99806 (PCT/1B98/01047) SPECI FI CATI ON
- PRINTED W RI NG BOARD AND METHOD OF PRODUCI NG THE SANE

. FECHNI CAL FI ELD This invention relates to a {BPHEEIRROBPHY hoar d,
-and nore particularly to a nultilayer printed wiring board capabl e of
preventing the peeling of interlamnar resin insulating |ayer even in the
heat’i ng or under heat cycle condition and ensuring the connection
reliability of a via-hole portion. SRPECIFICATMON t he invention relates to a
printed wiring board having an excell ent adhesion property between a
conductor circuit for solder pad and a sol der resist | ayer. BACKGROUND ART
Recently, so-called buil dup r&lm@WIWG@ABQANB noticed froma
demand for high densificat METHODROFPRODUYCING/ THESAMEr d. The buil dup
multilayer wiring board is manufactured by a nethod di scl osed, for exanple,
I n JP-B-4-55555. That is an I nsul ating material nade of a photosensitive
adhesi ve for QEAGINHLALE I ing is applied onto a core substrate having
conduct or CII’CUItS ed e osed to a |i eve d to forman
interlaninar i nsul at | i’élspgv faﬁ Hﬂ)‘gﬁél’fﬁ“f‘g?’ aﬁ@F%qreThen t he
surface of th

w th an oxidi ?I ng ag %Q?&@iéit%g)lﬂﬂ%Po%ﬁniaﬁggg%g?ge%ﬁgﬁégagn”e[‘ Le

resulting r oug@aﬂﬁgioﬁwérﬁ@ﬁnaﬂftsmﬁﬁmﬁﬁg uayé@ ebéPisthe Meafisyg 6f GaddritRat esi st
are subjected’to an electroless plating forma two-|ayer conductor

circuit pattecyclecohditiongnd enseritgthe. cofinettic ehiabiity of eyémheld pirtionl ti mes
to obtain a rrultl | ayered buil dup wiring board. And al so, a
nul tilayer teEHH WWSMHWWW@@GW@EIRE@W@GN?E@WN s wat ched

838526 ( ggl-r} ?ggg%ghg@y csion p 'oBlé y b\é\{weenga con%uctor circuit for solder pad and a
solder resist layer.

BACKGROUND ART

Recently, so-called buildup multilayer wiring board is noticed from

a demand for high densification of a multilayer wiring board. The buildup
muitilayer wiring board is manufactured by a method disclosed, for example,
in JP-B-4-55555. That is, an insulating material made of a photosensitive
adhesive for electroless plating is applied onto a core substrate having
conductor circuits, dried, exposed to a light and developed to form an
interlaminar insulating layer having an opening for via-hole. Then, the
surface of the interlaminar insulating layer is roughened by a treatment with
an oxidizing agent or the like and a plating resist is formed on the resulting
roughened surface and thereafter portions not forming the resist are subjected
to an electroless plating to form a two-layer conductor circuit pattern
including a via-hole. Such steps are repeated plural times to obtain a
multilayered buildup wiring board.

And also, a multilayer technique using so-called RCC (RESIN
COATED COPPER) is watched as the buildup multilayer printed witing board.



This technique is a technique wherein RCCis |lamnated on a circuit board
and copper foil is etched to froman opening in a position for the

- formation of a via-hole and a | aser beamis irradi at e@980 PEYIBIREHOMD
.-portion to renove a resin layer and the opening portion is plated to forma
“vi‘a- hol e. Furthernore, there is developed a nmultilayer technique
wherein one-sided circuit boards having a conductive substance filled in a
through- hol eTigk eedhpituets QdeéiHiguOWhare iR RIKS isanlifxed oda d@RufHdaed in

JP- A- 9- 36551. In such a multilayer printed wiring board, a
surface of arndappenfidl isecithdiodromianapehingsinraopasiviorefor fthe formationiofg an
adhesi on property between the surface of the underlayer conductor circuit
and t he i nt erd wiathede and gilaser heands imadintgdde theropening pomtionte demovgBened

| ayer can inprove the adhesion, property in vi.a- hol e portion. Such a

roﬁgheni ng irrgrf’%l&ﬁ?‘}"’écﬁ"g&geWGEPEMQ%E?‘%QW%&%W ?(YFP‘BP%at ment, etching

with sul furic acid-hydrgaen per,0xide ati . -nl ckel - phosphor us

needl e alloy and the%mope’ thidte 58 de%@egwg}g%&?ﬁﬁ@gea&heﬁ%ﬁpr ovi ded

on its surfacsd Gued citbuifb3slad iy rRNe FORMRERRE HIRATR oliirdyghp L hr ough
. I'nt a Sol der ayer 1s

t he sol der bunps I S case, resi st ormed™in the
printed W ri rigoloass Mndifated threakh bhadhesiveiRiver asdésetibed boIP-2ebdBB550ad as a
surface |l ayer and so as not to fuse sol der bunps with each ot her.

In the printed wirindnisuah d myltitaysupfined witinghwardraonetase ofancuit i s

subj ected to a({ougheni ng treatnent fofm enhanci ng the adhesi.on between the
conduct or ci r CYRGCTIRYPLEAMBELOE SHCRI S FavgheRadiior IpEWRg AR pehesignproperty

t her ougheni ng, t n f t C i | t .

ar aphi 01 2t  one FER R Pice EPERRIEY Sl drdobitricnchithl o SutiBfioar ogen
per oxi de, pl g PPRAkr. NTES flus POSRRushenerlyer &l imprapdiere |ike.
However, it ??@%g%aﬁlhgw&en thglluvi g@zol e #gef or ned ?ylg?bgti ng, the

pl ated fil m hadigkipnaabperesin ©viadsole pugivene Suchyeroughehing is sareipd oubbgause
t he peeling of via-hole conductor. For this end, it becones conmobn sense
t hat graphitization-reduction treatment, etching with gulfuric acid-hydrogen

99806 (PCT/I B}?esr{))?fld%,élgl)aﬁng of copper-nickel-phosphorus needle alloy and the like.

The printed wiring board is provided on its surface layer with
solder bumps and connected to an IC chip through the solder bumps. In this
case, a solder resist layer is formed in the printed wiring board to protect the
conductor circuit for solder pad as a surface layer and so as not to fuse solder
bumps with each other. _

In the printed wiring board, the surface of the conductor circuit is
subjected to a roughening treatment for enhancing the adhesion between the
conductor circuit for solder pad and the solder resist layer. Astheroughening
treatment of the conductor circuit, there are used graphitization-reduction
treatment, etching with sulfuric acid-hydrogen peroxide, plating of copper-
nickel-phosphorus needle alloy and the like.

However, it is known that when the via-hole is formed by plating,
the plated film hardly adheres to the roughened layer and it is apt to cause the

peeling of via-hole conductor. For this end, it becomes common sense that



al though the roughened layer is formed on the surface of the underlayer
conductor circuit in portions contacting with the inter|am nar

i-nsul ating | ayer, the roughened |layer is renoved in po??@é@ﬂ@%@é@‘ﬂhg
with the via-hole conductor (see, for exanple, JP-A-3-3298). PROBLEMS TO BE
SOLVED Even when the surface of the underlayer conductor circuit
connecting to the via-hole conductor is flattened, however, there may be
caused the pealthogglpthetroaghéredia ﬁ'lﬁmaitﬁerswﬁabbefMdeﬂﬁ?ér conduct or
circuit in the heating or under heat cycle condition. " In order
to sol ve thi s cpndudtengiréuit inspdrtions edntacting withrtbe mtetianbdhessininsplatipgr t y

bet ween the underl ayer conductor circuit and the via-hol e conduct

However, whenlayes thireughensd layes isFeaeavedyis PosdpRsrODBICIAE VAL the ‘é‘aﬁWnghened

as mentioned aboye i | S, eas peeling of the via-hole
conduct or . condctor S%cfé’ﬁﬂ%mpfenﬁé 5?4@91 ced a technique using fine

W ring as a Cigp brinted wiring board. The high
densification™ BE SOk can be attained by such a fine wring.
In the fine wred COﬂEt&@ﬁ%eﬁ'thewﬁf@edfqneuﬁaeﬂéye?céﬁdw&tmﬁfu@@ bet ween t he
conductor circuit and the sol der resist |ayerbeconmes considerably small and
hence the adheshasttingapehid yialedleeondudier isdlutienedrhoweveritheramiayt be sol der
resist layer lowers. Particularly, when the conductor circuits are forned
on the surfaceausedghe pf:elm@%memxa;hom qqndgcu@ﬁéﬂ@l the yndeayerecondyet®r t he

adhesi on property. between the co IrCUII and the sol der resist |ayer
more | owers. ©iC tmtt\xl\etpqatlpgagﬁmagﬁ CB‘F etcﬁgd’i ¥¥ention to provide a

printed wiring board el WUROOKASS bRSIANESE SR PIARSS IipldSL e L he

conductor circuit and rI am n restn’ins Ing l'ayer and the

adhesi on pr opeghysioe prsRity Heeweadie tinderlayérContuadt cirdt Mhdtheolig-hoknduct or
to ensure the high connecfion -3

99806 ( PCT/ | Beshdididi7) Howewdrj when theysurface lof the undenlayepaonductor circuit is

roughened as mentioned above, it is easy to cause the peeling of the via-hole

conductor.

Recently, there is noticed a technique using fine wiring as a circuit
pattern in the printed wiring board. The high densification of conductor
circuits can be attained by such a fine wiring.

In the fine wired conductor circuits, however, the contact area
between the conductor circuit and the solder resist layer becomes considerably
small and hence the adhesion property between the conductor circuit and the
solder resist layer lowers. Particularly, when the conductor circuits are
formed on the surface layer of the printed wiring board at a coarse state, the
adhesion property between the conductor circuit and the solder resist layer
more lowers.

It is an object of the invention to provide a printed wiring board
which improves the adhesion property between the conductor circuit and the
interlaminar resin insulating layer and the adhesion property between the

conductor circuit and the via-hole conductor to ensure the high connection



It is another object of the invention to provide a printed wiring board

whi ch enhances the adhesi on property between fine wired conductor circuit
and the solder resist layer to strongly adhere the contf§e¢ FICTEBIBIM 7k 0 t he
sol der resist layer even in portions formng solder bunps w thout peeling
and cause no poor continuity in the solder bunp form ng portions.

DI SCLOSURE OF THE | NVENTI ON The invention lies in a multilayer
printed wiri ngﬂmﬂﬁ@jﬁ@ﬁ@vﬂﬁimgpgﬂﬂﬁﬂ ayer conductor circuits, an

interlam nar resin insulating | ayer forned on the underlayer conductor
circuits, upperlayer Hdinanatherobjectafithe ifventien topraviide a priatddawirieg r esi n

I nsul ating | aéer and a via-hol e connecting the under] ayer conductor circuit
to the upper| Board which eahances theaghesionprppedy betyeeen fine Wige coRSHARI: t or
circuit has a roughened surface fornmed by treating,wth.an etchi.ng sol ution
cont ai ni ng coﬁ’ﬁ%‘i‘??‘?‘;ﬁl‘ﬁ?&ﬁ%ﬁeﬁﬁdaﬁf 98 é’ﬁgiy %F&Heﬁeg the congpctof FHEYL 1 4y er
conductor cirguid i e - V1 .

conduct o cf " i sotdét SRNAEH S n pREINTORELE 160 ! b UaREBE .
wiring board gaaphistindhotReBhtiAYe) if B bu fenbfa péifioh! er | am nar
resin insulating layer Tornmed on the underl ayer conductor circuits,

upper | ayer coDdSCTOSUREI THHE INMBNDION he interl am nar resin insul ating

| ayer and a via-hole connecting the underl|layer conductor circuit to the
upper | ayer conduct or The inviention henin & multilayeoprdnied oviringbeoard comprising
roughened surfage, and the roughened surface conprises. .plyral .anchor
portions, rec B’égerﬂﬁfef £ Cé‘?{cf’lﬁg‘ﬁ“éf@’e@q W&EWQF‘H%B{ Wé’g@ﬂﬁaimr fB‘B’l"‘?‘fB‘i‘ls,
recess portio ﬂﬂﬂ 'ggﬁli ' -ggﬂ t [.Qid Ng
anchor porti oﬁge_ ar er%lgnneé‘tdggt%{gfrgléfg%%@?%@?ﬂf%?é%ﬁgf%e rﬁfég‘if‘?@ggtg‘iﬁd t he
recess porti ofntbaritar P60l Bfduliing8ynmiaal viRdold sdtefiflg thundestges nes, and
t he underl ayer conductor circuit 'is connected to the via-hole through the
roughened sur tamductor circuit to the upperlayer conductor circuit, in which the uniderlayer

99806 (PCT/1B98/01047) . Further, the invention lies_ in a

mul til ayer prFaBRAuCtel Girwi has arqughensd; sariage foraed by Eeatngn Witk @B IAHRS i t s

and an interla in | | L
SOubidh corf ainrfné Qgﬁjﬁe%{l![)n&mplex and an organic acid, and the under-

layer conductor circuit is connected to the via-hole through the roughened
surface.

And also, the invention lies in a multilayer printed wiring board
comprising underlayer conductor circuits, an interlaminar resin insulating
layer formed on the underlayer conductor circuits, upperlayer conductor
circuits formed on the interlaminar resin insulating layer and a via-hole
connecting the underlayer conductor circuit to the upperlayer conductor
circuit, in which the conductor circuit has a roughened surface, and the
roughened surface comprises plural anchor portions, recess portions and
ridgelines wherein these anchor portions, recess portions and ridgelines are
dispersedly formed and the adjoining anchor portions are connected to each
other through the ridgelines and the recess portion is surrounded by the
anchor portions and the ridgelines, and the underlayer conductor circuit is

connected to the via-hole through the roughened surface.



| ayer forned on the underlayer conductor circuits, in which the underl ayer
conductor circuit has a roughened surface fornmed by treating with an

et ching sol ution containing copper(I1) conplex and an Qﬂs%ﬁ%@/@%/@lo“%d t he
roughened surface is covered with a netal |ayer nmade of at |east one netal
Selected fromthe group consisting of titanium alumnum zinc, iron,
indium thallium cobalt, nickel, tin, lead, bismuth and noble netal, and
the interlam nar resi Puttheiihtihventicleds inS holtil@fer phntdibwiringbedqrdd surface
and a net hod of producing such a multilayer printed wiring board.

And al so, thecompesinigamdeileyer conduotor tirtwyeandoan mterthminai regirbimauliting
conprising underlayer conductor circuits and an interlamnar resin

i nsul ati ng | alayer f@madoniberunderayrarqongdeetor sisenits, ar whidhcibenmdeslayaghi ch t he

Sur  ace. compr PEMCH ALl AP BBrTeR A St B e DR AT RRE | mes
sur f ace’ conpr FS¥3 : _ Siakia
G spor sedl y 1 S9RaR coRBhEEapner ADRETTEE b B oAb lfRrcliiened, oo

ot her throughgidfgeeis ¢89tdeclSPitiRR thedth9ay@GRade HCAtUEAP oh® nictdllselR ety t he
anchor portions and the ridgelines, and the roughened surface is covered
with a netal teygoupedasisingof tiaiim,clemimin) ziagiewd, eodifimg thdllhemgr oup
consisting of titanium alumnum zinc, iron, indium thallium cobalt,
ni ckel, tin, Feball, nitkektin leadd bisonith and nable mefal.1and theindenlaminaaresiesi n
insulating la s formed_.on the rqu

er hened surface and a had of
produci ng sucﬁ’séflmgtlﬁyq)}éforﬁ?qdrﬁrbd S| exwﬁquafacean ametﬂgaﬁgreover, t he

i nvention |lieg,.| At i1 £ - € |.5i ng conductor circuits for
sol der pads, Erd'sd(g’lcglé?glirc_ielsa‘l Syiﬂl@i{eg%r g@n@ﬁ%‘?ﬁg conductor circuits for

sol der pads and an opafHa%koD e ihPenticH lﬁésqn'afknhhﬂaféiﬂpi'ﬂ{ted ﬁﬁﬁﬁgbba}ﬂer for

t he arrangenent of a sol der body, in which the conductor circuit for sol der

pad has a rougtmprsingumidadeydraomidctby circutst dandepnvintdrlamminar resin insulating
- 5- 99806

(PCT/ | BO8/ Qéolﬂ’f‘f forhrradcqﬂ the uwdeilayes ﬁloeemta{ ﬁr?gts@isgwhicbl the ueéﬁ%?@i gnd an
, . t {
ouPtace, o O cORILAELRAIES DRk e Rftach SpH b T Bt S T ng boar o

conprising  comprises plural anchor portions, recess portions and ridgelines wherein these

=i

anchor portions, recess portions and ridgelines are dispersedly formed and the
adjoining anchor portions are connected to each other through the ridgelines
and the recess portion is surrounded by the anchor portions and the ridgelines,
and the roughened surface is covered with a metal layer made of at least one
metal selected from the group consisting of titanium, aluminum, zinc, iron,
indium, thallium, cobalt, nickel, tin, lead, bismuth and noble metal, and the
interlaminar resin insulating layer is formed on the roughened surface and a
method of producing such a multilayer printed wiring board.

Moreover, the invention lies in a printed wiring board comprising
conductor circuits for solder pads, a solder resist layer formed on the
conductor circuits for solder pads and an opening portion formed in the solder
resist layer for the arrangement of a solder body, in which the conductor

circuit for solder pad has a roughened surface formed by treating with an



conductor circuits for solder pads, a solder resist |layer fornmed on the

conductor circuits for solder pads and an opening portion forned in the
sol der resist |ayer for the arrangenent of a sol der boagﬁOﬁi(PrC%%’ﬁlQﬁé

conductor circuit has a roughened surface, and the roughened surface
Conprises plural anchor portions, recess portions and ridgelines wherein
t hese anchor portions, recess portions and ridgelines are dispersedly

fornmed and t hetshin@bslution ebstaiing eoppa(ld) coeplegandanaggimc acidhand theyr
through the ridgelines and the recess portion is surrounded by the anchor
portions and tshider ratigtllayerss fermedt drethesbuighened sigfacd.ayer is formed on the
roughened surface. The inventors have reexam ned the roughening
treatment on the surfAd8 aso,themysatien hgen & BHAE WHIng b FOPAISIEpr ovi ng

t he adhesi ty .bet. t I t ' I L dth
Vi a- hol e cona eBreroneReiTEr spraey Hales PRt ra B S Somied bl oyer -

g ndEESRCRSTIRISE P M figr et Jeeh | |
' the neat i ng b dagarctii b SOGPEDAR el henlli ol fonffin S sGlRFT ©

graphi ti zat i onedi@dugdrifor e AfiBRentBfla S61dB¢ B&dyVid WhieH thercofid@@be- hydrogen

per oxi de anong various roughening treatnents. According to the
i nventors' knawceidas atrbegleied surfacq ang ¢hd soughtnebsurfdve compdises plurali r cui t
and the interlaninar resin insulating | ayer_is npst _excellent in the needle
al 1 oy pl ati ng aagbefgpartieny, sesse prritpns aad ridgelines whereipthese anchos pPEIOYS at i ng,

h , th ' b d.a. ph 1t hat. t | i i S d bet

the under | ayerCOh ORI 20RTidgefingy rediwesiedly toraled e te aioMi®E e neat i ng
d heat ' | (N STV

Wen the 1 ougHunit afohd e RRReaat ) MEURETBIAIMIE Al ERR ALY

under | ayer congés} port 8 utrouadaPRPBic dbchiicborkions BRO Hevidiales, kY

( PCT/ | B98/ 104 &plder restistfiayey is fareedrancthe aouighened ewifacd. nsul ati ng | ayer is

formed on the roughen |layer and holes for,  the formati on of via-hole are
formed by irradiati ng%ge}"&‘é“é’lto%é’&ﬁ? Eefrapisd tilesp\é&hqugg Featmegkondhs

treatment or |4 ghte SKRRTNGEANS LRUGLBPER it fr3ALIENhg the adhesion

property between the underlayer conductor circuit and the via-hole conductor.
As a result, the peeling between the underlayer conductor circuit and the
interlaminar resin insulating layer is observed in the heating or under heat
cycle condition in case of graphitization-reduction treatment and etching with
sulfuric acid-hydrogen peroxide among various roughening treatments.

According to the inventors’ knowledge, the adhesion property
between the conductor circuit and the interlaminar resin insulating layer is
most excellent in the needle alloy plating among the roughening treatments.
In the needle alloy plating, however, there is observed a phenomenon that the
peeling is caused between the underlayer conductor circuit and the via-hole
conductor in the heating or under heat cycle to increase a value of resistance
to continuity.

When the roughened layer is formed by subjecting the surface of

the undeﬂayer conductor circuit to copper-nickel-phosphorus needle alloy



The inventors have nade various studies wth respect to these treatnents
and confirmed that the resin based on the interlamnar insulating,l r
remai ns in space forned by overl apping the needle all 09%8%<EW/§§%W1§‘¥7ﬁer
and expands in the heating or heat cycle to cause the peeling between the
under |l ayer conductor circuit and the via-hole conductor. And also, it has
been found that such a resin residue results in the crowding of the needle
al | oys and i s piatitge thelimerlaminaerdsacinstlatingdayertis fornedain the remghenedi zi ng
agent or the like does not flow between the needl e alloys when the

devel opi ng sollayeranddrolesfier thesfommation ofi ¥id-boleenofasthed by irradiating ajegetr t he
above know ed%g, t he i nvent ors have exam ned the r(iu heni nsgu_tre t ment of
the conduct or DERMcANc thep sphiceting (e desmear Akcagmertan light eXpesire gdh i si ngl y

found that the _adhesio roperty between the conductor circuit and the
vi a- hol e condf?éi’gﬂogf’?“ﬁiﬁéﬁf@%}‘ab| y inproved by treating the surface of the
conductor cireul t it Mg il ihve adel vatioh Biudi bl With FABRIbIthdset ONP! eX

and an organic acid, an e I nvention has been acconp

the i nventi ontrdafifiefite uati@oafnaed fia thdRyinhsad oh edint@lghidat futdiiage
consi derably enhances the adhesi on property between the conductor circuit
and the vi a- hdhgeraemdinstinrspat¢erfosmett by overgppingdhs neddie elloyswith eash no space
formed by overl appi ng needl e projections with each other as in the plating.
For this end, athe andsxpapds in the heatinger beat cheledo crusedhe pee 0 | ayer

inder | ayer cortt PRI Siiolcid R AR By viaok e pdfefng SRS il
and al o, e HhghRRPthaP WdPe Reshitiepidle Agsul iﬁ*ﬂf‘eﬁgwgfﬁa% Sftheshegdtee! | ent in

the affinity wth t plating solution, so that t I ng sol ution

-7 - alloys and is caused due to the fact that solution such as an oxidizing agent 089806
(PCT/ 1 B98/01047) penetrates into the recess portions of the roughened

surface to aditbe Gkedoesmot fhew betwren thoneedlaslloys when thadiveleping aolutios and
hence t he anchor gortions bi.te into the via-hole to nore adhere the

conduct or ci r Qithe Fe51n Frsidpeds FVeonduct or. Further, in the roughened

surface according to tlﬂﬁ ent M“?d n i | | t he

interlam nar resin insu aek Wegiqoé’%%‘? o) gt%hg{éqpﬂée}géfsi%% thxtn?nécﬂth%
roughening treatment of the conductor circuit surface in detail. As a result,

In

it is surprisingly found that the adhesion property between the conductor
circuit and the via-hole conductor is considerably improved by treating the
surface of the conductor circuit with an etching solution containing copper(Il)
complex and an organic acid, and the invention has been accomplished.

In the invention, the roughened surface having a given roughening
shape considerably enhances the adhesion property between the conductor
circuit and the via-hole conductor. In such a roughened surface, there is no
space formed by overlapping needle projections with each other as in the
plating. For this end, the resin hardly remains on the surface of the under-
layer conductor circuit and hence the peeling of the via-hole conductor from
the underlayer conductor circuit is not caused in the heating or heat cycle.

And also, the roughened surface according to the invention is

excellent in the affinity with the plating solution, so that the plating solution



not caused the peeling between the conductor circuit and the interlam nar
resin insulating |ayer. Thus, the printed wiring board according
to the invention has the above roughened surface, so t?}%i?@é?ff@{@@w%)

bet ween the underl ayer conductor circuit and the interlam nar resin

insul ating layer or the peeling between the underlayer conductor circuit
and the via-hole conductor can be prevented in the heating or under heat
cycl e condi ti génetrates into the re€6s porieny of the hawghened suifacd fecadheieiatioasdi n
order to obtain a nultilayer printed wiring board causing no peeling

bet ween t he uthteanchpe portiondwf the raighenéd surfatetand hencetheaanchar porions

I nsul ating | ayer or between the underlayer conductor circuit, and the

vi a- hol e cond@#edntoghe via-holerie nnargadheredhe garductoraarcughtelthe yismbolei on and
provi ding a higher connection reliability ip the via-hole porti.on.

Ao a result,  CHBOHSIFEN S eRdp dictenehedithase Acrofis RaDeaRHARHr i  cui
Is treated w al | L ni . an
organic acid %gc@rﬁrggégﬁéi@ﬁg{egﬁge?%@gﬂhﬁ]egﬂl rlgglgﬁg%(h}a yg %%ge&lhg&ggver ed
wi th a hardly ngxeslised fite palidle Befw8én e BhAYEDE citcuibaid ARSnflagddhion OF
covered with a netal |ayer damagi ng the adhesi on property to the resin or
t he adhesi on pesipénsujating laper. vi a- hol e conductor even if it is oxidized to
consi derably inprove the adhesi on property between the conductor circuit
and the resin insul at Chys,Itheprintsd winmghaed pesording te the/inyentipr hag the

conductor circuyit and,the, vi a- hol e, copductar and as result, the invention
has been accofgPY&FRughened surface, so ﬁhﬁ?ﬁﬁé’qeﬁvaﬁﬁﬁ%ﬁ}ltﬁﬁena tned surface

having a give ' ; . P . . - 8 -
09506°( PCT | BSEPEHAHE Sk and the interlpminar sesin fpsulating layer or thopecling | © 7
fornmed on t he betwéercthe ahdéryet @BAMIEY cifduitCatid tha Wih-BeéaioRdutdor babeet al

| ayer nade of at | east one netal selected fromthe group consisting of

titani um al uprenentedzinrtbe heating or undlenheattdyald ¢amditiamobal t, ni ckel , tin,
| ead, bisnuth and noble netal. Such a netal, | ayer prevents the
oxi dation of the surfaBgnyentarshavhmade Surtherstudies inggdento iAWt or t he

| ke and does nﬂﬁ{ilafy%f B}iﬁt%d %'n%% ﬂcoia%&ausing no peeling between the underlayer

conductor circuit and the interlaminar resin insulating layer or between the

underlayer conductor circuit and the via-hole conductor even in the heating or
under heat cycle condition and providing a higher connection reliability in the
via-hole portion.

As aresult, the inventors have confirmed that after the conductor
circuit is treated with an etching solution containing copper(Il) complex and
an organic acid to form a roughened surface, the roughened surface is covered
with a hardly oxidizing metal layer to prevent he surface oxidation or covered
with a metal layer damaging the adhesion property to the resin or the adhesion
property to the via-hole conductor even if it is oxidized to considerably
improve the adhesion property between the conductor circuit and the resin
insulating layer or the adhesion property between the conductor circuit and
the via-hole conductor and as a result, the invention has been accomplished.

In the invention, the roughened surface having a given roughening



on the conductor circuit or does not |ower the adhesion property between
sthe nmetal layer and the resin or between the netal |ayer and the via-hole
conductor even if the nmetal itself is oxidized. 9806 (PGTABPER1047)
.multilayer printed wiring board according to the invention, the nmetal |ayer
“can prevent the |lowering of the adhesion strength between the roughened
surface and the interlamnar resin insulating |ayer resulted fromthe

peel i ng of t kleapexdsdferied witingl givea etchivg solgtioh id feemedvasthe Bufhceohihe bet ween
t he roughened surface and the via-hol e conductor. Further, the

i nvent or s havendidier sirtuibangd evanddraith ameetal layer omde of at lsastrenermeigheni ng

nmet hod of the .conductor, circuit surface.i n,ordelr to i nprove the_ adhesion
property bet Sglegfe E@@@Pq SOUp|CRpSIstRg OEW@DFH}P{?PHV@FmpPPﬁ’t]é‘ép’vW@ﬁuﬁb boar d

d the sol der % esi st, | L Parti |y, the i t h ined th
ot hods. such LR, Eohatf S5l i s bRbeth AbdobRERaE ki no i hosul furic.
i d- hyd i - i - ti d
TheTi ke vith §espoct oty AHRAN skt SverbIRRMAM R il Sufiac Ot BT | 19 AT

conduct or Ci epddctdrodirait Mdé bheoppef of theAllek AftPdSerl i Forn &h Skideafyled -
As a result, it has been confirmed that the graphitization-reduction

treat ment i sonrbkecomhbictorasrcaitrarulypes nonlpwer dlat adiresidnproperty bevesnrtheg. | n
the graphitizatiqgn-reduction treatnment and the etching with sulfuric
aci d- hydr ogefneidrlaygrend the resis opbetween theimet dayes apd thevigrhaleg density is

made coarse in the fine . w,rin f t more than 50 [err]m the contact area
bet ween t he EBN ?rpqvegilrhﬁqlgt&ﬂgs‘{iﬁg QIHAES esist |ayer is decreased
through convex porti gt e Riieer printed wiring board according to the invention,

- 9- 99806

( PCT/ 1 B98/ 01@erhnetal ldyer che prevegidadowering of theadtthetion seehghitwiwéed de of the
sol der resist |ayer can not be increased. Particularly, 1t has been found

that the peeroughened surfiacecaridihe infer aminas resin inswtationg lajer repuliedgframrtbet v

under heat cycl.e conditiop.. And al so, .it.has be found tat the
format i on of PEIEG GhIgROMAF il and te omeHDEIR tho ASIon SheBEt RESFRBr us °

Conduct or o) M RLElheCREHE nTMe UBAPESHINE"] F1 BT ent achest on for ce

is indicated even i nFgfiRer ieEnvédtbri%have made various examinations with
respect to the roughening method of the conductor circuit surface in order to
improve the adhesion property between the surface layer of the multilayer
printed wiring board and the solder resist layer. Particularly, the inventors
have examined the methods such as graphitization-reduction treatment, etching
with sulfuric acid-hydrogen peroxide, copper-nickel-phosphorus needle alloy
plating and the like with respect to the demand of increasing the adhesion
between the conductor circuit formed by fine wiring and the solder resist layer.

As a result, it has been confirmed that the graphitization-reduction

freatment is unsuitable as a roughening treatment in the fine wiring. In the
graphitization-reduction treatment and the etching with sulfuric acid-hydrogen
peroxide, it has been found that when the wiring density is made coarse in the

fine wiring of not more than 50 wm, the contact area between the conductor

circuit and the solder resist layer is decreased through convex portions formed



particularly in the coarse portion of wring of not nore than 50 [err]m
However, this roughened layer is formed by the platin so that as the fine
Wi ring density beconmes higher, the precipitated needng%%K%gynﬁﬁgupﬁﬂ t he
roughened | ayer to connect the conductor circuits to each other and finally
‘the poor continuity is caused. In the formati on of the roughened
| ayer nade of the needle alloy, the severe control and mai ntenance of the

pl ati ng sol utinehe tcughened safacefand the adlessiomnfortd of tlervolduriresistdayqridaat i on due
to the growh of the needle alloy. And al so, the sol der resist |ayer nade
of the resin niot bednereasedt hRadtigulaly it hasdwes foundtivt thepdelipgen causadtime bunp
formng portions. In this case, .the needle prqgjections crowd with each
other in the theceespartonthgiyangdensity Wé‘i}dl apgyeR conditiOhat t he di stance

bet ween the projections,i,s narrow a hence 1 hg oxi.di zi agent sol ution
for renoving the devgﬂpp‘iﬂﬁ% lgg?ﬁ(}t’qe #%BPSE‘?“?EII?% TW#IQEiog@geﬁglg CRSt f1owin
the formatio H’& ' Ql: Lk Q1 ' ﬁ?dt.fﬁ . t he

proj ections {lgﬁ%retave@ﬁg@g?&%ﬁ%&%ﬂ;ﬁh&g@%&?ﬁ%ﬁgg}lég re ilgt.%h\fla;}r%?nt ng resin
in the bottommahe héigesRREMOPErTP Betw - thSUBAdIRtoe&GT ChitCan®Bthie G8ldeeTdsie poor
continuity between the conductor circuit in the opening portion and the

met al beneat handithe buffjzient adhesion forctisiadidabes] alen\n thefiné edgeg, t he i nventors
have made various studies with respect to the other roughening treatnent.

As a resul t, partieilarlydetherenarng postion phwviring of soymerethan POf@e f or ned by

f ' igf ing the ﬁg\gv];\?gr?th?g rotu% eﬁgdll%lyjfgrt 'formed by the plating, so that as the fine  ggg04

y ) ‘ R . " .
(PCT/| B98 Ol%ﬁinrg denfSity ‘59&50111%!315@%‘; F‘F‘é eﬁébﬁm eﬁggg%r;asl};o&ﬁtg?b@'dﬁgthEOpper (1)

conpl ex and an organi c” acl property to the

sol der resi strofighéfieddayer3bRonétt thecadnetdr@ircaitoReédch dthertdnd figflbl theeneat h
the bunp and is very suitable for the formation of the solder bunp, and the

i nvent i on haspdesenntigwitinis! davbestl . In the printed wiring board
according to the inventiop, the rqughened suyface havi a gi.ven rougheni ng
shape as forned V\/ith??ltllée _B\?EOBP ﬁ!erfij’“ £RAG laper ma ‘b?ﬂ&‘&"@%d]leﬁzloaonductor
cireui t and te Sob A8k S8k mb B HantSof B P AN IStk Qu e

surface. The Toughened surtace ca
preventing the abnormal precipitation due to the growth of the needle alloy.

And also, the solder resist layer made of the resin is removed through light
exposure and development in the bump forming portions. In this case, the
needle projections crowd with each other in the roughened layer made of the
needle alloy, so that the distance between the projections is narrow and hence
the oxidizing agent solution for removing the developing solution or the resin
residue does not flow in the formation of the opening portion and the resin
remains between the projections to leave the organic residue of the solder
resist forming resin in the bottom of the opening portion. Such a residue
may cause the poor continuity between the conductor circuit in the opening
portion and the metal beneath the bump.

Under the above knowledge, the inventors have made various studies
with respect to the other roughening treatment. As a result, it has been found

out that the roughened surface formed by treating the surface of the conductor
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formed on the conductor circuits having a high wiring density with fine
wiring of not nore than 50 [err] mw thout causing the _poar continu'# as in
t he copper-ni ckel - phosphorus needl e all oy plating. 9 &M(Pcnm%ﬁﬁnéf%o, t he
above roughened surface is excellent in the adhesion property to the sol der
‘resist layer and can ensure the sufficient adhesion property between the
conductor circuit and the solder resist |ayer when the sol der resist |ayer
is renoved i ritchit with de etdhimpsdlotion bentpinifig oopper@)dmmplas and hr ocgatiact area
between the conductor circuit and the solder resist layer or even in the
printed wiri ragidiseaxgel¢rgrinithe adhesionrpraperde tostheysolder mesistfermingi resiniandat a

tate. . Further, th h d f is | in th
resin resi dudheAdaasion BRPRENAA Tt meial Bongath o RITBPRRS Yy seliaplaer | s
dtof ' t .f (i f I . d i
ey, BRLgRRE 85 555kt i chnd 8 PR i BEIED e
not cause the poor E&X\%ﬂ@%“"ﬂ‘ﬁ‘g%‘ﬁﬁ ggt%()icﬂlﬂgpo {wim%&gmé on. BRI EF

DESCRI PTI ON OF THE I'S a m crophotograph show ng
an enmbodi mentro@ghdred suefded et AUV arfouaheRingishgpd & formedwidnthiedbove

Fig. 2 is a mcrophotograph show ng another enbodi ment of the roughened
sur f ace accoraiching solutibn i$ forevedi amthe conductor circuit and the solder resist layer

- 11 - ) 99806
( PCT/ | B98/ 0104 fgrmed through the rougheged surfaces Aharoyabensgh ausface kahbeg t he

ot her enbodi nent _of the ro ened surface gccordi.ng sto.the.invention.
o a°Te e domed oRine eorpita inly hathe 588 HHiBE akasl BB cughened
surface accorgj | ' . : ' | g. a-di damatic
view illustr a‘?ilrﬁ% %tﬁlgé E@%“s ?Hn%{r}éﬂ gfh ‘{V ﬂemlrlto%aélﬁlgﬁetﬁé ggcr)l?%%rglrgg?o@ flng to the
I nventi on. cop er-nickel;plg)sgﬁohﬁ eedieadloyping view illustrating an
enbodi nent of tﬁe roughened surface according to the invention.

Fig. 7 is a di agrameiidalge,éhe abovestoughenng sunfageritoeaetant infthe pdhesion

property to the solder resist layer and can ensure the sufficient adhesion

property between the conductor circuit and the solder resist layer when the
solder resist layer is removed in the solder bump forming portions to decrease
the contact area between the conductor circuit and the solder resist layer or
even in the printed wiring board wherein the wiring density with fine wiring
is at a coarse state.

Further, the roughened surface is less in the resin residue on the
roughened surface when the solder resist layer is removed to form an opening
portion for the formation of solder bump and is excellent in the adhesion
property to the metal beneath the bump and does not cause the poor continuity
in the solder bump forming portion.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a microphotograph showing an embodiment of the
roughened surface according to the invention.

Fig. 2 is a microphotograph showing another embodiment of the

roughened surface according to the invention.
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roughened surface according to the invention. Fig. 8is a
di agrammatic view illustrating an enbodi nent of the ro en ur f
according to the invention. Fig. 9is a diaéggﬁﬂﬁﬁTﬁﬁiﬁéﬁﬁﬁ)

i Ilustrating another enbodi mnent of the roughened surface according to the
i'nventi on. Fig. 10 is a diagrammatic view illustrating another
enbodi nent of the roughened surface according to the invention.

Fig. 11 is a di agr anmdfigc3 s @micriophstogedphrshosuimng therothehembodinteno of thee
roughened surface according to the invention. Fig. 12 is a

di agr anmat i ¢ ioughenad @efage apeprding tadhe amsotiphent of the roughened surface
according to the inveni.io

enbodi ment of the wltliéaggraﬁagm%aw ﬁe%bilé%g%ﬁpgeﬁge Oﬁéﬂ%oq?ﬁ@é ng A
et on.  enghengd S M AP epfigauei i an erboct ment of the
boar d acoor i ng Lot ha Fryant | aRmiEaS vitw Hitgudiing uh SHBoRbeR I 0%,
?Rvgm)iogin.rrent Rughéedwurfact ayeurding totteelinventiog. board-ig?or ding to the
99806 ( PCT/ | B98/ 01047)Fig. 6 is a diagrammati¢ giewlillustrating ae pmbodpmentwfithe) an

enbodi ment of the multil ayer printed wring board according to the
i nventi on. roughene %ﬁr%."e%cqr@%tgtﬂé%lrﬁﬁe%?%duci ng an enbodi ment of the

mul tilayer printed W rg. o) ace ' 0. ] | Fi g.
19 is a step of produ':tE:‘.lg'g7 gsngéi%ﬁrcé'i" ’éﬁé O%f“’ ﬁh‘éaﬁ%’:'@%{’?g@%’?a%’r‘?‘ﬁt‘%éh% ring
board accor di %u%ﬂeﬁéapsdrﬁggaééd}afmgtotheinvenﬁoﬁ! g. 20 is a step of producing
anot her enbodi nent of the nmultilayer printed wiring board according to the
i nvention. Mg B isZldiagrammbtepviehv fhetainngn ambolimnertrdfchie ment of
the nmultilayer printed wiring board according to the invention.

roughened surface according to the invention.

5

Fig. 9 is a diagrammatic view illustrating another embodiment of
the roughened surface according to the invention.

Fig. 10 is a diagrammatic view illustrating another embodiment of
the roughened surface according to the invention.

Fig. 11 is a diagrammatic view illustrating another embodiment of
the roughened surface according to the invention.

Fig. 12 is a diagrammatic view illustrating another embodiment of
the roughened surface according to the invention.

Fig. 13 is a step of producing an embodiment of the multilayer’
printed wiring board according to the invention.

Fig. 14 is a step of producing an embodiment of the multilayer
printed wiring board according to the invention.

Fig. 15 is a step of producing an embodiment of the multilayer
printed wiring board according to the invention.

Fig. 16 is a step of producing an embodiment of the multilayer

printed wiring board according to the invention.
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Fig. 22 is a step of produci ng another enbodi ment of the nultilayer printed
W ring board according to the invention. Fig. 23 is a sten of
produci ng anot her enbodi nent of the nmultilayer printe W@@ﬁﬁ’%@“
according to the invention. Fig. 24 is a step of producing

anot her enbodi ment of the nmultilayer printed wiring board according to the
I nventi on. Fig. 25 is a step of produci ng anot her enbodi nent of
the nultilayer printedfigi7 iswstepaf grauchgdimembodinfent iof entubilayer

Fig. 26 is a step_of producing another enmbodi nent of the nultilayer printed
wi ring board puated aviniggteardhacdondingté dre invention. Fig. 27 is a step of

produci ng anot her e di pent of the ltilayer, printed_w ring,_ board
according to the inveidi ;sastgp o?prorgflcmggqn ?Bb?‘_gmé{métog ed?‘“&‘rl%YﬂEci ng
anot her e”bOdf)HiTx‘iatQa v@hné?%grrﬁzjéctc:ol &égi?g{glg%g%}w ring board according to the

I nventi on. BYuci ng anot her enbodi nent of

the multilayer print (& & | : ' |
Fig. 30 is a step of qjg%’:l)\ld%%:%%t?g%g?ﬁ@eg{%%dai&nn%ﬁ?ﬁ%%tFﬂtei%}]@?%§er printed
Wi r1|3ng board pamed Wiriflg beatdgcdordififté He invention, 99806
( PCT/ 1 B98/ 01047) Fig. 20 is a stepiofpregiicing anctherenifodimentuafithg anot her

enbodi ment of the nmultilayer printed wrjng board according to the
i nventi on. murnlayerprmtgi/mng§ogdsalcggd§1g W‘%@GBYW@IO&not her embodi ment of

Flg. 33 s & stop of HeohLETRgeE REPUEREPeHsmt b e | ayer
Step of produaRAHR PRERRL Wil bt b N R pyenion.  orinted wiring
the. ot her embodi mont of the Ml vt| Byer e meeq aine board according o |
t he i nvent i onmuliilayer printed wiigng Beard aiceordingrtothe ppvadtionng t he ot her
embodi ment of the Fig. 23 is a step of producing another embodiment of the
multilayer printed wiring board according to the invention.

Fig. 24 is a step of producing another embodiment of the
multilayer printed wiring board according to the invention.

Fig. 25 is a step of producing another embodiment of the
multilayer printed wiring board according to the invention.

Fig. 26 is a step of producing another embodiment of the
multilayer printed wiring board according to the invention.

Fig. 27 is a step of producing another embodiment of the
multilayer printed wiring board according to the invention.

Fig. 28 is a step of producing another embodiment of the
multilayer printed wiring board according to the invention.

Fig. 29 is a step of producing another embodiment of the
multilayer printed wiring board according to the invention.

Fig. 30 is a step of producing another embodiment of the

multilayer printed wiring board according to the invention.
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mul tilayer printed wiring board according to the invention. Fi g.
87 is a step of producing the other enbodi nent of the rmultil ayer printed
wiring board according to the invention. Fi 4 306@CF. B%ﬁ/&toéa of
produci ng the other enbodi ment of the nultilayer printed wiring board
according to the invention. Fig. 39 is a step of producing the
ot her enbodi nent of the nultilayer printed wiring board according to the

i nvention. Fili 81 ig®step of psddicin) amuthellamb@iiieat of ther embodi ment
of the multilayer printed wiring board according to the invention.

Fig. 41 is a smlffapér pinted wirigg boerdoddeerdingbmthienamenton. t he nul ti | ayer
printed wiring board according to the invention. Fig. 42 is a

step of producing t heF18t Béis 2D & producirg anuheramabodient of thet ed wiri ng

b d di t.o the.i t.i on. . ig. 43.1 t f duci
Boar S accor g gy L ISRt conting o By g2, 5 2, 10001
enbodi ment of Fig, 33 8 £g1ef of bipdhcHd Betind Ailifent o' 10

enbodi ment of the mul ayer pr g board accor
I nvention. multilager 7primted wiring board accprdin%to the inventionl4- _
99806 (PCT/1B98/01047) Fig. 45 is a step of producing the

ot her enbodi nent of tHig. Bdiida btey ef producingitheiathergnitamiinheacafothdi ng to the
i nventi on. . Fig. 46 is a step of producing the other enbodi nent of
the nul ti| ayemubilayerquinged migng baaid accewting tythegnvemionnvent i on.

Fig. 47 is a step of jprogucing the other epbodi nent, of. the | tilayer

p[i nt e? Wi rijng. boar d g‘&cgﬁﬁ% CPS?P Wclgﬂilge%rggli‘ﬁr;n}b“{‘memol ? d48' is a
step of produ : | B . er printed wiring
board accor diﬁié]1 8&%%@3?1??%% co né 511?3.% I'S a step of producing

the other enbodi ment Rip. 36& mbgbfﬁt'ﬁucﬂfg' iheQsthoM embitaiment 6f taecording to
the i nvention. Fig. 50 I's a step of producing the other

enbodi ment  of mubtdayen prited wiripg basrdchoadrding) tdotheriuventionr di ng to the
' nvention. Fig. 37 is a step of producing the other embodiment of the
multilayer printed wiring board according to the invention.
Fig. 38 is a step of producing the other embodiment of the
multilayer printed wiring board according to the invention.
Fig. 39 is a step of producing the other embodiment of the
multilayer printed wiring board according to the invention.
Fig. 40 is a step of producing the other embodiment of the
multilayer printed wiring board according to the invention.
Fig. 41 is a step of producing the other embodiment of the
multilayer printed wiring board according to the invention.
Fig. 42 is a step of producing the other embodiment of the
multilayer printed wiring board according to the invention.
Fig. 43 is a step of producing the other embodiment of the
multilayer printed wiring board according to the invention.
Fig. 44 is a step of producing the other embodiment of the

multilayer printed wiring board according to the invention.
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Fig. 51 is a mcrophotograph showi ng an roughened surface nade of needle
al | oy. BEST MODE FOR CARRYI NG OQUT THE | NVENTI ON

The i%&;x on
will be described in detail with reference to the acc8ﬂ§9§rﬁ§ﬁ:ﬂ839§ 7 gs.

When t he underl ayer conductor circuit or conductor circuit for solder pad
“is treated with the etching solution according to the invention, the
surface has a roughened surface having anchor portions as shown in Figs.
1-12, which is diffefegtd isarstep ofbprddaciagltby offienembpdihes.ofthe s a

m cr ophot ogr aph show ng an enbodi nent of the roughened surface according to
t he i nvent i ormuliilayer pristeshwining beard beedrding toythemivesntiony picturing the

roughened surface by aps, of an el egtron mcroscope..Fig. .2 is a mcro-
pho?ograph showi ng alﬂggh‘gélsé’fﬁé%i’f@ UGnEL %Oﬁ%&ﬁ‘&‘i@&“@rﬂﬂfé@% according to
the invention, JFhi s _IS. pi cedh [ nith e, nper in Fig. 1 except that
the magnifi cra}{’ledf% p?wg?cg&?g@fjb%rg_acg;pr?iﬁxgatogﬁglug\beﬁgﬁggr aph show ng the
ot her enbodi nent of tld;g 4%%&}?91‘&1‘63&&%@tﬁ@‘éﬂfegieﬁﬂ)ohﬁnéﬂ't%fitﬂé’emi on. This

- 15- 99806

( PCT/ 1 B98/ 01GAultilayer phistabwaidy beardatedsraiit toythpimientiong t he roughened
surface just above by neans of an electron m croscope at the sane

magni fi cation as in [Hig.48is a step of producing théethenembodimentfitie ed wi ri ng
board according to the invention, the underlayer conductor circuits and the
i nterlani nar m&éﬂwqmw@fwglgla%ﬁi aggording t@ﬁé@i‘!‘f’?y@ffmconduct or circuits

Foughened surf ace as ko i i RBEHAE AEoERE anbafal b e 1T g
also, in theJHan"li}}ei‘ t&{hﬁfi _dﬂr&iae&raﬂ%[t‘é {tBE GRfetiB. tO the invention,
sur as l'e

t he roughene ffac sho Iinthe e ron m crophot ographs is covered

with a metal layer, &gl 308 axeplofproducingaehe btheasthbobdimémtoftheani nar resin
insulating layer or the underlayer conductor circuits and the via-hole
conduct or s armultidayes pristed wirtngboasd hegordingdoghe inventienal | ayer .

Furthernore, 1n the prt el lcrishotomaph Showing Aroughéned surtace made
of needle alloy.
BEST MODE FOR CARRYING OUT THE INVENTION

The invention will be described in detail with reference to the
accompanying draWings.

When the underlayer conductor circuit or conductor circuit for
solder pad is treated with the etching solution according to the invention, the
surface has a roughened surface having anchor portions as shown in
Figs. 1~12, which is different from a needle alloy plating. Fig. 1isa
microphotograph showing an embodiment of the roughened surface according
to the invention. This photograph is obtained by obliquely picturing the
roughened surface by means of an electron microscope. Fig. 2 is a micro-
photograph showing another embodiment of the roughened surface according
to the invention. This is pictured in the same manner as in Fig. 1 except that
the magnification is increased. Fig. 3 is a microphotograph showing the

other embodiment of the roughened surface according to the invention. This
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the solder resist layer is fornmed on the conductor circuit for solder pad
1 hrough the roughened surface of such a conductor circuit a 0 N the
el ectron m crophot ogr aphs. Figs. 4-8 are dig%q‘sa(ﬁﬁyig%?%% of
such a roughened surface. Fig. 4 is a plan view, and Fig. 5is a

‘I ongi tudi nal section view taken along a line A-A of Fig. 4, and Fig. 6 is a
| ongi tudi nal section view cut between an anchor portion and a recess
portion, and phajographds ebtanredibtyypicmaingsthe roughenedsurfadeysstrabiovadpya ri dgel i ne
bet ween the anchor portions, and Fig. 8 is a |ongitudinal section view cut
bet ween t he rimgans ¢fran elacirehmicresenpe abdhe sampe magnification as mFigadwn in Fi gs.

4 and 5, the roughened surface according.to. the invention.canprises plural
anchor portions 1, pl rtg? %léggrmmtﬁla‘g&mab&ﬁ@%ﬂ%ﬁi}lﬁﬁ@ﬂ&éﬁ?%&% wher ei n

a6 shonn 1 1bg ungeRyet copiEER R e iRPpRbER Sef BTl ablrdr oo
portion 1 andyg %Hﬁlgéy&%ﬁﬁﬁaﬁr ﬁ?&ﬁ&ranﬂ%% Weiihdle cﬁﬁdﬁ&li%hrk Rofthébted'to t he

anchor portion 1 and ‘another adjacent anchor portion

- 16- each other through the roughened surface as shown in the electron 99806
(PCT/ 1 B98/01047) are connected through the ridgeline 3. As shown in

Figs. 6 and Smigrhphotogeapbs.portion 2 is surrounded by the anchor portions 1

and the ridgelines 3. ) Fqr. t he conpar.ison, the m ¢rophqt ograph of
t he conventi onal roug@n%é]éoslﬂrthﬁw?%@Bﬁlnﬁeﬁé?"lﬁéga’loé“&‘qcﬁy‘ﬁﬂg g ing is

1 or ophot oor apenidh the reBesRr gtk s BRI BCuIedront PR EREb e (o1
spaces bel Weer coberedfh & nferdl W Per, 4l fHéConBudBE eireuill e/ h® ifidPlbdifarOf

Cu-Ni - P, needl e-shaped projec- tions crowcgll w th each other, so that the
di stance bet weein inkglating]ayet oot unglerlay¢raundactdr beodies A theivid-holeg agent
solution for renoving a devel oping solution or resin residue does not flow
and the resi ncangigtons arseacnnested Feeanhojtben thoenght the magiah layer. r esi n resi due.

On the contrary, the xoyghened.syrface according to t I nvent.i on i ndi cat es
Such & compl Loat ed uTSUHRIERE i it irs ea b agoceriiet f Geahrayich | n

hi ghest porti@agoffer kdifst 1R R el Wn' AE Gondior dfcuifof SS1d8PPAd ONS

through the roughened surface of such a conductor circuit as shown in the

electron microphotographs.

Figs. 4~8 are diagrammatic views of such a roughened surface.
Fig. 4 is a plan view, and Fig. 5 is a longitudinal section view taken along a
line A-A of Fig. 4, and Fig. 6 is a longitudinal section view cut between an
anchor portion and a recess portion, and Fig. 7 is a longitudinal section view
illustrating a ridgeline between the anchor portions, and Fig. 8 is a
longitudinal section view cut between the ridgeline and the recess portion.

As shown in Figs. 4 and 5, the roughened surface according to the
invention comprises plural anchor portions 1, plural recess portions 2 and
plural ridgelines 3 wherein these anchor portions 1, recess portions 2 and
ridgelines 3 are dispersed. As shown in Fig. 6, the recess portion 2 is formed
between the anchor portion 1 and another adjacent anchor portion 1.

As shown in Fig. 7, the anchor portion 1 and another adjacent anchor portion 1
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are formed in | owest portions around the anchor portions and the anchor
portion and anot her adjacent anchor portion are connected through the
ridgeline | ower than the anchor portion but higher thaP?30a@GREISOING) ¢ on.
The roughened surface having such a conplicated uneven shape is excellent
I'n the affinity with the plating solution, so that the plating solution
penetrates into the recess portions of the roughened surface to adhere to
the anchor porké ensnerted theoughuttib eidedline8f agg shodnHaRigs. GhmdaB)ahoredesy ti ons
bite in the via-hole conductor so as not to | ower the adhesion property

bet ween t he cpodici dis surrourided dydhe hrchdrponadms b andithetrodgelifinsi3al so, t he
anchor portions of the roughened surface bite in the resin insulating |ayer
to nore adhere the cofgtthessonaparisgn; theanicrephasegraph A thegomygntionad, |

e e ool e, LTt SRR AT R 3 ™
sol der resist g a¥ef dRentd QRBIE RIRR"H thil B1&cHARY i PopHtSSHbh, the nEQcﬁBS ol der

-17- 9806
(PCT/ 1B98/ 0104ibys ard @@dﬂ%@ b@Wath ealh oftitdito FERA Spdces BaiwrRd thOnB&Re ! Ng

bet ween the conddctor cir Blt and the solder resist layer in the sol der
bunp form ng piloys.onk suchra ndedle dlluy stiucturg of €hs Ni-P, heedidrshdpedeproject ng i s
particularly at a coarse state. Further, such a roughened surface is
excel | ent in ttiomsgrowdiwith edchipthérespthat theglistencs between the prgjections i at i ng
sol ution penetrates ig o the re&ess Eor.tio S. surface to

of, the rqughene
adher e o t ho ARG ANE BERF O OBHZ R ABG SREINCR TOTFIREDEAAORBIBE he. anchor
portions bite | e -al l.ower the
adhesi on pr opesr0 Plﬁ Oge?!v\%éelﬁ Ifﬁgﬁbggsn u%dtgglr()%&gg&gg}et% gﬁﬁ@ﬁg&s%%’%értgﬁlﬁp.
I'n such a rougigiedosstoffoff.thé RRirpfslaye, portions do not crowd with each
other. And al So,” the ridgeline connecting the anchor portions to each ot her
has a shape not obstr @x thegonhtraryf thewooghdred sueface acdendingto shemnyentioe
oxi di zing agent _solution for renoving the devel oping_solutjon or the resin
resi due easi | yndicaigs such aemplisated vpeven shape thah $hernqher RARIPISREC anchor

Thererore, |t heXSb AR RaR s A Hae of et eufnEd Drfads DAY s ARtABt cause

the resin are formed in lowest portions around the anchor portions and the anchor

portion and another adjacent anchor portion are connected through the
ridgeline lower than the anchor portion but higher than the recess portion.
The roughened surface having such a complicated uneven shape is excellent
in the affinity with the plating solution, so that the plating solution penetrates
into the recess portions of the roughened surface to adhere to the anchor
portions of the roughened surface and hence the anchor portions bite in the
via-hole conductor so as not to lower the adhesion property between the
conductor circuit and the via-hole conductor. And also, the anchor portions
of the roughened surface bite in the resin insulating layer to more adhere the
conductor circuit to the resin insulating layer.

When the roughened surface having the complicated uneven shape
is formed on the conductor circuit for solder pad, the anchor portions bite in

the solder resist layer to strongly adhere the conductor circuit to the solder
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residue after the devel opnent treatnent and is excellent in the adhesion
‘property to the via-hole conductor and the adhesion property to the netal
beneat h sol der bunp. Thus, the roughened sﬁ?&’éé%a(wg@dpﬁé to
the invention has an opti mum shape for preventing the resin residue after
“the devel opnent treatnent while nmaintaining the adhesi on property between
the conductor circuit and the resin insulating | ayer, adhesion property

bet ween the uesistlagsrgso denduert @ catised nbipeslinig bétsveenahd oomiveordsicuitr ,

adhesi on propert et ween the conductor circuit and the solder resist |ayer
and adhesi on apddbe soldenrssiat dayer irethewotider bumpcforming paridns egemutheh theneat h
sol der bump. .. ) ,Tgle oughened su&%ﬁc? according to the  invention
can be for medVirngdegsityin ,et{bﬂf'w&rﬁﬂﬂsdﬁr aily at g soarse plate i drEthepn ¢ he
surface of { Neof 800 ah lea SuHABE s Hebfertln T iy St e a8 L 00

99806 (PCT/ I A7 ' I ; ce,
portions |ar ?@%ﬁéﬁ%ﬁpﬁg gtsﬁﬂehtﬁ%ltggﬁrﬁ Hé‘r‘%é% xglo %gfﬁég%q%@ng?ggfg%ﬁggg%gs&g recess
portion (concayfRc®es Adiene to tiReanthS tibf§ bf iesrofghered shpfab€tnd Redee Shape
correspondi ng to approxi- mately pol yhedral shapée inherent to the netal
crystal part itht enchor pononshitanini the metileeneatin the pplidex bump ebyas mot yhedr al

shape" used herein neans a pol yhedron such as trihedron,_ tetrahedron,
pent ahedr on, lpEcathsadbesion propsTtyibeswesndths copdustameirant and thasolder Bypp. of

t hese pol yhedrons. Suych recess rti.on gan event. the resin residue
after the devel opi ng'i{lrsgal %ﬂ{gileng&)surface, ﬁ‘eﬁr\%{lgﬁ g%rfhopﬁgomiﬁm,w%gfl I ons of
t he roughene r e ' Yo ' ff the
ot al oryst altBarTia o AH A, HRY AREEIRR SRR S PR BAPLTE o1
convex porti aithercind aSshape uotletskthictihf the AeRsst thefdsimnsForsist didl tehey do not
overlap with each other. The roughened surface havi ntil such a conplicated
uneven shape wadizpmgeagent selhtion &yiremoriigithe developingwolatéanctnihewasint r eat ment
whi |l e mai ntaining the g&hes'bon r%gérties to the %esi n, .via-hol e conductor,
sol der resi streFlé-a%Fa%h’ PWe beivesn theFresssparps Pr Bekwsen the anchor

portions in the roughened surface and the resin is hardly stored. Therefore,

the roughened surface according to the invention does not cause the resin
residue after the development treatment and is excellent in the adhesion
property to the via-hole conductor and the adhesion property to the metal
beneath solder bump.

Thus, the roughened surface according to the invention has an
optimum shape for preventing the resin residue after the development
treatment while maintaining the adhesion property between the conductor
circuit and the resin insulating layer, adhesion property between the
underlayer conductor circuit and the via-hole conductor, adhesion property
between the conductor circuit and the solder resist layer and adhesion
property between the conductor circuit and the metal beneath solder bump.

The roughened surface according to the invention can be formed,
for example, by removing metal crystal particles on the surface of the

conductor circuit with an etching solution containing copper(Il) complex and
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Furthernore, the ridgelines of the roughened surface are fornmed by dropping
of f adjoining netal crystal particles. These ridgelines connect the anchor
porti on and anot her adjacent anchor portion to each ot%@nganBB%QVV?bn

| ower than the height of the anchor portion. These ridgelines can be forned
at a branched state by dropping off three or nore adjoining netal crystal
particles. And also, the ridgelines can be forned at a sharp-edged state
because t he nenatganigatidl Masudicd ssugheredisurfaredpartions targelyretotiingtied y

pol yhedral shape. These ridgelines disperse the anchor portions so as to
surround t he metalerysialpartelepyre fosmed as ageprss pooian Ceacavepartigye! i nes. I n

t he roughened_surface hayving such. a re complicated uneven shape, the
cont act gar ea g‘gef?f@sﬁggmgs%?ag’ﬁgp’éngﬂ’d@@ts Ee%‘?}T‘?fEPn ita@p &f&r or the
metal beneat hysold e P hayd H5Af: Lol BRAAY Bafldfe. 24A3RE 0N Property

and the resin 19-

99806 (PCT/ | BRR/eQ&i0f fthe ternd CappRbLinbfi&l al shape” used hERén meA@lgned
b aveﬂfg maxi m\gregb?oug of O.

surface is preferable to ness ( Rmax) 1-10 [err]m

When it is | epslyhbéionGuth [agtrifetdroh etraliddeen,grenpheiai, Yiex shadieh 6ethien
i nsul ating layer, adhesion property to the via-hole conductor, adhesion

property to t ke and deonrhisitson oftywer oramdreaofithsseopolphedrens.y Such dieecesst al

beneat h sol der bunp are consj derably. | owered, ile. when it exceeds 10
[err]m the rBQﬂWW%HG&eqtéh%Feéﬁk@ﬁldé‘P\tggﬂrwd’ém%%ﬁfnw-eat nment and it

And i so, he rougnonBio it ecedbt boBs L SRR e L Rmbe por i ons
and 2-100 recmms%&fiénmt FpdioBbine g{@v{lg{agg@stag\%ﬁﬁia&e e Of

anchor portions per err]ng e resin residue after
t he devel opi nforimeeladnvhot porionb ardquueish ednvex paetions addsurraumded dyatbesi on
property between the roughened surface and the via-hole conductor, the
adhesi on pr optacess partigearsotthat they dnaweaverlarr with caelothes sBhelequghesedt | ayer

and ihe aches, ohRroReLt ¥, bl e, Uiy Toahoned s face and e ol

E g r L L mz r 1)|S t2 N Jé:ﬁ& B8 RVELPERnt frBRnfnPWAIR mAiNGIARE BRL adif¥sidnPdpbriicR SV ent ed
the resin, via-hole conductor, solder resist layer and the metal beneath solder
bump.

Furthermore, the ridgelines of the roughened surface are formed by
dropping off adjoining metal crystal particles. These ridgelines connect the
anchor portion and another adjacent anchor portion to each other at a position
lower than the height of the anchor portion. These ridgelines can be formed
at a branched state by dropping off three or more adjoining metal crystal
particles. And also, the ridgelines can be formed at a sharp-edged state
because the metal crystal particles are dropped off in approximately polyhedral
shape. These ridgelines disperse the anchor portions so as to surround the
anchor portion by the recess portions and the ridgelines. In the roughened
surface having such a more complicated uneven shape, the contact area to the

resin, via-hole conductor, solder resist layer or the metal beneath solder bump

is widened to more improve the adhesion property and the resin residue can
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occurrence of resin residue after the devel opnent treatnment and al so the
adhesi on property between the roughened surface and thg resin.l | ng
| ayer, the adhesion property between the roughened sur&g@gﬁgﬁ&ﬁﬁﬁ@hgb -hol e
conductor, the adhesion property between the roughened surface and the
5ol der resist |ayer and the adhesi on property between the roughened surface
and the netal beneath sol der bunp can be naintai ned. In the
i nvention, thbemwotegrevdnted.dgel i nes per 25 [err]nR is desirable to be

3-3000 on average. \Wen the nunber of r irpg%el ines is within the above range,
the shape of the roughbasenghened surfaceds pecferablpla haveamarmypaogcsst ar ea

to the resin ipsul atj lLayer okt he via-hgle conductor . is.wdene wher eby
the adnes; on RBHeS o 05 10HE, oSyiet ikt Fat thag O L. Bdamation mRBEth 10" he
- 20 - - . : : 99806
(PCT/ 1 Bogy 010415 7esin ingylating layer adhegion property to (e via-holecopdpaton, oy (e
l'ike can be | rﬁﬁhé&‘f&ﬂgﬁi@@r@% Ttlﬁ@scﬂééﬁe&i‘sﬂﬁy&ﬁﬁld &ﬁie@idh\r] oPetey GPthedAstal Y be

renoved. reover, the nunber 0f each of anchor portions, recess
portions and ibefigeh soldsr bsmpeipe esmsideadblyyiowsrealy euhilgevindn ireasesdedOvahpyes
when the roughened surface 1s pictured just above and obliquely from above
by 45[err] by theresin tesidun iecrgatednftenihy ent teapuentegdilt st ton as
shown in Figs. 2 and P and ﬁach.nu er i s nqgagr d at an optional region of
25 [err]2. cause problegjsguchgs yirng breakage an -of anot her enbodi ment of

t he roughened surface r di ' : | ' -1bR
roughened surface as éﬁgxﬁ“gg"!’ hﬁ%oé]%h&%%%@%%&g@b\?& fdnﬂzg&'en%tla at“tz%gg’r 4,
The et al |aY?brti’mﬁ5an8M0'r8cé§b%rti&rs¥%r2§ _Qi‘eragé]arWh)énQPfé di zed or
corroded nmetal or a metal not daimgi ng 't he adhesion property to the resin
or the adhesi aumbeopEanchor pottivns\ypea26qing’ is @+d 00 onravevage, itfe resingesidual
itself is oxidized. And also, the netal |ayer prevents the formation of

oxi de filmor aﬁtérfw@sdeaﬁlopmgﬁrmécmbb@me@eémhikc@?inéﬁairwdég not damage
Che sohes o Rt 0t el LA BRI 0
adhesi on pr opgtd YaHASIoNGRBpriPLEMNESR MEFbuBHEL A Sarfied ahB%hd SRS feBRE! ati ng

| ayer and the
layer and the adhesion property between the roughened surface and the metal

beneath solder bump, while when the number of recess portions per 25 pm? is
2~100 on average, the crowd of the anchor portions is prevented to control the
occurrence of resin residue after the development treatment and also the
adhesion property between the roughened surface and the resin insulating
layer, the adhesion property between the roughened surface and the via-hole
conductor, the adhesion property between the roughened surface and the
solder resist layer and the adhesion property between the roughened surface
and the metal beneath solder bump can be maintained.

In the invention, the number of ridgelines per 25 pm? is desirable
to be 3~3000 on average. When the number of ridgelines is within the
above range, the shape of the roughened surface becomes complicated and the
contact area to the resin insulating layer or the via-hole conductor is widened,

whereby the adhesion property to the resin insulating layer and the like, or the
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adhesi on property between the roughened surface and the via-hol e conductor
due to the peeling of the oxide film Since the netal |ayer can
i ncrease the hardness of the netal constituting the rdﬁ@ﬂ@ﬁ@ﬁw§9&9gé@2

nmet al breakage is not caused at the roughened surface, so that the peeling
bet ween the roughened surface and the resin insulating | ayer or between the
roughened surface and the via-hole conductor is nore prevented.

In the mul til adisssiou propegty o tewwldaatsstagear didie liketchar beriwadvedrand he
roughened surface has the nmetal l|ayer, so that the oxide |layer is hardly
formed on t heatrthaghmedine thef msim resifiue han oasilyebd mywoveds f or ned, t he adhesi on
- 21 - : . ) 99806
( PCT/ | B98/ 01047) pMeseavey, the npmber of parhopl anCRORPPIEIORS, TEERSE PoTtians

mai nt ai ned and_hence.t he peelin et ween the roughened surface and the
Tosin i neul at PRESeRds PEEEd A ARrhEE ot e RPE Satith 4 HEART o o
conductor is | . e1...1 S nmade
of at | east " of NERERUF HEREE pibturdd HhiraBove and obliquety Fr¥y B0V by 28Fby

al umi num  zi nfyeahd 6fan ERSIrBMmitARLOHLAD S0D0RALEnifiBhtediPAs sHowh inl E?@LZ bi snut h
and a noble netal. These netals hardly cause Oxidation, and if They are

oxi di zed, theandiBasdeaclpnombet is thedsorszhattancoptiemal rdgioreof 2panhe resin is

not |owered. And also, these netals are excellent in the adhesion property
to the resin. Furt herFigshdylZ:are sactian wewsof anathsr embeduneiofithe) an

the T oughenedrSEPHEL Eis JrEPRERR I fe YRR ofh Eigh o5 b OUBERER) &
Tetal, there g die,RBYAh Tl e sdk SR With Smeklifagegnduct or circui

t hrough | ocal electrode reactron i n the roug I'ng of" the resin insulating

| ayer. As Théenleadl Ghper dsthavndn Fag a9~ 108§ hiads ofathabdlymade of
non- oxidizing netals such as nickel, tin, cobalt and noble netal. As the

nobl e netal, exidizedsy comoded mpsaldr asnbtabnot gdraaging theaadhesinnl prdpenty tes

desirable. As the netal] not [owering the adhesjon property between the
metal |ayer aH¢TeHB qréé? adhassion propey o the arols Songhiety sven Hrimel may be

made of {1t anju; ALHALENM AbhMWso, teWRetal el Brevo i thl HiBmdrBRbeAdaLT STut b

film or corrosion film on the roughened surface, and does not damage the
adhesion property to the resin or the via-hole conductor even if the metal
itself is oxidized. The metal layer can prevent the lowering of the adhesion
property between the roughened surface and the resin insulating layer and the

“adhesion property between the roughened surface and the via-hole conductor
due to the peeling of the oxide film.

Since the metal layer can increase the hardness of the metal
constituting the roughened surface, metal breakage is not caused at the
roughened surface, so that the peeling between the roughened surface and the
resin insulating layer or between the roughened surface and the via-hole
conductor is more prevented.

In the multilayer printed wiring board according to the invention,
the roughened surface has the metal layer, so that the oxide layer is hardly

formed on the roughened surface. If the oxide layer is formed, the adhesion
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Wien titanium alumnum zinc, iron, indium thallium cobalt, nickel, tin,
t ead, bisnmuth or noble netal is selected anong these netals, if the
via-hole is fornmed in the nultilayer printed wiring bo8ee POTABSYPHYETY i | m
is not formed around the via-hole. Therefore, when using the netal |ayer
made of such a netal, the haloing (pink ring) can al so be prevented.

The thickness of the netal layer is within a range of 0.01-5 [err]m The
netal |ayer hpropegtyttbehéd tesitkoreds-hold donduttes inhrittained ged hencepthepeeling he

oxi dation of copper conductor circuit while maintaining the uneven shape of
t he roughenedbetwreendbe roughened surface and the resin insulating layer or between the2-

99806 (PCT/1B98/01047) A The formation of the rqughened surface
accordi ng to ToWebeRee serfase and the yia-hels congdueton s nakcaused Ve ngyrf ace
can be forned by treatin under | ayer nduct or cirGguits.or gonductor
circuits for sol der ;ih%%ﬁt&pﬁa%% I%F’Ca%r?éaggqaﬁ q@&ngtgheiﬁ{pi&ro&% er(I1)
conpl ex and a IS outr- T Jr. JEPRNT ' S t:l | t he
copper conduc E{)Wsﬁg ﬁg g(ri: g ltja?tﬁgl?’ %ﬂg@%{ﬁ{ﬂ, gﬂlg éfrilbigl’nl hgﬁll% Ztﬁalg;‘(l ?Ig’%:o 1r?glt’

condi tion suchjckel, %\, BadlBisnudPhhd Bsioble mBRL.! | KBeseltlethRiardigsusé he et ching
I s guessed to proceed according to the following reaction formula: Cu +
Cu(l'l)An - 2Coxidptippyard if deeyadre omidized, the adhesd@propetebetweenrthdaetal nAH
[err] 2Cu(ll)Alerr] .+ n/2H20 wherein A is a_conpl exing agent (acting as a
chel at e agent Jaygnané thesresiwgs aphlomesed.nupd @jso, these metals aresexceflgpininithe t he

el d and- bondBduiN TR BRpHR to ity ¢ SsEERE TheY rs el o pdeRlcgel Y "
contri butes .tﬁaﬁﬂgia‘ﬁxibﬂﬁﬁﬁi%%erﬂgﬁx?ﬁﬂg%a than ??R%er but e %n&?l@?%a(d fith | ex

used in the invention 1s opper (I'F) conpl'ex of an azo e. This
type of the meﬂ:blrbu%lmﬂeﬁrfa@di@ coverd with dilayen of sgsnd nwsalcirzioble
metal lic copper or the like. As the azole, there are nentioned diazol es,
triazol es andmetaly then can besprsnented dm dissolution P& thexonductioy ciranid throngh

2-ethylimdazole, 2-ethyl-4-nethylimdazole, 2- . . .
yil ZPocal el%ctrodé/ reaction }n %elroug ezn?ng of &xe resin insulating layer.

As the hardly oxidizing metal, mention may be made of non-
oxidizing metals such as nickel, tin, cobalt and noble metal. As the noble
metal, at least one of gold, silver, platinum and palladium is desirable.

As the metal not lowering the adhesion property between the metal layer and
the resin even if such a metal is oxidized, mention may be made of titanium,
aluminum, zinc, iron, indium, thallium, lead and bismuth.

When titanium, aluminum, zinc, iron, indium, thallium, cobalt,
nickel, tin, lead, bismuth or noble metal is selected among these metals, if the
via-hole is formed in the multilayer printed wiring board, the oxide film is not
formed around the via-hole. Therefore, when using the metal layer made of
such a metal, the haloing (pink ring) can also be prevented.

The thickness of the metal layer is within a range of 0.01~5 pum.
The metal layer having the thickness within the above range can prevent the
oxidation of copper conductor circuit while maintaining the uneven shape of

the roughened surface.
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phenyl i m dazol e, 2-undecylim dazole and the |ike are preferable. The
addi ti on anount of the copper(ll) conplex of the azole is referablx 1-15%
by wei ght. Because, the conplex is excellent in the sd”&%ﬂEPTQB%WHO7)
stability within the above range. The organic acid is conpounded
Wwth the copper(l1) conplex for dissolving copper oxide. As the organic
acid, there is favorably at | east one selected fromthe group consisting of
form c acid, acetic drheiforiatiphof kit ®agHenddurface adcarding ol the irveatiod,
caproic acid, acrylic acid, crotonic acid, oxalic acid,

- 23 - will be described below. The roughened surface can be formed by treating 99806
(PCT/ 1 B98/ 01047) mal oni ¢ acid, succeinic aci ghﬁ%u' tari c acid, pmaleic
aci d, benzoi cthgsnderlgyssconductar picuitserGonduetor cirawil tor selder Rads with@aani ¢

id. The addit]. t of .th | i di f bl h t h
of 0. 1-30% by GERIONEN RABIAIE CopDERLD smptix akd 2 premie a6k i SURR Whpper
0.1-30 P UHBEHAIR AR P i 268 &
accoraing Lo TRaTEro ke @ik e copper conduerol O WVe iRl 51, o)

chlorine i on, yRd@HnkyeeR eRistihf @ohditiBn s@éh @@rgyihggbﬁﬁl%@ &r3Be Ukeon of
copper and the oxidati'on action of the azole.” Such a hal ogen ion may be
suppl i ed as hhthixddse; the eschinig isspdssod tolfrocdedeacoordimgetd thedolldwmgaddi t i on
amount of the halogen ion is favorably within a range of 0.01-20% by wei ght
because the atlaedomforprdgerty between the resul ting roughened surface and

the interlam par e insul.ating layer.is excellent. The

et chi ng sol ut &Bﬁ" QBM?#B&L&@ T’r%%é?ﬁ‘?rb'r? can be prepared by dissol ving
t he copper(l1) conpl he t ni Cn@‘ﬁ (i f necessary,
hal ogen ion) in wat e%%%%ﬁa%@éﬁy@ﬁh??gcﬁgg%g use&@)a commercial ly

avai | abl e et ciyhegis @l istal WmpleingsanilatindREA clrélaleipedt) andireide nane, nade
by Mech Corporation. An etching quantity with the etching
solution is fexadiatipnwnuntbien).a range of 0.-110 [err] m when the conduct or

circuit to be treated is the, underlayer conductqr circuit. In cage of the
etching treatment ovehs shvmbnihe abeyatsaction foranyla; é‘eéﬁﬂ’é“é@g eoRPesdbr

cont | nui ty bef yeef, 06 CSK%4h by 4 AR BRPRGHs Wil 55t ok et
complex, which again contributes to the oxidation of copper.

The copper(II) complex used in the invention is favorably a
copper(ll) complex of an azole. This type of the copper(ll) complex acts as
an oxidizing agent oxidizing metallic copper or the like. As the azole, there
are mentioned diazoles, triazoles and tetrazoles. Among them, imidazole, 2-
methylimidazole, 2-ethylimidazole, 2-ethyl-4-methylimidazole, 2-
phenylimidazole, 2-undecylimidazole and the like are preferable.

The addition amount of the copper(II) complex of the azole is preferably
1~15% by weight. Because, the complex is excellent in the solubility and
stability within the above range.

The organic acid is compounded with the copper(Il) complex for
dissolving copper oxide. As the organic acid, there is favorably at least one

selected from the group consisting of formic acid, acetic acid, propionic acid,

butyric acid, valeric acid, caproic acid, acrylic acid, crotonic acid, oxalic acid,
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———— e .

When the conductor circuit to be treated is the conductor circuit for

sol der pad, the etching quantity with the etching sol utj ' i y
within a range of 0.1-10 [err]m Wen it is |ess than gégﬁgf%@%\é}bﬁﬁ‘gg
adhesi on property between the roughened surface and the solder resist |ayer
owers, while when it exceeds 10 [err]m the resin residue is apt to be
caused and al so the wiring breakage and the like are easily caused in the
fine wring ofmalopicravidy stbesinisGcids gultanic acid, maleic acid, benzoic acid, glycolic

- 24- . . L L .. 99806
( PCT/ | B98/ 0104%id, lactic acid, malic aqi¢ anésulfamioracidn, Theaddition amovnh af theesi n

conduct or i 1 CEFEIC A5G B ARS Y aRR ANERSE (LI A0% Y VAT Sy SaRBE
f db [ ' . I | po. ' f
elocra(r:rfr ol gsgs ;)Pg? ?drllblgﬁ@fégg%d&g?\lzght%ﬁééér}r@s gtsetnlmrl%tlé {e}% Sr?ﬁggogﬁqrrg@ﬁ%ﬁt aio:l cured

heat -resi stant resin ggihé eichihg Sofftion 4RtEhMS tHeSinvEntdH Magbeadaed bl e in
an acid or oxidizing agent, inorganic particles, fibrous filTler and the

li ke, if necedmiogen ibasticicad fludryne ioapclddiias iom bromimd ieator thelike fdrat i ng i s
optimumto be forned by dispersing the cured heat- resistant resin

particl es sol wissistingtherdissodutionoef eopper andhtheagadationacsiontod theaznied

EEZE N ?EL?L?QE&& o Toh ShRLDER PRI S RyBtPoRIs avaia BB org i ¢
pot - shaped andhoPke: nTAL 4R sl fe A RIGRAG0N Y HRGRLIT Y B JbARY°

formed betwee %f@f(ﬁ%%%b& REhTROSMEIRE adhdsiotl f’r.@@ﬂ?'%_ﬁ)véb?ﬂﬁ& r@fting
conductor circuit, it is"an interlamnar resin insulating |ayer.

As the ther nogsetghengd sedface andstherinterlaminadesiofineating Iager is,expéldem) i ¢ resin,
polyimde resin and the |Iike. Mreover, when a part of the thernosetting
group i s photosensiti 288 etghing solptign pegerdingdo daminyertion £3n be pwparsd bxact i ng

t of th h tti it h th | i id,.acryli id
o2 e OBNRE B e b o OB A AP SRR, T Sy
resin, use nmaye.h sgl?fjﬁalﬁ e‘g%‘?{iﬁ?ﬁt‘*pe”&wa | Clyefys,‘tﬁ@re &gsedhenol novol ac

type, cresol novo typ I ke, cl1c epoxy resin nodified
commercially available etching solution, for example “Mech Etchbond”, trade

name, made by Mech Corporation.

An etching quantity with the etching solution is favorably within a
range of 0.1~10 pm when the conductor circuit to be treated is the underlayer
conductor circuit. In case of the etching treatment over the above quantity,
there is caused the poor continuity between the resulting roughened surface
and the via-hole conductor.

When the conductor circuit to be treated is the conductor circuit for
solder pad, the etching quantity with the etching solution is favorably within a
range of 0.1~10 pum. When itis less than 0.1 pm, the adhesion property
between the roughened surface and the solder resist layer lowers, while when
it exceeds 10 pm, the resin residue is apt to be caused and also the wiring
breakage and the like are easily caused in the fine wiring of not more than

50 pm.
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wi th di cycl opent adi ene and so on. To such a thernosetting resin may be
added a thernoplastic resin such as pol yet her sul phone hone
(PFS), pol yphenyl ene sul phone (PPS), pol yphenyl ene sul ?%ggﬁg(qgﬁ%%&%f&w

pol yphenyl ether (PPE), polyether imde (Pl) or the like. As the
heat-resistant resin particles, it is desirable to use at |east one

sel ected fromthe group consisting of (1) heat-resistant resin particles

- 25 - In the invention, the interlaminar resin insulating layer can be 99806
(PCT/ 1 B98/01047) havi ng an aver?g?g particle size of not pore than 10
[err]m (2) agHreged an fhgropghenedsmuriassof thesyndesiayer condycios @IEHIthavPely an
average particle si.ze.of nat .nore.than 2 [err] a mxture of

neat - Pest ot anfb REHATIERn AER SRS o RS e Bhméd by BsBien eeSvs ot er ) m
and heat -resi | ARinBOWe§y, ls | ' of |ess
than 2 [err] m%ifﬁ) %gﬁis%“gam€'|@gggggﬁgggf@g%%gﬁ%g%a&?E’gg‘f‘t one of
heat -resi st antthérﬁﬁis&tiﬂg‘iﬂﬁﬁ afl nady\ Ot Aini dﬁr&?ﬁ@h@&eﬂﬁ‘éﬂ%sﬂfpz&ﬁ@l"e@,%aﬂfi” icle
size of not nore than [err]mto the surface of heat- resistant resin
powder havi ng resistamaesigepapicles sdlablei inanaiciderlokifling agent,Snorganicct ur e of
heat -resi stant resi nﬁgomdef havi ng an average particle size of 0.1-0.8
[err] mand he®articles, &ibrons filteriandsbodike, ifaccessaryn Reeticadasly, she adhiesivei ze of
nore than 0.8 Jerr].mbut less.than 2 [err] a 6) heat-resistant resin
powder havi ng T CIEUENENPIRER IS it e 1oiEd by Uipersrng toeased Bt | o es

formnore co P : gﬁE@ rs .

particles i S”E%égg?%ftgm? ! a‘(r}gs %Jgnglf’ |lﬁu%%1@g%§gjﬁ§g{s&slﬁ?§#g§€ﬁ SEJ@Q&%&?M rjm
As the heat - r eghtieRidtant &imhadly s6liBR if@hs! ki or BxidiLingGe8nOr The Kbati Ng
agent, use may be made of amno resin (nmelamne resin, uUrea resin,

guanam ne r esiresistast rebin garticlys arephsspl vesksand rentovied byustatingiwidbthe acod our e

bi sphenol type epoxy resin with an am ne curing .agent), bisnmaleimde
triazine resi @X¥HENS3ZEH toFREN Birepghenedisufage having ogtopus pet-shapsdt resin

i cl [ - 50% by. wei ght , i rabl - 4Q%. b ' b d lid
part cles, S SadliA Ry Budll, BB 4B ok SRR O
uncur ed heat - i3kt con @i dRaM ancdl tpberiifr CBRaRGbILiRwON Wiafi N agent

it is desirable to  use resin conposite tthernosetting resin
interlaminar resin insulating layer.

As the thermosetting resin, use may be made of epoxy resin,
phenolic resin, polyimide resin and the like. Moreover, when a part of the
thermosetting group is photosensitized, it is favorable to conduct acrylation
by reacting a part of the thermosetting group with methacrylic acid, acrylic
acid or the like. Particularly, an acrylate of epoxy resin is optimum. As the
epoxy resin, use may be made of novolac type epoxy resins such as phenol
novolac type, cresol novolac type and the like, alicyclic epoxy resin modified
with dicyclopentadiene and so on. To such a thermosetting resin may be
added a thermoplastic resin such as polyether sulphone (PES), polysulphone
(PES), polyphenylene sulphone (PPS), polyphenylene sulfide (PPES),
polyphenyl ether (PPE), polyether imide (PI) or the like.

As the heat-resistant resin particles, it is desirable to use at least

one selected from the group consisting of (1) heat-resistant resin particles
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and thernoplastic resin, or a resin conposite of photosensitive resin and
“thernoplastic resin. The fornmer is high in the heat rgsi Lle the
| atter can form an opening for via-hole through photéﬁ%kﬁ%@&égﬁy&glb
_The mixing ratio of thernosetting resin (photosensitive resin)
thernoplastic resin is preferably 95/5 - 50/50. Wthin the above range,

- 26 - 99806
(PCT/ 1 B98/ 01ke¥ving an awemige partichpsize iof aotmerotitani iqamy(2)aggtegdtaragi ng t he
heat resi stance. Plural resin insulating | ayers may he formned.

For exanpl e, parteles ofdeat-registant gesin pawdenhaying an ayetege pagticle giae of nphor gani ¢

particles or fib f||| randabseresm and an erlaerlsan
adhesi ve | ay@fr ?{%&a@ Iae@éx%ea? t-rogitan resin H(W%‘P i s forned

by disper si ng, el u]g)sfrﬁﬁiessﬁ?egéfi S P ;a&.?ésﬁgn&gal{l%o%eﬁﬁgg@glarf, aver age

partlcle size s nto resi stant

resin hardl ya\Séi‘ %@;%f‘rubﬂ: ﬁi@oﬂ%ssdmaﬁ Z%hd(%'fﬁﬁe%%&es (Ylﬁhl'n@d%?e upper |ayer

is an adhesive for el ectroless atlng he i norganic
particle, ussdheeingts leastion®©bdf h¢dt4reastaﬂi tesinpowdalanddnorghhie povikder As t he
fibrous filler, use may be nmade of at |east one of cal cium carbonate

whi sker, al uhavingabavenage phitigtesize af am nhof¢ than 2 iwartbdhe surbage efthtat-he | ke.

In the |nvent|pn a sol der, resi.st S fo nmed o ened surface
of the condutesistant resinppwdss h%‘ﬁ%lé? %E@ge?ﬁ@l oFge %@5" l@g i's

favorabl e .to{xﬁ?t\ﬂ?e &f d@a‘t Ghag ﬁtr%%lngvo%‘g’d&&a@}n{g aéx\gn\]’%flavéﬁa Rdrﬁs&%%?zet in, the

sol der resis ayer oes no S as en | Is too

thick, it isoqibfg eml IRat-Pési8 g4 Bﬁ{r'n AnfaE ;ﬁﬂﬁl % gtnd al so
t he soI der r33| st ‘Iggyégrdt cgnt gcttgrnv{nthrﬁg%gigpderl O(I:ily t{)a%g use Cgr'dackl ng in

the sol der bmdye than 0.8 pm but IEhethanRden, amb(Gthehbyesistam desibpowdde from
various resins. For exanple, it may be fornmed by curing_bi sphenol A-type
epoxy resin baving @%@W&P@mc& sizevbPdc tQ/B@‘l eﬁ[yi!@y‘e Péﬁlqlﬁstﬁormtlﬂoﬁcryl ate

a0, O BASRF, 3 RURER e RS B BFRRS R open g
I's formed i n,idafh)8 8l Asve 4 fkihutndbiihndss (RS 6f G.rliéb?,uﬁ.o cure the novol ac
As the heat-resistant resin particles soluble in the acid or oxidizing
agent, use may be made of amino resin (melamine resin, urea resin, guanamine
resin and the like), epoxy resin (it is most suitable to cure bisphenol type
epoxy resin with an amine curing agent), bismaleimide triazine resin and so on.
The mixing ratio of such heat-resistant resin particles is 5~50% by weight,
desirably 10~40% by weight based on solid content of a matrix made from
the heat-resistant resin.
As the uncured heat-resistant resin hardly soluble in the acid or
oxidizing agent, it is desirable to use a resin composite of thermosetting resin
and thermoplastic resin, or a resin composite of photosensitive resin and
thermoplastic resin. The former is high in the heat resistance, while the
latter can form an opening for via-hole through photolithography.
The mixing ratio of thermosetting resin (photosensitive resin)/

thermoplastic resin is preferably 95/5 ~ 50/50. Within the above range,
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tylog epoxy resin or its acrylate with the imdazole curing agent. The

"sol der resist |layer made of such a resin has a nerit t Al ' of |ead
(phenonenon of diffusing lead ion in the sol der resi sgtt’gq%a@gmlégl%zdlﬁ@s)s

And al so, the resin fornmed by curing the acrylate of novol ac type

- 27 - 99806
(PCT/ 1 B98/ 01047) epoxy resin with the imdazole curing agent is

excel | ent i rhigher preperties arsobtamedamithdatelameging tedeat tesistangei and i s not

degraded even at a tenperature fusing the solder (about 200[err] C) and does
not deconmpose with &lural sesin insylatimgdayery may be fosmeds For xamele, Bieat i ng or

gold plating. As.the.acryl ate of novol ac.type.epoxy. resin t i may be
made of lepo%?“’t"él"}}f?rb%?é%ﬂgﬁcw I?@J&meﬁlsﬁﬁfgillb‘ﬁga%‘fw&%%‘?s %Sﬁgnovgl ac
or cresol no ' VA ' r te rvli G i

However, t heﬁg%ﬁaglg\r% b%s?’ %§§1¥r é\rg/degﬁhg%% 1%@9%?3@%?@%& ﬁiri:c%%ﬁgg&ts ype epoxy
resinis co dpte | ' I 11 . at it is
apt to causg1§1 {a 1{elgl'pee “@n%él%’ ?l’(l)%ﬁﬂ?g lﬁxgﬂg%rg}ﬁc}?}r%iaﬁgh$¥% {)cﬁgﬁéedr%led surface
accor di ng t oresfiepariiglRsof Ol ~ahparinadvepapequstivie pizewehtbls irrtheaacibet i ng.

The imdazole curing agent is desirable to be Iiquid at 25[err] C because
t he uni f or m exidizing agerdtinteiheatiresistanieesin hardjpisalublesinghe agidr FIdZNG i ng

agent, nention may, hbe nmade of |-benzy|-2-nmethyl_ imdazole (frade name:

| B2MZ), | - cy@dfsibt While thedinper ia&’faﬁﬁt@w&h}eﬁ%\’gg%%efo’( flegly eﬁ%ﬂ’é&n&ml\/z- CN) and
4-met hyl -2-ethyl im ol ' : or | sirabl e
to formthe sol der r‘gglﬁgetﬁggtr%gcgﬁrﬁglhg?gsyez‘glﬁ%Il{l/"lldr?g()ftsfl'ulécar’ glsdln?]mg’rsfgpfhe
curing agent yidip 18QJ. VeRY the\iiRoRefillby 66 el made b lbaskene Yhen the sol der
resist layer 1s formed fromsuch a conposifion, free oxygen is not

gener at ed anchltinen sarbbaate weifiskerpqiemimad bosata ethisker,diramid fiberi caboo, t he

toxicity to human bodﬁ. Is | ess. As the glycol ether solvent,
there can befibé¢fcaandethedikgent having the fol | owi ng general fornul a:

g:_lg?hg, ﬁ:ﬁ SHS |O§, 2 ;) |CH§ i Weé‘g ﬁveépﬁé,r a §%§mesist 1a§ref Isefro?nqw on Hie rlo%%ﬁgné)d" e of
surface of the conductor circuit for solder pad. The solder resist layer is
favorable to have a thickness of 5~40 pum. When it is too thin, the solder
resist layer does not act as a solder dam, while when it is too thick, it is
difficult to form an opening portion for solder bump and also the solder resist
layer contacts with a solder body to cause cracking in the solder body.

The solder resist layer made be made from various resins.

For example, it may be formed by curing bisphenol A-type epoxy resin or its
acrylate, or novolac type epoxy resin or its acrylate with an amine curing
agent, an imidazole curing agent or the like.

Particularly, if it is intended to form a solder bump by forming an
opening is formed in the solder resist layer, it is preferable to cure the novolac
type epoxy resin or its acrylate with the imidazole curing agent. The solder
resist layer made of such a resin has a merit that migration of lead

(phenomenon of diffusing lead jon in the solder resist layer) is less.

And also, the resin formed by curing the acrylate of novolac type
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and triethylene glycol dinethyl ether (DMIG is used. Such a solven can
conpletely dissolve a reaction initiator such as benzo&henone Mchler's
ketone or the |ike under warm ng at about 30-50[err]C. 9BAC PLHIBABOUHTY e

- 28- 99806
(PCT/1B98/01047) solvent is favorable to be 10-40% by wei ght of the
sol der resist conposition. The addition anbunt of the imdazole

curing agent epoxiesdasirawit the imilazeltGiring agehtgxbtexoﬂlenttm tHe It redigtamteent  of
the sol der resist conposition. Wwen the addition amount is within the above
range, the unahdthn resistange tanlkalisindyis bet degradadeayen at a temperaturgdusing above

Polde oSt oM Aon IR A0S, ELL U el Sa T SaELS ond
o0 s oo 38 R ER AR R SIFRAINE s o RASHEOSER ™

agent, a poly ' ' : Y ol , lrgaquar
| 907 made by @ %’Qp{c%?‘g@ tll'dsdb g@%fg%@d%?ggbgg#ggsﬁtﬁ%{e&gywl\ﬁ%g% Kayaku Co.,
Ltd. is favor abjcedydetiferRIFPhessiidviolaedr cresol novolac withbadriPRc béidrgroset ti ng
resin, bisphenol type epoxy resin can be used. The bi sphenol type epoxy
resin i ncl udemdhaphbanatidAntdygpeonepoxy resin and bi sphenol F-type epoxy
resin. The former is favorable in _case of regarding the resistance to base
as inportant, and theHosteves thessqldergesist layermade of e aceaterofmpvalacow

viscosity (regarding. the applicability as inmportant). .t he
bhot osensi ¢ 1 voRfuRRY oo 1bBonsblited Wit TheptBRane reteid shelpion et Bdd ause,
t he pol yval en \ | SO | | e, use
iy be. wade. ofPog) Gusy HEBATRE SR e R tehi S T kalkhchGl SRR 5
Kayaku Co. Lt decorfingQé theitfrehsloiyaehdhmtd@oakly prevent kiich a paeliighe | i ke.

A coloring nmatter, pignent or the |ike may be added to such a sol der resist
conposi tion because t'hhe wnidazgleparingragentis desirafie & belquidsati23&Ccol ori ng
matter, it is, desirable to use phthal acyanj ne green Furt her nore,
the sol der r cbPGUISE ShyoufQrmOmirOE inurasd ot SIshiAdiang state.  As sucha

curing agent, mention may be made of 1-benzyl-2-methyl imidazole (trade

name: 1B2MZ), 1-cyanoethyl-2-ethyl-4-methyl imidazole (trade name:
2E4MZ-CN) and 4-methyl-2-ethyl imidazole (trade name: 2E4MZ).

It is desirable to form the solder resist composition by dissolving
the resin and the curing agent in a solvent such as glycol ether or the like.
When the solder resist layer is formed from such a composition, free oxygen
is not generated and the surface of copper pad is not oxidized. And also, the
toxicity to human body is less.

As the glycol ether solvent, there can be used a solvent having the
following general formula:

CH,0-(CH,CH,0),-CH, (n=1~5).

Preferably, at least one of diethylene glycol dimethyl ether (DMDG)
and triethylene glycol dimethyl ether (DMTG) is used. Such a solven can
completely dissolve a reaction initiator such as benzophenone, Michler’s

ketone or the like under warming at about 30~50°C. The amount of the
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viscosity of 0.5-10 Pa-s, desirably 1-10 Pa-s at 25[err]C because |t S
easily applied by neans of a roll coater. After the sol der resist ¥

f or med - 29 - 99806 (PCT/IB98/0104)
99806 (PCT/1B98/01047) from such a conposition, an opening portion nay
be fornmed by a |ight exposure and devel opnent treatnent. A

met hod of producing the nultilayer printed wiring board according to the

i nvention w | §olbentds svdrisie tb©EQW~40'%90)f el ghitioR the sl derctesist (Efﬁmﬁdsm@h

sem -additive nethod, but a full additi've method nmay be adopt ed. (1)
At first, a wiring bo"ﬁhdadchhpnepmuadobﬂlefmndazm@e cmmgmgcmt izdesirablestoon a
surface of a substrate. t he substrate, use may be made of a resin

i nsulating s ub%ﬂrh@% @UWHI% par Eﬂtdsgé?héﬁ@ktﬁnk ijﬂlﬁrs@ﬂ@f rwmomﬁsa@n

substrate, a e triazine r bstrate r i ke:;. a ceranmi c
substrate: a eQI Hé&"gtaén%lﬁy“g OVefange’g}? ﬁ?’ HRE GAD ¢ he

conductor cirguyi liey substrate can be carried out by a method wherein
a copper cl adg%{yﬂﬁﬁ Iteasl S°subjected to an electrol ess plating or

el ectrol ytic plating ”P&ﬁxéélﬁﬂe%bﬁi&??esm@cﬂﬁ?ﬁ@ﬁxomﬁé Fbe adde PRt Uil ay er
for electroless plating 1s forned on a substrate such as a gl ass epoxy

substrate, a foimingiagents angllewding agenn) atermovéttihgatsin for imgpravingtthst rat e or
the |like and the surface of the adhesive |layer is rouahened to froma

roughened sur heat@esistanechand rqsetmggmbw@mmgea flexibilisy.ccphatosensiive
el ectrol ess plati ngeg or. so- cal se - addi ﬁ}rkget hod (a nethod wherein
the full rougH¥REE & rflgagovgl ytipnapd the el ectrol ess plating, and

a plating resist is f resist are
subj ected to a thick 13 ﬁﬁ?dl ?l%?ggé)&]l ‘fﬁ‘%ﬂl angg{n&ﬁﬁ%ﬁfc??sn%krrﬁédg?%t S
removed, and PR/h&IfHALRE TkSaqRaF 1906%&!8 by CibPGEIgY i PebHaBle! arfd DETX-S
corrposed of the electrolytic plated filmand the electroless plated filn.
As the conductmade byNippon Kayalkyp G, Indt isdavorablemsed phatbsensitizer. I n
such a conductor circuit can be fornmed a_roughened surface by usi ng an

et ching solution cont sm%@eeaeifém(greﬁ%@tﬁphe&oléme ﬁPP’Bf@éW‘@“&?ﬁ‘éFe As t he

copper (11) COTBe 1sphenol't§pé gf)/g){yaresﬁl ihOrudas bxspf S %-ﬁypc) epoxy rlas% a% an
bisphenol F-type epoxy resin. The former is favorable in case of regarding
the resistance to base as important, and the latter is favorable in case of
requiring a low viscosity (regarding the applicability as important),

As the photosensitive monomer, a polyvalent acrulic monomer
may be used. Because, the polyvalent acrylic monomer can improve the
resolution. For example, use may be made of polyvalent acrylic monomers
such as DPE-6A made by Nippon Kayaku Co. Ltd., R-604 made by Kyoeisha
Kagaku Co., Ltd. and the like.

A coloring matter, pigment or the like may be added to such a
solder resist composition because the wiring pattern can be shielded. As the
coloring matter, it is desirable to use phthalocyanine green.

Furthermore, the solder resist composition is favorable to have a
viscosity of 0.5~10 Pa-s, desirably 1~10 Pa-s at 25°C because it is easily

applied by means of a roll coater.  After the solder resist layer is formed
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azol e as previously nentioned. In the formati on of the roughened surface,
- 30- 9980
( PCT/ | B98/ 01047) there can be used a nmethod of spraPBAGMGTABEROHMRY
solution onto the surface of the conductor circuit, or a nmethod of

i mersing the conductor circuit in the etching solution and bubbling it.
Mor eover, the conductor circuit is desirably an electroless plated filmor
an el ectrol yt fronphwdtesl comnpositiBecausyrening porsiodithay beifdrnied Yyoa bighhe roughened
surface on a conductor circuit forned by etching a rolled copper foil.

The thus f or mexposuoe heddevelopmentdreatinente covered with a netal |ayer nade of
a non-oxidizing netal or a netal not Ioweri]gﬁathe adhesj on property between

the metal layer and tAdnedepefproducingtnecaniiiaysr ppated wEmakeard: he net al

| ayer and the_vi ayhol.e conduct.or nif thenetal Ltself is oxidized. Such
2 retal | ayer SeSeRaEB GERNENGH B8 debrii F0 R, TbB ol au TG MsnE
surface and the; ' '-nagi_ Jidd y : | m et ween

t he royghen_edﬁg‘lljélszdc%ngn tﬁé@?y—oﬂbﬁfg%gﬂ%%{@%?gﬁ%@auseg??e glggéte?b; form
the oxide film on(rheAt aud)29ans Ho4rdaS pRépA@ESy ftinih® vBAdUdEr @ERARI ON
property between the netal |ayer and the resin insulating |ayer and the
adhesi on pr opentaysubfaceeta substratet als theyarbstratt, héemay be modde afonrbsint or even

if the oxide filmis forned. As the nmetal, nention may be made
of netal or nisoiating bstsaiisaeh as 2 slasy apexnsubshaiena polyamide substiales 8pper but

smal l er than titaRi.um, Wien the. roughened suy.face is covered with a, |ayer
of suoh a met BISTGHCE fARe ESin RaaE L Be kP ety YRETAIS 2PYR on of
t he conductors‘ﬁgsrnca%a?(pg@oﬁ’o | ocal el ectrode reaction in the rougheni ng of

the resin insulating ayer. As the netal, use may be nmade of at |east one

met al sel ected f.rom t1The §sriadion @f thetonthcedr ditcus oh the Sibstfateidan Bd nc, iron,
indium thallium cobalt, nickel, tin, |lead, bisnmuth and noble netal. As

t he nobl e net asrriedaiud bysi method wheneinrauropper clad lamthiataissubjegtwslko an
The metal |aye e of such metal can be rmed .on the youghened surface
by using vari El[?gtf ﬁBI?%‘.ngloﬁ efq%rgimﬁiefavg ?‘P& ﬁ’s?ncfé%h aam%i“%"fﬂ[‘o‘il Wherein

an adhesive layer for electroless plating is formed on a substrate such as a

glass epoxy substrate, a polyimide substrate, a ceramic substrate, a metal
substrate or the like and the surface of the adhesive layer is roughened to from
a roughened surface and then the roughened surface is subjected to an
electroless plating, or so-called semi-additive method (a method wherein the
full roughened surface is subjected to a thin electroless plating, and a plating
resist is formed, and portions not forming the plating resist are subjected to a
thick electrolytic plating, and the plating resist is removed, and the etching is
carried out to form a conductor circuit composed of the electrolytic plated
film and the electroless plated film). As the conductor circuit, a copper
pattern is preferable.

In such a conductor circuit can be formed a roughened surface by
using an etching solution containing copper(II) complex and an organic acid.
As the copper(II) complex, it is favorable to use a copper(Il) complex of an

azole as previously mentioned. In the formation of the roughened surface,
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- 31 - 99806
(PCT/ 1 B98/ 01047) to closely adhere the netal layer to the rou d
surface so as to follow to the roughened surface. V\y1er?9§ﬁ)é,(PEE{I§?g$§)9'§r S
cl osely adhered to the roughened surface, the oxidation of the roughened
surface can efficiently be prevented and al so the peeling between the
conductor circuit and the inter- lamnar resin insulating |ayer or the

peel i ng bet wethierd tan boushdcd mettwid efuiptaying theetchiing-sbhitnommd ded surfatee to the
peeling of the netal |ayer can be prevented. ) I n case_of formng
the metal | ayefthemoada¢toncinowit,sxiadnethed ofdmmersing thexeonduekas| circuitin thebal t

or noble netal, there can b d substitution platjng, electrqles

pl ating, el ec?tP]élnﬁtsiog“t}ﬂ%Wﬁ@-‘%ﬁ%tlf-eNﬁb@ov\%r&hﬁﬁﬁn&]@ﬁ& CHCBH 1% %Flﬁamy li ke.
In case of th ne t i lendepgsi L .and the |ike
can be adopt e%.l Ql%«%gless i’ﬁkedpﬁﬁ'?f’iEﬁﬁiﬁ%yf’%%éﬁg‘%ﬁ‘l&% ﬁ%ctﬁpg%]’ﬁgﬂsubst I tution
plating with ' lnl i r | ectrol ess
substitution %ﬁg?@?@d %’@ﬁ%&gﬁ%}%‘e&ﬁ?ﬁg‘?o’?tﬁ C?}sl&‘g%}gfa%{%gg%gﬁtno foll ow t he
netal |ayer tetchhig gﬂﬂmea@pgelsm]t ace. In case of such Cu-Sn substitution
reaction, Sn layer having a thickness of 0.1-2 [err]mcan be formed on the
roughened surface by Tié thysfomutdmcughendd surfach anayf beicoveded withcametal tin

chloride-thiourea or. the like., . In the thus forned_core board may
be fornmed a tlwyeugdsef e noprpxidizingametal ofametal notyewering therdhesion: and rear

surfaces of the board can electricall nnect to gach ot her through the
t hr ough- hol e. PIRRET lescgye%t e%g]tlﬁxtgs%ndgt%etrﬁs&n% menadﬁ‘ﬁglgpé)rﬂﬁvt%e ensur ed
by filling a | | i 1 ' 5l £R)i N or
Che 11 ke Tt RE¥kp IRERickd 1ot e o aioI L BRIRRS e Y A BRI slE ™ e

wi ring board. oxidized( 2)Suéh aimétal Jager cwar inippdve thenmihesion propayebetweeditlposed
on the wiring board prepared in the item(1). The interlam nar resin

i nsul ating | amghnagci) swstdcerand dhoesapinisylatigg dayes and she/adegiongprepenty| ess

| at | d dyying it. Th licati ft dhesi ye f | ect 1 ol
D1t ng can bRUHERR (BkrEReR TETaRG R0 B ekt EPRE G aptE EORFEPODT the

I ke. form the oxide film on the roughened surface or does not lower the adhesion

property between the metal layer and the resin insulating layer and the
adhesion property between the metal layer and the via-hole conductor even if
the oxide film is formed.

As the metal, mention may be made of metal or noble metal having
a jonization tendency larger than copper but smaller than titanium. When
the roughened surface is covered with a layer of such a metal or noble metal,
there can be prevented the dissolution of the conductor circuit due to local
electrode reaction in the roughening of the resin insulating layer. As the
metal, use may be made of at least one metal selected from the group
consisting of titanium, aluminum, zinc, iron, indium, thallium, cobalt, nickel,
tin, lead, bismuth and noble metal. As the noble metal, gold, silver, platinum
and palladium are used.

The metal layer made of such a metal can be formed on the

roughened surface by using various methods. In this method, it is desirable
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99806 (PCT/1B98/01047) At this time, the interlamnar resin
insulating layer is formed over the full surface of th¥8Po&CI/IBIHOINH A
there is frequently caused such an uneven state that the thickness of the
interlamnar resin insulating | ayer on the conductor circuit is thin and
the thickness of the interlamnar resin insulating |layer on a | arge area
por tion ot hertd ¢lasely dhererite aietal layeravithiceraughthed surfabeabels @o €ollaw to S
desirable to flatten the surface of the interlam nar resin insulating |ayer
by pushi ng t htheinotghémed suaface.e s Whenrthe metaligydrdy etosely adbetedso theeven state
with a netal plate or a netal roll under heating. (3)_.Then, .the

i nterl am nar Faughanedsurfage; the exadasion of the reughenpd surfage eancHfigigntlybet he
f ti f via-hole is,f d therein. i ng treat- t of th
nt or | ani nar PESFREARCKalsq g Hegls beveien hciconicrgr qiteApddbe iig-wnen t ne
. frix i . . | : : ‘ .
resin, or by WnparARERIMERE Hyef of e Rieinp ehee ' Indu B GRITE, 00
resin. the viaHdfe ORRTVcRE duelto Hﬁ@pée@mg&ifitﬂanﬁal\ahyemh deipreveptard by
using a | aser beam an oxygen plasma or the |ike when the resin matrix in
t he adhesive for el echreisesf foinging tige mstdl bayer nerdencsfet nomoxidisngmetal by

| i ght exposure and devel opnent treatnent in case of the photosensitive
resin. Moreovéch asmickélgtin, eobslinneblermetabbereanhe used subasitetions carri ed
out after a phptomask | as ubstrate ILs vorabl e). depicted,wth.a circle
pattorn for | REAURE Aeet R oRabhe oS plBbg. ctoyieting TironBLasostiche

i nterlam nar kL s ul@atd t §§l‘§ﬁ_ ' 1,1 lyr cl e
pattern ther e?@&%ﬁﬂé (Ig)éaﬁg%@éﬁ?gfegrgr éfcdeaeo t%@]“ﬁﬂ’lr‘l’tagg‘f% 'oﬁfgraﬁraglgi n

i nsul ati ng | aggylikeeHasd ydprayer for el ectrol ess plating) provided with the
opening for the formation Of via-hole is roughened. Particularly, it is
preferabl e to roughenPaticuladyf when tifi it hseda thesmibstitutianglating witheopped ess

pl ati ng by dissol ving and remmvi ng heat-resi ?tant resin particles existing
on the surfac® dssitehle. adiesar torpng Bhn Jgven by electioless SUBHItBUPRPIALRE agent. I'n
this case, the.de f J £c i ' [ ened surface

ﬁé@xbcgotpgslg 39 h?a_% g{ JF ea?ﬁf%%éo%s% f&%\gﬁﬁe flded quer % a{.é

is favorabl e
roughened surface. In case of such Cu-Sn substitution reaction, Sn layer

having a thickness of 0.1~2 pm can be formed on the roughened surface by
using a solution of tin borofluoride-thiourea, tin chloride-thiourea or the like.
In the thus formed core board may be formed a through-hole.
In this case, wiring layers on the front and rear surfaces of the board can
electrically connected to each other through the through-hole. And also, the
smoothness of the wiring board may be ensured by filling a low viscosity
resin such as bisphenol F-type epoxy resin or the like in the through-hole and
between the conductor circuits of the wiring board.

(2) An interlaminar resin insulating layer is disposed on the wiring
board prepared in the item (1). The interlaminar resin insulating layer may
be formed by applying an adhesive for electroless plating and drying it.

The application of the adhesive for electroless plating can be carried out by

using a roll coater, a curtain coater or the like.
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- 33 - 99806

(PCT/ 1 B98/ 01047) As the acid, use may made of an inarganic
acid such as phosphoric acid, hydrochloric acid, sul fu§jq888g’§TdIB3§/8{(%§) i ke,

and an organic acid such as formc acid, acetic acid or the |ike. Anong
them the use of the organic acid is favorable because it hardly corrode a
nmetal conductor | ayer exposed fromthe via-hole in the roughening
treatment. As the oxi At thisginegén intérlaniinarssin mshlating layee icformedoveri d,

per manganat e &pot assi um perrmanganate or the |ike) and so on. The
roughened sur thecfull surfage of sy koard, seuthat thermisi frequendy gauredsucirgaunewsn 0. 1- 20

1117, o 02 S R 0L 2
et hod becaus SOMHeRh rcta? Tl bt Bibhass B RERe i RERLsTARG ' e
adhesi on_pr 0Dy on a large dréd pdiioh! it Shatifd GifRubfr BRetie thitid he roughened

surface of the interlamnar tesin insulating layer. In e application of

the catal yst Metefore, itiis desirdbdsto Aatten the sugfaceofiligteaimhariresin a nobl e
metal colloid or the |ike, and palladiumchloride or palladiumcolloid is

general | y usednsulsingdager, by pushingiéeiinteplaminar resindositlatinghlaaer efjsuchemt nent
for fixing the catalyst nucleus. As the C%Lal éSt nﬁq(:l eus, palladiumis
preferabl e. unevensstats wigh a matalgilats) & asmetal rlljunder heating.or ned on a whol e

surface of the intarlaq h | [ e nd_provi ded
with the catal yst k%uc?g%}g%ﬁ'ﬁgéﬂéwg‘%sgig&g}aﬁéggﬁrﬁ#\gﬁ%ab%gﬁgggbI y an

el ectrol ess C@?QﬁihgI%%%%irh&tiﬂrﬁ@ﬂviﬁ%lé‘is‘ﬂ&kﬁ%&ﬂ*?e?eiﬂf i dubfnlgltreal ef er abl y
2-3 [err]m Moreover, a liquid conposition adopted in the usual nanner can
be used as anmeintof thel iatslantipmeresinl intulatgng tlyet isccondiroted dyabhipimeosetting qui d
conposition (pH = 11.5) conprising copper sulfate: 29 g/L, sodium

car bonat e: 25 When therssm magx iy the adbesiverforyaleassalens platingyisia tharmaseiting

f or mal dehyde: 150 i s favorabl tosensitive resin film

o 47% A gh .
(dry filny i s T§siy, Of By £XPEHnE iR atlﬁggvmletr y In case oI a pnotosensitive resin.

The opening for the formation of via-hole is formed by using a
laser beam, an oxygen plasma or the like when the resin matrix in the
adhesive for electroless plating is the thermosetting resin, or by light exposure
and development treatment in case of the photosensitive resin. Moreover,
the light exposure and development treatment is carried out after a photomask
(glass substrate is favorable) depicted with a circle pattern for the formation
of via-hole is placed on the photosensitive interlaminar resin insulating layer
so as to adhere a side of the circle pattern thereto.

4 Next, the surface of the interlaminar resin insulating layer
(adhesive layer for electroless plating) provided with the opening for the
formation of via-hole is roughened. Particularly, it is preferable to roughen
the surface of the adhesive layer for electroless plating by dissolving and
removing heat-resistant resin particles existing on the surface of the adhesive
layer with an acid or an oxidizing agent. In this case, the depth of the recess

portion formed in the roughened surface is favorable to be about 1~5 pm.
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- 34- 99806
(PCT/ 1 B98/ 01047) formed el ectroless plated filman | ass
substrate is favorable) depicted with a plating resi 539M@§&W&8§ﬁse| y
pl aced on the photosensitive resin film which are subjected to |ight
'exposure and devel opnment treatnment to form non-conductor portions of the
pl ati ng resi st pattern. (8) Then, an electrolytic plated filmis
formed on the el ect r AAethe aridytuse nidyl mmdd bfan irongarhe acidrsucbhasipbosphopor t i ons

to form conductor, portions conprised of conductor circuits and via-hol es.
As the el ect rasigsthydroghdesie acid; sulfuriciaid onthedike and anprganie acidgughag copper
pl ati ng, and the.thi.ckness is, fayorable ,to be 10-20 pum . 9) After
the plating r E‘Pé‘ia‘aa’ 345 Cﬂﬁ’ﬁl—‘&rg%a or AJBPRE B, i%lée ﬁ%ﬁﬁfé‘&,"%%ﬁc heid

el ectrol ess ihm. s, | ] | xed
sol ution of %%‘8&?@%@5 %‘f‘saer%gh#éﬁ 8%%?,&38%6}&%%13’(@9%‘?&%%&9{;ﬁ%é%’e@g@! on of
sodium per sul fatvéa-hBTETRAh! Ridbefitle/Alament, OTA e QiidigingCaRRE Tt ! or | de or
the like to obtain i ndepende conductor circuits of t ayer structure
conprised of ddstrablegotuselchsanielagid; pefhamganatt (pbrassivacpermanigasatplontissd il m
and vi a-hol es. Mdireover, the palladium catal yst nucl eus exposed on the

non- conduct orlif®randse e t he roughened surface is renoved by dissol ving
with chromc acid orki,he | i roughened, surfaces are

for mrald 03 the thus o l};ﬁﬁ?@&hmé%&aﬁ’g{? &tohay THaRgys 1o d”sess "
{rogtmont accURhPRt,PEaL i, s aTReRR i St é DSeRiEEPIAMITCD, = F0L 10

resin insul at dlizﬁﬁziéze@’&tfpebfedf Wbty it ﬂ&o@%@ﬂx’é@%ﬁ%ﬁbﬂ%bﬁeﬂi‘ﬁvﬁrﬁp of the
item (2). (I2) If necessary, the steps of the items (3)-(9) are
repeat ed for Partichlarlypthe aoughnessiistfiaanable tovidecd. by pam muitdse lofylss semii- nt ed
W ring board can_be produced. And al so, the thus forned
roughened surddsidvempthod bagapsecthe glecolasp plagerbhtm és remonpd while prsvring
pol i shi ng tret%t ”Eﬂt . oxidation treatnent,

e adnesion property.

(5) A catalyst nucleus is applied to the roughened surface of the

interlaminar resin insulating layer. In the application of the catalyst nucleus,
it is desirable to use a noble metal ion, a noble metal colloid or the like, and
palladium chloride or palladium colloid is generally used. Moreover, it is
desirable to conduct a heating treatment for fixing the catalyst nucleus.

As the catalyst nucleus, palladium is preferable.

(6) A thin electroless plated film is formed on a whole surface of the
interlaminar resin insulating layer roughened and provided with the catalyst
nucleus. The electroless plated film is preferably an electroless copper
plated film and has a thickness of 1~5 pm, preferably 2~3 pm. Moreover, a
liquid composition adopted in the usual manner can be used as an electroless
copper plating solution. For example, a liquid composition (pH = 11.5)
comprising copper sulfate: 29 g/L, sodium carbonate: 25 g/L, EDTA: 140 g/L,
sodium hydroxide: 40 g/L and 37% formaldehyde: 150 mL is favorable.

(7) A photosensitive resin film (dry film) is laminated on the thus
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- 35- 99806
(PCT/ 1 B98/ 01047) oxi dati on-reduction treatnent and % y be
covered with a plated film On the conductor circuit f?g?&n hﬁg%ﬁ@oﬂﬁ
roughened surface nay be fornmed the interlam nar resin insulating |ayer,
vi a- hol e conductor and sol der resist |layer as previously nentioned.

Al t hough the above treatnents are mainly the sem -additive nethod, even in
so-cal I ed ful formedici¢atxolenstpiatad filiranidra phetomable (glass subszateinfaverade) ol ess

plating is royghened and the plating resist is forged ihereon and the
el ectrol ess p 1'Ptﬁ§ Wilh & platinglrenst patisTh o Absely @ PBrt{l?)H??@P?ES“i‘YFe

roughened surface.according tg.the.in tion can he, f or ned the surface
of the underll%f)‘c)@rfl n‘ﬁﬁ@&?eé‘?‘%lﬁ{}F&’l‘%ﬁgﬂﬁﬂ@Pa‘éﬁa&B4°P{8 e e&?ﬂffa eflﬁof non-
oxi di zi ng net o~ : i | | may be applied.

And al so, theﬂrfgg%lhﬁegggﬁéﬂsdéﬁ(gg%?%%or}%ﬁgBut%@gltr?\é | 2i\}fe&rllrt!'i on can be adopted
even in the ml ti {8y eTher, anehstuiolytlo dlaedalich Isforkied th o elbatroleis pleeds.
13-19. Figs. 13-19 show production steps in an enbodi ment of the multil ayer
printed wiri nfilloedhat. thabthemonrgondietor porhensed feum candudtor pdreions | | ust r at ed

mul tilayer printed wring board is covered wwth the netal |ayer, but it can
be produced wrempHised of GANGYCIoR sirpRitsand wipdioles.  As the electilyitplatingad shown

in Fig. 13 is, ' by | ayj J | foil. 6 .Si de of '
ubst Pate 5.  HoRsable it UetoRug Py Rotipeo BEGHEIS foa oy

subj ecting thg hogy; Y- er work, and then an electrolytic plating is
carried out bgd usl r%gt(m%?(r)rg%%ﬁﬁlfoil 6 as a plating lead to form an

el ectrolytic platgg fAfter Qxeig’hatﬁlgl%ﬁitst@ﬁtthﬂonlﬁﬁriﬂu%ﬁ)rWﬁbMSQe@%véleYm in
Fig. 15. Next, as shown in Fig. 16, a conductive paste 11 is filled in the
remai ni ng par theefeatradesspdated §ilpds further8lissol vedrandaemoxedotith d mized at t he
sane tinme, a protruded conductor 13 made of the conductive paste 11 is
formed on the Q;Pfdolhﬁf@lg‘ﬁ?c acid and hydrogep pgroxife onan gfiching solgionofet ched t o
form a conducf g, Ci ' 141 CUI r '
prepared as s (g{\}\% ié\e?@llgtel’%?%@poé%&fﬁ%%’ %zr)\tggﬂlggld? ’h((%agrpkgge * ﬁgé%%r E’z‘? n 16

;S:, gC h as epoxylik&f SbtaROndeperident conductor circuits of two layer structure comprised -

of the electroless plated film and the electrolytic plated film and via-holes.
Moreover, the palladium catalyst nucleus exposed on the non-conductor
portion of the roughened surface is removed by dissolving with chromic acid
or the like.

(10) Next, roughened surfaces are formed on the thus obtained
conductor circuits and via-holes. This roughened surface may be the same
as formed by the aforementioned etching treatment according to the invention.

(11) Further, an interlaminar resin insulating layer is formed on the
board according to the step of the item (2).

(12) M necessary, the steps of the items (3)~(9) are repeated for the
formation of multilayer, whereby a multilayer printed wiring board can be
produced.

And also, the thus formed roughened surface may be subjected to

subsequent etching treatment, polishing treatment, oxidation treatment,
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99806 (PCT/1B98/01047) resin, phenolic resin or the like is applied or
an uncured resin filmis placed on a surface of the one-sided circuit board
15 provided with the protruded conductors 13. 9980APCHBAR/O1047Fi g.
18, the one-sided circuit board 15 is placed onto each face of a board 20
havi ng conductor circuits 19 wt a roughened surface 17 according to the

I nvention covered with a netal |layer 18, which are united by hot pressing.

In Fig. 19 isogidanBnirBudtitiStOiReHCAMH thellike! éi:’ﬁfayMei doveEbdyith '&Eplﬁ’t@ér d 21.
In this wiring board 21, the pressed protruded conductor 13 pushes away the

resin 16 to cfilhactOmitercddacionoitogit haviegrsaoh agsoighemed tshfacomgidred surface
17 according to the invention through the netal |layer 18. The resin 16 is
sof t ened by h&xmedghatinteeminasuesintinsulatinghlayen viatholeonductar 8ed 80lder t o t he
invention easily flows the resin 16, so that there is not caused the poor
continuity duBestsh1a¥6E as PESHOY XF%FLP@.Onﬂid al so, the netal |ayer 18 according

o e oy Emh o mon' e AYFn B SR ReR S hably e ggre shc’ e 7
roughened sur fage, AGLehH 9.chifed g@oﬁgﬂé Jgfyaﬂrmh%i@ﬁﬁ%ﬁesﬁggye} Bort he

mul tilayer printed w ring boar aylng a resin ad ed copper

foil called agledtless pldting is eougphened and tHeaslatifg eaist igfbrieditherebnvwadt i on,

the resin hardly remains, so that there is no poor continuity even in the
t hus produced thasgle¢tralgss plpting iscchrnied ongtoformc conductor patterni, thet he pr oduct i on

ai d ont o 1 heratanFRed SAGaRECOUIBE R B TEHTSUTR CATH: HgAEA Onribe SHAREIOT L f ace
aceordi g o, SuldRHROR ORatr bl A8t B GRERRIAGghe Y1 ol o
L0 L0, SokRg DR Gnf 195 BRI Wby bopes, i ch oo
oxi di zi ng agent such Asdadseethesroagheriddwurface abeording tathel invention can be
-3 adopted even in the multilayer printed wiring board produced as shown in
Figs. 13~19. Figs. 13~19 show production steps in an embodiment of the
multilayer printed wiring board. Moreover, the roughened surface in the .
illustrated multilayer printed wiring board is covered with the metal layer, but
. it can be produced. without forming the metal layer.
A board 7 as shown in Fig. 13 is obtained by laying a metal foil 6
on one side of a resin substrate 5. As shown in Fig. 14, opening portions 8
are formed by subjecting the board 7 to a laser work, and then an electrolytic
plating is carried out by using the metal foil 6 as a plating lead to form an
electrolytic plated film 9 in a part of the opening portion 8 as shown in Fig. 15.
Next, as shown inFig. 16, aconductive paste 11 is filled in the remaining part of
the opening portion 8 to form a via-hole 12 and at the same time, a protruded
conductor 13 made of the conductive paste 11 is formed on the via-hole 12.
Then, the metal foil 6 is etched to form a conductor circuit 14,
whereby a one-sided circuit board 15 is prepared as shown in Fig. 17.

Moreovet, an uncured thermosetting resin 16 such as epoxy resin, polyimide
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99806 (PCT/1B98/01047) per manganate or the |ike and subj ected to a
plating to formvia-hol es. The i nvention w | descrlbdvm'th
respect to exanples and conparative exanples with ref e?%ﬁggctTétB?WQ 047)
acconpanyi ng drawi ngs. Exanple | Preparation of adhesive for electroless

Pl ating (1) 35 parts by weight of 25 wt% acryl ated product of creasol
novol ac type epoxy resin (nmade by N ppon Kayaku Co., Ltd. nolecular weight:
2500) is m xerksin, ipheBoliGresar bﬁthb)hlwas appliad oﬁammme&msm fire isplaced on
(Aroni cs M15, trade nane, nmade by Toa Gosei Co., Ltd.), 0.5 part by weight
of an antl-foaﬁwffgc@gfeﬂw m&sa@edmmlblyoasddﬁ@wdewlﬂl meq:rgutrad@d 3.6 parts

by wei ght of N rolidone (NMP) under stirring. (2) 12 parts by
wei ght of pol ﬁ%qrzﬁ’@f“g/@ﬂﬁphone (PES) is mxed with 7.2 parts by wei ght of

[0a) havi ng'an aver 236 VR TR PEE 48, BRG 9REs iR B9 E gy

i ght of th I errlm
\Qﬁhgfur?her SSW '[%F'Ia?g parq]ﬁxﬁggv?g?g quv$ﬁ%%%P m xesgﬂ?ﬁga b]ead
m |l under sti7acégding to thé ﬁ')veﬁubﬁfcb%ﬂéﬁm 8 detAlflapet lgnvﬁlﬁé‘l@hﬁ wiifedng

agent (2E4MZ-CN, trade nane, made by Shi koku Kasei Co., d.) is mxed with
2 parts by vvebglhbtplfesanghotm nltlator (I rgaquar 1-907, made by G ba Ceigy),
a photosensitizer (DETX-S, nmade by N ppon Ka aku Co., Ltd.) and 1.5 parts

by wei ght of NWP undéﬂg‘gi 19 ismjwwnthe us p Cﬂwmléxer(m}nte@)mang m xed to

Cosin ti11or poard) TR '“%?lgfb?s{? ﬁéfgfhf%%%%%éﬁﬁré#éﬁceﬁ?@% Boxy nononer

(YL983U, trad ; | t: 310) is
kneaded with ?‘% pa‘rwt g%g‘fe/rév%/ie&} ght ?ﬁtﬁ E@E eri ca f&gé;???ctfl Wﬁéglgng an
aver age roughened surface 17 according to the invention thréfgh the metal layer 18.

The resin 16 is softened by heating at once, but the roughened surface 17
according to the invention easily flows the resin 16, so that there is not caused
the poor continuity due to the resin residue. And also, the metal layer 18
according to the invention improves the adhesion property of the roughened
surface 17 and can strengthen the roughened surface 17.

Further, the roughened surface according to the invention can be
adopted even in the multilayer printed wiring board produced by laying a
resin.adhered copper foil called as RCC. In the roughened surface according
to the invention, the resin hardly remains, so that there is no poor continuity
even in the thus produced multilayer printed wiring board.

In the production of such a multilayer printed wiring board, the
resin adhered copper foil is laid onto the surface of the conductor circuit
having the roughened surface according to the invention and the copper foil
corresponding to via-hole forming portions is removed by etching and the
resin is removed by irradiating a laser beam to from opening portions for via-
holes, which are desmeared (removal of remaining resin) with an aqueous

solution of an oxidizing agent such as aqueous solution of chromic acid,
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99806 (PCT/ | B98/01047) particle size of 1.6 [err]mand coated with a
silane coupling agent [CRS 1101-CE, nade by Adomatech

nmaxi num particle is not nore than a thickness of an mr?@%é%?m%%@m
pattern (15 [err]m as nentioned below] and 1.5 parts by weight of a
I'evel i ng agent (Perenol S4, trade nane, made by Sannopuco Co., Ltd.)
through three rolls to adjust a viscosity of the resulting mxture to
45, 000- 49, 000 rephanganate od the/lildetand subjecte(cﬂt)o Hplatingtd fory viechabs. of an

i m dazol e curing agent (2E4MZ-CN, trade nane, nmade by Shi koku Kasei Co.,
Ltd.) (3) The niBhetineentiont will be deac(xb):damth teispecs i sxamples andt he it em
82) are mxed to prepare a resin filler. Production of printed wiring board
Anot her enbodiCREIPAI Ve XA PﬁWéfélfﬁfqmﬂfgtBéh‘P ACCRRPANYINEARYIREe | nventi on
i's produced azﬁordllng to production steps shown by |ongitudinal section
views in Figs: (1) As shown in Fig. 20, a copper clad |amnate
24 formed by I};} C ‘ ] A8l errJmon both surfaces of a
substrate 22 o [ girass epoxy resin or

bi smal ei m de triaziye 3S%Ehs'kﬁlsdvéigh§of~@§dlt%§a %mtearﬁxbaﬁctr&t&éasal nbvoladi s
exanpl e. (2) At first, "a drilled hole 25 as 'shown in Fig. 25 is
formed in the tgpppesxyclesih Gmaderlgtlﬁl[gﬂ)n Kiyakin Cs., Btdhjmesitadat weighe:2508) ess
plating and el ectrolytic platin urther the copper foils 23 are etched
in a pattern fismix¢dhwithe. E@@atts gﬂrwfeghtth afpimwsmmw@nor@m@emnwtter n

(underl ayer c tor. circuit | ck ess .0, th
surfaces of tﬁﬁgiﬁggqq%agn%gn ya %é&aé}ﬂf ﬂ&dgp g]part Y weig tqfol'?éh,
roughened surface , g}sqn erl ayer
copper pattern aaﬁgn$%g%flt grﬁ@eagb ' q@&é&?? adé‘ggnc?ﬁ étﬁh‘; hgry(;ugh- hol e
27 to produce @elghu,m.rh@mmbﬁéh@@leqtpmm ufddr @irrind. The roughened surfaces
28, 29, 30 are formed by washing the substrate with water, drying, and
sprayi ng an et chi {8) sdRyartsibyomeighbof polyethénndphafe (FES) is mixed with
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7.2 parts by weight of epoxy resin particles (Polymerpol, trade name, made by

o)

Sanyo Kasei Co., Ltd.) having an average particle size of 1.0 pm and

3.09 parts by weight of the same particles having an average particle size of
0.5 pm and further added with 30 parts by weight of NMP, which are mixed
in a bead mill under stirring.

(3) 2 parts by weight of an imidazole curing agent (2E4MZ-CN, trade
name, made by Shikoku Kasei Co., Ltd.) is mixed with 2 parts by weight of a
photoinitiator (Irgaquar 1-907, made by Ciba Geigy), a photosensitizer
(DETX-S, made by Nippon Kayaku Co., Ltd.) and 1.5 parts by weight of
NMP under stirring.

(4) The mixtures (1)~(3) are mixed to obtain an adhesive composition
for electroless plating.

(1) 100 parts by weight of bisphenol F-type epoxy monomer (YL983U,
trade name, made by Yuka Shell Co., Ltd. molecular weight: 310) is kneaded

with 170 parts by weight of SiO, spherical particles having an average
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99806 (PCT/1B98/01047) substrate to etch the surface of the innerlayer
copper pattern 26 and the |land surface and inner wall face of the

t hrough-hole 27. As the etching solution is used a mﬁ?ﬁoé(%ﬁw@?sﬁ’é?‘% by
wei ght of i m dazole copper(l1) conplex, 7 parts by weight of glycolic acid,
5 parts by weight of potassiumchloride and 78 parts by wei ght of deionized
wat er . (3) As shown in Fig. 22, resin |layers 32,33 are formed between
the innerl ayegaﬂﬁﬂ@erze@ﬁtltéemﬁmﬂ&oated Withwi silang cbopling Sdena fGRISN 1101eCE,

t hrough-hol e 27. The resin layers 32, 33 are forned by applying the

previ ously pr epuledy AdsimatechlCaey Lish sizetofirhaxsmuimparticlsfis mioé nvireithan doar d 31
by means of a ro]l coater to fill between t{1e I nner | ayer cogper patterns 26
and in the thilygknesssf animezluyer seppes paftem (lrdimbasmeaaensthbelpwddpdnt  at

100[err] C for hour. 120[.err for 3 ho 1 err,C for 1 _hour and

T80 er 1] for 175 R by Wetet of psveling aatak erpdal 4 bpoe pat MydeBieat eq | n
the item (3) i &L@ ' t S AL ' ke out by
usi ng #600 bels'?n{ggdﬁ'lIl S |ﬁgﬁg%gt§?8§%%ga%§&]§atﬁ%y@ SF{? &g@@gﬁgo{@f@&%ﬁ S not
to leave the ngighitefth U5S000N9, 0D cporOIERaECSUr face 28 of the innerlayer
copper pattern 26 and the roughened surface 29 of a land of the

t hrough- hol e 27. TBenf.Sopdrtsibygweight af an adidazolefonringeagont (QEMMNZAVCN; eat ed by
the belt sander polishing. Such a series_ of_ the polishing treatnents is
appl i ed to thérademamesmadgby ShikekyeKpem (ep-tbtdobt ai n a wiring board 34 as
shown in Fig. 22. . | n.Lhe wrl ard, 34, t resin er 32 is
formed between thé”q nWQFPE%‘Fﬂ 88%'6&%5@%@ efgbémcetcﬁgthpé@%@)g & 33 is
formed in theut: 2 Z e1p.nce the roughened surface 28 of the

i nnerl ayer co%ﬁe}?ﬂ%&g {eg?{r-?ag%e%éxn%}?{:ﬂae roughened surface 29 of the | and of

t he thr ough- hPredufionrd pripwaleiindBédtdsur f aces of the board are flattened
by the resin filler. The resin |ayer 32 is closely adhered to the roughened
surface 28a at a si deAngther emboHiméntrodithe pantedopipmg heatrd aceordimgdo thére

roughened surface 29a at a side face of the |and of the through-hole 27,
T PaCTRe T asinvankippds BeodieSd AeroERing 48 REPBIFtion e Shemg i oBEdinal

- 40 - section views in Figs. 20~32.

(1) As shown in Fig. 20, a copper clad laminate 24 formed by
laminating copper foils 23 of 18 um on both surfaces of a substrate 22 of
1 mm in thickness made of a glass epoxy resin or bismaleimide triazine (BT)
resin is used as a starting material in this example.

(2) Atfirst, a drilled hole 25 as shown in Fig. 25 is formed in the copper
clad laminate 24, which is subjected to electroless plating and electrolytic
plating and further the copper foils 23 are etched in a pattern form in the usual
manner to form innerlayer copper pattern (underlayer conductor circuit) 26 of
25 pm in thickness on both surfaces of the substrate 22 and a through-hole 27.

Then, roughened surfaces 28, 29, 30 are formed on the surface of
the innerlayer copper pattern 26 and land surface and inner wall face of the
through-hole 27 to produce a wiring board 31 as shown in Fig. 21.

The roughened surfaces 28, 29, 30 are formed by washing the substrate with

water, drying, and spraying an etching solution onto both surfaces of the
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99806 (PCT/1B98/01047) surface 30 at the inner wall of the through hol e
27. (5) Further, roughened surfaces 35, 36 having a depth of 3 [err]m
are formed by roughening the exposed innerlayer copper9938¢ (FETTABIFOHMA upper
| and surface of the through-hole 27 according to the etching treatnent of
the item (2) as shown in Fig. 23. When the thus forned roughened
surface is observed just above and obliquely fromabove at an angle of

45[err] by nmeaisstrate @Neteh G fupface R Y ﬁhaeﬂafér%gﬁ&epa&rﬁ DeWAdithe fain@ls - 2
and 3, it has been observed that anchor portions 1 as shown in Figs. 4-8

are 11 on avesmrm;e anddiener wall facesf tBe direugli-bote 2.er Ag¢haethingeotutidner  of
the ridgelines IS 22 on average at a region of 25 [err]nR. The
r oughened surfsalsed asmxtm@@frlé)mlacwergma:mmaw@wpp gomiplaX, g to form
Sn layers 4 havin | ss of 0,3 [err]mas_shown Fi 12, The
substitution PR y]g/ei!&gxt Yf&!llccﬁ‘}%d égpamdayew&hgt)? H@taﬁ%ﬁﬁlﬁgﬁ%‘?%ﬁ?q ace to
Cu- Sn SUbSt'tzg'gﬁ}sbeaCt' N der. ¢ nd tlons of tin borofluoride:

nmol /L, thiour Yy pet O f 50[err]Cand pH— 1.2 (Sn Iayer S

not shown in Fi QSQQZBA%)IO nin cé1 g g}gl%){req gtv@égﬁ%bve for

el ectrol ess plati I's app |ed urfaées of t us obt ai ned

Wi ring board mhefR§SSCoppeRpit@érhs 26 af e wikighodr S 1hadrid thétHr@ﬂ‘x% h-helest and at
a horizontal state for 20 mnutes, the adhesive is dried at 60[err]C for 30

m nutes to foR2w afhedésis lawrs 32/6&3 &e fd’xammlyy applyingkthe pseabusd$ prepar¢dn as
shown in Fig 5, .a_photonmask_fil

depicted wit hreélnaflaen@%tprb&%sg%a@rs °§5h€[ Y—W?‘}g %argéﬂé?}’e@eéﬁlﬁ?f ?b%ﬂlﬂz"g’q%‘?ff ace of
e, 19 o T A R RNk T AP BRL PR R T
gn(]){ ﬁ'[nlzon to f g:g%thgg%p&cﬂhg? h%h&%?g@ﬁge{n't % gmpg ?)gq (ﬁ’lﬁl Ir?qo%fogghgg::)\c/;e
layer 37 as sB¢iars, 1560Q for2BholtddE80°C e 7Wour)g board is exposed to a
super - hi gh (4) One-side surface of the board treated in the i-texff11(35 is polished by
abelt sander. This polishing is carried out by using #600 belt polishing
paper (made by Sankyo Rika Co., Ltd.) so as not to leave the resin filler on
the roughened surface 28 of the innerlayer copper pattern 26 and the
roughened surface 29 of a land of the through-hole 27. Then, buffing is
carried out for removing flaw created by the belt sander polishing. Such a
series of the polishing treatments is applied to the other surface of the board to
obtain a wiring board 34 as shown in Fig. 22.

In the wiring board 34, the resin layer 32 is formed between the
innerlayer copper patterns 26 and the resin layer 33 is formed in the through-
hole 27.  Since the roughened surface 28 of the innerlayer copper pattern 26
and the roughened surface 29 of the land of the through-hole 27 are removed,
both surfaces of the board are flattened by the resin filler. The resin layer 32
is closely adhered to the roughened surface 28a at a side face of the innerlayer

copper pattern 26 or the roughened surface 29a at a side face of the land of the

through-hole 27, while the resin layer 33 is closely adhered to the roughened
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99806 (PCT/1B98/ 01047) pressure nercury |lanp at 3000 mJ/cn2 and
subjected to a heating treatnent at 100[err]C for 1 hour and 150élerr C for
5 hours to form an opening (opening for the formation $BOYPCTABPEIIMAY i ng
an excell ent size accuracy corresponding to the photomask film Moreover,
't he adhesive layer 37 of 35 [err]min thickness acts as an interlam nar

i nsulating |layer, and the tin plated |ayer (not shown) on the innerlayer
copper patter surPdrei 30 ﬂ&h&ﬁm&W‘ﬁ@ﬂhbmhﬁdaghﬂmﬂ’ﬂg 40 for the formation of
vi a- hol e. (8) Next, the board treated in the item(7) is imersed in
chromic acid for @©)m Furtker; mughemadesvrfaoey 35636 haying hideptisofX ust ameg on t he
surface of the adhesive |layer 37. By this treatnent are forned roughened
surfaces 41, Wrmed Bywougheningdhe expased ipneslayorCcoppes PaunAtandePRsiner wal |

f f th i ng. f or . vi as hol in Fjg, 27..Thereafter. the th
ot i ned boar foksurct b febrigh-Ble 2] atkorclg P lonma Beafraslop sy and

t hen washed w T Further, a catalyst nucleus is given to
t he roughene\é\ﬁtéﬁlr(?zégglhﬁw%%nﬁgézgdhesi ve | ayer 37 and the roughened surface

42 of the opening forwhesthdehR feymadRbushefed sidfadedsioBservad flsy abovdmade by
Atotech Co., Ltd.) to the roughened surface of the w ring board. (9)
The thus obt aanddbhaqueely fictn abows ste dnglaof 45€by mekeas of awpleetrop kedrnigg bat h
under the follow ng conditions_to froman el ectrol ess copper plated film44
of 1.6 [err] nuierosenpela@ssbowavaFigs. dand 3, ibhas beenobgenved dont anchorRoriions hown

in Fig. 28. Electyol ess platipg so|ution; EDTA..
150 g/L &gﬁépwgdp Fggse 4~§ Gré H On averagg, 15P¢SS po'fho%e 11 ?n a\.ferlage |
30 nmL/L %gfﬁe number of the ridgelines 3 is 22 on avég%@étl-agrlelgjon &6 35 ﬁLQPP' rydyl :

80 ng/L

- 42 - The roughened surfaces 35, 36 are subjected to tin substitution 99806
( PCT/ | B98/ 01047)

plating to form Sn layers 4 having a thickness of 0.3 pum as shown in

Figs. 9~12. The substitution plating is carried out by subjecting the
roughened surface to Cu-Sn substitution reaction under conditions of tin
borofluoride: 0.1 mol/L, thiourea: 1.0 mol/L, temperature: 50°C and pH = 1.2
(Sn layer is not shown in Figs. 23~32).

(6) The previously prepared adhesive for electroless plating is applied
onto both surfaces of the thus obtained wiring board by means of a roll coater.
After the board is left to stand at a horizontal state for 20 minutes, the
adhesive is dried at 60°C for 30 minutes to form an adhesive layer 37 having
a thickness of 35 pm as shown in Fig. 24.

(7) Asshown in Fig. 25, a photomask film 39 depicted with a black
circle 38 of 85 pm¢ is adhered onto each surface of the wiring board provided
with the adhesive layer 37 in the item (6). The wiring board is exposed to a
super-high pressure mercury lamp at 500 mJ/cm?.

Then, the wiring board is developed by spraying DMDG solution
to form an opening 40 for via-hole of 85 um¢ in the adhesive layer 37 as

shown in Fig. 26. Further, the wiring board is exposed to a super-high
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El ectrol ess plating conditions; liquid tenperature of 70[err] C 30
m nut es (10) As shown in Flg 29, a commercially avail able

phot osensitive dry film45 is laid on the el ectrol ess 8%9p&PCHIBMOIF | m
44, and a mask film47 printed with a pattern 46 is placed thereon. The
board Is exposed to a light at 100 mJ/cnR and devel oped with 0.8% sodi um
carbonate to forma plating resist 48 having a thickness of 15 [err] as
shown in Fig. pg&sure merdli Jand; ﬁﬁt%ﬂ(ﬁm&%&ﬂ aedisdigedted icha hestimeiedtnieat an

u

el ectrolytic cCopper plati ng der the follow ng'conditions to form an
el ectrol ytic eopP@C firalt Beurfdddn SOOCHay Siwuss tohfoshnesspening tofeaing foras shown

in Fig. 31. Electrolytic plati sol ution; ~sulfuric acid: )

180 g/ L dapfoemation fof tvéa-ho 16(5J having an excsbelg/SLzmuxacv@orreSpmxdmg to

Kaparasid G, traden by Atotech J I tic atin

((;O”g, tions: the pholpma n%@é\nm 9re¥)ver, the adhes%%ip fI gSO %,ggthpchmess g

—1

the plating r 6t Banfeihm insulatiog &;@mt&%ﬁ%ﬁ}*ﬁ%ﬁﬁfﬁ@ b Bh 1
R g S I s

peroxi de. ThuSerthitésreof Wadl@i ned conductor circuits 50 (incl ud| ng vi a-hol e
51) having a thickness of 18 [err]mand conprised of the electrol ess copper
plated film 44 and8) hieat,dbe boritreaterkipthe itehaf/gds iunersed insheimisracid Fi g.

33. Further, the board is imersed in, 80 g/L, of acid at
70[err]C for Jokd mw&@tpcse@@xﬁepwge@mmc exisng ordh ?\?‘é‘%‘?ﬁ/‘g&g? f or

el ectroless plafingd. Payte}’\g‘f n &Y thls(%r WRE S ar& toiidd Pou%ﬁer?éﬁ %xr%a%% hin gyher eby

t he pal | adi um
99806 (PCT/ | BYp/td Yhfice of the adhesive layer 37 and the inner wall face of the opening

for via-hole as shown in Fig. 27. Thereafter, the thus obtained board 43 is

immersed in a neutral solution (made by Shipley) and then washed with water.

Further, a catalyst nucleus is given to the roughened surface 41 of
the adhesive layer 37 and the roughened surface 42 of the opening for via-
hole by applying a palladium catalyst (made by Atotech Co., Ltd.) to the
roughened surface of the wiring board.

(9) The thus obtained board is immersed in an electroless copper
plating bath under the following conditions to from an electroless copper
plated film 44 of 1.6 pm in thickness over a whole of the roughened surface
as shown in Fig. 28.

Electroless plating solution;

EDTA : 150 g/L
copper sulfate: 20 g/l
HCHO: 30 mL/L
NaOH: 40 g/L.
o, 0’ -bipirydyl: 80 mg/L
PEG: 0.1g/L
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catalyst is renmoved fromthe surface to produce a nultilayer printed wiring
-pboard 52 as shown in Fig. 32. Heating test and heat cycle test

Wth respect to the thus obtained wiring board are naé%soé(mm%@le‘ﬁét at
128[err]C for 48 hours and a test of 500 heat cycles of
“-55[err]CG125[err] C. After each test, the peeling between the interlam nar
resin insulating |ayer and the underlayer conductor circuit and the change
rati o of resimé‘gfm@sgrﬂaﬁ conditioh®! € portion are neasured. The results are
shown in Table 1. Exanple A core board 31 having a roughened
surface of a condigaidtengeraturd offF)°€})G0minutdsi g. 21 is prepared by
conducting the steps (1) and (2) of Exanple 1. On the other hand, there is
prepared a one-si(b&)d Aisrsbown ipdag. 291 8 commprsinlyi avadable phpgosppsitive dry

O S AR P ASEE R T
optai " & one s BRSSP PRRR ke DR ot Bt e
T T R

di oxide gas |A360 RAGH® i HeVeR R WRAD.EA sBafin eaBnike th TeA afatip er of 50

[err]mas shown 1 n FIg. en, the lamnate 7 is subjected to

an el ectr ol yiresisiShaving unbieknésof A8 s shown ih Rg0em (11) of Example 1
to forman electrolytic plated film9 as shown in :c? 15. Thereafter, a
(&

stainl ess print hbk Wheihus ehtainpd hoangd isfsuljectefidp ah elactrotytimeapper

corresponding_to a positi faor the formation of via- hole is plaged and a
gol d- Pd condaﬁ%ti%m&%é%e%hwwéf?n%%ss& of gk slefkrlyHs seppeEPlatedi 4. ) i s

aving a hei i &7 nbufe dRBRE G A8 4 Bgm fgTk s ot Tl Ry

filmis [|ai dm@ct}(;]?ﬁgkugtﬁ%%oﬁfﬁdr@e copper foil 5 exposed to a ultraviol et
ray and devel oped to forman etching resist, and the copper

- 44- sulfuric acid: 180 g/ 99806
(PCT/ 1 B98/ 01047)

copper sulfate: 80 g/L
additive: 1 mlL/L

(Kaparasid GL, trade name, made by Atotech Japan)

Electrolytic plating conditions;

current density: 1 A/dm®
time: 30 minutes
temperature: room temperature

(12) After the plating resist 48 is peeled and removed with 5% KOH,
the electrolytic plated film 44 existing beneath the plating resist 48 is dissolved
and removed by etching with a mixed solution of sulfuric acid and hydrogen
peroxide. Thus, there is obtained conductor circuits 50 (including via-hole
51) having a thickness of 18 pm and comprised of the electroless copper
plated film 44 and the electrolytic copper plated film 49 as shown in Fig. 33.

Burther, the board is immersed in 80 g/L of chromic acid at 70°C
for 3 minutes to etch the surface of the adhesive layer 37 for electroless

plating between the conductor circuits 50 by 1 um, whereby the palladium
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foil 6 is renoved by etching wth an aqueous solution of sulfuric acid-
hydrogen peroxide to forma conductor pattern 14. Thereafter, cresol
novol ac type epoxy resin 16 is applied to the surface B8 PEBEBARDhe
protruded conductor 13 and dried at 60[err]C for 120 mnutes to obtain the
‘one- sided circuit board 15 as shown in Fig. 17. The one-sided
circuit board 15 is placed on each surface of the core board 31 as shown in
Fig. 21 and watdlpd it eepbbal frovh heeFhetcprodhéd @mdlﬁlayeﬂ%ﬁntedmiﬁagur e of 10
kg/cn2 to produce a nultilayer printed wiring board as shown in Fig. 19.

Mor eover, theécaodifRassHownrifh&ig 32s not covered with the nmetal layer in this
mul tilayer printed wiring board. Wth respect to the thus obtai ned wring
board are mad2eaimg Beig caf guglefesl heat cycle test in the same nmanner as

LQWBEXS?BLESE o as ?ﬁ%iﬁ%%%“@%&ﬁ%ﬁ%&é@a&% S Ppps RSO on |
irourt and (RS F8C FOORP BB anR AR S0 edf YRR B C RS ol or e
li ke is not fgfEethch\idtiieGrRRAL beQydeR@ht Mtsri ARl Padn Yﬁshidiﬁx@%rﬁhpx@;elmde

the heating test and heat cycle test 1n the same manner as I

The resul ts aheuatelayer condidter Sircuitxanipthe change ratio of resif@ns@irethprvigedur e as
in Exanple 1 is repeated except that nickel plating with the follow ng
treating sol thalepoftioncaremengured: Thetresdtsaire shownbis flablgtli.on. ni ckel

chl ori de: 30 g/L sodi um hypophosphite: 10 g/L
ammoni um chl dekasaple 2 50 g/L pH: 8-10

E eTS)_er ature: A core boatd 81 'h]aging a roughened surface of a conductor circuib 9806

(PCT/ 1 B98/ 0104 Ghown in Fig, 21 is prepared by conducting the steps (1) and (2) of

Example 1. On the other hand, there is prepared a one-sided circuit board 15

as shown in Figs. 13~17.

Concretely, the one-sided circuit board 15 is prepared as follows.
A copper foil 6 of 12 um in thickness is laid on a glass epoxy substrate S to
obtain a one-side copper clad laminate 7 as shown in Fig. 13, and a surface of
the laminate 7 not covered with the copper foil 6 is exposed to a carbon
dioxide gas laser beam to form an opening portion 8 having a diameter of
50 pm as shown in Fig. 14.

Then, the laminate 7 is subjected to an electrolytic plating under
the condition in the item (11) of Example 1 to form an electrolytic plated film
9 as shown in Fig. 15. Thereafter, a stainless print mask having an opening
of 1.0 pm in diameter corresponding to a position for the formation of via-
hole is placed and a gold-Pd conductive paste (TR-4931, made by Tanaka
Kikinzoku Co., Ltd.) is printed to fill in the opening portion 8 and form a
protruded conductor 13 having a height of 20 pm as shown in Fig. 16.

Then, a dry film is laid on the surface of the copper foil 5 exposed

to a ultraviolet ray and developed to form an etching resist, and the copper
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Wth respect to the thus obtained wiring board are nmade the heating test
and heat cycle test in the sane manner as in Exanple 1. The results are

- shown in Table 2. Exanple 5 The sane procedif8esé RCTVIBIERHHE] e 1
IS repeated except that cobalt plating with the follow ng treating sol ution
(aqueous solution) is carried out instead of Sn substitution. cobal t
chl ori de: 0.6 g/L sodi um hypophosphi te: 0.26 g/L

sodi um tartar gipg is removed byetehiglwith an aHERIR seMHON SFsull@ric acid- 1.3 9/L
pH: 8-10 t enperat ure:

90i err]C hydrogen\betoxids peformt Ocdductdrymttent M. .neThereafitdrgeteselr d are nade
the heating test and heat cycle test in the sanme manner as in Exanple 1.

The resul ts anevalhotype epoRabresind6 isappitdto the surface provided witk theane

procedure as in Exanple 1 is_repeated except thatAu fil mrébEx‘anE‘lae 6),
titani um fil nPrasugegicendyctoni 3 and dried iat G0 {ELmAGmautes torpbtain the OB%anpl e

9), i fil | e,10 | ndi film le 11), thalli fil
(Ecarpl o 12) . S8 FURPEROME LA 31 P g B/ 2l b 711 m (Beanpl o 14) are

f db tteri i : i ' td :

sgL{Ter [ %gsg;pareglt Eg T@%bﬁ%gléﬁ?rgggu%%ﬁdp%%# @ﬁ?erﬂ;ﬁﬁ Jéﬁj%‘%tlﬁ)gggﬁ% Et d.
used. core/¥oakd 81 2B Yhéwh il Fig 21 Ginidhfiieed tb¥ans Oﬁrﬁﬁﬁgtﬁ 180%®spheri c

pressure of 0.6 Pa, tenperature of 1000C, power of 2 Wand 1 mnute, and
Exanpl es 7 andnéerapressue ob 3 kgrine® torpreduresa niultilagerfminted misngboard asf
100[err] C, power of 200 Wand 2 mnutes, while Exanples 9-12 and 14 adopt
at mospheri ¢ pfleeninFig. 18, 5 Mereoyanthergnghencdrsutigos snqtcoversderiththe oo w

d . . . , .. - 46 < .
99806 ( PCT/ | BIHRIBYER this poylfilayerprinted wringRodd 3 WithFespost R thsiibbs o
pressure of OgBafifbd WRIAPSGHE afe made the heating test and heat cycle test in the

same manner as in Example 1.  The results are shown in Table 1.

Example 3

The same procedure as in Example 1 is repeated except that tin

substitution is not carried out on the roughened surface of the underlayer
conductor circuit and the metal layer made from the other non-oxidizing
metal or the like is not formed. With respect to the thus obtained wiring
board are made the heating test and heat cycle test in the same manner as in
Example 1. The results are shown in Table 2.
Example 4

The same procedure as in Example 1 is repeated except that nickel

plating with the following treating solution is carried out instead of Sn

substitution.
nickel chloride: 30 g/
sodium hypophosphite: 10 g/L
ammonium chloride: 50 g/L
pH: 8~10
temperature: 90°C

-45-



of 100[err]C, power of 300 Wand 1 mnute. Wth respect to the thus
obtained wiring board are nade the heating test and heat cycle test in the
same manner as in Exanple 1. The results are shown in 99866 @CI/IBEX/AHH¥IE 15
A core board 31 having a roughened surface of conductor circuit as shown in
Fig. 21 is prepared by conducting the steps (1) and (2) of Exanple 1

| i kewi se Exanple 2, which is treated in the same manner as in Exanple 2 to
produce a nul tilayer wlme@gewtétﬂ&hﬁyabﬁi&a@ﬁirﬁgwwafeﬂaaetﬂ& In this
exanpl e, the roughened surface 28 of the core board 31 is covered with a
met al | ayer ohegtalg st and hebbeycletest imthe sanrananed asih Bxatgple Lhe sane
conditions of Exanple 6. Wth respect to the thus obtained wiring board are
made the heat Thgresalts asgshawmin Tgkled. t est in the same manner as in Exanpl e
1. The results are  shown in Table 2. Exanple 16 Raw conposition for the
preparation om‘ ve for electroless plating (adhesive for upperlayer)

[ Resin conposition A 35 par b i.ght of .a resin solution of
25% acryl at ed productTB‘I=w S?PSEB?CCHBV&%JEﬁ%ﬁé%%grépé’ﬁeﬁ Wetﬁﬁm fon
Kayaku Co., Lt i: ' &% i 1 ¢ Jeon of 80
wt % i n DVDG i gﬁ%nggig%ﬁ%eﬁfo&l\(&?}é&%gg% S %ﬂ%@ﬁ%m&?&aﬁgﬁ@?gngﬁe{d\% nmonomner
(Aroni x M15, irreshd dD\Snl€bstagn. Co., Ltd.), 0.5 part by weight of an
anti-foam ng agent (S-65, made by Sannopuco Co., Ltd.) and 3.6 parts by

wei ght of NWVP undeobadt ¢hlofide;. [ Resi n confldésg/Li on B] 12 parts by
wei ght of pol yether_sul phone (PES) is mxed wth 7.2 parts by wei ght of
epoxy resin parti%?‘h%m(fpmophﬁﬁ‘%‘ie} made 956%0 Kasei Co., Ltd.) having an
?vi;age particle ?(deil?moc%rt%fa%:[e”] m and 6:90g9/Lparts by wei ght 09806
(PCT/1B98/ 01047) amnf¥fnidi&hisi: Parti cl eg shayjing an average particle size
of 0.5 [err]mand further added with 30 partS of NWMP, which are mxed in a
bead m || under spHtring. 8~10

temperature: 90°C

With respect to the thus obtained wiring board are made the
heating test and heat cycle test in the same manner as in Example 1.

The results are shown in Table 2,
Examples 6~14

The same procedure as in Example 1 is repeated except that Au film
(Example 6), titanivm film (Example 7), aluminum film (Example 8), zinc
film (Example 9), iron film (Example 10), indium film (Example 11), thallium
film (Example 12), lead film (Example 13) and bismuth film (Example 14) are
formed by sputtering instead of Sn substitution, respectively. As a sputtering
apparatus, SV-4540 made by Nippon Shinkuu Gijutsu Co., Ltd. is used.

As the sputtering conditions, Example 6 adopts atmospheric
pressure of 0.6 Pa, temperature of 100°C, power of 200 W and 1 minute, and
Examples 7 and 8 adopt atmospheric pressure of 0.6 Pa, temperature of 100°C,
power of 200 W and 2 minutes, while Examples 9~12 and 14 adopt
atmospheric pressure of 0.5 Pa, temperature of 100°C, power of 200 W and
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[ Curing agent conposition C 2 parts by weight of an im dazole
euri ng agent (2E4MZ-CN, made by Shi koku Kasei Co., Ltﬁ%&%j! s mxed with 2
parts by weight of a photoinitiator (lrgaquar 1-907, 96@)¢Té§33§(0t%‘i7 y),
0.2 part by weight of a photosensitizer (DETX-S, nmade by N ppon Kayaku Co.,
Ltd.) and 1.5 parts by weight of NMP under stirring. Raw conposition for
the preparation of interlam nar resin insulating agent (adhesive for
under | ayer) [ Resinate; and ®Exanipde 1Bladopts atmospheridpressuts obf. 5\, ghtperbtuzer esi n
sol ution of 25% acryl ated product of cresol novol ac type epoxy resin (nmade
by N ppon KayaﬁhOQﬁi{,pmwﬂi.ofrﬂﬁDéULdndrl atught : Wislo0spastde dhethais mbtaaned

a

trati f. 80 W% i [ i xed wifth 4 t i ght of
hot osenai t 1 vETHBEBAB FATBHGRBEAIS FES hee 575 et TEA SARIANG, 5 par ¢
by wei ght of an.apti -] ' agen S-65. Sannopuco Co., Ltd.) and
3.6 parts by %}‘gﬁ%‘%’ﬁmngh%%ﬁ“@% %ﬁfrsﬁﬁqgfnlﬂ%??%ztonposition E]
12 parts by mﬁg&gﬂipol yet her sul phone (PES) is mxed with 14.49 parts by

wei ght of epoXy resin particles (Polynerpol, made by Sanyo Kasei Co., Ltd.)

having an average par Al ¢dr@ bsarde3 10havin® a ki gemedRarfher dfheindaste ¢iroliitfas 30
parts of NMP, which are mxed in a bead mT| under stirring. [Curing agent
conposi ti on Fghown in Fig. 213s peapaseddyy vendyictingfthasteps{ldand|(2) ofiIFkargplegEnt
(2E4MZ- CN, made by Shi koku Kasei Co., Lt_d.t%; is mxed with 2 parts by weight
of a phot oi ni Uikevire Exanapledamhichoig treataskia the sanp nanser 3y in Bxamplgrd toyy

wei ght of a photosensitizer (DETX S .nmade Ni_ppaon_ Kayak : td.) and
15 parts by VERRE Sopules AR ¥irifh o 21 s RBONn s HEE 107 In his
- 48 - ﬁmple,ggeroughenedsurface ?8 of the core board 31 is covered with a 99806

(PCT/I898/010225 w cBnposition tor the preparation of resin filler

[ Resi n conposiidtélilag@r of palladium. TEOcHaEing iy amiidaiit valletihepherol F-type
epoxy nononer (YL983U, )
conditions of Example 6. 'With respect to the thus obtained wiring board are

made the heating test and heat cycle test in the same manner as in Example 1.

The results are shown in Table 2.

[Resin composition A]

35 parts by weight of a resin solution of 25% acrylated product of
cresol novolac type epoxy resin (made by Nippon Kayaku Co.,Ltd. molecular
weight: 2500) dissolved at a concentration of 80 wt% in DMDG is mixed
with 3.15 parts by weight of a photosensitive monomer (Aronix M315, made
by Toa Gosei Co., Ltd.), 0.5 part by weight of an anti-foaming agent (S-65,
made by Sannopuco Co., Ltd.) and 3.6 parts by weight of NMP under stirring.
[Resin composition B]

12 parts by weight of polyether sulphone (PES) is mixed with
7.2 parts by weight of epoxy resin particles (Polymerpol, made by Sanyo Kasei
Co., Ltd.) baving an average particle size of 1.0 um and 3.09 parts by weight
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made by Yuka Shell Co., Ltd. nolecular weight: 310) is mxed with 170 parts
by weight of Si 2 spherical particles having an average particle size of
1.6 [err]mand coated with a silane coupling agent (CRE84GEECTERIS/AMD by
Adomat ech Co., Ltd. size of maxinmum particle is not nore than a thickness
of an innerlayer copper pattern (15 [err]n) as nentioned below) and 1.5
parts by weight of a leveling agent (Perenol S4, nmade by Sannopuco Co.,
Ltd.) under Sbfﬂ)feis@ﬁldzparﬁdbyﬁﬁviﬁg\ahsa&@ﬁgb)paﬁiclé BEzerf O fimngndfuxthere to

45, 000- 49, 000 C(FS at 23 10C 1\&a(‘(/iuri ng agent conposition H o 6.5
parts by wei ghddedfwih 30padta 06 NMELuwhivh ang enixed dEa bEadomill understissing, nmade by
Shi koku Kasei (t(;o Ltd.) Productign of printed wiring board An
enbodi ment  of [GHEGHrEeM 6ampOFitioy Gloar d according to the invention is
produced according t r ction steps _sho by.l ongi | tion views
in Figs. 33-50. QP(E}‘Q%EY%’* afg #‘P’c}&azgg‘% C‘é‘%ﬁgﬁﬂ&%%r‘;&cﬁé&‘@ 55 -
formed by | am [ j foLhks: 24. ' : a
substrat o 53 B SPREICRRE Lo, Tt Tic i ity DEpks Byieio of Mo RTpet

(bi smal ei m de(Tigdqnat P90)7hﬁ_§dié‘b%€ib'§@‘éig%§, @2 By WeightbEhipRbtosbhsifizérst . a
drilled hole 56" i's formed in the copper clad | an nate 55 and then an

el ectrol ess p(BETKgSimad¢ bp Nippen KayakeGoqlitd dndddtE pads by waighatafer n f or m
to formi nnerll\@ier copper. patterns 57 (underlayer conductor circuits) on
bot h sur f acesNMP upden $¥1ingt e 55 and a t hrough-hol e 58 as shown in Fig. 34.
(2) The boardg,provided. w t i nner.l ayer. he
through- hol e RAW: COMPOSITIQO .06 DLEDATALIonN Q1 Il A,,!A' i dati on-

- 49 - .

99806 (PCT/ | ARGy g underlavent | 1\ treatment using NaOH (10 g/L), NaQl G2
(40 g/L) and [Rei¥ompodtiba D§s an oxidation bath and NaOH (10 g/L) and
NaBH4 (6 g/L) as a reduction bath to formroughened surfaces 59, 60 on the
surfaces of the inner3spats byppeight pheiresin solntiandf 25 atnytaiethproduet 618,

whereby there i
y cresol novolac type epoxy resin (made by Nippon Kayaku Co.,Ltd. molecular

i AN
CA y U

weight: 2500) dissolved at a concentration of 80 wt% in DMDG is.mixed
with 4 parts by weight of a photosensitive monomer (Aronix M315, made by
Toa Gosei Co., Ltd.), 0.5 part by weight of an anti-foaming agent (S-65, made
by Sannopuco Co., Ltd.) and 3.6 parts by weight of NMP under stirring.
[Resin composition E]

12 parts by weight of polyether sulphone (PES) is mixed with
14.49 parts by weight of epoxy resin particles (Polymerpol, made by Sanyo
Kasei Co., Ltd.) having an average particle size of 0.5 pm and further added
with 30 parts of NMP, which are mixed in a bead mill under stirring.

[Curing agent composition F]

2 parts by weight of an imidazole curing agent (2E4MZ-CN, made
by Shikoku Kasei Co.,1.td.) is mixed with 2 parts by weight of a photoinitiator
(Irgaquar 1-907, made by Ciba Geigy), 0.2 part by weight of a photosensitizer
(DETX-S, made by Nippon Kayaku Co., Ltd.) and 1.5 parts by weight of
NMP under stirring.
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produced a wiring board 61 as shown in Fig. 34. (3) The raw
conposition for the preparation of resin filler is kneaded to obtain
resin filler. In 24 hours after the preparation, the r9@§@ﬂPﬁT{fB%$/010§7)
applied onto both surfaces of the board 61 by neans a roll coater to fill
‘between the conductor circuits 57 and in the through-hole 58, dried at
7/0[err]C for 20 m nutes, and the reS|n flller is filled between the
conduct or ci rR Brositish § Dol bfredia fBRri N the other surface in
the same manner and dried at 70 efr]C or 20 mnutes to formresin | ayers
62, 63. [Retjn Gompesitien §3jr f ace of the board treated in the item83) is
poI i shed by belt sander polishing using #600 belt polishing p(pYer 8émade by
Sankyo Ri ka Co., Ltd.}0 Osb'iftﬁsb}h‘dplghéofbﬁpb‘m@@-ﬂé@le@oﬂFﬂl@fon@ﬁf HO83khf ace

e éﬂéhi R?FQL%‘%S & e BTl Geali, MairsyR g s D OarBac pitho SLothiba t
other surface 10 a5y i Sk SORpHel Rl Byf b POl ARG ol it 1
treatment at 619953[ t thlafrd (cBhted Wigth s11§1?é’<£cﬁfglﬂn§ AgBht (@ﬁ@‘ﬂ@l CEQhsde B for 1

hour and 180[err] or 7 hours to produce awring board 64 'as shown in
Fig. 35. In tAdomatechdChpbtdl Gze of muxihana pastidle dndfmodeghaesitiicknédser
filled in the through-hole 58 and the |ike and the roughened surfaces 59,
60 of upper peifan ismerlayercopper pattern 6b51uuﬁtasrmmtxomdtbekm)aanel k.&pavte byt o

flatten both surfaces.of .the board, a t he resi e face of
the i nner| ayePeiEht ghadeyel @g@g&p&ﬁ’gwgﬂg% Tade by éﬂe@‘al?l‘}ﬂﬂ?f hol e

c0a and the R EvaP ek 8 yBEPP s RHR “P%E%f andbﬁﬁi‘fbré‘?;‘? KB & or 03

are strongly galherogd to each other through the roughened surface 60a. That
is, - 50-
99806 ( PCT/ | BuBirigdgent comphsitisnH]aces of the resi-n layers 62, 63 and the

surface of the innerlayer copper pattern 57 are the sane Iane at this
st ep. (6) The: pgl g paEs byweighf of sarignidazqle mwagwtt(%ﬁ-ﬂw EShduct or

circuits is de easedvm S hed and treated with a
catal yst sol u?' %&%ﬁ‘iﬁ%gbgﬁ*&ﬁ*{fm ﬂi’&&é’ge and an organic acid to
provi de Pd Caﬁ&ﬁﬂwﬁﬂ&m@ﬂmnﬁmﬂ '

An embodiment of the printed wiring board according to the

invention is produced according to production steps shown by longitudinal
section views in Figs. 33~50.

(1y As shown in Fig. 33, a copper clad laminate 55 formed by

laminating copper foils 54 of 18 pm on both surfaces of a substrate 53 of 1
mm in thickness made of a glass epoxy resin or BT (bismaleimide triazine)
resin is used as a starting material.
At first, a drilled hole 56 is formed in the copper clad laminate 55 and then an
electroless plating treatment is carried out and etched in a pattern form to
form innerlayer copper patterns 57 (underlayer conductor circuits) on both
surfaces of the laminate 55 and a through-hole 58 as shown in Fig. 34.

(2) The board provided with the innerlayer copper pattern 57 and the

through-hole 58 is washed with water, dried, and subjected to an oxidation-
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after the activation of the catalyst, the board is imersed in an

el ectroless plating solution of pH = 9 containing 3.2x102 nol/L of copper
sul fate, 3.9x10- nol/L of nickel sulfate, 5.4x102 nol /998% PEIEBIHOOLA at e,
3.3xI > nmol/L of sodium hypophosphite and 1.1x104 nol/L of a surfactant
‘(Surfeel 465, nmade by N sshin Kagaku Kogyo Co., Ltd.) and oscilated and
rocked every 4 seconds after 1 mnute of the i mrersion to formroughened

| ayers 65, 66reduction tleathdi® @ding NAOHY(10:/LY)NACTION€40 eAN it Na. PO, cuits 57
and |l and surface of the thr ogié’%- holgy%Bth on% gﬂ?t her, 3|t 4i S

subj ected to @ug/Mh) as abhswidaticndrath ead Na@H (Hgl)andNaBHdp gpltasr
borofluoride: 0.1 nol/L, thiourea: 1.0 nol/L, tenperature: 35 err]C and pH
= 1.2 to for riednctien bathdp form roughepad swrfaeascid 60 ondhe swfacssofghes of t he
roughened | ayers .65, 66. The Sn_lLayer.i g not. partigul.arl hown. (7)
The raw corrpo&n{:ﬂﬁ#rfcgpp?wﬁmaééﬁit@%agpug]ﬁ'ggh %\'WWG }ééﬁeFP Pnsul ati ng
material is rr%&gqfwgwiﬂﬁé%ym aé)?mryﬁ]tﬁg)%yl scosity to 1.5 Pa.s,

wher eby the i riam nar vesin insulating erial (for underlayer) is
obtai ned. Then, tig rm&ﬁwr@&ﬁpééiﬁﬂnf&fthbp?e RIH Gl feoin MierdslRAcdded for

el ectroless plating Ais mxed under stirring to adjust the viscosity to 7
Pa s, wher ebytda dhtaincvesinvillaol dh 2dhobes afedrethe prapasation), tid resin(filber is

upperl ayer) is qbtained. (8) Onto both surfaces of the board 67 of the
item (6) is applieddnipbothreustacesphthe hoasd A1 ibydneansiargllmeataritafily f or

under | ayer) havin viscosity.of. 1.5 Pa.s .n 24 hours after,the
pr epar a%/i 021 osetf"ﬁgni%?"e?ﬁ mﬁ&“ﬁﬁﬁﬁﬁﬁlgéﬂp&ﬂ@%@k dapgq ?PfQ) Gtand at

a_hori zont al e ISR A SHIRA veBy o BB Rbr BRARETSHC For 30
m nut es, and en e photosensiti've adhesive solution
- 951 - and in the through-hole 58 in the other surface in the same manner and dried 99806

(PCT/ 1 B98/ 01047) (for "upperl ayer) having a viscosity of 7 Pas is applied
in 24 hours aat’H°C foe 20mematestto dormofesin tayefs’§2, G3eft to stand at a

hori zontal state r 20 minutes and dried, (pre-baked) at _60[err]C for 30
mnutes to form agﬁgaog’é%‘ﬁl&lé SpEPEe 0%@3%%%%3%39%@% 839 153eolisbed P as

33 of 85 [err Tl Fnder pelftibe GiBe ABTREL nolisine Bt Bhfe ¥ SRARAG o1l e’

with the adhegpVe.id.) so as not to leave the resin filler on the surface of the innerlayer

copper pattern 57 and the surface of a land 60 of the through-hole 58 and then
buffed for removing flaw created by the above belt sander polishing. Such a
series of the polishings are carried out to the other surface.

(5) Then, the resin filler is cured by a heating treatment at 100°C for
1 hour, 120°C for 3 hours, 150°C for 1 hour and 180°C for 7 hours to produce
a wiring board 64 as shown in Fig. 35. In the wiring board 64, a surface
portion of the resin filler filled in the through-hole 58 and the like and the
roughened surfaces 59, 60 of upper part of the innerlayer conductor circuit 57
are removed to flatten both surfaces of the board, and the resin layer 62, side
face of the innerlayer conductor circuit 57 and land surface of the through-
hole 58 are strongly adhered to each other through the roughened surfaces 59a,
60a and the inner wall face of the through-hole 58 and the resin layer 63 are

strongly adhered to each other through the roughened surface 60a. That is,
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|l ayer 68 in the item (8) and exposed to a super-high pressure nercury |anp
at 500 mJ/cnR. The board is devel oped by spraying DVDG sol ution, exposed to
a super-high pressure nmercury |anp at 3000 mJ/ cn? and 998§ BeTERPEH047)

heati ng treatnent (post-baking) at 100[err]C for 1 hour, 120[err]C for 1
‘hour and 150[err]C for 3 hours to forman interlamnar resin insulating

| ayer (two-layer structure) 68 of 35 [err]min thickness having an openi ng

(openi ng for thBeuffacesedfithe ré¥in Kiyerd 61, €8 ahl tt stdadecof thenhestlayer aaspg&xcel | ent
ig

si ze accuracy corresponding to the photomask film 70 as shown in . 39.
Mor eover, ti rpatlesn 8@ atathersaire pland atythsygdesed in the opening 71 for

vi a- hol e. (1039 The board provided with the opening 71 is immersed in
chronic acid for (69 nEheprénted yitng beardedhprevidsdoveh thrrCanshyelor ciigys 18
particles existin n.the rf.ace of . the interlan.nar sinnsulating
aver 66, wheleRgeR it ah alkalicsort fibeddng RereA SR 8 crliohSollRtng | aver 68
I s roughened . r.f . [ ' 4 nd

ther earter 1 tGMARRRHBIERER Sl it JAEER ohani€ AcRioTAGHAC P caflyst o

washed wi th Wgtkhe activation of th& BAthRRY, thebdal igfhierealialan Slecirists by
Atotech Co., Ltd.) is applied onto"the surface of the board subjected to

t he rougheni nolatingeslotoh of pblig9avoathisiagt32x 17 mol/Lrof copparsulfatts a cat al yst
nucl eus on the surgace 72 of the interl am'znar resin insulating |ayer 68 and
the inner wal3.9xbemmdLoof ninkelsplatend.4<d0~“wmel/lhof sodium oxalate) The t hus

ol Ut on hav e LhLTIUL SR B SHBERRPEte A3 B0 ol of & iftRctaht *' | "9
(PCT/ 1 Bogy o1 FTEcl 465, apdey Nisshie Kagok Kagug G-l g oggilaged apd, 7 7y
thi ckness ovedocRed bVdrydoieabraiesfter Urhafife 86 thelidiiersibntoFord Tougiaegous
el ectrol ess plating solution] EDTA 150 g/L
copper sul f atlayers 65, 66 of Cu-Ni-P needle ajloly on the defpir conductor circuits 57 and
30 mi/L Inad surface of the through-hole 58. 40 o/t
Further, it is subjected to Cu-Sn substitution reaction under

conditions of tin borofluoride: 0.1 mol/L, thiourea: 1.0 mol/L, temperature:

35°C and pH = 1.2 to form Sn layer of 0.3 pm in thickness on the surfaces of

the roughened layers 65, 66. The Sn layer is not particularly shown.

(7) The raw composition for the preparation of interlaminar resin

insulating material is mixed under stirring to adjust the viscosity to 1.5 Pa:s,

whereby the interlaminar resin insulating material (for underlayer) is obtained.

Then, the raw composition for the preparation of adhesive for electroless

plating A is mixed under stirring to adjust the viscosity to 7 Pa-s, whereby the

adhesive solution for electroless plating (for upperlayer) is obtained.

(8) Onto both surfaces of the board 67 of the item (6) is applied the

interlaminar resin insulating material (for underlayer) having a viscosity of

1.5 Pa-s in 24 hours after the preparation of the item (7) by means of a roll

coater and left to stand at a horizontal state for 20 minutes and dried (pre-

baked) at 60°C for 30 minutes, and then the photosensitive adhesive solution

-51-



a[err]'-bipyridyl 80 ny/L PEG

0.1 g/L [Electroless plating conditions] | i quid tenperature of
70[err] C, 30 minutes (12) As shown in Fig. 18, a% CERIF/Q1047)

avai | abl e photosensitive dry film76 printed with a black circle 75 is laid
on the electrol ess copper plated film74 formed in the item (11) and a mask
is placed thereon, which are exposed to a light at 100 nd/cn2 and devel oped
wi th 0.8% sodfomsrlagenthaving 4 eistosityndf] Pag is esplid in 24teotrs after thei ckness
of 15 [err]mas shown in Fig. 43. (13) Then, portions not formng the
pl ati ng resi qweparationiof dete )i leftan stindcat adioriziontal stapeefor 2i0aminvgesander t he
follow ng conditions to forman electrolytic copper plated film 78 having a
thi ckness of dred @re-baked) at 98vix fon3@minutes to forguan adhesivedayen 68 havipgat i ng

sol uti on] syl furi cid - 180 g/L
copper sul f at%thléi(ness of3§p,m as shown in Fig. 37. 80 g/ L addi ti ve

(Kaperas) 9 G Mg, DY pALARGER PO rinch Vi o AG8HIO0Y b gl 10

3g3 mnutes  closdl§ABRERE Whfo each surface of the board pf\adRd iRehehdlidive 99806

( PCT/ | B98/ 01014¥3r 68 in the itefd @) aftltexposdieto sipendighepiessuré Tnareunydeainpdtand
renoved with 5% KOH, the electroless plated film 74 | ocated beneath_ the

pl ating resi s¥00mI{can’di ddeibperd rdevelopsdédy spyaydng RMBPGwelntiensgxpesedol ut i on
f sulfuri i d and, hyd i de t dyct ircuits 79
Ctnel uh no. vi SLaiRer B Passitg Bierony dembe 300 wTeta: Fduitt et log ded of
the el ectrol : kN7 ' | at ed
e eectro ei?e%tﬁgﬁfégpxg&t}bs&-ﬂdléﬁg) lagi)lﬁqﬁ%tf&el EB&CHQG‘*&Y ko ﬁ&ﬂﬁﬁ{%p at e

film78 as shown _ Sane procedure as | e item
(6) is repeatE50°C0fok Grhvuds fofodr 40 infsigiRaeres i ndglating@ Mek (8velyence i s
subjected to Sn substitution. :

structure) 68 of 35 um in thickness having an opening (opening for the

formation of via-hole) 71 of 85 pm¢ having an excellent size accuracy
corresponding to the photomask film 70 as shown in Fig. 39. Moreover, tin
plated layer is partly exposed in the opening 71 for via-hole.

(10) The board provided with the opening 71 is immersed in chromic
acid for 19 minutes to dissolve and remove the epoxy resin particles existing
on the surface of the interlaminar resin insulating layer 68, whereby the
surface of the interlaminar resin insulating layer 68 is roughened to from
roughened surfaces 72, 73 as shown in Fig. 40 and thereafter it is immersed in
a neutral solution (made by Shipley) and washed with water.

Further, a palladium catalyst (made by Atotech Co., Ltd.) is
applied onto the surface of the board subjected to the roughening treatment
(roughened depth: 6 pm) to provide a catalyst nucleus on the surface 72 of the
interlaminar resin insulating layer 68 and the inner wall face 73 of the
opening for via-hole.

(11) The thus formed wiring board is immersed in an aqueous

electroless copper plating solution having the following composition to from
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(16) The steps (7)-(15) are repeated to further form upperl ayer conduct or
circuits, whereby a multilayer wiring board is obtaine 1% %
conductor circuit as a surface layer is etched by spra%f’ig%(l’&:ﬂ"/ 4 1Q4§)
solution containing 10 parts by weight of im dazole copper(ll) complex, 7
parts by wei ght of glycolic acid and 5 parts by wei ght of potassium

chl oride or "Mechetchbond" trade nane, made by Mech Co., Ltd. and
transferring 51{1&1@aﬁblers9bbﬁpér®1£ted fld 74%@'6@&& 1§ HHiElaRSs BleRRIING a

t hi ckness of 3 [err]mas shown in Fig. 46 this case, Sn substitution is
not carried awughend¢dhsurfavegisshednsntigch. Wien the roughened
surface is rrg[asured ji;%'tmoiiboviaaiby rrebﬁ?ﬂsmof an el ectron scanning m croscope
(x 5000), thelAgueoyse @58 Plalngsso in Figs. 4-8 are 11 on average,
the recess porti g@@ﬂe 11 on average angﬁé ﬁrl‘l dgelines are 22 on average
in a region of 2 (18) On her hand, a sol der resist
conposition is ob m Xi ng 46. 67 ¢ phot osensiti zed ol i goner
wherei n 50% of epéoi’?ggg"gg%tel n 60% by wei ghﬁ%@ cresol novol ac type epoxy
resin (made by NigpgroKayaku Co., Ltd.) disgsgiyed in DVDG is acryl ated,
15.0 g of 80% by wei ght of bi sphenol A-type epoxy resin (Epi kote 1001, nade
by Yuka Shell Co.NaOHl.) dissolved in nethiflg/ethyl ketone, 1.6 g of an

i m dazol e curing agent (2E4AMZ- CN, nmade by Shl koku Kasei Co., Ltd.), 3 g of
a pol yval ent acr y@,o’-bipyridyl _ - 54 -

99806 (PCT/1B98/ Oéﬁé?) rmnorrer (R604 rrg)dfgm/ Ni ppon Kayaku Co., Ltd.)
as a photosensiti nonomner , of pol yva acryl nononer (DPEGA, nade

by Kyoei sha .71 g of an anti-foam ng agent (S-65,
made by Sannggg ?}oggslﬂftl%gfg ﬁgg? rther adding with 2 g of benzophenone
(made by Kanto Kag%jﬁgtg;g erah;rggfmscaypﬁgﬁ@ﬂegu tiator and 0.2 g of Mchler's
ket one (made by Kanto Kagaku Co., d.) as a photosensitizer to adjust the
viscosity to 2.0 @2)s Msfﬁﬁ;ﬁmmlj’ﬁg 1841{ comarercialiy avmkhd;sphqtosmsnmaesdnyed by

B—type Vi scorreter (DVL- B nodel, made by Tokyo Kei ki ., Ltd.) with rotor
No. 4 in caselibn é(prtqsﬂd wﬂlraoblaek fscle S i 1%13599 he ebecrrslﬁss copper plated

film 74 formed in the item (11) and a mask is placed thereon, which are
exposed to a light at 100 mJ/cm? and developed with 0.8% sodium carbonate
to form a plating resist 77 having a thickness of 15 pm as shown in Fig. 43.
(13) Then, portions not forming the plating resist are subjected to an
electrolytic copper plating under the following conditions to form an

- electrolytic copper plated film 78 having a thickness of 15 pm as shown in

Fig. 44.

[Aqueous electrolytic plating solution]
sulfuric acid 180 g/L
copper sulfate 80 g/L

additive (Kaparasid GL, made by Atotech Japan) 1mL/L
[Electrolytic plating conditions]

current density 1 A/dm?
time 30 minutes
femperature room temperature
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(19) The solder resist conposition 82 is applied at a thickness of 20
ferr]monto both surfaces of the nmultilayer wiring board obtained in the
item (16) as shown inFig. 47. After the drying treat meI?0&(PLIEBPHPIEN nut es
and70[err]C for 30 mnutes, a photomask film&84 of 5 nmin thickness
‘depicted with a circle pattern (mask pattern) 83 as shown in Fig. 48 is
closely placed, exposed to a ultraviolet ray at 1000 mJ/cm and devel oped

with DVDG.  Furthefi4)i tAfter GléRilaei efbsisP7? ifpedléd snd Feapd veawitRiSBRIGH 1 C for
1 hour, 100[err]C for 1 hour, 120[err]C for 1 hour and 150[err]C for 3

hours to for mhe cdedtridessrpiated tfilthejdelocaied(aneatkrthe platid@ resist TH)s digseivedy
(opening dianeter: 200 [err]m a solder pad portion 85 (including via-hole
and its | and st rengevegd)y e apith a mixed selntignraf sylfbde agidsmd kydsegenuced.

20) Then, the board 88 i.ded w .Sql g .egi . 87 i

i(rmzer segni nt ﬁﬂ@%@%@ggﬁhﬁa Wlﬁé‘ﬁ%’*it%(lgépaggo‘ag%ﬁ%@)yg%ﬁt ;?ni ng 30
/L of nickel lorid 0 g/ f di h hosphi t d a/ f di
Gitrate tor 2Buohnet 618 b dhdeqmanSel P A RRATEY dobie fed bl 14 g 2o
t hi ckness on m%ée@ﬁdigﬁ‘gg?&%wéd%m oSO Fibudig. 26. Further, the

board is i merse ess gold plating s8lution containing 2 g/L

of potassi um gol d(i§yarmlitesami®pickd@t 231w itemb) Brrepeatedtd irn #f sodi um
citrate and 10 g/L of sodi umuﬂypophostﬁhite at 93[err|C for 23 seconds to
forma Cu-Ni-P roughened surface, and the surface is subjgéted to Sn substitution.

99806 (PCT/1B98101047) gold plated | ayer 90 _of 0.03 [err]min thickness
on the nickel pla |’];§pe$te@@87)~(1%5 arq reppaiegd 19 ,furgle&fPHBPPBﬁé%}@ri s printed

on the openin | O t I eS| ] r. Sl . | owed at
200[err]C to g%'?ﬁ‘@%%ﬁ‘%&?’ ‘85??%8{' gg?‘gg%{?gé‘ﬂ}%lﬁé%?a@ﬁé%@%}ﬁ%er e i's produced
a printed Wring gogrdrPedidocts chelii a8 aRumage Biler NUIEREBy sp\%ﬁﬁn s of
usual wiring (line width: 75 [errJum and fine wiring (linre dt h: 50
[err]m are aetchingesblution duntgining Hiipats by geigiaof imadadolecdpper(Ihhe fi ne

Wi ring portion is divided into coarse wiring density (distance: 400 [err]m
and dense wi r fomPle&nd ipasts byiveei ghicef: glgeoliceaaiq apd Sparts bysweight okol der resi st

e ing otass RO RSP RS IRk BY et oE 0% O
and transferring through rolls to form a roughened surface 81 having a
thickness of 3 pum as shown in Fig. 46. In this case, Sn substitution is not
carried out in the roughened surface.

When the roughened surface is measured just above by means of
an electron scanning microscope (x 5000), the anchor portions 1 as shown in
Figs. 4~8 are 11 on average, the recess portions are 11 on average and the
ridgelines are 22 on average in a region of 25 um?.

(18) On the other hand, a solder resist composition is obtained by
mixing 46.67 g of a photosensitized oligomer wherein 50% of epoxy group in
60% by weight of cresol novolac type epoxy resin (made by Nippon Kayaku
Co., Ltd.) dissolved in DMDG is acrylated, 15.0 g of 80% by weight of
bisphenol A-type epoxy resin (Epikote 1001, made by Yuka Shell Co., Ltd.)
dissolved in methyl ethyl ketone, 1.6 g of an imidazole curing agent

(2E4AMZ-CN, made by Shikoku Kasei Co., Ltd.), 3 g of a polyvalent acryl
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of the solder resist layer is tested after the formation of the sol der
tesist layer and after reliability test (heat cycle conditi onz. Mor egver ,
the presence or absence of poor continuity between t h98mEGEIBPBRIABY t s
is conpared in coarse and dense portions of the wiring density and the
*organic residue in the bottomof the opening portion is confirnmed. The
results are shown inTabl e3. Conparative Exanple 1 A wWring board
i's produced ifhohBmep @neommbﬁsléﬂ);lfolﬁ(ammé., Em:jem aphatosansitive

copper - ni ckel - phosphor us roughene ayer of 3 [err]min thickness is forned
on t he surfacmonbmenel .5 grodipolyralent appd merimer (PREOA made by Kyorishand (5) of
Exanple 1 as a rqugheni nmet hod of the i nnerl|ayer coi_per pattern

(under | ayer coKagﬁ,lﬂbgoeﬂg-Quﬁﬂg 0.7tng of an aptidpammgagent (S6pomade b8y i mer si ng

the b di | ect rol | atd ti H.= 9 t ai pi /L of

copper - sul f at Semopgoy . dridfadcpnler fodthe e s BF e gorinone Bhite 8y %y o
di h h ' / i ) > tant.

Wih respect RATOHKEsiCd) Fublac phbtoftidof 8 2.0 9 MR sktfod®e 2T

and heat cycl énémcyo'l(@anKagﬁﬁﬁc ‘ﬁ%?‘g 5@5 phatoﬁéﬁs'irﬂﬂie% td adjlRPtHeSAsdsity ar e

shown in Table 1. nparative Exa W ring board is

produced in ttoe2.0Pues aDIAEr  Mdoreoveérs dpviscdsity is measured by B-type
- 56 - 99806
( PCT/ | B98/ 010¥isgometes (0¥ h+Bimedelamgde pyiiTiokya K ekl Cedliéd.) whthiroteriNertt i s

led out at th 2 . of Ex le 1 heni t hod of
The i nner | aycin B SEPOSRR AR Nic) e OLBRBRet or ci rcui 1) A Toughened
f havi t f d ' . .
or aphi 11 2a1 | on-r ot | Hics R PR AR P Kb a4 glmessof oy, ) g
Na3PO4 (6 g/ Lontoholl s@rfacesof e Raldlaperdviiigbdatd oblalnedaindh&RBii(165a9/ L) as

a reduction bath. Wth respect to the thus obtained wiring board are nade
the heating tswwminFigedit. cAftbrtheakyingrirdatmentatd 0P@ fioe20 mmutes &EMSCe 1.

The results are shown in Table 1, Co rative Exanple 3, . . A W ring
board is prodiff mﬁim%apaﬁ@wkr@m"g@fﬁ@%aﬁ;ﬁmgﬁ&e%Mfﬁtec{Wahaa m xed

solution of hygnodeR Mtk Pareit 84 ds shB%ndn'Fig W cRisely Blaced, exposed

to a ultraviolet ray at 1000 mJ/cm? and developed with DMDG. Further, it is

subjected to a heating treatment at 80°C for 1 hour, 100°C for 1 hour, 120°C
for 1 hour and 150°C for 3 hours to form a solder resist layer 87 (thickness:
20 pm) opening (opening diameter: 200 um) a solder pad portion 85
(including via-hole and its land portion 86), whereby a printed wiring board
88 is produced.

(20) Then, the board 88 provided with the solder resist layer 87 is
immersed in an electroless nickel plating solution of pH = 5 containing 30 g/L
of nickel chloride, 10 g/L of sodium hypophosphite and 10 g/L of sodium
citrate for 20 minutes to form a nickel plated layer 89 of 5 pm in thickness on
the opening portions 85, 86 as shown in Fig. 26. Further, the board is
immersed in an electroless gold plating solution containing 2 g/L of
potassium gold cyanide, 75 g/L. of ammonium chloride, 50 g/L of sodium

citrate and 10 g/L of sodium hypophosphite at 93°C for 23 seconds to form a
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steps (2) and (5) of Exanple 1 as a roughening nethod of the innerlayer
copper pattern (underlayer conductor circuit). A depth of a roughened
surface is 3 [err]m Wth respect to the thus obtai ned?80¢ (BKJ/IBE&PH4} e
made the heating test and heat cycle test in the sane manner as in Exanple
1. The results are shown in Table 1. Conparative Exanple 4 The
sane procedure as in Conparative Exanple 1 is repeated except that tin

substitution peldslateddtyeredd 610.03 Yink bh eckaRss oh ehe MiekélPlate@Diyir89d Wi ring
board are made the heating test and heat cycle test in the sane nmanner as
in Exanpl e 1. The(219sulNexst, arseldeh paste ispiiniet @nZhe Cpemiag poitien &xthesbokles

The sane procedure as i n Conparative EX IS repeated except that tin

le 2
substitution resistdayes S/ andgeBowedwt 2007 aggfsgm a soldeebump {sdderhadyd S ri ng
b d de,the heati. t est d. t. t in th
' Exanpl e 1. WHEDIDEHe S PEpEiced BT MBS boaphang FdSERmE Bs
:I'h?ﬂsiame pr Ocﬁff&regvét,spé&iog@ RIS 'vﬁﬁn?ﬁﬁﬂ? WRadk: 78 uﬁﬁz‘)paﬁﬂfﬁge wiring (line 99806
’ / . . o . wWih
(PCT/ 1 B98/ 01044 yth: 50%@9&% ah"&%ﬁ;ed id‘ﬂl%gigirﬂééd Wiﬂn%bb&dnﬁﬁd ffer otk AHE - W

respect to the thus al ned ring b are de the heating test and
heat cycl e t estiring pottiorsiardivided ieto casrsewitingrdehsityl (distagce: d90Ipts) aic shown
in Table 2. Conparative Exanples 7 and 8 The sane procedure as in
Exanpl e 16 i sdbessi wingdensisy ddisthnescc¥bitmdhat i n Conparative Exanple 7, a

roughened sur %aae | S if Oi gd on ;t he conductor circuit as a surface |layer by
a graphitizat r. thent using NaCH (10 g/L), Nad Q2 (40 g/L)
(10 g70) and NaBH (oVarL5EeRaaL B (RE} BrodHcB pliblcfpich WhapE s ppth =t
For mod on {he Lo e T e O L el et raFeds
pl ati ng sol ut and aftér pHabil®y tesh(teiahcyae 8oaditionR nilof¢ovef, the ppasence or
absence of poor continuity between the conductor circuits is compared in
coarse and dense portions of the wiring density and the organic residue in the
" bottom of the opening portion is confirmed. The results are shown in Table 3.
0 ive Exam
A wiring board is produced in the same manner as in Example 1
except that a copper-nickel-phosphorus roughened layer of 3 pum in thickness
is formed on the surface of the innerlayer copper pattern at the steps (2) and
(5) of Example 1 as a roughening method of the innerlayer copper pattern
(underlayer conductor circuit). This roughened layer is formed by immersing
the board in an electroless plating solution of pH = 9 containing 8 g/L. of
copper sulfate, 0.6 g/L of nickel sulfate, 15 g/L of citric acid, 29 g/L of sodium
hypophosphite, 31 g/L of boric acid and 0.1 g/L of a surfactant. With respect
to the thus obtained wiring board are made the heating test and heat cycle test
in the same manner as in Example 1. The results are shown in Table 1.
Comparative Example 2

A wiring board is produced in the same manner as in Example 1
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sul fate, 3.9x10-3 nol/L of nickel sulfate, 5.4x102 nol/L of sodium oxal ate,
3.3xI &1 nol /L of sodium hypophosphite and 1. 1x10-4 nol/L of a surfactant
(Surfeel 465, nade by N sshin Kagaku Kogyo Co., Ltd.).9%806@PGHIBES/0H47)
ative Exanmples 1 and 2, usual wiring and fine Wiri ng portions and coarse
and dense portions of wiring density are formed |ikew se Exanple 1. Wth
respect to these wiring boards, the peel test of the solder resist layer is
carried out’ 'Bxééiﬁ tﬁ@raegﬂapmﬁau@@mdhcaéﬁmaﬁné& is Ehpicdesn at thedst€pss@pwn in
Table 3. [Table Heati ng test Heat
cycl e test Exad]éﬁ)eoﬂExamplepbad a rgighening method of the imnefiaydricogper pattern
change ratio of resistance of 1% change rati o of resistance of 5% Exanpl e
2 no peel i nfunderlayer conductor cmglt};ee ireyghened surface having lgdepth ph3 iban of

re t ance of b C e rat of re tance of 5% Co eelin
nos:oZeI i ng Ei%\’r{?ﬁmég% EI%I gu;a(ﬂqngrl PW%F%W&“B‘P%@&(XQ@@F i 0 Iofg

Beaml 6 2 A\i%Q%‘?z ?E%Ua#ﬂdﬁﬁ%aﬁﬁén@%?s s pudagn bpond NpORLERRAAC. o

8% Conpar at i YaqRem ) as areduction bath. With k@the thi@0Blafned  Change
rati o of resistance o? 1% Change rati o of resistance of 5%

- 98 - wiring board are made the heating test and heat cycle test in the same manner

99806 (PCT/I898/01047) As shown in Table 1, when the wiring

boards of ExamplieExampieil2 The cesslispee showa ihlathe lvi ring boards of
Conparative :  _ peeling between the interlamnar resin
i nsul ating | ayeriiehd #H8e+t ayer conductor circuit hardly occurs and

the peeling of the vig Qﬁju?g ﬁ&ﬂgli’ﬂ)ﬁ)duggﬂ]m the same manner as in Example 1

except that a mixed solution of hydrogen peroxide-sulfuric acid is used at the

steps (2) and (5) of Example 1 as a roughening method of the innerlayer
copper pattern (underlayer conductor circuit). A depth of a roughened
surface is 3 pm. With respect to the thus obtained wiring board are made the
heating test and heat cycle test in the same manner as in Example 1.
The results are shown in Table 1.
xample

The same procedure as in Comparative Example 1 is repeated
except that tin substitution is not carried ont. With respect to the thus
obtained wiring board are made the heating test and heat cycle test in the
same manner as in Example 1. ‘The results are shown in Table 2.
Comparative Example 5

The same procedure as in Comparative Example 2 is repeated
except that tin substitution is not carried out. 'With respect to the thus
obtained wiring board are made the heating test and heat cycle test in the
same manner as in Example 1. The results are shown in Table 2.
Comparative Example 6

The same procedure as in Comparative Example 3 is repeated
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be controlled even in the heating test and the heat cycle test. [Table 2]
Heating test Heat cycle test Hal oi ng Peel mple 1
no peeling no peeling 99806 &CT/IB%(QEQ’C% 0.6
Exanpl e 1 change ratio of resistance of 1% change ratio of resistance of 5%
absence 0.6 Exanple 3 peeling orei t nef 1%peel i ngf 5%pr esence.

change ratio of resistance of 1% change ratio of resistance of 5% prsence
0.5 Exanpl e éxcephthapeiml substitution is not carried out. Withpesglecthtp the thus

absence 0.8 Exanple 6change ratio of resistance of 1% change ratio of

resi stance of obnedwning boad arscmage thecheating tps @ngl higat cycle test in the no
peel i ng . absence Q. 8 anple 5 ch ati o of

resi stance of Saﬂ%"mﬁﬁ%asr’é]t]%alﬁfﬂ%ﬁesi&%@%&%yﬁégmf%é8 Exammpl e 6
no peeling ive Bxamples 9 eg i ng absence 0.8
change ratio o 1Ly StarEor 198 trange rati o of resistance of 5% absence
0.8 Exanple 7 no pephé dure as i 8 iPB&IiEAID repeated except
absence 0.8 °F Q%ﬁg B%CGrgl'EeiegI(I)lexraénsRlesFarllcgﬂéé; %B/f)egh%r?ggx??t i o of
resi stance of tighin Caiperntiee Exdndpie wughenddaugfaet isformed on the conductor no
peel i ng absence 0.8 Exanple 8 change ratio of

res: st ance of ciresit hsiagerface layeoby agsa;ﬂﬁﬁzmi@na{edﬁaﬁmbtﬁltmnouﬂnw{e 9 no
. ; 9 ;

esi st ?l_nce of (HOREANRIQAE0 aﬁﬁﬁﬁ&éﬁﬁéff&aggw;dcag%gﬁfwiféﬁaﬁﬁﬁmp| e 10
s etance of tignbat agd NaQH (10 ¥ PRRUNAREE G IR o ARHEO A LI Philsin

no peeling  Comparative example SPQr&f‘g?JehE'@Ia er of co er-nicl&llﬁihg K@hs 0 of

resi stance of 1%pchange ratpio of resistance of SP(% abse ce§%.8 Exanpl e 12
no peeling needle alloy is formed onrthe pemdiioter circuit as a surfacedéyorgeith atii o of

resi stance of 1% change ratio of resistance of 5% absence 0.8 Exanple 13
no peeling electroless plating solutipn gfgdl Friyeseining H2810~ mol/L of coppethange

rati o of resistance, of 19 change .rati o of si.stance of 5% absence 0.8
Exanpl e 14 nps'&g@?’i%gxml ol S it .sulfate, ﬁgxﬁéem‘ﬁéaﬁjg% Ban;garl]ate, change
ratio of resisiange il CRtHhyRphBs it &3 £ LRI Cndin 0 ARFEREGRO. 8
Exanpe 15n0 péeling no peeling change ratio
of resi st ance(S\rfekl %65 madeby NisshivKapaki Kogpe CfLid%h Eadn Corfpdl-

Conpar ative no peeling o no peeling

absence 0.8 EstiwpExamplesdrandgd usual wirifg anssfine wirieg portentrod znagseandi o of

el | nge. ExanfPs BRGNS WHIEARY acs Larmedanspisn Bhuplsel - JF® of
resistance of re%pg/& 1B 1fese %ﬁng%o%(ggg}e%%s%i t;%ﬁop&gls:gx%?séstéayer Cl]g' carried

peel i ng . . ange ratio
of resistanceosfinkbe 4RO Aot hPinBx AfHleSI6AN Chhedbsilts’are RAEWANE TaBleB.

[Table 1]
Heating test Heat cycle test

no pecling no peeling
Example 1 change ratio of resistance of 1% |[change ratio of resistance of 5%

no peeling no peeling
Bxample 2 change ratio of resistance of 1% |change ratio of resistance of 5%
Comparative |no peeling no peeling
Example 1 |change ratio of resistance of 3% |change ratio of resistance of 10%
Comparative |peeling peeling
Example 2  {change ratio of resistance of 2% {change ratio of resistance of 8%
Comparative |peeling peeling
Example 3 |change ratio of resistance of 1% |change ratio of resistance of 5%
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59 - 99806
¢PCT/ 1 B98/ 01047) As shown in Table 2, in the multilayer
printed wiring boards of Exanples 4-15, there is cause89306 RESHIBISHIHD ween
the interlamnar resin insulating |ayer and the underlayer conduct or
circuit even in the heating test and the heat cycle test as conpared with
the nultilayer printed wiring board of Exanple 3. And al so, the change
rati o of resistance i Aswhowndhably 1, whertfhebxizing Rards SOExAmplesd dndalr t hose
of Conparative exanples 2 and 3. Further, in

thenul til ayer pré mmpmedlwu@bﬂmr\dmngfbcﬁxm @9mpaﬂzﬁivetﬁ1mmqilss hed, thenf i r med
hal oi ng observed,i n. Exanple 3 and Conparative exanples 4-6. Mreover, the
peel strengt hpﬁﬂlﬁ&beﬁﬂﬂwlmﬁﬁﬁhﬁmﬂﬂ mflwnsu}agmlgd@ywnéﬁhexaﬁwwu 15 is

hi gher than thos %'?-}' and Oo and Tabl e 3]
Eval uation it QHE dg'o?(iq“%an éngg %&iﬁi@/‘é‘md UCKS 8 at i ve
Exanpl e 7 EX%@%ﬁtrﬁnF&’ 8%4 Hﬂh@iﬁe%ﬁné &1 Eﬁd We! ie%ﬂcfﬁé‘? sty - coarse absence
absence absence W r'ing ens erise absence .
absence absence Peeling after heat wring denS| ty - coarse absence
presence ali¥abled] _cycle *2 wiring density- dense absence
absence abgence—Pgor——con{ ot W GLeli_fi ty—=—coarse b_bc:i,
absence  absance hetween cHEHME cirlcuits eat\&{ql;ﬁg densi{Hgloing e
absence absgnghie1 [PrEskgce  Organi c riespeding *3  bott om of| yis g B
absence abdenc gha f resistance offl % |ehgngeratioof woistencoplcios cope I(x_60)
*2 heat cycl ggfgsfe3 [pecling repetition [pelid20] err] C and 20)}{)5 aiik Q,dg' s made
for 100 hours [and change ratiojpfsesistanee ofd(%|ehangeaatio of repigtanse ofi5% ghservied by a
m croscope (X no peglingobser ved by dmomklagt ron scannin e (x
5000) pe ( éﬂ)ﬂpk" 4 change ratio of resistance o 1% change ratio of resistance of 5 %g ws%é) GEP (
no peeling no peeling
Example 5 change ratio of resistance of 1% {change ratio of resistance of 5% absence | 0.8
10 peeling no peeling
Example 6 change ratio of resistance of 1% |change ratio of resistance of 5% absence | 0.8
1o peeling no peeling
Example 7 change ratio of resistance of 1% |change ratio of resistance of 5% absence | 0.8 o
1o peeling no peeling
Example 8 change ratio of resistance of 1% |change ratio of resistance of 5% absence | 0.8 _
no peeling no peeling
Example 9 change ratio of resistance of 1% |change ratio of resistance of 5% absence| 0.8
no peeling no peeling
Example 10 change ratio of resistance of 1% |change ratio of resistance of 5% absence | 0.8
no peeling no peeling
Example 11 change ratio of resistance of 1% |change ratio of resistance of 5% absence | 0.3
no peeling no peeling
Example 12 change ratio of resistance of 1% |change ratio of resistance of 5 % absence | 0.8
no peeling no peeling
Example 13 change ratio of resistance of 1% |change ratio of resistance of 5% absence | 0.8
no peeling no peeling
Example 14 change ratio of resistance of 1% [change ratio of resistance of 5% absence | 0.8
no peeling no peeling
Example 15 change ratio of resistance of 1% |change ratio of resistance of 5% absence | 0.3
Comparative [no peeling no peeling
Example 4 |change ratio of resistance of 3% jchange ratio of resistance of 10% presence/ 0.8
P g!
Comparative (peeling peeling
Example 5 (change ratio of resistance of 2% |change ratio of resistance of 8% presence 0.5
Comparative [peeling peeling
iIExample 6 [change ratio of resistance of 1% |change ratio of resistance of 5% presence; 0.4
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As shown in Fig. 3, in the printed wring board of Exanple 16, there is
-caused no peeling of resist |ayer and poor continuity between conductor
circuits and the organic residue is not observed. |n 29886 FGTAB@§01047)

- 60- 99806

* (PCT/1B98/01047) Wi ring board of Conparative Exanple 7, the peeling in
the coarse portion of the wiring density is caused after the heat cycle,
while in the printedAwshowa ipTable 2fin Grmpaltiiyer printedWignBboirde opoor _
continuity between conductor circuits is caused and the organic residue is
observed i n EramplustdortSotherdis capsed ng ppding oetweeNidSHRIrRmiARPtes@ABI LI TY

As nmentioned, above, in the multilayer printed wring hoard according to the
i nvention, tinsulatinglayesand he naderlarer aonductenciruitayendafashepingtesierty to
the resin insulating, |ayer and hardly | eavin e resin after the

devel opnent ??‘L&’tcrﬁp%{ cyée]tqg,?%aomarf ewgﬁmea@}éhﬁ?yetrlp@“&%‘ﬁﬁ'ﬁrd’ﬂ%i’o%ridr cuit. In
the nultilay | | NY b ' 1 Vet . above
e L Y6 ERABIR "ARIARCDIN dhaige Rl A RE 1 HERKIE Bl 20!
circurt, so _E'Stﬁfnplé%ﬂ_ﬂg% 1638 g s of C@niﬁaﬂﬁfv%%&ﬁﬁl ; Hed 97 Fufthe t and
the interlam nar ‘resin insulating |ayer and the peeling between the

under | ayer cimtheamdtilayer primted snrdng beards ef Bramplesdd 1, ttheredanotebhficmedel y be
controlled in the heating or under heat cycle and the connection
reliability haloingobsesvaddndxammplpd andHopmparative examples 4~6n MMeregiies i | ayer
printed wri board accordin t he invention, the ughene r.f ace of
Pheconduct oL Seaign s Hulifaten BristhBirepeds of EXERBHS AR 11 he
nmetal |ayer less I A, A A5k owering the
adhesi on prop %§ﬁ‘{agttpﬁse res)lefrfllll h?u at | ngﬁkxggg?%grgﬁﬁ%és ?/lgféqhbl e conduct or
even if the netal itself is oxidized. Such a netal |ayer prevents the

oxi dati on of ETRIPI‘?%Lghened surface so as not to formoxide film or does

PO o o T nes oo TEcomete 1| COMFImRY e
Peeling after resist | Wiring density - coarse| absence absence absence. -
formation *1 * * lyifing density - dense | absence | . absence absence.

|Peeling afier hieat |Wiring density - coarse| absence presence absence

|eyele ¥2 wiring density - dense | absence | absence absence
Eeot(:; ::r?gggcil?ctor wiring density - coarse | absence . a'bsence absence
circuits *1 wiring density - dense | absence absence presence
|Organic residue *3 |bottom of via-hole absence absence presence

" *1° observed by a microscope (X 50) -
| *2  heat cycle test |
repetition of 120°C and -20°C is made for 100 hours and
then the solder resist layer is observed by a microscope (x 50).

*3  observed by an electron scanning microscope (X 5000)
As shown in Fig. 3, in the printed wiring board of Example 16,

there is caused no peeling of resist layer and poor continuity between

conductor circuits and the organic residue is not observed. In the printed
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insul ating layer and the adhesion property between the netal |ayer and the
-vi a-hol e conductor even if the netal itself is oxidiz n the

mul tilayer printed wiring board according to the i nveﬁ?qogr(ilfcy}%g@lggbl be
prevented the | owering of adhesion strength between the

-- 61 - : 99806
(PCT/ 1 B98/ 01047) roughened surface and the resin insulating |ayer and

the | oweri ng waifingwasd bECoatpasitivertample Aivderpechingrin tyheoazst portioacd and t he
vi a-hol e conductor due to the peeling of the oxide filmformed on the
rougheerdsurtf(;eawmg\dcmatysxs,caa&etkﬁftﬁrrﬂgp heattcyele; whalgtin die pEmfed WEFBENg i s
controlled and there can be provide mul til ayer, inted W Li boar d

havi ng an exdeardeak C@WE‘EN"&?‘W Pgbﬁlq RQprgn H@tﬁ)gty\ﬁgpézpnducqgr r As

previously nentioned, in,th rinted wW.ni | t e

i nv;ant i on],c tr?éfc}‘ﬁﬁw?r‘f‘éﬁdéﬁﬁﬂg“c%f q@\?irﬁﬂd‘égé @%&%{&@%gﬂ%g %rr?'géﬁ%n t he
surface of t &@3%518 circuit for solder pad, which is strongly adhered
to the sol derb%egsl 1a{lfer t hrough such a roughened surface, so that the

suf fici ent aMIEIEBEAQP&PPEIQAB‘I‘EMt he conductor circuit and the sol der
resist layer can be ensured when the solder resist layer is removed in the
sol der bunp forning psmientional abevecingbe mhdtikayer pontedrveisinghoadn t he

conductor circuit _and the solder resist |ayer, or when the conductor
circuit is fiaseprding thipednayentiom, merﬁoﬁgh@@%“ﬁ?c?i‘a&‘ﬂ‘gé%f: %“qst ate.

In the printed,wi.ri ng boar ccordin tihe J NV | : ' f th
sol der dr esi stadhssion 01?"3&%@85@5%8{3%}%f?§lﬁﬁgn&d%%&m%‘éﬁgéﬁ egﬁa'rs ageo ©
exposed in t ' ' : ' duduptaend th
adhesi on pr oB%F ﬁ?g%%%‘g&%gﬁgggﬁo{rﬁ%%F%;Sr&foagrérp@f??cexcel Iognt ang t he
poor conti nuiéiycuies MAthe pidedyempridted sdtidg bobrdgrccboding ngythednvention, the

above roughened surface is provided on the surface of the underlayer

”'conductor circuit, so that the peeling between the underlayer conductor circuit

| a\_ﬁd the interlaminar resin insulating layer and the peeling between the

| underlayer conductor circuit and the via-hole conductor can effectively be

| cbﬁtrolled in the heating or under lieat cycle and the connection reliability to
the via-hole can be enhanced.

In the multilayer printed wiring board according to the invention,
the roughened surface of the conductor circuit having a given roughening
shape is covered with the metal layer made of the non-oxidizing metal or a
metal not lowering the adhesion property to the resin insulating layer or the
via-hole conductor even if the metal itself is oxidized. Such a metal layer
prevents the oxidation of the roughened surface so as not to form oxide film,
or does not lower the adhesion property between the metal layer and the resin
insulating layer and the adhesion property between the metal layer and the
via-hole conductor even if the metal itself is oxidized.

In the multilayer printed wiring board according to the invention,

there can be prevented the lowering of adhesion strength between the
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- 62- 99806
¢ PCT/ 1 B98/ 01047) CLAI V5 1. Anmultilayer printed wiring board
conpri sing underlayer conductor circuits, an interlani%86 @Q@ﬂg”’w@éﬁati ng
| ayer forned on the underlayer conductor circuits, upperlayer conductor
circuits fornmed on the interlamnar resin insulating |ayer and a via-hole
connecting the underl ayer conductor circuit to the upperlayer conductor

circuit, in woughehdiesurfadeahd\ies resinididelating dayet ant thakoveeringugfitheed sur face
formed by treating with an etching solution containing copper(ll) conplex
and an or gani adhesion, strangth besweem 8rd topghenedrmintace and ithe viathale conduntert ed t o

t he via-hole through the roughened surface. 2. Anmultjlayer printed
Wi ring board ‘_&Wﬁr s PRglinmek e@rége éhaémqﬂ%ﬂwg@nedaw _aﬁ?e_rf\&‘ i nar
upper | ayer coacrayaing B FRITSaRa S PR R emr iR AR et ROl at i ng
| ayer and a vias i . : 1 L&t O the
upper | ayer coPuuran BARNE gt it BB PRt LR en bariitbhod
roughened surfeﬁggj,li@wmawhened surface is conprised of concave
portions and anchor portions in a pol yhedron wherein the anchor portions
are formed by randoniAs pravaousiymentienal) i thepripted waring iboatdwcconligg émed

surface, and the underlayer conductor circuit is connected to the via-hole
through t he rbgdmesnsionsthergughened surface having a; gixgie shapeiip f@meg on e boar d

COMDY 81 N9 UNGehRYSncOnCl 2 bl 581 {clacrYhd, WSt ATARkty Silcfed 11 20 10
the solder resist layer through such a roughened surface, so that the sufficient
adhesion property between the conductor circuit and the solder resist layer
can be ensured when the solder resist layer is removed in the solder bump
forming portion to decrease the contact area between the conductor circuit
and the solder resist layer, or when the conductor circuit is finer wiring and
the wiring density is at a coarse state.

In the printed wiring board according to the invention, the residue
of the solder resist forming resin does not remain on the roughened surface
exposed in the opening portion for the formation of solder bump and the

adhesion property to the metal beneath the solder bump is excellent and the

poor continuity is not caused in the solder bump forming portion.
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conductor circuits, upperlayer conductor circuits formed on the
Fnterlamnar resin insulating |ayer and a via-hole connecting the

under| ayer conductor circuit to the upperlayer conduct 280 (RCGEVBL/OIG# i ch
the conductor circuit has a roughened surface, and the roughened surface
tonprises plural anchor portions, recess portions and ridgelines wherein

t hese anchor portions, recess portions and ridgelines are dispersedly
formed and t h€IaggiMEni ng anchor portions are connected to each ot her

t hrough the ridgelines and the recess

99806 ( PCT/ | B98/ 010AZhultilayenprinted wiringboard wcoaprising tedeslaytoconshictarons and
the ridgelines, and the underlayer conductor circuit is _connected to the
vi a- hol e t hr oGipUIS: @niBeHABYIRAr resinfipgdating layenformeghary i theyundedayer ed wiri ng
board conpri si ng, under.l ayer conduct or i&fuits.a d a inﬁfnla i nar resin
Pnoul ating | af SR IEFUER. WRRET BN ErorqndPetor SHRSHIIE Fornced e aterla e chy 1 he

under | ayer copdyehAlLiraduld: A% AasONONGRGHRY HEGRILATERdRideat | ng

with an etching so ontaini ng cop nd an organi c acid,
and the roughefedit s¢tHeAgperlay&QmbE oVcibuif, ifiBYIHLh tiey/ @idefRder &indaktdreast
one netal selected from'the group consisting of titanium alum num zinc,
iron, indium cirbait has arougheakd surfacelfetmed by trdatiag, wikh smetchirgsblutodn e net al |
and the interlamnar resin insulating |ayer is formed on the roughened

sur f ace. centaimipg coppeaild) complax end an or ganie eeidd and therunsicHgyemder | ayer
conductor circuits. and an .nterlamn resin insulating | ayer. .fornmed on the
under | ayer coﬁﬂ%‘i‘f%‘?r @F%WFQ?“?%%%‘H Vl‘aﬁbo g‘é‘?‘?é‘&fb? 9%@ aed SPERse cui t
has a roughened syrfac . i nchor
port 1 ons, recess. for £ LA HEG AR BTt oo TRIAGR: Bl
recess porti ogfcaify] ahiif@flaimies rasif itdulabigRgeyfdralcdrs thednti&gayrd oi ni ng
anchor portions are connected to each other through the ridgelines and the
recess por ti ononductorcivamitd cuppeylayérecandobtor cpronits forsnesnan thiednterldgehames, and
t he roughened surfacg is _covered with a netal. |ayer e of at | east one
netal sel ect et} ateedrydand sndadolseonrecting i?‘ﬁ \H‘i‘f‘{%ﬁ‘iﬁ 10%i nc, iron,

indium thallj . cobal ickel I ] i R I , and

the interlam ﬁgﬁil} g%’ﬁ% Mgﬂpg%cr?ad‘gé@,g?u@e 18%?{%‘% %@u%gﬁﬁgﬁgﬁaéur face.
6. A printed wirhidhknB30H26QHRA tied FhghONMGirPiceGt ESMpEiSed 8f coiRh@er pads, a
sol der resist layer fornmed on the conductor circuits for solder pads and an

openi ng port i portiomsmed anohérportiohsliara pelghedrobhayksreincthe nheharpoatigrenaret  of a

formed by randomly arranging the concave portions in the roughened surface,
and the underlayer conductor circuit is connected to the via-hole through the
roughened surface.

3. A multilayer printed wiring board comprising underlayer conductor
circuits, an interlaminar resin insulating layer formed on the underlayer
conductor circuits, upperlayer conductor circuits formed on the interlaminar
resin insulating layer and a via-hole connecting the undetlayer conductor
circuit to the upperlayer conductor circuit, in which the conductor circuit has
a roughened surface, and the roughened surface comprises plural anchor
portions, recess portions and ridgelines wherein these anchor portions, recess
portions and ridgelines are dispersedly formed and the adjoining anchor

portions are connected to each other through the ridgelines and the recess

A g
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sol der body, in which the conductor circuit for solder pad has a roughened
~ 64- 99806
(PCT/ 1 B98/ 01047) surface formed by treating with aﬁ9@¥HRPFQB%WﬂGfDon
contai ning copper(11) conplex and an organic acid, and the sol der resist
layer is formed on the roughened surface. 7. Aprinted wiring board
according to claim6, wherein a line wwdth of the conductor circuit for

sol der pad i portibn i@siETdiiRled By the andlior portionSandtheiridgelidesyiand tige boar d
conprising conductor circuits for solder pads, a solder resist |ayer forned
on the conduainslerlayemedndactorcirsuit decommdtdandhamiadpdaithrgugbithé on forned in
the solder resist |layer for the arrangenent of a solder body, in which the
conduct or ciﬂ@ngﬂK§§“§hF6ughened surface, and the roughened surface

SRR I e R R R
formed and ”]ﬁ%%:gt{s ahd 'aB@ln%Pl(ixElﬁfiarll}%ih'iﬁé‘lﬁat;fxi‘i%la‘ir,%{:‘fH%ﬁ{eﬁq)nL@g‘gﬁg&lé’)ﬁI er

through the ri ines and the recess por n°i's surrounde y e anchor
portions and dopdutiof SRLhIRE Sn which tequirielldpér condustor CRYEE hasa koigiRdedn the

roughened surface. 9. Aprinted wiring board according to claim3, 5
or 8, wher ei rsurfaee fameskbyaeatingwithran dtchingdohyioatcohtamingeopper(Hy st al
particles. 10. (Amended) A printed wiring board according to claim3,"

5 or 8, wher 5omplaE 2pd @B SELANE Afidnandithe reagh urfgcerayeradivehy a

pol yhedral shape 11, rinted wiri.n ard.,according.to claim3, 5
b B wher ef apRblavermace sl LRy isiel! iyded Him uBr 630D sPrivisal
crystal partigle . - i.n Ry 0 lng claim3, 5
or 8, wherei ntﬁtl‘"ﬁgm%’iaé‘é‘é’f‘}“%%’s”ﬁ?’?d@f gnc fe{)fél.{Hali'l!i’uﬁ:l’ %‘%‘ég&g??lr@él \%fri ng board
accor di ng to Bik@ufh #nd Aokle niktalyad gerintetRintinfoRkinfiasulatigg et Refoethed

14. A printed wiring board according to claim3, 5 or 8, wherein the anchor
portions are dmor thadropgheneshsomfaceet al crystal particles around the anchor
portion.

5. A multilayer printed wiring board comprising underlayer conductor
circuits and an interlaminar resin insulating layer formed on the underlayer
conductor circuits, in which the underlayer conductor circuit has a roughened
surface, and the roughened surface comprises plural anchor portions, recess
portions and ridgelines wherein these anchor portions, recess portions and
ridgelines are dispersedly formed and the adjoining anchor portions are
connected to each other through the ridgelines and the recess portion is
surrounded by the anchor portions and the ridgelines, and the roughened
surface is covered with a metal layer made of at least one metal selected from
the group consisting of titanium, aluminum, zinc, iron, indium, thallium,
cobalt, nickel, tin, lead, bismuth and noble metal, and the interlaminar resin
insulating layer is formed on the roughened surface.

6. A printed wiring board comprising conductor circuits for solder
pads, a solder resist layer formed on the conductor circuits for solder pads and
an opening portion formed in the solder resist layer for the arrangement of a

solder body, in which the conductor circuit for solder pad has a roughened

I
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- 65 - 99806
-(PCT/1B98/01047) 15. A printed wiring board a r.ai 0g |m3, 5
or 8 wherein the anchor portions are dispersed and su%@ﬁ%ﬁ?&@é@i recess

portions and the ridgelines. 16. A printed wiring board according to
-claim3, 5 or 8, wherein the roughened surface has a maxi num roughness
(Rmax) of 0.1-10 [err]m 17. A printed wring board according to claim
3, 5 or 8, weerfaceformedbyugdutingdvithah atehifgsolatidnOosmiting copper(lbns and

2- 100 recess portions on average per 25 [err]. 18. A _met hod of

produci ng a eomplexanst apetganiuacidl.randghp selder tasish laver iyfasmedandyer conduct or
circuits and an . interlamnar resin insulating |ayer forned on the
under | ayer c&MREReDed sUitacs,i ts, characterized in that an underl ayer

conductor circuity is, for S , . ] : in

sol uL [ ondcont ai ni‘ng BBB%&( @%%&gé&gﬁﬁgatﬁr&gaﬁ%{aﬁﬁ%ﬁggwdﬁ prcl)ég' 5§tjrnncd§ o
roughened sur, | ) and t he roughened
surface is C%%?@ﬁ%@g%ﬁﬁpgfy%%%hgfeg%irf%%%{n.one net al sgl ected
from the group c@nsiﬁsgﬁﬁ@dqiziriﬂgtmal comlisitigroomduetion circuitofor sokddr um
thallium cobalt, nickel, tin, lead, bisnmuth and noble netal, and an

i nterl am nar pads;iasdlderuksist lager foyeed ion the comdicsor airauitsdonsolderpads and 19.
A nmet hod of producjng a_rmltilac?,er printed witing_.board according. to claim

18, wherein & QRSBMSRPTHER fPaned Brthysgldeprasist Wgﬁ% CiaRraNEEmERt %rd ani nar
(o o b e B GRRERROu BB RS Ty "
Upper | ayer COpgAN sGHhSHESmBSes AP GhGKbr ipRraR refeleportiono U a
ridgelines wherein these anchor portions, recess portions and ridgelines are
dispersedly formed and the adjoining anchor portions are connected to each
other through the ridgelines and the recess portion is surrounded by the -
anchor portions and the ridgelines, and the solder resist layer is formed on the
roughened surface.
9. A printed wiring board ‘according to claim 3, 5 or 8, wherein the
recess portions are formed by etching metal crystal particles.
10. (Amended) A printed wiring board according to claim 3, 5 or 8,
wherein the recess portions are hollowed in approximately a polyhedral shape.
11. A printed wiring board according to claim 3, 5 or 8, wherein the
ridgelines are formed by etching of adjoining metal crystal particles.
12. A printed wiring board according to claim 3, 5 or 8, wherein the
ridgelines are branched.
13. A printed wiring board according to claim 3, 5 or 8, wherein the
ridgelines are sharpened.
14. A printed wiring board according to claim 3, 5 or 8, wherein the

anchor portions are formed by etching metal crystal patticles around the

anchor portion.

W
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15. A printed wiring board according to claim 3, 5 or 8 wherein the
anchor portions are dispersed and surrounded by the recess portions and the
ridgelines.

16. A printed wiring board according to claim 3, 5 or 8, wherein the
roughened surface has a maximum roughness (Rmax) of 0.1~10 pum.

17. A printed wiring board according to claim 3, 5 or 8, wherein the
roughened surface has 2~100 anchor portions and 2~100 recess portions on
average per 25 um?,

18. A method of producing a multilayer printed wiring board
comprising underlayer conductor circuits and an interlaminar resin insulating
layer formed on the underlayer conductor circuits, characterized in that an
underlayer conductor circuit is formed on a substrate, and treated with an
etching solution containing copper(Il) complex and an organic acid to form a
roughened surface on the underlayer conductor circuit, and the roughened
surface is covered with a metal layer made of at least one metal selected from
the group consisting of titanjum, aluminum, zinc, iron, indium, thallium,
cobalt, nickel, tin, lead, bismuth and noble metal, and an interlaminar resin
insulating layer is formed on the metal layer.

19. A method of producing a multilayer printed wiring board
according to claim 18, wherein an opening portion for via-hole is formed in
the interlaminar resin insulating layer, and an upperlayer conductor circuit is
formed on the interlaminar resin insulating layer, and the metal layer and the

upperlayer conductor circuit are connected to each other through a via-hole.

| ORR R
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