. e3eLd26hTW 20 DEC 2002 99804 ( PCT/ 7P99/ 03556) SPECI FI CATI ON PRI NTed i ri0t&
BOARD AND METHOD OF PRODUCI NG THE SAME TECHNI CAL FI ELD Thi s invention
relates to a printed wiring board, and nore parti cul ar 9380¢ PGI/HIOME &)

Wi ring board capable of inproving an adhesion property and a strength anong
conductor circuit for solder pad, solder resist |layer and sol der bunp and a
nmet hod of producing the sane. BACKgRCUND ART Recently, so-called build-up
mul tilayer wiring board is conside EEK?FHSAHE froma viewpoint of a
demand for high densification of multilayer wring boards. Such a buil d-up
mul tilayer wiring board is produced by a method disclosed, for exanple, in
JP- B- 4- S5555. Accordi ng to tPRENTEDNWIRING BGARE ANDnaterial nade from a
phot osensi tive adhesive fQIEeHEND (P PRODIRING THE Zfred onto a core
substrate, dried, exposed to a |light and devel oped to forman interlam nar
insulating resin |layer having an opening for a via-hole. Then, the surface
of the inter } , ng resin |ayer is roughened by treating with an

i di zi t or the like and a plating resist is di d on th
oughened curface, alBitHSFRAR EaRa N0 RGIREd POFRE RESIsbABAGNY s & Subj ect ed
t | ect ' : f - | | . Cl i tt

i neluding a SPACRBRLY A Bt Sird Wa RBR EIENBINE STRIRA, L O

mul tilayer edpﬁﬂjek AR WotréMeth 296l cAiluRUS Lol for s8R eMphd b18&Eist SOl der
bunps are arfanged on respective conductor circuits for sol der pads as a

surface | ayelayennddtsbklebbanip arsl # oretboed eflptaluwing Gecdange. t hr ough t he sol der
bunps. In order _to protect the conductor circuits for the sol der pads as
s AUy IdRL the 2 0 ~ ~ G 7002 99804

t he surface Bdieliy
(PCT/ JP99/ 03556) pri klrmre. .I.n,order to enhance the
et H%PP ¥ for the sol der

ted W ring,heard. Furthe
adhesi on of the sol dg,ﬁc?‘btrff’gf"ﬁ%gﬁgi’“ﬁg"i%@“ﬁ‘g
pad in the %bﬁstisgkamsy hOScdORbA a ’&fé%gﬁ)‘i‘ﬂtf Sc£deMhnd E‘@rlﬁ%ﬁ@éﬁ%ﬂfcaﬁbﬁ%‘f" ts for
t he sol der pads are subjected to a rdughening treatnment”. As the roughening
treat ment of miliglayendurihgboatdsc uiSuchtaiswibd-apenisial ey vaipinigtboasd ion- r educt i on
treatnment, etching with sulfuric acidhydrogen peroxi de,
copper - ni ckeprghesd hyrametusbidisclosehdar axamplepimiP-iy4ahtdIShe |1i ke. PROBLEMS

TO BE SCLVED BY THE | NVENII ON Recent a techni que of, usi a fine wiring
TS i oed o5 a condRearing Lo By Spathod s RonL e Prial Bear & Bhlayse o

high densifi gﬂﬁfoggnﬁfivé Q&h&gﬁ@f&t ?éct%lé&%l%ﬁng?@a ieﬂt&ﬁb%eé%rw?ﬁéi gd fine

wiring. In suc rnel'y wred conductor circuits, ‘lfowever, a contact area

between the geisdusipvsedits aUight and debeloped ds foregh $htetlap@fiarifsglatag

consi derably small "and hence the adhesion property between the conductor

circuit and résen bajedbavingsinsepénape forl awviarkoleparltheoutherduyfaceoiof the he

conductor cirtcuits. are arranged.at a coarse st Be in.the ﬁgrface.layer of
Red

the printed WRFTARGIBAARTHIAtAE rexih Layics i bAEeRERS WiflaR ORifliEinsr
O o ARG e T SR plhBE TedIRE BARES on A dined Wieraly SRLN o

t he sol der bu i'S mal nt a Int W rea’conduct or
circuits for thdreafsét! if-rddad Fornding pHefieRs hikedudjdoyd Rears 8l BldsHPlating to

dr oppi ng-of f of the sol der bunp. "Furthernore, the inventors have confirned
that if the fouybwoddysaudndoetonicirchi paitasl inclvding acoadiobs. or Thésectieps i s
deteriorated by oxidation, corrosion or the |like, the adhesion property to
the sol der r @ spepiggdseveral EWitﬂégéﬂiP)? myldayered bypdrun,waang bogiden t he

Che printed wiring obipiet §REFEAhmEBER0sT Guble i oRtedicier

circuit and theeseldesndiRebSdirdiASor BOIder g@&!eﬁssa surface lt%xéxl, and the Board00Z

99804 (PCT/JP99/03556) It 1s, therefore, an object of e invention to

provi de a prifié&thested tocnolAckipi throMphcthe tsbRle B@fison Infopdar toyproricvern t he
finely wired conductor circuit and the solder resist layer is enhanced and
t hese conductondwitorcircwitsafios tst saldet padsodsahe dutface layes ahdiprevensilst | ayer

W t hout peeling even in solder bunp-forming portions to cause no bad
continuity i AugipRbebyesaythsselstes by, pspldepfesist layer is disposed in the
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It is another object of the invention to provide a printed wiring %J%pgc 2002
'capabl e of holding a strength of an adhered portion between the conductor
circuit for solder pad and the solder bunp at a hi gher 9%304t(RCEMPIM3IEMENt i ng
t he droppi ng-off of the solder bunp. DI SCLOSURE OF THE | NVENTI ON The
invention lies in a printed wring board conprising conductor circuits for
sol der pads, a solder resist layer fornmed on the conductor circuit for the
sol der pad, Rhsteshwapesbagdoortion formed in the solder resist layer for

di sposing a solder b in which the conductor circuit .for the sol der pad
has a roughened surf %glgth@fr@ﬁ'feeép @F ({eﬁ t‘éﬁ“ﬁ@‘l‘}ﬁ ‘BS agbpﬂpp&ﬁ tl&%?ﬁlg%‘l’%bﬁa
copper(I1l) c | ex ,and a rgani ¢ aci the.sol der resi.st lLayer is
arranged on Per P HBRCoRIRTIRLE BRdde S MR Mo EW Pha S o
printed wiri LS | | r . a

sol der resi s{ﬂgﬁ §§§&? ﬁ%b%&%ﬁ%%{ﬁﬁggﬁﬁl%ﬁg@&é? ksei)%gtoelageéj? pad, and
an openi ng pesidlenid®reRtndm. t A8 thelrdeghenisg slcalniettloffthe conduest ¢igedt,sol der

body, in which the conductor circuit has a roughened surface, and the
roughened suthese eréusedagnaphitigatipp-reduetiheatpnt, eekingrwith saldskc poid-i ons

and ridgelines, and these anchor paqrtions and recess portiqns and

ri dgel i nes a?‘@d’FQﬁeﬁéﬁr%E’S’ 6@@&&?’&@@&&3‘%@?0@%%&@%@?@ ﬁﬁﬁéjp HHor
portions areaﬁggﬁggkg to each other through the ridgelines, and the recess
portion is surrounded by the anchor portions and the ridgelines, and the

sol der resi spR@L S T FNS ;:ﬂiqﬁillﬂﬂﬂﬁﬁﬁﬁtﬂ$ﬂiacﬁ- -3 20 OFC 2~~2
urthernore, the invention IT1es in a printed wring

99804 (PCT/ JPO5T! ,

board conprisi ng conRectmiy,c techmigae obusingl aifine pdciag iansentetbas 4 esi st | ayer
formed on the conductor circuit for the solder pad, and an openi ng portion
formed in t héoBduaier patéerndn thepaptedoviringsheadhecausen bigh deygificationgfi ch t he
conductor circuit for solde aqd. has.a ughened. surface treated with an

et chi ng sol utﬂ:r‘%ﬁo%%lr‘ftt%ﬁ %f‘f’ilé{sa&gg)ﬁp%faﬂﬁg%g“% ggmgn\@lrg}g.or ganic acid, and
the roughened surfacey s§cit ARENLHirel cBndudtBi Blrchity Howdvela écﬁﬁascg_a?éhe et al
selected fromthe group consisting of titanium zinc, iron, Indium

thal i um cobatweemihek@indutton circenandbhes soldbr posikt doydrdegeings, and t he

sol der resist layer is arranged on the netal |ayer. Mreover, the invention
lies in a pricangidexably pgal smddiensaphe adhingiaopippertybetween thescanducts| der
pads, a solder resist.layer forned on the cqnductor circuit for. the sol der
bad, and an GERILAEA R SPler FOISHIRYSrIovRE. o JTHBRUIABYT BheR % rondeioh <posi ng
a sol der bodyirciyts W aRaddif £ ANMIALOGRIiTHE bulfAS ByELUEIENShiSY WiARg: and

t he roughened sur as"a plurality of anchor portions artd recess
portions and bohe)ehé Aéisesi GNPropeayetwedid thepsuriduens ctdlit' £IeHs splfek i ons and
ridgelines are formed at a dispersed state, and the adjoi ning anchor
portions ar erewsstrleyerodoreoloyeask. ot her through the ridgelines, and the recess

portion is surrounded by the. anchor portions, and the r.i | ines, and the
roughened surface i s%@@?%&hwsfrﬁn&thn‘éf{téls SPEFE PUPP létc{lhgcgﬁ‘tto net al

sel ected fromthe-: St I k i i N Y ale IV 0¢

Sl ot ed 1 O REOHALEINF WiRD Al Rl Tl dol b pels bl

sol der resi sthehéyfieré s BOAREd @i divppivt-atf dfakekolded bagd.t i on, the
invention lies in a printed wring board conprising conductor circuits for
sol der pads, a sol defFurthsimbrd, dyemveotare iavn cotfirncedhthat ifothecbughenedf or t he

sol der pad, and an o eninq portion formed in the solder resist |ayer for
di sposi ng a $Bifaes OBﬁvyf,m@ ¥ Wike & FonduCtIRiERYk 1§ degsrirated byagxidatiolghened

surface, and a rust proof. |ayer jsS .arrange n,the.conducipor -4 20~~c
o0z 99304 ( ERPSRUSTGSEdke M eSO L B s ST B et s esi o1
layer is arr %Bﬁﬁﬁe&{w R &idal . Paftfiull ,%hél?th‘éf‘do'ngﬁéto’i‘.cﬁ%g?greg&rm duci ng
t he same. Further, e invention Ties 1’na printed w ring board corprising
conduct or ci rag HicharseGkats dh @Y s, 1aersst! tHe prin@sl wirih@yesird, e ®ihesivnt he
conductor circuit for the solder pad, and an opening portion forned in the
sol der resi stproperey bétoveeditbposndugtar siotueandthdysolder rekisthayehmore hawertsor
circuit has a roughened surface, and a netal |ayer for a rust proof |ayer
made of at |east one netal selected fromthe group consisting of titanium
zinc, iron, indium thallium cobalt, nickel, tin, lead, bisnmuth and noble
nmetal is arranged on the roughened surface, and a rust proof layer is
arranged on the netal layer for the rust proof |ayer, and the sol der resi st
| ayer is arranged on the rust proof |ayerpas well as a nethod of producing
the sane. The inventors have nade various studies with respect to the

met hod of roughening the surface of the conductor circuit for solder pad in
order to inprove the adhesion property and strength between the surface

| ayer of the nultilayer printed wiring board and the sol der resist |ayer

Y Y




2 0Dt C 2002 99804 (PCT/JP99/03556) peroxide and the like are unﬁxﬂt%gb@ezgﬁz
as the roughening treatnent of the conductor circuit for solder pad with
finer wiring. In case of the graphitization-reduction 99%4t(PEHEI9%13656)
etching treatnment with sulfuric aci dhydrogen peroxide and the like, if the
wiring density is nade coarse with the fine wiring of not nore than 50 um
it has been confi rme? th t_tfhe cont act z%r ea. between the conductor circuit
and the sol der resi sit isglhsretoge, sppbieshet theinveptiondqpeQvidsapramed or ned on

t he roughened .surface,and the.adhesi.on forc f . the salder resist |ayer can
not. b or oVeuERard BLRESH R RARLSR prBReiRy R B (1LY W) er rest o
| ayer is peel Lt j ; ey i r heat
cyel ¢ condi t1-onaSARLHRpHEAnE AR SARRYeMSPIpRl if Bl A RS cotdHERR,

sol der pad, eircfiitaakd NiEbrighy aabered tb thé suldeerdshie 14ep patisrn Pekling evdieibol der
bunmp by the graphitization-reduction treatnment or the |liké. Furthernore, it
has been confolderutipafortiting jportiatsi torcaufe hb dbadaogtiengy ih dyesoldérmugp- t he
copper - ni ckel - phosphor.us needl e-shaped alloy plating is excellent in the
adhesi on pr of@MEIPZRAHEBH t he conductor circuit and the sol der resist |ayer

d indi cat fficient hesi f . in the .fi Ay .of t
Than 50 um par i cul aft 9 BOUBERLGEHof LR RVEROQh A RSV AmgicesbNaute, the

ughened | ' : WG, : [ f th
F7ng wiring HohEwRIgRh e F BB an QUK pGRIRAERMY, 7o chos on

the i nter| amcaadudtestitcnid Sor sildérpadaarl the @oldur tRelip hiehipdeeveidindi rcuits
to each other to thereby cause a short-circuit. In the formati on of the

roughened | apeeventinguhe droppingmbkof thecsloddasthosmhor us needl e- shaped al | oy
r 0 ] A

plating, it San ﬁ eyere mai ntenance and control of the
pl ati ng sol utFertAeidert-olprelbs ¥a~ abnormal precipitation due to the
stretching of the neqgdl.e: .alloy. . =1 i yer
made of a resin is r?n‘&é%g&ﬁg&ﬁlg*’t“ %I}%@%ﬁr‘gﬁg%b%%@é%%#ﬁ?ﬁ?é ?(?fll(ﬁ% 2

portions for wiregits Aer soM&tgiadRUaBsldet fesishilfyct Fofned bGRe BERMRoEiRhREL | Ons
crowd to each other in the roughened | ayer -6 Z0~1tr & 99804

( PCT/ JP99/ 035ai65thersaditer pfads lmd ap ppeningipokedn powseh or the soddatiresishlagedfal | oy,
t he di stance between the projections is narrow, so that it has been

confirmed thaiSPAEIR 3 sRldehberdy. 1n adich thegganductorcirapiteder the salden paghhas

exposure and _devel 0 nt.to.fo tions..farm the .sol der bu Ty an

oxi di zi ng agé‘r@ugé?rfﬁ%%@ﬁfagg ‘%GRECQ &giliansegglap%gﬁhﬂ ?%’\W%a Fﬂgpn% %I opi ng
sol ution or rc%_ﬁir%ﬂ'ébé‘!and §§'oi‘%£ﬁ@§ci'a%ncﬁ h@"édl&eﬁ%sf&?fd%?gs Reiddednoid hence
the resin retains between The projections to | eave an organi c residue of

t he sol der recugenkdrsnifageresin in the bottom of the opening portion. Such
an organi c residue my cause_ bad continuity or wiring breakage between the
conductor circuit forngbhilgerthganyventiondiesdpeanprgtedoyiringrbaaid COmPriFis|

beneath the sol der, bunp.. Furth t he organi c residue does nqt conduct the
Porratlon or eonael Rt SPfles polf 188, alsf Myt Foebol e ho” poor
formation th : Wi het ] pad and
t he conduct o(rébgﬁ%hfgl&?‘gg ?@htghggﬁ éﬁ’gg’a d%ﬁgg?m? %ﬁggﬁg‘%’%ﬁﬁ“ﬁée, t he

i nvent ors haseldendesistuaydrefor dispdsiag addlder leshe i wihich the @indactor eughitni ng

treatnment. Consequently, it has been found out that the roughened surface
formed by tr &asadgughenedsutiace, atd hpeoughnesk wifasehagiatplviality ahaerehsiii ng

SOl UL o O, 0, EOBRSL e SRTBE B0 LA Sl i
edhes on, broREIAY sk RSEERGLRGOSA Bl R0 Hghe URGAIdplpyeTY ot b1

for the formation as are I'nvention has
been acconpl 'aajlﬁﬂi-ngl dhchBE pBfti dhs @l VoAt PRAEAhAGREF ﬂ'ir&g%ﬁ fhelritzelinggnt | on,

t he roughened surface having a given roughened shape as Torned by the above
et chi ng sol utandnhé fedesy NMpdriden ishwarcwnded byrtheiahchort padidnt bed 8l der resi st

| ayer is arranged through such a roughened surface. The roughened surface
may al so be fisigeluesandlibe solddunasist layer ¢sianranged, pngherdvighhned sunfacedensi ty
with finer wiring of not nore than 50 um wi t hout causing the bad continuity
as in the copper-nickel - phosphorus needl e-shaped alloy plating. _7 200
~ C.~"'~02 99804 (PCT/JP99/03556) And al so, the roughened surface is
excellent in the adhesion property to the solder resist |ayer and can
ensure the sufficient adhesion property between the conductor circuit and
the sol der resist |ayer when the sol der rsist layer is renoved in the
portion formng the solder bunp to make small the contact area between the
conductor circuit and the solder resist layer, or even in the printed

Wi ring board having a coarse state of the wiring density with fine wring.
Further, when the solder resist layer is renoved to forman opening portion

- 4= Y M o o



z 0 o~c z~~z 99804 (PCT/JP99/03556) roughened surface or between 2 BelE( 2007
‘roughened surface and the netal beneath the sol der bunp and prevent the
peel i ng t herebetween. Consequently, the inventors haved%04RCTIR99{0RSI6)t he
strength of the solder bunp is consider ably increased in the printed

Wi ring board produced by covering the roughened surface with a netal |ayer
of at |east one netal selected fromthe group consisting of titanium zinc,
iron, indium thallibnjtherbere: thednyregion ﬂcwn a peatedoviing hoatdd a nobl e

Tesul t - the. FARBHE GOl RS Saptaldhcend]  sosT Feia e JorRd oot o
Layer brevents, &y B at fitor B SHBLPh gl IF, b By borkiOh BN IR TS,

surface and al'so preven he surface € roug eneﬁ surface.
And al S0, aceiidl Rlisk fayel dof Bi¥BOLing sdldhg Hﬂ%ﬁg?in AYY the'OhaGEer Liteutineven
portions of the rougheried surface agai nst thé solvent such as acid, alkal
or the |ike fodhobddarventimstaeughesal surfaoe wéatéd ovithrayeohing éolavien i n t he
roughened surface even when_the roughened surface is immersed in such a

sol vent. Acceenfiaiyng é coppen(Hy epmpdex angan peganic heige ang ths/eawghened | ower i ng
of the strength of, the rqughened surface_.and al so the. roughened surface
Cover ad wi £ NSk sicar ered gl Anei@! 145t O 3h oSk restietal SErCted omeder hor e
can be elim d peeld : - : rf t sol der
asi st | ayer BN cO s A TARE Holf ibBER PRt RoPAR HRRCT B, he

sol der pad. {dydt BRrH A8 MeBlSHetACEnd MeyotderWebist faher Mr?dng'eé)(ﬁfthet he
surface degradation of the roughened surface is not caused as conpared with
t he roughenethetairlbpere not covered with the netal |ayer in the arrangenent

of the solder resist_|ayer and the sol der_ bunp, so that the shape of the
roughened | ayer becoMareoyars dednygptiombesin yReintd wiing Bead gonaprisngt he

roughened surfaece {hr.ou hem can prevented, |In the.,printed wiring
board st ng. SORRciOr G 60 SR hiaS Aofer BN EM B poutba 3w )

(PCT/ JP99/ 033560uAeNGRhRNft the SeIdRr PSRRI BerifR HBAIGH fotidedUhlhb or sol der
pad and the sol der bunp is considerably inproved.” For exanple, a shear

strength of tbldesadsikelayenfpr disposingeavedddnbaly, irewhichliBcoAddctal sircugven in
the reliability test, there are not caused thedpeeling of the solder resist
| ayer, peel i has afroughengdsarfapeaad the raeghangdsutfase bas a phyality olarngherng- of f
of the solder bunp. I.n the printed W.ri board according to the invention,
The shape andoRiaBrgderes gt i ard i ame aa HiesF dpchosperdionh@ndol der
resi st |ayer I . nepdhtet der bunp are
mai nt ai ned b?agg%ggﬁﬁg*gﬁgqggﬁgﬁ%%8§9§%§%§§§5§¥“?ﬁe cgﬁﬁhgﬁgﬁﬂ%ircuit for
sol der pad waljoiting afehed pdréiyas arscondtated foceash tingtthraight the ridgetiaes,bunp is
consi derably increased and the dropping-off of the solder bunp can be
prevent ed. Fand Heg vasess padidmis sHieusded by thegechaimosiensandithes and f ound

that the roughened surface forned,on the finely w red conductor. circuit for
o der pad 1 Sdgetes apd AirayphERed Sertast iscovrudt Bih GrmERL sk F allsafbby  he
adhesi on pro I reskst prcTalel dyci: circuit
for sol der pggé 6?%§%¥§§&1ﬁ@ﬁbggﬁﬁﬁppfgﬁgﬁg? ggﬁ%%lon’??@%@%@hﬂ?ﬁgééhing
treatment w {H{nlEinf Bob4lt, Feclek] Nnelnesd bivantxaistEneblet@al, iakg the seldesi der abl y
| ower ed. When the solder resist formng resinis applied to the conductor
circuit for rdsestdayatas apaoged 6n theemetaldapdror circuit is deteriorated, since

the wettability of the saql.der resist,fﬁéning resig djffers, the adhesion
property of the sol d&}ad@Epa: thedprenyQIliesing PHRAABHNECRoAH CORAINHRE ween

Sordor rosi opoalbt bl foRSqRet Rids Gt Hras Sy s R tp R e or
cirouit for 3oh@RioP@fiBfRRESder phS, diarfPdiifg Bortfir flfided A e
t he | SSO e

deteriorated, conductor circuit i1s e to exposure and hence
t he adhesi onsgldepedsist 1DRk teedishbsing Awblddrdiods] ficwhich e coatidetor paduiand t he
sol der pad |lowers and the strength of the solder bunp | owers. Under the
above know etigea roinghdnedentfacs, andvaerustgeofdayaris arrafiged of GIRECHODRt@9804
(PCT/ JP99/ 03556) neans for controlling the deterioration of the conductor
circuit for solder pad. Consequently, it has been found out that when a
rust proof layer is formed on the conductor circuit after the formation of
t he roughened surface on the conductor circuit and then the sol der resist

| ayer is arranged thereon and an opening for the solder pad is forned, the
deterioration of the conductor circuit can be prevented and the contact
surface to the solder resist |ayer and the roughened surface of the
conductor circuit on the opening surface are naintai ned and hence the
adhesi on property between the conductor circuit for solder pad and the

sol der resist |ayer or between the solder pad and the conductor circuit for

- o, o Y M o e



On the other hand, the inventors have nade various neans for mrgﬁmyé‘?
‘the strength of the solder pad. Consequently, the inventors have“fo tq
that in the printed -11 2 ~~f C 20~~ 99804 (PCT/ JP9%8093BCH)PIH03i5hd)
board wherein a netal |ayer for rust proof |ayer nade of at |east one netal
selected fromthe group consisting of titanium zinc, iron, indium
thallitum cobalt, nickel, tin, lead, bismuth and a noble netal is formed on
t he roughene@irsuitfaceolder patk apd Hagicolder egsist dayernyarrgngerben tarirushgreet ust

fol f h | 1 dth | d [ I [
B ranged on 44 Ao QLR LR DRt Pe BT port i on for ol der body i
formed, the shape of pAGet HONSARMORCL 3G HAHER%iARe B4R LaRbridghesi on

property between the so rresis ayer a e sol tler pa t ai ned
and al so thecghagiet Gir&litsfog sémeﬁ?adﬂaadsdléemmtl f rtkdon fite r oughened
surface exposed to the opening poftion and as a résult, the invention has
been acconpl icehduktor tiecuiofigithaedlden phdcanday epedingipoltidi €oriddain thayer for
the rust proof |ayer can prevent the deterioration of the roughened surface
due to the oxpldsr resist laprfesdsposingianwldendtodshan whéchiiheswsingucion cifcuiineven
surface in tﬂg innersioaﬁin o acid or alkali_.solution. Therefore,.the

roughened suPASAEONENNCH SUFBPen A metHdaY ) (98 2oH RIOPEIYeR Mads Gfitt ¢ her e

is not cause | I b Skt . and ngn-f ormati on
of the motal Ty aneRRNEIEled fEmElcibub RRh b NP AR BRI O G,
bump can be pidEWAT)eslliufY) oAl hickdl, tinsleha Shishfidnand Rable MetadPPxeaf gaphened
surface does not cause the bad continuity due to the resin residue in the

f of mat i on of ontike opeghengd porfacgandra tusepewifdayerrie airahgédppthe Betadager t he
deterioration is not caused by covering with the netal |ayer for the rust
proof |ayer Apitherasipropblayer.tapddhe salkder serastdarer is armpaged pa dherust pipelor m
and the orgazic resi{ige of e&lhe éﬁﬁliraitse f is not left. Furthernore, when
the sol der reEAFMFes+® é% ROl E:tsﬁlngpeni ng portion for the
formation of sol der hyeknvddiErsIRNGIRARYSHEILARIREWIH RIspEAUSIhE he resin
resi due then eon and is excellent in the adhesion properPy to the netal
beneat h t he swdthed obvoyzhenthgithesunfate of tdsecordnchadeiromit fiongolder ipadtihe
portions form ng the solder bunps. - c ~ L' ~C 202 99804

12
( PCT/ JP99/ 0395 tREmPsQYS thetadhesign prepidy and steagtbdetveen e wrfase lager|
| ayer for the,.rust proof |layer, unifarmy hglds t.he sha of t r oughened
o e ns O RGBT er el iEinG R and oie g, FIRR Tk abl T us o
sol der bunps : i L.k er for
She rust” oro aiResiOf prERSAR ufeHaR BEn B \GHREC kol ife ARIGlavLAY o)
i mproves t he psink&hgirdin@boirdeandahulsbided pad! d@articimixly, Whte by edddrsia®eent t he

oxi dation or dissolution of the roughened surface through chenicals and the
shear strengstidigd a igeapivtizationbipdpciien tneptraeatd apgtching waatmerywitland al so,
even in the reifi abi | i est, ther ar e nlt caused ttgc%:ﬁeial ‘i,ipg‘ﬁg()f t he
sol der resistY Hg;gla,cld%&c;rpgﬁﬁ BFTOES Bt 1156 AGOPPEL-BIGKeH R Beurrence of
dr oppi ng- of f t I W I i i wat er
and extra ché1 ﬁ#@gﬁiﬁpé&%{?ﬁfﬁb&ﬁg § dt?%ethrgg{)%h%gggﬁ%hggg%%#gert@%gglté%gqg@ t he
rust proof | gygfertysend §ieéngihdesvednl thegontdupee kirogit $orrideaché Qfirihg D st
| ayer is not caused even after the reliability test, so that the connection
reliability instinmgreouban S5@aumiandithe sgldemtasist laner mndghe adbiessom peaperiys f or med
by etching, residual ter ig easiJy left int uneven portion and is
difficult toaB SFfé%@ﬁtW@hﬁW%dﬁég%f Ct‘?%’é‘t@ﬂéﬂ&? Sggiqhamn,ﬁép%@éﬂbﬁ t he
rust proof | 4 ording.to . 1nvent | i ffective. The roughened
surface of tﬁéﬁ]@gﬁgﬁ&@%@frﬁ%ﬁél{yﬁo&stgnag‘gélgpo BgecY%PLS?ﬂH’ggﬁ“QtCESPw J board
accor ding o of g SAMEAPahd SIBEARRD AhePAddMBility st P! OOF Taver, so that
the deterioration of the conductor cfrcuit for solder pad is prevented and
the shape of the roughenrduRlithaseandgpecigilexoafihgsd tedhks geaphitisntid-i es to
the solder resist |layer and the solder pad is nmaintained and hence the
adhesi on pr opeducyiondraatmant, ilee etohtigy treatmiest wity s fmicdadiddycdooghrct or circui t
for solder pad having a coarse wiring state with fine wiring is increased
and the conductor circuit and the solder resist |layer are strongly adhered
to each other without peeling even in the portions formng the sol der bunps
and the bad continuity is not caused in the portion form ng the sol der
bump. -13 zo~~czo00z 99804 (PCT/JP99/03556)
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In the printed wiring board according to the invention, the rouq_hg ¢l 002
'surface of the conductor circuit for solder pad is covered with“a %rz
metal and protected with the rust proof |ayer, so that 9%PéPG@RHENHE5®0! der
pad is applied after a part of the solder resist |ayer is opened, the
surface of the conductor circuit for solder pad maintains the shape having
an excel |l ent adhesion _property to the solder pad and al so the yesin

resul ted froRFrOade aRdithe W pigrunsyifable; as 'ﬂsm jening gepwaentiathedhesi on

properties and_ strengths. bet n.the y r. cirguit for.sol der pad and
t he sol der rsgﬁ“i‘E“P‘ﬁéﬁ?“%ﬁ‘?{ S?S"i‘fw@g‘ Wﬁ@%ﬁﬁﬁ&ﬁ&l{l@r gpf%iﬁ ?{tfhgr sol der pad
and the sold i A& i el | ent
adhesi on proggaty %%Ht IZCdlrlrlee?g Y%gtneat hhﬁeétégio g?atﬁg%ﬁ?t‘g s{‘ﬁgfrlﬁg:d@i Rl EF
DESCRI PTI ON @kdriddenpRAVXiNSanHitBe like) i the Widngpleatiopisaphdé boast wath tg a
first enbodi ment of the roughened surface according to the invention. Fig.
2 is a m crofinetveigimepdf ndtlmeterthan 69 pEmsedms deembonfirmed tiudft théeontaoghened
surface according to the invention. Fig. 3 is_a mcrophotogr

aph
i || ustrat i ngaicabatwgen toernaistorgirquicandihgriolda resist layer 1&6665@ smgllihy t he
invention. Fi,g. 4 is a diagra ti iew,of the rougheped rface accprdin
to'the | nventiosemiekgtorof SOARET o Tund taiféEned Scale uf I adfeicti e 6r ' "0
roughened Sum@&cﬁﬁacl%@fs%@r n thbe HBRSVRL I’:drﬂculgﬁz,sit fadlbggg ammatical ly
section view of the roughéned surtace according to t invention. Fig. 7 is

a di agr ammat icoafitnied @edt it soldemresfst Idyeriopgéled off muht 2oarsaqeetich o the t he
invention. Fig. 8 is a diagrammtically section view of the roughened

surface accomdiing deosityhenderntgat cyele condition.99804 aleCtic)rotde agetal-hyer isQ-~
Fig. 9 is a diagranpatijcal Ila/ segtion view of the other rqughened sugface
accor di ng t oPEREdoTy EhiedhldeEnad, encracking 8 capskekia ipdusd hesiopPmE ifew of
the other ro i j i i L is a

di agrammat i Cg?pg@%@g@%é}ﬁéﬁ)ﬁvﬁg%} %H{e]g%%tﬁ%ﬁr-p‘?déj&gﬁgﬁ}eég sar %%%]Cég:kcéér ding to

the invention. Fig. Farthermosd, adiaamvehiconkirhedqhit B8 fytmavicd of e ot her
roughened surface according to the invention. Fig. 13 is a diagrammtically

secti on vi ewrodglemed dyyatitheoughdhe chpperenigkehpbiospinof wcreil@shajmad allayh a r ust
proof layer according to the invention. Fig. 14 is di agrammatically
Section vi ewPkingsEres e dhnadhesin PW%@S@H@@M@&@@%W%@@% th a

Ut P oot | ELAECRI Al Itk Anh AR ANE MDA e Pl (hPect AROGNGE kD St P

viewin an e e “printed W ring board accor
I nvention.  wiring of not more than 50 pm, particularly a coarse portion of such a wiring.

However, the roughened layer is formed by the plating, so that as the density
of the fine wiring becomes high, the precipitated needle-shaped alloy
stretches on the interlaminar resin insulating layer to connect the conductor
circuits to each other to thereby cause a short-circuit.

In the formation of the roughened layer through the copper-nickel-
phosphorus needle-shaped alloy plating, it is necessary to conduct a severe
maintenance and control of the plating solution in order to prevent the
abnormal precipitation due to the stretching of the needle-shaped alloy.

And also, the solder resist layer made of a resin is removed by light
exposure and development in the portions forming the solder bumps. In this

case, since needle projections crowd to each other in the roughened layer



Fig. 16 is a production step view in an enbodi nent of the print ed a/\ﬂ'JrEiquagz
"board according to the invention. Fig. 17 is a production step view in an
enbodi ment of the printed wiring board according to th880yBAt/RA/03656). 18
is a production step view in an enbodi nent of the printed wiring board
according to the invention. Fig. 19 is a production step view in an

e 2“'1;;?3350? Mﬁgiqfﬁ{aé GPBFT Ho kR BHBRIPR Rocgic TPyl HDe PG hoar &

! fdpe PRI HOKA AR _ A
ambod mont oPetTsitE R BRR DY it ToRLRHERD BB Bt b he 5
0 DC 2002 998l FETFAR!075BYC 19 RehEoRRLAIIT! HERIGbBONANAD an

enbodi ment of the printed wring cording to the 1 nventl on.

i's a product pefticiseormigithiersodderdithinpd, marixidizingegamt isohaibnvér dmngkhpar d
according to the invention. Fig. 24 is a production step view in an

enbodi nent ofolukiengor reredvingrthe gdeveapihgsadotidn nyresodudl gesinvders nohflowi g. 25
is a production step, view.,in an_enbodi ment of the printed wiring board
accordi ng t olR A OPARIBSAASHON Iﬂpa.he?Ge the reshy 15ERIBS Pelvesndie\praifctiansio

R N R NS RO A e
2%88?%‘% t 8 Pb?mg@g%g?gg%ﬁ dn ofBani€ ré&iBh OfAG datle BAE R oMLY Br 2N

wiring breakage between the conductor circuit for solder pad in the opening

portion and the metal beneath the solder bump. Further, the organic residue

does not conduct the formation of the noble metal layer in the solder pad or

causes the poor formation thereof to thereby lower the strength between the

solder pad and the conductor circuit for the solder pad.

Under the above knowledge, the inventors have made further
studies with respect to the other roughening treatment. Consequently, it has
been found out that the roughened surface formed by treating the surface of
the conductor circuit with an etching solution containing a copper(Il) complex
and an organic acid is excellent in the adhesion property to the solder resist
forming resin and the adhesion property to the metal beneath the solder bump
and is very suitable for the formation of the solder bump and as a result, the
invention has been accomplished.

In the printed wiring board according to the invention, the
roughened surface having a given roughened shape as formed by the above
etching solution is formed on the conductor circuit and the solder resist layer
is arranged through such a roughened surface. The roughened surface may
also be formed on the conductor circuits having a high wiring density with

finer wiring of not more than 50 pm without causing the bad continuity as in

the copper-nickel-phosphorus needle-shaped alloy plating.



W ring board according to the invention. Fig. 29 is a producti on&ﬂe&f&im
'in an enbodi nent of the printed wiring board according to the invention.
Fig. 30 is a production step view in an enbodi nent of 99684 GTIRE/08556) ng
board according to the invention. Fig. 31 is a production step viewin an
enbodi nent of the printed wring board according to the invention. Fig. 32

is a production step,view in an enbodinment of the printed wring board
according to the invARdiadsp, the wugg;?;npg S‘al[}a‘i:ea\‘jred‘ﬁﬁﬂﬁmclalth? adbesiodn vi ew of

2o oo B et ARt  EESE A ] BlRl L
B0 BB Sy B S I Bt o

printed W ri psldborisibt dpeetistdifiovd indieipdreoi fétiting tAS solde? bfmp to fake 0Z
99804 (PCT/ JP99/03556) 'Fig. 36 is a m crophotograph illustrating a
roughened | aymall theleonthcance datweahtheadndhttoy cirBaB AnklThE s61der (SARRYAYE OUT
THE | NVENTI ON The jnventjon wi || be described in detail with reference to
t he drawi ngsOr e¥Ininthe prbviedi vtigng boprdhavipg g coerettatgad the wiringdedsity t h an
etching solutign.according to the invention, the surface is different from
the case of Wé@ﬁlﬁ’é‘??ﬁré%d alloy plating and is a roughened surface having
anchor portions as s i J Q. i:S . i .

ﬁ%el WHendfe Ts&{cﬁr r&id r1§1@m6}18& PPRALPES Bﬁgmpg t he

illustrating a first odi ment o e roughened surface accordi

invention. Thbgidnsfopitled Eurathtiol dfatielsylder Buhip) ehé s pRedheSiNéRG e Neans
of an electron mcroscope. Fig. 2 is a mcrophotograph illustrating a

second enbodionghened sutfaca, saghairtbd reugliencd sudooe ik excellent etheradbationn. Thi s
is also pictured |ikew se the case of Fig., 1 in hi gher magni ficati on.
Fig. 3¢ a RIQpeiy ey masal bqneaiﬁh_&tspmfr&umﬁ %(_? éﬁg%a%ﬁ%egge ljezmst )
roughened su .Ac i.ng,- [ i is is pictured just above

t he rougheneé&gﬁnﬁlgﬁ@qt@y p%%é’gfé#%gﬁﬁe{?g@figghu troscope in the sane

magni fication as in 5n9_he%thérrhahﬁ,et&rih%ﬂ@ré’\ﬁi\id"&etm@dlg stsdied g to the
invention, a solder resist layer Is arranged on the cohductor circuit for

sol der pad t foughghed berfacighthreadnductoncachi fortexvlddrepatiandirdeto circuit as
shown by the above el ectron m crophot ograph. Figs. 4-8 are diagrammtic
views of suchnbanceapsweret pffthe soldey BUmp. js a plane view, Fig. 5is a

| ongi tudi nal section,vi ew

long.a |ine A-Acof Fig. ig. 6 1S a
| ongi t udi nal secti onf'\%ae‘iﬁs‘a&t‘_ﬂgé’?%&ﬂ“&ﬁéﬁ&’“‘b@?ﬂ‘éﬁ? Qﬁﬁ‘ge_r’é)él@bgn%rti on,
Filg. 71s a Em&éiﬁgbﬂﬁheﬁ&% 'degraﬂbé‘ﬂiy' d)ﬂi&%ﬁic{ coR@sidnigethk e, Pet ween
anchor portions, and Fig. 8 1s | ongi't udi nal "section view cut between
ri dgel i ne andccerlisg tpticinoentofs ssindies ii hadhes cahfrnttdBthat hietheoughened
surface accordi ng to the -17
degradation of the roughened surface occurs, the strength of the uneven
portion on the surface considerably lowers and the uneven portion is
dissolved by a solvent such as an acid, an alkali or the like. Such a
degradation of the roughened surface considerably weakens the adhesion
strength between the solder resist layer and the roughened surface or between
the roughened surface and the metal beneath the solder bump and causes the
peeling therebetween.
Under the above knowledge, the inventors have made further
studies with respect to the treatment of the roughened surface in order to

increase the adhesion strength between the solder resist layer and the



2 0 a~ Cc zoo2 99804 (PCT/JP99/03556) invention has plural anchoréﬁﬁaaégjf
"1, plural recess portions 2 and plural ridgelines 3 in which the 002
portions 1, recess portions 2 and ridgelines 3 are di S}P8p4RECT/IRQI/OBHTHEN i n
Fig. 6, the recess portion 2 is forned between the anchor portion 1 and
anchor portion 1 adjacent thereto. As shown in Fig. 7, the anchor portion 1
and anot her anchor(gortion 1 adjacent thereto are connected to each ot her

t hrough t he Taughenedeurfacemrdatwear thennughsped sudacs andiheqrgtabpensash anchor
portions 1 and t ridgelines 3 sho i,n Figs. 6 and 8. For the

conpari son, &P e6&’1‘6‘?%@?CEBFPVSP?&WW%@ﬁBGTqug%‘?C%de of the conventi onal
need| e- shaped al | oy i LS i i | ayer
shown by the electroﬁxﬂg%ﬁ%%ggggg#ap W&ﬁég‘Fégﬂggéﬁtgﬁ?gggﬁgr gggr apped
with each ot {fldehsing i$ BekEdérablyointRshsba | ﬁﬁ@d%ﬁﬂgq’oﬁh@?@hﬁeﬁoys- I'n
the structure of such Cu-N -P needl e-shaped all oy, needl e projections crowd
to each ot heby ceveritgthetfoaghésdidsurfadeevitk ametakblqyeojpéat leastsoriesmeealr ow and

hence an oxi di zi ng agent solution for renoving the devel gpi ng solution or
resi dual ressale¢ted fiesm theogroupaensisHagod ditanipat, ing iy, Wedinm, fealhnsl,ect i ons

to cause resin residue... t he.contrar t he roughened surface according to
the' fnvent | oFPhalGRICkebins Teashisread 480t 1o AR AR BRI HE Saliehor
portion is a_hi i j i in | owest
portion sur r%%lnsgih]aﬁé&toﬁghé#gﬂ%ﬁg %%}l?do{rllsegg%s%thﬁg{%fﬁ@ 8{#8%%?% gg%] and anot her
anchor portigetongplamenl thereto are connected each other through the
ridgeline |ower than the anchor portion but higher than the recess portion.
I n*the roughened surhuathe ihwesitivg, shemesaldayg prewedd thmexidatishaparosit® anchor

portions enter into the sol der resift | ayer to strongly bond_ the_conductor
circuit to toethedikeeef thegpughangdsuriage apd also prevemts the sutassdegradaiton

conductor cirgyit an sel der ,res] . . ca hn portion
formng the ggﬁﬁépugﬁﬂ%£ﬁ%gﬁpgbufgﬁf@EQV(hxgpngﬁgpﬁ%gRFﬁﬁggt%@Iﬁ?ﬁlng
density wit hlaé/bf‘grd%étb@lge hfe e ctBondBf (R fRghSheFQurkQte daushened - 18 2
0 DE G ~~~Z 99804 (PCT/JP99/03556) surface i's excellent in the affinity to
the plating sslveiit sueh dshaeid)lalitaidor thertikesarbpeentsehe diskolution dfahess
portions of the roughened surface to adhere to the anchor portions of the
roughened suvmexes pargons it thereughenesk sustrceieyss vwhep thetreughenedesusfacgdneat h
sol der bunp and hence th@ adgesion property between the conductor circuit
and the sol dBPISIRGS PSUARBA SO0 ed. I n such a roughened surface, the anchor
portions do not cro i i RAR&SEd Ng the
anchor portions havgggggkap R%@%hgg???ﬂg??%g“%ﬂga¥?ﬂ%§g?ﬂgﬁg§reS|rLgIn t he
roughened susf aesstrenigeh ef thieaoughenedduidfatengdagenthesohghésad fuefaceenovi ng t he
devel oping solution or the resin residue is easily flowed between the
recess portiepecred Wwith theanetahlayghbalsts igothape aad stigngthe se thatdherecaandie

formng resin.hardly retains., For this en t he r.ough d surface according
Lo Thedi nenflisindied tiEpetli pehgeet the roialiendd e DRG soldeaenions Cond | o
excellent in ﬁgﬁz j . l.degr bunp.
Thus, the roL hgne zﬁ?nggﬁg@@%?%?%gn%gﬁ?ﬁgHﬁﬁegﬁgﬁﬁﬁpﬁggﬁgﬁgg%?inun1shape
of preventing the regithereaphistedafulRice idovebdveithph thetdldayeretie sirfdce

mai nt ai ni ng the adhesi on property between the conductor circuit and the

sol der r esi stegragdatiomnfithelroughéresi smfapedp oot gaused we eontplaced vrdiubeor circui t
and the netal beneath sol der bunp., Th oughened surface according.to the

i nvention caFPugdep a%@“@ﬁ%%%ﬁ%ﬁwﬂgﬁﬁﬁﬂgﬁ'ﬁky9%ﬁﬁ&eﬁ§@PgEF@§tPE@W]the

cxampl o, a cORBEr LT Rlsr PRI otk Buh. fp it e ST il FoB R "
surf ace, portndégpse@drﬁego%‘mo fan&'ﬂ?eB%Tdﬁhoﬁro‘x‘%l’iﬁbhﬁﬁﬂéﬁh@%oﬁ?ﬂéﬁehhe recess

portions (co ve parts The recess portions can be forned Tn the shape

corr espondi ngurfgceathipdwpti cradneicilspahessteabnteiape i nherent to the netal
crystal particle. In the invention, the term "apps oxi mately pol yhedral
shape" used herei n nbathe prigged widdg oasdiusingsuch alvedghenedisarfaghetieon,

pent ahedr on, hexahedron or the like and a -19 z o ~~c 200z 99804

(PCT/ JP99/ 03556) conbination of two or nore of these pol yhedrons. Such a
recess portion can prevent the resin residue after the devel opi ng
treatnment. And al so, the anchor portions of the roughened surface can be
formed as portions |eft by dropping off the netal crystal particles. The
thus fornmed anchor portions are squari shoconvex portions and surrounded by
the recess portions, so that they do not overlap wth each other. The
roughened surface having such a conplicated uneven shape can prevent the
resin residue after the devel oping treatnent while naintaining the adhesion
properties to the solder resist formng resin and the netal beneath sol der

Y b1 Y o r




The roughened surface is preferable to have a maxi num roughness Q@Wﬁ@n(y
'0.5~'10 p.m Wen it is less than 0.5 p.m the adhesion g%ogeré%{to e 2002
sol der resist |ayer and the adhesion property to the net e PeHE s der
bunp are considerably | owered, while when it exceeds 10 pm the resin
residue is created after the developing treatnent and it is apt to cause
probl enms such.as.wirjn r.eakage and the |ike..And al so he ,rou ned
Burface i o 1 A0Brah st RN adouR il tor sifeuilles sfigBpad 350 LGEEHIRT

(PCT/ JP99/ 03 i fovedP T t SR er

age. Wen th?ﬁﬁﬁhﬁgﬁﬁﬁﬁﬂﬁﬂ%ﬂg¥lB%rtyo#?ﬁgégnﬁgéuﬁﬁﬂﬁﬁgggnéﬁo onegggggge,
the resin regydiisahiftbvédBy AEURSOPONRT (ARRRIFBNEV&RIH (AG rEli AIRHF R, Whi | e

mai nt ai ni ng t he ‘adhesi on property between the roughened surface and the

sol der resi sthdrayes nancasbd tleipedingofpthesetdey rbsstiager, pbelingofjthenadtadur f ace
and the netal beneath sol der bunp, while when the nunber of recess portions
per 25 .n2 i dayer, aeokisg andercgyaeneef drapping it picthgseldst bysm.i ons i s

prevented to control .the occurrence of resin resjidye .after the devel oping
treatment and al so tlxlé%éedﬂléglie(}ﬁ“ﬂn@p@qw aﬁ‘é‘?‘\fa{%%tq IPYERIHEh ace and

t he sol der resjiSt,. ' : ed
surface and ?ﬁg%hgbg%ﬁ%QQQ.F%H§5?%ggﬁ%ﬁﬂ%ngﬁﬁgé&HQEE.algéé}aﬂéﬁ#%gﬁp

i nvention, thghsdshPkodrty icigehaabbatsatl? hetldésmanp afeflatnthiheldey33000 on
average. Wien the nunber "of ridgelines is within the above range, "t he shape
of the rougheoeerisg tlicrmghenahmyfameny thezpaduetod cirbeit famdcdder padewitho t he

sol der resist |ayer and the netal beneath sol der bunp is w_dened, whereby

t he adhesi on the Biséaltlgyerose Hat &g sfeengil of she sqlger bunp 1s pansideabban be

i nproved and.at the sanme tinme .the tesin residue can easi| e,renoved.

Vor cover , -t hatsntdy ) e s P et BB Ao EnS 2 BB rplentftne ang
ridgelines is represenfdriyrdeifeattis AhvaRBRIEeI o sHRBe RN
roughened surface is pictured just above and obliduely from above by 45 by
means of an eh&aheooughanedsorfaee fdrnidd0dn thrgfinély orired corducstromircuinfdri gs. 2

and 3 and each nunber is neasured at an optional region of 25u.n2. In the

i nvention, t seldespgddndetcsigrated by oxidasicay sarr@sion artibe tikeawheegpyrthe i gs. 912

are section views of another enbodi t of .the rou ned surface according

Fothe. i nventBrsioR prapgly BeeEs the Gk fsist it ARG Eondi bl R R TR oo

4~8 i s cover ' I R oY-3g : wn in Figs.

912 is nade gﬁuﬁ&ﬁgggpgﬁggpﬁfg%gﬁi?ﬁggﬁpﬁdgghg%?%ﬁ¥§§n§ﬁh§?g not danmagi ng

t he adhesi on tfgaaRent wWithutfdtic ackl-Rydrogen p2esxid® 9B ek HKRGH cURSRIPANS6) t he

sol der resist formng resin or adhesion property to the netal beneath

sol der bunp dowardd. tWihen tlae splden xesist forgningirasinds applietbta ibg¢adndpei@ral so,
ion.of oxide filmar corrosion filmon

the netal |ayer prevents.the format |
L he T oughenofEHIHIGE S1e Sqlder st Hlhe 1 OnAGcHoR SHEtt it Aetedaraied. sPsetg of

mai nt ai ni ng ﬂ@@@p . C Hﬁ%ﬁ%e he
adhesi on proé@?%yl ﬂ%@%ﬁ%§ﬁ§¥g%%gﬁ§ﬁgl sﬁ%?%%%ﬁgﬁgh?ﬁec?gﬁ%gr re i%ﬁ

form ng resi rih@&olﬂhﬁrdmtaédydae@w&tsmtsm getitabugiafaceleiwaeiBieadondayeyr can
prevent the | owering of adhesion strength between the roughened surface and

t he sol der r edicyit dnghtbe solder resisidingyi omrst alepgwhe tiessddertriesist ayghened
surface and the netal peneath s Id%r bum. S%ﬁce t he netal Iayer an
i ncrease t he WENERE 98 the reygheped spriacsQ angyctos circBif JResAgespad Kee,

botmeen the. bsidite SRR Blor s REN AL HREROT B bR Palctol PRI IE PoT "
roughened Surdiééb%%%@%ﬁgﬁ&ﬁgﬂfﬁfc@ tﬁ@h@ﬁési&i&‘gﬁbﬂeﬁﬁ%@e gyented. In

the printed wring the 1 nvent e roughened surface

has the met alcondieétor ciouit fiai sclier pad alidzed sotder radddedrd aethel ssrehgtiibly
formed on the roughened surface. If the oxidized or corroded |ayer is
formed, the db&esidenbpmpdemeys.t o the sol der resist forming resin or the
nmet al beneath solderd9qﬂ£ és mai tain@ﬁ and hence tqe peel  ng between the
roughened surface and/BefE thepbrye knasyledge dhgiinyeniasihavsmads vareons; he
roughened surface and the netal beneath sol der bunp is not caused even by
heating. The netal layer is nade of at |east one netal selected fromthe
group consisting of titanium zinc, iron, indium thallium cobalt, nickel,
tin, lead, bismuth and a noble netal. These netals hardly cause oxidation
or corrosion, and if they are oxidized or corroded, the adhesion property
to the solder resist formng resin or thdOretal beneath sol der bunp is not
| ower ed.



-22 2 0 ~~C 2002 99804 (PCT/JP99/03556) And also, they are a rretza{] lﬁr a
'nobl e nmetal having an ionization tendency |arger than copper but no C 2002
smal l er than titanium Wen the roughened surface is cORBef&CTHRY/A55@yer
of such a netal or noble netal, there can be prevented the dissolution of
t he conductor circuit through |ocal electrode reaction in the roughening of

the sol der resist |ayer. ,As the har.dly. oxidizing.,or corrodi.n tal,
ront§on ey BEaRade’ C b e R T e ORISR PR H FOFsIdetBik) ¢ and

pal | i am i s Camer e ha BR fallg SRy S Ay hbor it f oty °
between the H:Fetzééédudlﬁi'&rcil%%ﬁ drhe tﬁé’hﬁ%atkﬁﬁbtf)@lw&@%%lﬁé&ﬂ:d%%?fa%%Yﬁ'ﬂe! f such a

nmetal is oxi or corroded, nmention nay be ma titanium zinc, iron,
i ndi um t hal tonductbeaidodinanditremth soIEthesiMayextih%maﬂgenﬂlﬂmdoﬁ dhilage
according to the invention is covered with the netal [ayer nade of at |east
one metal sebpesiag for tha sdidergradiip founed,sthiedgtesforatiiomaf the canductori airomit
indium thallium cobalt, njckel, tin, |ead, bisquth and noble nmetal, the
roughened sh&p® beprevanted ?‘@At’&r‘&i’é@ﬁtiSH&lﬂPﬁéo thesiaiderassigtiaysr pad thee

devel opi ng treatnent, i i phal ned and the.adhgsi on property between the
conduct or ci F%qﬁl}cnpgrsuéfgﬁgfhﬁac ngHapqrﬁéng%ﬁ (g}e&]erOé)seflg}g ?‘%gfbéré A% dhesi on
property bet d e Hik Ll neat h
sol der bunmp gﬁgﬂtta%&s%ngt hq%? ﬁ?laéeﬂ%%P Eﬂ%er%ﬁi’rfﬁwcegﬁ@gee%l{cg@re : L%{sf(ge

met hod of coyeldengad had tiesighldaadssuldyet ©r bietwedntherselddr padyed thase nay be

made of plating (electrolytic plating, electroless plating, substitution
pl ating), vap@hdluépbgﬁﬁlilbly‘gf S@ﬂcgesmadph@p& prad thepvesngihsrof thpgolder iregistand t he
| i ke. The thicknes f the tal layer is within a range of 0.0] ~ 1 um
pref erably Ol.l@%.a@adﬁ??‘ﬁlge YIOP Arg e?ﬁf\%i WﬁquhaeretsH{tctlb%é%eW‘?lh 28 PER above
range can prgg‘gﬁ.& H?lip%_arti on or corrosion of copper conductor while -23 z
0 0 ~C zooz R / JP99/ 03556) nmi ntai ni ng the uneven shape of the
roughened surface. V\y)’ﬁi%ofdiﬁ%tt@'tlfd(iﬁh%ﬁtibﬁ, thesarfabémyer of thimdughenedighened
surface can not conpletely be covered, while when it exceeds 1 umthe netal
penetr at es i sufagapsd tie mhtal sty bbthedaduttr eitcoitddf seldet pad as nogudlari ty of

t he roughened surface and_t he adhesion property between the roughened
surface and CAR bsqirgsniedion detsyerating o &)e‘é’ﬁdﬁ“ﬂ‘én’rf@&@ﬁéﬂbﬂr @wﬂﬁs‘c@v and

the nmetal be J I ou

accordi ng tO?(?ﬁlélﬁgﬁt\f}gg?ﬁl’té}%&fé@%@o@g}%ﬁ%gﬂﬁ g&;l??éneg '%1 Egﬂgg%%ﬁ%ti(%fggi rcuits
for sol der pagSsydbrredivt Biyehi (g dffPérehtOh BN BitibiNley EPPRonthétor egeRltex and
an organic acid. Such an etching solution can dissolve the copper conductor
circuits undéor soldexpaypkis remioved agd ¢loerdiis nohcausel the peglingybetgieebubdl i ng or
the like. In this case, the etching is, guessed tq proceed according to the
fol | owi ng r e&8BFRFHOF SHENIE for selder padand the soldes sggipt Jayeraesultedigom then - -
2Cu(l)A~, 2 + nl402 + H -~ I1)A" + n/2H20 wherein A is a conpl exing
agent (acti nél?flggreg?%ﬂgﬁgt‘ge%%@#}ﬁ and n is coordination number). As shown
in the above reacti o thehast ﬁrB@fTa?éf‘bh'tﬂ&céﬂﬂﬁ‘%ér(éi}cﬁpfﬂ?ls%l‘ddr adi ssol ved
by an acid and bonds with oxygen to form copper(l1) conplex, which again
contri butes tpoevdms the datrianation of dppeonduther aoppg actdrdingorpthexXnusgibn,n t he
invention is favorably a_ cupric conplex_of an azole. This type of the

;:ﬁppfay(k 1) Ag@méﬁ(ﬂ?&mn?!% ﬂéﬁ(ﬂdﬁﬁﬁ]?@bﬁg@h' 'F{CéﬂnldhﬂisﬁbjeﬁﬁséTtIlﬁﬁefeg‘gﬁper or
e like. e azple, ere_are .nentd.oned diazol es riazol es an
Letrazoles.  ANIRY ohiconfitls Brful3nEhRgRnd ald Shfoosh bl Rfiedo o
2-ethyl -4-me T nyl 1 s E&g]g&y ' | e and the
li ke are pretthlea}réia eQ%&gﬁ{@@ﬁ%ﬁkﬁﬁﬁé?ﬂ% ﬁoelac peéwéﬁjﬁig:@fml ex of the
azole is preferably DptheothethandetghinveBaiatade nidde vasioRk xeans fexcel | ent
in the solubility and stability within the above range. -24 2 ~ ~ ~¢
~aaz more improving the strength of the solder pad.

Consequently, the inventors have found out that in the printed

-11 -



99804 (PCT/ JP99/ 03556) The organic acid is conpounded with the copbBrRif)2003
‘conpl'ex for dissolving copper oxide. In case of using the copper(ll)

conpl ex of the azole, the organic acid is favorably at 99¥dSPCHIRIMBLEDt ed
fromthe group consisting of formc acid, acetic acid, propionic acid,
butyric acid, valeric acid, caproic acid, acrylic acid, crotonic acid,

oxalic acid, nmalonic acid, .succejnic acid, ult?ric aci d, lefic acid,
benzoi ¢ aci d,WI&F‘ﬁEJ(ﬂaF‘iwéP@F‘HP al%?EEaiﬂay&Ei ar ryshpreofdayer made ehiptleastongci d. The
dditi t of th ' id is. f bl.y_withi : f 0.1~-30%
S o o PESE I ol T B R
ensuring the waliith, B0t bk tin, [Ed! BiSnfis BhAY MU HIRA 18250A B8 b the
a as C

invention may be added a ogen 1 on suc | 'uorine 1on, orine ion,
brom ne ion @suiitedetiskifatObf afstsidurgortditcud 58 eblder pad @hdxaRReEprovfid t he

oxi dation action of the azole. Such a halogen ion nmay be supplied as

hydr ochl ori c laysirds ferodiduen dte wetaddaysr anddahé selder Tesastdalytirtis arrangedion thd t he

hal ogen ion is favorably within a range of O. ~20% py. wei ght because t he
adhesi on pr oﬁB?ttWO%’re]@O(é’éﬁnVA AR W%@Wgtﬁqaopé%ﬁé%g‘%‘& isdoemsddthersdare)| der
resist layer is.excellent. The hin lution,accaording.tp the inpvention
can be preparoéihebf/outﬁhglg%(ﬁ %"E%CFTlﬁ%‘gggsgee;??%m@gkﬁfl@}? p(gpp%ﬁ\égg%qeg tgﬁd t he
organi ¢ aci d (i : i i o s . i e my
be used a cor%%d;e(r: ?%ﬁﬁ;%aﬂdg‘gkgﬁg&é Iﬁ?gés SO 1%?1%&11 ar@oél%eggérr%r@g)ﬂﬁ/ggﬂf‘é

Et chbond", t rsalifer padies masa@lﬁnFyod\eHCckn ﬂi&rrbﬁghéﬂmurﬁ%aa\k@b@@l?to?ﬂh@htifp&ﬂing
quantity with the etching solution is favorably within a range of 0.1 ~ 10
p.m Wen it postioregrd ahamemlt the inventien dah dsewacermoplished. bet ween t he
roughened surface ang.lthe sol der rFsi st layer:. |owers, whi Isfg vY_flchn it
exceeds 10 umthe redifl§PBER Juriagscoy gragew il (e metal Ja¥erdor ierust i ng

br eakage and |1 i ! i L X | 1[1,1(3'[;0 re than
50 umiIn the p%ﬂ@elﬁyglﬁ%a?{ﬁrﬁgéﬁﬂeéthgI&Fﬁfltgrgu&r)rgﬁItf)lge ‘?S%ﬁ F}é\édd %‘E)H%(%fed ustHPor med
-25 20~~~z @xid ARB0 o b6 rINE GRe 26 the dphehtidnsifmirryen shifatdirsthease, the

metal layer is nade of at |east one netal selected fromthe group
consi sting ofimmarsionunio adider alkadnsolition.umlherefiote, the romgbaned suifadedksa tin,

| ead, bisnmuth apnd nobl e Ha as nenti goned above. The formatjon of the
metal |ayer W%B‘é‘ lap??gg @QS@;SHP&%%@? thatfbereds pok Fayssd the peeling of

| N h T ) ) . . e | )
ot Cohe ont ot sqRBORE]S: YeB Rt heiinal B oP Ut B AR IS U fllE " 0y o

the netal | aypd.and%ROdebpHing Off SEtheboEdtritiinp EREbE PYOReR&H | ayer after the
rougheni ng treatnent may be subjected to a heat treatnent prior to the

formati on of the net#nd ayerit hg heen fdumdethahiheqabeok o girereddurfacaidoeng
conponents are evapohgi)eg by the aﬁat treatpent, the surface state of the
roughened | ay¥f CHieIhe bad cOPHATLY JHF Lo therssin xesidue ke formpatiqnopf Be ¢ he
netal |ayer. . te 3 re t .set. vari ous
ranges in acc%?glét]lgcﬁgﬂ %BEEHEﬁeegéﬁé€§S§§%e%'i c%tﬁg&gebm%g%iﬁéﬁéﬁﬁaiur face,
metal |ic comanest sy apebridy #iRaRs nsétaltlla?excfa?_dnéwt g?béfclldyér_ 4R tneol der pad
and the like. Particularly, the tenperature is favorably"within a range of
50250C. When wdieabileryper theuneghanddaveface henom@Ennifoemediidatt opgartib eedidnd
treatnment is not observed, while when it exceeds 250C, the roughened
surface i s o@fdheesimiteelf wengtdslll ti ng netal |ayer becomes ununiform The

“nventi on i descri ba ey peh e {90ee Sl IRt § reBfgre s Teret o
pad t o be pr STEAL ByrfRn SR MEIOARGh of pol P O M RineEh e e AR

Fig. 14 showsmopch@iedht vekin atsig@e tHepeorPAndodxtellefIAQHE ABAEsiOH pkdifergoduct or
circuit for solder pad to be provided with the rust proof |ayer according
to the inventthemetdllbeneathdhe soldec bumyp and doesswitcansednt rdosomiemitwiinh t he
rust proof |ayer according to the invention is disposed on an outernost

| ayer of t he theportionsgonentheseldsydumpsPCT/ JP99/ 03556)
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printed wiring board and connected to an IC chip or the like thrzgp@qd;ez
‘sol dér bunps. Such a conductor circuit for solder pad is protect i W\?e
sol der resist layer so as not to directly receive hi gh9%ARCHIRMOH3ISTA hi gh
pressure fromexterior and provided at its surface with the roughened
surface for obtaining a high adhesion property to the solder resist |ayer

and a hi gh adhesi on operty to th der. pad. The roughened surface for
the formation of theﬁ%@v?ﬁgﬁl(ﬁug ereda%{r&mc&demﬁ WHB tﬁﬁm@]i I8ves 181 udes a

2 Conductor  Mengst OB RS HELE bR n B o TR BhoRd Parcgﬁﬁ% ron
Lreatent - eLeRLAGAih e LkSouaAihd Q1L el lay et SRUBNEARA T ace

107 for med by eclipitating a rou | 'ayer an e ess
plated film ge xbhghéxhé@smﬂa@ rﬁurcba@edqmtﬁ tlﬁr@mtahqﬂyerl 0P tIRf At 9&5&11&9@
circuit 104 for solder pad as shown in Fig. 14. In the printed wiring board
provi ded wi t mairteinsuhe shamodf iheywen ghewdr dirfagetandtiimprovesstheisarengthhef the
roughened surface is fornmed on the conductor circuit for saolder pad as a
surface | ayeresghinggolder bumap, vdquh@mgwampthéhxuéwqm erdisgatien of the rcui t s

For mati on of uebepER surfheic i BUEEheBicRls dE e PA T FEnegh kB sordkr 1

oxi dation-re n t at ment .
Particul arl ngﬁh 19Pm ?mat |d]‘Bn:y o‘% legﬁﬁfq%ugmeﬁgﬁa%/@ 1ﬂqge ?élfzm 1ﬁ'€r lregte

copper - ni ckethep® aEPHct daiséd tiRypedligtdfahe euldee AeilstIaydrapeeliny ofthe Whédal an
etching solution containing a copper(ll) conplex and an organic acid are
pref er abl e i hayet,enading lhsd athestoce pif dnopping-00. t he sol der resist |ayer and
uniformty of the roughened syrface. Wen th roughened surface |s f or med
by oxi dati on- reductigh the rantad friringbagsd ageordng Rodhe yn VRmdians &y at¢reanst i nt ed

W ring boar dekaykidlifs FANHLOn Gid syl LlheAR AL KBGVRS sl hidS,

treating wi t KA5H g 15on contarning

Na2P04 and t Beodfilkferaso eHat obd Sadllipg or&elm%o@tl@z§laé‘101%sﬁ9mr is not

(PCT/ JP99/ 03556) bat h (graphitization'bath) and then imrersing in a

sol ution contaisedreyehialidr dndreliaBHity destasa dau did mnrieatlbn réliatalitynism hei ght of
the roughened surface is within a range of 0.01 m The oxi dation bath
(graphi ti zat iTBHfCB’&Ejh) Ragtigidasly.aphen ﬁsee@ugbe%elréacedﬁéerm%by Sichiagge of

NaOH 1 30 2: d Na3P04: 0.1 ~20 y contain
nitrogen- bas a%aig agélyg‘{ﬂ_r% a‘fﬂevgﬂr?of(h%n PP%?&S &Fﬁcﬁég%ggferabl e that
the conduct orelﬁbréwereﬂ | By b1 hIHER §6&tnicht, Y thaPltisBHrIRk Midt It PRodl lader enpPEr at ure
of 3070C for 1 ~ 15 mn The subsequent reduction Is desirably

used to haveaecqrdngamﬂlemvemmgaseffebh@i 130 g/L and NaBH4 0.520 ¢g/L and
may contain various additives. IS preferabl e that the conductor circuit
is imrersed in this Ehatrphgh%ri@prﬁaﬁeafta@ @@}%@Ffﬁtwlkﬁ‘)fsgmméﬂn 115

m nutes. Thus, the roughe & urfage orned o yer of
The " conduct oSt oo BaTERY St PR s FPotsP el ¥ mis) ol oos
plating, it BRyofhe érogmtferrea bRt 6hﬁeebh&+&6rureﬁ gomﬁﬁ@hgga%wsng the
conduct or ci UItS In an electr ess at| ng SO ution a ter t 1 ng
with an al kapieventddund thleehaphef ﬂiecﬂuuggenetdranfarcemm;g ex¢dllen@adiesich and t he
application and activation of a catalyst. A naxinum height of the roughened
surface i s wpropesties ioshgsolsier gesistlayer andithe asldes Pedaspraaniainedoand eoche

r oughened surfac el ectrol ess tin there is a pethod of formng the
ouohencd | aghe SdhestoncproRBS BER eRb e s eR b akey Sy The FadRctar SHBuIt

Pt ng. 201 UEkAIAR EMARL Y HTRE  RIARC R ERE I lgR A conee

(nmetal salt Suc as copper er c Ior| e or

g/L, nickel ¢HeEécHdueRiricifof hrdSthBise kRl résliétfl %@f £ sErBﬁgi y &dhere@toleach 9/ |—
citric acid: 1020 g/L, hypophosphite: g/ L, bori‘c acid: 1040 g/L and
surfactant: Othit witlidhtpetlingdvemin mrpcﬁtuons/ﬂmmng thelshlder Bemps aadithe zer and
the like. It is favorable that the conductor circuit is imrersed in this

pl ati ng sol ubadgontinuity smparcansgdeinothe3esi fenmingghe sglder boinpc Caz 99804
(PCTI JP99/ 03556) 520 mi nutes. Thus, the roughened surface consisting of the
pl ated | ayer and the roughened | ayer may be forned on the surface | ayer of
the conductor circuit. As the shape of the roughened surface, there are
needl e shape, porous shape and a conbi nation thereof. The needl e shape is
favorable froma viewpoint of form ng easiness and adhesion property. A
maxi mum hei ght of the roughened surface-18-within a range of 0.5 ~ 10 um
prefer ably 1 ~5 umWen it is less than 0.5 umthe adhesion property to
the sol der resist layer lowers, while when it exceeds 10 umthe peeling of
the solder resist layer and the cracking are caused because the uniformty
of the roughened surface |s not heId |n the oxrdatron reductron ‘treatnment

o o o o o Y rr o [




In the invention, the rust proof |ayer may be formed on the abcgng @ggda@or
circuit for solder pad. The rust proof |ayer according t]? L ntion is
desirable to contain at |east one anti-rust agent sel e%§8§€l( fym@¥ﬁé5g690up
consisting of 1,2,3-benzotriazole, tollyltriazole and derivatives thereof
as a main conponent. Here, 1,2,3-benzotriazole and triazole derivatives

mean conpounds V\/nereppth%gﬁghléékvi%&%gf&ﬁg%oggirng@)llméF%{;}%l{gdrn,?lﬁ]é'uyl group or

the |ike, or carboxyl  gr mno=group, e like is
bonded to a } I i i wl ae (1),
(2): -29 2{50.‘{%%[%8%&%%%@%%%% diior Rrch g?fgg%\?mﬂr FAELS EVer é&mgﬁl H1 M
CH3 ~ / /IN given hkthhesd pesiepred wish diergkpriof éafer] $o thae evers whehabé i ng

ef fect of copper because they control the oxidation reaction of copper. And
al so, they deoldet padiseipplied adtepacart obthemotdartresisiclayeuistopexgdsibd i n an
opening for a solder pad hecause they easily dissolve jn a solvent used for
the 1ight expadagecoldha coadusioprEpuitdpr soldesppdmmaintais dhe shapa havagg anr esul t |

For sol der paiceAEadii ot BraryraBeltBe so Rt P Al afts e SEREEIA 49 <ol der
bunp i s ensufl‘r“éjsdﬂi%ﬂg‘égﬁtst gief‘ﬂs *&ﬁlz'fta&&ﬂ]atﬁ’ib%}dgﬁgg}r?gtﬁrgpgﬁ{@zantd%ehgﬁ{s pr oof

| ayer remains on t oundary face between t or circuit tor sol der
pad and the belwieh thesbadudtay eircuiffosdléaiddd arddelsolderatsistiayseam ni ng
rust proof |ayer can prevent the deformation and deterioration of the
conduct or ci betwaenftbe conthaor piduib fomsdldert pasranshidie sotdes piadrare ampravedhr ough
water, air and _the like penetrated fromthe solder resist |ayer and sol der
pad portion aRdére wUdeh lwreﬂia&naq@lbﬁxqe@?ﬁéﬁ%%m P’Fﬂpﬁﬁyﬁpélégmeéaland hi gh

hum dity. Thgelflé)artmé é’cﬁdé’ljbﬁxﬁﬁﬁ %ég oof layer can be carried out by
coating, spraying or itmersioh. Particularly, the inmersion nethod is favor
abl e because : SAQRIT 1 TE :

circuit without damagl ng the roughe As an exanpl e of the

i mersion - 30 2 DigHGs 2Qpicropbowgt RATILERoSiNSs 563t erabbdidyent o€ thaist
proof layer can be forned on the roughened surface of the conductor circuit
in the print é‘épgheppﬂ@u‘ﬁfé%ﬁrﬂcqwdif\%r?@rtgﬁh@vecnﬁ@npri nted wiring board in a tank

havi depth di t ' I whol t t
Circurt at 5 temper aftre P mugoerRsRT T B St it ohbSoRRETE conas.
In the i”Veniﬁ@fbuggéﬁ&{s&rb@ce%c@?diné@éiﬂ%inlv%bfﬁén.i s fornmed on the rust proof

| ayer and is subjécted to a |ight eXposure and devel opnent to form an
openi ng portion, theFigistispmidrophytegraphpitisedating & tieird eatbodgmpor ¢fithe i s can

be renoved by a gas pl asna. ) ] )
roughened surface according to the invention.

Fig. 4 is a diagrammatic view of the roughened surface according
to the invention.

Fig. 5 is a diagrammatically section view of the roughened surface
according to the invention.

Fig. 6 is a diagrammatically section view of the roughened surface
according to the invention.

Fig. 7 is a diagrammatically section view of the roughened surface
according to the invention.

Fig. 8 is a diagrammatically section view of the roughened surface

according to the invention.
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As such a treating nethod, there may be nentioned a nethod wherein the
'printed wiring boar d provided with the opening portion for sol de,}?@ﬂp%g )
formed through |ight exposure and devel opnent is pl aceP80hRCTHERIPOBS Fd @12
a vacuum state and a pl asna of oxygen, nitrogen, carbon di oxi de gas or
carbon tetrafluoride is discharged therein to renove the anti-rust agent
remai ning in the opepjng .porf.ion, residque of, the solder resist |ayer and an
oxide filmlayer on F’rge%s‘é@f‘g@%"a&m@q‘@qg’oﬁ‘ﬁé‘f)“r"é@i"é}f tﬁgyg}e_r roughenied of the

| asma treatne optimum,.condi ti for elimnating the contam nation of
Itohess_ol der b%}l@c&%&Pt‘ﬁﬁ%i‘ﬁ@“ﬂ?&"’*ﬁ@@ rmunt: ng a_rle tghat pl asma di sclhar gi ng
quantity 1s 5001000 W%4919s%cﬂ§g% Eﬁlﬁ&'i&@lyas@&ﬂ% %&%@Qﬁ@@ﬂé‘?é&%@?ﬁga

treating tinme is 1 ~ nutes.a e antr’-rust agent existin

openi ng por t sigfac@tcobding €5 ksivehtibhe sol der resist layer are surely
removed by the plasma treatnent, whereby poor conduction to the sol der bunp
is elimnated. At thEigdids nidnegrammeativallyesectibmviay ef tlmothice reuglfeaeé of t he
sol der resist |ayer is_renoved, so.that there can be prevented the
occurrence ofUfEARFOrIBE (R the InvgRd@Ruent pl ating step and nounting step

Bccording to the i nvEREIaaS et GheEbn By B ch ¥y s BBRE {1

conductor ci ide ac@ofEhalto Y Eveh@bnr ust proof layer nade of -31 2 o fl
~ C 20~z 998%% Pcfal'/ \?PQQ?O%SSG gt {)%ast one netal selected fromthe group

consi sting of titaniHip. 13iipa,diagrammatichlliectiba Miéw of aa@mabdédimeneke! . tin,
| ead, bismuth and noble netal may be formed on the roughened surface prior
to. the appl i twtricoghefed sisfapstirovided wigle atrustiiroof layenacomdofg wubh a net al

| ayer for the rust proof |ayer can be carried out by plating (anyone of

el ectrol yti c®88PAy, el ectrol ess plating and substitution plating), vapor
deposition, electrop i L1 : | | ayer
for the rust proof |§%§t“i1§agﬁ$ﬁéh&g§}?ﬁﬂg %&géﬁﬁ%??%r?}qgﬁ%{%ﬁgm |st nmet al
layer is forgetheaughéned aAgtadeqirevidednwitloa radt proef I@@ﬂﬁ@d‘tﬁdirfgllkbftﬁée of the
conductor circuit for solder pad. The thickness of the netal 1ayer forned
as an under cowtenfion. t he rust proof |ayer according to the invention is
preferably within a ran %_of 0.011, um nore particular]ly 0.030.5 um Wen the
Phi ckness i s | ess t hBE.d 508 2 PRHOILITER &Y 18 gp eaodimanthek thedmbited el y be

covered, while. 1{._ex um.t overing netal penetrates into the
roughened Su?"?ﬂﬁg%?%}‘%?ﬁc gﬁ?’gﬁgh%ﬁaﬁgﬁgﬁ' shape to thereby |ower the
adhesi on property. Th .qléqg%grééﬁctfﬁlpﬁé?lv%ﬁnhﬁefrﬁfd%eﬁf‘of@l%ﬂrﬁﬂgﬁ'ened
surface covered with tthe netal l|ayer for the rust proof layer. "'As a result,
t he def or mat wiring boarkbaeordingtto de nfvehtienr oughened surface through

oxidation and the like are prevented by the synergistic action of the netal
|l ayer and the rust pFiofl71apdrodegiamsep vy A AR s dinspeek Yrepsinted r engt h
to the sol der, .r.esi [ 1 yniformand the peel strength of the

sol der bunmp !wénﬁgr%g’é{/e .C%f%lggggérﬁeef?vteﬁgoghape of the roughened surface
hardly deteriorates FYg?!lSl&Qﬁﬁj’ro&ﬁB’tﬁjﬂé_t@;g%i&f/ ix‘i‘hﬂ*&xﬂtﬁﬂi’ﬁ%ﬁﬁb‘ﬂ’@xeg?hﬁ
pressure and high humdity in the reliability test and the strengths of the
sol der resi stiting ®oamhacdohdingab des inventioar e i nproved. According to the

invention, in order to inprove the penetrability of the anti-rust agent
into the roughened shig d0dsagoductig step micre in Ae enbiaskmenkolathe ermgsi tion

of the nmetal layer for rust. proaqgf Je\1fye. covering the -32 2 0 DEC 2002

99804 (PCT/JWQ@%%%S’Q%%*‘?CSE@‘HE%&%W FHE‘B{" the conductor circuit for sol der
d aft the f t f. : j heat

Preatnent within a riodr “SiolBURirier i 1R cHbocERcte AR fiidd 7 "o

llayer and t hgifiHgboRfP&cokd@ingrto tHdmvieaabn! r eating conditions can be set to
adequate ranges I'n accordance with the shape, thickness and nmaterial of the

resul ting roughened ¥ig.f2dde a prodpaimnstepivitw in ak eessodimenhef thetprintédiyer for
rust proof |ayer covering the roughened surface and the |like. By such a
heat treat memtiriag doexhaenosdiag te he mveoHpbnent of a chemical used for the
formati on of the roughened surface and residual conponent thereof, and the
surface | ayer of the roughened surface and the netal state of the conductor
circuit as a whole becone uniform which facilitate the formation of the
nmetal |ayer and the rust proof |ayer. Wien the heating tenperature is | ower
than 50C, the effect of the heat treatnent is not observed, while when it
exceeds 250C, the roughened surface is o%bdized and the resulting netal

| ayer and the rust proof |ayer becone ununiform




In the invention, the solder resist layer is forned on the thus ‘?&Hﬁ@ 2002
‘roughened surface having a given shape. The thickness of the sol der resist

| ayer is preferably 240 um When the thickness is too t A7894 FGEIRYBar0)
resist |ayer does not act as a solder dam while when the thickness is too
thick, it is difficult to formthe opening portion for solder bunp and al so

the contacting with the | der_ had he caused to brin out .th

occurrence of gcracki fgg-i??’tsﬁep@gP&‘i?“ng‘&éBy‘{’e‘?‘HE agoqral%c?&)lpée&ggfarea;}répte?an be

made from VaWiﬂHg Hasd Qécorﬁﬁ{%t%%ﬁg%\?entf-oﬁl.can be formed by curing bi sphenol
ate t ,

A-type epoxy resPn or an acr ereof, or novol ac type epoxy resin or
an acryl ate thereof Wig D3R apiodaction ke vaewih anadmbddidne be tisdpingdagent
or the like. Particularly, when the solder resist |layer is opened to

di spose t he wdfing boaod-acowdinga@the (IREMiDA99/ 03556) sol der bunp thereon, it
is favorable to cure_the novol ac type epoxy resin or an acryl ate thereof
with an imdazol e cufigbigaprodrpon sieparicwdsiagiembgdiment gk the prnied a

resin has a ner.it .tha més_rati 0 (phenonenon of diffusing |ead ion

f |
into the sol FEFINER9AL af _g}l}gtlors}hgé%‘ée.en ‘Rlld al so, when the acrylate of the
novol ac type epoxy rﬁ%.%ﬂﬁa%oﬁgc%ﬁ Ptlegrlﬁe\',vrfh FO(fiH{e'n?Bf intei®
nt the hea e and

resulting solder resis ayer 1S exce I'n resista

resi stance t @viinkddardadcardi tletevdndioat ed even at a tenperature of
fusing the sol der (about 200 and is not deconposed with a strong base

pl ati ng sol ution suclKig2hisckpiodptaon sigpsuewtinem embaeditenpbitheyristedut i on.
As the acryl ate of the novqlac type epoxy resin, nention may be nmade of
epoxy resin MEFREPAFd peer I‘?ﬁg‘%}%?é‘i“(fﬂtlo@t her of phenol novol ac or cresol

novol ac with acrylic@aci r thacrylic acid, and the |ike. However, the
sol der resist |ayer r@%eﬁf ﬁ&#ﬁf{%ﬁsgﬁ%‘?’%e tvég‘gfmr%’v%?%%‘ﬁw;?gogﬂ?ﬁg/rl?tggi nis
constituted wWilipothdab®hbcdiaiigd the ihinfiopkel eton, so that it is apt to
cause the peell né fromthe conductor circuit. In this connection, the
roughened surface acdig.diég 4 prodhetiomyieptviow inain ebvadihegeofithe/pginedent t he

above peeling. The im dazole curing agent is desirable to be liquid at 25C
because the WOviringrhaard Reeryding ©4be IRveation ned. As such a curing agent,

mention may be nmade ¢f 1s5benzyl -.2-nmethyl i.m dazole (tr.ade, n . 1B2ZM) ,

T Cyanoet hyl - 2- ot nyl A it Broen Meb Py B Rsid diBiene SR nritied

4met hyl - 2- et Ryilinl "B ddd Qb SorliAPh8 #FentdrdME) . It is desirable to forma
sol der resi st coéposition by “di ssol ving the above resin and curing agent in
a solvent such as gl Rigl3®isheproductitne stepldew\ihen dnilsodinlefiebf tiespishtedayer is

formed fromsuch a conposition, free oxygen is not created and hence the
surface of coppag haand ascardingowithe meEntivd al so the injury to human body is

| ess. -34 Z 0 c~C 0z,99804 (,PCT/JP99/03556) As th |l yc et her

sol vent, use may be ﬁ%‘élo’fs A PIOgREion S?Bﬁ’ﬂ%?éﬁ@“&“‘??@“%&?Pgbher@r"a‘ﬁém cal
forwla(B):}ﬁFﬁ s0ak ; l"ﬂﬁt{oﬂz 1-~5) ~~~~~ (3) Preferably,
there is used at %Ibeogs‘??_i‘écne 0 irté%ﬁy enle gl ycol dinethyl ether (DVDG and
triethylene glycol diRigtityis #prloduciéiiiep. viSwdh ad esebodiniene antieopimheetel y

di ssolve a reaction initiator such as benzophenone, M chler ketone or the

| i ke by war nmwigingdoabdacc@dBEao thinénemiont of the solvent is prefer ably

within a range of 1040% hy. weight to the sol der resist conpositign. The
addi ti on amount of t R&& fﬁyﬁ&%@sraeapﬁﬂgﬁ%wwnswa\a,fsqfraalmlbertegl 1EYs, by

wei ght based o?.'?h@pgmeﬁl Wﬁﬁ{g’ %#ﬁ%gﬁéﬁéﬁ&% iﬁ%&%n‘resi st conposition.

When the addition”anount | ove range, ‘the uniformmxing is
easily attained. The gl 3lpfs 4 @iakimAaiOAs) sdcdnAYwST tAeéafkrwi th an
anti-foam ng agent, a Teveling agent, an’initiator, a photosensitizer, a

t her noset t i ngniteslimehoof theprintedwilingboarbacioading tanke ilv&nsibance to base
and giving a flexibility, a photosensitive nononer for inprovi ng“a
resolution, and the IHige35 ax dingranematically pepsial seciiopovipweef astilhfuyhdre est er
is favorable. As the initiator, |rgaquar |]907 (trade nane, .made by G ba
Geigy) is fafh ”él.en%@% ﬁ’r’?d’fﬂ%@ % Hé%@?@?‘fcoﬁ%‘&t@ the¢ iE8tRAME, tade by

Ni ppon Kayaku Co., Ltd.) is favorable. As the thernosetting resin,

bi sphenol type epoxy resin can be used.

-16 -



As the bisphenol type epoxy resin, there are bi sphenol A-type epdx§ [ie5i%j2
‘and bi sphenol F-type epoxy resin. The forner is used i i NProvi ng
the resistance to base, and the latter is used in caseg?é%zlg%ﬁi%?sgﬂﬁégq he
viscosity (i.e. inprovenent of applicability). As the photosensitive
nononer, a polyval ent acrylic nononmer can be used because it can inprove

the resolution. For ampl.e, t n . .Z C 0~G. ZO 99804

( PCT/ JP99/ 03556) useﬁol(%g%ﬁéi‘l‘8%?6@1‘?6‘55’(33’%&’%%?@§68‘F§%€ ARy EANLE ade
nane, made b | _ ., Ltd.), R 604 (trade name, nmade by Kyoei sha
Kagaku Co. , %{%‘?Bgﬁlg gtfﬁée#lﬁugy And al so, the solder resist conposition may
contain a coBRSThMOBE EOR @ AR RIYEN T THE INNENDIONhi el ding the wiring
pattern. As the coloring matter, it is desirable to use phthal ocyanine

bl ue. The sol der resildt ivventioni wilbbe desdribeok ialdetail withaeéeraned srdwi ty of
0.510 Pas, preferably 1 ~ 10 Pas at 25C for facilitating the application

t hrough a rofifawiBgBer. In the sol der resist | ayer nade of the sol der resist

conposition, an openi rtion can be faormed by |ight exposyre and.

Gevel opi ng i r et ment WAHEsSRERE s uBRERE pad BksdERSGH 5 hBing o
according to ' i TAE ' j [ inly
carried out g@“§°§3ﬁ?¢%§%§?¥@%lgggggggﬁﬁ%8§H%9?E$%@E§%#?¥€§R%€g%%§¥ﬂgan be
adopted. | n hb&dlershaped aloy platingi 4@ ie@aiodghendd sirfadertaivadeandhorfRirtibhg
conductor circuit as a solder pad on a surface of a substrate. t he
substrate, usesheynbeHigdd-&f Hig dsgsa migapboetogaphublustrating g dioht as a gl ass
epoxy resin substrate i supstrate,  a biiﬁaleinide t.[l.azi ne

, polyimd .
subst rate or SIGdIMER! oftheapashancd sHERLs pECOding I PCIBESHION o T B0 on.
Such a wiring:. ryd |t i Al [ vided in
ts i ntert or Bigtonc R adu e b Bhie bR b e A AT ERCRRRT
form ng suchpfibtsebp&.0NBIE DGk aGhicEophotbgdaphsillubPitifXA8Rddhd diB6@inéht a
nmet hod of form ng an adhesive | ayer made of an adhesive for el ectroless
pl ati ng as aof ilet endghehedsurfacedcaording te sheinvangononTais isradisr pipeed
conductor circuit forned on_the substrate, roughening the surface thereof,
subj ecting t Hkewps Begnase abFig ddRaaighsymagati¢asionn gil&c% IR ess thin

Pha % e BB BBl AR PR R BB TSR 2

resist and ehelirfthd & t_fh‘érin'lﬂalﬁio?ﬁnqtlﬁ&%%fcﬁfted tjl_zstléb“c‘)vg te FRZEBeRES Yrface

]SPFT/Jngi ﬁ3i5|6)€£IS{I;):fyuzlthOf k;tmﬁlﬁzgrs i or;;l sting ofitﬁ'}tahg el ggt;:ggl e;; pl QE ed
ilman ebglmedr 1 elegx costope imthersanmeamegnification as e Fog. i rcul

is preferable to be a copper pattern. The adhesive for electroless plating

is optinumto be fordéhaprinted yarivighpasdaseonding ta BeiiByemion asoldgsar ti cl es

soluble in an_aci.d or. an oxidizing agent into. uncured at - resi st ant
esin hardl yreson oy e is AeREedbR o SRE ot P furipidrrad IR Bedi o an
resin particl&soRnRdlsarRYe forYed srbad dthdiictdt iRtk SoWn Byl ARG agent,
wher eby a rougheéened surface having octopus pot-shaped anchors 1s forned.
Mor eover, thelegdioashictoplostogtapht r ol ess plating may be constituted with two

| ayers having different conpositions. As the cured heat-resistant resin
particles sol ubl e i nHige 428 art dipgmmmatc views ehsuch a roughdaed sadhec.t o use at

| east one selected fromthe qr.oup.consisti of (1 heat - resi stant resin
particl es haﬁ&g“e L5 a\?@rﬂa(gfew,gégtg i St darsebaper A gﬁ)ﬁb‘? M-(@fﬁ
aggregat e paktj C of - - Fegi . j i rage

part i ore st 2 S aae b iy S RrgiRalshl g Stel ORMENMARAASTLAAR ;|
powder havi nge@Rs pueiiG FigaT is zpldﬁg&!uaﬁlaq)fseé‘('ron'LQieWﬁlﬁ@&aﬂﬁ%’l}iﬂg@liﬁé@nt resin
powder having an average particle size of less than 2 um (4) false

particl es obbaiwezh drychadpertiony, and Fea R isanlngituliamal sectminstiawt cut detwegowder
and inorgani c. powder having an average particle size of not nore than 2 um
to the surfatislgehingand recest POHIAN. r esi n powder havi ng an average particle
size of 2~ 10 um (5) a m xture_of heat-resistant resi owder ,.havi an
average particle si zéb‘%'?rrﬂ%‘fnll &8 ﬁ?‘gﬁdt gﬂﬁ%‘?‘ﬁf‘ﬁ?ﬂ‘%@?@%&ﬁﬂ@% havi ng
an average particle size of nore than 0.8 umbut |ess than 2 um and (6)
heat -resi stant resin powder having an average particle size of 0.1 ~ 1.0 um
These particles formnore conplicated anchors. The roughened surface made
fromthese particles is possible to have a naxi mnum roughness (Rmax) of 0.1

~20 Vim The anount of the heat-resistant resin particles used is 550% by
wei ght, preferably 1040% by wei ght basedldn solid content of a matrix -37




Z 0 0~ C zooz 99804 (PCT/JP99/03556) nade of the heat-resistant r2gi DECA8000
the resin formng the heat-resistant resin particles, jt i f e to
use amno resin (nmelamne resin, urea resin, guanam neé%%a’ﬂéﬁa%ﬁ&h ke),
epoxy resin and so on. As the uncured heat-resistant resin hardly sol uble

in the acid or oxidizing agent, it is desirable to use a resin conposite of

t hernosetting resi t . LC TIesi b it e of

phot osens t 1 0 eFabf AL IAER: Bakycns £ Yoeds PERIGTEREBIAR, 7'
heat res! St aagelittd # Whfh (i WREh GRS AReRRE PO art] AdfirRes!r OUGD
photol i t hograpny. As the thernosetting resin, use may be nade epoxy
resin, phenohiedisgeied. b Yhowden Fegi6) taadedese pbitich 2 infarared Miween

phot osensitizing this resin, thernosetting group is acrylated with acrylic
aci d or net htherapichor paitebn Pand ancharportionn adjagdnstleerefo. epdsshowsim i s nost
suitable. As_the epoxy resin, use may be nmade of novol ac type epoxy resin

such as phenBig. doths achey pertigiok ind aapther apelen porbes lagdingssd thssig ateesi n or

the |ike, d | J ¥ i dified wth di | di d

S0 on. s ¢ nEPERgreh RIS B oHERbE it lipe Hrmal st GutRER Bul phone
PES) , | , | |[Hqg?{ , : |

gul f |) dep?PéE%{r?&ggﬁg gﬁ?ﬁwaﬂgﬁﬁﬁﬁgﬁ%ﬁﬁ%g fet rml(ag‘la?es Sg]%ﬁj)nylgﬁgg'fgﬁ. The

m xi ng rati oagmd 8t hernosetting resin (photosensitive resin) to thernoplastic
resin is preferably 95:5 ~ 50:50. Wthin the above range, higher properties
are obtai ned wi t hout Foatiegiomparisonha anicrephiosograpk of aveughi¢resl lagerf made
el ectroless plating is.cured to froman interlamnar insulati resin
layer, whi | eOhtessBNFRgoRad mepgic- R ilon ByPIoliaRe shawn fibFigdon t he

interlam narqi | ati resi i o] { on of
via-hole is P{){P]rs?éggé@é}%g 1§§é§§1{o§>)s’rgpygggg%&gﬁﬂé@%@ﬁ{o&g@& %ér%ﬁ%{e l'i ke when
the resin ”aéﬁdﬁédchfllosfﬁ‘%r@%ﬁﬁgﬁdf\@i&h ehar bihek afd akipaké Nformed HehPedpset ting
resin, or by light exposure and devel opi ng treatnment when the resin matrix

i s a phot osethgindedie-stepied allo38.  [2the Druct@e2nfZueB &0 NiAChIPOSha3EH6)
Moreover, the_ l|ight exposure and developing treafnent are carried out after
a phot omask 49y deedlererecHpps FEOWALQ eack ether, 158 that thediganes befwsen the

sutating.r Bayect<Bydf HEOHLE bR ErlaRing AR BUERH Rk BB 0 [he
| ayer. Then, ﬂé\;’t@oﬁi‘ﬁ fs®RficH or FeQidual REsil§ AGTlowWed hAd ttOresRSiefaih @y er

provided with the opening for the formation of via-hole (adhesive |ayer

el ectrol ess bemidenghe projectigireoadusPecsin eesidud.y, the surface of the
adhesi ve | ayer is roughened by dissolving and renoving the heat-resistant
resin particles exisOnrijeeantrhey, the ranghened sydacedrresrdingta g invention

el ectroless plating with,.an acid or oxidizin ent. Thus. the r.o ened
surface | 5 1 Difaton omBuiERedineyPh sPind Bt A Plsbot Botjer BubBac o
use may be ”PQR f apl YR FBEUSE pRFti P isSHétthe@Sn RORERTrtion d6HHundivdrreh! ori ¢
acid, sulfurtc latogll%i and t@‘ﬁ!eS Ip?,ké, Br orgean?c acl Q?rs}ugh asu?orgic aci d,
acetic acid amchdriperfiokend Bey dnchok poktyon hhe ansthephndlve porgamadjagentd i s

desirabl e because it hardly corrodes the netal conductor |ayer exposed from
t he vi a- hol ethergtotane connadited pachaeibiar thrpugh thegddgeling lowes tharetheranehpe aci d,

The T oughencHo Py B APRoTAYBARACECROPAARE: o NG FRFHPFOEG AARSS RRiak) o
nsalating r Suiha FapReRpaTRe FHECRAR, LP AT o b oniblfyd Mg 8,07

when it is | gssliag th QWBhgly BBrid theROnadB@s cRBui 1O BeE §01dbe8IsElayer, so
Particul arly, the Toughnes3’is favorably 0.1--5 umin the sem -additive

process becathmt thdpedingdiatwkees sheptaidattdn dimuisandethesettdeniredist lapauisimog t he
adhesi on property. After a catalyst nucleus is applied to the roughened

i nt er | ani nar caussdlinthepontiesi fermiggthe splden aupp.dpastisulerlyteygntanpstate thati s
formed over full surface of the layer. The el ectrol ess plated filmis
pref erabl y aﬁleew&% @?@é@ with fmez‘ﬁ’ﬂi&-’ﬁfqoﬁr%%ﬁn‘i &%‘?{ @%@ﬂ%@ﬁgg‘c‘é@pper
plated filmand has a thickness of 1 ~5 Vim desirably 2~3 pm As the

el ectrol ess copper plating solution can be used a conposition usually used
inthis field. For exanple, there is a plating solution having a
conposition of copper sulfate: 10 g/L, EDTA: 50 g/L, sodium hydroxide: 10
g/L and 37% formal dehyde: 10 nL (pH = 11.5). Then, a photosensitive resin
film(dry film is laninated onto the -18-




thus forned electroless plated filmand a photomask depicted V\/ithzaoiﬂ@ |2ﬂ&2
'resist pattern (glass substrate is favorable) is place 6%2

phot osensitive resin film which is subjected to a |i t88£e]Q} {1P203%%%) a
devel oping treatnent to from non-conductor portions corresponding to the
plating resist pattern. Thereafter, an electrolytic plated filmis forned

on the el ect ¢ gressRlalg i 1B Aeery GIAD oidIe AIAGNIHE LRlR Bk NS 0

from conductor circui and" conc “portions corfesponding to Via-holes.
As the el ect paletfdtad RIt8thd\ckls pSrtidpsiof ke PodgheHE® s@fadl RLAdHRY td thecopper
pl ati ng, and the thickness of the electrolytic plated filmis favorably 520
um Af t er theamdlatripogtiosssofstherongleaedrmirfagef so thaetheoamohongortiars digrihioons i s
renoved, the electroless plated filmis further renmoved with a m xed

sol ution of thelmetal benedtly selder hympoanchhenaedhe adhesion prepesty befwesnibe on of
sodi um persul fatfe, ammoni u ersulfate, iron chlorjde, copper chloride or
the 1ike, \Ah%‘?‘é‘h{?t‘i’rﬂéﬁé“ta?@@]ﬁsé’r(#ﬁ! UmR R0t deWer¢bnduct or circuits and

vi a- hol e each conpri gj t he_ e trol filmand the
el ectrolytic plated fri ﬁ&h %\Agordggéﬁ%& S‘?’rﬁ%‘t'%2‘%%%’@@1“3’8?‘?@‘3?2‘5‘2?5&?50 t he
roughened SUgdQ&hexX AR %oftﬁ@ﬁﬂ?@ﬁné&%@ﬁﬁegﬂgftm am@iok ;p%i‘t%oﬂsshé{’ecsjé ﬂllaiﬁd and
renmoved with a mxed solution of chromc acid, sulfuric acid an ydr ogen
per oxi de or hdeobstieting hied flomooiiherresins ulh aberaupbendd sgrface, thereforeethici on i s
fornmed on the conductor circuits for solder pad as a surface l|ayer. Such a
roughened suPXigizing agenfesoflwiioreEprypmaying theydessleningisalytionl artthesesivnpri si ng

I -40. . ~ 9980 PCT/ JP99/ 0355 f | d
P i & ateifuslis a8y 5w VerWEeo e feChes BRIORS PLOLACThE St o -

circuit, or Rl i Lt qi gh a =i | ution
and then bub %‘rldng i;h 3 tﬁgrs@ggrefgé&gggﬁg@ Sg@g;&rgilyprgﬁipbl spalg{shﬁér]gﬁ(?’éﬁ?o be
the el ectr ol asifphighad e6kfhdd ocordinBaoehe fiventivhihas Poatad retidoe hsepuse it is
difficult to forma roughened surface in a conductor circuit formed by

et chi ng a rotleedlopimgderatient andriseexcellentfiorthe ddhenig properigutof theanetaly be

subj ected to, an etchis?og treatment, polishing treatnent, oxidation
treatment, oREREAD B $AGRIRYBR treat ment and the like, or may be covered
with a plated film a t sQ,. the. ! urface may
be covered with a m?gﬁgﬁg‘gg@'?%ag&gpﬁg‘f‘é\ﬁg‘:&@_{ﬁ%ﬂ% tﬁ‘gfé‘fﬂ%g@ﬁggge% fromthe
group consi sppfighu@h shd pt@izeri’tlrl’%cthelréﬁm,reb»iﬂdblzlﬂ_br fHeaddvieldping @R@atthentni ckel
tin, lead, bisnuth and noble netal. Such a covering may be carried out by
pl ati ng (eit hduleanaintdinimigetbe adhgtion ppopdrinhetwelerche obmdisctod arduigamhd
substitution plating), vapor deposition, electrophoretic deposition,.
sputtering ofhegeddeniaist knyer a SNy BIOPEtY Hehres beicoBduGHor GIFChE r ust
proof | ayer dj i ion is favorable to be fornmed at a

maxi num hei gﬁﬁ&g{e %‘%%1@%{}%%8@??%&}?1 ~5 um t hrough oxi dati on-reduction
treatment, electrol eyhe PhgHeAdd QurfatE R diaBiHE MyvenfidonddnBAfRhRdf or the
formati on of the roughened surface with the el ectrol ess plating solution,
there i s a nbyhkivopmhgioffmmesdil wgystal parfitles ifram slod suniface @ffthe conductor

copper - ni ckel - phosphorus. As an exanple_ for the formation of the roughened
surface by tRECEH ¥ithep etchiligesalution gertaunss Lok sxampley an0PREUED wOmPIEXL i on

of copper (I onmpl ex .of .azol.e and organi,c acid as.an etchin ution to
Che ourt ace 8PS AROTERHAaEEy: 5L tn EEney ShERHE A BioRs FopPeighe
conduct or ci At ord : ' ' \ Ngy o the
thus formed PatarerkSat BRERINBR (RELASE BT An ). DO Threddtt 002
99804 ( PCT/ Jpefidh3%at)bel fayaied i the shiipe Ropekpbidifg toapproximately east one
netal selected fromthe group consisting of titanium zinc, iron, indium
thal | i um copalythedrdl shape inhiergnt t@ gk, mistad oy talgradticlebl dn tie¢ &dventibhsthies
carried out by plating (either one of electrolytic platin el ectrol ess

(13 29 g
plating and &iBktappiexisgmtelynalyegdral shepe” dsesbbeneimmeans apolpiser such

deposition or uttering.,. |p the inventiagn ust proof | ayer nmay be
formed on th&S Mov’&aﬁﬂ%ﬁfgan&ﬁ“ﬁ@&ﬂ%%%ﬁﬁ@%0f|‘[i9i‘5‘e % ust ~ proof

| ayer. The formation of the rust proof layer is carried out by applying an
anti-rust agent, or by spraying the anti-rust agent, or by inmmersing the
conductor circuit for solder pad in the anti-rust agent. Particularly, the
i mrersion nmethod is favorabl e because it can evenly for mthe rust proof

| ayer over the conductor circuit wthout damagi ng the roughened surface for
the rust proof |ayer. As an exanple of t h&-i mersi on nethod, the rust pr oof
| ayer can be fornmed on the roughened surface of the conductor circuit for
sol der pad or on the netal |ayer for rust proof |layer fornmed on the
roughened surface by i mersing the roughened surface or the netal |ayer for
rust proof layer in atank with a depth fully imrersing the conductor

Y b1 e N T NN SN




The aforenentioned sol der resist layer is formed on the conduct or2 @i BEGi 2002
‘havi ng the above treated roughened surface. The inventj 1 ri bed
with respect to the foll owi ng exanpl es and conparati Vebg@ﬁ%@ﬁ%@ﬁ?&
reference to the drawings. ma starting conposition for the preparation of
an adhesive for electroless plating (Adhesive for upperlaver) [Resin

col ut on f or SemEpy iR NT e REED 81 ek ROIVRAPaHS, 2 SUeHFh ks ol Gy U
resin (made pidven thdkobhiGeARNE 83 MHe LEGETOAISHQRRRA). by N ppon Kayaku Co.,
Ltd. nol ecul ar wei ght: 2500) in DVDG at a concentration of 80% by wei ght,

3.15 parts by wei ght Anid alsghtht aaehsi porviensofi deeroughened sufBddcant bade nane,
made by Toa Cosei Co., Ltd.), 0.5 part by weight of an anti -foam'\rgg agent
(S-65, trade foumed asperéiony lefa biichoppingff the meyal grystd mrgaless Bhewbaght of

NVP with stirrin Resin conposition B] This is obtained b 1 Xi 12
parts by wei éﬂ‘tm%* a 1%@9%@2@6&%3@1( ex porgiops apd SB&TOHE?%%Y g}?e epoxy
resin particl i ap. aver rti i f um e,
{rade hane, tege ByrEhsE PUELRERABTO bidartiydB R bl S HFRUEBRRLT ¢ e
same resin papihed E§vih§‘éh&9 a%nﬁﬁﬁfa@&?uﬂ?@vreh'sﬁhﬁe éhrﬁ?r@ien@tlﬁ: HArAddidg 30
parts by weight of NMP and m xing themin a beads Il wth stirring.

[ Curi ng agentaftep theoddvel apingirehhhent whilbhadintthiby the Adieich peopestidyytowei ght

of an im dazole curing agent (2EAMZ-CN, trade nane, nmade by Shi koku Kasei
Co., Ltd.), 2hpseldesresist ignmjng resinangHbe sneink benreath galdembump. | - 907, trade

, de by Cb j , 0.2 A ight of t it] DETX- S,
rade name, rade by NeppemRsy driagdindoyIhe siherrBdSLAREE B IekRrbvor
rade name, made by RUHESHIREY K ‘papieses i
Fesin | nsul arra e gthRIPATRE BT Al AT PR efihes ORI

Thi's is obt aianeHoyorfibiiang adotharadfadent wedl@htposiomitd €adhnother bt 4 posifion med by
di ssol ving 25% acryl ate of cresol novol ac type epoxy resin (nmade by N ppon
Kayaku Co., LUower thandbeherghivef gre ancleopriion. DVE®gtridgealines ean batfoomedf 80%

? ?/ade:c ggfr{e, 4r?§§$rs %@}étﬂié%g%id%aﬁn%f&% .ﬂjfs gg §>i.r Fyilqugragicgﬁméméﬁrl %gsifsxt%ln 15;1
i - ' SA 685, . 3.6
SQ? s 83 mmen?d%?‘?@?s-(mwég%a%sf?t ??%1?8%5@4@%%6%%@5 %53@8‘2’0@%“%“6’&%@9 o

( PCT/ JP99/ 03 3@ hudeRRe ikt 51Ty Sl paitldal ardirSppedl SHPimappbxmatelyi ng 12 parts
by wei ght of pol yether sul phone (PES) and 14.49 parts by wei ght of epoxy
resin parti clpedylieaivalrshape aVbesgedgelimdsaigpesseziheamchobpertion§Rolagrter pol e,
trade nane, nade bé SanyQ Kasei, CB Ltd.), adding 30 parts by weight of
NVP and mi xi riyrioneththsanchos pestion by the recess pertions and the ndgeligest Inthe

conposition E (.S, 4l i X1 r i n_Jj.n dazol e
commosi L1 on. hulhipalshe BAUS St Upkan Buficn ey iRl hbe She Byl o3
parts by wei ghta ff thd refifioRithé HietdlBenehthdrid@ bumP B'widdmdtoRasR, made by

Ci ba Geigy), 0.2 part by weight of a photosensitizer (DETX-S, trade nane,
made by N ppdmpfayathe adhesiohtptoperapdnd te mam estipewandiet mofe pidvenieth
stirring.

The roughened surface is preferable to have a maximum roughness
(Rmax) of 0.5~10 um. When it is less than 0.5 um, the adhesion property to
the solder resist layer and the adhesion property to the metal beneath solder
bump are considerably lowered, while when it exceeds 10 pm, the resin
residue is created after the developing treatment and it is apt to cause
problems such as wiring breakage and the like.

And also, the roughened surface is favorable to have 2~100 anchor
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Starting conposition for the preparation of resin filler [Re? UFSE éti on
‘@ This is obtained by mxing 100 parts by wei ght of bi SBheno - g@ poxy
nononer (YL983U, trade name, nmade by Yuka Shell Co., L3984 RSITEEGP/A7538ei ght
of 310), 170 parts by weight of Si02 spherical particles coated with a

sil ane coupling agent and having an average particle size of 1.6 ~. m (CRS
1101- CE, trade, nane 2&3@0% Adomattec Co.,c Ltd. A maxinu art{lcl e size is
not more t halOHORR AR d5d D0 reecsyPRURS BET 1ML (0D AXeT 385 eV NsAthe as
nment i oned be : i,ght.anl i ng. (P I ,
trade nane, %eﬁé@ a#ﬁ%@?@%‘ﬁé@yﬂ\%% ls\?\nztﬁd(gb ﬂ& ?F%%%t%walgfglbg?&gug _

vi scosity of oftdiahk @evelopitty fFexthitn® chP bé préRRASd WlcaRginddinaE the C. [ Curing

agent conposition H 6.5 parts by wei ght of an im dazole curing agent
(2E4AMZ- CN, t adigsiomopm@pertgdetwyerSthckokghéeaksurCae, andt the soldes resigt 18yé? E C
2002 99804 (PCT/JP99/03556) Production of printed wiring board An
enbodi ment odnd the gsthieptoacpraperty ewieandhadevglned susfachandribemstdn i s

produced according t series,of production steps shown in Figs. 15 to 32.
(1) he a ot apenical poldes bap, PP Ren BeUNaReT of TEOBBdIOrEPRIDiag HEL'aS 6

btai ned b ' ¢l =M | ' h
cur face of a2 lhoh aperaer ARRFEy LS (b0 aBlndk heraBhL b SRS IR e BRRBLERT o

triazine) resédrfnee ™ résih MeGHREafeOthe HeVRIGHinS eWindit anld%isdthe At first,
the copper clad lamnate 6 is subjected to an electroless plating after the

formati on of aghedion pregettylbetweeastteronghemed-$ufackGndahd seldeheesistiafar m of a
pattern to form.innerl ayer copper pattern (under]layer conductor circuits) 8
and a t hr ougtnhBiecadhesionyopery peivesh the renghenpdswirkace apd thometdle substrate

provided with the inner]ayer caqpper.pattern 8 and the through-hole 9 is
washed with aﬂleéﬁ’, S‘?I}BF% uép§agﬁ%@ag§ﬂn9§- an oxi dation-reduction treatment
using NaOH ( 10 g/ L) : / S heation
bath (graphitizati onIl lg)llt%h Q%H&%%ﬂh%m%gpaﬁaggﬁ%&%a%@%% bﬁg%@%
reducti on baidbéd 8~30000n avglageed Vehef theasumber dflridgelines i wiin éeer copper

pattern 8 and the surface of the through-hole 9, whereby there is produced
a wiring boagbbvexaagesthewhapeofthg. roughenezl susfacedregomes icemplisa ¢ by

i Xi d kneading th i it d th i t
Composi t 1 on FOUHHER U BIe ROy Eh b fHaeial PERCAIpISOeE0R 1 1 or i

applied onto S f?&ﬁst f . t to
fill in spac‘éiP etd \,Ngbgaﬁ t ehggrﬁlhgég?g%%cﬁerr%fo?ﬁsheg% g‘?\% 1"t@ 1(satalta§4§110%rb ﬁﬁolﬁée 9,
which is drigghbyimpasvedthndtat (sdme tidke tHendb@dsreb@ub @aiehsisy Be k@neved.13,

14. (4) After the conpletion of the above treatnment (3), a surface of the
board is polished byMorbever, miwabgraifieanh of anchér p@Oonbakecessgardhnng paper

(made by Sankyo Ri kagaku Co., Lt so as not.to |leaye the resin filler on
the <48’ o aadidgiRGSs semshenicd bl el Stak piomeRmiEed aa’i&es SBdPepat tor n 8
and the surf 12 . - lco k. €NMDVI Ng
flaws creat eg&%}l/]g{lﬁils%gﬁ‘fde lis]abrllgt& %Sl{ é@ﬁ%ﬁh%ﬁ%%@% sflgrld;)é‘%gbgg 5t r‘?g’ board
is carried ogfeah§ of B chRi@NiHRAGIBOPE aBSO0B MidiBEatfIONEshdwa inlRRR, 2t he
resin filler is cured by heating at 100C for 1 hour, 120C for 3 hours, 150C
for 1 hour aand 3804 cfach niinthenismeasired at anwiptiongl tegeomdofll%S gm’shown in Fi g.

17. In the wiring board 15, the roughened surfaces 10, 11 on the surface
| ayer portion of theﬁ’r dnxentiqn, ghe foughgped surfage isipoygead whdhometd ¢ he

| i ke and the, upper réace. of t i.n r circuit 8.are
rempved to SHBLne i na” ChpRiastiBy VRE ERmECRBEO Mt it adpBnds. (e
si de face of j . : Ct it o8 of the
through-holeS %Fgﬁgﬁﬁggéﬁéﬂggﬁgggggﬁb ggg Sb?hg%qgﬁﬁgﬁghﬂgﬁgﬁﬁ%ﬁg%gned
surfaces 10aghdwn an Biggh. UhB is bovdred@ith 4 acaldhyéh®l.t hrough-hole 9 and the
resin layer 14 are strongly adhered to each other through the roughened
surface 11 a. That i $hemnmtaldayéraTleas giowméen Figs. A~12ayemmdedf allardhyd t he
surface of the innerlayer copper pattern 8 becone the sane plane at this
step. (6) Thexisizes @rarrededgneighpra petal pet; 8Ang e MEhesHRHRIOPSItY dPr cui t s
is degreased with an alkali, soft etched, treated with a catal yst solution
contai ning palladiumchloride and an organic acid to forma Pd catal yst.
After the activation of this catalyst, it is immersed in an el ectrol ess

pl ating solution of pH =9 containing 3.2 x 10-Z nol/L of copper sulfate,
3.9 x 10-3 nol /L of nickel sulfate, 5.4x 10-Z nol/L of sodiumcitrate, 3.3
x 10-' nol/L of sodi um hypophosphite and2ll-1 x 10-4 nmol /L of a surfactant
(Surfeel 465, trade nane, made by Ni sshin Kagaku Kogyo Co., Ltd.). After 1
mnute of the inmersion, it is vibrated and rocked 1 tines per 4 seconds to
formr oughened |layers 16, 17 of Cu-Ni -P needl e-shaped alloy on the
surfaces of the copper conductor circuits 8 and the |land of the

- o ~ o . A~ N . ~ ~ o, M



2 0Dt ~ ~uul 99804 (PCT/JP99/03556) conditions of 0.1 nol/L of 2:0.0EC 2002
“borofluoride, 1.0 nol/L of thiourea, tenperature of 3 = to
formSn layer of 0 3 ~~min thickness on the surfacesgggpgﬁbeﬁ&ogagése%%d
| ayers 16, 17. Moreover, the Sn layer is not shown. (7) The above resin
conposition D, resin conposition E and curing agent conposition F are m xed

Wi th stirrifg $9déebist ﬁghﬁﬁ rédi§ o¥ 'a??éb?bﬁ ﬁh‘gﬁr§’ ® SB@.Smet Béifah an

interlam nar resin insulating agent or u yer) i s obtained. Then, the
above resi ngslaaPBsmbievenAf thie fickald s ioxidine®onverrodéd.Nng agent conposition
Care mxed with stirring so as to adjust the viscosity to 7 Pas, whereby
an adhesi ve sol uti oAnflaisalthe metdldsyenppraventg thié¢ tormasivar dfayddy film abt ai ned.
(8) The interlam nar resin insulatjng _agent (for underlayer) having the

vi scosity oforrosjopiimyen thearonghered surfaqey ind soxers|the gougliened siHaseiat aces of

the board 18 of the i.tem.(6), by nea of a.,roll, coater within 24 hours

b ter the of Sk bf minEing e haPs i W rolieRed sitBrE anthdt ot o nut es
and dried ( : i i.Li dhesi ve
sol uti on _(fgj‘?&gg%gr %@%%J’ﬁéﬁ?ﬁ%g@tbﬁte%€‘?¢1‘st§§§?’9§h§$&7§L‘Bgéscgz“?‘ﬁfth% spldet (7) is
appl i ed wi t fisist 24rihiigl @ siaf drahe nf®alPb&Rah sdldenbumpft to stand at a

hori zontal state for 20 m nutes and dried (baked) at 60C for 30 mnutes to
form an adhesi ve | afech 2dSndtalviayer eart pievknethe loweSifig-afmdhssishemength Fi g. 19.

(9) As shown in Fi g 20, a photomask film 21 depicted with black circles of
85 ~. m- is hefeeadhe gowghaned sprfaceand thagolderegishianer gethendhesiie adhesi ve

N e e e e L
a super - hi gh pr essugeRHE Wetall 18Y8 Gin PR EME MrdnaglosmbiRéhed to a
heating treatnent (post baking) at 100C for 1 hour, 120C for 1 hour and
150C for 3 bonstguting rectonghoenédidirfdceinresl breskage issiok ahused dtayer (two-| ayer
structure) 19 of 35 ~.min thickness _having an openi ng (opening for the

for mati on ofoughgnpderface sefthgshe pgelingbetvesn thraenghonedsuriacedndithey - 47
5 ) .
houn 1 nFi SQLICS\S BBTAF. DORREEH 15 TBHERELES Sy cheerud e PR LaBBet 1 1 the
openi ng 22 i:a- The board provided with the opening 22 is
i mrer sed ing@ﬁf%pnﬁrg\bégilﬁwfeare\(l@%ﬁl'nut es to dissolve and renove the epoxy
resin particles exid thiegprixitedl MeringHoaed acdortififg totheihwentivn; theesi n

insul ating layer 19 to thereby roquhen the surface of the interlam nar

resi n i nsul eughgnedyerfagohasthermaergl layer,souhatethedxddized oesongdedlnygre f or ned

§§ %ﬂiom"e%)” iszﬁfﬂdhélﬁqsaé i it ghenod S bEPror e o WP oF SRTOIPIE ( rade
y Aot ech) id el bt EHEERRF Ukl s BRI SRl PESET L8, Rt

rougheni ng treat meht (roug e to give catal yst nucleus to

the surfacebégedth sbiter boify sanaiAtiinéEanhdhemsethatpesing d¥eveckkhand the inner
wal | face 24 of the opening for the viahole. (11) The thus fornmed wring

board is i nmeugheded surfacesdnskthe s0ldss resoys permpigatesmprdbgivwetsthealoughenedhavi ng
the foll owi ng conposition form e| ectrol ess copper plated film 25 of
0.6 p. m ovePUKaGhen tf@fmﬁwigﬁmé I SURMPAE B0k §autcdhiyen yglil@a.tmgs.

[El ectrol ess platin I 0.a/ r I g/ LHCHC8
m/L NaOH 10 g/L a, ghgg#%‘;g/ﬂ%&%ﬂsgﬁh%}’{ﬁgééﬁc?‘% %%PF%E%CE rfg(?ﬁégégpl ating
condi ti ons] okd\HéshsitizesritdhRin® zid® Grom Indiud tB&1LHES)cobaltSHieRel, kin, Fi 9. 24,
a commerci al'l y "avai | able photosensitive dr y film 27 depicted wi th black
circles 26 ilendabismaithdintia ndtde metal.
These metals hardly cause oxidation or corrosion, and if they are
oxidized or corroded, the adhesion property to the solder resist forming resin

or the metal beneath solder bump is not lowered.

-22-



-48 2 Q CeEc zooz 99804 (PCT/JP99/03556) el ectrol ess copper pl gt%@[fq 20025
‘fornmed in the item (11) and a nask is placed thereon, I i to a
light at 100 mJ/cnR2 and devel oped with 0.8% sodi um car%h‘g&g@(ﬁ?@?ﬁﬁ%&]
plating resists 28 of 15 ~. min thickness as shown in Fig. 25. (13) Then,
portions not formng the plating resist are subjected to an electrolytic

copper pl ating “”derz,ghg?alilcg'tﬁép"ﬁﬂ%% 8P ok A qbbIE %e{g%l%ﬂx{iﬁg%g&{@%ﬁdﬁi ¢

copper plated film p.-min thrckness as s

[El ectrol yti &n&éﬁ’é&! REg AAHER USpS&! Bilt o0 kmaukf tHanCti @i 18Ik theopper
sulfate 80 g/L Additive (Kaparasid G, trade nane, nmade by Atotech Japan) 1

mL/ L [ El ect rwlughenedhattacesiscondredi wikja 1eyer eiductiensietal of nébttnmetal e 30
m nutes Tenperature roomtenperature (14) After the plating resist 28 is
peel ed and réderssean bg prevepsadahe dissolwiat ok Bleccondpctaredrcpitithraeghdeadat h t he

lating resist 28.is di.ssol ved and reno b t chi.n ith a m xed solution
P P ur o Serfodsranlion JnU HOEBETEE oighe Ul Sritdabet ot ot 1o 30 0f 18

~min thickness conpgi - el.ect rol . : i nd t he
el ectrol ytic copper }S'F‘Zil?éejﬁg'fﬂlf %ﬁ%&lﬁé%%&ﬁé épgé?‘ﬂbﬁ{ee%&’%j ntééssl g%%\%hd%l n Fig.
27. (15) Theofspdk oki@2ingBittaBSsuch dshfckdiein (&bdlSarkPhoblegn&bl tAs iy m a
roughened surface of Cu-Ni -P needl e-shaped alloy and further the surface

t hereof is smndbyleanetdl, taoleast sndef gold sibver, plafinuhiband peladiam iskiesirhbles
(7)(15) are repeated to form upperlayer conductor circuits, whereby a

nul tilayer wiring boAsdhe mespnat heweripg iy adesigivpropertyfiegweasthe mgtaghened
surfaces 32 avi_?rqlgqﬂ -403 zZ 0 f) E.c z~0z 99804 (PCT/JP99/ 035 G%chthi ckness
of 3 ~. m ar el2¥8h AR g sAlderienist P mIpg AeAIR 3PN L syl 7 metal 15, ox{iFedQr | ayer
wth an el chtdfodfl, widibiRay dethitl dPiRhl, PhciibAdAim! BLiRAR) Rad
copper(11) conplex, 7 parts by weight of glycolic aci ar{g 5 parts By

wei ght of poawdbiswiathhl ori de, "Mechetchbond”, trade nanme, made by Mech

Cor porati on under spraying through transferring rolls. The tin substitution
is not applied to t hEhupugsndie reughened surface according to the invention is

covered with the metal layer made of at least one metal selected from the
group consisting of titanium, zinc, iron, indium, thallium, cobalt, nickel, tin,
lead, bismuth and noble metal, the roughened shape suitable for preventing
the resin residue after the developing treatment is maintained and the
adhesion property between the conductor circuit for solder pad and the solder
resist layer, adhesion property between the conductor circuit for solder pad
and the metal beneath solder bump and the strength of the solder bump can be
improved.

As a method of covering the roughened surface with the metal
layer, use may be made of plating (electrolytic plating, electroless plating,
substitution plating), vapor deposition, electrophoretic deposition, sputtering
and the like.

The thickness of the metal layer is within a range of 0.01~1 um,
preferably 0.03~0.5 um. The metal layer having the thickness within the

above range can prevent oxidation or corrosion of copper conductor while
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scanni ng m croscope (x 5000), it has been confirned t
as shown in Figs. 4~8 are 11 on average, recess portigﬁéagﬁggjkg

and the nunber of the ridge lines is 22 on average. ( 18) A conposition for
sol der resist is obtained by m xing 46.67 g of a photosensitizing oligoner
(ol ecul ar i Y ) i f of 9 i of
cresol noon@égl?éllBIeng%%xuyn\%?gé Sh%iﬁ%@%gyﬁ%ﬁﬁeﬁgﬁﬁgku Vg@e/ﬂ B{et %ﬁ‘;l&%ltssssol ved
in DMDG 15.4 %410, i j o LY i Epi kot e
1001, trade lgégrrsg,%?ragé@ lb%m\gghegmél eFPngl;E}ffg{?%én)%%ti dsbgnolfl eg‘ay Pﬁ%rgrg?rﬁ;(/il’ et hyl
ketone, 1.6 @hil¢ vdien ileslescdsd |Cin; tHEOme g Penér@s ity g%Eis ookt Kagdenéd. , Ltd.
p

2E4AMZ-CN), 3 g of a polyvalent acrylic nonomer as a photosensitive nononer,

%)iD 26%\) of gol)m;?cenof@fscgyhedm@gpbmﬁy Ot( _ltﬂa?mltg_;heﬁyd)einsf?a:( amg&ie;adhosionu d.

an . or a dispersion anti-1oamn agen made Dy annopuco
Co., Ltd. s-mperjgwe&ua%@ezoggmn%QﬂWMe@ﬁ@&ér StUAYRIPTIRESRRED Co. |
o) 235 RS Rt B e ST R e Ryl o, o0
viscosity to 2.0 Pastgf r[\%fgﬁignlé@%@x%@é accio?gingt%qgém\benﬁ%n%ﬂwf%ﬁn'(eailgfi-tAgpe

Vi sconet er using rotor at 60 rpm an otor No. 3 at 6 rpm

shown in Fi gby &8atit$eheceumivsidri ddreuds foosoldet pads wthiastetélsingpplutiet at a

thi ckness of 20 ~.mto both surfaces of the nultilayer wiring board

obt ai ned i n congainingre¢ppesill) gomplextand aix gngagia awdt neneh ap erdhing selugion

m nutes - 50 'Zgg Oq 2~~2 9980&(&PCT/JR99/Q§?56 and 70C for 30,.m nutes,
a phot orask $41 disaadve fhescopper cOPANCRR W UL BRGTAN QR )Een £Xsting condition,
(mask patter 34 C e X Lt :aVvio at
1000 mi/ cn@ g#é? %@2?@%%%@%%%&%%% hﬁﬁﬁﬁn&%’ébg§E€h"?$§1esr%ﬁf5§&?§°

subj ect ed t opycbBERhédtidingemttie fbllgwirglfeat@6n forh@yla; 100C for 1 hour, 120C
for 1 hour and 150C for hours to forma sol der resist |ayer 38

(t hi ckness: €a +CojllpperedCoPAn) ry adiaimatey: 200 ~, n) to a sol der pad
portion 36 (including a via-hole and its |and portion _37) as shown in Fig.
31, whereby a printezcuﬂ)ﬁmg+ﬁﬁﬁpﬂ+ﬂ§\ﬂrd’ EGBAﬁzbyl , the board

A okel pl at i RGCRER A FofConBRatle s (i fob SBRhRS DA Chl o ok, 10

g/ L of sodi ugdpanppidasiihb&).and 10 g/L of sodiumcitrate for 20 mnutes to
forma nickel plated layer 40 of 5 ~.min thickness on the opening portions
36, 37 as shown in FAg.sh8&n ikuh¢ hbove tdaetiondodnula, themesidadgicopper(l)

el ectrol ess gold plating solution containing 2 g/L of potassiumgold

cyani de, 75 €PMPIK igehisel eeh hanacidandspongsiwish oxpaenyia formr earpesdd 10 g/ L

of sodi um hypophpsphi.te at .93C fqr 23 seconds..to forma gold plated | ayer
41 of 0.03 p.g‘?TIF‘BF‘?xt Wénﬁ? EQP_CBPQ?D&HC‘T ta%/tglrﬁ oi%aat(%?tocﬁp@reéaf ter, a solder
paste s printed on ¥4 ORRHMPcHRpldAedlinthe ifRhleh i§ oAby Y alpritd and
reflowed at 200C to form sol der bunps (sol der body) 42, whereby a printed
Wi ring boar dcdidplexvofiun ddvte.s oTHBItype wp shel@opper{iiochmpldx abts dshirs pri nt ed

wiring board are disposed usual wring portion 3Jine width: 75 ~.m and
fine wiring peidiziag agentexidizangmesilic cappereidthedikecheAs the azplte thereiang
portion is divided into portions having a.oarge wring density (distance:
700 ' anamsaiionehdiaaliini olerd PGS ATl by dERo T G
E~canple 2 Fj i dhe 3 j I Ui i rinted wiring
board 4. 1 n a8 T ATl ) "t he. sane
-51 2 0 D phé&yMARIa98B03-(rICT/ HRABREER) tRSlikdalBRaRk£bIs, except that

t he roughened surface in the surface | ayer conductor circuits (conductor
circuits for Theladditigmeathomst afalie ceppen(lhcampidxadf thayaeoleis pasfesdbdyn i n Fi gs.
912 at the ste %17). As the netal, nickel is used, which is applied by an
el ectrol ess ;brgi orkey Wekghtt hiBscausenthe enmaplex if gyeellansdn the salebiies endf 0. 04
~m In this egﬁngle .thﬁ sglder bunps (sol der body) 54 are fornmed on the
openi ng por P{BHYY JrithiRdhe aPONGTaNEE st | ayer 38 through the nickel pl ated

| ayer 52 on the nickel layer 51 and the gold plated | ayer 53 thereon as
shown in Fig. 33 at the steps (18)(21). le 3 This exanple is fundanentally
the sanme as in Exanple 2 except that tin |ayer through substitution plating
is used instead of the nickel layer through the electroless plating as a
netal |ayer covering the roughened surface of the conductor circuits for

sol der pad. This tin layer has a thickne3%-of 0.03 ~.m ExanT 4 This
exanple is fundanentally the sanme as in Exanple 2 except that zinc |ayer
through el ectroless plating is used instead of the nickel l|ayer through the
el ectroless plating as a netal |ayer covering the roughened surface of the
conductor circuits for solder pad. This zinc |layer has a thickness of 0.05

When t he roughened surface is observed just above by neans ofﬁqp §E§g®k§n
. ' 1
Erage



i le This exanple is fundamentally the same as in Exanple 2 except? 0h@f(a((2
“metal |ayer through vapor deposition is used instead ?P 4h(? 3"%%—1?' ﬁ)yer

through the electroless plating as a netal |ayer cove ?1% ﬁ: é ed
surface of the conductor circuits for solder pad. This nmetal |ayer is nade
of iron and cobalt and has a thickness of 0.05 ~m -52 2 ~Qr C 2002

99804 ( PCT/ JP99I 035 le:6: |, a
printed wiring boar gﬁi%g?ﬁg}v%ma%ﬂ%lﬁg%ﬁ{)ggﬂﬁ(ﬁ%gg?&éé%ﬁﬁglgggﬁﬁﬁéﬂogl | owi ng
steps. (22) disdBNinigl RppEr ¥kideNg IR easslof Gsifftlad ebU Iy €ifplekne thBe steps
(6)(14) of Exarrplegl gfurther form upper?aye‘?q%)og%llu)(r:tor circuits. The

i nner | ayer cazotttheorganic acidtisfdvaratdy atAeasughe s¢lesteddt@pshageonwt shown in
t he drawi ng. Moreover, the conductor circuits for solder pad in an

out er nost | pasistngraidopnicracad agetic mgid @aepionis idy, bugyrig peid yalaricicidhe
conductor circuits gondtict or..circui.ts for sol der &%gg .30,.31 for.ned at the
step (14) ofSABXAFHCH: perylEacidifEopmic acle, FREHGACIHoMAOHE 361HSHCHIRS ¢ he

conduct or cifGMi - [ I -1 s..de AN i, soft
cthod and Attt ARG el iy BiEbic BBPEREAREHCM 1o e °01C
and an or ganicsd aad dulfemed ¥8da me%aﬁhm&hmoﬁfﬁ@ﬁthbf&gmbia\éﬁi ison of this

catalyst, it is imersed in an electroless plating solution of pH =9
cont ai ni ng Jpreferally’ Withinl 4 tangt of Gope30 B wtight Bordmaintfinthgrdie/ dolulfility ckel
sul fate, 5.4 x 10-2 nol/L of sodiumcitrate, 3.3 x _10"" nol/L of sodium
hypophosphi t@f tha@xidized capper and|ensudng she selpten swbilitgur f eel 465, trade
name, nade by N sshi a u Ko .Co., Ltd.). After m nute of .the
Tmersion. 11 1 vi bralEEHnE AR aecoriBg e iivenfoR i B faed S
roughened | ay860 39 sutH ANtk Bh ScRBARE dork Brodhi A 6r idnf of the
conduct or ci rc%‘%%glo%osﬂu f (éjérl@ The’n? a rgs(t) ’prro%ﬁflﬁ{l:;tyer lgé quegl%?or med on
t he roughenedbsistingrthd8issélatian cirtoppetiaid dgeskidatiorisaibnloPthd-dxehzot ri azol e.

The roughened | ayer 39 is imersed in a sol ution containing 15% by wei ght
of such an a¥idlrabalogge ien mayder uippicdtashydspchiais aeid, sodiiAuelosidd ofashed

ith water to f t f | 108 on. th d | 39. (25
hereart o Brake TR sdRiobiDgunte! Bepaetonts P RO IhE SEmgs )
o R . . - i - .53 0 DEC
602" 00804 (Parpy LAMBERERE et BePillseRE ARl OR BIAC UATRER the 1idiling’
(including Vﬂ'o@%li@ﬂx&i altthdetand (RO GoIIRK késst 18Yor inex&dlg, i n Fig. 34 according

to the steps (I8) and (19) of Exanple 1. reover, the anti-rust agent and
t he residual conponé€hle ethingsobutieieacaarding tolthy arventionvandpegpriepareddit i on

Tade' by KyusHSERInE SR FORBeERl] o ISR Slghedi ol e AFBGIIT T boar o 15
| d . ' '
placed at 2 AR Sl fen SHEIh AaflsoS RUKMERAT LS paTHELRHGQUE ol o

pl asma di schargi ng’’qua 0 pressure of 0.4
MPa, an oxyg&imfReslhl aVﬁlaﬁbl@Etcﬁﬂ% SSlatibh afesl eﬁaﬁl?l?s’i‘fMé@hlEtEI?o&fd”,ZtrﬁHéIUt es.
(26) Then, the thus plasnma treated board is treated according to the steps
(20) and (2yamé, madapy Mdch Gofporatian.ckel pl ated | ayer 55 and el ectrol ess
gold plated | ayer 56 _on the opening portions 36, 37 as _shown in Fig. 34,
whereby the printed APaVa@essishing quasiynyitB sheetchingrelution isstayprably ed.

27) The printed wiri i s diygided and cut i size b
fevt oo nawi i e bite PR i oMU Ateehen ek b SBREsSe or

i nspectin =Gl i r f, i - 17} oard to
obt o n b dediopgrty Hebitdy MRoUkRehl RtRAGEE RACE! (Rt dairlbRero0a |

oxygen, car b@Rilt &tlieadbbideds 10Uhhghel rekie eBidup iogRtbberausediand alsoahe
letterprinting step for formng product recognition letters and the |like or
in order to wmpngbreakage mqbdieilggemeqahﬁy@au@érmrthsfmc wisingr of iiatgnore
Thereafter, the sol der bunps of the multilayer printed wiring board are
posi ti oned t’@aﬂéé)dé‘@tive bunmps of an IC chip with a target mark of the
board by nmeans of a proper fastepin ice and then.the sol der . bums are
refl owed to bond thel%stggé%‘fe“@i@ﬁpﬂ}col%f:%i\fwma ‘?(?qubﬁdq @ntz’grtg‘ﬁ fqr sinis
filled between the IC chip and the printed wiring board to obtain the
printed wiring board connected to the IC chip. - 54
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2 0 DE C 2002 99804 (PCT/JP99/03556) Ex le This exanple is fund @ lﬁ
"the same as in Exanple 6 except that the formation of é%gr %g%% fZQ;?e
is carried out by etching with an etching solution con |ﬁf‘%§g ? by
wei ght of i m dazole copper(l1) conplex, 7 parts by weight of glycolic acid
and 5 parts by weight of potassiumchloride, i.e. "Mechetchbond", trade

narre, made byoheheP8amace 2 rARisINE! wRRRAK DACHY hedt br ANRESH bidhekdt” ough

roll s to ob a roughened surface having a ness o

Thereafter, gdl8cted ForR 1RO krdupy@nsistine@fTRaniAm, e, iR iediath, IHAlliage by
sprayi ng the sane anti-rust agent as in Exanple 6 at roomtenperature.
xanpl e 8 Thi solegmidkel; tén,flendldimntdi and holdesacm]l asmientiBredpbevd except t hat
t he roughened surface having a nmaxi num hei ght of 3 ~.mis formed by

gr aphi ti zat i dhe feduatiomef thegnetak Hyen saygbewaried ouo by/nlatingyax@por (40 g/ L)

d Na3P04 /L i dat i bat h hiti ' bat h). d NaCH (10
/1) and. NaboePRiep. o CEOor i ARROTPPEPUHFEIgSr (EHE PROPRSE pr oo 1 ayer
is f d f ae L. [ f 10% Db i ght
s Tormed onoLdie UANOGAAHE \Agte B ARRLY i SRl 900 y weig

of tollyltri € as an anti-rus aces rough a roll
coater. x me9 Fig. Bpoider o Balfbidly &1 iReMn¥iabYiyef, RcBrdig sthi ring board
46 in this exanple. This board is produced in thé sanme nmanner as in

Exanpl e6 excaptentibaj thieirouglsred 1298 dfsari thg renghentkgrsstnodntGnéBbe. mi s f or med
by substitution plating after the formation of the roughened | ayer 39 and
then a r ust syhjeeted tapdieat troatnzeryt drigsdo die farmation afdhemetablayer. i nyivesi ng

the tin layer, 109 of the.condyctor. circuit for solder pad ibn ol ution
Cont ai ni g 269 Hoh e SR AblargriphdSHnbondis A spoRdted by i head

t enperat ure far i géjacrp i %@@é{ﬁ IS, f nent al |
th(rarp sanme as ﬁfﬁa@%ﬁb@g sérfg(:gg%?ep o?@k@q_%@g?@nﬁg 0 {g@f'/‘g@ggl 03556)y
that the rougilietksste fageathsyoNgheansrxlayem hei ght of 3 ~.mis formed by

etching with an etching solution containing 10 parts by weight of imi dazole
copper (11) conpl ex, Thpsempenayuraesifghe hoat tigament magdiedses el varipas rangpy

wei ght of potassiumchlorjde, .i.e. "Mchetchbond", trade nape, nmade.by Mech
Cor bor at 1t o A0 i L P ang B RDERT ot e dOBBedLAR Bce et

| ayer havi ng i £ 4 I ace hy
ayer Nl 09 Bbh9SAR Bl Red oring bRk AETEL AP G AAEIRE R
roughened suphas@Yy, tRERnghétanire & fivekly vargh a ﬂange splspLosgeont ai ni ng 5%
by weight of 1,2, 3-benzotri‘azole and 5% by wei ght of tollyltriazole as an
anti-rust agdvhemtheaetpepromt ivdewef HERGHEEQ), tiSefeatafdbe hExtangdtmeht isThi s

exanple is fundamentally the sane as in_Exanple 6 except that the roughened
surface havi Bgt abﬁﬁﬁw%’?’ﬁllﬁ‘ew&ﬁﬂ 1t0qxcge§s_ #0°Cithe ﬁ%‘bgllﬂ?‘ed surface is oxidized

?ﬁaﬁ&?ﬁx@@uﬁ?ﬁéa 0 g/L), NaCl02 (40 g/L) and

graphitizati d i r
Na3P04 (6 g/ Baélge%é%ﬁié%{eﬁg%%a grap ion bath) and NaCH (10 g/L)

and NaBH4 (6 g/ L) asThelperhided mﬁn%);@bbrd P9 fdedzwiih alra¥yeprdofYayrg a thi ckness
of 0.05 ~mis fornmed on the resulting roughened surface by sputtering and a
rust proof | ageording tothedavdntiende aebgritsqor with megfeaere! totthe drawmigai ni ng 5% by

wei ght of |,2,3-benzotriazole and 5% by wei g{,ht of tollyltriazole as an
anti-rust agent ont oFithd3zhewvs alpugitydinad sestianpfeamembedimentnfithe i ve
Exanples 1. 2 These exanples e fundanent al the sane as in Exanple 1.
Foever . in EBMREIE: FUANETsor padiRE I e ot gL Bredelatiad on ( he
conduct or ci eyl i @fon. 8L PY 80P RibhARldi AR SeBHf OF QRofhkr eat ment
usi ng NaCH (fg&tg}jtrfgﬁoﬁg%%2a?48 g}fﬁ? angll Na3P(%4 %6 g:lj :Ii_l) cas an ox? a{i on

bat h (graphi eimbdidiraentef thy candudtaftirtdid fer doldanshdNeB¥providyd withshe
reduction bath, while in Conparative Exanple 2, the roughened | ayer nmade of
copper - ni ckelrugiiprepihlayersaaveeding-telthgpoueatibny is forned on the conductor -56
~ 0D~ ~ ~OA~ 99804 _(PCT/JP99/03556). circuit as a, surface |ayer by using
an el ectrol ess plati i C§QPGE‘¢t8F1CBP“‘;Sifpf:s@g%rd?ﬁda]i’l}ﬁ’ivifgdeWEﬁ%h@Lmsﬁ PEAT/ L of
copper sulfate, 3.9 x.10-3 mol/L of nigkel sulfate. 5. 4 10- | /L of a
conpl exi ng aé@gﬁr,acg_)r e tﬂ)t-hel FHOTG ‘@%Sﬁ%ﬂf&%‘a@%ﬁ‘ﬁ@%ﬁ t[lrg 1 x 10-4
nmol /L of a surfactant (Surfeel 465, tr ade nane, nmade by N sshin Kagaku
Kogyo Co., Ltd.). In the printed wiring boards of Conparative Exanples 1
and 2, usual wiring portions and fine wiring portions as well as coarse

Wi ring density portion and dense wiring density portion are forned |ikew se
Exanpl e 1. Conparative Exanple 3 26



This exanple is fundanentally the same as in Exanple 2 except thaf §HEC 2002
" roughened surface is formed on the conductor circuit r by
graphitization-reduction treatnent using NaOH (10 g/ L@S%@ﬁﬁ§§/8£%%f) and
Na3P04 (6 g/L) as an oxidation bath (graphitization bath) and NaOH (10 g/L)
and NaBH4 (6 g/L) as a reduction bath. In this exanple, usual wring
portions and,fi L4 J kg d ity portion
and dense vm%%tg&ﬁ#m’s“ {B;/b ag@%‘ {igﬁﬁ%?cgeq\@r%r% I%&mﬁglee%éaﬁn%fnggimemnpar ative

Exanpl e 4 Thicid@itape | Sudliadandiviat tircuib orsei@erdsad iB pes@RERIdSw #h E4& €t
that the roughened | ayer made of copper-nickel - phosphorus needl e- shaped

al l oy is forsodderaesishinyeosadasnot toodireatlyt reasive igh tempedatyrerandyhighi ng an
el ectrol ess plati ng solution of pH = 9 containing 3.2 x 10'2 nol/L of
copper sul f apressuge drom eateziormnd|provided ek éts sytfiacemdth thesoughened swsface of a

conpl exi ng ent, .3.3 x, 10-' nol/L of sodium hypophosphite and 1.1 x 10-4

ol 1L of ' S0F Ohliaing 7 By adeSagropetuto RGeS sb R SeRA gk

Kogyo Co., L&(ﬂ'{e%ionlsﬁ}oggﬁz t8>ﬁ?é'§)318eroéas&??‘l wiring portions and fine wring
wWel'T ast coa

portions as rse"wring nsity portion and dense wiring density

portion are fornmed |TkeybhsmhehEd SRt celforthd fornfatibrlof the rést prood BER
(PCT/ JP99/ 03556) Conparative Exanple 5 This exanple is fundanentally the

same as in Exmopliagboekxeapientibaindbhdesamroughentd ageate 163 fatmeppyi ed to the
roughened surface. Conparative Exanple 6 This exanple |s fundanentally the
same as in Beaghering asustgee of famaimeodyo Lgh ohasondnetat sirprivilAd far seldenum

hei ght of 3 ~.mis f by etchi,ng.with t chj ' t ai ni 10
pai Us. by el G spusInERR e B sHc ) baird, g b s G "

| ¥ . q | ! . ; .
9N)ég(r)1elt ghggln%ﬂ@t gg’de nét?r%, r?gg%gﬁlga (I:W)(t,or péor a'a{ Pgen&%ﬂrt\%glrg él5|cr)(§h hlerlllsd\/\hi |l e

t ransf erri ndlaybr DO Madel dfsancelectidlessaplatedr filih ofganliké 6n AGurRplof @dnkix t he
roughened surface. Peeling test of solder resist |layer Wth respect to the
printed wiribedobdy déapongu@@durwxaﬁﬁﬁoléscﬂdamactmwﬁw ivEigaddnpl es 1 and
2, the peeling test ]g];qsol der . resi sﬁ) | ayer i.%TdcarLi ﬁd out after the
formation of the sol ddhepruted wiring poanhprovidad With the ryst preof layes  (under
heat cycle condiding tdREAKE, hbhEuPhERANGERAE iIDRMRRN i dohdagtareen

conductor circults®i's conpared betvwee coarse and dense Wiring density
portions andcighfiOfd sobdr padesiakiefade 1y dfahé phintdd Whtn®@BeMidNeoRPRIed on i s

measured. The results are shown in Table 1. Table 1 Eval uation

t er ns Eval uat with qooducton Exants throgglanptiens stepxanphe fompain ofjthef t er t he
roughened surface for the formation of the rust proof layer is carried out by
anyone of oxidation-reduction treatment, electroless plating and etching
treatment. Particularly, the formation of the roughened layer made of
copper-nickel-phosphorus alloy and the roughened surface formed with an
etching solution containing a copper(Il) complex and an organic acid are
preferable in view of the adhesion property to the solder resist layer and
uniformity of the roughened surface.

When the roughened surface is formed by oxidation-reduction

treatment, it may be formed by washing the printed wiring board having the

conductor circuits with an alkali or the like, treating with an acid, immersing

in a solution containing NaOH, NaClO,, Na,PO, and the like as an oxidation
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fidf twri ng density - coarsenonenonenoneorna ion O SO er resi stz 06&@)@ 500

"1 wiring density-dense none none nonePeeling after hea 'rilgkgr 'Eé’ - 2
one n ! s gb 6)

coar senonenonenonecycl e test *2wi ring density-densenonénonenoneBa

continuity t t d bwiring density - coarsenonenonenoneuc or e ween con

circuits * 1 wring density-dense none none presenceOrganic residue

*3bott om of yi@- - s 0, = o

( PCT/ JP99/ oség@) @%ﬁﬂgg@ﬂg@hg?ﬁ%ﬂ%&%%&nﬁ iPas 8%%18%?‘3’“3%59@ a0KL ot
cycle test ofnd NAEH pala refifetion HagpeahadakiiuhMei fleusfSthe Toesiakter . the
sol der resist |ayer 1s observed by neans of a mcroscope (x 50).

surface is within a range of 0.01~2 ym.

The oxidation bath (graphitization bath) is desirably used to have a
concentration range of NaOH: 1~30 g/L, NaClO,: 5~6 g/L and Na,PO,:
0.1~20 g/LL and may contain nitrogen-based or urea-based surfactant and the
like. It is preferable that the conductor circuit is immersed in this plating
solution at a temperature of 30~70°C for 1~15 minutes. The subsequent
reduction bath is desirably used to have a composition range of NaOH:
1~30 g/L. and NaBH,: 0.5~20 g/L and may contain various additives. Itis
preferable that the conductor circuit is immersed 1n this plating solution at a
temperature of 30~70°C for 1~15 minutes. Thus, the roughened surface
may be formed on the surface layer of the conductor circuit.

When the roughened surface is formed by electroless plating, it
may be formed by immersing the printed wiring board having the conductor
circuits in an electroless plating solution after the washing with an alkali or
the like, the etching, the treatment with an acid and the application and
activation of a catalyst. A maximum height of the roughened surface is
within a range of 0.1~10 pm.

As an example of forming the roughened surface by electroless
plating, there is a method of forming the roughened layer made of copper-
nickel-phosphorus alloy. In this case, the plating solution is desirably used
to have a concentration range of copper (metal salt such as copper sulfate,
copper chloride or the like): 1~40 g/L, nickel (metal salt such as nickel sulfate
or the like): 0.1~6 g/L, citric acid: 10~20 g/L, hypophosphite: 10~100 g/L,
boric acid: 10~40 g/L and surfactant: 0.01~10 g/L and may contain various
additives, stabilizer and the like. It is favorable that the conductor circuit is

immersed in this plating solution at a temperature of 50~80°C for

-28 -



*3: observed by neans of an el ectron scanning nicroscope (x 5000). &

0 gy,
"in Table 1, in the printed wiring board of Exanple 1, used‘HUZ
the peeling of the solder resist layer and the occurregﬁgg(ggﬁ{)lg?}@%sggfnui ty
bet ween the conductor circuits, and the organic residue is not observed. In

the printed wiring board of Conparative Exanple 1, the peeling is caused in

the coarse W.NGiMRES! L'ThQlthd tQIEHRhEGSuihEe BERistiyCoeihbSthted Mydre i n the
printed wiring board of Conparative Exanple 2, the bad continuity between

t he conduct andahe conglsenied lapersngy badotrhed onghasarfacsiageeof theaonduved at t he
bottom of the opening portion. Peeling_tests of solder resist |ater and
sol der bunp OWCUK. respect to the printed wiring boards produced in Exanpl es

2~5 d Co ti I 3 d 4, th l'ing, Ki dthe lik f
Che ool der Tes st I AySIesene N6 MoIQSheRehBIERes. thrbaes Baedle cofDRhe
f ti f th | d d.aft t | i abii t heat
e o i i b GRaRaBh Uy, THR SRR iod ol PERIE el 2l
and the contj ﬂe}v%ng%fom;@ i&ssaﬁekaaheéiénﬁﬁ%ﬁg OA&naﬂniﬁﬂg%mei ]

presence of wr reakage "and short-circuit. esults are

Table 2. -5%f th& réughened saffaée B98Hinla baigofOpl eCumpirafdrasltlessanal uation
i temsJudgnent Exanpl e234534sol der resist statepresence of eelin

* 2nonenonenoNéannisdsssiben Bribpepdke adizesddn podpetyplogbe sokleofasistdaydrhebum
Ppeel i ng andnonenonenonenonenonenonef or mati on . of cracki n_ *2sol der
bunpcont i nuﬂPVe’ESeé"fr}h‘g‘th‘SP 1&%@6?%2@&&5555@8&5%8&3&%3@%@% Lyeeagdn
of shear st 26R0tHKihP 20800 beJlise AL BASANAG o BITHAHERL frface s TR deT
resi st statepresence o gerin nonenonenonenonenonen epeefln o

sol der Pr esenfsfd &f el GBI RPERICKIOE treatment and the electroless platin%. o
andnonenonenonenonenonepr esencereliabilitycrackin *2test” *1continuity test3

ni tor resul t goodgoodiyoan graphdhlaidsmeng thet roeghthed iz with Zen gtching01 901
901 901 501 60sol der bunk f/cm*4...... *1: neasured after the heat cycle
(135C for 3 selHiAnedhergdnaybementioned a method of treating with the afore-

mentioned etching solution containing copper(Il) complex and organic acid.
In this case, the etching solution can dissolve copper conductor circuit under
an oxygen existing condition such as spraying, bubbling or the like.

In the invention, the rust proof layer may be formed on the above
conductor circuit for solder pad. The rust proof layer according to the
invention is desirable to contain at least one anti-rust agent selected from the
group consisting of 1,2,3-benzotriazole, tollyltriazole and derivatives thereof
as a main component.

Here, 1,2,3-benzotriazole and triazole derivatives mean compounds
wherein an alkyl group such as methyl group, ethyl group or the like, or
carboxyl group, amino group, hydroxyl group or the like is bonded to a

benzene ring as shown by the following chemical formulae (1), (2):
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3 mnutes inaliquid tank) is repeated 1000 cycles. *2: a cut secﬁ DIREE <2002
‘ observed by neans of a mcroscope (x 50). *3: confirme‘&8 ﬁkﬂ ﬁmeen
sol der bunmp and BGA pad. good in the case that val ue tact reS|s ance
is not nore than 1 p.S2, bad in the case that value of contact resistance
exceeds 1 i.52 *4: when a top of a pull tester is attached to the sol der
bunmp and pulled up vertically, a nunerical value of the pull tester is read
at a time of taking out the solder bunp. As shown in Table 2, in the
printed wiring boards of Exanples 5, no peeling and cracking of the
sol der resist |ayer and the solder bunp is caused and the continuity and
shear strength of sol der bunp & eipellent as conpared with the printed
Wi ring boards of Conparative pl eN3 and 4. And al sp, the strength
bet ween the sol der resist |4 aqd/A he sol der bunp* t $1) 60 2 0a-~c 2a2
99804 (PCT/ JP99/03556) sufficient! W maintained and the wiring breakage and
short-circuit are not caused even after the reliability test. Further, with
respect to the printed wiring boar produced in Exanples 6~ 11 and
Conparative Exanples 5 and 6, the peeling, cracking and the like of the
sol der resist |ayer and the solder unp ar a inspected after the formation
of the solder bunp and elNability test (under heat cycle
condition), and the shear 35t 0 h t he sol der- bunp (s nmeasured, and the
continuity test through a ch- Er carried out to judge the presence of
W ring breakage and short-circuit. The results ar a shown in Tables 3 and
4. Table 3 ExanpleE | i 1J dltenson va uat

These compounds are excellent in the rust proofing effect of

copper because they control the oxidation reaction of copper. And also, they
do not remain on a pad of a conductor circuit exposed in an opening for a
solder pad because they easily dissolve in a solvent used for the light
exposure and development of the solder resist layer. As a result, even if the
opening portion is formed in the pad of the conductor circuit for solder pad,
the continuity between the conductor circuit and the solder bump is ensured
without being insulated.

On the other hand, the rust proof layer remains on the boundary
face between the conductor circuit for solder pad and the solder resist layer.
As aresult, the film of the remaining rust proof layer can prevent the
deformation and deterioration of the conductor circuit for solder pad by
oxidation and corrosion caused through water, air and the like penetrated from
the solder resist layer and solder pad portion under conditions of high
temperature, high pressure and high humidity.

The formation of the rust proof layer can be carried out by coating,
spraying or immersion. Particularly, the immersion method is favorable
because the rust proof layer can evenly be formed on the conductor circuit

without damaging the roughened surface. As an example of the immersion
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tehs_grre'nt u6789sol der resi st statepresence of nonenonenonenonepeel H%& DEC
*2After thepeeling of sol derpresence of bum ppeeling
andnonenonenonenonef or mati on of cracki ng *2sol der bunp

result *3goodgoodgoodgoodshear strength of shear strengthl 961 992 062
15sol der bunp[kgf/cn2] *4....solder resist statepresence

andnonenonenonencher e

of nonenonenoRe ARSI B A6 ARl Rl Ao ESERBRIRASH AL RS T N9

ing continurty testnonitor

result * 39009?1@3;3%@%%925 hsebg?gé@w%ﬁg Bh&IdEsR infhleR0E e @é&te%ﬁ%r

15sol der bunp
m nutes_and bé&d€ ihartagk nhmimtg%démhaotﬂeqpmuihgwhppmxima&?

-61 Z 0 DE C 2002 99804 *2: a cut section is observed by neans of a
m cr oscope (somslictordrcutontfai temperatore 020 +606eforearingoention buepfand BGA
hat val ue of contact resistance is not nore than 1

pad. good in_ the case
lé@(}:%gn hat val ue of contact resistance exceeds 1 i.52 *4:

1,52, bad in
when a top of a pul

vertically,
taki ng out t

I t ensJudgnent Exa

neasured aft’er the heat

IR L G AU R R e S sl S e
&Wranaqmb'e&ealts ﬁj@t%;g?bﬁﬁe%ar&%@xﬁm@@ﬂm%i on

e101156s0ol der resist at epresenc peel i ng

2nonenonepr espdiigg poasi, ehe fuze ?e@dﬂ lageroéxrebd ai fHeasgmnieg pbrtivmikpagibeng

andnonenonenonenonef ormati on o

resul t *3gootigeevkgdeidgds plamast rengt h of shear strength 15 2 2 08

As such a treating method, there may be mentioned a method
wherein the printed wiring board provided with the opening portion for solder
pad formed through light exposure and development is placed in a device held
at a vacuum state and a plasma of oxygen, nitrogen, carbon dioxide gas or
carbon tetrafluoride is discharged therein to remove the anti-rust agent
remaining in the opening portion, residue of the solder resist layer and an
oxide film layer on the surface of the solder resist layer.

In case of the plasma treatment, optimum conditions for
eliminating the contamination of the solder bump and reducing the poor
mounting are that plasma discharging quantity is 500~1000 W, and a gas
feeding amount is 100~500 sec/M and a treating time is 1~15 minutes.

The anti-rust agent existing in the opening portion and the residue
of the solder resist layer are surely removed by the plasma treatment, whereby
poor conduction to the solder bump is eliminated. At the same time, the oxide
film layer on the surface of the solder resist layer is removed, so that there can
be prevented the occurrence of inconvenience at subsequent plating step and
mounting step without lowering the wettability of the solder resist layer.

Moreover, according to the invention, after the roughened surface

is formed on the conductor circuit, a metal layer for rust proof layer made of
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32 1 1 41sol der bunp[kgf/cnR] *4....solder resist statepresence 20 DEC 2002

" of nonenonenonenonepeel i ng *2Afterpeel i ng of sol derpres i ng
andnonenonenonepr esencerel i abilitycracking *2*t est 100%@%&%1;4@2@?%% tor

result *3goodgoodbadbadshear strength of shear strength2 1506 21 281

37sol der bunmp(kgf/cm] *4,... *1: neasured after the heat cycle (135C for 3
m nutes and »6R6cf @l Mefll S1EERAIFord thé @Hiub EafitidgSof GRARK dﬁ'i&&m gycles.
*2: a cut segﬁéontcﬁge observed by nearllsgl(’)k%lﬁja %ﬁcr{)sg(s:%pe ?x r@’o BN R

r~~~ z00z 99§futh3thatidii| cobdlt, auckdl Nt tigadiiv@arh and debleldsmal ang BRGA pad.
good in the case that value of contact resistance is not nore than 1 i.52,

bad i n the césmeadat thealoughefiedconfanetpricrgpshanppliestomeafsthe aptiSRst dgenthen a
top of a pull tester is attached to_the solder bunp and pulled up ver
tically, a nunerical Thaferanaion absyslya megaddayerifor thegmshpropfiayss c@n heaki ng

t th | der b . wWen.th [ ' f.th I I St [
bserved by FEERS B bY HRure Cumpae SO RE pftinencleERpirSt ldigiand J2a i n’
bser ved by FEEHS ; . nHESPHR ST
rosi Gue | 5 nor B poE e TR ol e AP e ok Il o

Further, as shaviidgd Whesshenistal lé%?ﬂ for teridt précEdayér'is TorMORbY Shof
Exanpl es 6~ 11, no peeling and cracking of the solder resist |ayer and the

sol der bunp ssbstitutsadpkatidgs thes owtalilayértiy famded he arsusface dagdr poktismbfier bunp
are excellent as conpared with Ihe printed wri ngspioar ds of Conparative
Exanpl es 5 aHif wughgredswtace ¢fdhe cpopdugtar sEewbEor sohderdRadder resist | ayer

Short ciroutt are hot e dhEihes b i e Rb e ryAebed £ BRSO AL
APPLI CABI LI T, fipr BTy @NR2ANRY B0 the irkvBRHBH i pRAesbIy RkAPRTSHASGOr di ng t 0

the invention, oughened strface having a given shape Is fornmed on the

surface of tB@lcdanducinore partivulirly 010350l Jpm. paWhendht feckodsdds lgseshai | ayer
is strongly adhered thereto through the roughened surface, so that the
suffici ent a@{Hsimnths wygheyedsurfacercanmot completely be covered, whie tlensivl der

resist |layer can .be ensyred when the,solder resist layer is renoved in
por L1 ons. 1 or RRFRESE o fliecconsTiBaneid! Bersteien e Bicisielencdutatsdneen t he
conductor_ci bRt diiheAShe 18 frkcy IR hOhdR¥Es gftgfy&rggecggpdggt or

circuit is conprise ring and the wring - 63

2 0 Dc C 202 99804 TRERbIVO PUNPOSS)laker isHermed ohabe voughepedearfdcaccor di ng
to the invention, the residue of the solder resist formng resin is not

left on the coverhdndth thermaé layepder thg rust prvef tayeni ndspoesulartbeor t he
benoat h the. doIaBROBDAAE IR A i FUERED oA B eeR ‘hRoF X daligh *Bguced
Ib(r;a'; geagggﬁ hﬂ?}%lll%%ﬁx{@r%}gy%ﬁ\}gﬁ ?)?fl)tﬁg rsyll?éfgfé?ic ACHBnYriRe rﬂé?altlgﬁerpiﬂcmﬁ%w ring

proof layer, so that the adhesion property and strength to the solder resist

layer become uniform and the peel strength of the solder bump is improved.

Therefore, the shape of the roughened surface hardly deteriorates even under

conditions of high temperature, high pressure and high humidity in the

reliability test and the strengths of the solder resist layer and the solder bump

are improved.

According to the invention, in order to improve the penetrability of

the anti-rust agent into the roughened surface and to uniformize the thickness

and composition of the metal layer for rust proof layer covering the
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the shape and strength having excel | ent adhesi on properties to tl"?eosB)Eﬁezggz
‘resist layer and to the netal beneath the solder bunp are held by covering
t he roughened surface of the conductor circuit for sol ‘GéP4 éHIWPéﬁﬁﬁﬁb
netal | ayer, so that the strength of the solder bunp is consider ably

i ncreased and the dropping off of the solder bunp can be prevented.

Further, in the i i [N a accordi 0 the.inyention,. th
roughoned surDERERSTifact BihuRRid PR R S8 pad ArsRd R e Reb e wi ¢
the rust pr tQr.atd y ircuit
For sol der pad oad e B e S Y BB o g
excel | ent ad§@EsSiINOpriGerthe ESratidihef 6! wefal I8k ahd |t1@6/ﬁist<’p[*6bﬂlﬁ?fé1he. sol der
pad, so that when the conductor circuits for solder pad are finely wred
and fornmed at a coarEke heatitraatingrosindytj onsheanduthees toadpquate rangeben ween t he

conductor circuit and the sqlder resist |ayer i s enhanced, and even when
the porti onsanQF‘isﬁnﬁﬁ witl theothape, thigkness prd saterdalfithe sesildng rewghansdur e or

Formng por t1HSehETmRG R AR AB R OF (R el BEr K BEPG i dRred To e
sol der r eSi%ve&ﬁ&ﬁc&g‘ﬁﬁ%ﬁ%ﬁ%d%?ﬂak@ﬁgd%&ﬁl?é!.er’ in the printed wiring board

according to the i t he roughened surface of the conductor circuit
for solder pad is coBg¢iseéch wieht frbgniesit ate EvapRiratbaextrd oyt bayer nmade of
a given netal and protected with the rust proof |ayer, so that even when a
part of the chwneal usedifor theafermationaddhedosgheasd tsurfaoe emdirevdadr pad, the
surface of the conductor circujt far spolder_pad maj ntajns_the shape having
an excel | entCBPRRST iheTeehandyihe surthes Taygnof theroyehpned Hirsacsamehe

(PCT/ JP99/ 03 tk i resi.sh. | ayer is
not left in ?%gﬁ3%@%ﬂﬁgu%%$¥€%ﬁxéﬁguﬁgﬁégwpﬁgﬂg %ggféﬁﬁépgﬁgbﬁies and
strengt hs befasHRBtetthe fenstusi of thei metal 1ayepand ehelAsst PP@bfﬂB et he sol der
resi st |ayer and between the conductor circuit and the solder pad are

i nproved and t he sol Wenkihetheftavg tegnperate & losver thain 667 Onthereffeet bf/tHeo t he
net al beneath the sol der bu is formed. -65 2 0 ~~ ~ zo~z 99804

( PCT/ JP99/ 03536 freafiaenigs not pbsarved.abhile whey ibextegds daBF¢ sthegoushrensst or
circuits for_solder pagds.;a | der r.esi st er formed on t conduct or
iroutt ror Rt eBRTen iy EoliBR Rkl YL bR SRR Bepdtie e sl der
resi st |ayerpd@mdisnadomg a sol der body, in which the conductor circuit
for the sol der pad has a roughened surface treated with an etching solution
contai ni ng a copper (In thedovgiten, drdsalderoreganiayeadd fhrmeddrt the thos der resi st

| ayer is arranged on the roughened, surface. 2. A printed mﬁring boar d
conpri si ng ckoimgdirepghened suriace aving ysivepshape.a $be deicknpessi aftthe golder f or med
on the conductor,circuit .for,the sal derpad,,.and an openi ng.portion, forned
"1 the soi derspblier T letsr bl SHC Rt T YRR b BeRResaTS S iR or solter
conduct or - cl fehh Laya Aol hoHEH 384 bl e, wiIE WhaR (hOUHRRARA iSHd @, Nas a
plurality of anchor portions and recess portions and ridgelines, and’t hese
anchor portiprsdidfidult ec ésen oy bpenisg podtion figebldee buaieaidaredhat a

di spersed state, and the adjoining anchor portions are connected to each

ot her t hrougéentaeting wifdltheseldeahady meayr e eanised éo brimg abous the eeautienichy t he

anchor portions d t.he ridgeljnes, and the solder resist layer is arranged
on the rough%ﬂ‘érag]g'ﬂ‘gflﬁélé‘? S‘g.chAt’?)‘ﬁi"nt ed wiring board conprising conductor

circutts for solder PagSolder RAIE Ry 2ah bk mAYPHohPlARshARstle FRpduCt oF

circuit for the sol der pa openi ng portiron romed 1n the sol der
resist |ayere{siplé] fRAARToAMES by urin@hisphehoMAl-Bfpel difox§aBEINCErQm Ci I Cui t
for solder pad has a roughened surface treated with an étching sol ution
cont ai ni ng aaaglaethertédf, oonpvalac aypk epoxyr gam ar acaaylae tdrbef withghened
surface is cover ed with a netal |ayer of at |east one netal selected from
the group co#®ingeuiindaganttaminugdazolesuringragent phdiedike.t hal | i um cobal t,

ni ckel, tin, |ead, 'snutg¥ﬁnd nobée aﬁFaJ,.aTd t he so“gﬁr esist |ayer is
arranged on the net al Agpkaly, when the soldehregistlaysr is gpen Wp‘ﬁlﬁg‘i’sﬁdll%onductor
circuits for solder -66 Z 0 f~ ~ ~ 2302 99804 (PCT/JP99/03556) pads, a
sol der resist layer fornmed on the conductor circuit for the sol der pad, and
an opening portion for ned in the solder resist |layer for disposing a

sol der body, in which the conductor circuit has a roughened surface, and

t he roughened surface has a plurality of anchor portions and recess
portions and ridgelines, and these anchot3 portions and recess portions and
ridgelines are forned at a di spersed state, and the adjoi ning 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 netal l[ayer of at |east one netal

. L B Y y"
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‘ 2 ,
8. Aprinted wiring board according to claim2 or 4, wherein the recess 2002
“portion is formed in an approxi mately pol yhedral shape I iring
board according to claim?2 or 4, wherein the ridgeli ne9s98§zr1g‘%i’[2f;l>'9n2®§%§w
dropping off adjoining netal crystal particles. 10. A printed wiring board
according to claim2 or 4, wherein the ridgeline is branched. 11. A printed

W ring board i | - i i i . ; ened.
9 %ﬂﬁ&%ﬂhﬁ%érggﬁ, RidTaoPAbI8 to %tﬁe m&%%aeyﬁﬁgrggﬁleﬁ] spapp

12. A printed Wring board according to m2 or 4, t he anchor
portion is fairyRee BeredfolithGndmideicle cﬁfiﬁgfa?bntpaf"flhé:’s@lﬁeﬁfds_islﬂ%}iehe_ anchor
portion. -67 z 0 OE~ zooz 99804 (PCT/JP99/03556) 13. A printed wiring
boar d accor dinmade tof suttaa mesin duas 4, meriethai migtatioarafHead fphenionmsnoared di f f used
and surrounded by the recess portions and the rjidgelines. 14. A printed

wi ring boar ddidBstngilead ieninipyihe seldsf resigilayer) ivdessiher ei n t he roughened
surface has a maxi num r,oughness ( Rmax), of 510 Vim, 15. A printed wiring
board according to cﬁaﬂﬁﬁ%’aﬁ‘%{tﬁ’&ﬁ@p@fﬂw ‘%fr%lsef‘8l‘j81?§ﬁe¥ae§8?¥££€é"h§s 2~ 100
anchor porti ok 3~ - . i : =Y. 16, A
i nt e ai 11 0 hany e ol RESHnRGIEenE 1he RARNRL S98eP R lyer 1. T

sol der resi sgxdelléat irf DemRat fididtfcecaiitiesistinceitd alitdli Asd isthe de@driteitegad, and
an opening portion formed in the solder resist |layer for disposing a sol der
body, in whievert ftea ontwatuoe of fusing thehadder (abogh20(8€)sandfiacer and a rust

proof layer is arranged_ on the conductor circuit for sol der P,ad, and t he
sol der resi sfequpposedvisth psHeag base Plting solutionsuch as/pickehplating splugioad

W ring board conpri.sj.n onductoy circuits f sol der_ pads. a solder resist
| ayer for ned%%&g‘ﬁéaﬁ%gé‘ﬁ%‘{18fl- ciAfSc ctacp()lplset(ﬁgtilg&oagfacptﬁa? RRYY Eﬁ‘?"bpeni ng
portion for kiBnth&y BOhfifdfe dHokY rbaNTbrhed byireRAM idyQleflRf Jpody, in
whi ch the cgﬁg:gclt gr @llrcui t €:hafgéda gughenred surgflace, g;%lg%gﬁﬂngt al layer for
a rust proof phaydmovatie @fcratol inexslaconith metydic zed ec meethberyinc tabzl, gndup
consisting of titanium zinc, iron, indium thallium cobalt, nickel, tin,

| ead, bi snut theditkE-nobl e netal is arranged on the r oughened surface, and a
rust proof layer is ranged, on the netal |aye or rhe r oof .|l ayer,
and the sol der resi s{a_lrolW gf,qus lrdreﬁﬁe@é%% rtrﬁ%éerﬁgfn 1oty aLey‘gt;'.]ovf’é?CA
print ed wi 1l phhags b h'® r6inHavid, ket heped
surface is fgg)r?e 6‘3"%%?3%??@%@% ucﬁjon trneaatvrre ?\,Mgg?ect reo égéﬁ%ﬁat?ng
treat ment or apf @hiange tHegpdelimatfrothdhe Aopdudibedirvwit.i nin ti@congwtiondiheg t o
claim16 or 17, wherein the -68 z o ~Fc .~~nz 99804 (PCT/JP99/03556)
roughened surdughencd sarfacaiageondiagl tayibe invfentiopsen-adiver@izepidy prevens the | oy .
20. A printed wiring. board according to claim116 or 17, wherein the
roughened suPPAY¥&P$<ingor ned with an etching sol ution containing copper(11)
conpl ex and an or gani E I K 4ng to any
one of clainms 16- 20,'I’\%ﬁgrr%e(?anzoﬁ%urltg?g%{rtggpg\%lglﬂgguggﬁtl u?](gﬁtg% |"'east one
anti-rust agestauseltehsidordn anixikLisasaellp aaaimedst iAgswh 4 odisg bggmot ri azol e,
tollyltriazole and derivatives thereof. 22. A nethod of produci ng a printed
Wi ring boar d mamtionimaynbe cordduaft bbesiyledrimethylomidaraeletrpdeinama: tBL4AM), r esi st
| ayer formed on the conductor circuit. for the solder , an,gpeni ng
bor 1 on't or mceaoRel-doftxdraeihe! imissepler (ada et ARaNzaaNgRd Bocy.

whi ch conpri ses, treatl : t 1 it for solder pad with an

et chi ng sol u?ﬁ’%‘@t"c%%@%{fgﬁég]fzé’?%gg%%r'ﬁﬂ”@ ic]‘(ﬁ')irrﬂg?gx and an organic acid to
forma roughened sur {3¢@e8ifatlBgo &M UGoRIer $ediSitidmp&NitisR by_lissedeng gy er i ng
t he roughened surface with a netal |ayer of at |east one fretal selected
fromthe groupocorsimsindoudhg tgemtrinagolvémasuch aoglydohdthemor tialike.um

cobalt, nickel, tin, |ead, bismuth and noble netal, and formn ng the sol der
resi st | ayer Véhen the seldesiresiaylayer zFormpd framn kveh acoomisiipn, dreg| axiygen2,

wherei n the roughened surface i.s subjected to a heat treatnent at a
tenperature &N s@edamiﬁﬁen%ﬂ%%%lf?fj&ﬁﬁﬁoaaewa({]}%@%% 12¢ : tl%?heA

nmet hod of pr i i i.L1 Nng board conprising conductor circuits
for sol der pglﬁg% g%@?lg{élpabgg? légltsg'l ayer fornmed on the conductor circuit for
t he sol der pad, and an opening por tion forned in the solder resist |ayer

for disposing a sol der body, which conprises the steps of:
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(a) formng a roughened surface on the conductor circuit for sol 73 BEB 2002
'(b) formng a rust proof |layer on the roughened surfa tor
circuit for solder pad; -69 z 0 a~ ~ 20~z 99804 (P%%&ngg?gg%g g
formng a solder resist layer on the rust proof layer; (d) formng an
opening portion in the solder resist layer and the rust proof |ayer; and

(e) form ng a sol dera DRIl et RO ROfal 1einadSor 1061ERE Rae@Reor di ng

to claim24, wherei uctor circuit fo er pad Is s ected to a
heat treat rr&iytthatfoﬁotv@rﬁlg)eh@hwaef@imﬂQZSﬁC after the step (b) and before the
step (b). 26. The method according to claim 24, wherein the roughened
surface i s cover@d,Qi-t(&H;, GH &)nl-dyldy for(nr=uk—tS)proof tayer(3irade of at | east
one netal selected fromthe group consisting of titanium _zinc, iron,

i ndi um thal lium cduafarab lmg & 15 usefl at [aastione of dinthylsne shiel dimetwl  af t er

et G o Tl R OEP R B R R "t o
?gé_?_?gpgrg; grggg‘%)nrt g@n cBhdt L\?_ﬁndl%ol(/g'% rBR4fdn frﬁ‘ﬁ%ﬁr siciPas bgnzgpﬂgnoné)oz 99804

iS 1nventron provides a print W ring board 39
conpri sing QA& edtofé bﬁtliéﬁkéﬂ Mnﬁﬁ’éﬂ?ﬁbmmﬂ safiteimoest git | ayer
38 fornmed on the conductor crrcurt 31 for solder pad, wherein the sol der
resi st | ayerth88olvent srpreferablyopithinrgramge afi léh<087 by 3¢eight tochpsoldeded with a
sol der body. In the printed wiring board 39 according to the invention, the
conduct or ciTE¥8t ¢OMPOSIHPNS | der pad has a roughened surface 32 treated with

oD e 2 50" VL BRI LR aERARSE e bR B RSl e
printed wir 'HEQIQQ? %3/3\% @bAgkd on at&al §8d Bé{ﬁt@hi Sfthelsbfde2dBgs Oon property
between fine wre or circuit and solder resist layer is enhanced,

and the condoentprsition.c uWhenndietadditinl sinountesiwithinalie abaveraigeotg! y adhered
to each other w thout peeli n? even in solder bunp form ng portions and bad
continui ty iuwnifism paxiagds easibhattaisedler bunp for i ng portion. -71  z on -

¢ z~oz AVENDMENT (AMERANGAL: RSRPESMDIsitidn' Sy Be Aasd W an ahtl tSadins)

u

agent, a leveling agent, an initiator, a photosensitizer, a thermosetting resin for
improving heat resistance and resistance to base and giving a flexibility, a
photosensitive monomer for improving a resolution, and the like.

As the leveling agent, a polymer of acrylic ester is favorable.
As the initiator, Irgaquar 1907 (trade name, made by Ciba Geigy) is favorable.
As the photosensitizer, DETX-S (trade name, made by Nippon Kayaku Co.,
Ltd.) is favorable.

As the thermosetting resin, bisphenol type epoxy resin can be used.
As the bisphenol type epoxy resin, there are bisphenol A-type epoxy resin and
bisphenol F-type epoxy resin. The former is used in case of improving the
resistance to base, and the latter is used in case of decreasing the viscosity (i.e.
improvement of applicability).

As the photosensitive monomer, a polyvalent acrylic monomer can

be used because it can improve the resolution. For example, there can be
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Conmi ssi oner Takahi ko Kondo 1. International Application No. PCP/JPd @8kb6
+ 2. Applicant Nane |IBIDEN CO. LTD. Address 1, Kanda-cho,_2: { -shi,
G FU 503-0917 JAPAN National ity Japan Name of country 93"58@&’%@?"’3%%%&@
(5925) Attorney SUG MJUR, A Aki hi de Address Kazan Buil di ng, 2-4, Kasum gaseki
3-chonme Chi yoda- ku TOKYO 100- 0013 JAPAN 4. bject of Anmendnent C ains 5.
Cont ent of AfE i 00 .S gﬁjﬁ or
circuits for sgm?&%gé@&gﬁgp J%Or@ﬂ?léélugl?qug? 6%9%3%021%’%@ conduct or
circuit for Naﬂnqipkd%klp@a,,'Lta.g, RO detnarh® TAAShP K yeRIMNAL AFakl FCui t's
for sol der pads inclusive of an electroless plated filmand an el ectrolytic
pl ated fil m €or,dxd) amd tHediled.ectrol ess plated film a sol der resist |ayer
fornmed on the conductor circuit for the solder pad,". 6. List of attached
docunents Pages 50, &ndalgd, the solder weskst gempaitipnasay certain awhlaring or r espond

t 68, 69 d.70). ~C,.Z~ 9804 (PCT/JP99/03556), 13. A
p?i E? ggsw_ riW@ttﬁgg'rFHgHZ?%%‘?H% lﬂolﬁé:fﬂraﬁ?’l%ﬁlal%tl’&ﬁvmr%twr?-heiéﬁhﬁoy portions
are di ffusechelggng%{i@ nﬂ?éjd%?frnatéoli'fgf g%é)e/ﬁlgthﬁﬁfc&blg]ﬁ%.b%‘éj the ridgelines. 14.

A printed wiFing Board accordi ne o ains 1-4, wherein the
roughened surface g s3ldBR¥EIMBOPHENISS Bs fa¥oPable &f hAvdd Qiscoliky 6B A
printed wiring board according to claim2 or 4, wherein the roughened
surface has @5~10WPa)phefiergbdy 00 Pasnat 25°CLAMG fueitiestingnbietapplisation aver age
per 25 p.n2. 16 (Anended). A printed w ring board conprising conductor
circuits forthsenglen rpl@satencl usi ve of an electroless plated filmand an

| ectrol yti | at filmf .d th I I Lated fil | d
Cecist | yer |or motn the TASHBRAL AT AR bt Roffet ridisPmmosyitn. Sana an

st layer for . 1 Rk a
body, ' whi 2R une PER forl LSRG HER Shods Bl ind BovdbpRR iRt

proof layer is arran@hepesductionanetiodiofthe priated wiriiig bedrdeiccoriing &nd t he
sol der resist |ayer is arranged on the rust proof |ayer. 17 (Amended). A
printed wirithg ipsemtiorn with be sieserikashiorlewor Thip sdthed fsomamndy garrigshely by

i nclusive of an elecgtroless plated.fjl m.and an electrolytic plated film
formed on t né SEREAEAINEIIOGR BW 7 llpddilysnigeess 68 & 8P T or red on ¢ he
conductor circuit f°¥ntth §n§8ltﬂ)%r aﬂgﬂin ans gigﬁrﬂr%%?%&lt?ﬂg]ﬁg%ned in the

sol der resist layer tof disposing a s er bo nduct or

circuit has gordt¢ghedifahica  s8l8er pattloR anRikRilke loR¥aubieited WistheRuB&Eatbayer
made of at | east one netal selected fromthe group consisting of titanium

zi ncl, iron, uswina dmbctl‘nadlé bﬂmis:i:mb;sluiatir}rg sﬂt&str,ateii such dseaeglasd)émf ytl tesnd nobl e
metal is arranged on the roughened surface,. and a rust pr oof layer is
arranged on #§ trﬁ%é‘lpqq&%ﬂegBPStfq{%’45?@%?’6‘836%%9? subirate or &) ks, 1 esi st
| ayer is arr . Vers. . - 2 0D~ CzQi~ 99804

( PCT/ JP99/ osﬁﬁgﬁ%@“k&%‘?ﬁf %lg?%sﬁp%téé%gglpdsoa@gordi ng to claim16 or 17,

wherei n the rougheneduehs hafifg bdaf @Y niiltikgtt fAnfeddiiingdbodrieat nent ,
el ectroless plating treatnent or etching treatnmént. 19. A printed wiring

board accor dpruyidad ol ias mtdréorowith plursh layershof benductagyherosd. suks acscthed a
roughened | ayer of copper-nickel - phosphorus alloy. 20. A gri nted wiring
board accor dPhipraung sa¢hphsalgponductagcaicaitdayers, fos gxamplel thereriaaanet@odor med

A ot ool fhrifing ahalnaR it MyRsheoaR e ddnehi e OmP efekriisss bl et o o ¢
the rust pr Oﬁﬁeﬂlﬁ_&aﬁ{m-qgﬁgaﬁﬁ%m@fn 1a§8sbn gﬂ%@@{;lgyéﬂbﬁndﬁ%@fci&ﬁitgsggédf rom

t he group consisting o 2, 3-benzotri azol e, lyltriazole an rivatives

t hereof . 22. cAtinetitatracd, rougitbniigtheasupfacsitkelcof, isubictingiide ool ofthieg
roughened surface to an electroless thin plating, forming a plating resist
thereon, subjecting portions not forming the plating resist to an electrolytic

thick plating, removing the plating resist and etching to form a conductor
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conductor circuits for sol der pads, a solder resist |ayer formed orfﬂk@*,’_-'c 2002
“conductor circuit for the solder pad, and an opening portion fornmed in the
sol der resist layer for disposing a solder body, which®S8HIGEES3EHR i ng

t he conductor circuit for solder pad with an etching solution containing a
copper(11) conplex and an organic acid to forma roughened surface on the
conductor cir.cui. r sol der pa COVer | the rou ned surface with a

nmetal |ayer WC%E Of g\ggiaygﬁ%cwgsggfngs%ﬁ/t 1&62%&1{9*]8% @Hga?r?l&uﬁn@gh%i sting of
titanium zi [ - s WA T s | t j ﬁfébc'ﬂ i L smut h
and nobl e rre?lgft,rbgglg Rléﬂr&%fﬁgat htglaésﬂgjl %%F’ resi g{dquﬂge%b%gH l% hfebf%}eﬁ%g‘?tq g%/er.

23. The net hg@()%g@qmﬂiem to claim 22, wherein the roughened surface is
subjected to a heat treatnent at a tenperature of 50250C prior to the

formati on of the met&heladyesive fof dldoteoldedplatiAg ieopiniuai tpboformetgby print ed
Wi ring board conprising conductor circuits for solder pads inclusive of an

el ectrol ess @ispeising cureddieat-tasissanidesiol partielep salubde in anp¢idraveda@ on t he

el ectroless plated -69 . 99804 (PCT/JP99/03556) film, a sol der resist |ayer
Formed. on_ ¢ hEXQUANEALER iofo EhApoYigH HeATetiaR e dRO EgB RS 3o t fon
formed in th | ,eshSt i L : QQ%% ich
conpri ses thgr §’?ggz§f’%fa.§§f8§) #1@6%%%826@1?5%%8%%%123)3%@?535roen hg%nductor
circuit for gehter widicthe(@oid bosxidiving agent wikieesHy 4 Pdifihe@Bd btnacOnaViaged
surface of the conductor circuit for solder pad; (c) fTorm ng a sol der

resi st | ayer octopuspot-slspedranchorsay éormed) Moredvey, the adhbesiveifprpdeatialess n t he
sol der resist_layer and the rust pr oof |ayer; and (e) formng. a sol der
bunp on t he BlsngAgaybecrastituted withdwodakers having diflesenteompasiions. wher ei n

t he conductor circuit, fpr solder d i hjected tg heaj, treatnment at a
tenperature of 50250%86{%&”‘3{1&%% 'F%ﬁs%ﬁt)'segﬂidp%bggeféol@éegl lﬁa(cﬂ) o 26. The
met hod aCCOkai'ﬂinhg agbAt, M id HesMKIE €6 sé REILMUGNERIELLEY FloRE fhe Sroh vered with
a netal layer for Fust proof |ayer made of at |east one netal selected from

t he group coosisigtingyonf])theharasistantaesio,particies haviliguam avdragd panticlecsibal t |
nickel, tin, |ead, bisnuth and noble netal after the st.egm(a) . 27. The
net hod accor &f pgt mere thannh Glem, (hicrgaregatp Partirlewef beataesisiant resin pewdeer pad

is subjected, ta a heat treat t .at t enmper at ure of 50250C pri to the
formatlon of MVREABAYerigs RArhclesize af potmRre,an i, (3) 4 Ruxiube of heat-
Y. A A Ayl . AF A £ A AYL - . AYNAATF. _
A Af. A AS. AT%&%@.%%.@%%&y S %?‘?fzéé R@K.%@%ﬁ&??@gﬁﬂd&@%. AF. AU
. Ah . Af 3. Af {re‘éistﬁu?reﬁii%o‘%vdﬁ‘r-h%%r{g #i average particle size of less than 2 um, (4)

Y. A A@N. AyY. A A A3. AF. Afa. AyA. A. A Ale. Ayl . AS . A#lgv\ghn}_zA| [ boy+[
~yt 0j e [ V] cafalsq parlickgscobtained by adhering at least one of heat-resistant resin powder

al cal calca] ca] ¢”fa] cal.calcal] c"a] cal ca] ca] cal] c”alcal] cal.c

a} chq c]<a] ]ca?ﬁ}lzclrajl%g]wee Qﬁkaﬁ]&oﬂ %Yfé}‘%e {aaram]lev @%e @% Rt BED HaseBEm

=CA Q\@ @B (f@ggg,}r i Ak - e s

a] ca] ca] ca]u:g caj caﬁ.ga éqa}iggc ca @g%éég]pgwa e(l;é. (‘3’18. gc%ﬂ ?:\é rggﬁ garg]c(l:%ilég]oga] cajc
a] ca] ca] ca] ca}-£0 F}l@,a(Sb A KRIRRS INGHY-F S stant resin oA HEving an average
hQksknnnn" odo| vgl gb] X] ] ca] ca] ca] ca] ca] ca] c*a] ca] ca] c. a] ca] ca] cafca] caJc

aU] ¢ a] ca] capatictajicalof 8] 'Qa% ta am} bejtergpistdns resin powder having an average

'd o0pT, ' *rS Kk Atjtsttt id Z
2] cal cal cal GBI Bap SFEATF LA AFGPIaN dEaRTe 2] e alhed) easvapa) cel cal

ol cal cal ca) ¢ By R KL A A P Bl P HENIES 0ll Ca
] ca] ca] ca] cafG] adre *bfidplRRaR@Anchors. The roughened surface made from these

particles is possible to have a maximum roughness (Rmax) of 0.1~20 pum.

The amount of the heat-resistant resin particles used is 5~50% by

weight, preferably 10~40% by weight based on solid content of a matrix
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. ! ]'er‘}xsni d_Z]]]]ca]ca]c"a] c?] ca] ca] ca]ca]c.a]ca]ca]ca]ca]calc. a]%g] Bgﬁcgﬂﬂi’a
]ZC?] ‘;SL;";‘L‘;?}{;} f]a} 22} 22} gaflcca] cajca]ca] cal a 99804 (PCT/IP99/03556)

a]J ca] ca] ca] ca] ca]ca]c. a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]c. a]ca]ca] ca]ca]ca

] ca] ca] c&a] ca] ca! nvx. 7v/-oBJYpw~ytoje [V]ca]ca]ca]c.a]ca]ca]c

2] cal oa] oal eg}a@s#ﬁﬁiac@ai] bR opS i ResiR Wi By feetaesisiantresihcay cay
g] gL]ng]CgL]Cg%fﬁ]:%% 1‘{ ?léfg%lglg @Lﬁaﬂlﬁ@mj o §in (melamine resin, urea resin,

’7?% 4K67FN t dlartamlifet kvvinaaa Yhelike), epeky a¢sinpndlsoanca] c. a] ca] ca] ca] caj cavlc
alc

a] ca] ca] ca] ca] ca] ca] As thcuhautd hpatatesistantapsiallmadlyssobatile an the' shdfr( (| * +S- 00
00z3688&8=89; >Y>>f ?n?{ ??6AB DvD| wr mhc”~X] ] cta] ca] ca] cakca ]c

a] ca] ca] c”a] @iflizang ageni] Hds éewabcl? &apaeaii SR &pmp&p%p HEHosaiting eaine

aJca] ca] ca]ca FEOHCI I I LLLL M P

TCTSTYTUYW 5\11#{: ﬁlje\l\fnqugjagf e BT f%rgp(gg]t%of photosensitive resin and
a] ca] ca] ca| anllefxﬂb? fcg%s‘iﬁ‘] Cthe FbTALCR MR LE Rt A Gstah B hhile the

aljcalcalcalc

a] ca] ca] ca! dfhgeptaédm b obenin¥jfof vid-hélej thidd gl pidtblithography.

meOmvimm | wr mhe”Y] ] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caJcajcalcalc aUc
alc As the thermosetting resin, use may be made of epoxy resin,

I'n f X HX JuU
A e g e

e s e AP i 1 o

a] ca] ca] ca] CP&&@M@M aﬁ]a6q1Q@]&Qﬂp@@k%ﬁhq§hﬁos@kﬁﬁilﬂé' M the epoxy resin,
*| Usd} xsni cAYkfa\V] €] ca] cda] cha] ca] ca] ca] ca] ca] ca] ca] c”a] ca] ca] c™a] ca]c, a]ca

] ca] ca] c”a] cas]ecm}ay’b&]ma(]ezei] nowjlaajyps] epixy @pmajuech as phenol novolac type
hN}, k#+: @1\ ! nzupkfa\ W] ca] ca] ca] ca] ca]ca]ca]c Jhca] cal ca] ca]‘ca] cajc.ajcalca
] ca] c”a] ca] ceRe] kesin, cresol novolac type epoxy resin or the like, and an alicyclic

ol cel ool el ARl AL M ARG oo\ W) calcal el el
a] ca] ca] ca] ca] c"a] Cak%@ﬂ:&ﬁ]e?ﬁib?ﬂsﬁc%ﬁﬂ] G ﬁn%b%hﬁﬁdeﬂﬂﬁ&y@tﬂér 3hpRbreENi d_7]

]clca]calca] c$alca]l calcalca]cajc.a]calcalcalc

a] ca] ca] ca] cERESY, palysuq]lm]s((BBFh]leyphenylene sulphone (PPS), polyphenylene

a] ca] ca] ca] ca] cal ca%c a] ca! &U W nSYBO! nﬁr{v gb] X] 1] ca(i)ca] calcalca]calc.a]c

a] c~a] ca] ca] ewlbideAPPES ) uplasna @ﬁ]eéé}’B )cqlvether bnidg) (P3) and &%Pﬂa] ca] ca] ca]
$ ' 170Yc< I

eAr e L R SRR SN il

1094 9 - I P 0@ 10@

10@687(5#)10‘3/@5151%11%1%%3{%%& ef%%lg@i%w@ 0ot fxgg/“@a{(e)dn&k E"gel

10%@a& () - n} Bigh EPEro/gb@ﬂléd)%& dblalﬁé@%ﬁndul dab@uig (he-HebOP@estdncd:,

109&' () - &10%&' () <1l: 10<10%& ()-, @

109%& ()- @ 10%gzgz& ( The adbesiee {or- ei@wmlessplzum@wwmdrcmf

0, | O 0, 0, 0, N9
]1'0310 B X& ()5 tér}a(l)rr{mar u(nzulat &gor{:\sm (y)er @;vgi e/;lr(% 0 enmg]fgr/ihgé fg))rmagignlgl TR

i1 10 r1odfael) Whilidon fho Gl VORI 6 T T 0t 1050
“abg ~\=110 0 TheYbMing)fot tHelfMnadion)of Vifholdis formed by using a

laser beam, an oxygen plasma or the like when the resin matrix of the
adhesive for electroless plating is a thermosetting resin, or by light exposure

and developing treatment when the resin matrix is a photosensitive resin.
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Then, the surface of the interlaminar insulating resin layer
provided with the opening for the formation of via-hole (adhesive layer
electroless plating) is roughened. Particularly, the surface of the adhesive
layer is roughened by dissolving and removing the heat-resistant resin
particles existing on the surface of the adhesive layer for electroless plating
with an acid or oxidizing agent. Thus, the roughened surface is formed on
the interlaminar insulating resin layer.

As the acid, use may be made of inorganic acids such as
phosphoric acid, hydrochloric acid, sulfuric acid and the like, or organic acids
such as formic acid, acetic acid and the like. Particularly, the use of the
organic acid is desirable because it hardly corrodes the metal conductor layer
exposed from the via-hole. As the oxidizing agent, it is desirable to use
chromic acid, chromium sulfate and permanganate (potassium permanganate
and the like).

The roughened surface is favorable to have a maximum roughness
(Rmax) of 0.1=20 um. When the roughness exceeds the upper limit, the
interlaminar insulating resin layer itself is apt to be damaged or peeled off,
while when it is less than lower limit, the adhesion property lowers.
Particularly, the roughness is favorably 0.1~5 pm in the semi-additive process
because the electroless plated film is removed while ensuring the adhesion
property.

After a catalyst nucleus is applied to the roughened interlaminar
insulating resin layer, an electroless plated thin film is formed over a full

surface of the layer. The electroless plated film is preferably an electroless
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10t - 109V ()-z! v@ 10%EE& ()- @ 109K ()- @ 10%& ()-S

0% () oo Sty Thefiegedpd e T A KRR Ealint s s
' g /\12/ ‘?) &(y(g()l%lg/ctg)l%gsf %ﬁlﬁgl‘ﬁﬂ@ ﬁ%}fﬁ%@ )fSn ‘6§ %’%1 (.‘E‘)gﬁﬁcssﬂbon usually used in

ig:V 0 & () - Y40fmstield. or ekAmplé, tidRAs& Dmﬁ s8R0 Ha)m%}i%biﬁ YositiEafob @

s10% & ()-0!'s10% & ()-0!s10% & ()- 0! slocV & ()-01s10% P P& ()-0s10% 8

& () - Oymvnnooppenzoalfate: 10!g/L., BEDHAR 50 g/L sodium hydroxide: 10 g/L and 37%
formaldehyde: 10 mL (pH = 11.5).

Then, a photosensitive resin film (dry film) is laminated onto the
thus formed electroless plated film and a photomask depicted with a plating
resist pattern (glass substrate is favorable) is placed on the photosensitive
resin film, which is subjected to a light exposure and a developing treatment
to from non-conductor portions corresponding to the plating resist pattern.

Thereafter, an electrolytic plated film is formed on the electroless
plated film other than the non-conductor portions to from conductor circuits
and conductor portions corresponding to via-holes. As the electrolytic
plating it is desirable to use an electrolytic copper plating, and the thickness of
the electrolytic plated film is favorably 5~20 pm.

After the plating resist corresponding to the non-conductor portions
is removed, the electroless plated film is further removed with a mixed
solution of sulfuric acid and hydrogen peroxide or an etching solution of
sodium persulfate, ammonium persulfate, iron chloride, copper chloride or the
like, whereby there are obtained independent conductor circuits and via-hole
each comprising two layers of the electroless plated film and the electrolytic
plated film. Moreover, the catalyst nucleus existing on the roughened
surface exposed from the non-conductor portions is dissolved and removed
with a mixed solution of chromic acid, sulfuric acid and hydrogen peroxide or
the like.

Then, roughened surface according to the invention is formed on

the conductor circuits for solder pad as a surface layer. Such a roughened

surface can be formed by spraying an etching solution comprising copper(1l)
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of the conductor circuit, or by immersing the conductor circuit in such an
etching solution and then bubbling it. Moreover, the conductor circuit is
desirable to be the electroless plated film or the electrolytic plated film
because it is difficult to form a roughened surface in a conductor circuit
formed by etching a rolled copper foil.

The thus formed roughened surface may be subjected to an etching
treatment, polishing treatment, oxidation treatment, oxidation-reduction treat-
ment and the like, or may be covered with a plated film at subsequent steps.

And also, the roughened surface may be covered with a metal layer
made of at least one metal selected from the group consisting of titanium, zinc,
iron, indium, thallium, cobalt, nickel, tin, lead, bismuth and noble metal.

Such a covering may be carried out by plating (either one of electrolytic
plating, electroless plating and substitution plating), vapor deposition,
electrophoretic deposition, sputtering or the like.

The roughened surface to be provided with the rust proof layer
according to the invention is favorable to be formed at a maximum height of
0.5~10 pm, preferably 1~5 pm through oxidation-reduction treatment,
electroless plating or etching treatment.

As an example for the formation of the roughened surface with the
electroless plating solution, there is a method of immersing in a plating
solution of copper-nickel-phosphorus.

As an example for the formation of the roughened surface by the
etching, there is a method of spraying an aqueous solution of copper(Il)
complex of azole and organic acid as an etching solution to the surface of the
conductor circuit or a method of immersing the conductor circuit in the above
etching solution and bubbling it.

Onto the thus formed roughened surface may be formed a metal
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layer for rust proof layer made of at least one metal selected from the group
consisting of titanium, zinc, iron, indium, thallium, cobalt, nickel, tin, lead,
bismuth and noble metal. This is carried out by plating (either one of
electrolytic plating, electroless plating and substitution plating), vapor
deposition, electrophoretic deposition or sputtering.

In the invention, a rust proof layer may be formed on the above
roughened surface or the metal layer for rust proof layer. The formation of
the rust proof layer is carried out by applying an anti-rust agent, or by
spraying the anti-rust agent, or by immersing the conductor circuit for solder
pad in the anti-rust agent. Particularly, the immersion method is favorable
because it can evenly form the rust proof layer over the conductor circuit
without damaging the roughened surface for the rust proof layer.

As an example of the immersion method, the rust proof layer can
be formed on the roughened surface of the conductor circuit for solder pad or
on the metal layer for rust proof layer formed on the roughened surface by
immersing the roughened surface or the metal layer for rust proof layer in a
tank with a depth fully immersing the conductor circuit of the printed wiring
board at a temperature of 20~60°C for an immersing time of 10~600 seconds.

The aforementioned solder resist layer is formed on the
conductor circuit having the above treated roughened surface.

The invention will be described with respect to the following

examples and comparative examples with reference to the drawings.

Example |
rting composition for re ion of an adhesive for electroless platin
esi I erlaver

[Resin composition A]
This is obtained by mixing 35 parts by weight of a resin solution

formed by dissolving 25% acrylate of cresol novolac type epoxy resin (made
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monomer (Aronix M315, trade name, made by Toa Gosei Co., Ltd.), 0.5 part
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by weight of an anti-foaming agent (S-65, trade name, made by Sannopuco
Co., Ltd.) and 3.6 parts by weight of NMP with stirring.

[Resin composition B]

This is obtained by mixing 12 parts by weight of polyether
sulphone (PES), 7.2 parts by weight of epoxy resin particles having an
average particle size of 1.0 pm (Polymerpole, trade name, made by Sanyo
Kasei Co., Ltd.) and 3.09 parts by weight of the same resin particles having an
average particle size of 0.5 pm, adding 30 parts by weight of NMP and
mixing them in a beads mill with stirring.

[Curing agent composition C]

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

tarti omposition for reparation of interlaminar resin in ing agen
(Adhesive for under]ayer)

[Resin composition D]

This is obtained by mixing 35 parts by weight of a resin solution
formed by dissolving 25% acrylate of cresol novolac type epoxy resin (made
by Nippon Kayaku Co., Ltd. molecular weight: 2500) in DMDG at a
concentration of 80% by weight, 4 parts by weight of a photosensitive
monomer (Aronix M315, trade name, made by Toa Gosei Co., Ltd.), 0.5 part
by weight of an anti-foaming agent (S-65, trade name, made by Sannopuco

Co., Ltd.) and 3.6 parts by weight of NMP with stirring.
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average particle size of 0.5 pm (Polymerpole, trade name, made by Sanyo
Kasei Co., Ltd.), adding 30 parts by weight of NMP and mixing them in a
beads mill with stirring.

[Curing agent composition F]

This is obtained by mixing 2 parts by weight of an imidazole
curing agent (2E4MZ-CN, trade name, made by Shikoku Kasei Co., Ltd.),

2 parts by weight of a photoinitiator (Irgaquar I-907, trade name, made by
Ciba Geigy), 0.2 part by weight of a photosensitizer (DETX-S, trade name,
made by Nippon Kayaku Co., Ltd.) and 1.5 parts by weight of NMP with
stirring.

Starting composition for the preparation of resin filler

[Resin composition G]

This is obtained by mixing 100 parts by weight of bisphenol F-type
epoxy monomer (YL983U, trade name, made by Yuka Shell Co., Ltd.
molecular weight of 310), 170 parts by weight of SiO, spherical particles
coated with a silane coupling agent and having an average particle size of
1.6 um (CRS 1101-CE, trade name, made by Adomatec Co., Ltd.

A maximum particle size is not more than a thickness (15 um) of an
innerlayer copper patter as mentioned below) and 1.5 parts by weight a
leveling agent (Perenol S4, trade name, made by Sannopuco Co., Ltd.) with
stirring to adjust a viscosity of the resulting mixture to 45,000~49,000 cps at
23 +1°C.

[Curing agent composition H]

6.5 parts by weight of an imidazole curing agent (2E4MZ-CN,
trade name, made by Shikoku Kasei Co., Ltd.)
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(1) As a starting material, there is provided a copper clad
laminate 6 obtained by laminating a copper foil 5 of 18 pm in thickness onto
each surface of a substrate 4 made of a glass epoxy resin or BT (bismaleimide
triazine) resin having a thickness of 1 mm as shown in Fig. 15.

At first, the copper clad laminate 6 is subjected to an electroless
plating after the formation of a drilled hole 7 as shown in Fig. 16, and etched
in form of a pattern to form innerlayer copper pattern (underlayer conductor
circuits) 8 and a through-hole 9 on both surfaces of the substrate 6.

(2) The substrate provided with the innerlayer copper pattern 8
and the through-hole 9 is washed with water, dried and subjected to an
oxidation-reduction treatment using NaOH (10 g/L), NaClO, (40 g/L) and
Na,PO, (6 g/L) as an oxidation bath (graphitization bath) and NaOH (10 g/L)
and NaBH, (6 g/L) as a reduction bath to form roughened surfaces 10, 11 on
the innerlayer copper pattern 8 and the surface of the through-hole 9, whereby
there is produced a wiring board 12 as shown in Fig. 16.

(3) Aresin filler is prepared by mixing and kneading the resin
composition G and the curing agent composition H.  'Within 24 hours after
the preparation, the resin filler is applied onto both surfaces of the board 12
by means of a roll coater to fill in spaces between the conductor circuits 8 and
the through-hole 9, which is dried by heating at 70°C for 20 minutes to form
resin layers 13, 14.

(4) After the completion of the above treatment (3), a surface of
the board is polished by a belt sander polishing with #600 belt polishing paper

(made by Sankyo Rikagaku Co., Ltd.) so as not to leave the resin filler on the
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polishing. The other surface of the board is carried out in the same treatment
as mentioned above.

(5) Then, the resin filler is cured by heating at 100°C for 1 hour,
120°C for 3 hours, 150°C for 1 hour and 180°C for 7 hours to form a wiring
board 15 as shown in Fig. 17. In the wiring board 15, the roughened
surfaces 10, 11 on the surface layer portion of the resin filler filled in the
through-hole 9 and the like and the upper surface of the innerlayer conductor
circuit 8 are removed to smoothen the surface of the board, while the resin
layer 13, the side face of the innerlayer conductor circuit 8 and the land
surface of the through-hole 9 are strongly adhered to each other through the
roughened surfaces 10a, 11a and the inner wall face of the through-hole 9 and
the resin layer 14 are strongly adhered to each other through the roughened
surface 11a. That is, the surfaces of the resin layers 13, 14 and the surface of
the innerlayer copper pattern 8 become the same plane at this step.

(6) The printed wiring board 15 provided with the conductor
circuits is degreased with an alkali, soft etched, treated with a catalyst solution
containing palladium chloride and an organic acid toform a Pd catalyst. After
the activation of this catalyst, it is immersed in an electroless plating solution
of pH = 9 containing 3.2 x 10> mol/L of copper sulfate, 3.9 x 10 mol/L of
nickel sulfate, 5.4x 10 mol/L of sodium citrate, 3.3 X 10" mol/L of sodium
hypophosphite and 1.1 x 10" mol/L of a surfactant (Surfeel 465, trade name,
made by Nisshin Kagaku Kogyo Co., Ltd.). After 1 minute of the
immersion, it is vibrated and rocked 1 times per 4 seconds to form roughened
layers 16, 17 of Cu-Ni-P needle-shaped alloy on the surfaces of the copper
conductor circuits 8 and the land of the through-hole 9 as shown in Fig. 18.

Furthermore, Cu-Sn substitution reaction is carried out under
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(7) The above resin composition D, resin composition E and
curing agent composition F are mixed with stirring so as to adjust the
viscosity to 1.5 Pa-s, whereby an interlaminar resin insulating agent (for
underlayer) is obtained. Then, the above resin composition A, resin
composition B and curing agent composition C are mixed with stirring so as
to adjust the viscosity to 7 Pa-s, whereby an adhesive solution for electroless
plating (for upperlayer) is obtained.

(8) The interlaminar resin insulating agent (for underlayer)
having the viscosity of 1.5 Pa-s of the above item (7) is applied onto both
surfaces of the board 18 of the item (6) by means of a roll coater within 24
hours after the preparation, left to stand at a horizontal state for 20 minutes
and dried (baked) at 60°C for 30 minutes. Then, the photosensitive adhesive
solution (for upperlayer) having the viscosity of 7 Pa-s of the item (7) is
applied within 24 hours after the preparation, left to stand at a horizontal state
for 20 minutes and dried (baked) at 60°C for 30 minutes to form an adhesive
layer 19 having a thickness of 35 um as shown in Fig. 19.

(9) As shown in Fig. 20, a photomask film 21 depicted with
black circles of 85 pm¢ is adhered to each surface of the board provided with
the adhesive layer 19 in the item (8) and exposed to a super-high pressure
mercury lamp at 500 mJ/cmz. The board is developed by spraying DMTG
solution, exposed to a super-high pressure mercury lamp at 3000 mJ/cm?, and
subjected to a heating treatment (post baking) at 100°C for 1 hour, 120°C for
1 hour and 150°C for 3 hours, whereby an interlaminar resin insulating layer

(two-layer structure) 19 of 35 wm in thickness having an opening (opening for

the formation of via-hole) 22 of 85 ume with an excellent size accuracy
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(10) The board provided with the opening 22 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 19 to thereby
roughen the surface of the interlaminar resin insulating layer 19, whereby the
roughened surfaces 23, 24 are formed as shown in Fig. 22. Thereafter, it is
immersed in a neutral solution (made by Shipley) and washed with water.

Furthermore, a palladium catalyst (made by Atotech) is applied to
the surface of the board subjected to the roughening treatment (roughened
depth: 6 um) to give a catalyst nucleus to the surface 23 of the interlaminar
resin insulating layer 19 and the inner wall face 24 of the opening for the via-
hole.

(11) The thus formed wiring board is immersed in an electroless
copper plating aqueous solution having the following composition to form an
electroless copper plated film 25 of 0.6 pum over a whole of the roughened
surface as shown in Fig. 23.

[Electroless plating aqueous solution]

EDTA 50 g/L
Copper sulfate 10 g/L
HCHO 8 mL/L
NaOH 10 g/L
o0 -bipyridyl 80 mg/L
PEG 0.1g/L

[Electroless plating conditions]
Liquid temperature of 70°C, 30 minutes
(12) As shown in Fig. 24, a commercially available

photosensitive dry film 27 depicted with black circles 26 is attached to the
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sodlum carbonate to form plating resists 28 of 15 pm in thickness as shown in
Fig. 25.

(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 29 of 15 yum in thickness as shown in Fig. 26.

[Electrolytic plating aqueous solution]

Sulfuric acid 180 g/L.

Copper sulfate 80 g/L

Additive (Kaparasid GL, trade name, made by

Atotech Japan) 1 mL/L
[Electrolytic plating conditions]

Current density 1 A/dm?

Time 30 minutes

Temperature room temperature

(14)  After the plating resist 28 is peeled and removed with 5%
KOH, the electroless plated film 25 beneath the plating resist 28 is dissolved
and removed by etching with a mixed solution of sulfuric acid and hydrogen
peroxide to from conductor circuits 30 of 18 um in thickness comprised of the
electroless copper plated film 25 and the electrolytic copper plated film 29
(including via-hole 31) as shown in Fig. 27.

(15) The same treatment as in the item (6) is carried out to form a
roughened surface of Cu-Ni-P needle-shaped alloy and further the surface
thereof is subjected to Sn substitution.

(16) The steps of the items (7)~(15) are repeated to form
upperlayer conductor circuits, whereby a multilayer wiring board is obtained.

(17) Asshown in Fig. 28, roughened surfaces 32 having a
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of potassium chloride, “Mechetchbond”, trade name, made by Mech
Corporation under spraying through transferring rolls. The tin substitution is
not applied to the roughened surface.

When the roughened surface is observed just above by means of an
electron scanning microscope (X 5000), it has been confirmed that anchor
portions 1 as shown in Figs. 4~8 are 11 on average, recess portions are 11 on
average and the number of the ridge lines is 22 on average.

(18) A composition for solder resistis obtained by mixing 46.67 g
of a photosensitizing oligomer (molecular weight: 4000) wherein 50% of
epoxy group of 60% by weight of cresol novolac type epoxy resin (made by
Nippon Kayaku Co., Ltd.) dissolved in DMDG, 15.0 g of 80% by weight of
bisphenol A-type epoxy resin (Epikote 1001, trade name, made by Yuka Shell
Co., Ltd.) dissolved in methyl ethyl ketone, 1.6 g of an imidazole curing agent
(made by Shikoku Kasei Co., Ltd. 2E4MZ-CN), 3 g of a polyvalent acrylic
monomer as a photosensitive monomer, 1.5 g of polyvalent acrylic monomer
(made by Kyoeisha Kagaku Co., Ltd. DPE6A) and 0.71 g of a dispersion
anti-foaming agent (made by Sannopuco Co., Ltd. S-65) and adding 2 g of
benzophenone (made by Kanto Kagaku Co., Ltd.) as a photoinitiator and 0.2 g
of Michler ketone (made by Kanto Kagaku Co., Ltd.) as a photosensitizer to
the resulting mixture to adjust the viscosity to 2.0 Pa-s at 25°C. Moreover,
the viscosity is measured by B-type viscometer using rotor No. 4 at 60 rpm
and rotor No. 3 at 6 rpm.

(19) As shown in Fig. 29, the composition 33 for solder resist is
applied at a thickness of 20 im to both surfaces of the multilayer wiring board

obtained in the item (16). After the drying treatment at 70°C for 20 minutes

-50-



f-'1099€ ()-F | Ss109%6& ()- ! Ss109N& ()- | Ss109% ()- ! SS10%EE 9)} pr( o

I 1K6LSLLLL} [ <1@ 1 9 1JP99/0355 002
109<100&' ()- ! f" MLOYXX& ()-f!f" mOusS& ()-ff"nlov& () - FPosbsddr{%/030p)
109%41& ()-F LLLL MVNCAB@1 10!y 109%& ()-Z'y 10% ()-Z'y 10% : & ()- 2y
10% ()-2! 310% ()- 10 100 PQZS, T@ATBTCTZ[PE: 1 10 10 10 10s<10%&' ()-!

18?;?( 0 (; @agﬁl'éq/qg @%ﬁ@%ﬁﬁ;ﬁ%‘%ﬁé@%q%%m 1 thitkh@sstdepi&ed
109%& () - CR@RQHE a(c)lrc(i@ Yern) (mhalk \Natlel 1@2’\3 Irt}s}\acec@lkré&)té%x@)sed toa

10% & () - @10% & ( 10 10 10“<10% 109%&

109 ()-\i] ]Lﬂtravaﬁ«}t"m'y a@1 000 @nJ/cm? and dcveloped with DMDG as shown in
Fig. 30. Then, 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 38 (thickness: 20 pm) opened (opening diameter: 200 pm) to a
solder pad portion 36 (including a via-hole and its land portion 37) as shown
in Fig. 31, whereby a printed wiring board is produced.

(20) Then, the board provided with the solder resist layer 38 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 40 of 5 jim in thickness on
the opening portions 36, 37 as shown in Fig. 32.  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
gold plated layer 41 of 0.03 wm on the nickel plated layer 40.

(21) Thereafter, a solder paste is printed on the opening portion
of the solder resist layer 38 and reflowed at 200°C to form solder bumps
(solder body) 42, whereby a printed wiring board 43 having the solder bumps
42 is produced. In this printed wiring board are disposed usual wiring
portion (line width: 75 um) and fine wiring portion (line width: 50 ytm), and
further the fine wiring portion is divided into portions having a coarse wiring
density (distance: 400 um) and portions having a dense wiring density
(distance: 50 pm).

Example 2
Fig. 33 is a diagrammatically section view of a printed wiring

board 44. In this example, the production steps are fundamentally the same
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as in Example 1, except that the roughened surface in the surface layer
conductor circuits (conductor circuits for solder pad) is covered with a metal
layer 51 as shown in Figs. 9~12 at the step (17).  As the metal, nickel is used,
which is applied by an electroless plating. The thus formed nickel layer has
a thickness of 0.04 um.

In this example, the solder bumps (solder body) 54 are formed on
the opening portions of the solder resist layer 38 through the nickel plated
layer 52 on the nickel layer 51 and the gold plated layer 53 thereon as shown
in Fig. 33 at the steps (18)~(21).

Example 3

This example is fundamentally the same as in Example 2 except
that tin layer through substitution plating is used instead of the nickel layer
through the electroless plating as a metal layer covering the roughened
surface of the conductor circuits for solder pad. This tin layer has a
thickness of 0.03 pum.

Example 4

This example is fundamentally the same as in Example 2 except
that zinc layer through electroless plating is used instead of the nickel layer
through the electroless plating as a metal layer covering the roughened
surface of the conductor circuits for solder pad. This zinc layer has a
thickness of 0.05 pm.

mple

This example is fundamentally the same as in Example 2 except
that a metal layer through vapor deposition is used instead of the nickel layer
through the electroless plating as a metal layer covering the roughened
surface of the conductor circuits for solder pad. This metal layer is made of

iron and cobalt and has a thickness of 0.05 pm.
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After the steps (1)~(14) of Example 1, a printed wiring board 45
shown in Fig. 34 is produced through the following steps.

(22) A multilayer wiring board is obtained by repeating the steps
(6)~(14) of Example 1 to further form upperlayer conductor circuits.

The innerlayer conductor circuits formed through these steps are not shown in
the drawing. Moreover, the conductor circuits for solder pad in an outermost
layer of the printed wiring board in Fig. 34 are shown by the conductor
circuits (conductor circuits for solder pad) 30, 31 formed at the step (14) of
Example 1.

(23) The printed wiring board provided with the conductor
circuits as the surface layer is degreased with an alkali, soft etched and treated
with a catalyst solution containing palladium chloride and an organic acid to
give a Pd catalyst. ~After the activation of this catalyst, it is immersed in an
electroless plating solution of pH = 9 containing 3.2 x 10 mol/L of copper
sulfate, 3.9 x 103 mol/L of nickel sulfate, 5.4 x 10-2 mol/L of sodium citrate,
3.3 x 10" mol/L of sodium hypophosphite and 1.1 x 10*mol/L of a surfactant
(Surfeel 465, trade name, made by Nisshin Kagaku Kogyo Co., Ltd.). After
1 minute of the immersion, it is vibrated and rocked 1 times per 4 seconds to
form a roughened layer 39 of Cu-Ni-P needle-shaped alloy on the surfaces of
the conductor circuits 30, 31.

(24) Then, a rust proof layer 108 is formed on the roughened
layer 39. As an anti-rust agent is used 1,2,3-benzotriazole. The roughened
layer 39 is immersed in a solution containing 15% by weight of such an anti-
rust agent at a temperature of 45°C for 1 minute and washed with water to
form the rust proof layer 108 on the roughened layer 39.

(25) Thereafter, the printed wring board is produced by forming

the solder resist layer 38 (thickness: 20 yum) opened (opening diametet:
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Moreover, the anti-rust agent and the residual component of the
solder resist layer in the opening portion are removed by an oxygen plasma
(plasma cleaning device, Model PC12F-G, made by Kyushu Matsushita Co.,
Ltd.). After the printed wiring board is placed at a vacuum state, such a
plasma treatment is carried out at a plasma discharging quantity of 1000 W, an
oxygen feeding pressure of 0.4 MPa, an oxygen feeding rate of 500 sec/M and
a treating time of 2 minutes.

(26) Then, the thus plasma treated board is treated according to
the steps (20) and (21) of Example 1 to form nickel plated layer 55 and
electroless gold plated layer 56 on the opening portions 36, 37 as shown in
Fig. 34, whereby the printed wiring board 45 having solder bumps 57 is
produced.

(27) The printed wiring board is divided and cut into a proper
size by a device having a router, which is passed through a checking step for
inspecting short-circuit and wire breakage of the printed wiring board to
obtain a desired printed wiring board. Moreover, a plasma treatment with
oxygen, carbon tetrachloride or the like may properly be added at a letter-
printing step for forming product recognition letters and the like or in order to
improve the equality of the solder resist layer.

(28) Thereafter, the solder bumps of the multilayer printed wiring
board are positioned to respective bumps of an IC chip with a target mark of
the board by means of a proper fastening device and then the solder bumps
are reflowed to bond the solder bump to the bump. Next, an under fill resin

is filled between the IC chip and the printed wiring board to obtain the printed

wiring board connected to the IC chip.
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etching solution containing 10 parts by weight of imidazole copper(Il)
complex, 7 parts by weight of glycolic acid and 5 parts by weight of
potassium chloride, i.e. “Mechetchbond”, trade name, made by Mech
Corporation under spraying while transferring through rolls to obtain a
roughened surface having a thickness of 3 um. Thereafter, the rust proof
layer is formed on the roughened surface by spraying the same anti-rust agent
as in Example 6 at room temperature.
Example 8

This example is fundamentally the same as in Example 6 except
that the roughened surface having a maximum height of 3 pm is formed by
graphitization-reduction treatment using NaOH (10 g/L.), NaClO, (40 g/L) and
Na,PO, (6 g/L) as an oxidation bath (graphitization bath) and NaOH (10 g/L)
and NaBH, (6 g/L) as a reduction bath. Thereafter, a rust proof layer is
formed on the roughened surface by applying a solution of 10% by weight of
tollyltriazole as an anti-rust agent to both surfaces through a roll coater.
Example 9

Fig. 35 is a partial section view of a printed wiring board 46 in this
example. This board is produced in the same manner as in Example 6 except
that tin layer 109 having a thickness of 0.03 um is formed by substitution
plating after the formation of the roughened layer 39 and then a rust proof
layer 110 is formed on the tin layer 109 by immersing the tin layer 109 of the
conductor circuit for solder pad in a solution containing 10% by weight of
tollyltriazole as an anti-rust agent at a temperature of 50°C for 1 minute.

Exampl

This example is fundamentally the same as in Example 6 except
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y10% & ()- cdfifér@I) domplex, 7 parts by weight of glycolic acid and 5 parts by weight
of potassium chloride, i.e. “Mechetchbond”, trade name, made by Mech
Corporation under spraying while transferring through rolls. A nickel layer
having a thickness of 0.04 pm is formed on the roughened surface by
electroless plating. Thereafter, a rust proof layer is formed on the roughened
surface by immersing the nickel layer in a solution containing 5% by weight
of 1,2,3-benzotriazole and 5% by weight of tollyltriazole as an anti-rust agent
at a temperature of 55°C for 45 seconds.
Example 11
This example is fundamentally the same as in Example 6 except
that the roughened surface having a maximum height of 3 um is formed by
graphitization-reduction treatment using NaOH (10 g/L), NaClO, (40 g/L)
and Na,PO, (6 g/L) as an oxidation bath (graphitization bath) and NaOH
(10 g/L)) and NaBH, (6 g/L) as a reduction bath. Then, zinc layer having a
thickness of 0.05 um is formed on the resulting roughened surface by
sputtering and a rust proof layer is formed thereon by spraying a solution
containing 5% by weight of 1,2,3-benzotriazole and 5% by weight of
tollyltriazole as an anti-rust agent onto the zinc layer at room temperature.
8 ati 1 2
These examples are fundamentally the same as in Example 1.
However, in Comparative Example 1, the roughened surface is formed on the
conductor circuit as a surface layer by graphitization-reduction treatment
using NaOH (10 g/L), NaClO, (40 g/L) and Na;PO, (6 g/L) as an oxidation
bath (graphitization bath) and NaOH (10 g/L) and NaBH, (6 g/L) as a
reduction bath, while in Comparative Example 2, the roughened layer made

of copper-nickel-phosphorus needle-shaped alloy is formed on the conductor
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Comparative Example 5
This example is fundamentally the same as in Example 6 except
that the anti-rust agent is not applied to the roughened surface.
Comparative Example 6
This example is fundamentally the same as in Example 7 except
that the roughened surface having a maximum height of 3 um is formed by
etching with an etching solution containing 10 parts by weight of imidazole
copper(Il) complex, 7 parts by weight of glycolic acid and 5 parts by weight
of potassium chloride, i.e. “Mechetchbond”, trade name, made by Mech
Corporation under spraying while transferring through rolls and the anti-rust
agent is not applied to the roughened surface.
Peeli t lder resis I
With respect to the printed wiring boards produced in Example 1
and Comparative Examples 1 and 2, the peeling test of solder resist layer is
carried out after the formation of the solder resist layer and after a reliability
test (under heat cycle condition). Moreover, the presence of bad continuity
between conductor circuits is compared between the coarse and dense wiring
density portions and also organic residue at the bottom of the opening portion

is measured. The results are shown in Table 1.

[able 1

Comparative | Comparative

Evaluation terms Evaluating portion | Example 1 Example 1 | Example 2

Peeling after the | wiring density - coarse | none none none
formation of solder —— -

resist layer *1 wiring density-dense none none none
Peeling after heat wiring density - coarse none none none
cycle test *2 wiring density-dense none none none
Bad continuity wiring density - coarse |  none none none
between conductor —— -

circuits *1 wiring density-dense none none presence
Organic residue *3 | bottom of via-hole none none presence
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*1: observed by means of a microscope (x 50).

*2: heat cycle test of +120°C and -20°C is repeated for 100 hours.
Thereafter, the solder resist layer is observed by means of a
microscope (X 50).

*3: observed by means of an electron scanning microscope (X 5000).

As shown in Table 1, in the printed wiring board of Example 1,
there are not caused the peeling of the solder resist layer and the occurrence of
bad continuity between the conductor circuits, and the organic residue is not
observed. In the printed wiring board of Comparative Example 1, the
peeling is caused in the coarse wiring density portion after the heat cycle test,
while in the printed wiring board of Comparative Example 2, the bad
continuity between the conductor circuits is caused and the organic residue is
observed at the bottom of the opening portion.

Peelin s of solder resi solder bum

With respect to the printed wiring boards produced in Examples
2~5 and Comparative Examples 3 and 4, the peeling, cracking and the like of
the solder resist layer and the solder bump are inspected after the formation of
the solder bump and after the reliability test (under heat cycle condition), and
the shear strength of the solder bump is measured, and the continuity test
through a checker is carried out to judge the presence of wiring breakage and

short-circuit. The results are shown in Table 2.
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Table 2
Items Evaluation items | Judgment Example C%mxap?nr;ﬁ’«ve
2 3 4 5 3 4
solder resist state ggeeif:gigf none | none | none [ none |presence| none
gfrt;ra ?i]:n of gs;llg‘g of solder gg}jgg}% none [ none ( none | none | none none
solder bump continuity test %onitor result good | good | good | good | good bad
shear strengfh of [Shear e | 2.00{ 2.00 [2.00| 2.00| 160 | 200
solder resist state g:zslie;:;igf none | none | none | none | none none
ﬁg}grbility gﬁt:rlli;)lg of solder gg}jliz;gz\% none [ none | none | none | none [presence
test *1 continuity test in30nit0r result good | good | good [ good| bad bad
zlo‘fj;rsgf;%h of fﬁg?,;f;ﬁﬁ“ﬂh 1.90[1.90|1.90(1.90] 1.50 | 1.60

*1:

3 minutes in a liquid tank) is repeated 1000 cycles.

*D:
*3:

measured after the heat cycle (135°C for 3 minutes and -65°C for

a cut section is observed by means of a microscope (x 50).

confirmed continuity between solder bump and BGA pad. good in the

case that value of contact resistance is not more than 1 p€Q, bad in the

case that value of contact resistance exceeds 1 uQ

*4

when a top of a pull tester is attached to the solder bump and pulled up

vertically, a numerical value of the pull tester is read at a time of taking

out the solder bump.

As shown in Table 2, in the printed wiring boards of Examples 2~5,

no peeling and cracking of the solder resist layer and the solder bump is

caused and the continuity and shear strength of solder bump are excellent as

compared with the printed wiring boards of Comparative Examples 3 and 4.

And also, the strength between the solder resist layer and the solder bump is
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sufficiently maintained and the wiring breakage and short-circuit are not
caused even after the reliability test.

Further, with respect to the printed wiring boards produced in
Examples 6~11 and Comparative Examples 5 and 6, the peeling, cracking and
the like of the solder resist layer and the solder bump are inspected after the
formation of the solder bump and after the reliability test (under heat cycle
condition), and the shear strength of the solder bump is measured, and the
continuity test through a checker is carrted out to judge the presence of wiring

breakage and short-circuit. The results are shown in Tables 3 and 4.

Table 3

Example
6 7 8 9

Items Evaluation items Judgment

presence of

sist .
solder resist state pecling *2

none | none | none | none

After the peeling of solder [P ooorce of

! peeling and none | none | none | none
formation of [bump cracking *2
solder bump . i
continuity test monitor result *3 | good | good | good | good

shear strength of |shear strength

solder bu]np [kgf/cmZ] *4 196|199 | 2.06]| 2.15

presence of

solder resist state none | none | none | none

peeling *2
After peeling of solder presence of
e bump peeling and none | none | none | none
lellaﬂt‘);hty cracking *2
test
continuity test monitor result *3 | good | good | good | good

shear strength of |[shear strength

solder bump [kef/cm?] *4 1.97 | 1.95 | 2.05 | 2.15

*1: measured after the heat cycle (135°C for 3 minutes and -65°C for

3 minutes in a liquid tank) is repeated 1000 cycles.
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*3.

a cut section is observed by means of a microscope (X 50).

confirmed continuity between solder bump and BGA pad. good in the

case that value of contact resistance is not more than 1 p€, bad in the

case that value of contact resistance exceeds 1 pS)

*4.

when a top of a pull tester is attached to the solder bump and pulled up

vertically, a numerical value of the pull tester is read at a time of taking

out the solder bump.

lable 4
Example Comparative
Items Evaluation items Judgment Example
10| 11 5 6
solder resist state [P o ne® of none | none [presence| none
peeling *2
eeling of solder [Pe3eNCe of
After the peeling peeling and none [none| none none
formation of {PUmp cracking *2
solder bump T :
continuity test monitor result *3 |good|good| good bad
shear strength of |shear strength
solder bump [keflem?] *4 2.1512.08] 1.32 141
solder resist state [P res;nci of none (none| none | none
peeling *2
Af peeling of solder presence of
ter b peeling and none |none| none |presence
reliability ump cracking *2
test *1 — -
continuity test monitor result *3 |good|good| bad bad
shear strength of [shear strength
solder bump [kef/cm’] *4 2.15|12.06( 1.28 1.37
*1: measured after the heat cycle (135°C for 3 minutes and -65°C for

3 minutes in a liquid tank) is repeated 1000 cycles.

*2:
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*3: confirmed continuity between solder bump and BGA pad. good in the
case that value of contact resistance is not more than 1 p€, bad in the
case that value of contact resistance exceeds 1 u€2

*4: when a top of a pull tester is attached to the solder bump and pulled up
vertically, a numerical value of the pull tester is read at a time of taking

out the solder bump.

When the opening portion of the solder resist layer is observed by
means of a microscope (X 50), the resin residue is observed in the printed
wiring boards of the comparative examples, while the resin residue is not
observed in the printed wiring boards of the examples. Further, as shown in
Tables 3 and 4, in the printed wiring boards of Examples 6~11, no peeling and
cracking of the solder resist layer and the solder bump is caused and the
continuity and shear strength of solder bump are excellent as compared with
the printed wiring boards of Comparative Examples 5 and 6. And also, the
strength between the solder resist layer and the solder bump is sufficiently
maintained and the wiring breakage and short-circuit are not caused even after
the reliability test.

INDUSTRIAL APPLICABILITY

As mentioned above, in the printed wiring board according to the
invention, the roughened surface having a given shape is formed on the
surface of the conductor circuit for solder pad and the solder resist layer is
strongly adhered thereto through the 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 portions forming the
solder bumps to decrease the contact area between the conductor circuit and
the solder resist layer or even when the conductor circuit is comprised of fine

wiring and the wiring density is coarse.
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In the printed wiring board according to the invention, the residue
of the solder resist forming resin is not left on the roughened surface exposing
to the opening portion for the formation of the solder bump, so that the
adhesion property to the metal beneath the solder bump is excellent and the
bad continuity is not caused in the portions forming the solder bumps.

And also, in the printed wiring board according to the invention,
the shape and strength having excellent adhesion properties to the solder resist
layer and to the metal beneath the solder bump are held by covering the
roughened surface of the conductor circuit for solder pad with the metal layer,
so that the strength of the solder bump is considerably increased and the
dropping off of the solder bump can be prevented.

Further, in the printed wiring board according to the invention, the
roughened surface of the conductor circuit for solder pad is protected with the
rust proof layer to prevent the deterioration of the conductor circuit for solder
pad and to maintain the shape of the roughened surface having excellent
adhesion properties to the solder resist layer and to the solder pad, so that
when the conductor circuits for solder pad are finely wired and formed at a
coarse wiring density, the adhesion property between the conductor circuit
and the solder resist layer is enhanced, and even when the portions forming
the solder bumps are exposed to a high temperature or a high pressure, the
bad continuity is not caused in the solder bump forming portions because the
conductor circuit is strongly adhered to the solder resist layer without peeling.

Moreover, in the printed wiring board according to the invention,
the roughened surface of the conductor circuit for solder pad is covered with
the metal layer for rust proof layer made of a given metal and protected with
the rust proof layer, so that even when a part of the solder resist layer is
opened so as to form a solder pad, the surface of the conductor circuit for

solder pad maintains the shape having an excellent adhesion property to the
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solder pad and the resin for the solder resist layer is not left in the opening
portion and hence the adhesion properties and strengths between the
conductor circuit for solder pad and the solder resist layer and between the
conductor circuit and the solder pad are improved and the solder bump having

an excellent adhesion property to the metal beneath the solder bump is formed.
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CLAIMS

1. A printed wiring board comprising conductor circuits for solder
pads, a solder resist layer formed on the conductor circuit for the solder pad,
and an opening portion formed in the solder resist layer for disposing a solder
body, in which the conductor circuit for the solder pad has a roughened
surface treated with an etching solution containing a copper(II) complex and
an organic acid, and the solder resist layer is arranged on the roughened
surface.

2. A printed wiring board comprising conductor circuits for solder
pads, a solder resist layer formed on the conductor circuit for the solder pad,
and an opening portion formed in the solder resist layer for disposing a solder
body, in which the conductor circuit has a roughened surface, and the
roughened surface has a plurality of anchor portions and recess portions and
ridgelines, and these anchor portions and recess portions and ridgelines are
formed at a dispersed state, 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 arranged
on the roughened surface.

3. A printed wiring board comprising conductor circuits for solder
pads, a solder resist layer formed on the conductor circuit for the solder pad,
and an opening portion formed in the solder resist layer for disposing a solder
body, in which the conductor circuit for solder pad has a roughened surface
treated with an etching solution containing a copper(II) complex and an
organic acid, and the roughened surface is covered with a metal layer of at
least one metal selected from the group consisting of titanium, zinc, iron,
indium, thallium, cobalt, nickel, tin, lead, bismuth and noble metal, and the
solder resist layer is arranged on the metal layer.

4. A printed wiring board comprising conductor circuits for solder
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pads, a solder resist layer formed on the conductor circuit for the solder pad,
and an opening portion formed in the solder resist layer for disposing a solder
body, in which the conductor circuit has a roughened surface, and the
roughened surface has a plurality of anchor portions and recess portions and
ridgelines, and these anchor portions and recess portions and ridgelines are
formed at a dispersed state, 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 of at least one metal selected from the group consisting of
titanium, zinc, iron, indium, thallium, cobalt, nickel, tin, lead, bismuth and
noble metal, and the solder resist layer is arranged on the metal layer.

5. A printed wiring board according to any one of claims 1-4, wherein
a line width of the conductor circuit for solder pad is not more than 50 pm.

6. A printed wiring board according to any one of claims 3-5, wherein
the metal layer has a thickness of 0.01~1 pum.

7. A printed wiring board according to claim 2 or 4, wherein the recess
portion is formed by etching of metal crystal particles.

8. A printed wiring board according to claim 2 or 4, wherein the recess
portton is formed in an approximately polyhedral shape.

9. A printed wiring board according to claim 2 or 4, wherein the
ridgelines are formed by dropping off adjoining metal crystal particles.

10. A printed wiring board according to claim 2 or 4, wherein the
ridgeline is branched.

11. A printed wiring board according to claim 2 or 4, wherein the
ridgeline is sharpened.

12. A printed wiring board according to claim 2 or 4, wherein the
anchor portion is formed by etching of metal crystal particles around the

anchor portion.
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13. A printed wiring board according to claim 2 or 4, wherein the
anchor portions are diffused and surrounded by the recess portions and the
ridgelines.

14. A printed wiring board according to any one of claims 1-4,
wherein the roughened surface has a maximum roughness (Rmax) of
0.5~10 pm.

15. A printed wiring board according to claim 2 or 4, wherein the
roughened surface has 2~100 anchor portions and 2~100 recess portions on
average per 25 pm?.

16. A printed wiring board comprising conductor circuits for solder
pads, a solder resist layer formed on the conductor circuit for the solder pad,
and an opening portion formed in the solder resist layer for disposing a solder
body, in which the conductor circuit has a roughened surface, and a rust proof
layer is arranged on the conductor circuit for solder pad, and the solder resist
layer is arranged on the rust proof layer.

17. A printed wiring board comprising conductor circuits for solder
pads, a solder resist layer formed on the conductor circuit for the solder pad,
and an opening portion formed in the solder resist layer for disposing a solder
body, in which the conductor circuit has a roughened surface, and a metal
layer for a rust proof layer made of at least one metal selected from the group
consisting of titanium, zinc, iron, indium, thallium, cobalt, nickel, tin, lead,
bismuth and noble metal is arranged on the roughened surface, and a rust
proof layer is arranged on the metal layer for the rust proof layer, and the
solder resist layer is arranged on the rust proof layer.

18. A printed wiring board according to claim 16 or 17, wherein the
roughened surface is formed by oxidation-reduction treatment, electroless
plating treatment or etching treatment.

19. A printed wiring board according to claim 16 or 17, wherein the
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roughened surface is a roughened layer of copper-nickel-phosphorus alloy.

20. A printed wiring board according to claim 16 or 17, wherein the
roughened surface is formed with an etching solution containing copper(II)
complex and an organic acid.

21. A printed wiring board according to any one of claims 16-20,
wherein the rust proof layer contains at least one anti-rust agent selected from
the group consisting of 1,2,3-benzotriazole, tollyltriazole and derivatives
thereof.

22. A method of producing a printed wiring board comprising
conductor circuits for solder pads, a solder resist layer formed on the
conductor circuit for the solder pad, and an opening portion formed in the
solder resist layer for disposing a solder body, which comprises treating the
conductor circuit for solder pad with an etching solution containing a
copper(II) complex and an organic acid to form a roughened surface on the
conductor circuit for solder pad, covering the roughened surface with a metal
layer of at least one metal selected from the group consisting of titanium, zinc,
iron, indium, thallium, cobalt, nickel, tin, lead, bismuth and noble metal, and
forming the solder resist layer on the metal layer.

23. The method according to claim 22, wherein the roughened surface
is subjected to a heat treatment at a temperature of 50~250°C prior to the
formation of the metal layer.

24. A method of producing a printed wiring board comprising
conductor circuits for solder pads, a solder resist layer formed on the
conductor circuit for the solder pad, and an opening portion formed in the
solder resist layer for disposing a solder body, which comprises the steps of:

(a) forming a roughened surface on the conductor circuit for solder pad;

(b) forming a rust proof layer on the roughened surface of the conductor

circuit for solder pad;
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(c) forming a solder resist layer on the rust proof layer;

(d) forming an op;ning portion in the solder resist layer and the rust
proof layer; and

(e) forming a solder bump on the opening portion.

25. The method according to claim 24, wherein the conductor circuit
for solder pad is subjected to a heat treatment at a temperature of 50~250°C
after the step (b) and before the step (b).

26. The method according to claim 24, wherein the roughened surface
is covered with a metal layer for rust proof layer made of at least one metal
selected from the group consisting of titanium, zinc, iron, indium, thallium,
cobalt, nickel, tin, lead, bismuth and noble metal after the step (a).

27. The method according to claim 26, wherein the conductor circuit
for solder pad is subjected to a heat treatment at a temperature of 50~250°C

prior to the formation of the metal layer.
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Nationality Japan

Name of country Japan
3. Agent

Name (5925) Attorney SUGIMURA Akihide

Address Kazan Building, 2-4, Kasumigaseki 3-chome

Chiyoda-ku TOKYO 100-0013 JAPAN

4, Object of Amendment Claims
5. Content of Amendments In claims 16, 17 and 24, “comprising
conductor circuits for solder pads, a solder resist layer formed on the
conductor circuit for the solder pad,” is amended to “comprising
conductor circuits for solder pads inclusive of an electroless plated film
and an electrolytic plated film formed on the electroless plated film, a
solder resist layer formed on the conductor circuit for the solder pad,”.
6. List of attached documents Pages 50, 51 and 51/1 of claims
(Japanese text) (which correspond to pages 68, 69 and 70).
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plated film formed on the electroless plated film, a solder resist layer formed
on the conductor circuit for the solder pad, and an opening portion formed in
the solder resist layer for disposing a solder body, in which the conductor
circuit has a roughened surface, and a rust proof layer is arranged on the
conductor circuit for solder pad, and the solder resist layer is arranged on the
rust proof layer.

17 (Amended). A printed wiring board comprising conductor circuits
for solder pads inclusive of an electroless plated film and an electrolytic
plated film formed on the electroless plated film, a solder resist layer formed
on the conductor circuit for the solder pad, and an opening portion formed in
the solder resist layer for disposing a solder body, in which the conductor
circuit has a roughened surface, and a metal layer for a rust proof layer made
of at least one metal selected from the group consisting of titanium, zinc, iron,
indium, thallium, cobalt, nickel, tin, lead, bismuth and noble metal is arranged
on the roughened surface, and a rust proof layer is arranged on the metal layer
for the rust proof layer, and the solder resist layer is arranged on the rust proof

layer.
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18. A printed wiring board according to claim 16 or 17, wherein the
roughened surface is formed by oxidation-reduction treatment, electroless
plating treatment or etching treatment.

19. A printed wiring board according to claim 16 or 17, wherein the
roughened surface is a roughened layer of copper-nickel-phosphorus alloy.

20. A printed wiring board according to claim 16 or 17, wherein the
roughened surface is formed with an etching solution containing copper(Il)
complex and an organic acid.

21. A printed wiring board according to any one of claims 16-20,
wherein the rust proof layer contains at least one anti-rust agent selected from
the group consisting of 1,2,3-benzotriazole, tollyltriazole and derivatives
thereof.

22. A method of producing a printed wiring board comprising
conductor circuits for solder pads, a solder resist layer formed on the
conductor circuit for the solder pad, and an opening portion formed in the
solder resist layer for disposing a solder body, which comprises treating the
conductor circuit for solder pad with an etching solution containing a
copper(IT) complex and an organic acid to form a roughened surface on the
conductor circuit for solder pad, covering the roughened surface with a metal
layer of at least one metal selected from the group consisting of titanium, zinc,
iron, indium, thallium, cobalt, nickel, tin, lead, bismuth and noble metal, and
forming the solder resist layer on the metal layer.

23. The method according to claim 22, wherein the roughened surface
is subjected to a heat treatment at a temperature of 50~250°C prior to the
formation of the metal layer.

24 (Amended). A method of producing a printed wiring board
comprising conductor circuits for solder pads inclusive of an electroless

plated film and an electrolytic plated film formed on the electroless plated
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film, a solder resist layer formed on the conductor circuit for the solder pad,
and an opening portion formed in the solder resist layer for disposing a solder
body, which comprises the steps of:

(a) forming a roughened surface on the conductor circuit for solder pad;

(b) forming a rust proof layer on the roughened surface of the conductor
circuit for solder pad,

(c) forming a solder resist layer on the rust proof layer;

(d) forming an opening portion in the solder resist layer and the rust
proof layer; and

(e) forming a solder bump on the opening portion.

25. The method according to claim 24, wherein the conductor circuit
for solder pad is subjected to a heat treatment at a temperature of 50~250°C
after the step (b) and before the step (b).

26. The method according to claim 24, wherein the roughened surface
is covered with a metal layer for rust proof layer made of at least one metal
selected from the group consisting of titanium, zinc, iron, indium, thallium,
cobalt, nickel, tin, lead, bismuth and noble metal after the step (a).

27. The method according to claim 26, wherein the conductor circuit
for solder pad is subjected to a heat treatment at a temperature of 50~250°C

prior to the formation of the metal layer.
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