. 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 |ayer having an opening for a via-hole. Then, the surface
of the inter ng resin |ayer is roughened by treating with an

di t t lik d | ati ng. t. d th
Foughened 23?? ace. andia MEFRAR: Bl §0 AGRintEd PRaTiRE RGADARANYEar o Subj ect ed
t | ect ] tt
nchuding a SRARRBRLPBube ShiRd PoaRephpEINGEBLAE STl R L P

mul til ayeredplztﬂjek MR Potrémeth ook cdﬂau%mlﬁ:u@rfo?fsemewpaa%Wéa%glstSol der
bunps are ar on respectrve conductor circuits for solder pads as a

surface | ayeiayeaaddtsbhiebbamp ared g onmnbod efl ptahwing Becdaime. t hr ough t he sol der
bunps. In order to -rotect t he conduct or crrcurts for the sol der pads as
t he surface \

BQUdIRL the | 0 ~ ~ G 2002 99804

(PCT/ JP99/ 03556) pringte in Furt nDre order to enhance the
adhesi on of the soIdBF PE!‘§P{%Q§§$uﬂ8‘Hh3“ﬁB 38%?%?H%PP ¥ for the sol der
pad in the pEbﬁgtl&&ams){J %?‘2%"?2‘359‘ a {dSvpoihd FCE8ehind B6r K5 gﬁ%ﬁkﬁ'fcaﬁbﬁ%‘f" ts for

t he sol der pads are to a radugheni ng treatnen t he rougheni ng
treat ment of miliglayendurihgboatdsc uiSuchtaiswibd-apenisial ey vaipinigtboasd ion- r educt i on
treatnment, etching with sulfuric acidhydrogen peroxi de,

copper - ni ckepr(phmgﬂlbo’rajmeﬁwhdl@CIQHGLbefdr axamplqomaﬂl’rﬁﬂaiﬁﬁﬁhe | i ke. PROBLEMS
TO BE SOLVED BY THE INVE Eece(ﬁig a tecﬁg1 gue of, gg a fine wiring
is noticed as a condﬁEFB B&ﬁ? ‘hé“b??ﬂ 8 %P@Fﬂ@ ‘%%@ause a
high densi 1 pAbGaEnGfivE AEhGRRCHEBEcIESUILANE Bafiflicd dAORSH DY BUERC 2 1 N

wiring. Ins rnel'y wre uctor circul owever, a con area
bet wveen the deisdusipsed ié alight and debeloped éeforineah $ﬁteﬂﬁﬁﬂiarhﬁ§lﬂﬂﬂﬁg
consi derably small "and hence the adhesion property between the conductor
circuit and résen aledbavingsinsopénagg for anmholepar'ﬁhenuﬂ@rsuyfacmémh@ he
conductor circuits. are arra ed atf a coars @%e in.the . rface Iayer of

the printed WRFHIRGIBEPHIaY o B e YRR AR SRiAliES
clreut and bhenoRldeliks Psat?lldf}%g'i'eémr sg)va'gééonfrh qlighped Qirald. %ﬂsth of

t he sol der bu narn N W red’conduct or
circuits for thdreafséet K- rddad Fornaing éﬁfifiéﬁs hl'%esfu% dtted ﬂﬁa&élé@ﬁ@lés@@latm to

dr oppi ng-of f of the sol der bunp. t her nore, the i nventors have conflrned
that if the fouyheoddysunondoetooicirchit plaitaei mcrhamagl acoardhote. or Thésecstéps i s
deteriorated by oxidation, corrosion or the like, the adhesron property to
the sol der r &L Epeptgdseveral emerta@g%w mylilpyered barlfirlrmwarrm& ogfiden t he

conductor circuits a the s e |layer of
the printed viring bULPh AR BEHI0sTHEH Bublls o elted et o
circuit and }&?eéﬂbéj%nd@c'ibﬁ&rétﬁﬁé%r S8Ider g@d‘éeﬁssa sur%ace I%KEII afid the Boarg00Z
99804 (PCT/JP99/03556) It 1s, therefore, an object of e invention to
provide a prigit@thested tocmnol thip throdphcthe tsbRlerdegison Inropdar toyproascrern t he
finely wired conductor circuit and the solder resist layer is enhanced and
t hese conductondwitorcircwitsafios tst saldet padsodsahe dutface layes ahdiprevensilst | ayer
wi t hout peeling even in solder bunp-formng portions to cause no bad
continuity i AuipR bsbyersy thesejstes bRmRS, éépﬂ%ﬁ%ﬂsql@y(’r@s gisposed ibficect of the
invention to provide a printed wiring board capable of holding a strength
of an adhered portion between the conductor circuit for solder pad and the
r state and preventing the dropping-off of the saql der

“inimimiy AL
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DI SCLOSURE OF THE | NVENTI ON The invention lies in a printed mjringzﬁkgﬁg 2002
"conptising conductor circuits for solder pads, a solder resist |ayer forned
on the conductor circuit for the solder pad, and an op&¢$80dgP@DIRIOENISE&)r ned
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(ll) conplex and an organi c acid,

and the sol dgfinfeskwiring hoaid. i s arranged on the roughened surface. And al so,

the invention lies ip a printed wiring bpard co i sing_.conductor circuits
for sol der pads, a sg:PEFQﬂ'm@‘éq’érfOT‘&?éﬁgeﬂﬁ@%&%&ﬁ%%%ﬁé@&%@ﬁ%@lﬁﬁit for
t he sol der pad ng. an o in orgion fqornned in the salder. .resist,layer
for_at sposi i M oriBEGH et for s jB0ERad B I TulRed NirihEEolld o by hened
surface, and g, f0ug e Hed coiiRG ciRaTsToP e &llitypis ABSHGecRANbiOns and
recess portions éﬁﬁ%rigggﬁfnes, anéhﬁﬁgsg ancﬁ%r H%rfionsﬁggggfécégs
portions androuggpinggsatdient] oxatie abughahisg eeamteitofitRe candhditieciacljigi ni ng
anchor portions are connected to each other through the ridgelines, and the
recess porti dhere sresusedognapbiizajiontredugttdnoiregorenitostehiagivithsulfitdgerides, and
t he sol der resist |layer is arrange n.the roughened surface. -3, 2 0 OFC
2~~2 99804 ( P¥4YOgSY %’SléSaCCFRRCF%’éa??E'Pé‘PSPlﬁ%WP efllersiped @ oy Rlafing i nt ed

W ring boardaﬁgqmﬁfﬁgng conductor circuits for solder pads, a sol der resist
layer fornmed o k & €onductor circuit for the sol der pad, and an openi ng
portion for mpHBPLENS JT B STV AYEEINVENTPON Ng a sol der body, in
whi ch the conductor circuit pad has a roughened surface treated
w th an etchi ng sol uReconttyri tetimigge af asinger fihe yvitiagps astieetlaga or gani c
acid, and the roughened surface is covered with a netal] |ayer of at |east
one netal selceedegior patigrnda the puptedonbing beayddrecenseamhigh densificationgi,
indium thall,u obalt., njckel,, tin ad, .bi smuth. and noble netal, and

t he sol der rélgei g%ncfu{g? relfeu rﬁagryﬁea&{a&“e‘iﬁ%swlg lnIea"§'/’¢§’rrl.g'lVbreover, t he
nvention lies in a phihlffingly biGaR8Aas6PERENE, ROWRARH U Aadiakes (s Tor
sol der pads, a sol der reg?ngpgyer forne& on tIE’con ucfor‘g{?ﬁé?t for the
sol der pad, &epvésh theesondgctoecircoi ahdrthesolder td3ést $ojedtdecomes st | ayer for

di sposing a sol der body, in which the conductor circuit has a roughened
surface, andconsidersbiihemel apdilieace theaadhespimuproperty betweer hercqpdueiasns and

recess portions and . rjdgelines, and these anchar rtions and recess
porti ong and CFFB{}é‘Ppr‘rl%gg &t F%Fﬁ’}iﬂy%t Ogefﬁ's&;é}rgg'ﬂl% Yalhen hHCOMUCIN oi ni ng

anchor port! aiudl Sre ARG o aPasaliithe LHAUINVEPEr HediRER Giring"d e

t
recess portion1s surro by the anchor portions-an s, and
t he roughenetostd, ilie edhesiGPpRIpReyWdtWeén IR @ndueyeiciuitadnd thasbldeae net al
sel ected fromthe group consisting of titanium zinc, iron, indium
thal | i um colsedist layércmete lawars. | ead, bismuth and noble nmetal, and the

sol der resist |ayer i,s arranged on the t | ayer., | ddition, the
invention lies in a pHhse tghersfrﬁﬁg%‘d%frtggé%%F’rpglscfgﬁab‘dﬂ‘tt&beci rcuits for
sol der pads, SOl - T esi | 3 weeyit for the
sol der pad, andﬁ%kgﬁlgnﬁﬂﬁgﬁ%& ?&%ﬁge%i ‘;Ogl:d% ri%?]rck.l gf_so: glegré‘ic?ere%)fég%, aiﬂ(gllyer for

di sposi ng a $ehéethcB@diay bdlcatikd hé dppaiEuiisiithe isbldér buligs a roughened
surface, and a rust proof layer is arranged on the conductor -4 20~~c
zo0z 99804 ( PCT/ JP99ugthsahoms, thainventors baveleonfimanicd thad if the reogltnedr esi st

| ayer is arranﬁgd on .t he rust_%Loof | ayer, as we|l as a method of producing
the same. FustHage of the fngl¥ irehconducton cigcust is detariqiatedy exigadomonpr i si ng

conduetor ¢ bt vel @ Sl AR L gl LR, 0 11,
sol der resi st} aye abf}@gox%x%ﬁps'P'ﬂ&i&é%,%gf@{%onﬂﬁgt‘@?'c%uft??recé}%’fge or

circuit has a roughe surface, and a met ayer for a rust proof- layer
made of at | eaatcoarne kRt ah tiehfdcedayérain thd rigtedlWig®® board, Ak Afhekidnani um
zinc, iron, indium thallium cobalt, nickel, tin, |ead, bisnuth and noble
metal is arr gngmatobetveenrtbe ghrdedoscirdutand thredsadderussisplayef moay bowers.
arranged on the netal layer for the rust proof |ayer, and the sol der resist
| ayer is arranged on the rust proof |layer as 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 nmultilayer printed wiring hoard and the sol der resist |ayer
and t he adhesion property and strength between the surface |ayer of the

mul tilayer printed wiring board and the sol der pad. Particularly, the

i nventors have studied a graphitization-reduction treatnent, an etching
treatment with sul furic acid-hydrogen peroxide or the |like, a

o ' r




stretches on the interlaninar resin insulating |ayer to connect the 8 DEC 2002
‘condlctor circuits to each other to thereby cause a short-circuit. In the
formati on of the roughened | ayer through the copper - ni 8RMHCEPIRSAIS56)

needl e-shaped alloy plating, it is necessary to conduct a severe

mai nt enance and control of the plating solution in order to prevent the
abnormal precipitation dye to the stretchjng of the need| e-shaped all oy.

And al so, the sol der tr’ésﬁ@!'efpéﬁyém ‘ﬁad%f‘é Cgfdl%lm‘@é‘itlﬁmitg nrevgsadiied; ght

case: st noe. AUBHELBRTLebi B8 PREHORI aBEH bERE N BN sitifhned [ayer
-6 20~ tcofxﬂ oP it G fe]?cﬁﬁélq%géﬁ?alﬁﬁjseerﬂiang% and these conducto
e-s alToy, the

copper - ni ckel - phosphor us nee ape I stance between {he

proj ections icirciié arNtrcigly Bdheretl tbase Ss1a8r LR1Mk 14y8e dvitihait p‘éf@ﬁﬁ‘% tbén gpl der
resist layer is renoved by the |ight exposure and devel opnment to form
portions for sokigr bhmpsfirdeng iporans tarcaose do badgoagenity sokhe salderobump- al kal i
solution for renpving the devel opi ng solution or residual resin does not
flowin an opeHRWE BBHONBN and hence the resin retains between the

"% he. bot tom of -t he 1RARPHInSHIS9L o VSnniAS 47 BEide AR WAHJE cause: bad

continuity o i { %gﬁﬂ M eTelNT! sol der pad
in the openi %8%%’?@ggégﬁﬁatgﬁleé)§éta Bﬁ?&%ﬁ@@%ﬁtﬁr%%%ﬁ ﬂf?urt her, the
organi c resi dugdelaes cinolit Ebidér padearidotheabldei baimp hea H%%Je?sm?é aad | ayer in

the sol der pad or causes the poor formation thereof to ereby | ower the
strengt h bet peeventing tbokid@plpgd)fﬁaﬁth_.erseldmdﬂnmp.or circuit for the sol der

pad. Under tEﬁ§iﬁﬁé§Q§§£&46 tors have nade further studies
W th respect NO)SUN; tment. Consequently, it has been
found out that the r . . e i f the
conductor circuit wi ?El%gﬁoe %:#frll%ﬁshot} ﬁﬁ#%ﬁ%gﬁé&?%}qﬁﬁ% g‘%@g‘%@?‘é‘{“ﬁf‘: %Ignpl ex
and an or ganicircafts for ol@GRids EMLoldBr Rt diee ToAned DARRE E¥nditté@rant der
resist formng resin and the adhesion property to the netal beneath the
sol der bunp dordthiessoldarypadyandibh epeningtpuetibnfoshedin tife sobderyosisdayefqr and

as a result, the jnvention has been acconpljshed. In the printed wring
boar d accor didaPosHe heoldex,bedy, s whieh thegpislustar dipuitlos thasolder padhagen

conductor o PoarEienc TRteBiyik PRBAE KEDEr R oty SRR Alch
roughened suichafiffex I0& ah QrEHIRE 86idS Hhd BREsAIBY: &kfsme{g%r ?Qﬁﬁﬁ%&%ﬁ fie

conductor circuits having a high wring density wt I ner ring of not
nor e t han 50 romghdnedeutfacausi ng the bad continuity as in the

copper - ni ckel - phosphorus needl e-shaped_ alloy plating. 7 200 ~C~"~02
99804 ( PCT/ JP99/ 0355@)ndaglgo.dhe dnventionlissgnenpanted wisng hoard emprisiig i n t he

dhesi th | d ' I h ffici
adnest on pr ogePeyehRelBe RrdClaaant o FC PRt AR IR 251 <1 ) ayer

when the Sol dghadst Srcdif¥G ihbSol RIPHArldart BEeRABTMRoA R5Hdintdhe_SOl der

bunmp to nmake sma e contact area between t uctor circuit and the
sol der resi stsoldey e¢sistdayafen dispobing apsdldéreisbdy, in mhidlogieccdndutrg carcaftar se
state of the wiring density with fine wiring. Further, when the sol der

resi st | ayer hias arenghengdisvrfasenanshthegenghencdorrfage haga plwlity ofan¢hor of t he

| der b , th ' idue is | th h f , t hat
the r oughenedOBiRTsAT resesparfionnand Fiogrincinad e amsher oricSend et a

por tion for magot AR AR fRameRdte RFHRA 4 e E R Mbite " Rave

detail edly stuHigsh tiiﬁllbpﬁ&hﬁﬁﬁ%&ééﬁﬁéé@e&{o ¢h GRBAUEEOEh HelfdBelinker the
sol der pad in order to enhance the strength of the solder bunp.” As a

result, the iandeh¢ egceshaperdonibcuriainded dyahevachoaugheoas asdtieace is

consi derably degraded by oxidation, corrosion or the |like. According to the
inventors' stigdgebngs,iandibe soldenresintfayerasiarrangechon theraighenerhsurbaceof t he
roughened surface occurs, the strength of the uneven portion on the surface
considerably | owers 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 consi derably weakens the adhesion strength between the sol der
resi st |ayer and the roughened surface or between the roughened surface and
the metal beneath the sol der bunp and causes the peeling therebetween.

Under the above know edge, the inventors have made further studies with
respect to the treatnent of the roughened surface in order to increase the
adhesi on strength between the solder resist layer and the gz o o~c
z~~z 99804 (PCT/JP99/03556) roughened surface or between the roughened

Y o . o, o o




According to the invention, the netal |ayer prevents the IomeringZBfUEBeQMQ
"strehgth of the roughened surface and al so the roughened surface covered
with the nmetal |ayer holds its shape and strength, so 23884 (RCWFROOHOATShe
elimnated the peeling between the roughened surface and the sol der resi st

| ayer, no formation or poor formation of the netal |ayer in the sol der pad.
In the roughened surface covered with the netal |ayer, the surface
degradation of the rBughameerestheriayentien Hes ircapsatedawusigpeddd with t he
roughened surface not cavered.with the netal layey in the arrangengent of
the sol der r ESTBisiEeaRAURLT CHEUYS fRiosoltichpadss & SPisT Fesial IR fOnBrd ofle
roughened | ayer - uni.f i i 1.SSOl it | . he
r oughened Suﬁeacce%@ﬁ{rf)gz:éﬂéﬂg@%ﬂ%ﬁlﬂd%ﬁaﬁa@éhggévoﬁp g{dg 8 Jl)l}?ll%t?l hfe&llf)j(rg?rll?féh W ring
board using sqgbr ?esié?%?@@ﬂdi%ﬁéﬁﬁg% sdld& by, irtwhidife 298du88Citcuit

(PCT/ JP99/ 03556) adhesi‘on strength between the conductor circuit for sol der
pad and the f& sddder dsS roughenat snface trgated edth droetchitngyletiom shear
strength of the solder bunp is inproved by at |east 10% And also, even in
the reliabil cestainasg a copperélla cempdex and eb @rganic peid, pngd ths rqughened der resi st

| ayer, peeling_.of the netal. ] ayer racki.ng, and occurrence of. droppi ng-off
o The DT deriEtins Sonoreravish Apeis! ST 05 Bl omRE A AECte B TRy oot | on,

t he shape an : i . . i . r 0,_: | der
resist |ayer glédﬁ}a;g(gﬁie%n ?lc\fﬁ{r}g%gﬁ? 1{1(8}']['%@‘%#@? g’ﬂ%@h@%ﬁﬁ%ﬁ%’ %%P_glé?l%_burrp are
mai nt ai ned byea@O¥RMIH ahh%ob@ﬁ'é&ﬂ,eéin@tﬁef%@e&%si&f‘ﬁy@f’ﬁ%ﬁx@redcdﬂ i t for
solder pad with the netal |ayer, so that the strengfh of the solder bunp is

consi der abl ymetalrlegsred and t he droppi ng-off of the solder bunp can be
prevented. Furthernore, the inventors have made various studi es and found
that the roughened sMargeer tejpyention Hes i) apripte WHing bAMGQASPRSIASUi t f or

sol der pad is_deteriorat. b i { Qn Qrrosi ofr the lLike, whereby the
adhesi on pr oﬁ%’?‘f‘iﬁ%re‘f]\l}%léﬁ%%go@ﬁ gg{jé,raes'so[lciﬁr rF%&;S/fe\%g%ﬁ‘”P}?g Touctor circuit
for sol der pgghdwitoBérdiit fdrehdsSmReE bhd aindod gﬁaﬂﬁg pBftidd R{EITh thet © hi ng
treatment with sulfuric acid-hydrogen peroxide or the |1 ke 1s considerably
| ower ed. Whepoldeerssidt deyer fesdsposfingra sojderdsidy, irswajh thedohduétoe cironguct or
circuit for the solder pad, if the conductor circuit is deteriorated, since
t he wet t abi | hayaaspugheaed shtfaee,ragnd the rowghaned snefare has a phurality peanaiossi on

roperty of the,solder resist.|layer,|I. rs at e contact surface, between
e Comiuat oPORITR AN e ety i rifEehdes hnd Besé ARGAGH nGtophend; re

| d i duct
cirout for EarabporREs AR RRge Sd RHEIRINES AHicARPuRle, hF aRgnauet or
det eri or at edadjdiging@ndhiei Pdrtiohs atl tonrectidsaachbilidiahtcnghxihesidgeliassgl hence

t he adhesi on property between the conductor circuit for solder pad and the
sol der pad | en@ilke eeass hpodianeigguroynded by dbe dechaspestipeserdtheunder t he

above know edge, ..t he inventors haye de. vario -. 10 DEC2Q02. 99804
(PCT/ P55/ 03508 ineaAbd Y tigheney Fartace iseovetedh v aoneal Bver 6 26kndhict or
circuit for [ -oung: ou hats: when a
rust proof Iggé%‘?‘{tglp%gﬁcﬁé%ﬂ%ﬁggﬁgﬁggﬁ(ﬁéflgﬁﬁ%P’?@Eﬁlﬁ)@f ? 1en(r?:’ !r }el’ ?’(tgirlun@ti on of
t he rougheneehailiimaesbalt) nidle] i desd, Bismuicand nebled h&al) andeheeblder resi st

| ayer is arranged thereon and an opening for the solder pad is forned, the
det eri or at i oresidt layer is arrdngecbon the metdl layar. be prevented and the contact

surface to the soldei resi st | ayer and the roughened surface of the
conduct or circuit onl? aiEgBAhEINECHYQRESING REPICHAVHELE BRATd ICORSISING

ol der rebi SEORSYuPFLFRR R SofeRRBUE, RepsPordib b BMERAEES: 01 et ror

sol der pad i sofeddoraifitiforthe SORIEPpadaridh HRLIRE pbRRIPRorhidNEh BEd the

sol der bunp are iIncreased and as a nti1on has been

acconpl i shedgoldef eesilit My dot bi@Fbﬂng nt dobder Bdd, Hiwhitetheayaduor titeuit
roughened surface and the netal state of the conductor circuit for sol der
pad as a whohes aaouglenpd sudacednidraomst ptanfilayeatis agradged oo tlo coladuioor,
corrosion or the like by form ng the rust proof |ayer on the roughened
surface. In the formation of the solder resist layer, the difference in the
wettability to the conductor circuit for solder pad is renoved and there is
not caused the peeling between the conductor circuit for solder pad and the
sol der resist layer resulted fromthe difference of the wettability. Since
the rust proof |ayer on the conductor ciorgcuit for sol der pad prevents the
deterioration of the conductor circuit, according to the invention, even if
the opening for the solder pad is forned on the sol der resist |layer, the
elution of the conductor circuit is elimnated and the roughened surface
having a very good adhesion property to the solder pad can be held. On the

. Y



of the roughened surface having an excell ent adhesion property bgtgm};ﬁ&z

‘sol der resist |layer and the solder pad is maintained and also th& s

of the solder pad is nore inproved on the roughened suf98idEPERPIIPEISI® t he

opening portion and as a result, the invention has been acconplished. The

roughened surface covered with the netal |ayer for the rust proof |ayer can

prevent the deterioration of the roughened surface due to the oxidation,

corrosion or citRuitfprsolderspadsandithe splder ersivfaypidy aranged e éhg Fist peoof

i mrersion into acideﬁg al kal i io#uti n, Therefore, the roughened surface is
iy OGP

a uni f or m shdPET A8 &V STHRT THH FIN&HESME t here is not caused the
peeling of the sol de 1 . and t ~hQr 0. al layer
in the sol der pad angugtﬁ?’Z*%%@%ﬁg?gggsgﬁ%tﬂggﬂ%%%gﬁég&%pcp{::%lh[}ﬁg{% event ed.
And al so, it pbﬁéucttéﬁ&rélﬁtk%rtsbﬁferbﬂ&s,@@l&erﬁféﬁﬁh?&!@f’f&%é@&?tl@es not cause
the bad continuity due to the resin residue in thé formation of the opening
portion in tkendwtdecireisf@tthe agkler pBécanisan opéging @loeti v férimehin thenot
caused by covering with the netal l|ayer for the rust proof |ayer and the
wettability eeldenhecsisdgrsdetdisppsinga sddemiedyyin mich thedandycior ganeuit

resi due of the resi itaelf is not left. Furthernore ¥\11en t he, sol der

el i

resi st |ayer 'f$248 SYREEANGRMSIRIdRYY 105 APt laYiet madeRtiaton of
sol der bunp, . -esip. residue then
con and 1 5 ke PREHERAE R irBERUE DB TonRHAE of HeuiR, 2ict Bl o

sol der bunp aHufesaliin, eabsle difkeelDad, leaal bidivkly ahd nbbR Mefal iPagahdM Ng
t he sol der bunps. - 12 c ~ L' ~C 202 99804 (PCT/JP99/03556) Moreover, the
roughened suohaherawghened suifate, tand amisaprdciyiayerfioarmahged os thenwedl laggrer
uniformy holds the shape of the roughened surface as conpared with the
case of for nifeithequstqgoatlayesangithe sokder sesastdayerds apanged on theeust prgelened

surface not ¢overed wth th tal layer faor the rust proof |ayer,

mai ntains th ayseﬁgﬁé;vem ast?@&&%ﬂ@ﬂ@ﬁé%%‘@ésag}% i nproves the strength of
the resulting sol der TipdiRvetbisathvediade $XG6s t18ie@hiflrtdspBctqb tHESSOl ution
of the roughened surface through chem cals and the shear strength of the
sol der bunp nsethoghobyarzhenirey thesasfacd 0¥theroohdicsar, cironétnfor soldee padlinabi I ity

test, there are not caused the peeling of the solder resist |ayer, peeling

of the netal ordgrde Impravkihgqpdhgsionpropeisy aad streagthisitwgenilie surkacedayerr i nt ed
W ring board cording to the.invention ter d extra chem.cal s

renai ni ng onogl ﬁée p@&ﬁgg&gl@ﬁﬁpfvgwgé}%@ é\ﬁﬁéﬁ%‘}@@% yestst ﬁ@{erapggﬁm ayer, so

t hat the swelLj ' ' ' . ed even

after ther elalhgf)??lﬁ? {/(H%Zg%}ms%;%nﬁg?b? e&g%tgﬁggﬁg%l@g?ggﬁ ‘?‘tg'gftﬂ%z&? npr oved.
Parti cul arl y prinfeehwirtige boardhmidatie soldeapadi s Paetidial1the irnfnters ha®si dual

water is easily left in the uneven portion and is difficult to be renoved
even by a he&tudiedagrphitizationtregdpctioe tiggtment, anetchirg trpatsadnt|veifler accor di ng
to the inventiﬁn s effective. The,rou hel.ed surface.g(fs tre (i_i)nductor
circuit for SBHHHF 2pKnYdToBARPRIOAIder erﬁ??g%i?ﬂ’&“&@ FEPAEPRAYS he
invention is hid r st iR QS foration
of the conducrzlt'.e %@E?%Eg‘?tm&%ﬁ%@lgd@? tggéﬂélésfopk‘)?é%ﬁ? gg) %ﬂﬁch@ﬁg%@%@sﬁ% t he
roughened suupiqm?@nd sigerxls Bkiveetn thekeatoaopciipeit fordsed & fihewiAhgef resi st
e

| ayer and the solder pad is maintained and hence the adhesion property
bet ween the wot dwrer gbas 60y and sineiselder resisd dayesrandithe adbesion peapedtyr pad

havi ng a coarse wiri state with fine wiring js increased and th
coEduct or hci @Baisfrr’_ﬁ&@gqert\\é(e@bFlEe(ioqdé‘ﬂ‘%r_tCllcé‘)‘/‘e"}nda‘_i’é ng‘{%%@pl}l”&aﬂgﬂ flo gacﬂ
bad cont 1 nui £ 0 (BRI pdieFich lstord 10 BENeRRatlfnes dpfTlio Bl A5

20~-c2002_99gPfnd BFILIPROAREEHAY: BulnbeicPRACARbYHY 8@, boar d according to

the invention, the ro %ﬂned surfaceb2§tthe conductor circuit for sol der
pad is covered w th asgiigolthighat uaetbaetallecoafirmed thdthie gtghizafdn-1 ayer,
so that even when the solder pad is applied after a part of the sol der

resi st | ayer reductionrtesitmeht theietching toéatttent sotidswdfwic adiddyidrogar sol der pad
mai nt ai ns the shape having an excel |l ent adhesion property to the sol der pad
and also the resin resulted fromthe solder resist layer is not left, so
that the adhesi on properties and strengths between the conductor circuit
for solder pad and the sol der resist |ayer and between the conduct or
circuit for solder pad and the solder pad are a inproved and the sol der
bunmp havi ng an excel |l ent adhesi on property.-to the nmetal beneath the sol der
bunp is forned. BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is a

m crophot ograph illustrating a first enbodi nent of the roughened surface
according to the invention. Fig. 2 is a mcrophotograph illustrating a
second enbodi nent of the roughened surface according to the invention. Fig.

. o o - I Y Y b1



- 14 99804 (PCT/JP99~03~5~6~C ~Q~~ Fig. 9 is a diagrammuati cal I%/:Us el(iloﬁm
'view' of the other roughened surface according to the invention. |gm: g
a diagrammatical ly section view of the other roughened?30HBEHIRIWBSHINg t o
the invention. Fig. 11 is a diagrammtically section view of the other
roughened surface according to the invention. Fig. 12 is a diagrammtically

section view of the other  roughened surface according to the jpvention.
Fig. 13 is aPE‘iQi‘g‘ileaﬁWiﬁ cclikg gresuspiighleasdiie s pugiieang aptwrent otthe he

h d f i.d ] £ .l di h
ouanened o pelafus! QuE e PR BT KBRS SR 1 Dot e
of the roughggfﬁigﬁa‘cﬁﬁfedeegsh gt uft LeRineRtORmehPYEh REGRICAGG. Lo the

i nvention. F I's a production step view i'n an enbodi ment of t
printed wiri hgdivpenhercxide dndghé tike /i€ the varihg @ensity & mide coar8e Wittt i on
step view in an enbodi ment of the printed wiring board according to the
i nventi on. Fifige wifingsofanqmooecthaw 509tmpit\iasbeem canfiembd diatehe cofitathe
printed wiring board according to the invention. Fig. 18 js a_production
step vi ew i naka ketysen tmeonsiuctorecispuntandithg soldgy resisl layeacisdnadesmal bhe

Vet on, Pyl ool SPGB AR sl B B bl o
oD o | ISR S BEVORRD PG BFRERLgY o e
printed wri ggntigaed temn cloe solder tedist heyer iy péleddff in the coarse portion of the
wiring density under heat cycle condition. And also, the noble metal layer is
peeled off in the solder pad, or cracking is caused to induce the dropping-off
of the solder bump by the graphitization-reduction treatment or the like.

Furthermore, it has been confirmed that the formation of the
roughened layer through the copper-nickel-phosphorus needle-shaped alloy
plating is excellent in the adhesion property between the conductor circuit and
the solder resist layer and indicates sufficient adhesion force even in the fine
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



- 15 Z 0 DC 2D02 99804 (PCT/JP99/03556) Fig. 22 is a productiod GU&S gpgow
"in ah enbodi nent of the printed wiring board according to the invention.
Fig. 23 is a production step view in an enbodi nent of PHO4EPCHIRAI/0RHT0) ng
board according to the invention. Fig. 24 is a production step viewin an
enbodi nent of the printed wiring board according to the invention. Fig. 25

ggrgz&s{ﬁg‘f o hsqtf?x eé%&évqinﬁpﬁéﬁ:&z”%%ﬁ%%”w&t e raéEcéyStm“é‘x&ie&%eZﬁ”d
_ EROPEAY-1E _ e difamhean
< product P e PR AR wRECRaf Reb e il Mfn

according to Fél![aﬁr YR Myes ré:r'havecgggit%e gglgt(r) 0 Ef@&@ﬂ@%l&%ﬁ%ﬂ o 8

enbodi ment o e printed wring r ng to the Irnvention. Fig. 29

i's a product pefticiseormigithiersodderditingd, marixidizingegamt isohaibnvér dmngkhpar d
according to the invention. Fig. 30 is a production step view in an

enbodi nent ofolukiengor reredvingrthe gdevdapithgsadotidn nyresodudl gesinvders nohflowi g. 31
is a production step, view.,in an_enbodi ment of the printed wiring board
accordi ng t olR A OPARIBSAASHON Iﬂpa.heﬁﬁe the reshy 15ERIBS Pelvesndie\praifctiansio

7S 8 di agr aniaeen ppRbEteRiohe 0P B SoeRARRL O DpReliae BF BBl ey
L1500 SR RRRGDAgho SUE Y BN POy et BRI S0y
to the inventifing brégkagdbetween tHeagimiumeririciRultfopsslidenpad &€ theospenimyw of a
stith furt herportion 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.



enbodi nent of the printed wiring board according to the inventio 0-088 2002
'.z 0~ ~ ¢ L~o0z 99804 (PCT/JP99/03556) Fig. 36 is a nicrophotograph
illustrating a roughened | ayer made of a needl e- shaped9%0# RCT/BEFDISMODE FOR
CARRYI NG QUT THE | NVENTI ON The invention will be described in detail wth
reference to the drawi ngs. When the conductor circuit for solder pad is
treated with an etchhggz@olution ccordiqg to the_invention, the surface is
different fromthe c $0’rﬁb‘éHPléﬁl§ﬁﬁﬁéﬁf arq wexseHentig thaadhesian r oughened

surface havi ng anchor, portdi ons. sho in Figs..1l-8..Fi isS a

i cr ophot ogr BEer AR S61eE Pebistin it Wit ssffe i SISt athast sur  ace
according to i i 1 By ok | Ct ﬂaﬂ? | i r ghened
surface by nlé%dﬁgrﬂgm eg‘%%‘?g}ﬁ g@n&lﬁl&%rdgfs@g%{e. ?go lkgéfierlggﬁgﬁr?? g?r%]ip]ﬁ%glgéjgraph

i |1 ustratingsgldeeraind 1688 edtdmovedin theporeugfenaagIHE kalder BampItdimakd o the
invention. This is also pictured Iikewse the case of Fig. 1 in a higher
magni f i cat i osmakithe c@ntast a@reaibetwedthegroadhctior cirstiitamidrithe aokder redist idwa] ment
of the roughened syrface.accondin%ﬁto the invention. This is pictured just
above the roOhbesied thadraded BiripgHesrdhaving alweatseonatei afrtbe sopagidensile sanme
nagnification.@$.in FL@. 2. In the printed wiring board according to the
invention, a™®TRGWIdELE.st | ayer is arranged on the conductor circuit for

sol der pad through tfertﬁauqmetﬂe§grée?9&i§tgay§ﬁag&n§p§d@&f&gfsﬁaggnﬁ%gyy as

shown by the above e ectron mcrop ot ograph. “are diagram

vi ews of sucPofidndieg Aenfsnfticnasethe sbler Huip, ehPtaanerasid®i is Fég@ -orbthes a

| ongi tudi nal section view along a line A-A of Fig. 4, Fig. 6is a

| ongi t udi nal r@xghened swifase, sotthiteshosenghemet snrfpoe 19 excelledt insthesghpsioni on,
Fig. 7 is a longitudipal section view j|lystrating ridgelines between
anchor port i BFRPEry{g the gnetal benegth @ﬁgﬁc{m%ﬁmp §%8P€ﬁr\n9‘i @nse the bad ween

ridgeline an . port] . Ly 4Fl 4 and 5, the roughened
surface acco?‘&‘ﬁ‘ﬁ‘gﬁ@i‘“ﬁﬁ%tp-‘%o“ @@r@%g‘@ﬂe sldst Hiwge .4 ( PCT/ JP99/ 03556)

i nvention has plural omﬁe@&haq{atnupﬂfei_iwelﬁlowﬁéva@&sﬁédlp%iﬁdie@&l@ and plural
ridgelines 3 in which the anchor portions 1, recess poftions 2 and

ridgel i nes 3raugheded parfaaxiof the coinduotor wirBuig foSthet soddergeagsia qedetioon 2 i s
formed between the anchor portion 1 and anchor portion 1 adjacent thereto.
As shown in fhigance the ﬁ'éefbﬂfgmfrth‘i‘oé@lﬂpbhumpand anot her anchor portion 1

adj acent thereto are,conn ed t.o each .ot her thro the ridgeline 3. The
recess portion 2 is égrarr gﬁlg,etg]ewv%ﬁérs Wé’ﬁgf’u ‘gﬁiﬁ%gﬁ%a{fm&%’a"ﬁ%ﬁ@? dgel i nes
3 as shown i b QS; 3 i l graph of a
roughened Iaggﬁaﬁﬁﬁg@géﬂgﬁgﬂ%ggggﬁ??gﬁgﬁm%ggd’ngﬁgggg&gPPgﬁﬁby plating is
shown in Fi gAcdadrdihgtd the inoegioesietudiay,dt hadiosen donfirheedethacid e

m cr ophot ogr aph, needl| eshaped all oys are overl apped with each other and a
space is for fAegragatiorehtheroughengdsufangsascurs, dysstrength joé tae vagmenr e of such

Cu-N -P needl e-shaped all py, needl e.projections,crom to each other, so
that the di sPOEE BLtcUrAChEoBrrBERY BHESH sRfdhF SRFABREREdS an ox i 2i ng
agent sol uti egesa‘)ﬁ@,d rbgr@ydwamtéa%h%gvaﬁ'a%m,% ARAIY bf BIk Bke.” §hGPR! resin is
not flowed and the résin retalins between the projections to cause resin
resi due. On tbgradaidn af the rfonghemsthhefnd coutidecsbl aoecnkdhs the adhebi®ni Nnventi on

i ndi cates a conplicated uneven shape wherein the anchor portion is a
hi ghest por t s@engihdetwecy besoldgsaesiblayersarfdihegeughenaswmgtace @r bevmeen

surroundi ng the anchor. portion and the anchqgr portion and anot her anchor

por ti on ad; ablrfovghene ke el et b&lweﬁoﬁéqx%ﬁ@m apEaysea e i ne

| ower than t i,on but higher than the recess portion. In the
PPl el REvhe

roughened su such a conplicated uneven shape, the anchor

portions enter into {fgesMelfoveddionle g e frﬁeﬁtdrgp_aw Gutthér conduct or
circuit to the solder resist layer, so that the peeling between the

conduct or ci swdids witld réspecswl tenreaaaest of thy eou glfenedtsuefags @l ofder tdie portion
formng the solder bunp, particularly even at a state that the wiring
density wi t hifdreasewhe adiesicn stwengsh bepwebmathesoldarmesist lager andythened - 18 2
0 DE G ~~~Z 99804 (PCT/JP99/03556) surface is excellent in the affinity to
the plating solution, the plated filmis penetrated into the recess
portions of the roughened surface to adhere to the anchor portions of the
roughened surface, so that the anchor portions dig into the netal beneath
sol der bunmp and hence the adhesi on property between the conductor circuit
and the solder bunp is not |owered. In s@h a roughened surface, the anchor
portions do not crowd to



each other and also the ridgelines connecting the anchor portionségﬁgﬁ B
"shape not obstructing the flow of the resin. In the roughened sur ,E 2002
therefore, the oxidizing agent solution for renoving t¥E0HREVIHIEIPAZ56)
solution or the resin residue is easily flowed between the recess portions
or between the anchor portions and the solder resist formng resin hardly
retains. For this end, the roughened surface_according to the invention has
no resin resiafighened syrfagecorchsiween thraushsned pirfasrandthedpetal bepedth t he
adhesi on property,tq the tal bepeath.the, solder bunp. Thus, the roughened
surface accoﬁ isﬁgdetrg’%aﬁ%eﬁ’te%ﬁ‘%h&g tBﬁ‘iqlbﬁm‘r‘?eéhape of preventing the
resin residue after i | i | O hesi on
&Bﬁseg@‘éﬁgg%e%&ér{?é}as £8fhd ﬁggﬁia%?é ké}@g/ g upd!

property between the conduc crrcul nd the so resi s er and the
adhesi on pr oggaéybiah e EdndideaBB iddEdaREd ¢ tHeprin@Adviting BBk pr&@nedt h

sol der bunmp. The roughened surface according to the invention can be forned
by droppi ng by tovertimg therrpaghénqubsurfadeesith manetahiayen of ackeast ondwetabnduct or
circuit with an etchin%yzolution contai ning, for exanple, a copPer(II)

conpl ex and selededdrone thegrouplaensisting o ditemivm, 2ing, v, igdpm, shallivmeppi ng
off the netal crystal particles formthe recess portions (concav arts).
The rocess pERtATL RickekThdedth Fratinand s noleJacied hd apaRaingdhE sorder

appr oxi mat el i . article. In
The. i mvent  olfelif Y e BRARARVANIER a b B ENRLEA BB Bkaf ™ L C1 D e
a pol yhedr ona&démtplashell! | hedron, tetrahedron, pentahedron, hexahedron or the
like and a -19 Z 0 ~~C 200z 99804 (PCT/JP99/03556) conbination of two or
more of these pol yhelirtesnvé&iom, the sxetaddayarprevents sire pxidatinn, ¢dreosiasi n

resi due after the,developigg treatnment. And al so, the anchor portions of
the roughene®r Dgrlikecef thgsopghansd surfags apd Alsapreverssthe jurdacsdegradaian  he

nmetal crystal.particles. hus, .f d j .ar e, s rish
convex portig% egﬁa§§ﬂ§¥%%ﬂ§§%-b?“%ﬁggﬁggggﬁﬂﬁé}?@%%QﬁggggﬁJgfqﬁﬁ@L do not
over| ap wi t NAREBrAblS the TR nQHHIBREE! Bt foRigReRa hiltactuhiky aarp! | cat ed
uneven shape Can prevent the resin residue after the devel opi ng treatnent
whi | e mai nt assliven sueh asdiorE iatkulpoogherlikecand preivbntsshe dsoleivinsdf ther m ng
resin and the nmetal beneath sol der bunp. Furthernore, the ridgelines of the
roughened suvmexsa Roriops i neyghensshiusfacsfaven gylsnihegonghenedsuyacglis
particles. These ridgeliﬁes fonnect t he anchor portion and anot her adjacent
anchor por t | BAMEEEJBFUER RSPt hosition | ower than the height of the

anchor portion. Thesg g { iﬁ@éht'?&l,ftéﬁf'e@al%yé} emp%%ﬁﬂo he

dropping off three or nore adjoining netal crystal particles.

ridgelines cefithesstiengtiedf die roughatad- wafped adaile tieaaugkerdddesuitical crystal
particles are dropped off in_ approxi mately pol yhedral shape. These

ri dgel i nes dreysed avithdeanetablaygpheidsrits sapaandstrengihe s dhatibergrrandre

ti by t [ i d t.h i | | - h d f
Ravi ng suth. SIBNEAED A INelre oS R L Pecirisheod B Einm dhd B8 sol 0o rosin -
or the et al .8epcal Pu3lidlor WBP iy MADERe AP of IPARNRIdGGAcnes on

property and e resin resi due can be nore preven e roughened surface
is preferable to havi thefeughersdr surtitaedvefddmith toé nfetdl tayél, theBurieen it is
| ess than 0.5 p.m the adhesion property to the sol der resist layer and the
adhesi on pr ogegradation vhthemoughensshnutdreds ndecausadas sompaved wdidy thol vy

| owered, while en it exceeds 10 pm the resjin residue is created after
the devel opi rnyé@ea@ sHfaceRRt Govered wih tBe metlay 1@@8@3@?@6&&0&% ng

br eakage and

2100 anchor 958 resiE1ayef Sy BOscllBEn SRR HBE SR SRR rufe FAURIERRNG 52 1007

recess porti pRs BEEoREs Hford aAl He 8RRat AR ARBIMUEHST thelrogRsiRl Por ti ons

per 25 un® is“2~ 100 on average, the resin residue after the devel oping
treat ment capufgcepthemeitt esbntichlseaftierevonted. t he adhesi on property between
t he roughened surface and the sol der resist |ayer and the adhesion property
bet ween t he roughenelh thergrinted swidng beardusingsuok atrbugldnedrsubfacp, thehi | e when
t he nunber of recess portions per 25 .n2 is 2~ 100 on average, the crowd of
t he anchor portions is prevented to control the occurrence of resin residue
after the devel oping treatnent and al so the adhesi on property between the
roughened surface and the sol der resist |ayer and the adhesi on property

bet ween the roughened surface and the netal beneath sol der bunp can be

mai ntai ned. In the invention, the nunber-9of ridgelines per 25 un? is
desirable to be 33000 on average. Wien the nunber of ridgelines is within

t he above range, the shape of the roughened surface becones conplicated and
the contact area to the solder resist |layer and the netal beneath sol der
bunmp i s wi dened, whereby the adhesion property to the solder resist |ayer

o, o o -



z 0 a E c 2a0~ 99804 (PCT/JP99/03556) the solder resist formng D im:-,or
‘adhesi on property to the netal beneath sol der bunp even if this netal L2002
itself is oxidized or corroded. And al so, the netal Ia?%%o“rsfr’%l}/@?ﬂ%)%sﬁ@
formation of oxide filmor corrosion filmon the roughened surface, and
covers the roughened surface at a state of maintaining the shape of the

h d f d dhes) h
rougnencd suegesoniRerB P atn HRIENGCRE HAEloE o ReOPR] o ¢ K8Benca
| der b : . [ j
Strength boi SEED PRoE IRt AP AR, OISR 16, o Y Senl TUIESORAY

adhesi on st r epeiisaaipieeed b?%t lavohened Ahd hReSewitin' the raRiklitPRReat h
sol der bunp. Since the netal |ayer can increase the hardness of the netal

consti t uti ng thdre ar®onghensdd she peclimg ofethalsobderaksigilayear, petlimgofthd attal he
roughened surface, so that the peeli na bet ween the roughened surface and
the sol der r dayestcragkiag apd assumenee oherappingrebicel despldes bamp.t he net al

b th | der b ented. In the.pri d wri d
aceording 10 the i nvaRtPORNBASE irgMRdacto B I8 BV A e <o

t hat the oxi . COL.J: L Soi . :

surface. If 9 hé%g}%lﬂ tlhzlg%;lgg %g%érl%gégh%é%wé%m{}g@@g ,S egpgséﬁgs oﬁd}?rjoperty
to the sol derdhesibsipr ]%érffsl ft0the 8hétal Béndalte tiiceiqnfphle flftaned i's

mai nt ai ned and hence the "peeling between the roughened surface and the

sol der resi stcovering tige reaghenad surédoseefithe ltendoctgh eirevit $or Sodder paddwithe et al

beneath sol der bunp is not caused even hy heati ng@_pThe netal |ayer is nade
of at |east dhemesaldpyeres@tiatihe stesngth of hosqldeobwnpds agnddenabbani um  zi nc,

iron, indium, thallju copal t.. nigk ti | ead, bisnuth and a noble
mecal . These ieaied 4 e g Enting f Pl il EBP ol bR UiET ey ar e
oxi di zed or corroded FyrrRERL hOhVRIRRE hhVe WadeRBrRak daldiéeslBiodnr M Ng
resin or the netal beneath solder bunp is not |owered. -22 2 0 ~~C 2002
99804 ( PCT/ JiR&/thdpdighoted satface fdriveyd au theefinelyabired condumobrecinmiieforhavi ng
an ionization tendency |arger than copper but not smaller than titani um
When the roughldesdadis fetletioraied by exidptigm, §OEropioper the likacwharabytthe or nobl e
netal, there n.be prevented the dissolution of t conductor .cir.cuit
Thr ough 1 o6 aiABrugR FENESTPebistesh ThesaRgr st tatir Apdgne ERatESPherediElin

| ayer. As th 1 o g Wy : gﬁ.&g'o be made of
non- oxi di zi ngo%?g’kg fgfl}{(‘:‘ﬁd gg@ﬁ? g{(agﬁ‘:iﬁz:a?%',n’}%gggﬁﬁ?ﬁ gﬁ' no% é<}Cme al. As the
nobl e metal, tadatheaswithnalfaticgeldhydidgeapergriat ionuies khkelispalnsitbrablyi s
desirable. As the netal not |owering the adhesion property between the
metal |ayer dowerdge sWihgnithe selden repist fommgingassin isappli¢d tosthercondpetosl i s

idi zed d i b d f.titani . zing, . , I ndi
Chat | am 1 eddflitdob e g PR hareRaRtier PGkl o SE U B SE SEdE i ng Lo
the inventi OQN%tﬁab‘fl?tchtetﬂe%fd%r st THEA nétn%)éfnr difREE (L a%eshcﬁ?‘?foal%ﬁﬁl] et al

€ g ('l ndiu

selected from oup consisting o ' anium zrnc, Iron,

thal I'ium cohné elder fds@lt layertowtRad thdtemdtisuaftte @bk eenitieddonduborr oughened
shape suitable for preventing the resin residue after the devel oping

treat nent is omsuittasdribd selddr résastdayersi dmdhalopewhen Heet sodder rekist ayariuct or
circuit for solder pad and the sol der resist |ayer, adhesion property

bet ween the GBHdGEE SP the F%‘LBIFDF&S“&B% thsepndhgicricircider SOdReRAMIS ol der
bunp and the st . : i Jmr ..a .moet hod of
cover  ng 1 he PEUEkel e BuERr i REBeERr tPey BB B 8erolSnfuti oo o

pl ating (el ecj; ' ' : 4 j j pl ating),
vapor deposi ﬁl %)S%,Wég &ﬂoﬁ%ﬂ#&eﬁi&ﬂ%ﬁ%&?lﬁ?gﬁl{lé’s’é%ﬁu?{oﬁ rﬁ?%ﬁgé? ﬂg: i ke. The
t hi ckness of dohduset alrchidyer soldervpadand thersaidie patl 10wets andlthenstiengfleofibl y
0.030.5 um The netal |ayer having the thickness within the above range can
prevent oxi ddhé splder bumprlowiesh of copper conductor while -23  z o0 o0 ~ ¢
zooz 99804 (PCT/JP99/.03556) nmi ntaining the yneven shape of the roughened
surface. Wen the thi Wéisf‘éé%e P‘%O‘fee%‘lo"t’]ﬁgge ﬁéinYﬁﬁti)‘ﬁi]atVSdB 1A f ace can
not conpletely be covered, while when it exceeds 1 umthe netal penetrates
into gaps of the roughened surface to offset the irregularity of the
roughened surface and the adhesion property between the roughened surface
and the sol der resist |layer or between the roughened surface and the netal
beneat h sol der bunp nay be | owered. The roughened surface according to the
i nvention can be fornmed by treating the-dOnductor circuits for sol der pads
with an etching solution containing copper (Il) conplex and an organic
acid. Such an etching solution can dissolve the copper conductor circuits
under an oxygen existing condition such as spraying, bubbling or the |ike.
In this case, the etching is guessed to proceed according to the foll ow ng

. e - a .

o
-




2Cu(l')A~,2 + n/402 + nAH -~ 2Cu(I1)A" + n/2H20 wherein Ais a co%g%
‘agent (acting as a chelate agent) and n is coordination nunbe’grz. 002
in the above reaction formula, the resulting copper(1)9%0MFEkIFY/G5850l ved
by an acid and bonds with oxygen to form copper(ll) conplex, which again
contributes to the oxidation of copper. The copper(ll) conplex used in the
invention is favorably a cupric,conplex of.an azqle. This, e.qf th
copper (1) cBMansfonednralinRipedsianbratipmefie copdustor ﬁg%ifép solderBpder or
the like. Ash zole, ..t j ' | es, '

tetrazol es. ?&B‘ﬁ%@‘{%‘g&, 1‘."%@%@?@“@@5‘2‘%&%@ h%?gﬁteﬁlofi? Ep%?}?% ﬁ‘&%@g‘?’é,

2-et hy| - 4- iyl didagQlfouiiaie it baFAZSH 6 e eugs ik tiae hangnd the

li ke are pregﬂg%%rfae@ Thé gtljg%?ti on anmount of ther copper (11 corrpI]ex of the
azol e is pretendidtyr dircuil andaley theisglder rBdsEaser, istan@ngeditedson andxael | ent
in the solubility and stability within the above range. -24 2 ~ ~ ~¢
~aaz 99804 ( ppHiihpdor dsssdjerrad isfgemed, theidgtarmpraon ofithvebngdiuctortdircuit
copper(11) conplex for djssolving copper oxide. In case of using the
copper (11) cs%beprﬁverwdear&gmeeeonm SYF ﬁitetycmd?rsrewat/@ryabapdglﬂe | east one
selected fromthe group. consjstin formc acid acetic.acid, propionic
et . butyr i Eodgliep®h are B i dohuBlor T CrffilehneRif MEERE A1, By oni o

aci d, oxal i ¢ aghdindPURMERTHE adfGSE bRySerAChew et i tofdREodkei ic

aci d, benzoi gﬁg%@g,lé%ycoﬂ ¢ aciﬂdl;§ I acFi c‘%eg@fd, Wr?aﬁi C acllfd and lgu #gérﬁl C

aci d. The addoldeppadiamdilie sdldehesiat tayer or detwedisthersefdsr patandithbi n a range
of 0.1~30% by weight for maintaining the solubility of the oxidized copper
and ensuri ngconduder ar¢whieitseldaripag 1s held ard drectirengthsorfithe saldes gesisli ng t o
the invention may he, added hal ogen i on such as flyorine ign hl ori ne
on, | br o ne ¥sh agf th soler Bup e SkrefibabAins Rresull hengredion B Berng

t he oxi dati OQC@&hbﬁgh the azole. Such a hal ogen ion may be supplied as
hydrochl oric acid, sodiumchloride or the |like. The addition anmount of the
hal ogen ion is favor @tdcbrdih%hd) thetinvengén cheGuifhce K3/ bY theicmizhenégause the
adhesi on property between the resulting roughened surface and the sol der
resi st | ayer sufaexard Henmetal bateotthermprsluctaricicuitdoonsolidagpad as hevlialeent i on

can be prepared_ by dissolying.the copper(ll) c | ex of the azole and the
organi ¢ aci dgp be_rpée‘é%rg%\c& i}_,onha‘rtsaewtf%ééq i# %}_(f)lé on, QOFRSSHA PR eyika Bgr e may
et chbond-, ¢ o gAne FudERe0EYE G B bbbt Wtted. S nE IR efag b GF
quantity w tlhd bsldef FRise gayge,l tHé deffereficé ay e bitabilityiothe condderopirlut ~ 10

p.m Wen it is less than 0.1 p.m the adhesion property between the
roughened surfénsddeanpad isaepwoivdd and ¢sérstis nay eauset she peclinghbdteveshdhe i t

ds 10 th ' id [ t b d and al h i ri
o Ceage and EdseeE Sr Rk T8y R T T iR R Tt £
50 umiIn the jpventiaq th .al layer may be applied to the thus forned
-25 zo~~~z§51-l~ ergggﬁﬂpfl]f’&%ﬁti%%%) roughened surface. In this case, the
netal layer is made @ﬁn:%thk@ﬁﬁ?pr@&ﬁla%f 8h tReLrdRior GBI FR s%[d&‘@)ad ,
consisting of titanium zinc, iron, indium thallium cobalt, nickel, tin,
| ead, bi snut iprevechtstial detenddrationsf thent omhedordiomst, atberding rethedanveaitidgrye

nmetal |ayer may be carried out by plating, vapaor deposition,

el ect r ophor ettven deiheapening for thinlder padyis fprmcd on the goldsr pesdstdayen tha n vi ew
of the uniformty of .the resulting. metal .l r..ln order to uniformy form
Che netal | agbiooh.SEuieiRRGSERr Hirdhe IR AeE b e ReBrat piaart &r e
roughening ty j ,ﬁﬂim ljor to the
formation of ht(?1 ﬂﬁg?g&?%&%ar&goﬁgjgspﬁég)é?(t:%eﬁégldé{ utron %Ir?]%lldf emai ni ng
conponents are evaporgi g diiert Khd & infveBEIrSBAYe nidde vavibhaeeansFoe of the
roughened | ayer becones uniform which facilitates the formation of the
met al | ayer. nitre igprpematthe strefigthlod theaolder padment may be set to various
ranges in accordance with the shape and thickness of the roughened surface,
netal | i ¢ conponents &mmnseguaiyeths ipventoss bayrifpmdrowithaiun the printesl der pad
and the like. Particularly, the tenperature is favorably within a range of
50250C. When the tenperature is |lower than 50C, the effect of the heat

treatnent is not observed, while when it exceeds 250C, the roughened
surface is oxidized and the resulting netal |ayer becones ununiform
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The printed wiring board provided with a rust proof |ayer accordi r?gntﬂfﬁtﬂﬂﬂﬁ
‘invention is described with reference to the drawing. Fig. 13 shows a

| ongi tudi nal section of an enbodi ment of the conduct or 983McBET/IRIY03S)der
pad to be provided with the rust proof |ayer according to the invention.
Fig. 14 shows a | ongitudinal section of another enbodi nent of the conductor

ircuit f | d b ided with th t f di

o' the | nyentyiEiE DFRE MUREIBAORCA TDSF f01 Bist BEAiAYpaF oL AUIEASD « ho
t f ol ' he i i on i s di d. .out t

L ayer of 1 ho B TG56T it b b bStlnhe e R IRE B ARUBIT s

board and conpaghfd cbBalRhitkelClhPlead, bi ﬁllulélll %ﬁdta'}{d%‘l'élﬁmétﬁl%?ﬁﬂrﬁ@d ?@g}?@fési st

Such a conductor ci rcwtr}}lor soPder pa rotected wth the so

| ayer so as nelighenedisuffateé pf teceondaiciirdirdutfioe salder padnddhi @bt proggsure from
exterior and provided at its surface with the roughened surface for

obt ai ni ng a haysn istresidorn freopetal yayes anddhe sdlder resestilayerlispsangedion tih gh
adhesi on property to the solder pad. The roughened surface for the
formation of rflﬁ@r%@l@ya g an QPERINGRAHAN Agr %‘gd%‘éO Nidermed: thshapes a

roughened surface |03 forned b Qugheni ng,a .sutface of a iLn bo 102 of
anductor & P Ebahed Bty whAHE AR Sr e A5R o dey BrOreiibe  on
treatnment, e i j ey Wl rface
107 1 or med by Oen e pit 1aftR drd e SOIRTRAY if Meminetimdilt oo AHARRTBEURL.
plated fil m goldehpad ikmops improveldasiethelroagheicsd intheel Xposdd & hersheainy
circuit 104 for solder pad as shown in Fig. 14. In the printed wiring board
provi ded wi t portien and as presflt, [the Brveationhas hger acedraplishednt i on, t he

roughened surface is, fornmed on the.conductor cjrcuit far sol der pad as a
sur?ace | ayer of theTf irﬂ’t‘glale%drﬁuﬁgacﬁtfg?’ﬂreﬁ'r‘w"&@%Inwt?lﬂaXGr#@ﬁg]?‘b Ustircuits

through vari %ﬁoﬂtdgascanm%véﬁeﬁetdewh&stim o I Hed WAl dhbe
formati on of "the rust proof layer 1s carried out anyone of

oxi dat i on- r ediiddtivn, toeasioBYr thelike andltks dissbRitioddfandveh ehiface i Bt nent .
Particularly, the formation of the roughened | ayer nmade of

copper - ni ckelimpiersiphdnigsacid lop plkaldsalh@on.oudhereéores thef maghtuedsdfadetin aan

et ching sol uti gn cont ai ni copper (1) conplex and an orgapic acid are
preferabl e | AOHoE) HepE ﬁeg%ﬁf&fiﬁsﬁtrﬁ§5@e§9yllqtdh?Wés§8F aayserdle peeling gt and
uni formty of I f A . rface i,q fornmed
by oxidati on-tlr]%ag@g? f%é%ﬁt? ?aé%{ %Ljﬁttfi‘glﬁ?n %gtﬂ%té&fgﬁ ﬁ%%%gﬁg%‘geﬁi%g’% %Oéafﬁrri nt ed
Wi ring board fagvinddhé AeopRnslest of thel sofdrtbunip tin BB paéedltdd.or the li ke,
treating with an acid, imrersing in a solution containing NaCH NaCl02,
Na2P04 and the |ike @sadaalsoxit Has been fqind that heESv2adaglegRdsurface does

(PCT/ JP99/ 03556) bat graphitization hath) and then jmmersing in a

sol uti on cont®®f FAHY t%&@&ﬁatlmua@ the egicresishiegnithe formaameintbei ght  of
t he roughene f ARSER R o] 0 =~ Th xi.dation bath
(graphitizat %@%ﬂ@gﬁﬁrnbé l%ﬁs‘?ér(gg ylreg‘%gga}{%% h]aggéauaS%tgjﬁcl;aeeﬁ?{; I.t‘5'|88ﬂ lgéﬂge of
NaOH 1 ~30 Qlalised¥\-dOveriny®ith/the adalNA$EO br tRe fustPodF Thysghd'@y contain

ni trogen-based or urea-based surfactant®and the Iike. It”is preferable that
t he conduct orwettabdlitiyton theirovghard sunfachibecphes unifosml andi the cagardc revighes at ur e
of 3070C for 1 ~ 15 m nutes. The subsequent reduction bath is desirably
used to have 9 thomsbtitselbis reidgl. of NaOH 130 g/L and NaBH4: 0.520 g/ L and

s merced 1n thi's e yhebEioias Rtel i o sadon g 15
i nut es. Thu?,pgl{llr},g}lg(%}'ﬂg BFﬂxeszhanﬁS%%ﬂéamr Bﬁ%%%&&@%gﬂl%@@%ﬁg er of

t he conducto en the roughened sur rol ess
plating, it iRy chesetBEiedn Pysididdlctédifatd e didelltfCinvthe 'aﬂﬁcii@@?')ﬂoﬂlﬂw fog the
conductor circuits in an electroless plating solution after the washing
with an al kalthe aretdlitenkeathethe sbklee bohipnand does notecausetite bdd commuatyiid and t he
application and activation of a catalyst. A maxi num hei ght of the roughened
surface i s withepartipnsdpgving the solder bumpsm As an exanpl e of forning the
roughened surface by electroless plating, there is a nethod of formng the
roughened | ayer nade of coppernickel -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 (netal salt such as nickel sulfate or the like): 0.1 ~6 g/L,
citric acid: 1020 g/L, hypophosphite: 1042-00 g/L, boric acid: 1040 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 inmersed in this
plating solution at a tenperature of 5080C for -28 Z 0 ~C cQaz 99804
(PCTI JP99/ 03556) 520 mi nutes. Thus, the roughened surface consisting of the

.



and the roughened | ayer may be forned on the surface | ayer of thg mmu%w
‘circtit. As the shape of the roughened surface, there are needl e*s ,

porous shape and a conbi nation thereof. The needl e shapf80# LERHIRIPABIE)f r om
a viewpoi nt of form ng easiness and adhesion property. A maximum hei ght of
t he roughened surface is within a range of 0.5 ~ 10 um prefer ably 1 ~5 um

Wien it is less than 0.5 um the adhesi pn property (o.the solder resist
| ayer |owers, while goYer, thedoughe @Oﬂ}ﬁﬁ%éoﬁééqth&hdﬁemféalsléb’ I'r esj st

| ayer and thg cracking,are caused be e the upnifarm f the roughened
sut face 1's: o TRl broh 18YeE SRRy BRRRIAE sy of e Tplkhtnel aefiie™

el ectrol ess L 00y et rdg ith
t he etching gé())@h?l:égnvvﬁtﬁktl@érlg may ggn%{%{lﬁogr%%&a&%ﬁgt ﬁggg(&lﬁa‘? nggflf)ﬁlgﬁ)w \tﬂlh t he
af or ement i ongt Rughemal aatate RN co9Bied With$hé 8RPAMAYér)fof BPHRY pASYT 19%761?”' c
acid. In this case, the etching solution can dissolve copper conductor

ci rcui t undemadmtansytheshape of ihegooghehidd sunfaeandampspvesythestrengthbdf thg or
the like. In the invention, the rust proof |ayer may be forned on the above
conduct or ci Fesulting ssldedbyrap, which cancpreyent the exidatiopeor dissalpdongt the t he
invention is_desira Iefto @ontali n_at.| east ‘ine antit-,ru t ? ent 1éel ected
fromthe grolPEOSASY Syttace tiroystyehe ottt tedihgar stegneth of T selden ng
derivatives : ' nt . 13- and
triazole derlﬁglgl? ﬁgg@ﬁ%‘?ﬁg@%ﬁ%@gngs mheﬁe’#éﬁélgqr)l’ %\ieéfﬁ tgggﬁg}@tﬁ%@g met hyl
group, ethyl tigrouit 86t ddneed theSpeedingtfrthexylded Favigt1apey] peeli; he iEtapxy|
group or the like is bonded to a benzene ring as shown by the foll ow ng
chem cal for lyeseridiing @y :.oce@gence2ofDdiopping@-2ff02 99804 ( PCT/ JP99/ 03556) H |

M ..... (1) NHI g{—Brl [IN .... NThea_e conﬁounds are excellent in
the rust proofing ef feEle Rinted FHENERAEL aecarAmg (OJhE Apyention, Haterandon
reaction of . i . ctor
circuit expogg@g?helgﬁ&gspgér@ ﬁalﬁﬁgﬁg&ﬂgé?ﬁ%{@l é%an“dgé&@ﬂgg‘ﬁ 'e’gstﬁﬁ?ggs i ssol ve

in a sol vent prsFday@! sé tat khOk BB Hetlinp bf dey sdlaprRRtst Mydr henso! der
resist layer. As a result, even if the opening portion is fornmed in the pad

of the conducawsedmiven wifter tloy rediabidéy tesidso thae throcdrineotioy rélédbikignist he

conductor circuit and_the sol der bunp is ensured w thaout bejng insul ated.
On t he ot her URBFYSd; h&argeulady.ouhen Hegoughaagdsiirbacerip domaeh by ciclinge

bet ween t he condu r.. circuht (for sol der pad and the solder resist |ayer.
As a result, 1?shcgua§ikf)%farolrs et%Hl(ly F%fﬁhq ﬂﬁenlﬂ’erv Sgtpoﬁtﬁ%rbfnﬁ}i]ésy‘il%%@ﬁ tcbE%vent t he
def or mati on anfoA&t 87diPhRhiHRAt REathiidit CONUHEIR USRI JTGHE }u§tg>Eo§ﬂla9€1r pad by
oxi dation and corrosion caused through water, air and the |1 ke penetrated
from t he sol decordag wtthk ayesntimnds effleddve.pad porti on under conditions of

hi gh tenperature, high pressure and hi ?h hum dity. The formation of the
rust proof |ayer canlBereughansd sytfacepl drneondyctamirpitior splderpad 4n on.

R N T T
roughened SUupfRFQaydtSs@that ¥ B eriblatidhot! HERLAIRE of ci3Cuit for solder pad is
prevented and the shape of the roughened surface having excellent adhesion
properties to the solder resist layer and the solder pad is maintained and hence
the adhesion property between the solder resist layer and the conductor circuit
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 forming the solder bumps and the

bad continuity is not caused in the portion forming the solder bump.
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2 0 DEC 2Qp2 99804 (PCT/JP99/03556) nethod, the rust proof Iayeg chﬁﬁb%ﬁﬂz
formed on the roughened surface of the conductor circujt | int ed

Wi ring board by inmmersing the printed wiring board in %fg%zﬁéﬂﬁ’\?% 5é@depth
corresponding to approxi mately a whole of the conductor circuit at a
tenperature of 2060C for an imersion tinme of 10600 seconds. In the

i nvention, after the | def resi.st | j r n . ru proof | ayer
and is subjected to ?ﬁ%"'éﬁ%“%g%@hﬁe@%%a%@&éﬁ‘&?r@;hﬁ? l?%g}ﬁbd;nmﬁ%en openi ng
portion, therdiben dewfaé@aﬁme%aﬁe%r'cﬁchh%pgﬁggpg%cggfédx@?ed withd) be

removed by a gas plasma. As such a treating ne ere may be nentioned
a nethod wheppien rhé@l and ptaected vwidg thxoarst raof dyyeitesd thiat Bvémeviepahé ng
portion for solder pad formed through |ight exposure and devel opnent is

pl aced i n a eeldecpadis applicdafteaaupart of tessobdut resipl layemisafpemedgidsn, ni t r ogen,
carbon di oxi de gas or carhon tetrafl uoride is_di ,sch_argzed therein to renove
the anti - r usSudgeeef thewandveigr cHeur fopslderppdmaintams the shapechafing BB sol der
resist layer and, an oxide film | on, the surface of the sol.der. resist
aver. 1 cagtoaietl adbsten hiore Rt Tan B0idsp Bad e BB0aRErbHE FEREE nat | ng
t he cont am natd ; adu t WitenBghsar €
that plasm Qfés%%%ﬁcﬁgﬁé‘ g%\%ﬁ?qygp%(gg%égo W egﬂ) @%ngf%se%@i ng gﬂrr]gunt IS
100500 sec/ Mpaiken the @ahdugof tiruit Sorlsotdérpad dnd e.soldw ragibi laheisindgent
existing in the opening portion and the residue of the solder resist |ayer
are surely rbaovesd thy cohdugbasireuit femsalden padwnst thioysopdaspadamd impioredt o t he

sol der bump is.,elimnated. At the sane tine, the oxide filmlayer on the
surface of tABd&RM ggaerr@gpgpayg%@n F%Cer”t@ @@&Sl@bp’iorﬁ’&ftyttﬁéﬂ%nl‘%ﬁ be

pr event ed thgeggatqﬁ%e&ﬁgﬂwﬁgq%)Eéé%cfnce at subsequent plating step and

nmounting step W tability of the solder resist |ayer.

Mor eover, ac E TP TON m roughened surface is forned
on the conductor circuit, a netal layer for rust proof |layer made of -31

2 o fl ~ ¢ 20~z 9980Fig. RGS/alirBgopB6egyapdt illuetastinga dirstegrabodigtent o thd r om t he
group consisting of titanium zjinc, iron, indium thallium cobalt, nickel,
tin, |ead, breyshened sarfaemaccording tofg IbentioPned on the roughened surface
prior to the application .of the ti-rust.,agent. The formation of such a
nmetal layer for the F&[ﬁlﬁ@&mcrpﬁ(}@pg&ay I_E)lg 5%?95 ﬁae%(lﬁ(f%@)fﬁléﬁq‘ié’?(anyone
of el ectrol yftlﬁ&ro%'gﬁ%:h&ﬂsur%c%%c@ircﬁﬁg tO kI inRen@dl substitution plating),

vapor deposition, “el ectrophoretic déposition or sputtering. Wen the netal
| ayer for the rust pFgnf3 isaymicrophbtograph iblystrivngs alsird emtbodimphiedfi thg, thi s
netal layer is fornmed on a surface | ayer portion of the roughened surface
of the condu&eushesed suiface agcosdmgde thadnveptient hi ckness of the metal |ayer

formed as an undercog.t f4o.r t he rust {Eéoof Ifﬁ%rroact%ord(gnl% to the i.nvention
is preferably within 'ralﬁéle 1Be gL IO patutg & ar §a‘i?.?f§8¥ D&m When
the thicknesg uﬁ ingssidfan 0.01 umthe roughened surface can not conpletely
be covered, V\%I e when It exceeds 1 umthe covering netal penetrates into
the roughened surfac®ig.¢ iefaf diagranh@aticalfjhssreidnshepeftthe rhegirnyd lsarface t he
adhesi on property. The above rust proof layer is fornmed on the roughened
surface covemeeprdingitotthe imeangion. ayer for the rust proof layer. As a result,

t he deformation and deterioration of .t roughened suyface thrqu
oxi dation and the Ii %ég' 8 ap‘?‘éﬁ’é‘ﬁ‘i“&&“ﬁ%‘& ?F@t‘g’?ﬁ’é?ﬁioztt[l‘é r‘é‘bﬁl?eé‘ﬁgégrr}?% met al

| ayer and th : so that the adhesion property and strength
to the soldegcégéﬁl Oﬁgéééaﬁg%%%e uni form and the peel strength of the

sol der bunp is inproyad.7 Ehediabemematibflly Sapionofiew T the vaeirpdd suffhese
hardly deteriorates even under conditions of high tenperature, high
pressure andabéqdingto thetigvemionhe reliability test and the strengths of the
sol der resist layer and the solder bunp are inproved. According to the
invention, in order Fig.ifisraodiagramemptinaly @@montwe\&foftth@r@ughenﬁgwfag@nt
into the roughened surLace and to uniform ze the thickness and conposition
of the netal aCeQrdMg GrthejRYENLIOB0f | ayer covering the -32 2 0 DEC 2002
99804 (PCT/ JP99/ 03556) roughened surface, the conductor circuit for sol der
pad after the formation of the roughened surface nay be subjected to a heat
treatnent wthin a range of 50250C prior to the formation of the netal

| ayer and the rust proof layer. The heat treating conditions can be set to
adequat e ranges in accordance with the shape, thickness and nmaterial of the
resul ti ng roughened surface, conponent adfi-thi ckness of the metal |ayer for
rust proof |ayer covering the roughened surface and the |like. By such a
heat treatnment are evaporated extra conponent of a chem cal 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

L e —_— = ——_—_—,— - — s — T ) -, =y M 4= Y T



When the heating tenperature is | ower than 50C, the effect of the heat
‘treatnment is not observed, while when it exceeds 250C, the rougheg @dgfigc 2
surface is oxidized and the resulting netal |ayer and 23%64 (R{St/JRIPOF ay%qﬂ
becone ununiform In the invention, the solder resist layer is fornmed on
the thus fornmed roughened surface having a given shape. The thickness of

t he sol der resi st pr.ef er abl a%40 um Wen the thickness is too

| ayer i.s
thin, the sol der regﬁﬁ- 9 ig peHagrggunatigally sechion yiey i dhe giier rapghedcghen t he
thickness is_too thick, it i i ffi.cult to formthe opening portion for
85 dink g s ehlioh

sol der bunmp 3 ith the sol der body may be caused to
bring about the occu fq; i j -der r
g ﬁ%%‘is Qfdi Srafith el §e'&ﬁo§%é1€r Offﬁ%‘?éf“e[‘r?&‘ C%‘lﬁéngﬁ

resi st |ayer can be e fromvarious resins. For exa e fornmed
by curing bi spfedeoiccrdinpeo eROfivei@éhn or an acrylate thereof, or novol ac
type epoxy resin or an acrylate thereof wth an am ne curing agent, an

i m dazol e curing agehig.dd is helidgramm®arallycagictioh wiewod the behes obupghenedsi st

| ayer is opened to di spose the -33., zoc~czooz 99804 (PCT/JP99/03556)

sol der bunp SHEREHAFCOrdINgdo theipveptiant o cure the novol ac type epoxy resin

or an acryl ate theregf w,t.h ap_ imd |.&.curi.ng agent... The sol der resist

| ayer made of such aﬁlrgeg?rfsﬁ a%{a%‘s Céﬁ a%eckogrvé%igé)ﬁt ?Oﬁlgéﬁo?%}?gﬁanenon
of diffusinggl i&%rdiﬂ%?oﬂ?@in%%ﬂ@ﬁ. resist layer) is less. And al so, when
the acrylate of the novorac type epoxy resin is cured with the imdazole
curing agent, the reE‘ig.tlBrigaFcﬁit%ﬁmmaﬁaﬂy deayien view of egldnhddiident B heat
resi stance and resistance to alkali and is not deteriorated even at a

t enper at ur e e roughened sisfavsiptevidedbwitih az08@roahtayies aporditeriothosed with a
strong base pl ati.ng sol ution such as nickel plating solution or gold

pl ati ng sol uliV§AUORs the acrylate of the novol ac type epoxy resin, nention

may be made of epoxy i . | |yl dyl r I

novol ac or cresol nog{ﬁggéqsmggﬁ%gﬁ?%&g@it &%Pgﬁe‘?‘f’]g’g?&ﬁﬁc}?&ﬁ&’%ﬁﬁﬁpt he
l'i ke. Howevepf tHe@ughemad surBfdeSrolided withedeuét oot hgepacsdraing efthgovol ac
type epoxy resin is constituted with a resin having a rigid skeleton, so

that it is aptventionause the peeling fromthe conductor circuit. In this

connection, the roughene _surfaéue according to the inyenti o§ can,

advant ageous! y pr evehi8-tIRdS a5B0@UGHAN §LRR VieH & ARembasiimert el the pided | s
desirable to_be |iqui t 2 ay .he uniformmxing is easily

at t ai ned. Aswgﬂegbgg{éﬁ?&%&igéﬁiﬁe @%ﬁ%ﬁ' may be made of 1-benzyl-2-nethyl

i m dazol e (trade nanpis 18a¢Mproducicit8p Wdw 2 §h bt ARhOYE thed | e
(trade nane: 2E4MZ- CN%g and m?hyl - 2-ethyl vivn?dazol e (ltrade ngi?égﬁg‘%wzy
It is desirabligng bohnl mecardingdethe asieationonposi ti on by di ssol ving the above

resin and curing agent in .a solvent such as glycol ether or_ the |ike. Wen
the sol der resist |afts 1i/ds ARrRSRCHILTER YEqW 40 aB sprhqdimgnt of theprinigden | s

not created gnd._h he surf f er pad is not oxidized, and al so
the injury tg"ﬂﬂ%@ﬁgﬁdo%”f%@%ﬁéége‘??2888 "0 c~c 700z 99804 (PCT/ JP99/ 03556)
As the glycol ether sig.\agrigaé%@uéfﬁsﬁ $tep WRIR i hn @ntRIdBBAt HMeGTAREG PY the
following chemcal formula (3): CH30 - I()CI-IZ CH2 On - CH3 (n ="1 ~5(;

~ ~ (3) Prefwidbfpoatdhaccordingus ¢l nivehtiont one of di et hyl ene gl ycol

di ret hyl ether (DVDG) and triethylene glycol dinethyl ether (DMIG. Such a
sol vent can conpl et eFig.di998 elpreductiaaagiep yiew i an gimrodiment afsthsqrindedhenone,

M chl er ketone.or .the,like.b rmng t.o about 3050C. The anpunt of the
solvent is pWé’F‘EngBTCI/aWOFWPé t%%ﬁ@’gnbfm’lMO% by weight to the sol der

resi st conposition. i,t] ae 1 ni i t is
desirable to be 110%?% 2@298@8@%@@“%@gﬁ%?ﬁ@?ﬁﬁ:@?@gﬁf%@g}gﬂgﬁ% sol der
resi st conmpogjifih®MoaMgdtotdiagas dhd irk@naBRUNt is within the above range, the
uniformmxing iS easily attained. The sol der resist conposition may be
added with an anti - f Bgn2igsageodyction steplview imgr emboiimeni of thegrinted
photosensitizer, a thernosetti ng1 resin for inproving heat resistance and
resi stance twitagdoartHacpovding te the weptiphty, a phot osensitive nmonomer for
inmproving a resolution, and the like. As the |leveling agent, a polynmer of
acrylic ester is favorable. As the initiator, lIrgaquar 1907 (trade nane,
made by C ba CGeigy) is favorable. As the photosensitizer, DETX-S (trade
nane, nmade by N ppon Kayaku Co., Ltd.) is favorable. As the thernobsetting
resin, bisphenol type epoxy resin can be used.
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As the bisphenol type epoxy resin, there are bi sphenol A-type ep%&DﬁQSQGUZ
"and bi sphenol F-type epoxy resin. The fornmer is used in _case of inproving
the resistance to base, and the latter is used in case99ﬁ04é%€?/é%9s9?$‘65@he
viscosity (i.e. inprovenent of applicability). As the photosensitive
nononer, a polyval ent acrylic nononmer can be used because it can inprove
the resol ution. For gxa{rgﬂye, th(ﬁret.can bev.-35 z clﬁo~.c Z?(ég 99804

(PCT/ JP99/ 03556) used &4t RAUSHON Fiep VigK dRanenibaqiment phpicgirinted, o
nane, nade by,;Ni - : thh :43- 604 (trade name, nmade by Kyoei sha
Kagaku Co., ﬁl%ggﬁﬁléﬁg@#&m .O,At\lr]lgtl%fe)ls]’ct)l,o'ﬁf he sol der resist conposition may
contain a col oring NME&.e13 isa PodUENén 8P Vib® ihidneerivsdisttngbeltigptifedwi i ng
pattern. As the coloring matter, it is desirable to use phthal ocyani ne

bl ue. The solvdenghesidacowdingstotthemventifoavor abl e t o have a viscosity of
0.510 Pas, preferably 1 ~ 10 Pas at 25C for facilitating the application
through a roll coat eﬁlg-l% BHeProdeléen pigpiview| inyarereiimsnt phehespriggd r esi st
conposition, an openi ortion can be formed by |ight exposure and

devel opi ng tﬁ‘é‘é‘f‘ﬁ&ﬂaﬁgﬂ&rﬂm&f&é&b‘hvmod of the printed wring board
according to the invention W : [ : ' is inly
carried out by a sem%?%'dfdk{1 ltsygv%ﬂogpg%glggﬁbb‘ﬁ?\gég% bﬁﬂ}%&&ﬁﬁe{l@‘?g&g@gtgﬁgan be
adopted. | n tfiginkboand hedordigiorthegnvdition. i s first prepared by forning
conductor circuit as a solder pad on a surface of a substrate. As the
substrate, use may b&igmfeisaf praduedomsicpsuewtinag aotpadinene of thehpmsted gl ass
epoxy resin substrate, a pqlyimgde substrate, a bisnaleimde triazine
substrate or WIH8ghoaed aﬁc%g’r"&r@é%%‘&ml&@e, a metal substrate and so on.

Such a wiring board .a mul.til I Rrint.ed wrdng boar rovided in
s interi or with pl a2t isurodhpia HenRieR Bnn b O RERE of uf e G
form ng such alinoaoab@REMGHAL ©ithE théerit@yer s, for exanple, there is a
met hod of form ng an adhesive | ayer nmade of an adhesive for el ectrol ess

plating as an inter| &ig.m28 isiaysodattiog stepsiiewliaaaremivodimenn d€ tHeapyrénted
conductor circuit forned on the substrate, roughening the surface thereof,
subj ecting t harigghcardpceardinglioghe Hendiont ace to an el ectrol ess thin

plating, formng a platiflg. resi st thereon, subjecting,portions not form ng
Phe plgiing restst | &k ol dRPBRGuTE SR vigh iRaf b BRGY PRE MabsHa o
resi st and ety in%q)dapdggéorm,@m%quwé;ﬁioh% Z U~ c C 2aa2 99804

t

(PCT/ JP99/ 03556) “circuit of ayers consisting of the electroless plated

filmand the el ectrolFigi30 plapdutiibmsteprvianyinGasgabddimenobfltied Srintedr cui t
is preferable to be a copper pattern. The adhesive for el ectroless plating
i s optinmum t ovisagthmanddceyrdingsioghe impntioned heat -resistant resin particles
soluble in an acid or .an‘1 oxi di zi ngﬁiglgent i.nta_an unlg:uCl'lied he &iﬁrem st,ant

resin hardly sol ubl e Fig 1his &¥ogu SICHI YW Jn AYrbocment Of the PriRtefls t ant
resin particlgsind a8 IRvGHidVioltheatdeidioni th the acid or oxidizing agent,
wher eby a rodgﬁlg e asﬁrg?a(?en%g\?itr}g oct o;?us pot - shaped anchors is forned.
Moreover, the adhesi \Regf3 isel produolies steplvaéwng amesmibeli fens bf the mantedt h t wo
| ayers having different conpositions. As the cured heat-resistant resin
particl es solwiping hoard hecerding tortheimintiong agent, it is desirable to use at

| east one selected fromthe group consisting of (. 1 heat -resi stant resin
particles having an \}%r%’é ap‘i‘? agqugagf:ajb WCtWBt‘g‘ﬁ’Br%fatnﬁ’ rf@‘?ﬂ‘i’d’“e(’?)
aggregat e parti f - i . i avi ng an aver age
particle si zeotf(%l1ffé EQP&QD‘Pgﬂ'[%%%%Q%&m ? 3§get§ %e@ﬁﬁ%gﬁ%rp heatresistant resin
powder having an averﬁg.ewﬁréaiﬁ%&nﬁha&cﬂiy dectibd HBwaTdheedidresi stant resin
powder having an average particle size of° less than 2 um (4) false

particl es obteabulimeyt afitherpritgediivitingdoanhaccotdingab-the fivendoh. r esi n powder
and i norgani c powder having an average particle size of not nore than 2 um
to the surface of hedligr¥sisat dingransmancgbypentiahasdtion vawanfer stjbfyrthari cl e
size of 2~ 10 ym(5) a mxture of heat-resistant resjn, powder having an
aver age partieéfFLt@fé’infEt Bﬂlﬁ.l)flmﬁf.?g”ﬂﬂg Rar %%ﬁorﬁiwgitgtdawrﬁfe@gpﬂ- powder 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 basedl6n solid content of a matrix -37
Z 0 0~ C zooz 99804 (PCT/JP99/03556)



made of the heat-resistant resin. As the resin forning the heat - 2elilstGariif2
‘resin particles, it is preferable to use anino resin (pel.an i urea
resin, guanamne resin and the |ike), epoxy resin and Q%Og:&%gt%ﬁ)égémcured
heat -resi stant resin hardly soluble in the acid or oxidizing agent, it is

desirable to use a resin conposite of thernosetting resin and thernopl astic

resin, or a resin cogposjt.e of. t Et.hve, resin_and thermopl astic
resin. The former is ';@Fﬁ‘ T@Q@é@?%&)&l@@“@ l?g%?“lléletnﬁg l?yi%trél?a%an form
an openi ng f8fa%ie€dlré§§h% %ﬁ”’aHH ih photolithography. As the thernosetting
resin, use may be nade 8 epoXxy resin, phenolic resin, polyimde resin and
the |ike. )2l ] \ HIE §h NTHE)Nosetting group is
acrylated with acrylic acid or methacrylic acid. Particularly, an acrylate
of epoxy resin is nodthesduvemisinevilhge dhscripoban detail withuséerenge betheade of
novol ac type epoxy resin such as phenol novol ac type epoxy resin, cresol
novol ac typedE3WWRgSresin or the Iike, and an alicyclic epoxy resin nodified

hmde of pol vet her - sutphieedReion3isutbh SHRRTRRESS Fetifd sum iy Byl "
sul phone ( Ppé%jlutigglagéggﬁgﬂ% ?cpﬁlesiﬂkf%ﬁt%,(tﬁg SofacdR)! diff@feﬁ% ler g 068 cARTSD

pol yet her i mde 0 on. e mxing ratio o rnosetting resin
(phot osensi t hyadleadiaped kidoy PRItiMgRIndSsiaCroughefled SurbdcRfiRivady din@orportidhk 50.
Wthin the above range, higher properties are obtained wthout damaging the
heat resi st aagehoWheniigredr¥.e Figr ldb @aoniasppbetogtaphi ilystratingia st o from an

interlamnar insulatin esin | ayer, ile an,opening for the formation of
viahol o i femibediment tElFr‘i%gl?félﬁﬁﬁHng]FﬁéﬁF%f -rh%tq@gilnvwm. 1$peni ng

for the for ' 0 ' le J j n oxygen

pl asma or t thiul%%g %}&ﬁgbﬂfe}o&e@%r&ﬁg@%@ %{'ﬁ%ﬁe%a%ﬁé@sls@fea'fgrﬁ%@ct rol ess
plating is apiibRiseBpet t Fipg 2rig airficréphdiWglap@iiluSk R\ Sectifd ARYEHMRINIY
treatment when the resin matrix is a photosensitive resin. -38 20D~C
2u2 99804 ( PorthPa8yghebsd jurfiecreording e thé ghventirpos hies imradsadpicalredi ng
treatnent are carried out after a ph,oijomask depicted with circle patter for
the formati ohkewiss theapeof Higaddnayghenmagni1qationr abiis)3 issa pl aced on the

phot osensitive interl am i.nsul atin iR |ayer...so as.to ¢l ose the side
of the circl guﬁléq é)}?fgr?gﬂ m‘_ésqgifégfiﬂl’l’%le%{sg?g]@eéﬁrofg&eem&ghm%&FW_?@?"T am nar
insulating r ﬁééd}dh?%y&‘f theRRVeHfR. WTHs idBichRen’jig 8%e erduphlREd Qu”rf?ée

vi a- hol e (adhesive T ayer electroless plating) "is roughened.” Particularly,
the surface bl rhéasasthestleardmugerossopoimihersachemaghnidicativi ag imifg.r2movi ng

the heat-resistant resin particles existing on the surface of the adhesive
|l ayer for el ectrol esdd gheapriinigdwirnghrasd paCeidingiafbginyenpana soldms, the

roughened surfa is . fornmed on the interlam nar.insulati resin.layer. As
theacid. usEeTslyake inananged PrURe comtior kOBl forRt0a mpd Tt e
hydrochl ori ¢ &editbne@Whfdté fordfddoite ddiRiulctdroirclit A BRWFbRHLbRch as
formc acid, acetic acid and the like. Particularly, the use of the organic
acid is desi eRetronhaioplgotographr dl y corrodes the netal conductor |ayer

exposed fromthe via-hole. As the oxidizing agent, it is desirable to use
chronic acid, chrom bgsdt$ arediagranpaatia viewaobsygho earghenedsvifacganat e and
the like). The roughened surface_is favaraple to.have a paxi nym royghness
(Rrax) of 0. Fiagf 1k biEn veets Fgugina i@ hbatlsefion vispealanr te pra’ol

i nterl am nar ¢ hsuhat i j o i i peel ed
ot uni 1 o whikt e A Sl ET el ddifhicyb Syl BRGEIRGRGN AHAPCD 0
Particul arl Yreddaﬁﬁbﬂmﬁ F8S7 issa ]‘o@?ﬁﬁ@hia&'_s@etiqn GiewnmilRirhigg sidgetiaedi tive
process because the electroless plated filmis renoved whil e ensuring the
adhesi on pr opetween #idher partoatsabyd FigEeiseukoniggudinal seticnoviewecut beghesed
interlam nar insulating resin |ayer, an electroless plated thin filmis
formed over &idggline gudfreeess pprtiave | ayer. The el ectroless plated filmis
preferably an el ectrogl ess -39 _. 20DED:~=f |~ 99804 (PCTLJP99/03556) copper
plated filmand has &% o¥hidsEigss4 ands, W%OU@BEW girfacs agc m%o%ly@

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% f or mal dehyde: 10 nL (pH = 11.5). Then, a photosensitive resin
film(dry film is lamnated onto the thus fornmed electroless plated film
and a photomask depicted with a plating-désist pattern (glass substrate is
favorable) is placed on the photosensitive resin film which is subjected
to a light exposure and a devel oping treatnment to from non-conduct or
portions corresponding to the plating resist pattern. Thereafter, an

el ectrolytic plated filmis formed on the electroless plated fil mother

g e M o o - o



is removed, the electroless plated filmis further removed with a 2i(xgg C 20”2
sol uti on of sul furic acid and hydrogen peroxide or an etchi

sodi um persul fate, amoni um persul fate, iron chloride, 99@@ B%&@ﬁ*”ﬁ%%

the |i ke, whereby there are obtained i ndependent conductor circuits and

vi a- hol e each conmprising two |layers of the electroless plated filmand the

Foughened scPRaRtoR b bt PRl Bori i SABRLFSesSBPLRARSIAE IR, Y o "B

removed with ﬁ%é'l}ﬁ%%@ ﬁxoslvac'llqﬂe%BﬁH&F konga! ijece§é1g613fdn% mﬁagalﬂa@ ogen

per oxi de or t I ke. Then, roughen surfate acc ing to e’lnvention is
formed on thgechisysbrsdddr At seowhinRg. Gahdescepadoriorr? $3fdraed Hedweén Such a
roughened surface can be formed by spraying an etching solution conprising
copper (11) -#@ anchoopartiencl andande8QbriPCT/ akiecnd B5xG6)o. c ohphleownfn azol e and
an organic acid_as previously mentioned to the surface of the conductor
circuit, or Big.i nﬁ’é’@chgr Pﬁ@l%héﬂéta@ptlﬁfraﬁﬁh‘t’r E’Qirtlé’ﬂclha@ﬁc@ttélﬂﬁlﬁ@ 6l uti on
and then bubblin fn ﬁli\x/erl Ondcrgﬁtl CII’ uirt is esir | e to be
the el ectrol &¥ gtealttchaF N %r“f &H Ve é%e&etﬁﬁ’?ﬁlfke se it is
difficult to rbgulg i gm%q r by
etching a rofqr%c}mé%gp Pg’ﬁl%ﬂo élft%tqtﬁsl o(?trlr]% roug %éggd sglér alf(l‘,lceljflggs6 be

subj ected toamh8et ching treatnent, polishing treat ment, oxidation
treatment, oxidation-reduction treat ment and the |i ke, or nmay be covered
with a pl ated film aFosthiesmmpanisont @ paicrophgtegraph of Iaeough@‘mdrieyte@madace may

S?oﬁﬁriéggi %“@t%ga@fﬁ%ﬁéam tspalsraped By B eting 1t aév?a'xmﬁa?ééﬁ?; TrﬁimcEZF,
ol i ng- (ei ¢ aeaquEfiheagufs SR by e PIcRyOR ok AoBleaBy ARG "2 ™

substi tuti Onsﬁap%alautg%(/s ai’@?@érl%@ﬁ%ifth @hch @ireiafaherats%@é isCEoRlfiRA Vel wOh
sputtering or the | The roughened surface to be provided with the rust

proof | ayer ﬁmcrmedlmghap@dtaﬂﬂ@ysnvhmtha)strue*.uﬁeaxfcsuahl(él-ﬁ\h baeddieshadpat a
maxi mum hei ght of 0.510 um prefera 1 ~5 umth ou%h oxi datj on-reduction
treatment, efldey, mpé@ra]eatlpﬁ@cmw t%ﬁaqtgotthﬁteép the gastanceheiiisen her t he

Formati on of ot e SHIPRASH U BERel Bl £hE61r Bl i Aabhblicibiyt | on
copper - ni Ckegem S5 RBROM orSr fe@ldwmtﬁlsfm Ad\Red hdBid RBirfetdiR€ T oughened

surface by the etchlng there is a nethod of spraying an aqueous sol ution
of copper (1| petwaenlthx pedjeati@isctoanadsorgsamiesidws.d as an etching solution to
t he surface of the conductor circuit or a method of inmer sing the

conductor circuit i nOmeeabw@ryetlmqvghgmmswéapeaac@OWw|to Hg“« inventpm o t he

thus forned ro ened su fac 2002
09804 ( PCT/ JPSLTESEsEyTRLis R BRYeR Sharst Berofn i Mtk bortich B ahigheye
metal sel ect Qﬁtfdnoiﬁcfﬂ% rQéé%H%oﬁ@&?issﬁdrﬂﬁd% 16k AHHIbn ShtGundin@lihe | NI uMm
thallium coba ni ckel | ead, bisnmuth and ‘'noble nmetal. This is
carried out hiychurglortign érd tiiteanabioe poftiai end anbther anglaatpongon aﬂpcémtol ess

pl ating and substitution plating), vapor deposition, elect rophoret| c

deposi tion othesfpmtatfeﬁDﬁ@eCdeQQheOﬁ?ﬁK/ﬂHDIJélhth@ldg@]tnﬁplmw thap the anghone
formed on the above ro Bed surface or. theIma}tlaI yer forf r Broof

| ayer. The fBPYHAD B Y e[rht an g&reﬁp%poqtlgyer P ?:59‘?3’886%6?1’ ul%?p"d §ing an
anti-rust ag i | , g the
conductor ci ?1(';;511%%111&3}1 @%egg%gl?af‘? la]ieé %‘51 g%@%%%ﬁ%ﬁ y, the
i mrer si on metdhad 1a}$erft@\éebﬁgllyeodiﬁpm@&,%nuhc@a@u@w@mt) Yhé S31dER ebRt Tayet, soy oof

| ayer over the conductor cfrcuit w thout damaging the roughened surface for

t he rust pr otifat tlsypeelingsbetween dnptendiictorhardumnardsihersobdsr redst laher isusit pr oof
| ayer can be fornmed on the roughened surface of the conductor circuit for
sol der pad ofaupedtingherpersion feyming the salder mmbfpmaywlwmﬁwt arstate hat
roughened surface, by i nrersi t he. roughened su or. the neta er for
st broof | HyeaviTing denSievih ey i B Ty ARGRSPryneh hetonaherdy
circuit of the printed wiring board at a tenperature of 2060C for an
imersing time of 10600 seconds. The aforenenti oned sol der resist layer is
formed on the conductor circuit having the above treated roughened surface.
The invention will be described with respect to the foll ow ng exanples and
conparative exanples with reference to the drawings. ma starting
conposition for the preparation of an adh&sive for el ectroless plating
(Adhesive for upperlaver) [Resin conposition A] This is obtained by m xing
35 parts by weight of a resin solution formed by dissol ving 25% acryl ate of
cresol novol ac type epoxy resin (nmade




42 7 0 DEC 20Q 99804 (PCT/JP99/03556) by Nippon Kayaku Co., L#dd DEC 2082
"nol ecul ar weight: 2500) in DVDG at a concentration of 9 i .15
parts by wei ght of a photosensitive nononer (AroniX W%gp/aﬁcggﬁjgg&w&nade
by Toa Gosei Co., Ltd.), 0.5 part by weight of an anti-foam ng agent (S-65,
trade nane, made by Sannopuco Co., Ltd.) and 3.6 parts by weight of NW

Wth stirrin i Wt d o LS .S e . X} 2 parts by
L T 0 lerdBES R ANRAT e Al BOS AL AAGE B pR B3 e
particles hayifigraaéd AN HRORCRH ﬁtdn@ioﬁs f28e AughefRed TR sRINPE fo tifer ade
nanme, made by Sanyo Kasei Co., Ltd.) and 3.09 parts by weight of the sane
resin parti chechdnportionsof theeoagieenear surface, s that tife éhchonpostitstisndig3ftapart s
by weight of NMP and mixing themin a beads m || with stirring. [Curing
agent conpostheiwatatpernedtls spklep bumpand hgnaei the aghesipa prepeasty briwgien the an

i m dazol e curi ng agent .ZW-G\I trade nane,. made by Shi koku Kasei Co.,
Ltd.), 2 par®® Nfdf Gyt t]gsﬁmﬁrdﬂwlﬂsd?%k’?’lcﬁjjaquar | -907, trade name,
made by Ci ba Geigy), 0 p i 0 asithzer TX-S, trade
nane, nmade by Ni pponl%@glfg{%@,gn%é‘.g‘{?g%engl]%?%ﬁ’t%g@% @@8%&%5* W th
stirring. St ] bih®Rdben 8hAs Atd 0Pt ) sin

i nsul ati ng; ge{gdgn?ﬁ?iglggri%\?e fogguﬁ%%%z;{j{gr) I g?&e%&%%@%lﬁvﬁ?} his is
obt ai ned by noobryruzfingalié flobwofehiegbiinof Ia thesiupheatd bindacd, cheretorbythe

di ssol ving 25% acryl ate of cresol novol ac type epoxy resin (made by N ppon
Kayaku Co., exidizipglagent splutign fprirenpymag thadewinpiag salutioncarthe desibn of 80%

: ¥a3§i e, e SYely e e B i 20 morlBpt 0 BEGactbOnLngt 15’d
i- ' . . . : . 3.6
par (5 by ot B A R okl (S ROEmidE S Mor RRORHED B ippfie/ne”

(PCT/ JP99/ 03 eh&@ suface0aqRosdinkab the inMentioh hadBbaktsiadetidudiakienthel 2 parts
by wei ght of pol yet her sul phone (PES) and 14.49 parts by wei ght of epoxy

resin parti ctleeclopingriteatimenvandhigeexcatlentcinghe adhesién prapertynto(tRe inyetel pol e,
trade nane, de by Sanyo Kasei Co., Ltd.), adding 30 parts by weight of
NVP and mi xi Hgnqmﬁiq Wqéerbl@%{ﬂg- mll with stirring. [Curing agent

conposition F] This i I i i g i m dazol e
corTng agent t 2eanp. GpEhES il Sta0dnt Ao e MR Blon Hasih | 1 95
parts b_y wei @gﬁnﬁfm Q]éﬂ%%fqirebéﬂtﬁ{ 1e(rb§iﬂ%biﬁﬁe!aft_89ﬂle ddve iﬁg"ﬁi%atrﬁ&%e by

Ci ba Ceigy), 0.2 part by weight of a photosensitizer (DETX-S, trade nane,

made by N ppwhil€ayaintaitmg, thetadhgsiamgrdpétpbetmwseh theveondictorf citdvit and h
stirring. Starting conposition for the preparation of resin filler [Resin
conposi ti on ?qe spligler resiSblgwaT aditheyadhesigngproperty betwean thggogaucor cHcBiihenol
F-type epoxy oner 9 \ ane, nmade by Yuka Shell Co., Ltd.

nol ecul ar mﬁg‘ﬁf}‘eﬁeﬂ&{é%bjéoﬁd&%@"ﬂp wei ght of Si02 spherical particles
coated with a silanerTgeyph H&eé%ﬂ%c@ﬁ@c&a}ﬂgﬁﬂ tR8 iRV RAC R frhRdsi ze of
1.6 ~.m(CRS 1101-CE, trade name, nmade by Adomatec Co., Ltd. A maxi num
particl e si zbyidsopmhgobf metdl @nysialt prrt kles S0 e Minfijceadf tha condectbayer copper

patter as nmentioned below) and_ 1.5 parts by weight a | eveling agent
(Per enol S4, CHERG&VIHB#BELC yticss RARigiBE.der example, agoppesdl)qomnlex o

[Qur' ng- agentod BIeBETTr arichy 18.0¢ FeiaRehb G G b5 om CroRP B Fbur i ng
agent (2EAMZp{dh) dr{@dEp&1BlTes fORAGhOYecall fOHIbNEIES caVR parts).d- The Fétess

portions can be formed in the shape corresponding to approximately

polyhedral shape inherent to the metal crystal particle. In the invention, the

term “approximately polyhedral shape” used herein means a polyhedron such

as trihedron, tetrahedron, pentahedron, hexahedron or the like and a
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2 0 DE C 2002 99804 (PCT/JP99/03556) Production of printed mﬁriﬁ%ObBEEdZWE
‘enbodi nent of the printed wiring board according to the,inv J I

produced according to a series of production steps shoéﬁkgﬁﬁébgggﬂkgﬂPo 32.
(1) As a starting material, there is provided a copper clad | am nate 6
obtained by |am nating a copper foil 5 of 18 ~.min thickness onto each
surface of a RSt e Si T i el m de
triazine) res |8 mﬁ%@ﬁﬁ’f@%ﬁ%ﬁ%&% ?foltlé%ﬁi)r?ﬁﬁ @%@%m&%{ ?:Ipegcegggéﬂﬁtn g‘ralﬁ'r st,
the copper Clp?é*/énﬁﬂeﬂ%%ﬁl RsidiedfRiraRé ﬁ@'yél@;%ﬁl'g tedamenp! ess plating after the
formation of "a drilled hole 7 as shown in Fig. 16, and etched in formof a
pattern to form i nnelAmlyalso,ahppachapsortions Of doerdugiiened sundaed can ls¢ rcui ts) 8
and a through-hole 9 on both surfaces of the substrate 6. (2) The substrate
provi ded wi t fotmhed aspertiony deft bypdreppingt aféthe wetahgrysial pastielegh- Adedhes | s
washed w th ?ager dried and subjecteq to an oxydatioa-reducé%fg t reat ment
usi ng NaOH ( feungd aychorpeiiaons #6 sgrpsish ranYexapkiops agd sprreunded Bitkeat i on

bath (a1 aphi .zal LA B POy A0 AL AACARY. ( Tilb)eRind

reducti on bat orm’toughened surtaces on tThe' i nnerlayer Copper
pattern 8 angyifhge ﬁ%ﬁg@ecpfa doREpIt QL EReRRl Bae _cm‘i‘?fé%}?:)ﬁt tieretin Rsiugduced
a wring board 12 as shown in Fig. 16. (3) Aresin Tiller Is prepared by
m xi ng and Kr¢rdihwodévetopiag itreannemoshile amitiadnidg tiheadhesi g pagenties to
conposition H Wthin 24 hours after the preparation, the resin filler is
appl i ed ont o theseldeuresist Egrmingirasinagr the nretplbensassadenbumpl coater to

fill i bet h t. i ' 8 gnd the th -hol.e 9,
which 15 dried by hoRPFHETOIoTGS HReBRFS inE S smed HItAES AFF TRTEADYL 5.
14. (4) Aft i t 3) ol f th
poard | s pol IeRR by T ey Mela CyBaP R Al Titse (lecifes LAERUR, | oper
(made by Sanlgyehét akundanotidrddjaczat asclivetpoitdon envech Gber 815a poditibher on

the -45 z :~ ~ E c z~az 99804 surface of the innerlayer cop%gr pattern 8
and the surf dowenfhaa thehdight obthe achonpouden. holkese ridgelings icen bedormedrovi ng

s Car 1 od ot 2 ReRGNEISHTE OF KU AP AR ORATRE AF FORTE A UMD MEE) RS,  ho
resin fi11er Joqut edaby et daplyd80G o B8YS o shAGCCHRLY daftour s, 150C

for 1 hour a f'or ours orma Wring boar own in Fig.
17. In the WIHeba&ettﬁah@hta%rygt!aﬁpmme@rwéda@f@% aPprokimarely he surface

| ayer portion of the r esinfiller filled in the through-hole 9 and the

| i ke and t he popyeedrallshfipee Thetdwadgelnmes|daspersecihedmchor poitiongisb a8 tar e
removed to snoothen the surface of the board, while the resjn |ayer 13, the
side face of SUHOUNd ARG ARChOr POBRER, BY dhe Kscesypertiong adthe ridgghnes,r fladke of t he

t hr ough- hol e e st e r h ed
surfaces 10a,r%3§ﬂ %legﬁg’?@gée%flﬁﬂ%rguﬁgl#??rg?eéﬁlcﬁi fc? eé] ‘Eﬁ@ﬁ%ﬂ? h%’ﬁléé gggt%gpt he
resin layer lgeRifthetreQnNr Yh@ftedasbnethestderBunsp is Wideh tbhgoreoughened
surface 11 a. That is, the surfaces of the resin layers 13, 14 and the
surface of tHmpronetheaadhesiongpepenatneé the Bshersidectdan Ieamerpprevented. t hi s
step. (6) The printed wiring board 15 provided with the conductor circuits
i s degreased with an Tewanghengdsurfaceris greferabla chayet nmaxaape spsghsessut i on

cont ai ni ng pal] adi,ump chl gri de an organjic acid to forma Pd catalyst.
Ater the acrRIBEDGR G~ Rhe c aVbehdt BB tnln i3 it doé RAPesion Peckiersi thos

pl ati ng sol ut s o hol o f fate,
56\ 073 m? Lo RHST I Al 3G iesior pionbyfo TRt et biaRRRELIaL, L1 S 5
x 10-' ol / L mims afl ¢onsiibepstilpasweidds wHilk whén it ek@edds"0 (i, Ahe Bessiir f act ant
(Surfeel 465, trade nane, made by Ni sshin Kagaku Kogyo Co., Ltd.). After 1
m nute of theaesidneis¢reatediafter she/dévedopingdrantmentadl it is apteto qagse 4 seconds to
formr oughened, | ayers 16, 17 qQf Cu-N -P needl e-shaped alloy on the
surfaces of tHEbkspBIcha@sdr@gdreskageandsthg likgd t he 1and of the

t hrough-hole 9 as shown,in Fig. 18 Furthernmore, Cy-Sri. substiftutiqgn
reaction is carried dAth %Beﬂll]%-lﬁ%gha?%(fubéf:els EWS%@@%HW?%TM@%&%SSG)
conditions of 0.1 nol/L of tin borofluoride, 1.0 nmol/L of thiourea,
tenperature of 35C and pH = 1.2 to formSn layer of 0 3 ~.min thickness on
the surfaces of the roughened |ayers 16, 17. Mreover, the Sn | ayer is not
shown. (7) The above resin conposition D, resin conposition E and curing
agent conposition F are mxed with stirring so as to adjust the viscosity
to 1.5 Pas, whereby an interlam nar resi-#%-nsul ati ng agent (for underlayer)
is obtained. Then, the above resin conposition A resin conposition B and
curing agent conposition C are mxed with stirring so as to adjust the
viscosity to 7 Pas, whereby an adhesive solution for electroless plating
(for upperlayer) is obtained. (8) The interlam nar resin insulating agent

e A — o~ Y b1 —— — =

)




bl ack circles of 85 ~.m- is adhered to each surface of the bczandqplﬁo,y' ged
‘with' the adhesive layer 19 in the item (8) and exposed to a super=Hi
pressure nmercury lanp at 500 mi/cnR. The board is devel“§Bb& Py PEPPEIONg
DMTIG sol uti on, exposed to a super-high pressure nercury |anp at 3000

mJ/ cn2, and subjected to a heating treatnent (post baking) at 100C for 1

"msul at ing | BYFEPTE B2 A0 BCESs GOFUPRS P TG 8- MVBRRES havi ng an
1 1 - . . _ 5 ~ . . ;
ool | ont o1 Dundet & adcfor pBidGs 13 285 T a2hM pRePlneloytpsBE thidle™”

cor r espondi ngrrdrQhk AR veloPimBeAnidnt Ehr be PrevétIV® whilehhgintAhingMpeeover, the
tin plated layer is parfly exposed in the opening 22 for the via-hole. (10)

The board pradliedizth pviopbrty hetwpanihegofighésed surfaceenhd the sbldesiresistdagerf or 19
m nutes to dissolve and renove the epoxy resin particles existing on the
surface of tanmd thetaghesionaepesy batweentharpughenedeturfege mpdithemsitsl r oughen
the surface of the interlam nar resin insulati er 19, whereby ,the

i | a
roughened sub$nsadysalger bump, whilg, the niymber (?r}?feﬁ? POFBOnSTRgl eXkAS it s

Fur t hor mor 6, 21 hvh Sl iRy VI G Un bR bl ROt (o0 UPHE
surface of theubRAcE oif‘l'@d'iﬁ%tﬁéué fftén@eRyelbpIng Grehine@itiRataldd #léghened

depth: 6 p.m to give a catalyst nucleus to the surface 23 of the
i nt er | ami nar adlesion propettgthengedmtherronghemat] suréaderandrtheabldet aesistddyaf t he
opening for the viahole. (11) The thus fornmed wiring board is imrersed in

an ‘el ect r ol eard tepsthesiomAropertn §abveen thergughenedsprige @nd themessli ng
conposition o farm.an electroless ¢ er, plated film25 of 0.6 p.mover a
whol e of the{’?rlﬁ?ahﬁ‘?@ﬁr EWPP&C@B bgsmgwg&ﬁeﬁi.n Fig. 23. [Electroless plating
aqueous solution] E . %I{&%Q]O lﬁ%@g §2r5L'/| 2?};58%—51 /L
a,a' -bipyridyl 80 nngjf(f&l%é%(/ : Qﬁ_e ?‘%:ngg% §%ﬂgg§ p I ng cllgn 1t 6l?1agfgLi qui d
t enper at ur e @fbe/9B0Moirianeitags. ( Whenrtheshanber of frdgelingd is evithdrtey ci al |y
avai | abl e photosensitive dr y film 27 depicted wth black circles 26 is

attached to abeveggge, theghape of dsxoughened erigceigsorors sempdicatadr aidede
lated film25 f in the it 1 k js placed th ,
ehon 8 expbutsacrisea s Mo revaC aykEane Himaks beafah seldes PREs s odt um

bonate toos ! . a-dt pe .
Eroooe, © 19y GHBaPUA ) ESIdRE oA Bréertic il cofldr REASIRTEr A BRI 1

to an el ectredbé tmpapRdrand Atthd Sards Gigde tHeearebial deSiduB ¢afi @Asil¥ beremboed.or m an
el ectrol ytic copper g{ated film29 of 15 p.min thickness as shown in Fig.

26. [Electrolytic plMdragvegieowsnber oftdachjof ochon partieos.det¢@B pprtioGopper
rsnlf} [at e 80 g{atlfd 1/'Al\ gi:ltirilélseis cle<pa ezsién%gél gy %1’ avtﬁ;rfligdeeotn I%rggs’urgg (\jlf:eau%%/ W'Al\lte%ttﬁgh Japan) 1
roughened surface is pictured just above and obliquely from above by 45° by
means of an electron microscope at 5000 magnification as shown in Figs. 2
and 3 and each number is measured at an optional region of 25 pm?.
In the invention, the roughened surface is covered with the metal
layer. Figs. 9~12 are section views of another embodiment of the roughened
surface according to the invention. In Figs. 9~12, the roughened surface as
shown in Figs. 4~8 is covered with a metal layer 51.
The metal layer 51 as shown in Figs. 9~12 is made of a hardly

oxidized or corroded metal or a metal not damaging the adhesion property to
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[Electrolytic plating conditions] Current density 1 A/dnez Tine 302|Q| qgﬂegﬂﬁz
" Tenperature roomtenperature (14) After the plating rgsi i ed and
renoved with 5% KOH, the electroless plated film 25 bg%ggg%éﬁ#gggﬁiﬁ)ng
resist 28 is dissolved and renoved by etching with a m xed sol ution of

sul furic acid and hydrogen peroxide to fromconductor circuits 30 of 18 ~m

n Ui cknessoamairieh Rimtig rhSek hahedan 6RARSYy B Griyk baicay and the

el ectrol ytic copper plate m 29 as s.llwvvn in Fig.
27. (15) ThgplgambuimpeseieNthifetal itde# ik toxidizéd or 8ogaded.ed out to forma
roughened surface of Cu-N -P needl e-shaped alloy and further the surface

t hereof is subject eAntdalSy tbeibstaltlayérgrevénts thd farnsttimmsofodxite &ilmt @nrs
(7)(15) are repeated to form upper]ayer conductor circuits, whereby a

mul til ayer ¢REPHENBBHEY on the swehenrchsurfacey pndgoversihe rougheged sprfage gtighened
surfaces 32 haying a.-49. 0,0 E ~0z 9980 PCT/ JP99/ 03556) thi ckness
of 3 < m ar &SP REaREYanR e RE EREEtiahener shifars And Ao M ace | ayer
with an etchj {1R; L t i f,

copper (1) - L3AdeS e AR GBERY Myt CerP il uBedt Afack arldhERERE,

wei ght of ppisas Fotimngedinl slehe métaleddalipssider biimge name, made by Mech
Cor poration under spraying through transferring rolls. The tin substitution
is not applied to tBech amdtehlagescarf preyentther onveeingafgidbesidnsirehgtde i s

observed just above by neans of an el ectrqon scanning m croscope (x 5000),
it has beenbeyfenrthe goyghaned surace pod theosrldar esiss bayRs of thepdhesiopg are 11

"nes 1 o 2osiahbeRgEtn (RafERerd SRGRERRA e Mdal SR b, & neg
by i xi ng 46. 67 g ofimeRNOTAIANGE dncRldsS EhaldBLSUNRMAR] ght © 4000)

wherein 50% of epoxy group of 60% by wei ght of cresol novolac type epoxy
resi n (madeconystitifipg theddspzhkenddsurfdded njetali trsakagedisinot EMiXed at®h® g of 80% by
wei ght of bi sphenol A-type epoxy resin (Epi kote 1001, trade name, nade by
Ynka Shel | waighened syrfacs seithatdhe peplng petveaemthe gevghenedsusfage gnd dhe

i m dazol e curji.ng agent (made, by Shi koku Kasei ., Ltd. 2EANVZ- , 3 g of a
pol yval ent é‘&lpﬂgf?gsﬁrim %ggw%enptll?gtrgggh%qepi Wg}%ﬁr%‘hég? nl‘?t?)l’\%”gfﬁ ol yval ent
acrylic non i Kagaku Co., Ltd. DPE6A) and 0.71 g of a
di sper si on g&é}i?légﬁggl gﬁ?%ﬂgéﬁtg{le?ﬂng%e by Sannopuco Co., Ltd. S-65) and adding
2 g of benzophenoneld frdsrimyd Kafihg beagdkccdeding ot tile inveéntinp bied oi ni ti at or

and 0.2 g of Mchler ketone (made by Kanto Kagaku Co., Ltd.) as a
phot osensi t reughened shfaeebag thengetal layar. sottbatidie wxidizp@ oy ceroded layen 2. 0 Pas

at 25C. Moreover he viscosity is neaspyred B-type vi sconet.er . using
Fotor Mo archagly fosfela eubieheeliiatics: « hine el o Gomecen iy 20,

t he conposi ty r r J i ied 1 hi ~.mto
bot h sur  ac.Ss e, LR adHE AR profSy o e G EhisElorhib PR T et o)
After the dpyhéiihsoRRE Befip BtmaAfQined addhshddithepeeliRf betw@nIheC 2~~2 99804
(PCT/ JP99/ 03556) and 70C for 30 mnutes, a photomask film35 of 5 mMmin

t hi ckness demigheadd sitfacesancd the keldpntasist foxmengkrepat ardety e@vthiesop gherdl

t her eont o, exposed a ul aviolet ray at, 1000 mJ/ cn2 and devel oped with
DVDG as sho®ip¢e & &eeasetasrﬁemath golder Eumpelétr@a Cysed W@&ﬁiyﬂb‘"aﬂn&at ment at

80C for 1 hour, 100%11{&:%&%1 ggg{{shlﬁ% ‘%ﬁs%‘f16%%%%%33%?)5%12%&9&9&%9OurS to

forma sol der resist Tayer opening di aneter:
200 ~, m t0gpofiPeIRistRACoMMahiA 23fc, (it dif lingiuRg tRaltiudy, kebaltamdkel, §inl and
portion 37) "as shown in Fig. 31, whereby a printed wiring board’i's
produced. ( 22, bivamythtand dowsbld mptalvi ded with the sol der resist layer 38 is
imrersed in an el ectrol ess nickel plating solution of pH =5 containing 30
g/ L of nickel chlor Tdese matajs haigily saeneLonidgtperppoepiipsienaardl ohey areof sodi um
citrate for 20, m putes t orma njckel plated |ayer 40.0f 5 ~. mi.n

t hi ckness oRXidige %ﬁsﬁrﬁ@&ﬁ{»mq eSO Propegy tq Iee Kssipt fapming fesifer | ¢ he
board is i mersed [.h.,an S. ga ing solution containing 2 g/L
of pot assi uitt ‘iH‘C@QRP@’%@@%}’@@gﬂ?ﬁ&ﬁ%ﬁ‘?ﬁ%m oride, 50 g/L of sodium
citrate and 10 g/L of sodi um hypophosphite at 93C for 23 seconds to forma
gold plated layer 41 of 0.03 p.mon the nickel plated |ayer 40. (21)
Thereafter, a solder paste is printed on the opening portion of the sol der
resist layer 38 and reflowed at 200C to form sol der bunps (sol der body) 42,
whereby a printed wiring board 43 havi ng t he sol der bunps 42 is produced.
In this printed wiring board are di spos &-usual Wiri ng portion (line wdth:
75 ~m and fine wiring portion (line width: 50 ~~m, and further the fine

wWiring portion is divided into portions having a coarse wiring density
(di stance: 400 ~,m and portions having a dense wiring density (distance:

50 ~. 1.



E~canple 2 Fig. 33 is a diagrammatically section view of a pri nZer %Cr iZH@;?
“board 44. In this exanple, the production steps are flr.lr%fg sane
-51 2 0 D~ C Q02 99804 (PCT/JP99/03556) as in Exa QW%/B%%M

t he roughened surface in the surface | ayer conductor circuits (conductor
circuits for solder pad) is covered with a netal |ayer 51 as shown in Figs.
912 at the step (17) ., A} |, J: ] ied by an
el ectrol ess plati ng.A?ﬁ‘élicﬂméf%@r?e@mrﬁq?ﬁglﬂq%égg‘r?&%la%wgﬁ?ﬁfl] ?:?(xﬁg@géng 0. 04
~ m I'n thisteaiens &'%érhﬁaﬁebﬁﬁér B 18 sknafleflfanbo@uiurk 4 Wiked @emed on the
opening por |ions of The solder resist |layer 38 through the nickel plated

| ayer 52 on tdwghohekairfaceyisrcovtrednslith adaged of pichtemeltalyoemoblk mbaleon as

shown in Fig. 33 at the steps (18)(21). le 3 This exanple is fundanentally
the sane as thereesambe preveasaskihe disselutiomof dgegondyetygircyitdbraughtloeal pl ati ng

is used instead of the.nickel |ayer through t el ectrol ess plating as a
ot o) aver SevEsdeiRACHEn S D edeatht e st S AR or b coul s Tor
sol der pad. This tin - £ hi - ~ . i

exanpl epi S fundamsnté%%@[]#ﬁggé&ggggﬂg%@g%?én%%@kg{e%{ﬁ?@y élcgl;léaq%ayer

through el ecgf pbdsiditidlzimetalSsuehad dislsdieas, &balhadhetiemdtalyeras lfeough the
electroless plating as a netal |ayer covering the roughened surface of the

conduct or ci nchletsethhmat saastene pAgdold] kil gerz platinuay end paHadiutrhisalesirableof 0. 05
~.m i le This exanple is fundanentally the sanme as in Exanple 2 except
that a metal |ayer tAsdymeialint lowpdng thoadhesionpeppertythesween thenaetalckel

| ayer through the el.ectrol ess. plati.ng as a netal |ayer coverin he
Fonghened s BRELEn I STt i g Eip BySR of Sud Bersidn kit dhet o

| ayer is nad i t hjsckn . . 2 ~
Qr C 2002 993 éldé(dpgcﬁrki’?ggblﬁgg?géﬁl Q"é‘i’%ﬂ%ﬁ& uhDBENTS ’eﬁ’@%‘@’a’?ﬁ?lﬁﬁﬁéﬁf
Exanpl e |, aamd bishedhw ring board 45 shown in Fig. 34 is produced through

the following steps. (22) A nultilayer wiring board is obtained by
repeating the steps Tbqu,Mberbﬁlegsaua%@r@dlsurfﬁcmcm@ngmthmpp@mtnqy@r

conductor circuits. .The innerlayer conductor cir cuyits.forped through these
steps are no?o‘éﬂﬁﬁiﬁlﬂh&f’ﬂ'@et@i Lﬂﬁéﬁg}adﬁﬁ@g@@s} 0?%8‘%6%5% r@m{'}lﬁ ts for
sol der pad i . p : : j 1K -1 1p.Fhg. 34 are
hown by heB SR SHAERE (i 2ind, Ml indnGE (RIigE BBRE LR, 0 51
formed at thrad}EiRmuid hn@mhobkaumet#, the rod@enbashapt BuRsbleifoF pevepans _
provided with the conductor circuits as the surface |ayer i's degreased with
an al kal i, sthetresinoksiduanéier theadextloping treatment panaintdined amd tent ai ni ng

pal | adi um chl(%{i de and an organi i

acid to give.a. Pd talyst. After the
Betivat i on ofdliasian Bpsriydetween the copdurtspirchichor splder pad aud thy sqifer,

sol ution of L = o) LI ; I .9 X
103 ol /L ol AR R odedy befech BB copBbiof B8R tBtaiBbipad]: §
10" nol /L ofnd eé metah pepehRSBlder dupiirardd thestiédgth B”ﬁﬂ{é—sdlkﬁer%lﬁ]gﬁ tagbant
(Surfeel 465, trade nanme, made by N sshin Kagaku Kogyo Co., Ltd.). After 1
m nute of thempravedsion, it is vibrated and rocked 1 tines per 4 seconds to
forma roughened | ayer 39 of -Ni - P needl e-shaped al |l oy on the surfaces of
t he conductor ci rcuiMaﬁFﬁ@ﬂ%%(c?XﬁmFﬁélﬂﬁ rqyg?@gp&gp%@@e withahe mgal s f or ned

on t he roughgn | ayer. 39. n antizh ng_.ls use .

2 3 bens ot P EbaieE WA e el MM [ Rt HE Balele 4G toleos plaing i on

cont ai ni ng 159 i ; hr : : i2,0f 45C
for 1 m nut e%ﬁgy%@hggh\ﬂﬂ’h@s\bg?g?ﬂt)sgﬁ?%rér]nééttﬁ %gﬁl@g?g%%ﬁﬁégra&g%ggon t he

roughened | ayrd tli¥9like.

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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(25) Thereafter, the printed wing board is produced by form’2 D@% §@2g(ér
‘“resist layer 38 (thickness: 20 pm opened (opening dig9 é)e : A%]’%i %6 C
7002 99804 (PCT/ JP99/ 03556) 200 ~.m) in the sol der pa @S it PICIATEY03556)

(including via-hole and its land portion 37) as shown in Fig. 34 according
to the steps (18) and (19) of Exanple 1. Mreover, the anti-rust agent and
t he residual I elnt j rtion
are romved BTN el nsval s EF teTBhpheh ¥ Sirrdcl,  WnOpEY SRS

made by KyusjiyeddBhgn' 9ot ﬂmgﬁl%%rdgfggleﬁed Sirlfgee Ediendt domhSIetely bk '&BVQRL%E dai S

pl aced at a vacuum stat €, asma treatnent 1s carried out a

pl asma di schahilé Rehemu@kededsdf uinQBie Meta peasges inteqdips of pi hened 0. 4
MPa, an oxygen feeding rate of 500 sec/Mand a treating tine of 2 mnutes.
(26) Then, tswfackue offsesthe itregutasdy lob shairaughenedsedacecarst dheraglhesionhe st eps
(20) and (21) of Exanple 1 to form nickel plated | ayer 55 and el ectrol ess
gol d pl at ed Prapesty bstween the royghensg putaceqng t e,sogiﬁl'a@lgﬂwm qrpetygen 34,
whereby the printed wiring bhoarg, 45 hawvin 0 [ .hunps 57, i uced.
(27 “The. or i Reaigenti opBie 430 dnd Pt B AR Llls RUIP Iy o BP0 by o
devi ce having a rout -MYHeled Sul? JrfinBUBIh& i Eikh Ran HeSormat

i nspecting short-ci r’gﬁ?% hg \el:\,i ?ltla E‘?ezgél}agen%;{ tﬁelprl ﬁ'ﬁbedw\?\n ri na board to
obtain a deshy adatiig teecbntuctorgitoais dor Mbldeopads with phascEng sehttivant Wi th
oxygen, carbon tetrachloride or the Iike may properly be added at a

| et t er pri nt i eaptainegg eoppardin¢omplsxamdoan ergabipradid.onSheh ae etchamg selvgioni ke or
in order to inpro

ve the equality . of the solder resist |ayer., (28)...
Thereafter, ¢ @%fﬁﬁ%l“‘b r(S“Pbeﬁ“éoﬁﬁFP‘i“It%?’é eI %y@gn\%gthég %@‘Ho%re

positioned t e i chi i e
board by ma%sca]o%%igﬁl}ég’el?@é{ggéﬁ tﬁg lg(g\'/i ggQgi#d}d ? ?‘iggé tg chﬁs%%dr%sg%dn% are
reflowed to pereed Aecoiainiano thefplléWiddRabis® foreh; an under fill resin is
filled between the IC chip and the printed wiring board to obtain the

printed wiri@g +bCafld)Aprn2CuddAL e~ herdtlonchi p. - 54 2 0 D E C 2002 99804
PCT/ JP99/ 03556) Ex |l e This example is fun nt al | he.  same as in Exanple
53 except that t%]e f ot R Dm tﬂ/ﬁe+rrb%ﬁh@r£§‘q§mmélz Qarried out by ™
etching with_an etchin ! t.al.nl t i of i m dazol e
copper (11 conBieds AL DeiRplbyRlat R AU SEpPAHRO M 80,071 s By

wei ght of potasgaiddontludhb&s, i-e. "Mechetchbond”, trade name, made by Mech
Cor por ation under spraying while tr ansferring through roll s to obtain a
roughened surface hakksshowntihithk abswe rfacBon fonmilactheatsdtingtcoppen{Bt pr oof

| ayer is fornmed on the roughened surface by spraying the sane anfi-rust
agent as in %ﬂ’;ﬂxés@lsépl‘ff%chﬁ an Apidrand handsypuith oxy genrig forewegrnes(Ds
fundanental ly the sa as _i.n Ex l.e Xce t hat. t he roughened surface
havi ng a nax?’{(?mﬂfeﬁeiwgﬁ?h gga1g Cgpﬁﬁ{ge%g’r%c?x%at%%ﬂﬁpféti on-reduction
treatment using NaO—E_ﬁe_J:Q% L) coff QU&QQngﬁé}n\%ﬂﬂoWP%rﬁtﬁég(&)pr?es an
oxi dation bath (graphitization bath) and NaOH (10 g/L) and NaBH4 (6 g/L) as
a reduction bamplexTdfeareaddler , Thisrtypé of tleofopprydl) ¢anplex ety asnart he r oughened

surface by applying a solution of 10% by weight of toll ){Itri azol e as an
anti-rust agexidizing isgent exidizzremetallio ggaper ooihe liksat ¢ks the azple therg args js a
partial section,.view,of printed w.ri oard,46 in.this exanpl Thi s
board is profSCEE? d{al?g?e'ssa{f@zﬁg‘ﬁr‘?élp tﬁggf“ﬁeﬁxaf%ﬁ‘%ﬂg @fgbb’?“‘i%g’?e’?l'n | ayer
109 having a i bﬂﬁﬁ f 20 o BN ) NN Y0 1 4k 0 LOj plating after
the formati O#e@#ﬁ e ?g%g%ecrﬁggh@é@ezp%g ‘?atﬁgptdr %ﬁ&?ﬁﬁhgéﬁlg’%of | ayer 110 is
formed on thghédylirhid4eslel Qhmdclimedzolband ehel like Ara\Refetdleof the conductor
circuit for solder pad in a solution containing 10% by wei ght of

tol |yl t ri azoTheaddaionaarhoumtustithagepperéll) aomphpeobtherazolefis ppefefablyl mi nut e.
ExamIn a 10 This exanple is fundanmentally the same as in Exanple 6 except
-55 2 ~ ~, 1=15%by veggiv. ( Berauses theoanaplextipgrcelipnt inthehetebilisy prdce

havi ng a maxi hei.ght of é ~.mis fornmed by etching with an etching

sol ution con?tggmtﬁd“%ﬁnﬁg‘?? OYy'4ReéFght of i m dazol e copper(I1) conplex, 7
parts by weight of glycolic acid and 5 parts by wei ght of potassium
chloride, i.e. "Mechetchbond", trade nanme, nade by Mech Corporation under
spraying while transferring tlu ough rolls. A nickel |ayer having a

t hi ckness of 0.04 ~.mis forned on the roughened surface by el ectrol ess

pl ati ng. Thereafter, a rust proof layer is formed on the roughened surface
by i mrersing the nickel layer in a solut?dn containing 5% by wei ght of

1,2, 3-benzotriazol e and 5% by weight of tollyltriazole as an anti-rust
agent at a tenperature of 55C for 45 seconds.



. ﬁ(]agpltﬁ 11 Thihs egarrpl;a IS Lunplarrent ally thehs_amﬁt asfi n Exanpl e 623@0[@{“]_8@ 2002
a e roughened surface having a maxi mum hei g o] . y
graphitization-reduction treatnent using NaOH (10 g/ L)9§8%@E§P%Q@%%L) 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. Then, zinc layer having a thickness
of 0.05 ~mis forne . r i ing and a

d]f“lg{%lglé ﬁltc &34'5d é@ﬂp&ﬁﬂ@é@&ﬁﬁ thie! E{uﬂtﬁﬁgﬁ}’ céﬁpiéﬁfo'r

rust proof |ayer is her eon by spraying a So n” contal ni ng 5% by

wei ght of | &ss%ibﬂ@k@?ﬁhﬁéﬁh@. ang cade SyuyBk 8 c&iper@l) aﬁxh%loeaz@tﬁeas an
(0]

anti-rust agent ont e zinc layer at roomtenperature. npar ative

Exanpl es 1. d@zol)ekeorganiphcd infaydrablyatrdedsabhy s¢lbeteddnemahe ignodpxanpl e 1.
However, in Conparative Exanple 1, the roughened surface is fornmed on the
conduct or ciqosgistingpffogniciagid dcgliencisl; pyepienia acidthuinirie agids tvialaria acidat nent

using NaCH (10 g/L),,NaClp2 (40 g/L). and, Na3P04 .(.6 L). as. an oxi.dation

bat h( or aph PSR BELTIC 261t SEksie 3610y PR3 AcidNaBlgHic GCih yConig
reduction bajlk i j 1V : : aughe . : . made of
copper - ni ckg%c?%t%@%k%rdﬁgh ’Eg%%%ﬂ’a%%%&ﬂ%g’ glg/ C%@‘Fe?ré@’ gc{r%%{&ﬁ%l&c’grﬁ%%t or -56
~ 0 D ~ ~ ~Q¥id 908 QdIfhmicTAARI IR Frelditi 6t hfbuht @Bthd orbadid&eid ayer by using
an electroless plating solution of pH =9 containing 3.2 x 10-2 nol/L of
copper sul f gireferably within-Bramge/df 00I~30%Ksl wseight fdremamtdiningl heXolmbility of a

conpl exi ng agent, 3.3 x 10-' nollL of sodi um hypophosphite and 1.1 x 10-4
mol / L of a s¥rthaexidieed spppesand epsuripg theisolytiae stabdifd. by Ni sshin Kagaku
Kogyo Co., Ltd.). In.the pri.nted, W ring bgards of. Conparativ les 1
2’2, Cusual wi i ng BoMeing g A horSRg 15 45 ingREna Ny Pe adahay <

Wi ring densig.y '%ﬁl’égfﬂfj?ﬁl%' b iK8rdensh.t di e 1 d I'i kew se
Exanpl e 1. rr% ra%dinvecExarrp e 31%1 S e?argrf) e’l%f(s)ﬁl?ltgm ament al {l%rt e same as
in Exanpl e Zassisciptthé dakolubienrofwgbpoeand thed axddation daioredf e dzoke.conduct or
circuit as a surface layer by graphitization-reduction treatment using NaCH

(10 g/L), Na¥udpa haloggnign may beagpplicd@sdrydyocdornacid; sedingnclidaride or
raphi ti zat | on. bat and. NaCH (10 and NaBH4 (6 g/ as, a reduction
L AP © o e Pne i hnbin, O e flamion is FAetably REhfuR Fice. oo

wel | as coar i 1A ' [ L ' tjon are
formed Ii kewcﬁg()e'%%%l @ﬁ%‘%ig@é rlﬁg)gir‘}asteﬁggaﬁg%ﬁ%?é&f%i @3@2@%‘? resgitin
fundanent al | ppulghen&PERfAS and th 86Klee resifNapdttis R&dlldnfe roughened | ayer nade
of copper-ni ckel - phosphorus needl e-shaped alloy is fornmed on the conductor

circuit as a surfacelhagtehingysolstiomaerordingdortbe éssngloatdandeguiepatedroyof pH =

9 containing, 3.2 x 10'2 nol /] of c er sulfate, 3.9 x 10-3 pnl/L of nickel

sul fate, 5. @lﬁsoiﬁmzt ICPEP‘H\(héC%’&R%B&{fW& azgisgnd %Pé’f&a@é-am f/L of sodium

hypophosphi t . - of : ( 5, trade
ﬁec%gﬁr%ﬁ t%al%eé%gﬁ) %lx/ater. Aﬂt@igﬁfeﬁ&ﬁﬁélie iy fb%‘%Jseﬁg

nane, nade by N'ss gyo Co., hi's” exanp usual

Wi ring portigiiinRiéally Beaitiblé BEhhy §61Qtienafor eRhmphs WReh Fichbordrdrdgssi ty
portion and dense wiring density portion are formed |ikew se Exanple 1. -57
Z n n ~ c z-1idme,998deiby REOhICOGIR®ME) Conpar ati ve Exanple 5 This exanpl e
is fundanentally the sanme as in_ Exanple 6 except that the anti-rust agent
is not applied to thAnayeigse siding apaaty wihphe efching solation i Bvermbly exanpl e

is fund tal th i n_Ex le .7. t t t hened f
o o S TR P51 R SRl S B Bl BB g 2o
sol ution C0%I%P@hy%e@voeé??ﬂ%sro{?%fhé%d%}fﬁg andtH@ZAUEr FRRRBAer 1OweRTP! ex, 7
parts by weight of glycolic actd and 5 parts by wei ght of “potassium

chloride, i.whiléMamhnet exdeeds!'10 hadhe resitErcsidadés g thertaGoedandhisonhender
spraying while transferring through rolls and the anti-rust agent is not
applied to tw@-img)bgﬁakag@amgﬂfedﬂ@_ are easily caused in the fine wiring of not more

than 50 um.

In the invention, the metal layer may be applied to the thus formed
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Peeling test of solder resist layer Wth respect to the printed
"boards produced in Exanple 1 and Conparative Exanples 8%&%%]@3%#% 2&@
test of solder resist layer is carried out after the f

sol der resist layer and after a reliability test (under heat cycle
condition). Mreover, the presence of bad continuity between conductor

circuits is Pcﬁ{@%&ﬁj s@&&é’@e% Hifs GRE! 1R rﬁ&qhﬂﬁr@?% it 0P aijé&§ﬂ e RE! 0”3

and al so orga resi the bottom o e-opening portion IS neasur

The results ggctedTMsin 'tl'ib grdpecohsistidig! of tkafiah, Uahé,aror, eﬁdﬁaﬁvahamhhﬂg
porti onExanpl e 1gxanpl el | "aExanpl el 2éPeel i ng after the f Id f twri ng

density - coaolsﬁnmnﬂndamhrbmnudnam soblemetabasmentipaed abdveM ri ng
density-dense none none nonePeeling after heatwiring density -
coar senonenodadornsiedreot dstmetahiayien gnayebes caryied s dydHatingierapoe Bad

OO e e Sa2t ST OSNONeNONE 21y jueen con
preferable in view of the uniformity of the resulting metal layer.

In order to uniformly form the metal layer, according to the
invention, the roughened layer after the roughening treatment may be
subjected to a heat treatment prior to the formation of the metal layer. Since
the etching solution and remaining components are evaporated by the heat
treatment, the surface state of the roughened layer becomes uniform, which
facilitates the formation of the metal layer.

The temperature of the heat treatment may be set to various ranges
in accordance with the shape and thickness of the roughened surface, metallic
components and thickness of the conductor circuit for solder pad and the like.
Particularly, the temperature is favorably within a range of 50~250°C.

When the temperature is lower than 50°C, the effect of the heat treatment is
not observed, while when it exceeds 250°C, the roughened surface is oxidized
and the resulting metal layer becomes ununiform.

The printed wiring board provided with a rust proof layer
according to the invention is described with reference to the drawing.

Fig. 13 shows a longitudinal section of an embodiment of the
conductor circuit for solder pad to be provided with the rust proof layer
according to the invention. Fig. 14 shows a longitudinal section of another
embodiment of the conductor circuit for solder pad to be provided with the
rust proof layer according to the invention.

The conductor circuit for solder pad provided with the rust proof

layer according to the invention is disposed on an outermost layer of the
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none presenceOrgani ¢ resi due *3bottom of via-hol enonenonepr esence2-GHEC 2002
"0 ~ t; 200 99804 (PCT/JP99/03556) *1: observed by nea ] e (X
50). *2: heat cycle test of +120C and -20C is repeat e@g@%(})@gﬁpﬁ%?@%
Thereafter, the solder resist |ayer is observed by nmeans of a m croscope (x
50). *3: observed by nmeans of an el ectron scanning m croscope (x 5000). As

shown in Ta I ! F_Fﬁrqm e are not
caused the %@%ﬁg‘*‘g’f‘%@ﬁégﬁgggﬁrﬁ%@%@% F’g%%hgéng e o‘%%%?‘rl%lﬂg{ee of bad
continuity bejla@eurhpe cOnEHscoRdEtbEsiré it fablAdTHadrid PRbtectedSkHEhé S not
observed. In the printed wiring board of Conparative Exanple 1, the peeling
i s caused i rsdider resiat lyenso as gotendir¢otl yomceiviedrightéreperaheelandthighicl e test,
while in the printed wiring board of Conparative Exanple 2, the bad
continui ty beresswn frame egtonnnandiprevidediat itsisyrfege sath thedonghenadgmfaser esi due

is observed at the bott of .t he openin rtigon. Peeljng tests.of solder
resist |at erf%ét‘i’gtaéﬁﬁn(ge@ ﬁ%‘n%ﬂwlpﬁ PE@E%@%{&E Q(ﬁgerd}eﬁﬁ lé’d'%W‘Fé ﬁg“%ar ds
produced in | e . i ve Exanples 3 and 4, the peeling,
cracki ng ana;qi%gﬁnl rgﬁgﬁy?ﬁg%oﬂgﬁ%si st layer and the sol der bunp are

inspected after the TRE FRidheRe®burdfhes ﬁﬁ'tﬂ@fo@h'dm)rﬁ&dm@frh&rprbaﬁld}%ki ability
test (under heat cycle condition), and the shear strength of thé sol der

bunp i s nmeasaoceddingnd thdymveatibn moluges @sdughened ghrface h@s Kemmédsbygarri ed out
to judge the presence of wring breakage and short-circuit. The results are
shown in Tapiotgheninga surfacg of amainbedy 030k aropductor circuit 101 for solder

Ex | eCo i | Eval i i d | 4534sol i
St at bpr esendeRbitrSue RTapSHEIBREALHETD HER S OB gBe ikt gaanov °'
sol der pr esenerial 81 £1d 1 hRUHEERSEIrha01 O AAMENBP BRRASRARG P RSARG AT ! 1 On

of cracki n *2sol ontTnurty testnonitor

r esul t goodgolageo b0 ande addlaslsditsiesssplatsddiilin of shekke 6h Aangfatt 2f Q3Ra02 002
00l 602 0O0sol der bunk f/cm*4,..... sol der resist statepresence of eelin

* 2nonenonenobrdioh&h ofiecondpeter cinguivfl 04 dpriselderepachaeshsiw ieFigidppeel i ng
P tor T esult goodgooaoanqEINHL RS Read REriict WIbLGR B PLOSERYERI 001
according to the invention, the roughened surface is formed on the conductor
circuit for solder pad as a surface layer of the printed wiring board provided
with conductor circuits through various steps. The formation of the
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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901 901 90l

‘cycle (135C
repeated 100
m croscope (
pad. good in
p.S2, bad in
when a top o
vertically,

taki ng out t

501 60sol der bumk f/cm*4...... *1: neasured after the aeﬂﬁc

for 3 mnutes and -65C for 3 minutes in a Lifui '
0 cycles. *2: a cut section is observed bybérr@arqgcrfgwg)%g%)

x 50). *3: confirned continuity between sol der bunp and BGA

2002

the case that value of contact resistance is not nore than 1

Pﬁﬁgle%ﬁ%ﬁﬁ%ﬁﬁ%n ¥athy ﬁn&’iheﬁxoigx@gfstixlﬁgﬁis % }Sgﬁﬁﬁ)n%?ﬁgglgélﬁ PPZ% ;g:

ester 1s attache er burrp an

andWHBH £4 a Y&duetiofifbatine Auhbhxin@sihdieiflw dfand réligleenedne of
he sol der bunp. As shown in Table 2, Tn the printed wiring

boards of Examfheesis3rBhinroraneeldf fig) bytipior.acki ng of the sol der resist |ayer

and the sold
sol der bunmp
Conmparative
resi st |ayer
(PCT/ JP99/ 03
short-circu
respect to t
Conparative

er bunp is caused and the continuity and shear strength of

are excellbemxidationgash aphitizationdath) ridesirably; vsgdio e aof

ARPAbioB sRags oMLl e/ NGRS 216 S8R °' "

N e A S

t are even a rell a

liRe D! Ttk qilefokdbl0 thd1qns donducreiiciechit [ imnABREaSn Biris %htmg;i o
(0] e

Exanples 5 and 6, the peeling, cracking and the |ike

sol der resi ssolusiparat artdmipeeatsx afe30-OT0 far 1a 15mepme¢sed Hid sxbsedpeerftor mat i on

of the sol de
condition),

continuity t
W ring break

r bunp and after the reliability test (under heat cycle

sedncting @H@&d@&r@bbgmddp fta’vé_as‘g?raawﬁt(aﬂpatz&e %EIQQ d, and t he
T500 A R BTETT R0 o R0 A vt Glal Al TEE ™S e

4. Tabl e 3 ByxaiBidtfe thak the conductor circuit is immersed in 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
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i J dltenson va uat tenmsgnment u6789sol der resi st statepresence 2[} In

" of nonenonenonenonepeel i ng *2After thepeeling of soldegﬁ @
ppeel i ng andnonenonenonenonef or mati on of cracki ng *2sol unpcon ty

testnonitor result *Bgoodgoodgoodgoodshear strength ofshear strengthl 961

992 062 15sol der bunp[ kgf/cnR] *4....sol der resist statepresence _

of nonenonenaNeNORERASS.| MBhiLhd £5 he@guﬁacéebﬂeﬁn {5 mfed@%e%peel I ng

andnonenonenonenoner el i abi [ i't ycr acki n *test lcontinuity test itor

resul t *3gocmgdahdgyowglgmedd hparmay be rﬁgtrheabba heasuighcechgtihdf hélonddcld?

15sol der bunp[kgf/cne] *4.... *1: neasured after the heat cycle (135C for 3

m nut es and ABBE. for 3 nlnutes inaliquid tank) is repeated 1000 cycl es.

-61 Z0DEZC 200 98 4 a cut section is observed hy ans of a

mi croscope (x 50). lﬁpﬁﬁé&ﬂecmghﬁaﬁéyur&mmema@¢ 5@ @nd BGA

pad good in the gase that value .of cont esi s eis than 1
"S5, %bad | it §58 %nﬁa i cybliEegn G8RbRC ThEBeRIBNbEbe kRt aaga & frah 7

when'a top of vigwRdhde SfaRhRing Sashids3GHAAAhESbRDORLAR" RyfBxiifin BelgiRd uP

vertically, rical e pul tes 'S rea

t aki ng out tdf&hé@d)li@’fenbd@m'faaa'xsb\bﬁhﬂa Em@ﬁ@@%@&m%ﬁbf@ﬁﬁ?ﬂa]mﬁi on
i temsJudgnent Exanpl e101156sol der resi st statepresenc *of

2nonenonepr é¥bae éhisrlesy then khppedéhée h@h@ﬂolsptmmf@sthnseld@f lmﬂﬁl@ml i ng
andnonenonernonenon tion ofcra *2so0l npcQnt i nuj t t est noni t or
result *3go ay&wdﬁaﬁ%ﬁgﬂ@a«w%w%ﬁé#ﬁ JheReshing o g?f‘g qigqrsreﬁlst ayer and

the cracking are caused because the uniformity of the roughened surface is not

:C 200

held in the oxidation-reduction treatment and the electroless plating.

As an example of forming the roughened surface with the etching
solution, there may be mentioned 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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2 08 32 1 1 41solder bunp[kgf/cn®] *4....sol der resist statepresere8 DEC 2002
* of nonenonenonenonepeel i ng *2Aft er peel i ng of sol derpre i ng
andnonenonenonepr esencerel i abilitycracking *2*t est 1c§ﬁ$§£g?%%ﬁﬁg@gﬁﬁkitor

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 -65C for 3 mnutes in a liquid tank) is repeated 1000 cycl es.
*2: a cut section is observed by neans of a mcroscope (x 50). -62 Z o
r~~~ zooz 99804 *3: confirmed contﬁﬁuity bet ween sol der bunp and BGA pad.
good in the case that value of contact resistance is not nore than 1 i.52,
bad in the case that val ue o8y é@; resi stance exceeds 1 p,S2 *4: when a
top of a pull tester is att3 to tNne sol der bunp and pulled up ver
tically, a nunerical value % e Bﬁfl tester is reatd(B a time of t aki ng
out the sol der bunp. \Wen the openihg portion of the solder resist |ayer is
observed by neans of a mcroscope (x 50), the resin residue is observed in
the printed wiring boards of the cg?parative exanpl es, while the resin
residue is not observed in the printed wiring boards of the exanples.
Further, as shown in Tables 3 _and in the printed wring boards of

Exanpl es 6~ 11, no peel -3 - S ng of the solder resist |ayer and the
sol der bunp is caused and™t ' tiy ty and shear- st(8ngth of sol der bunp
are excellent as conpared w R e Printed wiring boards of Conparative

Exanples 5 and 6. And al so, the strength between the sol der resist |ayer
and the solder bunp is sufficiently maintained and the wiring breakage and

short-circuit are noThe GMRR a2t kREclldir if @hd ARt pidofinigestect loff VDUSTRI AL
APPLI CABI LI TY As nentioned above, in the printed wiring board according to

t he i nvent i oooppendecausgitbey doswolf theoxidationyreacgow ehcepzare  iand dsogttiepn t he
surface of the conductor ci r(iuit for solder pad and the sol der resist |ayer
is strongly G@Ret MR Bad B 8 GERAVEET CHGWH EXRESCUPARRPEN4RS MR ( he

sufficient adhesion,proper bet weep_ t conduct or Circup,t t he sol der
resist Iayersgaﬁr B%d gﬁgﬁﬁgh}/ ﬁﬁﬁgssggf%g}agglgpg&uﬁegfég hfeslfil?lglrmved in
portions forgyxy uﬁ‘@ﬁné%d@lbpﬁ%ﬁpéf e HradraRsi8t fah6r. CONS acks 1A, @I ot fREN the
conductor circuit and the solder resist |ayer of even when the conduct or
circuit is copgihggorodn fs foemed in tlge padi of Hee vondunr daesittfpr ssldeopad,se. - 63
2 0 Dc C 202 99804 (PCT/JP99/03556) In the printed wiring board according
to the i nventhegipntimpatyrhesyveersthercandictos cirspityang the splslerPREY issmsuied not

|l eft on the roughened surf,ace exposing to the opening portion for the
f or mati on of Wﬂﬁi’%’“ﬁ&?@&‘“fﬂ}ﬁ‘ﬁa so that the adhesion property to the netal

beneat h the sol der bgmeSuserHahtiSile RSOpides 1824 r&A3NsBH th¥ Hoan@aty caused
in the portions formng the solder bunps. And also, in the pri ntec?,vm ring
board accor dfdug Beowebte thenaamadutwn 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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t he shape and strength having excel |l ent adhesion properties to thezgoDEé'rggo
resist layer and to the netal beneath the sol der bunp ering
t he roughened surface of the conductor circuit for soI%@&&?&ﬁﬂB%R&%ﬁ)e
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 L L L r.di j.nv, i e
roughened sur glcotea: 1[)1?4ﬁ%g%@g@&%@hﬁeﬁgﬁﬁf@%@gpggfedggcﬁl?iéac%?)gttllieg;t ed with
the rust progfnduusicifcRiaHEBrintdtPwiEh EbbAUY Rffdlsine hopiaualomd roul t
for solder pad and to maintaln the shape of the roughened surface having
excel | ent adbesdan apanlo havinigesdémh tcoerespomiing teappioxiayely anechdle of ige sol der
pad, so that when the conductor circuits for solder pad are finely wred
and formed atoraluctarrareu atiantgmperatire/of 20e6@Ehksgiaorinpneyseon simsaafween t he
conductor ci {§%t and 1,t%he sol der resist |ayer is enhanced, and even when
the portions 0Q se5ondle sol der bunps are exposed to a high tenmperature or
a high pressure, the; bad. | nui S cauk in. t | de u

form ng portions beclélutgig lﬁﬁée}]tdcogl'haﬁé g]re %ﬁéecrdi%?ﬁf%ygﬁsoﬁgﬁn%ﬁé)%ht@}: _23_ to the
sol der 1 esi sfook RS AN R b Ai g IVRXPBY R anliMevBRPM M 16 Foih hhng board
according to the 1'nvention, "'t he roughened surface of the conductor circuit
for sol der pagerifig porésigdhavidsh ptdef lapéradxposyein fheropensig ponivh isaygbemade of
a given netal and protected with the rust proof |ayer, so that even when a
part of the ®mmh bysiges plaayer i s opened so as to forma sol der pad, the

surface of the conductor circui.t for sqlder pad.maintains the shape having
o excel et adhasi oS SRebaepting Herhod. it FIaj b TRRtoRiA Gedtnll

(PCT/ JP99/ 03?’@@&3 %9ﬁ{in@aq¥ﬁfﬁ% BdHed ?&iﬁe{i Wic i 0}(&1 ?5ﬁi%insfor |38136%[— I's
not left in € opening portiomr an ence the adhesion operties and
strengt hs bepy®fitnidithepdESIRexpobGtél ind dévebspmit i@gﬂao%ﬂdnfahﬁv&ﬂi Kad
resist |layer and between the conductor circuit and the solder pad are

i mproved andat hieaguinstatdampa iptasnrayohox ygene hitrogenadarbonahoyide@astoy to t he
netal beneath the sol erifl)urrp,i formed. .-65 2 0~~~ z0o~z 99804

( PCT/ JP99/ 0353 yn@tﬁaffl@r le 14 f FAIR 40 HIRPYe thsrtiti-BishgeeRnduct or
circuits for : / , SOl . resi st | r . OR onduct or

R R 01 O8I R s s R R S
resi st |ayer ot fiPR9SE B tife QREARI oftBE ¥ oldeh rédidtalydhe conductor circuit
for the sol der pad hasS a roughened surface treated with an etching solution
cont ai ni ng a copper (Id ¢asemfpherlaanch tasatoreggiptinaonaonditibristfer sol der resi st

| ayer is arranged on the roughened surface. 2. A printed wiring board
conpri si ng ceWdirating the centanainaien of thessolderdaump agd redycipg shespograyer f or med
on the conductor..circujt . for th | der ..and i grtion forned
"1 the soi demapagps ety s pRisgl e SRlEe AT ROt IH00 1, IR s e
conduct or Cl fedirg haduft is009hs08 de&M hAGQ r&itithglthRe IOVINSRAAURLr f ace has a
plurality of anchor portions and recess portions and ridgelines, and these
anchor portions and Theas8-rpstrageansxiatidg in tdgedpenesg poridmoamktheatsidue

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

ot her t hr oughf theesoldergesistlayer agdurely remoxsd bydhe plasmastreatmestiveereby t he
anchor portions and the rigdgel|pes, and the. solder, resist |layer, is .grranged
on the roughBﬂ%‘bC(g%PFté%‘éo %% Sﬂl%l’?’ lsvﬁt‘PPwa?%gar”& tﬁ%ﬁfpf’é’irﬁf@ tl&%‘?fﬂaﬁt or
circuits forggal : j . n or
civout for PR 186 BPEE yFraBOR e SMaklesisFKEr LOMEREICs) Uiy RRAESAH Y

resi st | ayer bg previintdiDthe R@carréfdl6f ineeaVenitficedtl s@bséqiﬁn@Pradiwgts@ép ghd cui t

for solder pad has a roughened surface treated with an etching sol ution
cont ai ni ng amumpiag(stdp witbopt lexveamg tha voettpdmlity efahd solded reshst layarghened
surface is cover ed with a netal | ayer of at |east one netal selected from
the group consisti ngMsireeyaraancordingitadhe iveptioppafterthe roughangehsutasal t |
nickel, tin,.lead, ,bismuth and nobl e, neta and .t he solder resist |ayer is
arranged on fsrﬁ’fwsf‘é%n tﬁ1§§gp&ucipl Qreit, g %I&W?X%J%Hﬁ o %‘gr]rﬁﬁfsmﬂ@e eﬁnduct or
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 anchodl 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"



11. ﬁ\ printed wiring board according to claim2 or 4, wherein thezrq Bﬁﬁl 124
"is sharpened. 12. A printed wiring board according to ] erein
t he anchor portion is formed by etching of netal crystgqga%?r([z%/?l’ggég%r und

t he anchor portion. -67 Zz 0 OE~ zooz 99804 (PCT/JP99/03556) 13. A printed
W ring board according to claim2 or 4, wherein the anchor portions are

di ffused and [FRSS i ; i ! 14. A
printed wiri %Slégggirfgqugtggg%l}aﬁ%dt 0 aﬁge gﬁdedﬁo cﬂ%ﬁ%ﬂéﬂﬁg?hﬁﬁ’?rlg?’??ﬁe
roughened suffdies, fagli@mesbary hiclelgtimdsad,(BRsmaih aid RoblkGndalMmalshe A
printed wring board according to claim2 or 4, wherein the roughened
surface has fernicilomtichonghentd suracsmuiar-to 10 appliexmnpafr the ansi-mist agentage
per 25 ~.nZ. 16. A printed wiring board conprising conductaor circuits for
sol der pads, a sol defhe&Qimatigmglesugher metal dayerHer Bynnst ot dayessian teor t he

sol der pad, and. an eni.n rtion f.o d,in the. sol de esi st. layer for

di sposing a g%‘F’&groﬁﬁaﬁlagﬂggﬂﬂy&?etqé%%ﬂ%8 aling, S&’Fﬁoiﬁié pzat’r“lﬁ%‘ﬁiened
surface, and 3 i T . oh 2 ircuit for

ol dor pad,_ SrifRiopRAe). iffor 4ep R ARCALEELAIEE BBRMFAGE of " T oy
layer. 17. Agpittedird VWhefdhdasital 169eiror sheélelse profahpér i6ifbhHed By kg sol der
pads, a solder resist |layer forned on the conductor circuit for the sol der
pad, and an ewlestitutgprpplatingntiiometal layertisfognedion arsasfase layeygrorfiom ofli sposi ng
a sol der bodi/, in which the confiuct or circuit, has a roughened surface, and
a netal | ayethgmughengassurfacsat the gepdygigecigeuipfor solder metal sel ected

fromthe group consi gi.i f ti i LN Lron, indiu t hal | jum
cobal t, nigckelo, tin, %FSE%FRB?S&R??H& grﬁgéalrz]l%%efoi%}eglasiag %{ﬁ% c&égoro S he r
oughened Surﬁﬁﬁgggpgy@r ddé%ﬁ-diﬁé@@fthé AXehtibR is’j‘gfe?&%_ﬁ RIS rafesetr | ayer for

the rust proo and the Sol der resist layer 1s arranged on the rust
proof |ayer. 0X8.~1Aual vrepamiculady 008~0.55aa0r dWigntthe ehigknest ds tess iHan
wherei n the roughened surface is formed by oxidation-reduction treatnent,
el ectrol ess PG fitmgther warghened sirfagectsinmypt completehi be coveradpwhieedheniiti ng
board according to.claim16 or. 17 erein the -68 z,0 ~Fc ..~~nz 99804
( PCT/ JP99/ os%%)edﬁ éd&ﬁeﬂjl&oc%vﬁﬂflééﬁe‘i\ggp%“ert%%%‘ég‘q '&\P@P%‘F‘f surface to

copper - ni cke I 1 N cording to
claim16 or %ﬁ%g?%%@rﬁg S?g %ﬁgglggb%]r@aéggh%a?%@%ﬁg%\#{ﬁpan et chi ng
sol ution contai ni ng Thppbovt histpeopl layerivdoaned bgahe eowgliefied 2drfade pri nt ed
W ring board according to any one of clains 16-20, wherein the rust proof
| ayer cont ai aevered (vatdstheonetad hayer fostheaystproot layer.e dAsaoesulbghgr oup

consisting of, |, 2, 3-benzojri azol.e, llyltriazol e and derivatjves thereof.
oA et Boq deforiatian gk ratioh o e oghenas sortart it & ghioLigatoR pag

circuits for . l.der | S5 r¢f tor
circuit for ttl ece)hﬁsleg?rgg?g p%’g,gd z&&ggrslyf(i)%glns"l%tﬁgdcgérﬁﬂf(%ﬁé %?%gyél{lﬁ}cﬁ@@gg der
resi st |ayer pteyf 16N&POS A tive sdHedfin ¥rty \WhidGire@8IPI0 the Soldee@édiftg t he
conductor circuit for solder pad wth an etching solution containing a

copper (11) cbaysr brecemd varfoomgand the peebistrangtly ofrthe saldefhaned isimpwyedon t he
conductor cirguit for sql der pad, cqvering the rao ened surface with a
roral | ayer heorcos e aftparoSeBed SHRTCAIORE OGIROGAE L ETRRdRS of
titanium zi AL [Walell I t i | tak0), d, bisnmuth
and nobl e metQ g’l’l(,hhgﬁgbfg&% %gl ptelgﬁ'gémlé%lh rpfegg@]&aqd%giﬁ%g%m H}tg "rlnltal?% | ayer.

23. The met hogli AgKQTtditthd e Ghdh5ind Df (N S618EArdsE 14yR% ANBNRE sSIdef BERD! S
subjected to a heaf treatnent at a tenperature of 50250C prior to the

formation of atdinpreivad. | ayer. 24. A method of producing a printed wiring
board conprising conductor circuits for solder pads, a solder resist |ayer
formed on the conducAscoxling i thefipventhen,dnlodder todmhpravel therpenseabiyy@br tion

e SR Bl SR S P B o
et Tor SRS RRp B L35Gy b BT 1A Bva B ovonere
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z 0 a ~ ~ 20~z 99804 (PCT/JP99/03556) (c) forming a sol der resi st2 Oag@ﬁ 2002
“the rust proof layer; (d) form ng an opening portion in the sol der resist

| ayer and the rust proof layer; and (e) form ng a sol cf)é)tso‘f)@rﬁ}"%’ﬁwp?@@
opening por lion. 25. The nmethod according to claim 24, wherein the
conductor circuit for solder pad is subjected to a heat treatnent at a

et hod accortcRs oo g helRER ittt sl bl aBf BSRr Ao Mea wi i 1
a metal | ayehehBiighidtRl RELRE m /BE siBjeteitodnea BRhulif WA o RgETed from

t he group consistrng of titani Iron, ium thalltum Cobalt,

ni ckel , tin,50-<50°prsentoltha fermabdiponieaheal 18er bhe 18 At pPdof 1dver. The
met hod according to claim26, wherein the conductor circuit for Sol der pad

i s subjected to a hebhe hegdraating conditionsmaartzet et ¢0 afetRSOMgesinr to t he
formation of the netal layer. -70, =z o nF~ ~00z 99804 (PCT/JP99/03556)
ABSTRACT Thi &CPFiAfIGe; voith a}eosha@ss&aclgmwa@ Tgten ﬂgofaga resudung sepghesedg

oot oot itk semho by S BE  BRL ASe FLS mhH B, PLEY 50
is fornmed i %&Qﬁ%i&qge%ﬁog}gég%%“?ﬁg? %ﬁdttl‘i’eﬁ ecprovided with a solder body. In

the printed wrin oar accor g to the invention, the conductor

circuit 31 for sol deByRach hdeabiréfuEne atdevdporaed cktaldoddicénof A an
etching solution containing copper(ll) conplex and organic acid, and the

sol der resi sthemigakusd fos theofarpution aftibe rougltennd dutfact anéd r&ddudln t he
printed wiring board accoydi ' to the ipvention, the adhesion property
bet ween fi neCQM’P%‘EF‘E(S]NHﬁe ’@ngh?éﬂﬁfﬁc% e%BPé@rTOPSB?%Q‘P"f‘H and Bahanced,
and the condyetfloe L bP i o ARCIRLIRAARTs HSIchedoMEhnithin Syhana! v adher ed
to each ot her w thout pee‘fl ng even 1 n sol der eburrp orm ng portions and bad

continui ty ifacllRhteaBt $6fnatiort betheaheril 143¢Mand eiehng pRssftlager. - 71  z o n ~
c z~0z AVMENDMENT (Amendnent according to the provision of Article 11)

Conmi ssi oner Takahi KWhéanrtHe htatingiteenpeahiuvedd 1odgrlthaemt0Ud, tNe. efRCTHO BRO/ 03556
2. Applicant. Name | BIDEN CO  LTD. Address 1, Kanda-cho 2-chone, Onhgaki-shi,
G FU 503- 09 1lreay ssatmegttis #9hpbseyvahpuhilashendt excegds 290Xaplyg roughene

surface is oxidized and the resulting metal layer and the rust proof layer
become ununiform.

In the invention, the solder resist layer is formed on the thus
formed roughened surface having a given shape. The thickness of the solder
resist layer is preferably 2~40 pum. When the thickness is too thin, the solder
resist layer does not act as a solder dam, while when the thickness is too thick,
it is difficult to form the opening portion for solder bump and also the
contacting with the solder body may be caused to bring about the occurrence
of cracking in the solder body.

The solder resist layer can be made from various resins. For
example, it can be formed by curing bisphenol A-type epoxy resin or an
acrylate thereof, or novolac type epoxy resin or an acrylate thereof with an
amine curing agent, an imidazole curing agent or the like.

Particularly, when the solder resist layer is opened to dispose the
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‘ | . 20 DEC 2000
3. Agent Nanme (5925) Attorney SUG MJR, A Aki hi de Address Kazan Bui | di ng;
© 2-4, Kasum gaseki 3-chone Chi yoda-ku TOKYO 100- 0013 J '@%IB
Anmendnment Clains 5. Content of Anendnents In clains 12@%[}'47&& %,6555%;
"conprising conductor circuits for solder pads, a solder resist |ayer
formed on the conductor circuit for the solder pad,” is anended to

" conpri sing aAdUSIAL tGhEsH! B TRk dPELRANE HoRelAiShBE BbxaTedh BE RO €5

plated filmand an etectrolytic plated ectrol ess
plated fil magyRed defresfowithtan iavdazdlocudgageqte Tionswldeoresist 1kt for the
sol der pad,". 6. List of attached docunents Pages 50, 51 and 51/1 of clains
(Japanese t entajle Ofilsiictha cerin dapandetiothphgegrati®n ddead (phitdomenon d o~c Z~oz
99804 (PCT/JP99/03556) 13, A printed wiring board according to claim2 or
4, wherein t@idfusinglead pon interibe splderrgsisidexerhirdestr r ounded by the recess
portions and the ridgelines. 14. A pri.nte i ring, board according to any
one of claims 1-4, V\B@fi@? L TSR s M AR %L}Y]M?é‘(?é’g}?&styaeﬁﬁ%m‘? ghness
(Rmax) of O. o : i A : i Q. im2 or 4,
wherein the ‘?‘i‘%&%‘ﬁ%@&’? gg(gb%gﬁkg\gg{egggg%g%g@%g@gjgfng&ﬁ? }%!5%100 recess
portions on gy&iREeinrde heat fesiiancktandeeiRaaldE to Akl MED Mdtdengideaead
conprising conductor circuits for solder pads inclusive of an el ectrol ess
pl ated fil m eveh atm ehgetratote of fusphg@tledsddémtabontnZ@D €y andasaloect r ol ess
plated film a solder resist |ayer forpned on the conductor circuit for the
sol der pad, derpmpeEHarithg spong hase phateslwionsuadbhaypickekrlating salpgions or

di sposi ng a sol der .bod in which the candu r cirecuit has a roughened

Sur Face. andoneaaiagss soiufighe, A mEAcEAas e aiyofiume eap L R ¢ o

sol der pad, ; i ' a5di t oof

| ayer. 17 (Aﬁn{éﬁt gg;?@xbgﬁarﬂeggieﬁoﬁ%ﬁg%%a%g% iﬁ‘és{ilr%glggﬁi ugta{c?rr%gi rcuits
for sol der pphendlmolvokicve avésamovbbart withassylpl adtié dr mdthmenyticanidghrdt rol yti c

plated filmfornmed on the electroless plated film a solder resist |ayer
fornmed on theeddfriuctor circuit for the sol der pad, and an openi ng portion

formed in the sol der resist ]ayer, for.di.sposin sol,der bo in ich the
conductor circuit ha'élroéi"erv(?{ldh%%@(ﬁie’éW%é@?erdﬂ%@%&ﬂﬂ e qca%fé’?foqovg\i\g%st
proof |ayer . ; : i sting
B "F1 tan um Dhepony Feath 48 S Tk th ENAR S ARY SR R BRAILS

bi smuth and apbloccaieé tle peelinigr faomatie eondiidor cwghieneth giis temsectiangdthe rust pr
oof layer is arranged on the netal |ayer for the rust proof layer, and the
sol der resi stoughgaed serface agngedingrfotthe investiopcap@dvanipgeouslgprevent theD ~ C
ZQJ~ 99804 (PCT/JP99/03556) 18. A printed wiring board according to claim
16 or 17, whePeYP¢&8}& oughened surface is formed by oxidation-reduction

treatnment, electrole | . i K o9. A
printed wiring boar d?ggg‘lé‘?aﬁi%ge {5‘%&2# g?%]{tigagérﬂ@% ?(\?\/R%rl@i%gnm?ﬂjes rctl)ughened
surface i s apeedi@beednifane miking ey atgited: p%mrwsu@h%@gem,m A

printed wiring board according to claim16 or 17, wherein the rou%hened
surface is forentionwnanbamastectfi hpeszyltd-mmthylomidazoladtradppamel 1B28¥p1 ex

d [ id . inted W] boar.d j t f
i m 16201 PE - PrsbybTnRab I daele GaRe ARRE AEANASTNEAN e 1 r ust

agent sel ected {r.om - QF {.St i , 3-benzotriazol e,

tollyltri azo%éet%%ld_in g{rlﬁ\}'g’f?%%gﬁg@r%%rggﬁLt%Z ethod of producing a printed
Wi ring board conpri siyng Jesipabie 8 Foph aGeldet rést @RhPSNitiBRBY dissobdhg®he I €si st
| ayer formed on the conductor circuit for the solder pad, “and an opening

portion formabovardsheasdluléng agentin a sopeentfsoch ds ghaol ether os dhelbke.body,

whi ch conprises treating the conductor circuit for solder pad with an

et chi ng sol uiWhen thersckdariragistlayepisdormey franpgielx agompositinn drgecXyged t o
forma roughened surfgce nth confiuct r ci rcui(g for Soé'deéaf%gag Cﬁveri ng
the roughened Bokrdrgated and hepcihegurface gt coppek PGSOt Radized.AndalsQ thiee g
fromthe grot S§. St ditanium zinc, iron, indium thallium
cobalt, nick ]ﬁ,‘]?ﬂ%bﬁ%{gg?a&i&s%?h and noble netal, and form ng the sol der
resist layer on the netal layer. 23. The nethod according to claim 22,
wherein the roughened surface is subjected to a heat treatnent at a
tenperature of 50250C prior to the formation of the netal |ayer. 24
(Amended). A method of producing a printed wiring board conprising
conductor circuits for solder pads incl ugi ve of an electroless plated film
and an electrolytic plated filmfornmed 0 4the el ectrol ess pl ated -69

99804 (PCT/JP99/03556) film a solder resist layer formed on the conductor
circuit for the sol der pad,



and an ‘opening portion formed in the solder resist |ayer for di sp%gi BE)CaZUGZ
' sol der body, which conprises the steps of: (a) formn r rface
on the conductor circuit for solder pad; (b) formng %@é&?egﬁgo &%Sééer on
t he roughened surface of the conductor circuit for solder pad; (c) formng
a solder resist layer on the rust proof layer; (d) form ng an opening

portion in the sol degs fifgsi§tol AHE soMNht! (e fid§bePha@Obf h 3¥Rkent

form ng a sol der burrpS gﬁ% ﬁeoopenisng pO,I’tI§€0n.§25. %’ﬁée) nmet ho naﬁ%ﬁ?ﬁlg to
cl ai m 24, m/r[g;rtﬁigrfonbe,i@g)aﬂgﬁi@[f(mmgmi(z);for sol der pad is subjected to a
heat treatnment at a tenperature of 50250C after the step (b% and before the

step (b). 26. THeHit-KEMH,dcHofnhrd"Ho cl &am P4)) wher et n-tH8) r oughened
surface is covered with a nmetal |ayer for rust ?roof | ayer nmade of at | east
one metal selected fhretarably, Gesls ussd @t deashgne et diathylenerglycohdimethyh,

i ndi thal | | t i | tin, .l d i t | t al ft
tha step (aethe TOMPES b Bietifene vt EREmyT o R58 BARERY Spfa Beonduat o

i it f i h: : ;s t f
b6 Rl BAPASEHOY s B 6 SR b 1 1
Y. A A Ayl . ARvifsHter kédhe Or BB lﬂ(cﬁb{\fl&&rﬁﬁn%\&i abit 350y Q. AfTheA®nount of
A AL A AS. A Ay. AU AF{. A AG. AYN. An. Af . Ay, A A. AyN . Ayl F. AS. Ay3. Af . Ah. AF. AU

. Ah . Af 3. Af {thé\kolaeRt ASfrefer AblyAuitiinsg range of 10~40% by weight to the solder
Y. A A@N. AyY. A. A A3. AF. Af a. AYyA. A. A Al e. Ayl . AS . A#1gwghn} zA| [ boy+]
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coloring matter, it is desirable to use phthalocyanine blue.

The solder resist composition is favorable to have a viscosity of
0.5~10 Pa-s, preferably 1~10 Pa-s at 25°C for facilitating the application
through a roll coater.

In the solder resist layer made of the solder resist composition, an
opening portion can be formed by light exposure and developing treatment.

The production method of the printed wiring board according to
the invention will be described below. This method is mainly carried out by
a semi-additive process, but a full-additive process can be adopted.

In the invention, a wiring board is first prepared by forming
conductor circuit as a solder pad on a surface of a substrate. As the substrate,
use may be made of a resin insulating substrate such as a glass epoxy resin
substrate, a polyimide substrate, a bismaleimide triazine substrate or the like,
a ceramic substrate, a metal substrate and so on.

Such a wiring board may be a multilayer printed wiring board
provided in its interior with plural layers of conductor circuit. As a method
of forming such plural conductor circuit layers, for example, there is a method
of forming an adhesive layer made of an adhesive for electroless plating as an
interlaminar insulating resin layer on an underlayer conductor circuit formed
on the substrate, roughening the surface thereof, subjecting the whole of the
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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oxidizing agent into an uncured heat-resistant resin hardly soluble in the acid
or oxidizing agent. These heat-resistant resin particles are removed by
treating with the acid or oxidizing agent, whereby a roughened surface having
octopus pot-shaped anchors is formed. Moreover, the adhesive for electroless
plating may be constituted with two layers having different compositions.

As the cured heat-resistant resin particles soluble in the acid or
oxidizing agent, it is desirable to use at least one selected from the group
consisting of (1) heat-resistant resin particles having an average particle size
of not more than 10 um, (2) aggregate particles of heat-resistant resin powder
having an average particle size of not more than 2 um, (3) a mixture of heat-
resistant resin powder having an average particle size of 2~10 pm and heat-
resistant resin powder having an average particle size of less than 2 pm, (4)
false particles obtained by adhering at least one of heat-resistant resin powder
and inorganic powder having an average particle size of not more than 2 pm
to the surface of heat-resistant resin powder having an average particle size of
2~10 pum, (5) a mixture of heat-resistant resin powder having an average
particle size of 0.1~0.8 m and heat-resistant resin powder having an average
particle size of more than 0.8 pm but less than 2 pm, and (6) heat-resistant
resin powder having an average particle size of 0.1~1.0 um. These particles
form more complicated 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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guanamine resin and the 11ke) epoxy resin and so on.

As the uncured heat-resistant resin hardly soluble in the acid or
oxidizing agent, it is desirable to use a resin composite of thermosetting resin
and thermoplastic resin, or a resin composite of photosensitive resin and
thermoplastic resin. The former is high in the heat resistance, while the
latter can form an opening for via-hole through photolithography.

As the thermosetting resin, use may be made of epoxy resin,
phenolic resin, polyimide resin and the like. In case of photosensitizing this
resin, thermosetting group is acrylated with acrylic acid or methacrylic acid.
Particularly, an acrylate of epoxy resin is most suitable. As the epoxy resin,
use may be made of novolac type epoxy resin such as phenol novolac type
epoxy resin, cresol novolac type epoxy resin or the like, and an alicyclic
epoxy resin modified with dicyclopentadiene and so on.

As the thermoplastic resin, use may be made of polyether sulphone
(PES), polysulphone (PSF), polyphenylene sulphone (PPS), polyphenylene
sulfide (PPES), polyphenyl ether (PPE), polyether imide (PI) and so on.

The mixing ratio of thermosetting resin (photosensitive resin) to
thermoplastic resin is preferably 95:5 ~ 50:50. Within the above range,
higher properties are obtained without damaging the heat resistance.

The adhesive for electroless plating is cured to from an
interlaminar insulating resin layer, while an opening for the formation of via-
hole is formed on the interlaminar insulating resin layer.

The opening for the formation of via-hole is formed by using a
laser beam, an oxygen plasma or the like when the resin matrix 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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photomask depicted with circle patter for the formation of via-hole (glass
substrate is favorable) is placed on the photosensitive interlaminar insulating
resin layer so as to close the side of the circle pattern to the layer.

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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10% & () - & g L0biekd ¢ copper plating solution can be used a composition usually used in
this field. For example, there is a plating solution having a composition of
copper sulfate: 10 g/L, EDTA: 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)

- 40 -



g 10% 0t 0& ()- .~_@10!'y 109%& ()-: 10% ()-& 10%& ()-Y 10t 10t 20 DEC 2002
"10t *<10% & ()-!L- @ 10% _ & ()- n}’\SH: 10! 10 10 10° <10%&®&

109%& ()-!109% ()-10% ()-!y 109 ()-: Ba?SH= 10! !y, - 4(%?T/}P%9/03556)
109 ()-1ys10% & ()-ys10%&: ()- 109%& ()-y&10%& ()-BLuj @10' !, &10%E: ()-F
10 10 109<109%& ()-)10%& ()-m!'{ 10%& ()- 10% ()-@"<j @

ig:%i\/f&g(l;) W%{ Yot Ab\/ﬁ(@é}é 61;1 %plq%g%a ?@gjcggss ér%%)g@entlonég/%o (He scg)rfacc
UL eI N SRS bl )
o el s pe sy

desirable to be the electroless plated f11m 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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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
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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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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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

- 48 -



I,"F 10%t& ()-z 10° 10° 10°L<10% & ()-) 10% & ()- $e_ef " ghQhi dE-2@ BEE g,
"1110% & ()-:3 10% & ()-10% & ()- 10% & ()-10% & ()-

10% & ()-i,i1i8i9i H O Pi p@@1 10@13 f& 10% $& ()- F3 181FGEE PR3 fe
10% $& ()-F3 f& 10% $& ()-Fl 1004 $& ()-:PiUi\i]irNiiitS2@1 3 2YL0%& ()-
010% & ()- 3 +-10% & ()-nB f&

electroless copper plated film 25 formed in the item (11) and a mask is placed
thereon, which is exposed to a light at 100 mJ/cm2 and developed with 0.8%
sodium 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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layer 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, “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
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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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a thickness of 0.04 um.

3

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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200 pm) in the solder pad portion 36 (including via-hole and its land portion
37) as shown in Fig. 34 according to the steps (18) and (19) of Example 1.

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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Ex le

This example is fundamentally the same as in Example 6 except
that the formation of the roughened surface is carried out 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 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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that the roughened surface having a maximum height of 3 pm 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. 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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circuit as a surface layer by using 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, 5.4 x 10*mol/L of a complexing agent, 3.3 X 10” mol/L of sodium
hypoiahosphite and 1.1 x 10*mol/L of a surfactant (Surfeel 465, trade name,
made by Nisshin Kagaku Kogyo Co., Ltd.). In the printed wiring boards of
Comparative Examples 1 and 2, usual wiring portions and fine wiring
portions as well as coarse wiring density portion and dense wiring density
portion are formed likewise Example 1.
arative Exam

This example is fundamentally the same as in Example 2 except
that 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. In this example,
usual wiring portions and fine wiring portions as well as coarse wiring density
portion and dense wiring density portion are formed likewise Example 1.

mparatjv

This example is fundamentally the same as in Example 2 except
that the roughened layer made of copper-nickel-phosphorus needle-shaped
alloy is formed on the conductor circuit as a surface layer by using 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, 5.4 X 10> mol/L of a complexing
agent, 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.). In this example, usual wiring portions and fine wiring portions as well
as coarse wiring density portion and dense wiring density portion are formed

likewise Example 1.
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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 wiIring den51ty-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:

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

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

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.

*4.

9

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)

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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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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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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