ePpPPSiEe ob thegmesettiadand shermoplasdia FRs {haMi¥e and
Lner COGUA Uodddild of Wifody |2ddiny WA P sind I CIPERS | ok | ayer

has their surfac roughen i nprove esi on between them and the
outer intstmibanar insulative resin layer. The conductor circuitry |ayer

has al so an edge thereqQf roughenedq.. The rouyghened surface | ayer qn _the
ot ace or FEs | CRhedimont JaPonI 4 ARAtaaBlk Jion t FARBAFLES ofng
surface rpughtdbes fndPIeRSclidth Nhd id YhAHNEEEIHg rebifiliidnuged dmol e is

formed on the filled viahole. The surface including the inner wall of the
i nt er | ani vekds nignythe wd otdssincgythej compoghtacthowsp low dielectric

constant and high dimensional stability.

In this case, the thermosetting resin should preferably be
at least a one selected from epoxy resin, polyimide resin,
polyamide resin and phenol resin.

The fluororesin fabric cloth should preferably be a texture

or nonwoven fabric made from the fluororesin fibers. The
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14 August 2002 The interlam nar insulative resin |layer is made of a
thernosetting resin, thernoplastic resin, or a conposite th@mg@iti ng
and thernoplastic resins, and preferably of the conposite of thernbsetting
and thernoplastic resins or the thernoplastic resin. The thernosetting
resin, thernoplastic resin and conposite of thernosetting and thernopl astic

resins s i i ousl e sckil.bed
Concor ni miomoydl e LT IeMRG N SRR A Shel®hRrofit ShoBE or
| onger. Neotlg filwdradesimfdbeis ahddavbinder baed hdwtiny thee shieetetent i oned

filled viahole structure according to thesecond enbodi nent are manufactured
as will HHgfeddhe fobers &P #a¢h (@$R®Ence to FIGS. 1 and 2. The

manuf act uri NGUIOCRSS ¢ Bmbdl & 8l éaI]EfFeéénéhﬂ{ di¥idi&dd e

enbodi ment and1 trﬁ'ugﬁllsincl ﬁesit gprgvygus y nenti onvecfpéslt eps (1) toa?14). At
t he step gdhdsjivefer esedr thealeut tdike o piliadingoas dhe istewlaminhe

pl ati ng rgesi j a C.ong#]ctor | ayer which wll forma conductor circuit,

W t h
and fill i’rfbs“gf"‘bfr"a‘f? TPT ) et2Y9 b the hole to formthe viahole, the

el ectropl ati nenhd awecsh«aubd_sprﬁi@eﬁh#y ddhdsiveedsheuddt ipddiesELPf be to 20
~,mso that the conductor circuitry Tayer has a thickness | ess than a half

of the viprepared hiptdispersingscured beahnrestptapkt reshn pPArtdcd®Bodi nent
of the pr i nvention. will _be i bed. il ayer i W ring
board fors‘rare ]F%m fc\tgndétj%f%mr J(’:?'r c%?¥§§£+£§erg§§ﬂg ng%h a?ri ngr%i Eg‘%?gti ve
resin | aylesat cisganis t @k atdseimatiel gh anicl bibeamaidecinsidlable dm aciidaor

insul ative resin layers having,forned thrqugh em hol_es ,eachid%l l,ed with a

t
plating | 139 nt PYafy _éPgacc%‘_F’cﬁ rfglet‘Ef’f _st%iprld’té't?&)& Bt Ve he
i nner wal{s ofokiee il Calyf Midable! Hoddlisd | RReNHdAE L eH i yCak€SrBshaYer S
roughened, t he roughened i'nner wall of the hole is covered with a roughened
el ectrol epartixsles jcamhpstisgived @ndgemomad iandhen pnesemcspefe adf t he

hol e defiped.by the.electroles | atj layer_ is filledwth .

o ect r opl ST E SEEadnt Ho Bavs Hltald, Plns PR a FRushebSStdTeRR ppich o
printed wan ngodwre Ly a8nehidt ngnt adjbenihgr dagebodi ment, the el ectrol ess

pl ati ng | ayer_harder than the el ectroplating,layer is formed over the inner

wal | of the Hhe. electddassh| pdating ; aghegige, pjpamely; (Ehe cFYred he

roughened,sat L ACS; s €4nt tréssix{‘gatax%%%ﬂé‘s ,b%ﬂk’ﬁ'ideg?@f%ﬁﬁl? BERA aldarq force
is applied, and the adhesion between the viahole and interlam nar

i nsul ati v omsiselented ifrommar heatd-résistaantneestihepewdetropl K ipmg drayer
having a Jarger nalleability than the electroless.plating |layer fills the
oy o “par 1647 TSt PREicTe b 126 aHanauny 458 BFOGRER S e coRbF AN, | he

expansi onp el S i SKaRE 1As i ParRiel 8o pinsr13lsisV €niSd ) paddlclet hus
the layers can be prevented from being cracked under a thermal shock or due
to heat c§t¥e. mixkere (ef mhgatwresigtante resin ipPpwder 9K & [tmikfypum

L nsul at | V6r 1%eNi n G parkdWiReREfe ddiPanbat DESY L HEnE ST PeRerdnes! on

bet ween the viahole and”interlamnar insulative resin layer. T
el ectrol esf 2pphmtond essy én meampardidle siaeghdwmmdy parftaicl es pyoduied as to

foll t [ lari t f_th h f ... Thj f [ larit
erves asbRAgREPLang Ak aash A oRg R Lihal Brona natkrest effh rR R or L
Ther ef or e?oMi‘@r AreshbPhRA cPpSads d£¥Gim 8201 &5 €Gin ABhAIpAELicYE'siWed | not
be separated fromeach ot her even due to heat cycle or under a thernal

shock. Qorrtherfunfaceaf ehbeas-resdssankaresin ppwdercafhe kel 1Q pam
r oughened, ce_Lss o e e u | af d ' is
appl i ed t%ﬁﬁefeaq‘eﬁg%?rlg gsgsﬁg ’a?‘?’r’fg: aygF.éqgglp%ﬁ%ggpgsﬁéfgﬁﬁ?@gy on the

roughenedos wr.nae6 owid mdlmasanPrtidXe blicel did@Uhdt Stés Pstant rielsdn
el ectrol ess gl ating layer, and thus it will not easily be sesp,ar ated from

y !
the el ectPBYIRE Hf 2VexgOr 8y and upder 2HER dmpomean; paEbiGie|sizg, ande a
shortcircyijeatifiesistant resin powder of 0.1 to 1.0 um in mean particle

size. This electroless plating adhesive can be used to form

a more complicated anchoring surface.

-16-



14 August 2002 between the conductor circuitry layers in the process of
manuf acturing the printed wiring board by the sem -additiv,ﬁmé 00i’he
el ectrol ess plating |layer form ng the above-nenti oned conductof circuit
shoul d preferably be 0.1 to 5 ~,m and nore preferably 1 to 5 Em for a
t hi ckness too larger than 5 ~mw |l not assure to sufficiently follow the

shape of the youghened surface of the interlamnar _ insulative resin |ayer

whi e a thi RS Ik KSRATEANY (ERFIR AR A FBRoPLeRErSlpaFaPIAGIBY

peel i ng sidree@ive aa? Heaif ofel ¥ ERe aTdremant oifeidCthedhdsé 0L Bhg eegivi,th a

subsequent el ectroplating, so that the plating | ayer thickness will not be

uni form Yhermeplasbifat¥esin ayand f gompesittiee efndbbesmogettding shod d

pr ef er abl | ckn it hi r 5t 0 V] r
pr ef er abl gh%ﬁ’c %Q'J'Ls(g r g%%il\r% fr gbnﬁ?ﬁﬁkgf%{% %rlﬁ%s iésg%%%%g%‘gemaglfar ger
t hi cknessthethosétising ndehbrmopihkeigires indd sl opeimblle s &bl for

thickness Wil increase the resistance, so that the electroplating wll
resul t inthks (siehediment of  theoRrerent inwenkieRi| ayer printed wiring
board havi ng f1Q3 | lyl J, £6; Vi ' o the
third enbodi rr'iél{r? nﬁ‘s}@#&ﬁgafc? gggakgswgﬁl?{é glgyﬁ s?&ggggghgrggﬁévjvﬁ?f tr'f

r ef er enceettbodimnt lofirkthe? préisentainvantionnbasribees sdescisilisd dmt ithlel y sane
as that fgr the, first_enbodi,ment, and.t hus ingl udes th revi pusl y ,qenti oned
Steps (1) TPESYTHRG. ATHYR PEIREd Wiring BoaFHciS MapHARTH RS AR ¥itdy ¢ he
portion neé @@Pt+Eed hBrébeloladiiol regesbnve! Boargasdugt andl ayer which

w |l forma conductor circuit, and filling a plating |ayer into the hole to
form the vi ahtlk FiFgt el 2cviopngt Puhstupke iRopraPpreflePYbEPYMANg ©8 20 ~ m
thick so . | rGl4 er, . | sthe

vi ahol e d%gﬁﬁe?{érgl&g;@#%%%ﬁéguﬂﬂ%éé?}r tat?ering%c%grc B?gd?gq?ﬁilsf@utt

enbodi nenpattéenp? a(asgisoF DGL ob(aphyposi tion, plating tenperature, dipping
| ength of tinmg and agitating condjtionsshould Ereferagl%nbe_ ontrqglled to
depress the cEMt REDE S&E ?h’eslcﬁ gmigate, CPPRREES P fxt rts!’ré‘ehol e
that fornghéhgo¥i ahflie i nky CSHRRSH N St PRAAPY iR rined ?3 I ess

than the thickness of the conductor layer, and nore preferably be wm or
| ess . Thetchingcthe worpey deareriopr eithen side ofdhe dore;subsgaate

t hi ckness, of | I ] Nasn, J tJ resin J for

depr essi 0%1' t r#alnme";t%ﬁﬁo‘# ’eatrheés ﬁéillegygél\rb%toﬁte% 1on hé’ eot%”‘éﬂa%%n%%?txgr

| ayers. Vémbsthategpolyihybde isubstrsayl, céeamiepsdbatdakesedr a metall i kel y
to parti all‘%%remai n on the,depression in the viahol which will | qwer the

. , e
el ectri caPuRBhARE®: onlR eFPABI FPtsfrofth_t%e”W%o‘l’%‘?d‘(‘Ej‘_’NeR?,ttPﬁé £odt h
enbodi Menpr 6¢1 458 oRARFEL-b BUSBLEAR SN bl £hili Agrarbe1 8beFy388Y piakaly ow I

a mul tilayer printed wiring board fornmed from Conductor circuitry Iayers
and i nt eradhesiveilaydmonvehe cone substratiegosroughaningrithelaghesd ven

anot her, | | nar, L0sul gt ve sin | avd f t hr qugh

t hem hol e%gggiéhrgl*eﬁ%gdgwdt%y}ﬁpﬂ%a 1 Bﬁgaﬁ'foe?gﬁ%'%%rs{]ﬁraé a\f/}% aﬁgﬁ:g? génce%c?ﬁ'di ng to
the fourthbyerthedi ebactrobess nipldtdfiginatiethod! at iotheredise | ayke iinnfear ned
froma conposite of fluororesin and, heat-resistant thernoplastic resin,

conposi t cSORANFEBF RALFEE D A 1enBFABISEH; Oy the cRreoFuURSESAESH (RY dhe
thernoset §éfig-5881 81 38hdtaa.f eﬁl'o?e?‘ériféﬁfarif‘, the dhtifd roudfidned

structure of the fourth enbodi nent scussed above, the interl am nar
i nsul ati veurface | afer thawhedctiholesahopdatdngr ondiesive f dayed f dem a

hi ghl h ' il ' d, heat - r esi h i
reain, orSLOREERRESEsRLRt et BirEInp FrrLrE s PRBLTRA el SEEIPEIATY coi
So, even thetkPuyhehéod susfadsls d suPfadeopertibheflow AppRied aritly dhyer,

since the netal layer is thermally expanded during heat cycle, no crack
wil | devePb%tWGsFeﬁ%sFhést&RGFEPPAP 8d,t fhenpghe plating resist is

removed, and the entire surface is etched, thereby producing
the conductor circuit pattern 2 consisting of electroplating

and electroless plating layers.
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14 August 2002 fluororesin has so low a dielectric constant that signal

w Il be propagated with no delay. In this enbodinent,the i rlam
i nsulative resin layer in which the viahole is forned shou{}{dgﬁgléﬁrpe%bgél y be

formed froma conposite of fluororesin and heat-resistant thernoplastic
resin, or a conposite of fluororesin and thernosetting resin. The
fluororesin should preferablgl/_ be a ,pol ytetrafl uoroethylene since_it is a

nmost versati IFe"“f‘P'tﬁﬁor"‘_stiq{e Fe havding & iroughed gurfdse,ds; £ormed,agnoul d
pref er abl ye higs &Pg%é:"‘?hg[hﬁafh otfhéﬁéT?'nln%rd?SRHHQ’ﬁgg ﬁr&iﬁ?gg%ﬁ:@}ﬂr e

hi gher than 250C I's selected fromfluororesins suc
pol yt et r a2 larorthet Wilrimg SRBEExratel net Bhbwnein ef Ephthéb at e TheEFpugbedsul f one

PSF) , pol yphenvl epne sul fi de (PPS t her nopl ast i ol yphepyl epe et her (PPE),
Corvot horYREf T lSusd) 3' £ 4208 or ! ASRES pens Rl oHAORDPERROLHET on | PPCS)
, tetrafl uor opidiybagRea® A fdey Pﬁ@?ﬁ'ﬁ‘fo?ﬁ@&'ﬁ#‘@]ﬁeéfﬁ&ess plating.
tetrafl uoroet hyl ene perfl uoroal coxy copol éme_r (PFA), polyethyl ene

napht hal 2¥k§ pANRouUsfleeteless platingng n shomldi préferably haye

t her noset i in may b oxy.resip,,polyimde, regin, phegnol resin,

t her rmset% ign(gpé)%rsy’p%%n%?'éﬁ%gg’m% °§F$’E)?'gr’¥s% I 3 . iTﬂexcgﬁ)’ogf’}Zidf
fluororespickell idierdBiRtint fekicsidE Y@ 10r ity ahlly xbeo® eIpesaha of
fluororesin fabric cloth apd thernosetting resin charged in voigs in the

d
cloth. |rPtIYRORBAEPhORYS o1¢R GPBFERERALABRI EcPo’R $R0Or d5pReiétabl y be a
texture or nopuayen LARS!SrdBeie {468 fon LUG' SIS rbdi ety sTiacagAvOVeD

fabric is producéd by form ng a sheet fromshort or I'ong fluororesin fibers
and a bi rditkl ahaviea inredIr chpstaldingsstrusthirige which cpravidecan

Furt her, LD esi oul ef erahl at_ - . Aygust
2002 | easéﬁge%ggﬁgg%géééﬁg?ér bmf;‘p}l&? regs%rogcﬁa% kl%%x?ngs is%,%uﬁ&ljo?/'dmgde
resin andequpplex aad radditivenmagi thke ohddsar rsetlie ngbokd-meatibpkdst i C
resins may be a conposite of epoxy resin with PES, PSF, PPS or PPES, or
simlar. 'gI;I’FEP?r‘EFP‘Fi | ayer printed wiring board according to the fourth

embodirent. | srRRUIARIAY SF EhothblobeesCihafl i AhPluNeteberotbggence o

FIGS. 3 and 4. The manufacturing pProcess is stantirally sanme as that for
t he firstceppediwicke hnphospborns| et iing, posidéashy nend | oeddcingps (1)
to (14). etching the copper surface along the grain boundary, or otherwise,
as described in the above.

Note that the core substrate 1 has formed therein
through-holes throughwhich the inner conductor circuit patterns
2 on the opposite sides of the core substrate 1 are electrically
connected to each other.

Also the through-holes and spaces between the conductor
circuit patterns 2 may be filledwith a resin to assure a surface
flatness.

(2) Next, an interlaminar insulative resin layer 4 is formed
on either side of the wiring substrate prepared at the above
step (1) (as in FIG. 1(c¢)).

Particularly, for the first embodiment of the present
invention, the interlaminar insulative resin layer 4 in which

viaholes 9 are to be formed as will further be discussed later

should preferably be an electroless plating adhesive containing
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At the,step (2), a conposite of fluororesin and heat-resistant

t hernopl astic resin, conposite of fluororesin and thernose{(ft‘&@&ﬁ]t%w or a
conposite of thernosetting and thernoplastic resins is used as e

interlam nar insulative resin layer. Particularly,an electrol essplating
adhesive using the conposite as resin matri x should preferably be used. At
the step 3 a r.the_ el rol.ess aLin qg‘m i i L ed, | es for
t he vi aho sesré?%nf })}Yaﬁr:é:'d'r}?nat ﬁgﬁ'&’g%é%% Ioﬁé célsé:%tehe %ﬁett\e{%n{g; %%érfﬂgnsagﬁat ive

| ayer is thskmoplastsirepiwt osensitized by acrylating, the hole for the

vi ahol e is fornmed by exposing, devel oping and _then thermally curing the

resin layer. (ei8Rr r 8bpn intertampear: dnsulatisicor Eesinankpyer or
heat - r es'éf@é@réf@ég?lldaéitd arcﬁ@ﬁveC(i@R%? heeQfmbl UL &rﬁ'ari) step
rrac t her c

t hernosetting resin osite of thHernosetting an nopl ast
resins, t¢&) Ha driied,t holesabhofar ithe viahdles aber fosmedi i tthec lagern | ayer

and t hen py Iaingﬁféilgiﬁ?g. At this tinme, the ratio D/)TI between the
vi ahol e n( antl{fM erl ami nar insul ative resin | ayer thickness (TI

) shoul d pref{ addse Rhelidd¥ith df ¥hee idteklatiharlAnSulativeauagelf 4t he
ratio DDT1 is less than |, the electroplating solution will not "enter the

hol e whi |%S t hePhatpsensitiveynone,ndheahcde ttheihofermedshyf papesing, be
filled w ' t - urth t p (4),
t he surf a%ée]v%]f&éﬁ;eé ?ﬁ?eﬁ%ﬁ%gﬁ?%%éﬁﬁi\q}?@é?‘g&legyie'r 2{11‘3& %%?g?gﬁabl y be
roughenedisy theemasettbhgdpme, the hoke 5f Ds fidvined by syl by kcluriitgr ove
the adhesion to the plating layer. In,case an el ectroless plating adhesive
i s used dhe _Hé“ﬁﬁ & Iaé‘% ﬁ?}g“i ﬁéﬁ?ét dgplitegn I%S/é'rh,li e Mo Hrer é’gltr"r°

parti ! esp K @ik e Bnb A A IeAg a4 PR D5 Wrif DR R Enh A1 B udlat skRIDV e

by deconposing or dissolving with an acid or oxidant to rough the surface
of the adresiwvdayerthiBkaesise$T: Tehomifd pretfiecabdyaheagcchin a range

af orenent j first to fourfh preferred enbodi qQf the presen

i nvent i onépgﬁgr?pl%s f“t"g ésahacg}}ﬁﬁafgt gb@ ’éﬁgfgla'g}sil 15, 856% tﬁ\?l“t }ll'ayer
printed vilié gl darsisl aeiny WA itsh Winqugbtt 8ftékcpre (Hold arillly thle the 14
steps havi ng, been described in_the foregoing, not_yet including the step at

Wi ch t heFdtavesfivi Ll motrallowdhs hole tqhe fiddedcwithidRdAting t he

steps ( IpdtdP £ idientd. Multilayer printed wiring boards thus prepared
will further %e %Ies%:r’f%ndbfn detail herebel ow. Exanple 1: (1) Conpositions

prepared thro(gh Newxt f shlecepoxy stesin part dcBOsveerics tende ont thye shuanf agied
agitated t repar e $n ‘g%eectrol SS FI ting adhesi °h 0 ,Thi rt§f.ive parts by
wei ght ofo%h DS Ssd e dberitaLlaTeF & 828 TREGEPC Y, BECSMBYF IREOR ( 50%
in sold caiéesivingQrith @ aeilasr ek idnt 6 MoRRANtKaYsktfd®e of kh@ ) , 4

parts by wei ght of photosensitive nononmer (ARONI X MB15 by Toa Cosei_ Co.,
Ltd.), O.zhgsivejayerght GFhumaimovahensdgemougd surfgcepidoomedand 3 .

6 parts bAy\%g{% Of 1 QIMP: re mxed by agitation . Eight parts by weight
of pol yether su eone %‘PEéfg\gng 7.245 parts by wei ght of epoxy resin
particl es (PCIh@/ERHAGE usedSLfoyotKdseputpose fhould pfeflerablynbe arveae
particle si evve&e&-Sl . . . . . .
selected from phosphoric acid, hydrochloric acid, sulfuric acid

and an organic acid such as formic acid or acetic acid. It should
more preferably be anorganicacid foritwill not attackametallic
conductor layer exposed out of the viahole when the surface
of the adhesive layer 4 is roughened.

The oxidant should preferably bechromic acid, or permanganic
acid (such as potassium permanganate).

(5) Next, a catalyst nucleus is applied to the roughened

surface 6 of the adhesive layer 4.
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14 August 2002 m xed together and then 20 parts by wei ght of NWP were added
to the mxture. They were m xed by agitation. ~3 Two parts qu%ﬂt% 2of

i m dazol e curing agent (2E4MZ-CN by Shi koku Kasei Co., Ltd.), parts by
wei ght of initiator (I RGACURE |-907 by G ba Ceigy), 0.2 part by weight of
phot osensi ti zer (DETX-S by N ppon Kayaku Co. , Ltd. ) and 1. 5 parts by

el gt of NVPLeedhyd A09FELUET ey P8 Aleedh (Phos WA nbegRCS Of

bi smal ei m de r| azine avin PESH Cl rc ayer f or med

on eitherisirénceotheidof GaneraliyG it (85 h \mldadmd d:maﬂméeotrr ol ess
pl ati ng solution conpgsed of 8 g/ 1 of copfer sul fide, 0.6 g/1_of  nickel

sul fi de, P&llpdiys calloid. acMBreZEr%ﬁﬂr%lP %o&hﬁt“ﬁ}‘ﬂéph%@pﬁ?t’-éad:%fmg/ 1 of

boric aci a{#j‘ rd a Vhog9e@gqpbH of 9 to precipitate a
roughenec;ﬂ; aceﬁl‘T ayerﬁa’yé‘lfv| c‘gﬁb@é‘?é n%kgﬁ ang ﬁgsphor us to a thickness
of 3 E, ~, mon(&h&Fwutleace ﬁietmwmntsurfaceuﬁtoy thyeelﬁctfbéasst he
substrate t, was trol

tin- substqltlﬁvf% 5&&??ﬁ§°b§%ﬁefo o’s%deéfcgg?gﬁﬁ (?f%'et t%ofBﬁmf PRori de

and 1.0 r@lddtdldde ooprdeingle payéPC F0rof hQHicho Bheci Buk#heea fisn | ayer
of 0.3 ~,nt on the surface o the roughened surface layer 3 (as in FIG

1(b); lt h@qusmlnglmmougl:)lm rthe gougtmneth sunfiagd (s inEdCati ve
1
(ee r OEG ) *F eipdectinadde BrakiBa) Lhys2hr FRiob S A ik S8 % M) 1 was

pl aced ortﬁm,smsdrﬁﬁelpr@g@pagﬂy dege{;epsdpﬁnd thermal ly cured to forma
20 E,un-thick interlam nar insulative resin |layer 4 having_fornmed through

t hem hol es 5 Na¥t v?aﬂb?%%nﬁfr%ﬁstﬁt1PN€rd§drﬁ3F8FmP§l ep the Rle6trRAPES bottom
and 67 “ﬁP&tiﬂj))léyiﬁe 7l(&@s 1hdkie. (#la]hesuid AR ihdPEsiG BRould

interlamnar insulative re5| n layer 4 formed théreon was dipped in chromc
acid for mgafmrﬂhkymﬁpappgaghea aneicxryd ate of 8 ofespl navialagefyPeon t he

surface of the_ | ayer 4 ee.Fl G J14 Auqust . The
substr ot SROREF RS o shEBoN A8vohaE s Shexy Feniin AUAEH 183885008,
an el ect rokehig PAGéntg IY Widym tdonimsre bl B epkd Dl £5Fe pdlﬁflﬂﬂlxhayer 7 of
0.6 wmin thickness over the rough surface (see FIG 1(f)). |)¥ A plating

resi st |ayer € hIFuntherd nfurkace pertéresef fha ﬁ#gqi‘a@ﬂg.,e# atiag
convent %f n F ’ i po 5 e
Urng esl st |a§{ér"§%h ke %(ad)t‘)ln mfa%siﬁ la {51 R8¢t 0% oPhka le.ts

plating r was not orrre ctr at ed under the tollowng
condi ti orn;qutmplnmﬂ etectfm‘pi & mgnda«y’eorglaf{ero dx, rwhich haskmgpperon t he

E?:EL?? TOhHGdIllC St c1r ¥ Pzegsq:ocgg (i.:[moerd Nd an%e é"@é%‘pf‘atcfﬁ‘g'i%%%&
9 is filled in the hole 5 to form a viahole 10 (as in FIG. 2(b)).
At this time, the electroplating layer 9 exposed out of the hole
5 should preferably be 5 to 30 um thick so that the upper conductor
circuit 12 will have a thickness T, not exceeding a half of the
diameter D of the viahole (T; < D/2).

For the electroplating, copper plating should preferably
be used.

(8) Furthermore, the plating resist layer 8 is removed, and
then the electroless plating layer under the plating resist is
dissolved and removed in a mixed solution of sulfuric acid and
hydrogen peroxide or an etchant of sodium persulfate or ammonium

persulfate to provide an independent upper conductor circuitry
layer 12 and filled viahole 10.
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12 was .to be fornmed, and the electroplating layer 9 was filled in the hole

to forma viahole 10 (as in FIG 2(b)). Aqueous el ectropl aj}j sqal ti,on:
CuS04~5H20 60 g/ 1 Leveling agent (HL by ATOITECH) 40 ni/ 1%8?%?%#& id 190

g/1 Brightening agent (Wby ATOTTECH) 0.5 ml/1 Chlorine ion 40 ppm
El ectropl ating conditions: Bubbling Current density Set current val ue

Plating | th of tine 3.0 liters/mn O . 5 Adn2.0.18 A 130 m 8 ) The
pl ating rEQ?S'FIe’F*aye*rh% %%%ﬁ)é?ét HRPETe ctary c_l"ﬁé’r‘l”‘t%{é’ B'Ia&@trr ol ess
plating |pyeig 7r¢96§’ﬁéné&et8| f‘&hﬂgarféhﬁhehébieéuﬁ%é digssol ved for renoval
in an etching solution conposed of a nixture of sulfuric acid and hydrogen

per oxi de, sodFfherrpugbenedisurfaveht maydes arheddy etching, poddshiag,
conduct or ﬂ.écuit 1% gonsést | ng of th&ﬂglect roless plating |layer 7 and

el ect r opl BETAG tRPp2PS| BFCPCY a8 PAFERIt he t hi ckness is about 20 ~m and
L/'S ratio is Phre® Vg8r Abxiidatibnman8hered@doien 10 redpertivadlpur faace and
the conductor circuit surface and_vi ahole -33 14 Augqust 2002 surface were

at a sameP¥tqationhathjsREsRared dfiromeReht af¥epty P Sddnaf MHrGl%hen the

hecorsnopda s /ARG S DAL SR LoJgredpieq Aluppt o

the pl atigfll afeRaOHecandr &d0fgr1fof| NaBH; he vi ahol es 10 were 10.2, 11.7,

14.8 and 23. 81 Fthg]xromg(iake’d ' %%Q—Ef\%%ievlea{ye'r 14 ismadeof an alloy of copper-
nickel- phosphorus, the alloy is precipitated by an electroless
plating.

As an electroless plating solution for this alloy, a
reduction bath should preferably be used which is composed of
1 to 40 g/1 of copper sulfate, 0.1 to 6.0 g/1 of nickel sulfate,

10 to 20 g/1 of citric acid, 10 to 100 g/l of hypophosphite,
10 to 40 g/1 of boric acid and 0.01 to 10 g/l of surfactant.

Further, the rough surface layer 14 is covered with a layer
of a metal or a precious metal of which the ionization tendency
is larger than that of copper and smaller than that of titanium.

For covering the roughened surface layer 14 with tin, a
solution of tin boronfluoride and thiocarbamide, or a solution
of tinchloride and thiocarbamide, should be used. 1Inthis case,
an Sn layer of 0.1 to 2 um or so in thickness is formed as a
result of Cu-Sn substitution.

For covering the roughened surface layer 14 with a precious
metal, spattering or evaporation may be adopted.

(10) Next, an electroless plating adhesive layer 16 is
formed, as an interlaminar insulative resin layer, on the wiring
substrate having been processed.

(11) Further, the steps (3) to (8) are repeated to provide
a further viahole 20 just on the viahole 10 and a further upper

conductor circuitry layer 22 above the upper conductor circuit

21-



(,9) As at the step (2 ) , a roughened surface |layer 3 was forned on the
substrate . Further, the steps ( 3 ) to ( 8 ) were repeat 0. Pk e a
mul tilayer printed wiring board (as in FIG 2 (c) ) . Exaﬁ%léugé&tng%

mul tilayer printed wiring board was prepared in the sane manner as the

af orenenti oned exanple 1 except that an interlam nar insulative resin |ayer
was fornmed by attaching a _fluororesin filmof 20 wnin_thickness to the

| ayer by k4rer FhecHfase P thedunthprrniahel e 20is forupd paa cPnuchFi n
di anet er %ﬁi@% tiéﬁ@dé@t% %élfnia%gg! et laser. Exanple 3: (1) A

drawn tetrafluoro ene resin er available as fiber for woven
fabric from he®) L. @ewt dsalddert resiktoconiposiiei omiis: apiiRred B thas used
to weave a cloth for an_interl,am nar |nsul %tive resin | ayer. The cl oth was
conposed VteH shrface Of the wiing suhstratehaying Hant ProgersediPFect i on

and 52 fijierheisAUYySHaY r AFRRr 2hetsoTder kdkese! 1dyeeCikoAried,) aThe
fluororesin fiber cloth was cut to a sheet of 15. 24 Cmby 15.24 cm and
t he cl ot tphatecamasiping nficlm cipving aohele opattenn kdepietedt bheraen is

napht hal g:ple‘ vail a t fr.a - t Core &
Associ at €s. ‘%@&n ?hgtggfﬁercﬁtkgﬁ]hg%ﬁ%&% %SI%%E%'JV%S?%%\E? \réé"t %sri nse
away the expdssdtand deveflopedtappenhodedadnwivi chvbhe solideriped pbetiong and
the cloth shrank, 20% i n_both | ongitudinal and lateral directions. The cloth

sheet was(RTRIERG qepduREeniRahang Yaadodt) Rt khengonductoxr,layghst 2002
edges t hef@Qfxfisdel | nﬂ@ﬂ@gen%_gt s affeltelr W@heae:xkgﬂbq RB2YYmA§ShE Was

prepared as a thernosetting resi'n which was to be regnated into the
f 1 uor or eshardemedrhay dthe dieamedienyotfothbesglder padesaititadd the shddeow

Chem cal -~ Pr.adyct s Cat al pg 296- 396-783,{ or Dow, epo resin products

521 As0. B34 WK e SRpaassy PLEeRRRELVETirosha: RRORARS PRERPERS: BFosi n

fiber cl e WelRama§ Be $H&1PELéh# the diaméierf bEOEKE &bTudr pRd 8bot h

i npregnated with the epoxy resin was dried at |160C to provide a B-stage
in

sheet. THdhahébe adgerS3de spldert Ped Mickls bengovarsed ipi ey thecaoldern
th heet ' . h t : trat
e shee ré{)ﬁ(%"igxérg fi)knb F%‘&ff'gzﬁgesh@f% sgﬁgﬁ eé?cf@@ﬂ l&nrébﬁlﬁﬂgg rate

at the ste r the exanp gresse a pressure o

kg/ cnz atundéCthe $oldennresitsdr Lagernarandishiust i v @anche ipreemrted-firbimer, t he
| ayer wag exlgq]osed to an ultraviolet |aser of 220 nmin wavelength to form
hol es forPRARhGTRRREAt®Y ~min dianeter. Thereafter, the steps ( 4 ) to ( 9

) for the exanmdge 1 mﬁ,epqaéeshtpla?eéscep& Mididigaer mant gdrarning
board. Conparative exanple 1. As disclosed in the Japanese unexamni ned
patent puRsRestbreln. ake fprmgbon thenspldenypad mxpesed ut of 5B&rd was
produced y 4y d he sane manner as the aforenentioned exanple 1 except that a
conductor circuit was nade only of an electroless plating layer of 25 ~, im
i n thickness Thel ndicked dayeer shbal aepréFedaphy e flotoll Ywwhdick) and

el ectroless plati 1g aqueous_sol ution conposed of 0.06 nol/1 of ¢

sul fide, e %142 a¥er herd i &e £ 0fpwm thack, &or @ thdcker) BlgRgEBTA and

a smal | Wil Bddidreds @ithe re¥id tihdd %hd 1RHa0kmd11ér tRikRAeWsr i NG
board, the holes in the interlam nar insulative resin |ayer were found
filled wieh the mimkelg layer, widil arerdersditselds oasily 26eparableeund in

the cent r&nggfﬁir%] the 'q%ﬁ.d layer, a larger thickness will lead to an

increasedmanufacturingcostwhileasmallerthicknesswill lower
the adhesion to the solder layer.

(14) Next, a solder is fed onto the solder pad exposed
out of the hole to produce a 6-layered printed wiring board.
The solder is fed by the solder transfer or printing method.

In the solder transfer method, a solder foil is attached

to a prepreg, and the solder foil is etched with only a portion
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14 August 2002 the plating | ayer. Conparative exanple 2: Accordi ng to the
di scl osure in the Japanese unexam ned patent publication % t§0€%2472,
a multilayer printed wiring board was produced. More partmtﬁ e
steps (1) to (5 ) for the enbodinent 1 were repeated to process a
substrate and then the substrate was di pped in an el ectrol ess plating

copper sdmetee GorsBiplRatas iy Epihots ¥ FORRAES18Lr Darceid Bhidn s o
and 0. 35unnl bleohes byden ash i g¥etfiilInpac afceaCa df (DA atpifldreaambathag | ayer

of 40 wmin thickness. Further, a dl’%hfl | mwas attached to the substrate,
exposed Arieidpctbpcpidey senist enckhe puhatratey thessolderocarriern t he

substrat g 1.9k ﬁﬁ@%ﬁog dd dr'En8UPEL e%&%it@'dpg ¢ idhSrdp Xnd $814kLON Of

sul furic acid and en peroxi wever e conductor circuitry |ayer
was under cut canthe eytdreat Rdnd ] hiar ehersaoldéneprdmamgtme'ehedarq)puﬂtmg not

| uated. Th to 3 t | uat ed
Co o1 sumias (BAERDLESY RAEAn| RPEONBR-BaL oot PRiPde JePR EhIBREang
el ect ri caloEpsiHd iy £8kthaidider phas 18 pi #dwd 8n thesAbvgsibstrhte

surface flatness, was eval uated by judgi ng whet her a depression devel oped
on a fi rgndamalscﬂdiqmtmasmnmrprmtn@tqm/eth@@aska%d gatediem |

checty hoe! SHRORERLIRsL A AL Lash LI HHIL S rp ot bR bl

al ready forselidskoviing R60rfehmed r opal tikentfilliedy . viakrokeal uatn osheesul ts
are shown in Table 1. As seen from Table 1, the exanples 1, and 3 are
superi or GonvaRtiRnal REinkad Jfixing beard onfinge| hgﬁl &!Pb@lﬁeéﬁnnf’&yer

Even Wnerhf%é urd Hlrg¥ Q@banltsowai&sﬁ O%Se;s Pefu g > Foratht

pattern breaki ng due to a depression 1I's no erved, " nanely, the exanples
-36 14 shﬂgiﬂsrt badp asTabgle as Depldesibamport anflat soldar padsul Neimedyresi n

g?mgﬁg; elv:el | C'al ()entﬂrr}.lﬂéﬁxg Ike h]'alg()'ﬂ% ) aerg%_.NOEécn?'dlng to
this embodiment of the present invention, however, since the
viahole is filled, the solder paste may be applied in a uniform
amount and the holes in the printing mask may have a same size.

(B) Next, the second embodiment of the present invention
will further be discussed herebelow. 1In a multilayer printed
wiring board having conductor circuitry layers and interlaminar
insulative resin layers deposited alternately one on another,
the interlaminar insulative reéin layers having formed through
them holes each filled with a plating layer to form a viahole,
according to the second embodiment, the thickness of the
conductor circuitry layer is less than a half of the viahole
diameter and less than 25 pum.

In the filled viahole structure of the printed wiring board
according to the second embodiment, the thickness of the plating
conductor forming the conductor circuitry layer can be less than
the half of the viahole and less than 25 um. Thus, there can
be formed a thinner platingresist having an improved resolution,

which makes it possible to easily form the conductor circuitry
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exanple 1YesNo 1 to 3 have a high electrical connection reliability of the
vi ahole, and i C chip and ot her devices can easily be nountgd i ring
boardswi th no i nconveni ence. Further, even when nass-produ@e%'?dlﬁt%te}sgémanpl es
1 to 3 wll showa high electrical connection reliability of the viaholes.

OnM ng to the structure of the exanples 1 to 3, a fine circuit pattern of

the pr oscrtt St (9 5elid A8 pAECEED, p8TRPeRR7kFng" QEFERREL oo d having &

filled viaholrusther} usineeabthégcondudtodi reirduieiy elaye® ead othed and
showi ng superior surface flatness and high electrical connection
reliabilitBicknesglesgthan thehabf ofsheopening diameterafcheviahglsoard

15, Do RS 1B \IRCHS U, Wi FA03e e O8 hRaBe AR AN BB B0,
of 15 wmeirdickyesayenavitils the Sinteriamiamy dhsed avi viehereslinc Lagkeess
Dot o ¥ ol SSEraRPYEA0RE: [RRERCLiRs oot Abl nddedon ot °
el ectropl gh&¢iHAEEE sl émﬁmpfeﬁdkmggeltdéﬂf&s@@waﬂa eolighrhal, ng

| ayer 15 wmin thickness on the portion. T ayer 9 provided a Qonductor
| ayer on wWherebntheadhesdondhetween the condyctoarlaxer and inkerdpminasp| at i ng

o o ALl ek i, 1AEx! SehHR S AL 8 Byl eERrpeBl .
agent ( HbéywdehDTthéml) cdh be/ prEvkhiedc adode 18PegifiBallpt, cai sgragant (W
by ATOTTE%_\% Pégecrlﬁcll/ué t%hllnggit rl%ciloencgg bgpdn;. spersed so that the conductor
and insulative layers can be prevented from being separated from
each other.
The aforementioned second embodiment should preferably be
constructed as will be described herebelow:
@ rThe filled viahole and inner conductor circuitry
layer (inner pad) are electrically connected to each other by
a roughened surface layer provided on the surface of the inner
conductor circuitry layer to improve the adhesion between the
viahole and inner conductor circuit.
® The filled viahole and conductor circuitry layer
has their surfaces roughened £o improve the adhesion between
them and the outer interlaminar insulative resin layer.
® The conductor circuitry layer has also an edge
thereof roughened.
@ The roughened surface layer on the surface of the
conductor circuitry layer is 1 to 10 um thick.
® The surface roughing is done as in the first
embodiment.
® A further viahole is formed on the filled viahole.
@ The surface including the inner wall of the

interlaminar insulative resin layer is roughened.
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El ectropl ating conditions: Bubbling Current density Set current val ue

Plating length of tinmne 3.0 liters/mn O . 5 A/ dnR 0.18 A1'49ﬂ'edu-°'?25 The
plating resist |ayer 8 was separated and renoved, and then t el ectrol ess
plating layer 7 under the plating resist |layer 8 was dissol ved for renoval
in an etching solution conposed of a m xture of sulfuric acid and hydrogen

peroxi de, sodiumgersylfate, ammni unpersulfate, etc. ]
tof or maconduct or (r c e 1RtPFORMIRATCIREY I oF LEe TRsin Agvey, b mada,qf

el ect r opl tchegmoerVin ¥k if  A8HebAvplEasBithi 65185 SoPfa mipositebom and
L/S ratio of 25/25 E,un. At this time, the viahole 10 had a depressi on of
about 5 tharmesefdping And §heamepd asticareshnsecand (Eyefarahly iof shep (2)

for the r I r sups te.
Furt her, SR §) HEbnaUbpBihg WY chafiop et Hodlifs Subotha T
mul ti| ayeshexmopkabdic ixgsiward (as in FIG 2(c)). Oning to the depression
formed on the central surface portion_of the viahole, the thin conductor

| ayer was notTR&FAPEBLECESingKesin; fhegmantastis rephnaAnd £FamROsitss ~ m

a0 b PRSP DBy gy Gy XL B piour |

further prhoassdfavindcpsentoustiy beeh odéseribed8concerning the first
embodiment, and so they will not be discussed any longer.

Next, the multilayer printed wiring board having the
aforementioned filled viahole structure according to the second
embodiment are manufactured as will be described below with
reference to FIGS. 1 and 2.

The manufacturing process is substantially same as that for
the first embodiment and thus includes the previously mentioned
steps (1) to (14).

At the step (7), when electroplating the portion not applied
with the plating resist with a conductor layer which will form
a conductor circuit, and filling a plating layer into the hole
to form the viahole, the electroplating layer should preferably
be formed to a thickness of 5 to 20 um so that the conductor
circuitry layer has a thickness less than a half of the viahole
diameter and less than 25 pm.

(C) Next, the third embodiment of the present inventionwill
be described. In amultilayer printed wiring board formed from
conductor circuitry layers and interlaminar insulative resin
layers deposited alternately one on another, the interlaminar
insulative resin layers having formed through them holes each
filled with a plating layer to form a viahole, according to the
third embodiment, the inner wall of the hole formed in the

interlaminar insulative resin layer is roughened, the roughened

inner wall of the hole is covered with a roughened electroless
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14 August 2002 ( 4 ) The 8-stage sheet was attached on the substrate at the
step (2) for the exanple 4, and pressed under a pressure qamuggém at

| 75C to forman interlamnar insulative resin layer. Further, the |ayer was
exposed to an ultraviolet laser of 220 nmin wavelength to form holes for
vi ahol es of 60 wnin dianeter. Thereafter, the steps (4) to (9) for the

exanpl e ‘bl‘@ﬁ:%.xfge@] ) ta‘?adolra‘hdllﬁ%errl"% ol ble2xfle RbHLBL ng%éhnﬁybeﬁég-

Conpar ati've exda 3:" Anultilayer printed wiring board was produce
si m | ar | elextirtod esspliateng 1ayes i £T1 bedwith anfwl ecipeopbat img ayenred

pat ent publicgation I 2-188992.  As a result, the holes in_th

i nterl am nar Qﬁ"n§§ﬁa%‘még‘ﬁe’g?‘ﬁi‘?g?e?t%?‘éuf%ﬁ#j thel ngt\hiﬁxetrhgrbpg?flng
layer. FQiifing b6kl &diddin@kold e EhiVYd2ombaimEALS \WHe ellBELPbBEESY
resist was etched but too nuch, resulting in breakage of the circuit

patt er n. Fd@tidatlayerohander thancthededgctyoplatingarayerussxfarned pat ent
publicati L. 9O 7 | {41 ay pL L L

produced.oq%ol'lr\lghgar ?%ﬁl%éarzllﬁ ,gftlenhegg'totélpés' (T;‘et%i%ﬁp?%%é% %%ﬁg{gﬂ'\#gﬁf 5 were
r epeat ed. lairttes hdd kiehanehbgt, r the rmsghbppd dunfawe cbecit denotpbasiby

sol ution prepared from an aqueous, sol ution, co sed, of Q.Q5 [1,0f copper
sul fi de, HFOHER REPPIVRAN AFERAT AL 1RG SO1GH 1§ %@Mﬁpﬂﬁ%gﬁbsﬁlam 0.35
mol /1 of diivd i edie?Pt ARLEE T £ Ainite A DI Al ul 8t 96N és Ph aldyit hayer of

40 wmin thickness. Adry filmwas attached to the substrate, exposed and

devel opedimprdvugdn adlsighs hgceddieseloctroplatiaginyer hayang laggerr at e.

For etching,,.the substrtate was . di pped . in L X sQl uf i f rl.c acid
and hydr&bn%hlep%’bi’fu@é?‘hﬁ&/\%@%re}etcﬁ: _og'(?ﬁ(fyg{'g{f’lﬁgrlcal}ﬁ% §9Eé§eﬁﬁévjvl§fsa Sr%de_rcut
and separpdsl ofAchd W61 BRENe aSEroPpEsk ing Lageabwitl flwxidsinpfdlasodi nent

of the present invention provides a nultilayer printed wring -39 | 14
August 201 8¥RARShapians shrinkage afphe dnterieminandnenl 2bhve FRai)

O Peert pIAAE LBRsORS e LR bRl pReRE Lo BLE s Akl it
board wasa prheeiomal slyockperntdug tbecheabtpsy€le.to (5) for the exanple 1, and
Further processis!iléleq EHS Sl.%?lséx:r awgglfsoffmfll%l\sﬁole in the interlaminar
insulative resin layer is roughened, there is provided an
improved adhesion between the viahole and interlaminar
insulative resin layer. The electroless plating layer formed
on the roughened surface is so thin as to follow the irregularity
of the roughened surface. This surface irregularity serves as
anchor to provide a strong adhe-sion to an electroplating layer.
Therefore, the electroless plating layer and electroplating
layer will not be separated from each other even due to heat
cycle or under a thermal shock.
Other surface than the hole inner wall is also roughened,
the roughened surface is electroless plated, and further a
plating resist is applied to the electroless plating layer. The
platingresist appliedon the roughened surfacewill close adhere
to the irregular surface of the electroless plating layer, and

thus it will not easily be separated from the electroless plating

layer surface. Therefore, there will not arise a shortcircuit
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(6) Aplating resist layer 8 of 15 NNmin thickness and L/S = 25/25 wm was
formed on the electroless plating layer 7 in the conventl 8h2 (see
FIG 2(a)). (7 ) Next, a portion on which the plating resist 'lléF%r é

not fornmed was el ectropl ated under the follow ng conditions to forman
electroplating layer 15 wmin thickness on the portion. The layer 9

provi ded .a conductor |l ayer on whi¢ch a, condyctor ciycuit was to be farned,

and t he d%{es3h bhengandnatar V\fékr‘FW'?Eiﬂ iRA¥eFS hbheths REQNSSRi Qfol e 10
FI S igel
(as in ﬁn@éi&éur:@@’é’mm %ﬂ%i@%ﬁ% 1ﬁgull§§£i:'& ' theSRémPEa@a®eive

Level ing agent (HL uric acid 190 g/ 1 Brightening
agent (WagthOdOTTECH) 0.5 nmil/1 Chlorine ion 40 ppm EI ectropl ating

diti ; bl Cu S Pl l,
[ime 3.0 111 A LRSS POLeR RiBLanL a5 SR oraopY ARG A BEREL | ayer

8 was Seﬁﬁﬂ&f‘%fﬁﬂi‘@%hm tsﬁsig‘féﬂﬁb B % '/ e%D B fld,"anlidimere’ under

the plating resist layer 8 was di ed for renoval in an etchi ng sol ution
conposed pfeferabdyirle tof Ssunfior @ abmkanashyepolgengﬁmuxamé rrowil & A

per sul f at %gm_[ er, rrTele Or G |

August 20'8% cfuerm% Si#{ﬁ.ltl%r}ﬁ | eSS ;ﬂq‘fattl%g%:ﬂa%r o? E?\‘ &Peéﬁregg ating
copper | asparfdceancf hthendnsetrlaminazs MStakxﬁijel':‘rm:an]jayéB while af 25/25
wn At this time, the viahole 10 had a flat surface. (9) As at ,the step (2)

for the Sirkgliness e smpllar fehan laper wiljgdomstniheofeparating Pkt .
Furt her, g&aﬁxfpst%hg&a (dha f eaubbe £XpaP§E Ee¥dstaniealiefich owiladuce a

mJItllayer printed wiring board (as in FIG 2(c)).
interfere with a subsequent electroplating, so that the plating

layer thickness will not be uniform.

The electroplating layer forming the conductor circuit
should preferably have a thickness within a range of 5 to 30
um, and more preferably a thickness ranging from 10 to 20 um.
This is because alarger thicknesswill cause the peeling strength
tobe lowerwhile a smaller thicknesswill increase theresistance,
so that the electroplating will result in an wuneven
precipitation.

Next, the multilayer printed wiring board having the
aforementioned filled viahole structure according to the third
embodiment is manufactured as will be discussed herebelow with
reference to FIGS. 1 and 2.

The manufacturing process is substantially same as that for
the first embodiment and thus includes the previously mentioned
steps (1) to (14).

At the step (7) amongothers, when electroplating the portion
not applied with the plating resist with a conductor layer which
will form a conductor circuit, and filling a plating layer into
the hole to form the viahole, the electroplating layer should
preferably be 5 to 20 um thick so that the conductor circuitry

layer is less than a half of the viahole diameter.
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Ownm ng to the depression forned on the central surface portion of the

vi ahol e, the thin conductor |ayer was not separable so th E‘T' dtS0ha " cui t

pattern of L/S = 25/25 wm could be forned. Exanple 7: A nu yer printed
Wi ring board was produced by repeating the steps (1) to (3) for the exanple
2, and further processi ng the substrate as follows: (4) The B-stage sheet

2L TS U M B 00 Bt R e

i nsul ati V@ompssmiouﬁrplm:t?etrempéﬁﬁwﬂ disp g A 10 o tinle” anido! et
| aser of 220 nmin wavel ength to formholes for viaholes of 60 ~n in

di anet er .agheaking é’Pndtlﬁé-%‘tse%%meﬂfd prﬁéeefa@ly he coptrodledte derwa§s

t ed t
el o s aetis pafe TUhids BHEp DAL MG afer ORpURES bufBFBIEHIS
enbodi nenthas ﬁi:ms thedviahohe. JMhendepreseiani snhdubdtqu;mﬁblxc:bianr@n No.
hei 2-188992. Iu th f hol fill th
The of sotd drize. 1oba: Engh iin bhEckRasR, ohibng SREABELOE akps, And Boken o o
A nultil ayps afaﬂigg,e% hg.godpgagg wapp, P§ QUEEabYe éPde s%h%s (1)

to (3) for t e exa urther processing t e subStraté as foll ows.
The substwild x\mlch ppadlargen thicknesiscef tpleamwrbmmmnnpmdp&rw@ from

an aqueou 4 0, f pper

sul fi de, %?gg%li i o#?%#%ﬁ%%%@.‘%%%é&%/ﬁw%ﬁgggﬁ tg‘% omé ae%g 0.35
nmol /1 of £dhmeédradithe aehet—r@mﬁéeoﬁqiacye(ﬁ)m)wm i-.hém-asphentam limyer of
1 ~n in thickness._ Further_the steps (, for the exanple 6 were

9
repeat ed e¥PosedudeHeienri ﬁ“ldas}-éf—ﬁrlh‘f: é'(f &ﬁkgﬁg %%EBQ:F tigtly i s
nul tilayegy Qh'éﬁ@#%é’%éi&g 1H%{éivﬁlaﬂoﬁ!8 hAUEIER S Y TR e Bl@ctrdlkalie. For

checking a separation and crack at thevi ahol e, "t he exanples 6 and 7 and
conpar at | eenreeahpbrsrel hadibiter efhtheeviahole.

(D) Next, the fourth embodiment of the present invention
will further be discussed herebelow. In a multilayer printed
wiring board formed from conductor circuitry layers and
interlaminar insulative resin layers deposited alternately one
on another, the interlaminar insulative resin layers having
formed through them holes each filled with a plating layer to
form a viahole, according to the fourth embodiment, the
interlaminar insulative resin layer is formed from a composite
of fluororesin and heat-resistant thermoplastic resin,
composite of fluororesin and thermosetting resin, or a composite
of thermosetting resin and heat-resistant resin.

In the filled viahole structure of the fourth embodiment
discussedabove, the interlaminar insulativeresinlayer inwhich
the viahole is provided is formed from a highly tough composite
of fluororesin and heat-resistant thermoplastic resin, or a
highly tough composite of fluororesin and thermosetting resin.
So, even if the viahole is made from a hole filled with a plating
layer, since the metal layer is thermally expanded during heat

cycle, no crack will develop first at the viahole. Also, the
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at 128C for 48 hours, and then heated and cooled alternately 1,000 tines at

a tenperature ranging from-55C to 125C. The test results ,gr %2 N
Tabl e 2. Table 2 Separation of viahol eCracking in viahol elggafu e 2o

6NoNoExanpl e 7NoNoConpar ati ve exanpl e 5NoYesConpar ati ve exanpl e 6YesNo As
seen from Table 2, the conparative exanple 5 showed a cracking in the

vi ahol e N " 0 rat %%UP sﬁﬂﬂﬁ? S i f the
vi ahol e [F?(}r‘ﬁ%nl?e qgvet{/%fs Q>t Egaeéadn%flés a‘%&@' showe h%é:i tg ﬁg?ﬁgegg%gt i on
nor crackienpripdadeted anictle powrdebay. As havi ng been described in the

foregoing, the third enbodi nent of the present invention provides
amul til ayer prq%f'gﬂs\ﬁ“&%%'dthﬁ\ﬁw qq‘l"raéﬂlvﬁﬁﬁﬁf‘évgtrretﬁ:‘t%fﬁy?ﬁ whi ch

the vi aholywh§ cROEnE3SIdn6 IS RE &%dﬂﬁ&gesh&abﬁ b FoimederoR
t hermal shock or due to heat cycle. Exanple 3: A multilayer printed wring

boar d wast wampasitefofinf uwoxdres ii? and sh@ayuresgbant nthermaphastic
I nsul ative r.esi ayer _was.ade_of. a conposjte fluororesi .
eat - es AT (e PrpPHoE: o, 08 s oo el bnerd8sgtting 20Fin.

follow ng stemss (1) £MokBkeshian narshdwld at i vpre€erablliyqui d bés prapared
by thermally fusing and m xing eight parts by weight quﬁm yet her ,sul f one
(PES) and®PE¥takx reethylener | gbperesit (idf | ch UYOTh PBR¥FSakilesoc
(2) A subsfisisrdsimde of bisnaleimde triazine (BT) and

The heat-resistant thermoplastic resin should preferably
be a one which can be thermally decomposed at a temperature higher
than 250°C and that is selected from fluororesins such as
polytetrafluoroethylene (PTFE),polyethylene terephthalate
(PET) ,polysul fone (PSF) ,polyphenylene sulfide (PPS),
thermoplastic polyphenylene ether (PPE), polyether sulfone
(PES), polyether imide (PEI), polyphenylene sulfon (PPES) ,
tetrafluoroethylene hexafluoropropylene copolymer (FEP),

tetrafluoroethylene perfluoroalcoxy copolymer (PFA),

polyethylenenaphthalate (PEN), polyetheretherketone (PEEK),
polyolefin, etc.

The thermosetting resin may be epoxy resin, polyimide resin,
phenol resin, thermosetting .polyphenylene ether (PPE), or
similar.

The composite of fluororesin and thermosetting resin should
preferably be a composite of fluororesin fabric cloth and
thermosetting resin charged in voids in the cloth.

In this case, the a fluororesin fabric cloth should
preferably be a texture or nonwoven fabric made from the
fluororesin fibers. The nonwoven fabric is produced by forming
a sheet from short or long fluororesin fibers and a binder and
heating the sheet to fuse the fibers to each other.

Further, the thermosetting resin should preferably be at
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havi ng, a conductor circuitry layer 2 formed on either surface thereof (as
in FIG 3 (a) ) was dipped in an el ectrol ess platlng soluq d of 8
g/ 1 of copper sulfide, 0.6 g/1 of nickel sulfide, g/ 1 o |c aC|d, 29
g/ 1 of sodi um hypophosphite, 31 g/1 of boric acid and 0.1 g/l of surfactant
and having a pH of 9 to precipitate a roughened surface | ayer 3 of copper,

ni ckel a r Ig;ﬁ.ﬁ‘?, e
conductop'cécf*qgr}'gii|B'lt;i rgy ayer%kp#ﬁ hfééssﬁ%w?o‘i? J'H%%v?/ziég g\/\gghggir%ﬂﬁg?er. I t
was di pperbsim amd|phenol esesinn- sm]astq:cbmposmt@lafihlgebmoaetbmpgseddof 0.1
nol /1 of tin boron- f.|u0r| e and nmol /1 aqf t

hi b d
mour o SR e {4'2LE IR SRy e Sampanine OF SR B8 LB PES dyhened

surface Imsfe) ppd asr iPPES Cod(Simii&de. tin layer is not illustrated). (3)
The interlaminar insulative resin | i quid prepared at_ the above stegp( 1) was

applied to tikhenydtidayer mrmmwramgtmag@eqsq@)dmtprﬂﬁ Eoug and
ool ed | Gulildihatd 1Sk AUERAELERRLOLING, BEUSL AL ot n pibh

thlckness avi o asér o I'n mave h was I'rra

t he i nt erteferexice nsoll PTG L 3 eand 4ayer 4 to form hoI es 5 of 60 ~n in
di aneter for viaholes (as in FIG 3(d)). U5|n Pd as tar sputtering

was made at 2“5!?WPHfaEtHFH“BOP#’?ﬁ:ﬁ%ﬁt’-sPﬂ"h%E?%Eé M’(F%afi%tllﬁ‘? RFnar
i nsul ati wgqd 258+ éiisda Olgéi nyf]ﬁ% 24 a5id 13 st RE Pesdish Aly hBRLIbABA(4) Was

di pped -43 14 August el ectrol ess pI ating sol ut lon to form an
el ectrol esteeps a¢I ngeteophly. layer 7 to a thi ckness of 0.6 wm over the

surface of t t.erl am nar sulative resin |ay ncl udi ng t he_hol es
(as in FIG gﬁé) ;Lh 6) ste Iat?%g r%s@?mPﬁ?éFe ﬂlgs F%FﬁﬁarSﬁ heang

el ectrol aséatplﬁésmt&wnﬁ{ei-@ﬂaitw AL O RGPositd ofaflabroreséntl G 4
(a)) . (7 Next, a portion on which the plating resist |ayer 8 was not

formed wAnd| hermesetbingnbesinhertal fompPagitenaft thasmpsetsingaand
el ectr opl &id Al f‘a{ﬂlgiceéinw%h ﬂh&tﬂ%& UL 1 1h9&1aﬂ}?ek®éﬁ.
Ich a or ned,

provi ded a conductor Tayer on con uct or circurt was to
and the elzqmroplmuug:d]a;aﬂryBamdcﬂdod@ssr\plaelhgladmmmrmmgrtaleol e 10

[ FIG 4 A | ect | uti : S04~5H 0 60 g/ 1
(Lg\sle: inng %%é %%-?_ queous B ecr;rjfgp Tguggﬁ#%ggéyd $oH8§ 1 Bri gﬁtenl ng

agent (W by AAF@U;ECb&eB @m/aﬂfm %bnsléeeréﬂeeer@f&emgthﬁssﬂga is
condi tions: Bubbling
dried, holes for the viaholes are formed in the layer.

In case the interlaminar insulative layer is made of a resin
photosensitized by acrylating, the hole for the viahole is formed
by exposing, developing and then thermally curing the resin layer.
When the resin is a composite of fluororesin and heat-resistant
thermoplasticresin, composite of fluororesin and thermosetting
resin or a composite of thermosetting and thermoplastic resins,
the hole for the viahole is formed by thermosetting the resin
layer and then by lasing drilling. At this time, the ratio D/T;
between the viahole diameter (D) and interlaminar insulative
resin layer thickness (T,) should preferably be within a range
of 1 to 4. This is because if the ratio D/T, is less than 1,
the electroplating solution will not enter the hole while the
ratio over 4 will not allow the hole to sufficiently be filled
with a plating metal.
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Current density Set current value Plating length of tinme 3.0 Iiters/m’n 0 .
5 Aldnz 0.18 A 130 min (8) The plating resi st Iayer8was "ﬁ%

renoved, and then the electroless plating copper |ayer 7 un e p atl ng
resist layer 8 was dissolved for renoval in an etching sol utlon conposed of
a mxture of sulfuric aci d and hydrogen peroxide, sodiunpersulfate,

anmoni unper s f du r 1 0 ol ess
pl ati ng copp?ﬁ&a‘%&%}c #@g}i BI a?‘ fh(r%g s@(l%{)f%gr ;yg?%@g%g?&g@?gﬁai

t hi cknessimsukdinise 1’551@ layér ishioulid preféhabiy dereoughehad by plasmaur f ace,
and the -44 14 Auqust ,h 2002 conductor circuitry. layer surfac vva at a
sane | evettehinger fhe tike fonthis rP“QthAé‘ga‘t'lilkém?Fgﬂfe(tl?? e&"f"&ugh
surface |1?d/e!!hé3 {,péﬂfﬁg the substrate . Further, the steps (3) to(
8 ) were repeated to e the nultilayer printed wiring board (as in
FIG 4 (c ) )In tEa@erpte eleatwolesisaydatimgtathesd ivengivousedvwas sheduced
of Wiich the interl am.nar sulatlversml er was_made of G site of
{1 uor or est Tt TREIRET SRR A Yk PR En i dr e THR. 0P PRy T baPei8TRY] ) °
( 3) foretistenedm €hé SANFEdcs DFEEhO ANESE adfielsiveSVape s are aembyleldowns:
(4) The 8-stage sheet was attached on the substrate at the step (2 for

the exanptl 4RCHMRPSING Ay ddAgOlving U§§l‘}r anoachd qy/kidant teseoughi or m an
interlam élﬁsﬂg% ‘gg {ﬁélgdﬁélgf{’ ¥%p the |ayer was exposed to an
0 eng

ul travi oI |'aser nmin wave fo formholes for viaholes of 60
E, un in di anBxampllésesr eafter, the steps (4) to(9) for the exanple 8
was repeat ed 'f‘g éoor lulgn? 1:thhee a vla;[rlta cpf’ r}\teedaf\lgrrc-zlmrtla(‘g\1:J.onedc.'l first to
fourth preferred embodiments of the present invention, examples
1 to 9 and comparative examples 1 to 8 of multilayer printed
wiring boards were prepared through the steps (1) to (11) of
the 14 steps having been described in the foregoing, not yet
including the step at which the solder bump is formed. Example
11l was prepared throughall the steps (1) to (14). Themultilayer
printed wiring boards thus prepared will further be described
in detail herebelow:

Example 1:

(1) Compositions prepared through the following steps O
to @ were mixed together and aéitated to prepare an electroless
plating adhesive.

@ Thirty-five parts by weight of a 25% acrylated
product of cresol novolac type epoxy resin (80% in sold content;
250 in molecular weight, by Nippon Kayaku Co., Ltd.), 4 parts
by weight of photosensitive monomer (ARONIX M315 by Toa Gosei
Co., Ltd.), 0.5 part by weight of antifoaming agent (S5-65 by
SANNOPCO) and 3.6 parts by weight of NMP, were mixed by agitation.

® Eight parts by weight of polyether sulfone (PES)
and 7.245 parts by weight of epoxy resin particles (POLYMERPOE

by Sanyo Kasei Co., Ltd.) of 0.5 um in mean particle size were
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Exanple 10: A multilayer printed wiring board of which the interlam nar

i nsul ative resin |ayer was nade of a conposite of thernosei,tj
t hernopl astic resins was produced by repeating the steps ?41A€&f%&?0% ) for
)

the exanple 1 and further processing the substrate as follows: (7
Aportion on which the plating resist |ayer was not forned was el ectropl ated

under t hgySad@ eazjyﬁﬂéllg%aa%@n H?f g%tr%% Sgnlvteﬁ.ghtt Be RMB"ReeeSalidefior m an

el ectroplating |ayer ~.Imin ness portion. The | ayer 9
provi ded to deved ek xrureny e They weireh mi xeshhyctagitations was to be forned,

and the electroplating | ayer 9 s filled in the hole to forma viahole 10.
(8) The plating i@si &q garts hys wedghty off Ml dazedeeCustng ( AGRNENe

el ectrol egzEMAIcN DY BTk Kesel "€ D) aLtd0) | €2 phredSby wéigHgus 2002
| ayer 8 was dissolved for renmoval in an etching solution Conposed of a

m xture ofntidter o ERGACURR InAtDdan GidaoSedgy )sodi- 2nbpats biyf wedght
anmoni unp | £ 2 Lof C QI Cl ' 1_.havi thi£kngss of
Sbour 15 b enenatekacy”(BEFRESIY Mt Rdghuc BTy % Al 78

el ectroplpdrty Ipppeightlyef NMP Ateidimikédetojeehetabpl agibabadna fl at
surface, and the conductor surface was_at a_sane |evel as the_viahole

|
surface. (9) ¢ & suhstxake dopade Péueﬁsmﬂﬁgeédﬁaﬁﬁa\ﬁ&ger §BFadaBf t he

Substr at eay i1 ld@ondule’ ort e&mﬁﬁ%iagér&z )£k P eakAe ! gupFaddce the
multilayer printed wring board. Cofiparative exanple 7: A nmultilayer

printed viherepHdasdinaBI@r ddia))d was dhppedt be amedelckrioless pdakangve
resin | ayer made only. 0 therposetting r.esin, as_.follows:.
Conposi ¢ 1Erel Bohrhen B £ ard i Gomian tehiEide. 876 941 W nifrba,
t oget her SWLfPde j abeg/1l PeeRRie aPig) o gohess swdatdwaygg?aahpaitel

Thirty-five parts by weight (80%in solid content; of a Yo acryl at ed

product ol @/ds@f hevdrRacidand oy 9/dspf gusbactantard hawingiagRH by
Ni ppon K s Lt | L4 oner
(ARONI X N8 3 Pros Ritare s roubfighsdtuibatt el Bt L K3 PARTYTC
agent (S-&bd phssPieiis)tana hicknessts£by (i ght thé blivPfacver efmthed by

agi tation, went arts, b I ght _of NWP e added to 7. 245 parts by
ndi oht | orendueEey P ot i s RBRB o BhE SR A e L Fad, Washed ) o
0.5 ~minnbededd! t i Qrfd ZPippd®YiNeaR §186€rb2e85NeinDEubEiduitgdn 3~ Two

parts by wei ght of imdazole curing agent (ZE4MZ-CN by Shi koku Kasei Co.,
Ltd.), 2 pkatingbakh gampasediaf £.0r malZdaciREin boropy fduexidei gpd 0.2

pare by Y oy PRI e of ST NS e PR ofBapneh ) o
a tin layer of 0.3 um on the surface of the roughened surface
layer 3 (as in FIG. 1(b); the tin layer is not illustrated).

(3) The interlaminar insulétive resin layer prepared at the
above step (1) was applied to the substrate 1 (see FIG. 1(c)).
After the substrate 1 was dried, a photomasking film was placed
on the substrate 1, exposed, developed and thermally cured to
form a 20 um~-thick interlaminar insulative resin layer 4 having
formed through them holes 5 for viaholes of which the diameter
is 60 ym (61 pm at bottom and 67 um at top) (see FIG. 1(d)).

(4) Thesubstratelhavingthe interlaminar insulativeresin
layer 4 formed thereon was dipped in chromic acid for 19 min
to form a roughed surface layer 6 of 4 um in depth on the surface
of the layer 4 (see FIG. 1l(e)).
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-46 14 August 2002 Thereafter, steps ( 2 ) to ( 9 ) for the exanple 10

were repeated to provide the nmultilayer printed wiring bo 139 tive
exanple 8 A nmnultilayer printed wiring board was producedail"tﬁA'tl@e) sabng

manner as for the exanple 8 except that no | eveling agent and bri ghtening
agent were added to the electroplating solution. As a result, a plating

| ayer could n Lciently be. filled . in the.holes for.the viaholes. For
eva uat L on of Chets sRpREates nayingichg Acan BuETack 1over S ERgnEd 1ol
wer e subj¢lvdesbi aras [@Ppedl ihcaheslettrobesd pleying s lindlci tandoemol ed
alternately 500 tines at a tenperature ranging from-55C to 125C, and then
t o anot hedn [fd@ctyadiess platisg Layprwkraf et o imdEhigknassavemshel y 1,

000 ti mesr@ﬁv%ﬂ hé'uffé‘@é'rﬁé'é ??épgf&ﬂ 2:: 55C to 125C. A light-optic
ec y'Cr

m croscope s used to or a ack having started at the viahole,
separ ati on or(&y &lplaftimgerpsastnbayey 8 wiasr formedhon tihehellectfbdeksst
results are shown in T ack_starting at viahol

le 3.. Table 3 ¢ gSesar ation

or crack B¥a%AngilayenyLrspothe toryertirnnd nanper, (FeeshdCredladycl es1000
heat (7) Next, a portion on which the plating resist layer 8 was

not formed was electroplated under the following conditions to

formanelectroplatinglayer9of20puminthickness onthe portion.

The layer 9 provided a conductor layeronwhichaconductorcircuit

12 was to be formed, and the electroplating layer 9 was filled

in the hole to form a viahole 10 (as in FIG. 2(b)).

Aqueous electroplating solution:

CuS0,4-5H,0 60 g/1

Leveling agent (HL by ATOTTECH) 40 ml/1

Sulfuric acid 190 g/1

Brightening agent (UV by ATOTTECH) 0.5 ml/1l

Chlorine ion 40 ppm
Electroplating conditions:

Bubbling 3.0 liters/min

Current density 0.5 A/dm’

Set current value . 0.18 A

Plating length of time 130 min

(8) The plating resist layer 8 was separated and removed,
and then the electroless plating layer 7 under the plating resist
layer 8 was dissolved for removal in an etching solution composed
of a mixture of sulfuric acid and hydrogen peroxide, sodium
persulfate, ammonium persulfate, etc. to form the conductor
circuit 12 consisting of the electroless plating layer 7 and
electroplating copper layer 9 and of which the thickness is about

20 ym and L/S ratio is 25/25 ym. At this time, the viahole 10
had a flat surface and the conductor circuit surface and viahole
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cycl esExanpl e 8NoNoNoNoExanpl e 9NoNoNoNoExanpl e 10NoYesNoNoConpar ati ve
exanpl e 7YesYesNoNoConpar ative exanpl e 8NoNoYesYes As seeqqimfisf 2382 3.
the exanple 8 is highly resistant against violent tenperature

variatio
fluorore
foregoin

nsinceitsinterlamnar insulative resin |ayerincorporates a
sin and thernoplastic resin. As having been described in the

\ qug ' t he present invention provides
anmul til a%eurxlél%ne{ gﬁ:@;_/a %%&guls?q;%'w wiring board having a filled

vi ahol e struche tnpentokki 6f the peesenteinveneiont foumd thatakwhen thet he

wiring b
variatio
repeatin
t he subs
roughene
ni ckel ph
was prep

(4000 i n peypeddidfeMel ght) produced by acryl ating 50% of epoxy group of a
60% by wei ght of cresol novolac type epoxy resin (by N ppon Ka¥aku Co.
s

Ltd.) sol
SHELL )

1.6 part
parts by
nononer

and 0. 3
pol yrer

of an in
phot osen

o%r,d and siﬂproved I n resi stance agai nst ,vi ol ent tenperature
1

FhickaRs

pf khe,dintexjapipar,idgulativg K68ia ha¥egr ddwaed by

2918 GhEPS, 1 ¥ htiifed, o aTeCHERHEA 4o e diiiord §°GE° "

@55udi03Cc 60| apdr8G mas {he\pldad iy lalyedis’ leqadredpfor- filling

i on

Q horushgi(gti ng. On the ot her _hand, a sol der resist copposit
A\ fig 126 Wereat? s2 py Whei’ght148 a2 o2dsEndi® i tR16ks gorer

ved i(?)DNS@Y hetshar (2l peoruwahened sarface lays6 3 opmedei ght

15 50 1 b A SS90 0 g,

epoxy redimpebdube & mul tiilayeanpkidtgfdewi FgGohrid (A8 1iMBFTGIY2 YOKN. SHELL) ,

s by wei arlt of im dazole (2E4MZ-CN by Shi koku Kasei Co., Ltd.

wei fol yval ent acryl nononer being a photosensitive

(R604 QMIN?.EB?Qr{?i‘EKHe@QAri board was: %Peﬁﬁféa Y el gmﬁ?gf a

sanme pol yfunctional acCryl” nononer (DPEGA by KYCEI

HA" KAGAKU Co.
aanner bpswethht aforementimgnadenexample f romexeepd yithatesanr

Rty ISR o AL 2 Lo e
b

gthe

S hicrrddim X£P1mbYo N pporudfaiak kkPekness dto ¥RéEE I

above m xture. Furthernore, 0.6 part by weight of DVMDG was added to t

m xt ure tthes@arsonpress i danding a;

the sold

HidnetieY WP ORdindd MPSi FRAGHAEEhg *B1traviolet laser.
Example 3:

(1) A drawn tetrafluoroethylene resin (PTFE) fiber
availableas fiber forwoven fabric fromtheW. .. Gore & Associates,
Inc. (trade name: GORE-TEX) was used to weave a cloth for an
interlaminar insulative resin layer. The cloth was composed
of 53 fibers of 400 deniers per 2.54 cm in longitudinal direction
and 52 fibers of 400 deniers per 2.54 cm in lateral direction.

(2) The fluororesin fiber cloth was cut to a sheet of 15.24
cm by 15.24 cm, and the cloth sheet was immersed in a solution
of alkaline metal and naphthalene available under the trade name
TETRA-ETCH from the W. L. Gore & Associates. After that, the
cloth sheet was washed in warm water to rinse away the acetone.
The fibers appeared dark brown due to the etching and the cloth
shrank 20% in both longitudinal and lateral directions. The

cloth sheet was stretched to the initial dimensions with the
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14 August 2002 using a 8-type visconeter (DVL-B by Tokyo Keiki) . For 60
rpom No. 4 rotor was used with the visconeter. For 6 rpm 1%@.&2&6& was
used. ( il ) The substrate prepared at the step ( 10 ) was ap ed on
either side thereof with the solder resist conposition to a thickness of 20
~,m The substrate was dried at 70C for 20 mn, and then at 70C for 30 mn.
Then, a @Hﬁé%m,jl% dﬂ Sfirp HEA4H, thickness having a circular pattern
(mask pattern epl cte ereon was nounted on the substrate, and the
substrate vvasbrex[hase&hm hand|, taa]ziqued epoxytrasiw fwal) @irepired® asna

wavel engt and devel oped in Further, the substrat eat at 80C
for 1 ho SERI D, o5, MRLGH | YR 5 HE nIHPLERRAEAE SACS 5805  or 3
hours to mfdwreeﬁ:dqrweqs Ic%tlhauefmisa@ngofcowhg dd‘idé‘ It tazed iapen at
the sol der pad portion thereof (opening aneter of 200 ~.im (as in FIG 5

(a) ) . ME%D%)’Gﬁlemtlﬁélstﬁb%lmél!‘etﬁﬁaitnéogmy-s@PGei‘%eZBétfqraE@vePQGYf or ned
t hereon Vi@e? qggﬁi r n an aqueous el ectroless plating solution
conposed ‘0 13{) g/ J‘% nlzé]iel chloride, 10 g/1 of sodi um hypophosphite and
10 g/ 1 of sookl:ummuet raiquadd épokyg resin oas, impfegmatedi dio pthei ng

| ayer |40 of E.~mi n th| ckness on the hole inner wall. Further, the

subst r at eﬂ\kﬁﬁr%’%ﬁiéﬁ Yhein chpidb REepaXad cﬂfes*-'shﬁaladitqvfﬂg ARt c8hBosed of
2 9/1 of AAld-AULHT¢BLY Width i z%::g{?]néi{] CQ?%&:yd‘fe 3 fas Of
urh hypophosphi te at 9

sodiumcitrate and 10 g/1 of sodi sec to
precipi t ried gbl :blﬁ@‘lcatbr]grdna:y@e a BGstage srféeﬂ(.neﬂxeoshéef)&ras M. 3656he

ni ckel pl .l ayver |40, I Nt mask was th ole in
t he sol decFﬁ i@s}:gf“gﬁgﬁgf Tﬁé t]l};\ g.&p&%gn&gse[ rﬁ/ﬁ%“pﬂ' ntt}g FF8§§§

200C to fs)rgn a sol der bunp (sol der) 160. Thus a printed w r| ng board havi ng
t he sol der r% gﬁoduced (as in FIG 5(b)). In the conventional printed
wi ring board,( st@ggnsheet mas att enothe subskrate Iqte&hea | ar ge

t of 8ot b
arge Olaeh 4o BB3LE hgexhilp D8 1 0GP prbuSoft LRhpR% B & S0 2 O
pad. In tltgycmfl atlxmEic ﬁblft}i]ﬁﬁi\dnl’ ﬁﬁlgebmam]ginlalecm@hrhwtme trfes i9r eta ¢Bk. o
i nventio wever,. si.nce the viahole.is fi e r pas e n be
appl i ed [}'n‘f’fr%ﬁﬁy they 1aYET YRS FﬁPPﬁgdp d‘é‘q?fé?s‘f&‘?%ﬁ g‘@ﬂfﬁﬁ P(fr n size.
| NDUSTRI /i+mAﬁwﬁﬂfaﬁwt&f&a'hme@efar%%q{dlt&dorrsd i £08SgRLREL .t he

present invention provides a | ayer Inted wring board best suitabl e
for for mﬂ!f‘?f#f‘?ﬂerc%ﬁtesét(‘b) r‘;q Iﬁ@l)eg‘h!' %exampgeah wascsppeateddhesi on

bet ween the o) &ﬁ{gﬂ f{lﬁ@éba‘mpﬂgl Qgﬁkat ive resin |ayer and

an out st anding resi stance ag nst crackrng due eaf cycle. Therefore,
the nultil ayeﬂonmarﬁ@kramexamplmald according to the present invention has

an excell ent apnpl.icability i fields of art requirin
per f or mance zﬂ%aﬁﬁﬁ °ﬁ§@k£{ji H@ SPLFeHNRr BN 5% 8“%11"%*““‘

No. Hei 2-188992, amultilayer printed wiring board was produced

in the same manner as the aforementioned example 1 except that
a conductor circuit was made only of an electroless plating layer
of 25 ym in thickness and viaholes were formed by dipping for
11 hours in en electroless plating aqueous solution composed
of 0.06 mol/l of copper sulfide, 0.3 mol/l of formalin, 0.35
mol/l of NaOH, 0.35 mol/1 of EDTA and a small amount of additive
at 75°C and having a pH of 12.4.

Inthewiringboard, the holes in the interlaminar insulative
resin layer were found filled with the plating layer, but a

depression of 20 to 25 m was found in the central portion of
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- 50 14 August 2002 CLAIMS 1. A nmultilayer printed wiring board having
conductor circuitry layers and interlam nar insulative reg Eﬂ}é‘&r
deposited alternately one on another, the interlam nar i n?t?lrl%l"% vezrag?éi n

| ayers each having forned through them holes each filled with a plating

| ayer to forma viahole, characterized by: the surface of said plating

| ayer exq](hsee : t ole for the viahole being forned substantially
flat and Ty &’gl%ug slu‘{}&lt;'ntial |y same | evel as the surface of the

conduct or ci rqonipgadatiiare dixemslad 20 the interlaminar insulative resin |ayer
in which the plating layer also_lies; and the thickness of, K said conductor
circuitry Iaﬁﬁc% . T‘g'égemlz?sr%ef”b?h?ﬁéﬂ?in&ﬁ@!‘b“?ﬁ%‘ﬁ’e‘i%‘??aﬁe?‘tThe
mul til ay up) i dHSb'Wb!, e 92842392564 mmrtti_fiag@r%ﬂﬁtéd Wwiaiy BohPg i nner
wal | of the hole is roughened. 3 . The multilayer printed wiring board as
set fort iwas poduged.orMorepareicularly) diiengtiepse(13utd ae) £iod thaduct or
circuit sunface e sed out_of the hole for the viahole are.rquaghened. 4.
The mul t (ERAFIASHY do MOFS TRPARET RPLRTCFE A RUPREIATCHED S BPRs 1 to
3, wher eigubsr 44 was FipPed 11 anWIE BB Blatihglidruivpeepdrea each
other by the viahole are roughened. 5. The nultilayer printed wring board
as set fdfxomanagyueoyssdiutdon aemposedof Qs mph/d of gepper snafidde, i s
formed omt ' | I M T IR r S forth
in any O]fb. apﬂ??%ﬁfg?mﬁgg?éﬁ'%%Len%i&%tle?fg%dﬁar |¥§g§§?§§é%§9ﬁg}sayer in
whi ch t henod Ahof eshgil enkdikmd net etarda ceft iz ddist (EPTAjtiocfomsaplatiag

conposi te of therm)(gl astjc and thernosetting resins. 7. The nultilayer
printed wi3¥siy oAU MR ithickngssf Cains 1 to 6, wherein the ratio

between the #ahMéx diaddBy of i B drashetheaNeBato | t1ie! lsiibs\e atS| Bxpa¥ed | S
within a range of -51 14 August 2002

and developed to form an etching resist of L/S = 25/25 um on

the substrate. For etching, the substrate was dipped in a mixed
solution of sulfuric acid and hydrogen peroxide. However, the
conductor circuitry layer was undercut and separated.
Therefore, the comparative example 2 was not evaluated.

The examples 1 to 3 and comparative example 1 were evaluated
asto (D surfaceflatnessoftheirinterlaminarinsulativeresin
layer and Q) electrical connection reliability of the viahole.

The above item (), surface flatness, was evaluated by judging
whether a depression developed on a first applied interlaminar
insulative resin layer. The item (2), electrical connection
reliability of the viahole, was evaluated by checking, using
a probe, whether a further viahole formed on a viahole already
formed showed a poor electrical continuity. The evaluation
results are shown in Table 1.

As seen from Table 1, the examples 1, 2 and 3 are superior
in surface flatness of the interlaminar insulative resin layer.
Even when the further viahole is provided on the inner one, a
circuit pattern breaking due to a depression is not observed,

namely, the examples
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1,to 4. 8. The multilayer printed wiring board as set forth in any of
Clains 1 to 7, wherein the conductor circuitry |ayer has t| | ess
than 25 wn 9. A nultilayer printed wiring board having cgﬁ(ﬁuéﬁé?gg?zr cuitry
| ayers and interlamnar insulative resin |ayers deposited alternately one
on another, the interlam nar insulative resin |layers each having forned

t hrough them holes each filled w tg%ﬁab]gl a]éi ng | ayer to forma viahol e,
characterized in that the thicknes it conductor circuitry layer is

| ess than a half of the v|bapressianetmrintratrlasinahaho@s Vedect®icalhe
mul tilayer printed wring| bnsullagiveekresint hayerC ai hedntidhaieyn the ijnner
wal I of the hekempier QUoNEned. II.” TRg nultiTayer printed wysl ng board as

set forth in € 9r 1P, whereinm g depression (s [ornmed gg the central
surface porti ptattng—tayer—sur-face—exposediout—of gt he—ote—fjor
t he vi ahol e. emH-H-ayer—prhrted—wr-hrg—beartd—as—serforth—+rany

one of O ai msCO™PREREIVENLrein the PFAt ng | ayer surface antconduct or
circuit surfa&éﬁ&?ﬂrﬁq&d olt of the hole for the viahole are roughened.! 13 .
The multilayer printed wiring board as set forth in any one of Clains 9 to

12, wherein e surfaces _of the inner conductor,cjtcuits cqonnegted.to each
Seher by i fa b BRxRi BEGRB1RGs rleRtFoRnpc iR kol b LT LEY BEHEEEARI g boar d

as set T Qi 1CRIRYY pRA% A e/ UBYVIES ddh bisiW)BE MOuRLE SR ENThG | S

formed on the viahole. 15 . e nultilayer printed wiring board as Set

forth i n hoardsg witthingsinconvanienger cifunther nevenathenamasaspradugedyesin

| ayer in | C vi aho] es.,ar ormed is .nade LEsLesin or
a conposittweL o&%‘#ﬁlren%p al§§ig gﬁ&&t ﬁ?rz#osaet g ér){eescl'a‘ﬁlérgéggm’gﬁéé béﬁst 2002
16. The mpdlidmiyeityprontee widkgldward as set in any of Claims 9 to 15,

wherein the ratjio between the viahole diameter and interlamnar insulative
resin | ayer i@ing Eethe phryctyrect she examples,l) €9 33210 GLEGURFr i ng

board hayj ﬁqp t Gl redp ey, | rlam nar insulative resin
| ayers dé%o%% edd%‘lctlg/rsnat eﬁ?%%e”%?%g?%gf? %% interlam nar insulative
resin | ayers Aagtentaonay fabores, ttheufirstcembod beenticof f theedresenta

Pl at i ng g o HeyA Al A 1 ¢ R385 SEL #6056 IS RN

filled viahole structure enabling a fine circuit pattern to be

formed and showing superior surface flatness and highelectrical
connection reliability of the viahole.

Example 4:

Amultilayer printed wiring board was produced by repeating
the steps (1) to (5) for the eiample 1, and further processing
the substrate as follows:

(6) A plating resist layer 8 of 15 um in thickness and L/S
= 25/25 um was formed on the electroless plating layer 7 in the
conventional manner (see FIG. 2(a)).

(7) Next, a portion on which the plating resist layer 8 was
not formed was electroplated under the following conditions to
form an electroplating layer 15 um in thickness on the portion.
The layer 9 provided a conductor layer onwhich a conductorcircuit
was to be formed, and the electroplating layer 9 was filled in

the hole to form a viahole 10 (as in FIG. 2(b)).
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sai d roughened inner wall being covered with a roughened el ectrol ess

pl ati ng |l ayer; and an inner space of said hole defined by | ess
plating layer and filled with an electroplating |ayer. 18 1“%8?71%%% ayer

printed wiring board as set forth in Caim17, wherein depressions are
formed in the central surface portion of the plating |ayer surface exposed

out of the hqgle for the viahale., 19. The nultilayer printed wiring board as
set forth i n%ﬂvoasai%effﬁpﬁél%eﬁ%ﬂht’c%‘ plating layer surface and
conduct or circui teydd,fHage exposed out of the hole fogptggivi ahole are

roughened. 20. The multilayer printed wiring board as sét forth in any one
of daims 17 to Ieveliagiagente Gl foyx ATWITECH) i nneAOcBAddctor circuits

connected to eac thSr. y. t:he viahol e are roughened 1 he multil ayer
printed wring b%’é’g aslés)eatél’fhf(;rth in any one of C ai thal?/?:o’ 20, wherein a

further viahol e iBrilghtedmy ddentyi @wllgy RPOTTECKE) N0l 6i mdyadr printed
W ring board as set. forth jn any of Clains Z7 to 21, wherein the
i nterl am nar i ns@HABANE Q™ | ayer in which the viaf8 BP®are forned is

made of a the I @sdideimy conditdforgust 2002 resin or a conposite of
t her nopl astic and thernosetting resins . 23. The nmultilayer printed wring

board as set in &wph¥fin@ ains 17 to 22, wherein the Ba0i diberséwant he
vi ahol e di ameter and interlam.nnar insulative resin |gyer i,s Wthin a range
of 1 to 4. 24. T@rrﬁﬂ'} I98A% %% i nted wiring board ag'gep/?ﬂrth in any of

Cains 17 to 23, séterdirrdnte vwamgictor circuitry | ayer,18aa a thickness |ess
than 25 wnm 25. A nultilayer printed wring board having conduct or
circuitry |ayers PAfFing anghh R ithi®e ati ve resin | 2P8r ®ideposi ted

alternately I s Lt ' ' ' [ s each
havi ng for m%h%ﬁ%qﬁgr%ghglggsl hgagﬁbgﬂ ?g‘?f gvm%t% a?d;ﬁé?t ?ﬁg ?g{«/:gy@{ib forma
vi ahol e, aththehdihezelletyrotess platimghayer 7 isddiatheladsing registbei ng

01 E e B o Phob A4V SHESY AL TAAN SRR SRR SRR C o
t her mosetdf Y MBS Ure ol "L £ LBE SAGD ARNET HPAL8§bhCpéeskide, sodium
persulfate, ammoniumpersulfate, etc. to formaconductorcircuit
1l fromthe electroless plating layer 7 and electroplating copper
layer 9 and having a thickness of about 15 pum and L/S ratio of
25/25 pm. At this time, the viahole 10 had a depression of about
5 um in depth found on the surface hereof.

(9) As at the step (2) for the example 1, a rough surface
layer 3 was formed on the substrate. Further, the steps (3)
to (8) for the example 1 were repeated to produce a multilayer
printed wiring board (as in FIG. 2(c)).

Owing tothe depression formed on the central surface portion
of the viahole, the thin conductor layer was not separable so
that a fine circuit pattern of L./S = 25/25 pm could be positively
formed.

Example 5:

Amultilayer printed wiring board was produced by repeating
the steps (1) to (3) for the example 3, and further processing

the substrate as follows:
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26 . The nmultilayer printed wring board as set forth in Caim25, wherein
the interlamnar insulative resin layer is nmade of a conpqsi

fluororesin fiber cloth and thernosetting resin inpregnat ggé‘%‘%&éog%i ds in
the cloth. 27 . The nmultilayer printed wiring board as set forth in daim
25 or 26, wherein the inner wall of the hole is roughened. 28. The

mul tilayer prigyt Gt eVB5R8gRO8H e 8w attcHrd Bndfie PurdtidEe 2t LRe?7.
wherein depre(s?i ons are ?grgmaﬁ ?n tiﬁ centclr% Sll}r a%e upor‘%aﬂlion of tﬁg

pl ati ng |sbeg (RUr farethe paxamplbeit4 ofandhpreekbedf undéehea \presdwxre 2. 80he

mul tilayer printed wiring board as set forth in any one of ainms 25 to 28,
wherei n’ & PV alt iy 375 EP L afcinkerleniner dngylative fesidcdagRBosed out
of the hehf-fi¥r ! he/ilaj@ewailexpBseld to an Wi AMINS1A0A% e Jroygbened.
30. The multilayer prinfed wiring board as set forth in any one of C ains
25 to 29 nwhpwave kéngtsh tbabesn bblelsef onvdahededuof &0 pmricudismebarect ed to

h h ' I : h LI | I
boar d as tsPedte; T4 Ee8pE (FVEUCNET o wnb Bxllptl FiRs PEpBRERal [ T,
I's formecopidduce ot anubBRilaydre priitédywirpngnbedrdiri ng board as set

in any of Cains 25 to 31, wherein the rati o between the viahol e dianeter
and i nt er| aniGP@PaLaLive jexample 31 qver js within a range of 1 to 4. 33.

The mul ti ayef sileiiG el Prih AW Ao’ Boakl Ivs! Braaicel SiaiTa iy (0 32
wherein the conductor “cirCuitry layer Has a thickness less than 25 Vim
34. (cancdixthe embodiment 1 as disclosed in the Japanese unexamined patent
publication No. Hei 2-188992. As a result, the holes in the
interlaminar insulative resin layer were found filled with the
plating layer. For acircuit patternofL/S =25/25 um, however,
the plating resist was etched but toomuch, resulting in breakage
of the circuit pattern.

Comparative example 4:

According to the Japanese unexamined patent publication No.
Hei 9-312472, a multilayer printed wiring board was produced.
More particularly, the steps (1) to (5) for the embodiment 5
were repeated and then the substrate was dipped in an electroless
plating solution prepared from an aqueous solution composed of
0.05 mol/1 of copper sulfide, 0.30 mol/1 of formalin, 0.35 mol/1
of sodium hydroxide, and 0.35 mol/1 of
ethylenediaminetetraacetic acid (EDTA) to form a plating layer
of 40 um in thickness.

A dry film was attached to the substrate, exposed and
developed to form an etching resist of L/S = 25/25 um on the
substrate. For etching, the substrate was dipped in a mixed
solution of sulfuric acid and hydrogen peroxide. However, the
conductor circuitry layer was undercut and separated.

As having been described in the above, the second embodiment

of the present invention provides a multilayer printed wiring
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~.4 14, August 2002 ABSTRACT The present invention provides a multilayer
printed wiring board having a filled viahole structure adjgmn Y60y
usable for formng a fine circuit pattern thereon, and having an excel | ent
resi stance agai nst cracking under a thermal shock or due to heat cycle. The
mal tilayer printed wiring board is conprised of conductor circuitry |ayers
and 1 nt ehoHPRAvLAG W 241Y84\ANHb 1Y e ScdapPatiitth SbhUIUIY ¥ravenen
anot her, the interlamnar 1 nsulative resin |ayers each having forned
t hrough tthenwhuling koahd ffitdmed inet-breagiage agd|implenent annuitvafiboee. The
sur face of, the,qpl atin Iag/er xposed, out of the hole for the viahole is

t

formed sGHHSHYY Pakreyn, oL fy'S 225425 Whbstantial ly same | evel as the
surface of tln?@_m@(ggor circuit disposed in the interlamnar insulative
resin |ayer. e_thickness of the conductor circuitry layer is less than a
hal f of the ¢ unbtilayarmuimtadivicisgtbeardyag produeed hcrepepting t he
hol e for I e hterl an gar. Lasu i resi i and an
el ectrol reli'glh;L LSP'gh néWa@%r@s erp%{sllgt%%&%%f? hg’ rag‘ljig%é%ge?u fggggsgiﬂg

el ect r opltdie Eyubstyrate ad ifdEXbws: t he hol e including the el ectrol ess
plating layer to formthe viahole, The interlam nar insulative resin |ayer

i sforned froré doRpasing sesast|layer &iof dRoMpnp Fidmassand b/
toughness. 98928 [ialad Folriled bn' (F TIRATI L P iAo PEPAR 1 GrPthe
fluororesin an ernosetting resin or a conposite of “thefnosetting and

t her nopl ganventdgnal mamer (see FIG. 2(a)).
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] cal] cal) cal] agaUlpalata theasthp” ¢2)) CPor the example 1, a rough surface
layer 3 was formed on the substrate. Further, the steps (3)
to (8) for the example 1 were repeated to produce a multilayer
printed wiring board (as in FIG. 2(c)).
Owing tothe depression formed on the central surface portion
of the viahole, the thin conductor layer was not separable so
that a fine circuit pattern of L/S = 25/25 um could be formed.
Example 7:

Amultilayer printed wiring board was produced by repeating
the steps (1) to (3) for the example 2, and further processing
the substrate as follows:

(4) The B-stage sheet was attached on the substrate at the
step (2) for the example 6, and pressed under a pressure of 80
kg/cm? at 175°C to form an interlaminar insulative resin layer.
Further, the layer was exposed to an ultraviolet laser of 220
nm in wavelength to form holes for viaholes of 60 um in diameter.
Thereafter, the steps (4) to (9) for the example 6 was repeated
to produce the multilayer printed wiring board.

Comparative example 5:

A multilayer printed wiring board was produced similarly
to the embodiment as disclosed in the Japanese unexamined patent
publication No. hei 2-188992. 1In this case, the holes for
viaholes were filled only with the electroless plating layer
to form the viaholes.

Comparative example 6:

Amultilayer printed wiring board was produced by repeating
the steps (1) to (3) for the example 6 and further processing
the substrate as follows. The substrate was dipped in an

electroless plating solution prepared from an aqueous solution
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109%& () - }’\’?)l—rﬁ%Tﬁ%ﬁ—#—'—rﬁ%&'—(—sp A= -Q.W

109 ()-Su}[ M?1 10ss 10ss 10ss!,; iaho

10%s8& ()-!@%—M—L@%—Q—%@@%—P&—&!—%@%‘ vighols,

10ss! k! 1007 T H5MPLE FogTe (). #1 100ae (). #M 100& (). 1 1poge: NP
Example 7 No No
Comparative example 5 No Yes
Comparative example 6 Yes No

As seen from Table 2, the comparative example 5 showed a
cracking in the viahole portion, and the comparative example
6 showed a separation of the viahole portion. However, the
examples 6 and 7 showed neither separation nor cracking at the
viahole portion.

As having been described in the foregoing, the third
embodiment of the present inventionprovides amultilayerprinted
wiring board having a filled viahole structure in which the
viahole is not easily separable and no crack takes place under
a thermal shock or due to heat cycle.

Example 8:

Amultilayer printed wiring board was produced of which the
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by thermally fusing andmixing eight parts by weight of polyether
sulfone (PES) and 92 parts by weight of fluororesin (Teflon by
Du Pont) at 350°C.

(2) A substrate 1 made of bismaleimide triazine (BT) and
having a conductor circuitry layer 2 formed on either surface
thereof (as in FIG. 3(a)) was dipped in an electroless plating
solution composed of 8 g/1 of copper sulfide, 0.6 g/1 of nickel
sulfide, 15 g/1 of citric acid, 29 g/1 of sodium hypophosphite,
31 g/1 of boric acid and 0.1 g/1 of surfactant and having a pH
of 9 to precipitate a roughened surface layer 3 of copper, nickel
and phosphorus to a thickness of 3 um on the surface of the
conductor circuitry layer 2. Then, the substrate 1 was washed
in water. It was dipped in an electroless tin-substitution
plating bath composed of 0.1 mol/l of tin boron-fluoride and
1.0 mol/1 of thiocarbamide at 50°C for 1 hour to precipitate
a tin layer of 0.3 pm on the surface of the roughened surface
layer 3 (as in FIG. 1(b); the tin layer is not illustrated).

(3) The interlaminar insuiative resin liquid prepared at
the above step (1) was applied to the substrate 1 processed at
the step (2) (as in FIG. 3(c), and cooled to form an interlaminar
insulative resin layer 4 of 20 um in thickness. An ultraviolet
laser of 220 nm in wavelength was irradiated to the interlaminar
insulative resin layer 4 to form holes 5 of 60 um in diameter
for viaholes (as in FIG. 3(d)).

(4) Using Pd as target, sputtering was made at 200 W for
1 min to implant Pd nucleus into the interlaminar insulative
resin layer 4.

(5) The substrate 1 processed at the step (4) was dipped
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(as in FIG. 3(e)).

1“6“&%"!89@’9@‘( jayerfipelpding “"SH_

(6) A plating resist layer 8 was formed on the electroless
platingcopper layer 7 in the conventional manner (seeFIG. 4(a)).

(7) Next, a portion on which the plating resist layer 8 was
not formed was electroplated under the following conditions to
forman electroplating layer of 15 umin thickness on the portion.
The layer 9 provided a conductor layer onwhich aconductorcircuit
was to be formed, and the electroplating layer 9 was filled in
the hole to form a viahole 10 (as in FIG. 4(b)).

Aqueous electroplating solution:

CuS0,;'5H,;0 60 g/l
Leveling agent (HL by ATOTTECH) 40 ml1l/1
Sulfuric acid 190 g/1

Brightening agent (UV by ATOTTECH) 0.5 ml/1
Chlorine ion 40 ppm

Electroplating conditions:

Bubbling 3.0 liters/min
Current density 0.5 A/dm’

Set current value ' 0.18 A
Plating length of time 130 min

(8) The plating resist layer 8 was separated and removed,
and then the electroless plating copper layer 7 under the plating
resist layer 8 was dissolved for removal in an etching solution
composed of a mixture of sulfuric acid and hydrogen peroxide,
sodium persulfate, ammonium persulfate, etc. to form a conductor
circuit 11 from the electroless plating copper layer 7 and
electroplating copper layer 9 and having a thickness of about
15 pm.

At this time, the viahole 10 had a flat surface, and the
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Example 9:

Amultilayer printed wiring board was produced of which the
interlaminar insulative resin layer was made of a composite of
fluororesinand thermosettingresin, by repeatingthe above steps
(1) to (3) for the example 3 and further processing the substrate
as follows:

(4) The B-stage sheet was attached on the substrate at the
step (2) for the example 8, and pressed under a pressure of 80
kg/cm? at 175°C to form an interlaminar insulative resin layer.
Further, the layer was exposed to an ultraviolet laser of 220
nm in wavelength to form holes for viaholes of 60 ym in diameter.
Thereafter, the steps (4) to (9) for the example 8 was repeated
to produce the multilayer printed wiring board.

Example 10:

Amultilayer printed wiring board of which the interlaminar
insulative resin layer was made of a composite of thermosetting
and thermoplastic resins was éroduced by repeating the steps
(1) to (6) for the example 1 and further processing the substrate
as follows:

(7) Aportiononwhichthe platingresist layer was not formed
was electroplated under the same conditions as at the step (7)
fortheexample8toformanelectroplatinglayer15uminthickness
on the portion. The layer 9 provided a conductor layer on which
a conductor circuit was to be formed, and the electroplating
layer 9 was filled in the hole to form a viahole 10.

(8) The plating resist layer 8 was separated and removed,

and then the electroless plating layer 7 under the plating resist
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109 109 persulfate, amamoniumpersulfate, etc. toformaconductorcircuit
11 having a thickness of about 15 um and consisting of the
electroless plating layer 7 and electroplating copper layer 9.
At this time, the viahole 10 had a flat surface, and the
conductor surface was at a same level as the viahole surface.
(9) As at the step (2), a rough surface layer was formed
on the substrate. Further, the steps (3) to (8) were repeated
to produce the multilayer printed wiring board.

Comparative example 7:

Amultilayer printed wiring board was produced of which the
interlaminar insulative resin layer was made only of a
thermosetting resin, as follows:

(1) Compositions prepared through the following steps @
to @were mixed together and agitated to prepare an electroless
plating adhesive.

@ Thirty-five parts by weight (80% in solid content)
of a 25% acrylated product of cresol novolac type epoxy resin
(2500 in molecular weight, by Nippon Kayaku Co., Ltd.), 4 parts
by weight of photosensitive monomer (ARONIX M315 by Toa Gosei
Co., Ltd.), 0.5 part by weigh£ of antifoaming agent (S-65 by
SANNOPCO) and 3.6 parts by weight of NMP, were mixed by agitation.

® Twenty parts by weight of NMP were added to 7.245
parts by weight of epoxy resin particles (POLYMERPOLE by Sanyo
Kasei Co., Ltd.) of 0.5 pm in mean particle size. They were
mixed together by agitation.

® Two parts by weight of imidazole curing agent
(2E4MZ-CN by Shikoku Kasei Co., Ltd.), 2 parts by weight of
initiator (IRGACURE I-907 by Ciba Geigy), 0.2 part by weight
of photosensitizer (DETX-S by Nippon Kayaku Co., Ltd.) and 1.5
parts by weight of NMP were mixed together by agitation.

-46-



10gF=10%g& ()-'a! 10%gg& ()-f2vew{ {{{{{|{\: 10'k! D 10967T& ()- %" : 10967& () -
10@ 10@ 10@=109%@& ()-!1!109@a& () - g2! p! 109@& () - g2| “Zw%dé Q200

p-1 109B& ()- & S! 109 T& ()-9% S! 109 T& ()- 9% S! 109 T& () - % D! )ﬁ% A% N 10%
TT& ()-% ~ @10! ps! 109F& ()- F"MLOYT& ()- 10T 10T

10T=10%& ()-!S-! 100AT& ()-& ! 10%W& ()- & We*zX6~_@ 10!

XN 1099T& ! Sl WTE& & 111109 ‘11090 & 1Ss! 10%&. (),-
| ks! 10%’T&'(%) {’;P?l@m@}&f% &ﬁf &J(é aPéﬁ‘i\ﬁlSW&"’(‘%l‘ 10T
to prov1de the multllayer printed wiring board.

Comparative example 8:

A multilayer printed wiring board was produced in the same
manner as for the example 8 except that no leveling agent and
brightening agent were added to the electroplating solution.
As a result, a plating layer could not sufficiently be filled
in the holes for the viaholes.

For evaluation of the examples 8 to 10 and comparative
examples 7 and 8, they were subjected to a heat cycle test in
which they were heated and cooled alternately 500 times at a
temperature ranging from -55°C to 125°C, and then to another
heat cycle inwhich they were heated and cooled alternately 1,000
times at the temperature range of -55°C to 125°C. A light-optic
microscope was used to check for any crack having started at
the viahole, separation or crack of the plating layer forming

the viahole. The test results are shown in Table 3.

Table 3

Crack starting at|Separation or crack of

viahole plating layer

500 heat | 1000 heat |500 heat | 1000 heat

cycles cycles cycles cycles
Example 8 No No No No
Example 9 No No No No
Example 10 No Yes No No
Comparative Yes Yes No No
example 7
Comparative No No Yes Yes
example 8

As seen fromTable 3, theexample 8 ishighly resistant against
violent temperature variationsince its interlaminar insulative
resin layer incorporates a fluororesin and thermoplastic resin.

As having been described in the foregoing, the fourth

embodiment of the present inventionprovides amultilayerprinted
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Example 11:

Amultilayer printed wiring board was produced by repeating
the steps (1) to (9) for the example 1, and further processing
the substrate as follows:

(10) As at the step (2) for the example 1, a roughened
surface layer 3 was provided by electroless copper- nickel-
phosphorus plating.

On the other hand, a solder resist composition was prepared
by mixing 46.67 parts by weight of a photosensitive oligomer
(4000 in molecular weight) produced by acrylating 50% of epoxy
group of a 60% by weight of cresol novolac type epoxy resin (by
Nippon Kayaku Co., Ltd. )solved in DMDG
(diethyleneglycoldimethylether), 6.666 parts by weight of a 80%
by weight of bisphenol A type epoxy resin (EPICOAT 1001 by YUKA
SHELL) solved in MEK (methyletylketone), 6.666 parts by weight
of an epoxy resin of the same bisphenol A type (EPICOAT E-1001-B80
by YUKA SHELL), 1.6 parts by weight of imidazole (2E4MZ-CN by
Shikoku Kasei Co., Ltd.), 1.5 parts by weight of a polyvalent
acryl monomer being a photoseﬁsitive monomer (R604 by Nippon
Kayaku Co., Ltd.), 3.0 parts by weight of a same polyfunctional
acryl monomer (DPE6A by KYOEISHA KAGAKU Co., Ltd.) and 0.36 part
by weight of leveling agent made from an acrylic ester polymer
(POLYFLOW No. 75 by KYOEISHA KAGAKU). Further, 2.0 parts by
weight of an initiator (IRGACURE I-907 by Ciba Geigy) and 0.2
part by weight of photosensitizer (DETX-S (by Nippon Kayaku Co.,
Ltd.) were added to the above mixture. Furthermore, 0.6 part
by weight of DMDG was added to the mixture to adjust the viscosity
to 1.4 + 0.3 Pa's at 25°C.

The viscosity of the solder resist composition was measured
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(11) The substrate prepared at the step (10) was applied
on either side thereof with the solder resist composition to
a thickness of 20 um. The substrate was dried at 70°C for 20
min, and then at 70°C for 30 min. Then, a photomasking film
of 5 mm in thickness having a circular pattern (mask pattern)
depicted thereon was mounted on the substrate, and the substrate
was exposed to an ultraviolet radiation of 1000 mJ/cm® in
wavelength and developed in DMDG.

Further, the substrate was heated at 80°C for 1 hour, at
100°C for 1 hour, at 120°C for 1 hour and then at 150°C for 3
hours to form a solder resist layer 120 (of 20 um in thickness)
open at the solder pad portion thereof (opening diameter of 200
pm) (as in FIG. 5(a)).

(12) Next, the substrate having the solder resist layer
120 formed thereon was dipped for 20 min in an aqueous electroless
plating solution composed of 30 g/1 of nickel chloride, 10 g/1
of sodium hypophosphite and 10 g/1 of sodium citrate and having
apHof 5, to form a nickel plating layer 140 of 5 um in thickness
on the hole inner wall. Further, the substrate was dipped in
an aqueous electroless plating solution composed of 2 g/l of
gold potassium cyanide, 75 g/1 of ammonium chloride, 50 g/1 of
sodium citrate and 10 g/1 of sodium hypophosphite at 93°C for
23 sec to precipitate a gold plating layer 150 to a thickness
of 0.03 um on the nickel plating layer 140.

(13) A printing mask was placed on the hole in the solder
resist layer 120, a solder paste was printed and reflowed at
200°C to form a solder bump (solder) 160. Thus a printed wiring
board having the solder bump was produced (as in FIG. 5(b)).

In the conventional printed wiring board, since the viahole
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as high as the solder bump of a flat solder pad. Inthemultilayer
printedwiringboardaccordingtothepresent invention, however,
since the viahole is filled, the solder paste can be applied
uniformly and the hole in the printing mask may be uniform in

size.

INDUSTRIAL APPLICABILITY

As having been described in the foregoing, the present
invention provides a multilayer printed wiring board best
suitable for forming a fine circuit pattern thereon, providing
an excellent adhesion between the conductor circuit and
interlaminar insulative resin layer and an outstanding
resistance against cracking due to heat cycle.

Therefore, the multilayer printed wiring board according
to the present invention has an excellent applicability in many
fields of art requiring a high performance and high packaging

density of electronic parts.

-50-



10g =10%g& ()-!pL "10%gg& ()-z2! SL "10%gg& ()-z2! NL

"10%gg& ()-z2l-}"<dY: 0 I't! k@ 10%ggé& () - 3$10%;&'()-'10%;&' “16%@5/ ?690 )-2!'S

“110%gg& ()- !; 110%g& ()- -V[\]An{\=0"!t!L! 10%g& ()-'F" ? 109

10g 10gF=10%& ()-! + 10%g& ()- ! + 10%g& ()- 6e

z[9{\=0"1t1y)!1 10%gg& ()-:y)! 109%9& ()-:1y I 10% ()- \

I10fyg&'()-l~u10fy&'() 'ILllofygg&'()cmgglltl 110% & ()-f!k!10% & ()-3"910%
& ()-10% & ()-M 10g 10g 10g \

—10%53&' 0) /fl}I"’ @ m%twa@emg g\rlih@%d&'vﬁ)%i(t)}i\gla?ﬁﬁgg) ggﬁmg%f&n@pggbg %5)2 &f‘

'()-1p'10% & ()-aB. @ !t!F & ()-3(510% & 10% & s1 '

0% &'() f¢+@'ib%ﬂ(ﬁam’_-’a?s%%] Ql@g}fi WEG%M% latgye 1ngln layers

10 F= 10“&9%& s £8¢ 10a/f YL 193}#’08{&3«4)" &Y Wl r s %5#10%}&

() - S2! as#10YXX& 2l <s#10 szl 0%33 ())'%‘2' 2SH#10YNN&
s#109&m xﬂa@l&ey«lms_no nayaaqs_lemiggav@)aggfomedoem@uql) gRin wm () 92

"TL10%& égéh filledwith a plating layer to formaviahole, characterized
by:

the surface of said plating layer exposed out of the hole
for the viahole being formed substantially flat and lying in
asubstantially same level as the surface of the conductorcircuit
layer disposed in the interlaminar insulative resin layer in
which the plating layer also lies; and

the thickness of said conductor circuitry layer being less
than a half of the viahole diameter.

2. Themultilayer printedwiringboardas set forthinClaim
1, wherein the inner wall of the hole is roughened.

3. Themultilayer printedwiringboard as set forth incClaim
1 or 2, wherein the plating layer surface and conductor circuit
surface exposed out of the hole for the viahole are roughened.

4. Themultilayer printed wiring board as set forth in any
one of Claims 1 to 3, wherein the surfaces of the inner conductor
circuits connected to each othér by the viahole are roughened.

5. The multilayer printed wiring board as set forth in any
one of Claims 1 to 4, wherein a further viahole is formed on
the viahole.

6. The multilayer printed wiring board as set forth in any
of Claims 1 to 5, wherein the interlaminar insulative resin layer
inwhich the viaholes are formed is made of a thermoplastic resin
or a composite of thermoplastic and thermosetting resins.

7. The multilayer printed wiring board as set in any of
Claims 1 to 6, wherein the ratio between the viahole diameter

and interlaminar insulative resin layer is within a range of
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10. Themultilayer printedwiringboardas set forth inClaim
9, wherein the inner wall of the hole is roughened.

11. Themultilayer printedwiringboardas set forthinClaim
9 or 10, wherein a depression is formed on the central surface
portion of the plating layer surface exposed out of the hole
for the viahole.

12. The multilayer printed wiring board as set forth in any
one of Claims 9 to 11, wherein the plating layer surface and
conductor circuit surface exposed out of the hole for the viahole
are roughened.

13. The multilayer printed wiring board as set forth in any
one of Claims 9 to 12, wherein the surfaces of the inner conductor
circuits connected to each other by the viahole are roughened.

14. The multilayer printed wiring board as set forth in any
one of Claims 9 to 13, wherein a further viahole is formed on
the viahole.

15. The multilayer printed wiring board as set forth in any
of Claims 9 to 14, wherein the interlaminar insulative resin
layer in which the viaholes are formed is made of a thermoplastic

resin or a composite of thermoplastic and thermosetting resins.
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22. The multilayer printed wiring board as set forth in any
of Claims 1'7 to 21, wherein the interlaminar insulative resin

layer inwhich the viaholes are formed is made of a thermoplastic
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composite of thermosetting resin and heat- res:.stant
thermoplastic resin.

26. Themultilayer printedwiringboard as set forthinClaim
25, wherein the interlaminar insulative resin layer is made of
a composite of fluororesin f:i.bér cloth and thermosetting resin
impregnated in the voids in the cloth.

27. Themultilayer printedwiringboard as set forth inClaim
25 or 26, wherein the inner wall of the hole is roughened.

28. The multilayer printed wiring board as set forth in any
of Claims 25 to 27, wherein depressions are formed in the central
surface portion of the plating layer surface exposed out of the
hole for the viahole.

29. The multilayer printed wiring board as set forth in any
one of Claims 25 to 28, wherein the plating layer surface and

conductor circuit surface exposed out of the hole for the viahole
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are roughened.

30. The multilayer printed wiring board as set forth
in any one of Claims 25 to 29, wherein the surfaces of the inner
conductor circuits connected to each other by the viahole are
roughened.

31. The multilayer printed wiring board as set forth

in any one of Claims 25 to 30, wherein a further viahole is formed
on the viahole.
32. The multilayer printedwiring board as set in any of Claims
25 to 31, wherein the ratio between the viahole diameter and
interlaminar insulative resin layer is within a range of 1 to
4.

33. The multilayer printed wiring board as set forth
in any of Claims 25 to 32, wherein the conductor circuitry layer
has a thickness less than 25 pum.

34. (canceled)
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ABSTRACT

The present invention provides a multilayer printed wiring
board having a filled viahole structure advantageously usable
for forming a fine circuit pattern thereon, and having an
excellent resistance against cracking under a thermal shock or
due to heat cycle. The multilayer printed wiring board is
comprised of conductor circuitry layers and interlaminar
insulative resin layers deposited alternately one on another,
the interlaminar insulative resin layers each having formed
through them holes each filled with a plating layer to form a
viahole. The surface of the plating layer exposed out of the
hole for the viahole is formed substantially flat and lies at
asubstantially same level as the surface of the conductor circuit
disposed in the interlaminar insulative resin layer. The
thickness of the conductor circuitry layer is less than a half
of the viahole diameter and less than 25 um. The inner wall
of the hole formed in the interlaminar insulative resin layer
is roughened and an electroless plating layer is deposited on
the roughened surface. An electroplating layer is filled in
the hole including the electroless plating layer to form the
viahole. The interlaminar insu}ative resin layer is formed from
a composite of a fluororesin showing a high fracture toughness
and a heat-resistant thermoplastic resin, a composite of
fluororesin and thermosetting resin or a composite of

thermosetting and thermoplastic resins.
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