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that at least some portion of the top surface is free of the galvanic edge effect of the mixed-metal layer). As
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35 copper surface into contact with the appropriate solutions. Optical inspection may be performed manually
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micro-roughened upper surface with none of the original copper color visible to the naked eye. In mixed-
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DETAILEP DESCRIPTION P

35 It should be appreciated that the process steps and structures described below do not form a

complete process flow for manufacturing and using a printed circuit board or.other end-product made by a

process including the present invention. The present invention can be practiced in conjunction with

fabrication techniques currently used in the art, and only so much of the commonly practiced process steps

are included as are necessary for an understanding of the present invention. |
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Depending on the micro-roughening chemistry and the mode of application, it may be helpful to
employ a pre-conditioning step to assist in making the micro-roughening uniform 6ver the entire surface of
the copper. By creating & uniform surface potential on the copper, the pre-conditioner assists in initiating the
micro-roughening reaction at substantially the same time over the entire surface area of the metal layer. The
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pat t e st cf! dggrred pattern or the resrst may be exposed by a
direct write method. In either case, the etch resist is then brought into contact with a developing solution

35 which dissolves the Iess chemically-resistant areas of the resist to reveal the underlying copper. Some efch
resists are then cured by heat or UV energy to make them less susceptible to attack by the copper etching
solution. Using the aforementioned DuPont PM120 etch resist, in one embodiment, a patterning operation
includes exposing the etch resist material to 40 mJ/em? of UV energy at a wavelength of about 330 to about
400 nm througn a polyester phototool. After exposure, the protective polyester cover sheet is removed from
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Prior to application of the dielectric layer, it is generally advantageous to inspect the patterned micro-
roughened metal structures. This inspection usually includes an optical observation of the patterned
structures, either manually by a human or automatically by a compuierized machine. In order to aid the
optical inspection operatien,_ an additional step may be added prior to etch resist application or after etch
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of Securer"' Enhancer supplied by Atotech. The solution contains 500 m /I

~ Securer" Enhancer 3003 83 nml /I 30 Securer"' Enhaqcer 400, and 100 ni /|
sul furic acid (sp. gr.” 1.8). In one enbodinent,: at a tenperature of 35C,
t he i mwotmsoldsse i s about 40 seconds. This wi Il | eaverastoonoli@yer on the
copper or CICthat is approximately 0.15 mcrons thick, and the underlying
copper structure is not substantially nodified. That is, the
m c ughened surface is, Si. coatd and its oyer S e is
et o SBERER oBdet LYooy AR o g6 i e Ton SRl ST RSl ray
be asplor ediustroent nperstiso shalit et substahtiatomédifytthemicembagresed fiefack stiuetoter i Golor35
adhe?atlﬂ&meﬁ“ﬁh b@ﬁerfarrg@ma@cheﬁeau F@E ' ﬂ'o%e ehbb@hiM, tﬁé)c%'ldr Qeﬂﬁéhrﬂéht Qéenratr&ﬁ

di el ec ric % ener.al | van ageous to 1n
v micrd® %%iﬂﬁ' @19%@570 rayaneRad e W'twaguﬁweﬁewqwnewa|1pwfl wlf’ww@e an
fopt i @al.8)zind 40 miltaf BwiSE hytilogerpatoxide. TEE soletidrLis spiaes pnteltﬁehﬁﬁromﬁ@uaieldysudm(:ea

hurmany 85 &k 95 8dcbd! d: ¥5°BY sﬁbr%&ﬂﬁﬁé'&%éér%ﬁﬁaé%ﬁé}'\n%g muér@-rqgséﬁe%rg gh buftn Bl @o et ch

opti cal |nspect|on operati o ition prior

resi <¢ S%B@GP%W&?H"%% opgr3tigh cfiangas theisyrtoge mepmﬁs%omlhglﬁsm&pmeww
resi dite sitfacepyiuctgrelismad subetantialy radrifiedcal | y adj ust the col or of the

m cr o- roug—hgg %ct?HHa 8 p'lngh atn{/] ar%qﬁgd lntrx| d ? O r?ﬁ SI rpant to raLion
shoul d not  substanti gp? P d‘gJ ﬁ'ﬁ o 1 eIt #‘la?:ce"cs Fae eﬁrg

€ m Cro-roug Sur
1001 oRvailghlp fndipid Fﬂfm@a% a'Béaﬁs aptp Wﬁe@%@nf&weé h@m@bﬁleqtr@a@atﬁrr@h arg wadabée in
enbodiBrtade, cutell @hDhral requfhy het BRI esORE foioh Feliabiy1e HeGRBerR8YhaGstridurb & estil

. 11 sul f
o o P HBABRTLEL B b SRY SOl 158 GBI e el bl o, 7
spr aywpm'eﬂ edepprding ondingiesield Theinfenden certbezeeqbear alf of the2@ appdicatinls at  35C.

Subj autRORCGUGHENIRG p:mrcigssasthat was ni cro- roughened with BondFilm(r) to
15such a coI Or{um%dllcl:*us ‘"dﬂ' era |0n cha es t rface color fromdark brown

to |ight Orange- e r@\?rﬁ’%ﬁ? 1% ‘i‘f’l“ or; use ih the greseniipyegpien,
nmodi el Sqtﬂi'é’r@ﬁeﬂeé grerbriefly deseribeg ithpiolleddgisdosyrenbere axseehrit tv belegernplatyst ry .

Cer t ghif, aﬂd&ieﬁhﬁfbﬁﬂoﬁ|§Pﬁﬁﬁécb%|aﬁlyﬁfﬁ|%dtél-&y%¥@1'elrﬁbl e inliquid formand are cast
-onto the §ur ag_&g ”ﬁ diélectric materials are available in a
geyey

B-stage cUF¥§°® eW@E?JP‘r’%‘e'HE%'P g BY BEH FEAQEOBAEPPRINLBIGNS ¢ he
pat t én aeid, greexidizes endiotcaresion idikithl  Inahbemidiieieas tiei axidigt aiai absfoaéﬁnam)l i ed

200y phyafdeen yéBRde éi@la@fﬁ;leﬁtfa%h oféﬁhﬁtétx Q@ou?éo g%iér‘ﬁTﬁéérﬁ;(eF n)Uér%maa'BQutHgg/l 4%h f or

I
PP 8 8L 18 30 e tenlults GRaSERG G PRt spaeas, SXiRrBav ot
sui t adgirie iomi ferrig-iancu gthenneig ICmrwnaszmelag kreowaial boface s ThavbdiimbenBe piiyes@it
| NVeBich@B a minafd S&iditke SWfR: REOR %§§t§§boﬂfmﬁm{) L ?é&néfeq@gt?o%rfﬂo&eéi’)ﬁut% g N AL g

di scl sure Fﬁ{??% {na t to be exe ventron.is

neceg 8F PPJyt | BPHD QrPEJ Othetcﬂ'@H’?s't'P?r Eﬁe Céfﬁ%!?ﬂl"'r’fﬁtﬁtpr mey, e ﬁi‘%?rdﬂia@d@hem ng-
251 s ctirrdlasd bipyoismlesf tebiaolg Umiiasles obgaisiidzz0ws eﬂmtn_adtmwgf tha forégvird, falibne

OX ' del%ﬁcfdlrﬁ'é}@ e &QEéQﬁhi%ﬁox' danéetﬂ{rétﬁﬁ ma%f 88 %o 4B gﬁ@tabm?t% 8}? )Skﬁj ey be,

)éa / 3/ % er oxi a concen Ion O O about
60 gf &8 aB‘éH‘ 12 9% & oresm ?d'm%n* "rerfempa%%fn%'sgmciueea wBtsusoluble ReVMer $ush ese
enbopllysiiyiene glpe!, paiyistapyient pigdol delp/ingretoond, AW Bix@fes af M6 lfcﬁégdﬁ'@ a peracid, a

ha! i dgl, -alnrﬁﬁtereﬂ{b%dt RURE Inficrd- R{%ﬂhefnﬁ“lé g'%?rascﬁ%bqg Bgrlidla(:ﬁ%@ &upp g%hgﬁAgge% apl e of

OXI d Eﬂ_nt et a surface. e an eral
Oaci o5 Q NFTHPHIh TG ComAgSitaRes SrRyisiad @En@oﬂdﬁ'!m Reinf and Fendiome: PainEabout 5
g/ I Bumd&ltm@hncﬂﬁés hygifdgen péroads) slifuf®ag@d bnd Berdd@ibitols] ldyethet wid ofhBEpegTERRyi t1 ON.
The goohiggson inhibitor may be one or nmore of 25 triazoles, benzotriazoles,
tetrazoles, i mdazol es, benzim dazoles and m xtures of the foregoing. In
one enbotidiioRs! expmeles gF sushiriproireughesingoproesses Ater dasciiedrinyL. B aPrjentfiasm about

1 g/ 6,03675806,004, 20, §/8D7,493 arfdrame@bwhe dﬁcﬂédre§ ef améwtarell?erwy tncd‘ﬁbré?&?b
35€ ”bor%lfe%eé for IhB‘?teSQWI%Q %tﬁ Hegﬂecﬂg ¥ucﬁ roughen%% pllj'oc%ss?eswal'u& mayq)e re#errecP to b?(/ trgrangs such
other than “micro-roughening”. For example, in U.S. Patent No. 6,506,314, micro- -roughening is referred to
as intergranular etching. This patent describes a number of suitable micro-roughening compaositions, any
one of which may be used in carrying out the present invention. The following micro-roughening
compositions are disclosed in U.S. Patent No. 6,506,314, and are briefly reviewed herein.

-18-




pol yet hyl ene gl ycol, polypropylene glycol, polyvinyl alcohol, and m xtures
of the foregoing. In onexyenbodi nent, the m cro-rOLf;‘g_eni ng conposition is
BondFi I m{r) supplied by-Atotech. The 30 BondFiln(r) m cro-roughening
conposi tWBAW4345pevi ded as BondFiln(r) Part A and BondiTGRA0H/0PEAT B.
BondFi | m(r) includes hydrogen peroxide, sulfuric acid and benzotriazol e,
together with other proprietary ingredients. Additional exanples of such

M Cr o- r oughedk REbPEINERSHE it PoUdREHG tb%@rrleﬂ ddt by aﬁﬂﬁuﬁﬁén QQJ%OUS @on%§|t|3r58

6,294,
noor hitsingtefiNdodarh Al 2%3@%9"%%4" o) LS P e o i e T e
roug hidgieregycliscapesve yhlefw\me@ hotreantain @ny sufiur,sdletiomiyy tell@iumsatot inghe bdiermcycle;

"m Crandr Mﬁgb@&bﬁé@dheaﬁ@ Eon%b%ﬁa)ﬂr&n th Bro\-.tb §3nstﬁﬁ§t5?TsuIN9c ﬁ)lcﬁ, &ie:ﬁﬂq%’amds te!l%mmc +

Cr 054U isre i ntergranul ar etc
8 ooy 29sBe PSHRR domapingbicpTanhS ot Brs' o ufhirs A oUuRsBaIer LM R N dhee of
whi chher'mw@ie m%etdfonlwnmlenwmgammuwmnpsmtsmamng ihe gartara formilad),f ol | owi ng
m cro-roughening conpositions are disclosed in U S Patent No. 6,506, 314
and are briefRy reviewed herein. -19 WO 2005/ 034596 PCT[ US2004/ 031697 In
one enbodinenf, the mcro-roughening is carried out by applying an aqueous
1@onposi tion A:orrpX| sing (a) hy#irogen peroxide; (b) at |east one acid; (c)
at | east one n\trogen containing, five-nmenbered ‘heterocyclic corrpound
whi ch does ot Reontai n any sul phur, seleniumor telluriumatomin the
heterocycle; and (d) at |east one adhesive conpound fromthe group
:l‘flons'vﬁ{e'r m?era%{)' nic acids, seleninic acids, tellurinic E5 acids,

et eroc IC CO unds containing at |east one sul phur, sel eni.um and/ or
tell Lﬁ'\st:?ﬁfr?%?roTﬁ] in the heterocycle, and suffoni um sel enoni um and
tel | R,OR} & FBakd Rddpandeny d b, ﬂ@ﬂ@tﬁtﬁhtutﬁe@ramﬂ:&{ﬁlké phéﬁ&l sdbsﬂt&eé\ﬁhe?ﬁ , ﬁt s

wher are ndepen

al - edya?%('l)}l E&S{E{# ? 3{0[}?%'%%;" lg?yfl’"’d 'g%ﬁ@ﬂ*ng Saeeh ¢ eregtuﬁ%"t ituted phenyl,

benzyf s ai giienlak orgasialos eigenit eeld ayinkimaidey provided, thiRah@ack Slecteel ta gor’idﬂmtas ane
20r di cbfnﬁﬁrﬁélﬂt (b |s'>lﬁ& lc?éntldaﬁto ﬁf\@ sﬁ!ﬂhlﬁ? ReRhingOr ie'ﬂﬁ}fn%ad%ldg sQEcted %@8

hydr oxi de oy b g he acid selected to constitute onent (b)
i's not ideRPi% 9’31 © '8199%’ I'?lﬂ’ PPRPgeg ‘é’ﬂ?q??'ﬂ‘”bP°'P%‘P'19[]W°}1‘F°61P5{€qsd§'e§ém€@t ed as
conpd¥iegen ¢oataining helgreeycindsothonmistselotted e Wiczoles, taitagbles) imigazoREy izl Oind
conp@asids, (C) conprises one or nore nitrogen containing heterocyclic
corrpounds sel tr| azol es, tetrazoles, imdazoles, pyrazoles and

f
é()u rines. I'N o%@g%‘ﬁ‘ﬂ%{ﬁg AsTRicrgroYRening ORgoFiiRTy FREIMOAR (Y ﬁﬁ‘&ﬁz?‘? fthe chgmisahent

ifymallet(i)i azol e of the chemical 25 fornmula (11): N' N"I -RIB 30 H
wherein in formula (11), R 17 and RI B may be hydrogen, alkyl, substituted
al kyl , phenyl, substituted phenyl, R17
_ . N

7\ o
N 18

N R18

H

wherein in formula (Il), R'" and R™ may be hydrogen, alkyl, substituted alkyl, phenyl, substituted phenyl,
amino, carboxyalkyl, and whereby R'” and R'® may be the same or different, or in which R'” and R* may
be combined to form homo- or heterocyclic rings condensed with the triazole ring.

In one embodiment of the micro-roughening composition, component (c) is a tetrazole of the
30 chemical formula {lll):

' /}““_Q' (m).




am no, carboxyal kyl, and whereby R 17 and RIB nmay be the sane or different,
or in which R 7 and 8 may be conbined to form hono- or heterocyclic
" rings condensed with*the triazole ring. In oneg odi mrent of the
m Cr o- I uyb@BbfBogconposi tion, conponent (c) is a tetrpgpip§dhodhey chem cal
formula (111): R19 -20 WD 2005/ 034596 PCT/ US2004/ 031697 wherein in formul a
(111), R79 may be hydrogen, alkyl, substituted alkyl, phenyl substituted
phenyl, hal oal kyl gm no, benzyl, carbox car pboxyal onyl ,
am nUﬁ%t@'bmfyﬂmU'ﬂﬂ'imw bWé’P%‘?“na'hi?”tﬁﬁW%{ea"ﬁ’g %%Lwé%tut%@%ﬁ%ﬁo%g B
enboa\hmsrﬁenzﬁ b&hd:§] datioRyaiyi, Akdxyaarong aeinaracionyl, R ﬁm—wmerm%omam@s t he
tetrngo ﬁ |0§195 5 phenyltetrazole. In one enbodi nent of the
i cr 821G 8 efni ng conposi tion, conponent (c) includes an i &
»conpound. In anegmbediaentehe ttpaviers 5-amipatey 7B ERotieg eB‘Qﬂ?WFW%‘é%?@ eis 5
5EX€ITB}|,@,5,}}{3t;§£6@dI ments of corrponent (c) are 5-phenyltetrazole,

benzotria oI e, t.h 7 I
embodi menf” 9’81 H’% Btrbtﬁ[‘}'b O%lpghgnr'r'f?g% Wﬁ}{%? g %He%%gﬁ%n{h Iﬁﬁzﬂ%es 10
a condrprand.on amﬂhﬂ embemmgfédh%'m'ﬁﬂailmﬁs @Zﬁéldé?"&aycl i ¢ compound, such as
genﬁ ot r: aEQdfy M#&ﬁt@%&bﬁmb@h@ﬂkc&?areﬂph&h%@ﬂdz@te[be&idn’ﬁa‘ioieﬁnahiﬂbnmwlazdeﬁl e or
phenyltetra et as
am n8tHE B‘@’r‘?@‘l”?ir 'aéa? HB)‘?W e fﬂeﬂt it [n?%olr?ugégpan & %S.}‘&-! %ﬁ"scé?ﬁ%& qﬁr?cé@g enes
10and s ulysbindtion efdk nitagementiniOEteNexslic @mp@mqaém@r@ﬁ bﬁr&?tﬂa#qiﬁ HW@V'B%%I?%t of

t he Hih%ﬁ&wz&%&%l&e@bm%féﬁ’éaaﬁ% BJpﬁthiteﬁ'rﬁiﬂéoﬂg%mﬁcﬁ%nﬂ ), @lttﬁhﬁtérb@bub campelngel ect ed
aronmat| c su I Nl C

I
[Ty 5o 5t mmsepara e poch ok R Tt AhdpEp R lashiegmia
H abk\y\bthmolésam dgsubedorghkid)., phenyl, substituted phenyl, R7-(CO-, wherein
?&%lemboﬁﬂr@rﬁ% ﬁ-né'Fn% @hdﬁ\éhm &J'ﬂﬁﬂ)éltlon %b‘rhﬁ&deﬁﬂ{&ﬂéia BinfHydcid sahetedher ei n

he sa 0 enbodi nent, conponent
1) omEHTRLPUREACk Y FTBOER P STE EB A et of ¢ e
m cr o-r ougheni ng conposi tion, conmponent (d) conprises one or nore
heterocyclic ¢ pdsogel ected frapm thi ophenes, thiazoles, isothiazoles,
t hi adi azol es aﬁggﬁgﬁatr%azoles @ﬂgnother enbodi nent, conponent (d)

20corrprl ses one or Bs sul finic acid conpounds sel ected from benzene
sulfinic acid, toluene sulfinic acid, chlorobenzene sulfinic acid,

ni t r sbemsinemierauid €Ywmi ¢ aci d and car boxybenzene sulfinic acid. In another
enbotﬂa &Ndna @mcﬁﬂ@n%ut(sﬁﬂlte@ QIS ph‘éﬁ;s OBsELaEd PREg!, Ry (EON, wheremaR,tsHsatykct ed
Gt T e O L
one déntyedinedimentf cantpenert () ﬁ-f‘PfG'a@ﬁ*@ﬁlSH@j“Q:%ﬁﬁom tion, conponent (d) is a
o4 hi ophene \¢anaiHRdimehtde tegnitrbLough@iMgahpd itidhy b@nﬁo\vf)mt (d) comprises one or more
heterocyclic compounds selected from thiophenes, thiazoles , isothiazoles, thiadiazoles and thlatriazoles. In
another embodiment, component (d) comprises one or more sulfinic acid compounds selected from benzene
sulfinic acid, toluene sulfinic acid, chlorobenzene sulfinicacid, nitrobenzene sulifinic acid and carboxybenzene
sulfinic acid. In another embodiment, component (d) comprises one or more suifonium salts selected from
30 trimethyl sulfonium salts, triphenyl sulfonium salis, methioninealky! sulfonium salis, and methionine
benzylsuifonium saits.
In one embaodiment of the micro-roughening composition, component (d) is a thiophene compound

having the chemical formula (V):

R? R10

B

Re.~ R
S
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(V) WD 2005/ 034596 PCTI US2004/ 031697 wherein in fornmula (V), R8, R9, RI10
and R11 may be hydrogenssal kyl, substituted alkylfﬁbhenyl, substituted
phenyl , hal ogen, am no,~ “al kyl am no, di al kyl am no, hydroxy, al koxy,

car boxy WQ 283452 kyl , al koxycarbonyl, ani nocar bonyl , PORIUS2EENBL6IT wher ei n
R12 may be hydrogen, al kyl, substituted al kyl, phenyl, substituted phenyl,
whereby R8, 5 RO, R10 and Rt1 nay be the sane or different, or wherein two
or ”D%ﬁﬁgfmﬁﬁmu R10 and R11 may be conbined to form hono- or

het er o¢ & rings condensed with the thiophene ring. In one enbodi nent,
the (RI-BUTTER” BAY BinADon. abicaentsn 2 Bhead; sebstiied shepy. Taipoe amino.

anot halkylanehnd) odlatkpemndino, tﬂiyeroml mmneart&xﬁ aaabaq@hyaoah@ma@omr Bogtat@yiret hyl

ester ml hare I n Q

ool ?'g’m F uRBR R T oo sy R BRI SR, e R e
Por rru'Fa hR" REg be Mamcprmfsren*aw b\@eWUMQvémor%m R .sF& ond Rt reay be kyl |
phenyéammbagtfbmm &hfé[é%cychbﬂﬂ!gﬁ@@rﬁ‘deri&ﬁbﬂ%the%dﬁ)ﬁbrﬂiﬁd@o di al kyl am no,

hydr oxy, al kox ar bo (04 carbon anlno ar bonyl

R R 0 e e L Ly M
maybeefﬂwl@ahﬁle@ﬁopbﬁﬁefI%B-@mlnotmcwhme Rrcashixylatetroghybesteror e of R13 R14 and R15
may be C0nihbﬁb%ﬂ]bbélmfeﬁ%bﬁhmv@&roﬁhed}ﬁé‘dr%\éiﬁbﬁ CorhpdAEt (@%%Qﬁgz%%%ﬁh%ﬂehwséahe

éhlaqple r@mg I n one enbodi ment e thiazole is an am nothiazole or a
ubst PEHE m not hi azol'e. In addition, the conpounds of conponent (d) may
be thi adi azoles substituted wth the same R groups as above. In one

enbodi ment, the thiadiazole is an am not hjggi azol e or a substituted

am not hi adi azol e. 20 The conponents of tHMi'S enbodi nent of the

m cr o-rougheni ng sol uti on, when pr may be resent in the follow ng
exenpl ary concentration ranges: | furic & concentrated: 10 to 250
g/l Hydrogen peroxide, 30 mt% s 0 100 g/I 5 menber ed
nitrogen-containing 0.5 to 50 sl f ocycRi®c conpound: Adhesi ve conpounds
containing 0.05 to 10 g/l sulfinic, selenic or telluric acids: Adhesive
hetenmﬁmﬂtnﬁxmdapﬂunds 0.05 to 20 g/1 Sul fonium Sel enoniumor Tell uronium

R A S Y v R s D e

alkylamino, dla!kylammo hydroxy, alkoxy, carboxy, carboxyalkyi, a[koxycarbonyi aminocarbonyt,

R'2-CONH-, wherein R may be as defined above, whereby R™®, R and R'® may be the same or different,
15 or in which two or more of R'®, R and R"® may be combined to form homo- or heterocyclic rings condensed
with the thiazole ring. '
In one embodiment, the thiazole is an aminothiazole or a substituted aminothiazole. In addition, the
compounds of component (d} may be thiadiazoles substituted with the same R groups as above. In one
embodiment, the thiadiazole is-an aminothiadiazole or a substituted aminothiadiazole.

20 The components of this embodiment of the micro-roughening solution, when present, may be
present in the following exemplary concentration ranges:
Sulfuric acid, concentrated: 10 to 250 g/l
Hydrogen percxide, 30 wi% solution: 1 to 100 g/l
5-membered nitrogen-containing
25 heterocyclic compound: 0.5 to 50 g/l
Adhesive compounds containing
sulfinic, selenic or telluric acids: 0.05to 10 g/l
Adhesive heterocyclic compounds: . 0.05t0 20 g ~
Sulfonium, Selenonium or Teilurqnium salts 0.01t0 109/l

30
The foregoing micro-roughening solution may be suitably applied as further described in U.S. Patent No.
6,506,314.
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© conprising from about

30sur f gerPRAstion. inpse §WP?‘%§E?’&WP”‘W 0@ yeighHp

15 20 25 30 35 WD 2005/ 034596 PCT[ US2004/ 031697 in one enbodi nent, the

m cro-roughening is f@rl ed out by applying an ueous conposition
5 g/l to about 50 g/l hyc&aggen per oxi de and about O.

1 g/l tevcesbsady 9/ 1 of an aromatic sulfonic acid opcpu§abindiber eof , such
as sodi um ni trobenzene sulfonate or other known aromatic sulfonic acids
such as benzene sulfonle acids, which may be unsubstituted or substituted
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35 in one embodiment, the micro-roughening is carried out with an aquecus composition comprising

(a) an acid; (b) a copper complexing agent; (c) a metal capable of having a multiplicity of oxidation states
which is present in one of its higher positive oxidation states and which metal forms a composition soluble
sali, and {d} oxygen. The acid may be a mineral acid, such as sulfuric or fluoboric, or an erganic acid, such
as acetic acid, an alkane sulfonic acid, an alkanol sulfonic acid, or mixtures of any thereof. The acid may be
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enbodi nent, about 0.01 %to about 1 % by weight. In one enbodi nent, the
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an acid; (b) a copper coépl exing agent; (c) a net al “capabl e of having a

mul tipl i\mtzgﬂsmuswl dation states which is present i nRSTASE04{089hi gher
positive oxidation states and which netal fornms a conposition soluble

salt, and (d) oxygen. The acid nmay be a mneral acid, such as sulfuric or
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While the invention has been_explained in relation to certain specific embodiments, it is o be
understood that various modifications thereof will become apparent to those skilled in the art upon reading
the specification. Therefore, it is to be understood that the invention disclosed herein is intended to cover

such modifications as fall within the scope of the appended claims.
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has surface roughness (re), as neasured by a profilometer, in the range
~fromabout 1 to abouf 3 mcrons. The resist |logk-in issues common to
pre-treated foils are’not likely to occurwi th micro-roughening processes 35
usi ng Bwwwlkiosstssds due to the | ower surface roughness agrwsrgaosdst o the
pre-treated, e.g., dendritic surface. Wile the invention has been.
explained in relation to certain specific enbodinents, it is to be
understood that various nodificati hereof will becone apparent to those
skilled in the art upon reading tggé@&ecification. Therefore, it is to be
undewsitidodaitredts: t he i nventi on di scl osed herein is intended to cover such
nodi fi cat}jons Al RERS| byl &imPBising:24 WO
2005/ 034555 PCA POEBULR MR EC o oSt rhishe AR S B e 22, & e
' is: 1. A B ocerevidigg prparsiiemedimets) Iayer BRvingiadr R BRI 2 ¥ erial s to a net al
5l ayer, coppri Sinrf-roufieenirgtieirstinngoratrfaca pefotrea misth-wegrehed sigfare; #ralvi ng a first

M) Or surjace; %tgllﬂpm b Gl Faﬁ%qgﬁ%l%%{r&ﬂ%a{térﬁ lindRbiliayelr face to forma
m cro-roughened sutface, an e) etching the metal layer to forma circuit
pat t whateip frethigroriptgheningis sarriedpd PEPTC HBECANEr o- r oughening is carried out

prior to the etching. 2. The process of claim1, further conprising, prior

to (e): (g) applying an.et.c j . g -roughened surface; and (d)
pat t er ni ng' theﬂé %rﬁgersgglf(g%'m{]loFu%ﬁ%/%tgwbgsr’@;@mﬂ&%t al to be renoved, wherein
10(e) et chef)t hearphirgsangfichrgsislito the miworeugbRned sUfBRR @pf ocess of claim 2,
further coypri shtReningd Bk bRHIdIG! Bir@Ral(R9as of melaliv bagenidied, et ch resi st ;
opt i O€a| .Ig app ing a sgr%on‘qagg errrnec;t\&{ coating to the m cro-roughened
sur f JegeN ki 3%%?%[%?6% FreP 8efF1%%% 0 t he m cro-roughened surface. 4. The
process of any preceding claim wherein the unpatterned netal |ayer is not
treated tQ i NGRESTEesS EFRE, APMEIHARBASIRY, foldwiidstdéphe): M cr o- r ougheni ng. 5.
The proceaf of an g‘precqﬁieng t(;I aim wherein the mcro-roughened surface is
Bnot subj ekt ed ref'@: I THEPFougheni ng fol I owing the etching. 6. The
process ofg)any opiosaivdiopiying b aseendaheeie] geatingdo Hie regio-toughared syfers PRtd by t he
etching hagy az&iyisPa SGELHORMe RicRAughERbd diflad! 0SS- sectional area is not
substantially further reduced subsequent to the etching. 7. The process of
~any preceding claim further conprising cleaning the first major surface

pri or 4, The process of any preceding claim, wherein the unpatterned metal layer is not freated to
20 increase surface roughness prior to the micro-roughening. :
5. The process of any preceding claim, wherein the micro-roughened surface is not subjected

to a further roughening following the etching.

25 6. The process of any preceding claim, wherein the circuit pattern formed by the eiching has
a cross-sectional area, and the cross-sectional area is not substantially further reduced subsequent to the

efching.
7. The process of any preceding claim, further comprising cleaning the first major surface prior
30 to the micro-roughening. '
8. The process of claim 7, further comprising pre-conditioning the first major surface comprising

applying a solution comprising a water soluble alcoho! subsequent to the cleaning and prior to the micro-

roughening.
35
Q. The process of claim 8, wherein the solution further comprises a corrosion inhibitor.
10. The process of claim 2, further comprising removing the etch resist _subsequent to the
etching. ' o
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to the mcro-roughening. 8. The process of claim7, further conprising
pre-conditioning the fisst najorsurfbce conpr|S|nQT}apply|ng a solution
conprising a water soIUb e al cohol subsequent to the cleaning and prior to
t he mi cMO20080HANI ng. 9. The process of claim8, whePETAISEME/03WPTUL i on
further conprises a corrosion inhibitor. 10. The process of claim 2,
further conprising renoving the etch resi st subsequent to the etching. -25
VO 2005/ 034596 FRGHHEROGHIRS RineAor2 HihePLAEASAy MRl b Betbnddly i lHihg O 2
further conprising applying a secondary neta H to t circult
pat t ef°i1e ArULPRIRR" ocess of either of clains | or 2, further conpri sing
applying a dielectric material to the 5 circuit pattern. 13. The process
of any preggedi i .
copper. 1472 ThoeFhBBLof Rl Bl i ol her b AR|o Sl AR e
5ayerm@P“%Wﬂﬁer and a layer 10 of a second metal or alloy. 15. The process
of claim 14, wherein the second netal is an alloy of iron and nickel 16.
The process, of ¢l aim15,. wherei | oyconpri ses about er cent
Fon"and: aBbu Te8Siebs prsty BrSind dim i PO lel Gier S sat e e T ecoof
anypreceding claim wherein the m cro-roughening is carried out by applying
a mxture ermlﬁgcéé@bﬁétalmaigl ﬂaeré@th@ﬁé@@@&er%ﬁn‘ﬂpﬁsegQﬁéyglsdf%bpbﬂzﬁﬂdm gk 1O
1éhe u@patterne% lﬁ | ayer. 18. The process of claim 17, wherein the
ci d LERSFIIBEEASEY nore of sulfurlc acid, hydrochloric aC|d a sulfonic
acid, or an organic acid. 19. The process of claim17, wherein the oxi dant
conpri ses {§1e OfheFb&sbf @alrﬁqlﬁ%eﬁﬁn th& seddff Fh%taf’is afl afitf! h%m@m@kél rate,
cupric ion or ferric ion. . The process of anypfeceding claim wherein
the m cro-roughening is carrled out by applying an aqueous conposition
conpri si nglé a) Ty dragesof pleinods, wieereif thi allby coremises aboeat 6datonhic péregntdn dndabdut one
181 1 O horhie phrédnDhiBRer. f 1 ve- menmber ed heterocyclic conpound whi ch does not
contain any sul phur, selenium or telluriumatomin the heterocycle; and
(d) at | east one adhesive conpound fromthe group consisting of 30 sulfinic
aci ds sel Bni de:emmaéssofeayﬂrenedmg daiacwittssin ihe vy Oy GHening Seapiadutlsy popihai ni ng
at fer, aa@'a%ruxtﬁgh §5Rbrrdsth Mnhlrdu Ho étf% E‘ﬁae&?k?érocyc' €
and sulfonlunt se enoni um and tell droni um sa avin e general formula
(1), R 351 A+ X (1) R3 R 40 wherein in formula (1) Ais S, Se orTe;
2R, , R2 andisR3 ahe prodessesfdeanhl 7, Gheleh Wk lagid, cofiphsdsi dnat @dmek ko Isulf@lckamy |
pheny Stk d I ycl oal kyl, substituted cycl oal kyl, R
Ro" andUrRERE bl 4 faroR SO o RGN poi

erent; and

19. The process of claim 17, wherein the oxidant comprises one or more of a peroxide, a

peracid, a halide, a nitrate, cupric ion or ferric ion. |
25 _

20. The process of any preceding claim, wherein the micro-roughening is carried out by applying
an agueous composition comprising (a) hydrogen peroxide; (b) at least one acid; (c) at least one
nitrogen-containing, five-membered heterocyclic compound which does not contain any sulphur, selenium
or tellurium atom in th e heterocycle; and (d) at least one adhesive compound from the group consisting of

30 sulfinic acids, seleninic aclds, tellurinic acids, heterocyclic compounds containing at least one sulphur,
selenium andfor tellurium atom in the heterocycle, and suifonium, selenonium and telluronium salts having
the general formula (1),

35 |
AT X ()

Ry Ry

40 whereininformula(l) Alis S, Seor Te; Ry, R, and Ry are independently C,-Cg alkyl, substituted alkyl, alkenyl,
phenyl, substituted phienyl, benzyl, cycloalkyl, substituted cycloalkyl, Ry, Ry and R; being the same or
different; and
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-26 WD 2005/ 034596 PCT/ US2004/031697 ,. X- is an anion of an inorganic or
organi c acid or hydrgX de, provided that the aciq selected to constitute
conponent (b) is not*identical to the sulfinic,iseleninic or tellurinic
aci ds selenkgossas conponent (d). 21. The process of apyr/ebesadies 1- 19,

" wherein the mcro-roughening is carried out by applying 5 ah agueous

conposition conprising fromabout 6 g/|I to about 50 g/l hydrogen peroxide
and about 0.1 g/l .to about 50 g/l of an aropaki |_f.oni i wds Sal t
Fherbop anariomdlan sikBalr Siadn g e Biare HEBE v B o B UpFeidFobotin
ni cramimunghigh) is gotiidentical toithedsutiioic, seieniaioor igllurigic aeifs selpaied as carpepedid)i on
conprising (a) a cupric ion source, (b) an organic acid with an acid
di ssoci ation 10 constant Ka f 5 or | ower c) _a halide ipn e, and
(d) water 2115 Jfe E@?eﬁﬁéaryﬁﬁg% X Wé‘ﬁgf'“dFE'BPfa?rfﬁéq}“‘i@'ﬁgd? A oty PRhe
5N Cr & &iQupbesinmgsition eprisigfrouabount 3 dil taaboubBPLod ddsogeo pproxie arskabed RJrd4e ng 0. 1
to 20% L aht - : i dev inorgani ¢ acid; an organic
corr%&ugﬁ()%h%ia{%;'Egﬁﬁnggggrg?%g%e{%%bfm. The process of any of clains
1-19, wherein the micro-roughening is carried out with an aqueous
conposi ti @a, conpe pakag of @y obtaime it-d9, Whbjeircthenippasugbenind iesdring catierepphivg) a
et aly SARBRL CofilashBY bdhhrisfa 18 ldufild i6 SolrcR] (P E1BArORISIR Aol saBtidton

i R |g%|( posi t

present "1 n one I've oxl dation states and which netal

10f or nepngtanbAeL9ftd a5 ipweb Q) BIhalidgden souadng i) “68¥%¥gen. 25. The process of any

preceding claim wherein fromabout 0.5 to about 2 microns of netal is
renmoved in,the . mcro-ro ni eR. : Nolq R 4o
Clai m uhdPel n TREapEr g B RS 18, witon HRTBEERARIRs EUIBRMIELAD g
as meseie dormyosHion £eMRERE 8r) e PeimbA weight hydreganpermiaeian (OEIERE @Fign 8N YrE9Nic Tha

pr oCgsfosth iHbioP bAES8IMgal ai m wherein the m cro-roughened surface covers
about 90% or nore of the first major surface. 30 28. The process of any
preceding claim wherein the m cro-roughened surface covers substantially
al | of the4fir sthemprgcess efiany atdaimpd-19THkergR deasigrontuolsningss exeer o Wl 8 m
wher gh ol 8oriBdsitibn beRiEing &) &h Scid; &5 a copper complexing agent; (c) a metal capable of having

amuftiplicity of oxidation states which is present in one of its higher positive oxidation states and which metal

forms a composition soluble salt, and (d) oxygen.

20
25. The process of any preceding claim, wherein from about 0.5 to about 2 microns of metalis
removed in the micro-roughening step.
26. The process of any preceding claim, wherein the micro-roughened surface has a surface
25 roughness r, as measured by profilometer from about 0.1 to about 0.5 microns.
27. The process of any preceding claim, wherein the micro-roughened surface covers about 90%
~ or more of the first major surface.
30 28. The process of any preceding claim, wherein the micro-roughened surface covers
substantially all of the first major surface.
29. The process of any preceding claim, wherein the metal iayer is CIC.
35
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