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(such as a chlorinated quaternary ammonium compound), and surfactants (such as polyethylene glycol). The
advantage of these processes is that they usually operate at relatively low temperatures (30°C-40° C) and
create a micro-roughened copper surface which is less susceptible to damage than black oxide crystals.
Exarples of such processes are described in patents US 6,036,758, US 6,294,220, and US 5,807,483.

In most cases, copper, or a copper-based alloy, is used as the conductive material for creating the
40 patterned cireuitry. However, there are certain instances when circuits are created from material consisting
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A conventional micro-roughening reaction, including the non-roughening, with a mixed-metal layer
is schematically shown in Fig. 2. Fig. 2 is a schematic cross-sectional view depicting the ahove-described
effects when micro-roughening a nascent printed circuif 2060 which includes a mixed-metal circyit pattern
element 202, The circuit pattern element 202 includes a top surface 204 and side surfaces 208, and is



effects when m cro-roughening a nascent printed circuit 200 which incl udes
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exanpl e, dendritic copper may be applied to the netal foil. This process
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30 modifying the underlying metal structure. An additional step may be added between steps (b) and (¢) or
between steps () and (g) to chemically adjust the color of the micro-roughened surface in order to aid optical
inspection.

The process in accordance with the present invention is simpier and shorter (i.e., includes fewer
steps) than a typical circuit patterning sequence. Treating the copper surface is carried out by bringing the

35 copper surface into contact with the appropriate salutions, Optical inspection may be performed manually
or automatically. Copper-invar-copper layers treated in accordance with the invention have a uniformly
micro-roughened upper surface with none of the originai copper color visible to the naked eye. In mixed-
metal embodiments, in the present invention, the area of non-roughening is restricted to a narrow band along
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enha(falced and F'%Sg% t %ms??(; 30 SF?E%O%" ¥"¥“f%m' T r(og%he{"%‘%(a [ PPPE Cémuut el
embodi ment®3¥& not ni cro- roughened) have |rrproved adheS| on to the

di el ectric | ay#y.2isAschematiesiabd-seofonti hiew & nir ©@@eg ihgofa tilk@-rpt QSBA patRk@RiTeomn,
the crossnaget én%ﬂ@lay%l‘ §8opRbr Rd RAILET R 1Gdr Freblds 2 F@ﬁ’e@ Wretg ti% %6 Rlrof"
copper i S, QL. Si gnificantly reduced after step ( T there are
fewer process steps required to create a patterned ci rcwt Iayer wth

i npridved adhedissrPatieapdpreticeioes-yraticsr!viaws of Ttnevatbee v dyess oppasiemstshingfollowed

t her ef or eny natd&’amgfa:gﬁ@ldSm&a@fratﬂﬁ’@.fﬂzldfo@@bfWétdﬂ@onﬁﬂﬂbElkduiﬁyﬁﬂéml@rehﬁﬂ%d circuit

boards. BRI EF F%S@QUQ}Q s%r’rgt:c b, EQEAX% e ngg cgﬁvgnhoha e Eﬁt@ﬁét&mg ina

cross-sectional’ v \f(v m Ccr o- rougﬁg 1\37{%)
pattern &I¥iet g &OWGE by giop-raigh thWOWfB%f@@é%f?waqae g&{Respiting from the
i cr o- r ouieiengpsofivaemihxmdaipettad migedoeitltaypaintier srcglaments, i n which an outer

| ayes IS COPPETy, ARpIRIORREQRN of RS rohGHRE shiscle UHRSoAMES DR an RHEMBRLINE
metal such..as;|t@n, or lnvar. 15 Figs. 3a-3c are schematic cross-sectional

views of 'a conventl onal processof pattern etching followed by
ni cr o- r ougheni Hgf ' AERBNEE PHERNTY2 eHeentiongsmigP-cisediufpseom t he circuit pattern
el ements. Fi g$§igsda-7dercarerstheraiseciott 056 @ e ptoc@R abeoutingws 20kmaodioav entd onal

process @fes@ﬁtntr@ﬂﬁ&h AbIGHgMlerb Fougheniil 108 SarZBE @k nln@Y Slotd EQS’e ?(‘M%@e@% etching of the

mc ro nst atlngthe gal vani ¢ edge effects resulting from
Ele f;rkgr gﬁ Og]gc"bc F%\ngeme{ehwen fietal s of the mixed-metal layers in the

CI rcui t el emefPsta-Ss@ramcyemaic cysesastroe oieve plogpragsiss afcodingt @ po embuighaahefdne
surf ace, pieneraoeoficaincaing:tidio-angenbg ot eRfate gk shiie mepraserdiovbgrtdhRgoftid 9. 6

is a phoqa%ptgfog,g&@pihpaq;m@,eglg,m/ent| onal mcro-etched surface. Figs. 7a-7c
are schematic cro rocess according to an enbodi nent

of the presefit" ﬁ%g ﬁ‘fpr?fﬁ?ega\??ﬁohﬂmﬂﬁ’wrﬁ“%?' Tty ﬁd’ﬁﬁ‘éh‘?”ﬂ?j@%s shipe e Geurep
m x&d- metade nptaw@ﬁssar#y@wrodm thycatet Ebi emgmidd. intshme FRBe, dpaertica dfvonsivre of eame
pattern efterenisdis maybe exaggerated refative to horizental dimensions for clarily, Further, where considered
appropriate, reference numerals have been repeated among, or corresponding numbers have been used in,
the Figures o indicate corresponding elements.
DETAH.ED DESCRIPTION
35 It should be appreciated that the process steps and structures described below do not form a
compiete 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 at, and enly s0 much of the commornly practiced process steps
are included as are necessary for an understanding of the present invention.
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Fig. 8a-8c are schematic cross-sectional views of a process according to an
enbodi nent of the present invention, including mcro-roughening the
surface of a single nmetal layer, followed by etching of the layer to form
circuit pattern elenents. It should be appreciated that for sinplicity and
clarity of illustration, elenments shown in the Figures 30 have not
necessarily been drawn to scale, For exanple, in sone Figures, the vertical
di rensi ons of sone of the elenents nay be exaggerated relative to

hori zontal dinensions for clarity. Further, where considered appropriate,
ref erence nuneralsdhaes, beeam repeadugittnRgONg,als0 be B SRREH iRgrgRuabedtSRave
been used podess. frmel%hegws%mé |

peseR P11 G [ e mardrwgfaéélagﬁﬁgrﬁéa{oagém&q%d}gg@sﬁg@%b%w@%ﬁ R
structures desg? B%IPIBCGF% oo} ‘6? af%eﬁ%?‘%iha‘i:??ﬁfiﬂr@taé“b?ddﬁ%té@s?hle@iﬁﬁ{‘ygfaated to
manuf act uricigseatt ttigitaes asqmni ivt redshadss clniote dysadiderrin e mero-enghepnadhectriaade
by a 5 pr oceested 0Clktdidng sirhee fEASRMctd BNGRAKH AEh 407N & REBSERMLLRYANE ihefhigan be

practicedd, he?mﬂ!j'k%%ﬁﬁécgi}t?é%tg@to o8 |t§§1}r1la9ergtréaeoga alcgpc%%onquaé%lﬁ {5} ¥ 2t 90(”1 the

art, an are rncluded

as are neéneé%ﬁ QIOdW?Im Qﬁhﬂﬁﬁéf%ﬁaﬁ?ﬂ?ﬁ%@ Yfeerrdrepiee Ddifeaphije W'e&ba afgceised
herei n, t REomM@pent 50t te ploout GOYhetn argthenmenpodihet ibies mieb eruyeshitgthasiriass is freated

i nt er gr antigreaed iGRuAGe afRE BF £&Stor of e Qﬁ;u?é(}l%sio Qjoutsiléb%agur%cg]afélé Qaly 9@:&39&%@9
met hgﬂ S a n9 QJBPoﬁ%ﬁétE r'ngrggd Hn§ ﬁﬂﬁﬁ‘e metﬁod%r mg%sbjrnéqrsurg?ce greﬁis)% HS f g]lﬂ)geltogrw: fr<]>

process, e surface
cheni cal | V*Cf"is@af’é“c‘f“/t Erogapiceadeissbbaees. Stitebla AEV apresptusrislcarsereigugyrieds. | n
one enbodioneample; frmt Veecaingruoento wghensdegy, Nvhe surface 5 is treated to

increase its SIHBEE@&\%O@{H@@ rp%e%léléfbhﬁ{eﬂ@% tHGALE T trteg'l@@toé}rqg{gas!a Ry I%D%lﬁggrto a

enbodi ment m ¢ ace Is

its surfac 3gh3€$5§r K5 mea?uredtbg P rogk‘)m?t%'?rﬁh%[?ﬁﬁﬁfroﬂtﬁ%o‘ﬂt{? Zé‘Bﬁ?ﬁ t"?@@%) ® MOy A in
embodi nen?”thierne”FtH’é‘”}er ingbe eishrerdhag. theesudage fissiomateddo fncieab@ts tooglinasT @Ase it s
surface amemubybgorbiactess in tefradgeatiabous.s :5@%&&%&&1@%%&&0%@!&@@ an@a%eher

enbodi manébuout'orll hibten. f@é?é Qs 5]9&&9\@@%@93%65 Q@tloﬁ léé%@aq;%s It nhm?? éla;%a jfs 0 I(S:£|(JeS% N

its surfacrt]a r&fi@y a ftactor to abou ace rea
may be medlii 8¢ T SB’”WQW"%}?FOE?" eé?“%?'%‘? FRS‘E?O'”@%C'%*HW%'C’@S ?rﬁt“ﬁ@ﬂ?ssf 6y as
measur i ng"FFPaserafieretdrdn byenosd, of. aoB-0 akbontcatiootrcemiodns eraseapeol i)

t op@gr aphhicroanabysbds nidrord H&o@d&rstac@@ere 1@%%@&@&%%@&9” atus is comrerciall y
avail able, f r nst

enbodi ment, %Crﬁ%%%kﬁ%mfay l%n%y %y e{tgeuwgéo% dessc”%etdé'ég‘géjtﬂq? \éerlbﬁ'EW’ecﬁgé its
roughness’ qebsﬁab'?*BﬁtB?ﬂﬁé’§§h C"F’é?e §W"M§§§@Ffed by profiloneter in the range
from about 0. Zigri Tt e phbloutcro@raphsndf ofetn surated dbiined Fo@n@ighery iesrbadinsent

in the msofges, @Hu@h@%ﬁ@nshﬁ‘l&teﬁ%sfp@&ﬁa %ﬁlérg%&%nﬁwgaﬁﬂgﬁﬁ&l?g%ﬁuﬁﬁs TrhE?é‘g n§35
R SpRLOLIL sk er L LG K ans Tom ShodleD Srqgd fougess

el sewher &Y Nifr *’H*éghg’iﬁ%“ acerdaon Wildhaprespatinyention. rghatoete fyershown infio S, bé siriaes

di scl osedreamangesasdy e, easd MayoudeesOMPkdachs by BX¥ATREE: is bAE ﬁwfefoﬁg&i g
(rj;?] ;'eog Ulr&uk SRR léugthMrgf' NESRoviiRkig aSsthe g%%gé’ﬁa?gnl)b P(asmo(?%ésF r‘r}fhﬂBSS

20 ni cron ?So&eé:{bb 5°9|6m%te'1rr1gl&ln(3wdes§lsﬂg%ﬁﬁw IRRRRPAMNTRPCREE: explicitly set fort h
abo¥®. M cr o- fOEgHERIE N §efmy Heroekhing ederlg burlaye meparatbn it lbicimet hods: de sefai bed
i n det ai sudnessebgpeeis anemicdlly byatedob @ StktleakRe Wlw%umeﬁ‘:@(rm H%SLK’QCP

the art. l%hlgrﬁeteﬁn tﬁ@%n@e f?ornfabem%t'l%rgﬁ BIEEPOS mRfon i u?hzchsglél—:-rner%ﬁye oes nott AbilRs f r Om

ori gi nal |p
g péat‘y ncreased surface area. Thus, micro-etching, as used herein, increases the roughness of the surface

as measured by profilometer, and increases the surface area to some degree, but less than the surface arsa
35 increase obtained by micro-raughening. The increase in surface area obtained by micro-etching ranges from
about 5% to less than 40% at the greatest. Thus, while conventional micro-etching processes increase the
roughness (ry) of the surface as measured by profilometer, such processes do not obtain an increase in
surface area of the same magnitude as that which can be obtained by micro-roughening. As known in the

art, the roughness (r,) as measured hy profilometer is a measure of the peak-to-valley height of surface



surfaces, which have been subjected, respectively, to m cro-roughening and
to mcro-etching. Thus, Fig. 5 25 is a photom crograph of a netal surface
whi ch has been treated to increase its surface area and roughness by

m cro-roughening in accordance with the present invention. In the netal

| ayer shown in Fig. 5 the surface area was increased by 107% and the
roughness (ra) as neasured by profilonmeter is 0.412 mcron, as a result of
the m cro-roughening. As shown in Fig. 5, the surface not only has

i ncreased roughness (ra) as neasured by profilometer, but includes a

si gni f i cafetupesiondreasedia faces Beeacm &0 dAS nusadothemid, stiee b6l Mihe metal
“mcro-eteltng” refers to surface preparation in which the surface of a
metal such ach%pSp t| s. chen all%/ treafed to forma matte surface having
a roughness (ra 48UPEEPIR2 MHF STTACDItREIRTC oA ATETR e PRiBls RSB RR . 1
m cron t oSkNe Fig 53 witle pasrbeerdiseted rohrogatahing.alh Ithe it Byanebhowmic Figdi tha sudpceat | y
i ncr eas ed asuvhAiGReREEH 21 HAS the fasug:fn@ss@g)%b hw@%we@%y M&%J@r@ I rdidGH, @asesut he

roughness ,Qfe nﬁ he. ei%HiﬁS %gghom}ﬁﬁm ?@Pﬁ@aﬁ"gg Qﬁa Bl R%Aasgcﬂ]%%}r%{a of r&i] e3§§r ear%&asurege

surface a ea sone degr ee, surrace increase
obt ai ned WP ‘diaad dﬁ@%ﬁﬁ?f@xh'bﬁm@ W@ﬁ é?@&% éfe? Af *W‘Fr&d‘é@aﬁ’@ﬁ PR BTSSRy
m cr o- et chiFiged. padegetved dbom. Thlsouttle H&Mmicw-didissméthiamiadidsatougheesg(rgas esdsuredhus,

whi | e conwentrémiater RiaG4@e REGH, gveraﬁm@;%@@ﬁeésmqrag%gsuﬁe@%yap@w@m@ﬁﬁamﬁa of

the surfa r esses

i ncr%ase I&ﬁgk@ﬁe acgur%?e %n?cr? F]tche(a a?sr%g Li\[ ag'l %blo%%alfrfcwﬁla@ﬁ E%é @éence
obt ai ned 'B)Faﬁiyc?ipﬁ‘f?%%‘f?é"ﬁ?”ﬁ@” of K rrp@rtﬁbwwfapqﬁ depided iafips. 5tthé6r oughness (ra) as
measur ed by pridficle@iveg ery becaaied@n su eengle, bheppeaked o ieyudigbgbtuale or
surface g %oﬁ@ﬁFsU!Fa@es sQh 4 BRONES, 3l cﬁ ldBrfteﬁr%epers%Me L s a%ﬁé\%&'%ﬂ?ﬁn. SlPssy: gt
reflect changes iy erface area of the netal surface

phot om crograph o 3" Métal surface (obtained fromthe sane origi naI net al
surfldce as t hdts UsgthBeipin.i the By Presyeatghi whohaniss” beiern i¢ swatee trebayativh o7 whit ©Ai ng.

I n t he nedughcel @yperets sovnad dvpler §. treBled '&ch@m{ﬁ lelf a&Hritic 3k 8s WA Rs bzﬂ%&@@éﬂﬁj@ by 21
% and t h@ugﬁ%@ hPF§§mQ£s@>ed %? p%@é\%ﬂ&qg in t e é h%r?%?é}u?g mn% o(% tg%ﬁoumscn%corgﬁs as a

result of ?ro etchin face

i ncr easedApﬁécﬁpoé’eo gf'e dSLngFI‘ngC?éO topPRy fds ‘?‘Fé%{@ @HEXW'%’”& %f Pateidlee £.04B1t1 does
not exhi HAstigrekelo Hiogld Eeatrbecse Inar eaiclo pretitveimantcoaghe gy pecedesreteahetsiviepation
shoan i mrdceges Bs PPosdSIE iidASElrHIONR . miTiBWSIghaMHy| Bodshs MVEER =RE FRELRBIA
surface e&e%oughness (ra) as neasured by a profiloneter in a range

whi ch nmay over t he roughness gra) as neasured by a profilonmeter of a
mcro 10 r ougﬁbtﬂ‘ngStﬁ‘é‘P%'m%FhP%%‘ lonyrpiatesip @ prscast o vmatheisios atdieiekic atsrials nuch
| ower surt$ aoeaitayedanciibing srodiifidae pentenedingtal ie@thdvyig aippaapriurbye; GRAPBGIHSHIRg Of

t he met a|the§k& ﬁa@@%‘érfﬂ@lﬁﬂf@rﬁ%(ér@mﬁérﬂﬁed sﬁrf&@%m?btclMg%{e%e@aq Iﬁpérrl:g’o Cll‘?ﬁ( g@errxg i ed
ersu e Or

out , for n.1nc
monoper sul T at eaﬁ%’epﬁ Wﬁ%% @I’]S C@ES ﬁ‘?%ﬂt W?”ﬁ&eﬂ?ﬁlf‘%t oG hod! m&(}ta‘?riobbl e
fromE. [to thexpiapigEohgaine. N@ﬁw@ia%freamnmmre@mhe PN AGSs uEibel et e js dahied betr m

" pre-tredt oendmodivighten fugher kefaed Seatntens W k@& Heefahadsh @R tHenﬂMé]h@&rrﬁéaQ)ut

surface @Lbsaqu@ﬁttt@{he%ﬁihgs%sforﬁa%wmt beeld eated to form e.g, de“d“ “ c
structures on its s rou hness (ra) as neasured

profilometer I's"fF%F 'H(Ieewlﬁjﬁ'ﬁjgﬁ f g‘ﬁ?”ﬁ 'ﬁfa {hi EPB??Stt?J“@WGtad@eSW&f 6’ﬁ‘§°t"c
AppPd cat iMGHETigE o rariel davent soapsdngf ace to copper foil is described, for
exanpl e, in UaS, RabedigNanpdiedidneld byer h@ﬁ@aﬁﬂﬁ%a}o@s@éﬂ d Electronics, Inc.

Such pre- treasrrentmmug@m@qh PEERSEMANE TR dlop é,ftgmo'a‘wﬁb?o%}ees es

as opposed_to m cro-et Cro- rougheni ng: proces
netal -r eﬁ‘if(?ﬁ‘? on EB? Yrideagsurt oRe;

applying an efch resist to the micro-roughened surface;
35

a

patterning the ctoh resist (o reveal areas of metal to be removed;

@

etching the metal layer which is not protected by the etch resist to form a circuit pattern;
removing the etch resist.

“h
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In the first enmbodi nent, the invention relates to a process to inprove
adhesion of dielectric materials to a netal layer, including providing an
unpatterned netal |ayerhaving a first nmajor surface; mcro-roughening the
first major surface to forma mcro-roughened surface; and etching the
metal layer to forma circuit pattern 25 in the netal layer, in which the
m cro-roughening is carried out priorto the etching. In one enbodi nent,
prior to the mcro-roughening, no surface treatnent to increase the
roughness of the netal layer is carried out. In one enbodinment, no further
surface t rigdt Hefist emgodiment. dame enbalinreotg liessono bmbdienenetcalriticss@ars irethaiito

subsequentinddsd heroeieisRens ﬂetﬁ!@d&l‘rfe@@ut@ﬂﬁs%ﬂeﬁt 1PRE §:8Hid (o)) A oEQ%m%&Fnﬂmfpnor

enbodi nent 0 t.es ove esl on, o

di el ectri th th%nﬁ:rd z@&{gﬁ@:‘iuﬁg F'? su?fac% tre?tmer(w)t 8] mg'?ase@&[r%urggnsefssg:gihegﬂetaﬂ)}e&% lﬂ?a}r]rged &Ht
unpat t er ned net'5 m'FW%#ghfﬁ‘ﬁ'\g |aﬁ‘b‘9t‘é{"r1glpfo§¥ssﬁsaﬁ“@¢esgfﬂi>ﬁ¢ indeal ibthe feilowios.r Geghesisng
t he unpat tdesarigign Fetelediayalr coppdrmvar-copledt €ioN) ad tBe doadudtva cirtLieh&refid WB P BesHer,
surface ofortch&ef ésrtﬁé colBcBe BMfthRERa. Gne ﬁ@@n%h@gﬁoﬁ% af‘p[)lﬁglolg t%%o%‘ger 2fd Ilallg S of

M cro-rou e esi st

of ot al orBoSlel BEE St o Bl RS [ ahT RS TOPBER Get o
by the et @ g é‘%l?@f b?@"%ﬁ'kﬁoa cefattalipephpyag, teed. mangaheser requpssiungericherogtiah and®i St .
-10 As i nothhenkedrsdtal earbiodhaseintagdifon tO0R, RRRREIaABRE: 196 df Eh&he‘ﬁ@ﬁ&@%uch as, for

enmbog msl’l%xanﬂﬂb fﬂ‘éfyﬁacn:ﬁtﬁm %Pélurﬁiﬁtﬁn ¢ ?é%ﬁﬂ@l%td b%ﬁ«eer% Qv%r eesR. L4 ecg[gpoe:ff% 5 8opﬁ% ’%[oy

metal is g\@{? € Sub seq ent 1o n on

prior eY %?U(Sre? Uy #Hdse%'xﬁj??t%{é@“df"fc St Ats IPnionds brasdy arpkcable

r ough nes s gy SREr W?Cbmef%ﬁameh & veréeh pih iedkr Bt of chmetAlioCiois @Ughenddbgiveativo

et chi Ng proeesses: @ie mEREY lof Aeds) dhddetak bnd Ritht ARl é?lalllo?‘M tﬂtgmnzhgyeprn%?f@x%‘g S

Condyet 'VE"BE“."?’%"E'P“’“‘“ S Bin0g o R N L P EBRE i, PR omenniy ve

circ UI t nEPets BICoPPeR éo?)qeéé@ﬁf 20 PR DR SeaPHNPL aBhecTests cigspied dnetinadrk oy's
of coppepaigiiety appiiselic wethali getabsenewichme traltschamdnral by § ainfd WehicA G mére Bctive

exanpl e, gdivantaniiiin thduyep e %wé\fep Bs wit 0l &L tood 4 § ﬂmia?éﬁ%&’mag §E¥+hh&%e inner

silicon, I anese,

to other |9§§P§ th% ’ESQF 8'%%&%\?\? ec%ocgssef g%ﬁrg’aij p?r%arle&l phplicaplp oG danavers, ?LH’H@F
| ayer of %?ﬁ%““tr ResePRsetiars, whishers naisusceptiblet@the searepraslemmas arbaerimett lagdrumi suam i
sand@i chedhdsetyrempest mpbenflts df Ay eSenOfiveB RPRRILION: SOBRRE offst §¥oross AbdibONgH, t he

curt glnt | Yo MBSk wcdlebéfteM%emsxssdaéé%Qé %@Q% fe@gec?taglgs 3at$‘c' S n”oﬁﬁh”%%"? 'nzr
| ayer gf %gﬁ%p'gs C%?Bmd“&s o EF%%? I"%V %anawewao {5t seapp’iclios of tB‘%J'E‘é?'“P%fPéh%US@fO"

ot her net!Blse8Pdéts al | oy(s), and at |east one of the netal or alloy of the
i nner | ay@XeDmeaal eaneer el ectrol yti cal | y with surface etching of the outer

metaf | ayer ( S)A prc;tl@&sel §008Fd|;'r$ 8%@%@%&0‘0&5 gm 'megb%h%cpker%%g rin%er{illéln lé%/qeéﬁrtbgg \Ff)v'ilﬂ! s

to copper,. o%ge[: s _and to m xé
descri bed”REPE A g ga T%af’ﬂ"i EﬁrI?%t?'PWRﬂEFq ‘%f%ﬁ?’rséctfpwl Hiweed arpeteabs s@nding thes i n
whi ch t herbpdieent préy eresensingentinatigdudivpinGho-rbish 8RO RGHHCY & a BB Madk G Mok ban

t he OutemybﬁMﬁj(ﬁthemW%rm cn%§|t Mttbrh cRBetinderstood, a simlar effect may
occur when thﬁséﬂ@t@[ep ve nmetal. The processes

described herein ara fy 'In¥he s‘g‘ﬂ’on"'li ?"r&]bé’ﬂ'fngntt%tﬁgPrﬁbqs%"flth&y@?@“ '“%"tiié'ﬁ” &8 Unnaeipest or

cop%oer alMeGy Y Mixgdima '&Yeé SH@I“%%—@%W‘UM@@ theettoherpsanECiPriopleiisd.as ar e

m xed- net al | By&rs.a sbmnstichodBesbnglier brayescematRs ot Hen hensh rltéoScn@Jn bBQ@

present ijan@Rd én@ﬂpdtt%éd’fﬂ&&o{rﬂ&al%\f&" ﬁ@%@%@reg 4&3&%%8 5 g2 Smgt?acl l:éonnaf ea of

formed ci r%h’meaﬂgteF%B c@d t l i th reé% 28 tOS

3a- 3c. Ar”ﬁq i-, f"i esa OP ayer 710 of a first metal or alloy and an inner tayer 712 of a second
metal or a!loy and an underlying layer 714, which may be the same metal or alloy as the top layer 710,

35 although in one embodiment, the underlying layer 714 may comprise a different metal or alloy. The three

layers 710, 712 and 714 form the mixed-metal layer 718. The top layer 710 has a first major surface 710a,

which In this embodiment is the only exposed surface of the mixed-metal layer 716, except far the side or
edge surfaces of the mixed-metal layer 718,

nd
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exanpl es of products are given, they are not intended to limt the
application of the invention to the use of those products. M XED METAL
LAYER 25 A process in accordance with the second enbodi nent of the present
invention is described with reference to Figs. 7a-7c. Figs. 7a-7c are
schematic cross-sectional views of a process according to an enbodi nent of
the present invention, including mcro-roughening the surface of a

m xed-netal layer, followed by etching of the layer to formcircuit
pattern elements. As a first step (a) in the second enbodi nent of the
process of the "b?”@%@ﬁcfd "SR ERNRAGS NN aspatal Byan&th is BOvidmetiab cotinuriux et-anethal

| ayer, suehotes emboct8n2heinediayd Be@rosiieet a Ofia 0PB@ENgREr s@la& Il dhe Br&@dﬂlrﬁ@]dfhp':' 9

7ais a S@h@@%é@m@téﬂ%r 5@0% @Q@éd fr Efd\’)’agﬁer tg%su%s(?ecl:ﬂc mc?ter@ Itsyer 9@8 el a?itger

printed ci an unpat

adher ed ofﬂ‘géfl@l'”a%”ﬁg‘ ey TR VAL B atioey W@rsubﬁeguerw@p"%t%éﬂdlmrm
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applied. A second mgjor surface of the netal |ayer may have been attached

or adhered, as by lamnation, to a dielectric material, in which case only
the first nmajor face is treated as disclosed herein. In one enbodinent,
the netal layer is not attached or adhered to a dielectric material, in

whi ch case the second mmjor surface of the netal |ayer nmay al so be treated
as disclosed herein. 25 As known in the art, netal surfaces may be first
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35 in order to create the micro-roughened surface 710b are described in detail hereinbelow.

As shown in Fig. 7b, following the micro-roughening, the unpatterned mixed-meta!l layer 718 has a
rmicro-roughened surface 710b. In addition, as shown in Fig. 7b, the mixed-metal layer 718 also includes an
un-etched edge portion 710¢. As described above, this un-etched edge portion 710¢ is a portion of the top
layer 710 which remains un-etched as a resuli of the gaivanic edge effect. As schematically shown in Fig.
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Activator. BondFilm(r)Activator contains isopropoxyethanol, benzotriazole
and other proprietary ingredients. 20 The netal is immersed in this
solution for 30 seconds at 35C. No rinsing is needed or required between
the pre-conditioning step and the m crorougheni ng step because, as noted,
the additives in the pre-conditioner interact with the netal surface to

i nprove the m cro-roughening reaction. Followi ng treatnment with such
pre-conditioning solution, it is generally not necessary to rinse the
nmetal surface prior to the next step. In one enbodi nent, when the
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35 which dissolves the less chemically-resistant areas of the resist to reveal the underlying copper. Some etch

resists are then cured by heat or UV energy to make them less susceplibie 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 md/cm? of UV energy ata wavelength of about 330 to about

400 nm through a polyester phototool. After exposure, the protective polyester cover sheet is removed from
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As al so shown in Fig. 7b, the edge of the underlying |ayer 714 is not

et ched or roughened by the mcro-roughening treatnent due to the gal vanic
edge effect described above. As with the edge portion 710c, the |ack of

m cro-roughening at this point does not adversely inpact the product, since
this edge portion will 20 be renpved subsequently. In the next step (c),

of the process of the present invention, an etch resist is applied to the
m cro- roughened surface. After the m cro-roughened panels are rinsed and
dried, a suitable etch resist is applied to the surface, according to
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15 exenpl ary enbodi ment, the stripping operation includes contacting the
etch resist with an aqueous solution containing 60 m /I ResistStrip(r)
RR-3 supplied by Atotech. The solution is sprayed onto the etch resist at a
tenperature of 55C for at |east 60 seconds at a pressure of 30 psi. Steps
(c) through (f) are conventional, and are not shown in the drawings for the
sake of brevity. Fig. 7c is a schematic cross-sectional view of a
patterned m cro-roughened m xed-netal |ayer 716, 20 follow ng the etching
of the unpatterned m xed-netal layer 718 to forma circuit pattern 720
conpri si ng*AXPERANRIQTHERNFONMIXEDIMETPALBEERS el enent s 702a-702d. As shown in
Fig. 7c, the edg@op@chibedten! 1Qfc@bodd8a
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circuit padseaeardQr ggeg@ergeé?]gga, é&p@equent ly the formed circuit pattern i s

applledtothAeglleeE materi al | ayer 808.
s sfown in Fig. 8b followmg the micro-rolghening, the unpatterned rmetal layer 810 has the micro-

roughened surface 810b. In this embodiment, as shown in Fig. 8b, the metal layer 810 also includes an
35 etched edge portions 810c, In contradistinction to the mixed-metal embodiment described above, the edge
portion 810¢ is etched in this embodiment since there is no effect from an inner layer made of a different
metal and causing a galvanic edge effect, As schematicaily shown in Fig. 8b, the entirety of the exposed
surfaces of the metal layer 810 are relatively evenly micro-roughened as desired. As will be described in
more detail below, micro-roughening at this peint results in avoidance or significant or nearly complete
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15 The copper foils used with this invention are nade using one of two

techni ques. Wought or rolled copper foil is produced by nmechanically
reduci ng the thickness of a copper or copper alloy strip or ingot by a
process such as rolling. Electrodeposited copper foil is produced by

el ectrolytically depositing copper ions on a rotating cathode drum and
then peeling the deposited foil fromthe cathode. Electrodeposited copper
or copper-alloy foils are especially useful with this invention. Foils of
netal s other than copper may be 20 produced by simlar, known processes.
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of the individual circuit elements 802a-802d thereafter retain their initial, selected width, Thus, it is not
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circuit pattern 820. This feature of the present invention allows the circuit designer to design and build a
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In the next step (d) of the process, the etch resist is patterned to reveal
areas of netal to be renoved in formng the circuit pattern, as described
above with respect to the Cl C enbodi nent described with respect 15 to Fig.
7a-7c. That disclosure is not repeated here for the sake of brevity, but is
incorporated by reference wth respect to this enbodinment. In the next
step (e) of the process, the netal |ayer which is not protected is etched
to forma circuit pattern. After rinsing, the exposed netal areas are

et ched using oxidizing solutions known in the art, as described above with
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to t he digdliEst pagingrianirahe art may be applied fo the secondary metal to further enhance the dielectric
35 adhesion, such as organo-silane materials.

Prior to application of the dielectric layer, itis generally advantageous to inspect the patternad niicro-
roughened metal structures. This inspection usuailly includes an optical observation of the patierned
structures, either manually by a human or autematically by a computerized machine. In order ‘o aid the
optical inspectlon operation, an additional step may be added prior to etch resist application or after etch
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The steps (a)-(f) of the third enbodi rent nmay be substantially the sane as
t hose descri bed above wth respect to the second enbodinent. In the next
step (h) of the third enbodi ment of the process of the present invention, a
dielectric material layer is applied to the m cro-roughened surface of the
circuit pattern. After rinsing and drying, the 15 patterned circuit is
ready for dielectric application. The surface is already appropriately

m cro-roughened to have reliable adhesion to dielectric material. However,
certain dielectric materials which exhibit poor adhesion to copper may
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cocond or ﬁé"m?ﬁ%%ﬁ A PELEL e B SRyl e bttty aneTbebe
secondar y* fisted C”E?Hé’ﬁqehﬁ‘d r%@até‘b?awri?%dfett@mﬁeeﬂmhdp the peitegive netht Suctiraeestil | n
one enbodifireditiectricanaseiclo AdappiediBbiadmeappdrigas e TAPSSA ligBotidebd@she method
cont act i ng apdneatipalhelBedinget @xéz éJcP%HTn@e%t WD 3 u§é)cJ fg%ag%Pthﬁe agg%gt%ﬁse ™

Ennancer "IOB0 ARG BREERE o *Enhancer 400,

Enhancer 400, and 100 M /I sulfuric

aci d° (sp. gr. Aqnugiper qf quilghle mésndyoletih et pro@tsea dreeimpen & usewof the BBEnt hie@tion.

i Mer si orbevéraduihpraaboud aréﬂueﬁ)&ﬁ@d’ﬂﬁ&lm t-ﬁgfoﬁovMHg! disclo8@Y ETiRsd b8 o8N &Y 0eWerh dnﬁ
copper Oron@a%%hlé%emén S@,gtp] ar;P '%'It‘%é i %8“51 crons thick, and the un Yyl ng

copper structyre is not sub rdd, That is, the

m cr o- r oughendtf"§ §PPHCRTY ﬁ‘eé'?%{oygf@afa@ i8@aiathy Use &f apveeveskis catmapionicentaining

r et ai ned.a2n Baidganhedizendyodi eoendis, inhigddi hican ambenatitngs ol@ﬂi.@éé\ﬂndyrbet Bﬁeﬁn{pleﬁay
be appl i agl:lrcbﬁnbh&:@%@@é&ﬂ@dwhn@@&f@ﬂ)ouﬁ@tofawuté‘é ra ﬁﬁ&r?g/iz%ﬁroqd aeaogtq5r4t8F% 3P

dh t
G of actr ooy cl afeMeRRR B oA LR afchipeisia “psor e e i e peiisg

mcro- r Bi‘,Pé'ﬁE)ﬁéca’ "?r@f‘ a’l Ot%elr F‘ﬁ@t'ﬂ?@éﬂb'ﬂ% poxdlif Wﬂsﬁb@a@labwrfawéﬂhbycm ne} udey =,
opti cal elmvesgatneacofikd duuripadid, Blbﬁ\@dnbosweht(;éﬂérc&%enﬁﬁtiblhﬁd'm %Otlsaéﬂ oVabQM 3@0

h . i L ion Inhibitor May, b ohe or
uman or gt esrat Tl tb)ébcm(?ﬁ) &|QJmH S@bs?sl Ongfﬁ@%&%s th (%to Ber? qnor{agf et ch

opt 4.cal c

h es%és:t a&r@?cz?e% (Hn(z)oﬁr; or ? rg%oleét EE‘IH&ZOI@f813GIJ’}€gTId§FOI%‘3t qmridp'ﬁrtHr@s i°hthe retegeingo 0 one
cheni cal Fryb%ﬁtfl'j‘eﬂéE“ePﬁ@s@@lﬂb?'towonm@tm oeoangrighvested: gund et 20N, ceirdrhesoucase,
the col 69/ tadhaustagent copeiatingm, :ﬁdl@hhb@lsmamna§ HQ&EéUFHe'a%va'té( s8Rl ¥, mfe%ch 2

o oHIROPS AT BSB AV B B MAHELTE el o

any chem cal react on
i ncl udes cont'3&FT REPTIEhE B e-BHglRaRe Gorros kPN fiBloRCRIM CaryorRieu sy Sloleat.i Bre
corfai ni FRPITGoro-gugheinrd cormopithn(is prabide ad BB)drame dDt Midhl sRhadBaw b B

hydr ogensqpefimé deuded hgsrsdeh wbbam, bSusPiAyed ot Lhe Bis. yr face
at 20 psjgbRdns20 seconds at 35C. Subjecting a C(I)ppergéseure gﬁrggttg%e;{}g'g’e%

m cro- roughegwg with BondFilm(r) to such a color adjustnent operation
changes the FUERSEEPIER of FusrtuproUBH Presebicglrre desariga- ipilink, Pagemd Not.he
surf ace StIFEY (842E0, BAO7 S4sbstidniDs.al4, yhemehidsuRE .of which are hereby incorporated by
35 reference for their teachings with respect to such roughening processes (which may be referred to by terms
other than “micro-roughening”. For exarmple, in U.S. Patent No. 6,506,314, micro-roughening is referred fo
as intergranular etching. This patent describes a number of suitable micro-roughening compositions, 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.
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The dielectric may be applied by any neans used in the industry. Certain
dielectric materials are 10 available in liquid formand are cast onto the
surface and cured. OQther dielectric naterials are available in a B-stage
cured sheet and require heat and pressure to bond reliably to the patterned
metal structures. Still other dielectric materials are applied by plasm
vapor deposition. The type of dielectric used and the nethod of
application vary depending on the product. The invention can be used for
all of these alopl ications. M CRO ROUGHENI NG PROCESSES 15 A nunber of

sui t abl e mi cr ol'rPagREM MYt pheotbsessharies K rowad footr bylselyn tah ahtﬁbauspéce:ﬁﬁﬁlﬁon

i nvent i on.com@av@faglydisteibeRKiOs 85 S sanhe ac,kihlr {8k ié’asp@lg %ﬁl‘o&ﬁmdcohtgln Mﬂﬁv r%nlﬁ%ygdn g
di scl osur %ete%&@l%%osﬁﬁo%n%ﬁ%%o%@noﬁgon%m an?suﬁr}é% &?)I%%Y%l ur Ilﬂrﬁ @to%nbtp%hqi%wﬂ%m ng

necessari lX | i m ? gn?

is carried By & Y2 S'é%‘iﬁ’@‘@%“i’@ﬁﬁ@ﬂ%’ Ws@ﬁmoéwﬂﬂﬁgmdaﬂeiammcdatellurmrc

oxi di%Zzer &Fit heterorvelggoopoundthidpiainig . at leastane serhodid@nin altdie uieh 266 ey be,
for exanphegrocy?, hysiFegen sBeioRKndsd t,,6 to about
60 grans per liter (g/1), or from a%g%%%%?%\rr%%eb%ﬂt fafsf%%% ) I n one
enbodi ment, the ox] dant includes one or nore of a peroxide, a peracid, a
hal i de, a nitrateL cupric ion, ferric ion or other netal ion capable of
oxi di%zi ng the net/dl sdrface. The (gcid may be any acid, such as a nineral
acid like sul furic acid, in one enbodinent, at a concentration from about 5
g/l to about 360 &/’-I, or about 70 g/l to about 110 g/1 of the conposition.
The corrosion inhibitor may be one or nore of 25 triazoles, benzotriazol es,
t et nazol e\she;&rrrim%&m}d@s benzi m dazol es and m xtures of the foregoing. In
one enbogdisrent, he corrosion inhibitor concentration nmay range from about
1 g/l to bout i(_)r or fromabout 6 g/l to about 12 g/1. In one

enmbodi mentn "t #H Pnéﬁﬂ@@?%ﬂﬂ@ﬁv Frays dys eubstiged disylaalhaat. @hers b butlslit@epaieyyraensiich

as pol ye@ﬁw*‘e‘n@bgiw&nﬁwioa&al RPROMY g BEn@hY 68he ofiieldtl; BY4 al cohol , and

m Xt ur es )Ofls &Th@l()"lgf Q’gﬂé G CJI' Brggrlﬂpe @Erq'gkn)ﬁﬁ (PF]OVEEI"CF]{E&{ té %P}%’EF’HM? “stitute
CO”EQSI t 'c%ﬁ &n%ntgbca is noltl i a? f s}é)ﬁﬂ ! C)'

mi cro-rougheni n PpaLI e s F§9F'ﬂ'éﬁ°fé§“u%?lﬂfﬁislsﬁ‘€?f§*d Faompaneatid).

BondFi | m(r) Péﬂ‘i”emeG(«JBmmﬁFf thenrQiep-rougodritgesmbystioogemppen o) deipriss bfdisirgor@ci d
and benzoitrpazohtaing legeddiet CCWIFIOG‘l0@tsgl@dftedmoﬂfpt"rlhﬁﬁe@rt&razbiggr géz@l@%% aﬁ%%(s“aw onal
exanpl es Qfiresuch mcro rougheni ng processes are describ g

Nos. 36, 7%0 34 220, 5,807,493 and 6, 506, 314, the di scl osures of

whi ch are her 86V “f“‘?”?Pc? M5B PLheBicByeussEing st arasiien cororoneiéd) is atrsaai thg sheniideh

r espect tf%mé'ﬁlﬂih rougheni ng processes (which may be referred to by terns

ot her than "m cro-roughening". For exanple, in U S. Patent No. 6,506, 314,
m cro-roughening is referred to as i ntergranul ar etching. This patent
descri bes a nunber of suitable m cng- gheni ng corrpositi ons, any one of
whi ch may be used in carrying out?jf e Rlesent invegﬁ,, The fol |l ow ng

m cr o-rougheni ng conpositions ar g di scliosed in U Pat ent No. 6, 506, 314,
and are briefly reviewed herein. -18 onergabodi nent, the

m cro-roughening is carried out by aHpI ying an aqueous conposition

conpri si ng (aé1 hy dro eq peroxide; (b) at least one acid; (c) at |east one
ni t r ogen*CBAt diftiHg f'? Ve ey @thydl‘ve@eElwlymlbstautecommLp:hehym/éllebehutd@@&nﬂot
contai n amiyo, subgbaiky, aseitenrbuRi’ard REkaUbd UMBLOM difkrd NG, m%h%ﬁ‘i’e@%%%fa

(d) at |M¥nbﬁé@o%ﬁhﬁ§rﬁé’%r&%9&h@q iﬁcgme%sed vﬁté(a?eq%conm sting of

acids, seleninic aci gs lurinic yeM'e conpounds
containing at P&agfy ign ‘lflﬂ%’ﬂ‘l”o "SeaheRTLSATARE IO CPféPCPf\QPfl {@hie &t totazpla of He
het®8r ocydF&Ica &vguia{iDf oni um sel enoni um and tel | uroniumsalts having the
general formula (1),

N——N
f\// \ (1)
™~ R1e
M
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RL I" 10 Al X (I) / \ RBR2 15 wherein in fornmula (1) Ais S, Se or
Te; RL, R and R are independently Cl-C5 al kyl, substituted al kyl,

al kenyl, phenyl, substituted phenyl, benzyl, cycloal kyl, substituted
cycloalkyl, R1, R2 and R3 being the sane or different; and X is an ani on of
an inorganic or organic acid or hydroxide, provided that the acid sel ected
to constitute 20 conponent (b) is not identical to the sulfinic, seleninic
or tellurinic acids selected as conponent (d). In one enbodi nent of the

m cr o-r ougheni ng conposition, conmponent (c) conprises one or nore nitrogen
cont ai ni nghehetieronycli) R'taapeundees elkect edidtedaiyt, phagiosdsttutedatheak tdledky!,

i m dazol eﬁnlnooyén%%gr%&y%%oxﬁmwa@%@caﬂ!)cﬁ Oz?r@ W SRR NG H- tRBrein R™ may be as

m cro-rougheni ng ‘conpaosi tion, conponeng is a triazole of the chemnical
25 for mul f*r(qdla?m’em? N MN R18 H wherein in fornula (I1), R17 and R18 may
be hydrogen, ab kel embsdibett thateeatotalsibyEminostiersd. m@ﬂ@@ﬁﬁﬁ@@%@aﬁwéﬁVFVdeéﬁrno
car bgxyal jghyitetbgle Wher eby R77 and R18 may be the sane or different, or in
whi ch RL7 and (PR b B8 & HINMOSALRANLMANNE: ShoDBHELARISLL & Fidiase

condensed with' f zol i ment of the mcro-roughening
conp05|tNBWPmESHB@ﬁﬁﬁfeWE?WF§”ﬁwF@WF838F@m6F@?ﬁ%E 30 chemical formula
(111): NN  NEkbrhpldryerdboBiments of Ringpodnt(@@rewkiée ojatrdzale foenaviriazeld. MethybenRiGz¢iqy be

hydr ogen, arz@letlﬁMtLenzcﬁrﬁél’z’@& i bﬂe%%b@c!i rjﬁéﬂ‘lt ,theprh&&bﬂgh eﬁ!H@&Mpb's&{lcﬁ‘ld)f phemybamdiahaaikyl
Q@O\Ib %\%gxln%hoP'o g%%ﬁ coBtgmggheteré’cﬁh% cé dwpg.xr)(ac suC] 1%n¥en’zot?£9 ngorgcgﬁr@@&)é raaﬁ;le

t et r azol estiv¥emopioisol- @ﬂ*ﬁ%ﬁ@f&ﬁZ@e o Srphgifytittiene. éﬁﬁ@ﬁ?%ﬁfﬁﬂc W'Wé“e{E@P\‘Cé%C@PEOLi”QS 5- 5

phenyl t etduaiz @4 @minbifioghzes esbadicnent, 0ér thes mircanddeso aghehiaagereeo mpd sitsiitang

conponentag&gmiﬂg&gq§§oﬁgmbﬂ1gazole conpound I n anot her enbodi ment, the

dazol i
|5mph2rz“c/)| S e![ ? a?g&é%%gﬁgﬁ ?f t% wou%'ﬂ%?%@ﬁ?g&? F%rgpqnel%?m NaR rtﬁlc gc?c? seftbia

15 from aromatic stifinic acids and compounds having the general formula (V).
R4R5N—?— SG,H {"W)
NRg
20

wherein in formula {IV),

Ry Rs and Ry = H, alkyl, substituted alkyl, phenyi, substituted phenyl, R;-(CO)-, wherein Ry = H, alkyl,
substituted alkyl, phenyl, substituted phenyl, and wherein R, Rs and Rg may be the same or different.

in one embodiment, component (d) is formamidine sulfinic acid.

25 In one embodiment of the micro-raughening composition, component (d) comprises one or more
heterocyclic compounds selected from thiophenes, thiazoles, isothiazoles, thiadiazoles and thiatriazoles. In
another embodiment, component (d) comprises one o more sulfinic acid compounds selected from benzene
sulfinic acid, toluene sulfinic acid, chlorobenzene suifinic acid, nitrobenzene sulfinic acid and carboxybenzene
suffinic acid. In another embodiment, component (d} comprises one or more sulfonium salts selected from

30 trimethyl suifonium saits, triphenyl sulfonium salts, methionineatkyl sulfonium saifs, and methionine
benzylsutfonium salts.

In one embodiment of the micro-roughening composition, component (d) is a thiophene compound

having the chemical formula {V):

R? R 10

B

Ra - R

.



and et hyl benzotriazole. I n one enbodi nent, the m crorougheni ng conposition
of this enbodi nent includes 10 a conbination of a nitrogen-contai ning

het er ocycl i ¢ conpound, such as benzotriazol e, nethyl benzotri azol e,

et hyl benzotri azol e, 5-am notetrazole or 5-phenyltetrazole, as conponent
(c), with heterocyclic conpounds such as am not hi ophene carboxylic acids,
their esters or am des, am nothi azol enes and substituted am nothiazol enes,
as conponent (d). In one enbodi ment of the m cro-rougheni ng conposition,
conponent (d) is a sulfinic acid selected 15 fromaromatic sulfinic acids
and conpouwndsnirawirng (t)he general fornula (1V): RARGN-C-SO2H (1V) 1 20 Na

R6 whereig gsng® n stituted alk
phenyl , substi ItQut%d(]%zp a&(éel\ﬁyd{&%% ?H@O& ﬁ"[\if\)lré9 aﬂi}/ hphl-egyg wlﬁmﬁﬁ ‘Tnyl haoﬁ%SFﬂ“é‘t ed
al kyl, phél] f‘m'”%uﬁ%‘“f eﬂ“flﬂﬂ d"yfjﬂ@nﬁkoxymf@“mér SRROAIY, Raik%@rqqeyi May NBETIoORY.
sane or diff FEPHHL, Wh¢rﬁ118nzen&eh¢mdnomm liyl, earuoe Byl (pdnyl, subbtouteeaiiai, weerstylREi ni c
aci d.5 25 IR, Phenenbeadi BB M. s@rfne Bh@ﬁéﬂén@ kP v&h@#é%ﬂ%@'op&oﬁe%ﬁ@%gt ROMng ROMRANENT

(d) conpri r het er sel ect ed fromt hi ophenes,
t hi azol es oéﬁ@rg@ﬂbﬁgﬁﬁ? ey RS caczr'é1 Sconé Hegﬁiﬂb{g? ﬁé?ﬁ'?ﬂ”%g”g In anot her
embodi ment , coWﬁWd'(ﬂaﬁt iBoitipreasis arrainefhiophenecashakfic Fnidcestar pehridsmpantler
sel ect ed ﬁmmwnmnmem@phwhﬁ AmDotBichHehe-t2otangix@ats tsthyniser. aci d,
chi or obenzenesibhd sineae lor i oREARARE k] &(@%hé%!t @géﬁa R
sul fjnic ?o?m«ﬂ M anot her enbodi nent, conp ) conprises one or nore
sul f oni um sa ?% el ected from 30 trinet hyI sul foniumsalts, triphenyl
sul fonium salts, nelhionineal kyl sul foniumsalts, and nethioni ne
benzyl sul fonium salts. In one enbodi ment of jde mi cro-roughening
conposition, conponent (d) is a thiophene gonpound having the chem cal
formula (V): RO Rlo S R11 (V) Rn/ re|n|nf@rrrula(\/), Re, R9, R10
and R11 may be hydrogen, al kyl, subs{i al kyl enyl, substituted
phenyl , hal ogen, am no, alkylam 300, hydroxy, al koxy,

car boxy, carboxyal kyl, al koxycar b'3ny| &m nocar bonyl, R1Z- CONH, wherein

R12 may b@hggplﬁ%ﬁj kyl, substitut ed al kyl , phenyl, substituted phenyl,
wher eby b and Rll may be the sane or dlfferent or wherein two

3 19
or more o R% aﬁbR RPY P2 A rRen: Fely Subeituied sy ineeny ubikfRdrRIADL halpgen, amino,
het er ocycéli'ky@rrmnongi@!kwgwdensmbxw Blhoxly h eartshiy pleetreeyaidyin Galkokyta0o8), e@ﬁﬁ&bm&m
t he t hi oph@mnNis, vﬁ:ﬁre&rWhQﬁJHe@PM%(é@ngo%Nérélﬁ F?-:Chd'an@@b fhy t%rthea%}ng% dif eﬂant
an0t1ger &m‘%’w%%% morleeRﬁ RIMO {]ﬁ@ a lﬁ 0 % to H oe- t -Cal © ensed
met hyl est enbodi mént " of’ \f és M E‘F% rf%iﬁ'é‘ BN P 6T gf’l ?ﬂ‘i’
conponent* e “i"%""ﬁ“f‘%l azol e of the chemical 10 fornula (MI1): RL
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. Inone
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, concenirated: 10 to 260 g/
Hydrogen peroxide, 30 wi% solution: 1 to 100 g/l
5-membered nitrogen-containing
25 heterocyclic compound: 0.5t0 50 g/l
Adheslve compounds containing
slifinic, seienic or telluric acids: 0.05t0 10 g/l
Adhesive heterocyciic compounds: 0.05t0 20 g/t
Sulfonium, Selenonium or Telluronium salts 0.01 to 10 gl

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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(VI') R13 S Rls wherein in formula (VMI1), R13, R14 and R15 may be
hydrogen, alkyl, substituted alkyl, phenyl, substituted phenyl, hal ogen,
am no, al kyl am no, dial kyl am no, hydroxy, al koxy, carboxy, carboxyal kyl,
al koxycar bonyl, am nocarbonyl, R12-CONH, wherein R12 naybe as defined
above, whereby R13, R14 and R15 may be the sane or different, 15 or in
which two or nore of R13, R14 and R15 may be conbined to form hono- or
het erocyclic rings condensed wth the thiazole ring. In one enbodi nent,
the thiazole is an am nothi azole or a substituted am nothiazole. In

addi tion, theinecmpowdidenothe conponentnircd} caeyt e by rpeidiaok@sous whobésitiat ed

with the sang rBﬂ%%HcF&%s g?}ﬁo a%@&l\é@gn by @B@per&@agﬁd A0 hﬁeb&d@b@@!b@%@r@adt@ an

am not hi ad azol e or ut ed ‘am nQ

P O SRS P ol S HRR Pl A SRR O DB m%%ﬁ*hﬁ%%‘m%“S B’
present iasids bish fglenasng w@orewetdpwia@i;rmﬁmwﬁwt?mswbamfé%bvDsmrfﬂerﬁrsws B3Tep
concent r adueithis nk, Hi@oxd Aok lowdrtdr QYR RBEAK |- k38 akid AtheB Qlbkthicom: Thik sdionid 00
g/l 5- "eazta%{aggeﬁésteﬁtggg&u%%a%m%,.pget&%a@eﬁq%ﬁem%&%&ﬁ@m@%%d.g ggrq g g/ |

Adhesi ve co 'en] ¢ or luric aci d

10 g/ | &ff‘ﬁ%‘é‘i té“%&i”@ﬁ&*&%ﬁ%‘%%ﬁ’ﬁof‘éc Beygh frytraggn g7 Priced B A Wrﬂse

Sel enoni wame embdhént tiendomnpestiah gy Gwder indudelerghdroar@ecFhelch ge egiingsid. n one

M Cr O- I OUGRBANBY o Helbb-RicBRYeddS: rouiid/albyc AiRRl-loegheAity toideied, thesempdaaidni n

u. S'I{)F)at enc‘iud%s acorrgflon ngﬂbltor such astenzotPaz%le oqp%rg‘nag%% t’etréga%s Qaacx[n@a{o%gghem ng i's

carried out rom about 5 g/l

to about 50 g/‘ﬂ OW‘@@'@ﬁmp@P @uqrﬁ@t@h%w&haﬁ@rr@ ﬂ“té’ﬂ IaP?'Bﬁ%Hbﬁﬂue% GFPOsEP" an

aromat i ¢ cospilisdngid) e cacit idn saurca, (siah brddhie reofith e dasscwtah canatart k) oObe ivrvene

sul Lonat Q¢) %rhaﬂite %Eo&&om @'@v@t@ﬁt”fh!% n%&’rl}fr&@h&\mg%ﬂc% rr?aygéb a@%e@ﬁiﬂ% RAgousdelcheni ¢

aci ds

Subst ] tuchr e BheratietaR bt Foafisel o et ar S e B E Brm 11 ower

(C11%o6) aauxkr@%yﬁﬁweowérga@a%tﬁaww@%sa of FRdovs P ape Dfa?dﬁi&urﬁﬁiﬂﬁé’”'ﬁﬁ% #Hehas a
sal t, such fasicatikatdtic aed, alopisiad dcsl, bdjtprscalchﬂral@aé #aue cprdrogicn@isscid hretooxadt, zi ng

agent ma'yso é?cﬁomcedrcfa'o‘%a?fa 55 %ﬁamc Z‘ac% 'ucgc r%ﬁefd%&ane%&@“a&!ﬁk@@& %Wefl@éo%’mﬁé @ao%d

although %z eI’OXI I's nore often use &

conposi t i°67° ﬁé‘g'd’f‘ﬁ’ "EHFec' ﬁ?ﬂa@?&@c’gn QFP"?‘?B? @‘%lia&t’%?:‘iddma%?ﬂ‘f’ §§'°§Eﬁj TR %écl d.

I n one dndbothpreeintic efid, tib@inia bed escdegeadids bl myRlicdelt sod ibotinigacid. The halide ion

M Cp®- I OGNS bRYdSONPO Bih bMhaideRichHAREShELeN 10 incl udes a corrosion

[ nhibitor . SuSN 83.BENER 1 IROL &y LG LI A48 89 LELAZ AL B8 RN ograne

;L“pf’i‘.zﬁg%iﬁo %&{ﬂé@%f@hwfﬁ%@.pﬁ@w 218 HRYFPTIS Y ac aﬁsa‘ac %‘Uﬁ?'i’%‘”ﬁ ik %ft&‘&r%&%%yﬂcb) an
organi ¢ doe dhdwigtrneanidacigbatissoeizaatdnomieansi antenbpiapntofontebort O biMey weight c) a
hal i de | Qp 1Sa66:G8y BRMighi heabBositbRl d M &l QboMEBR AT RIS LHRY0H SR as
the é:Upr IWelghto q’hesr(r%clilrg;gmc ac% may be, for example sulfuric acid or phosphoric acid, and may be present at a
concentration, in one embodiment, from about 1% by weight to about §0% by weight, and in another
embodiment, about 10% by weight ic about 30% by weight. The corrosion inhibitor may be one or more
selected from {riazoles, tetrazoles and imiclazoles, and mixtures thereof, for example benzotriazole, which
may be substituted with, for example, C,-C, alkyl substituents. The corrosion inhibitor may be presentin the
30 composition, in one emhodimeni, from £.0001% by weight to about 1% by weight of the composition, and in
one embodiment, from about 0.1% to about 0.5%. The swiactant may be a cationic surfactant, such as an
amine surfactant, or a quaternary ammonium surfactani. The surfactant may be present at a concenfration,
in oneé embodiment, from about 0.001% by weight to about 5% by weight of the compaosition, and In one
embodiment, about 0.61% to about 1% by weight.
35 In one embodiment, the micro-roughening is carried out with an aqueous composition comprising
(a) an acid; (b) a copper complexing agent; {c) a metal capable of having a muliipticity 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. The acid may be a mineral acid, such as sulfuric or fluoboric, or an organic acid, such
as acetic acid, an alkane sulfonic acid, an alkanol sulfonic acid, or mixtures of any thereof. The acid may he
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or nore conpound(s) selected froma cupric salt of an organic acid, cupric
chloride, cupric brom de and 15 cupric hydroxide. The organic acid having a
pKa of 5 or lower nay be one or a m xture of organic acids, such as formc
acid, acetic acid, propionic acid, butyric acid, valeric acid, caproic
acid, acrylic acid, crotonic acid, iso-crotonic acid, oxalic acid, malonic
acid, succinic acid, glutaric acid, adipic acid, pinelic acid, maleic acid,
benzoic acid, phthalic acid, cinnamic acid, glycolic acid, lactic acid,
malic acid, citric acid, sulfamc acid, p-chloropropionic acid, nicotinic
aci d, asqossbihicat acbiitentiayct, oxyhe ghnvglment, &c chb@ndo koeabolti 4G9 grages ictlacicTlied hah¢ de
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The conposition should contain nore than 4 grans per liter of the netal in
t he higher oxidation state. The anount of oxygen present in the
conposition ranges fromabout 1 to about 15 ng per liter of comnposition,
and in one enbodinment, fromabout 5 to about 9 ng per liter of conposition.
The metal ion acts as an 15 oxidizing agent for copper in the

m cro-roughening, and is reduced fromthe higher positive oxidation state
to the | ower positive oxidation state. The netal is then re-oxidized to its
hi gher oxi dation state by the oxygen in the conposition. The conposition
al so may include one or nore surfactants conpatible with each of the netal
salts, the acids and the conpl exi ng agent. The surfactant nmay be in a
concentration, in one enbodinent, fromabout 0.01 to about 100 grans per
liter of bath, or from about 0.05 to @HME 20 grans per 20 liter of the
conposition. The processing conditions of the various enbodi nents of the

m crg-roughening nRyhe. sHhba | 86 . Leld the optinmum.
m cro-roughengsﬂ surgacg% of %hg4 %n;f’?i‘ﬁ”’?g‘%'ggr‘ct@%%'é‘g moan}nte%elé%ércwgﬁin%r nmet al
substrate, i.8 , COPPE T "FRUFHET 5P’ (744 &10) Prvingeris glajor piigce (7102,

m cro-rougheni ng fdy¥e carried out at a process tenperature in the range
from about 106t o raboubugk&g st amapesdgk @foaf £:08aRANG rlcrflidliHeRed @ rAROUL
100 25 minutes, ajioptdmesPhEric pressure. In general, the greater the
surlfoace roughness, ttheg%r eater wi|l be the adhesion to dielectric material.
However, as i t he'QRE4dpelyPac e BaT a et estesi(120. £28bn fiscet?!ughness cr eat es
pr obl ensWhtirgihthe midr-foesiiesing issariedeut pivg todmdetgtngiappiha gucrd-ugneeeniadi(nment , t he
process #§10h) Hak 8akd08rdlliiess 4, QUSBNESS bl of ' suppl i ed
by At ot ech. Thi Eeasgl %;im(])n consi sts 3 bé@%h’%ﬁeﬁf“’s‘%ﬁf}ég’i‘16%%35%%52‘!{[%{“%%8” I
BondFi | m" @ 30" PE0 *BPoTHA et % "8 i ikt Sed i ASIrssHdin e midoieudeniaieconds
at 35C. SPYpiecstd of the friiso-gngiened sffacedpiders topiénnvededyy 4 hitsr PyeeesBan 4% r om
abadt 1.®0tve tabesidade Hionioainisro-r@deddge surface roughness (ra), as neasured
by a profilonmeter, is for exanple, fromabout 0.2 to about 0.4 mcrons. By
conpari son, Ry e-treat ed CIfC f ol If has surface roughness (ra,), as neasured
by a profiloreter, " WOTRaTHHYL ¥FHEHECABEH9 479t 8 @bout 3 nicrons. The

resi st | ock-i(fl i sSeR¥EICHIMmiFDMeRsblopreamitpeaiubehef oirfase @rab, ATI);lshkel y t o occur
wi t h ni cro- r cighe pategintocessesst 3hreusi M6:sBondEid B kiottse t 0 the | owner

supf ace wheMBhBeSPefe SRIPH M 3Rl e-treated, e.g., dendritic surface.
Wil e the invention has been explained in relation to certain specific
enbodi nents, it is to be wunderstood that various nodifications thereof

wi || becorme dppar &iftPrecsst Hesiesn 3 lkirheredmprsingHfelloaing slepemx readi ng  t he

speci ficati offy Therefioy ®e eich rdsBt; t 0 be understood that the invention

di scl osed heggi n bfiokdl Qﬂﬂ%at . Lficati s Jall wthin

t scope of Eg?he éa‘p% _egjéje cl aiS?r%Of;lgé—/rgzne%f%%%%@‘gé %%Cpoi% l&r‘q’gg%ugssuﬁ%cg(%%rove
adhesion of dielectriC materials to a netal |ayer, conprising: (a)

provi di ng anMinpatliraédielretialo thamisio-r¢uptgied 80rGye (AR, AtPba first maj or
surface (710a, 810a); (b) mcro-roughening the first major surface (710a,

810a) to form a m%rP%CEM Qr?yrtﬁg:_eéih'gg &%,e‘whe(e?n]@pmiCBJZTg@véniﬁg{]ﬁ thjechrs( e) etching

t he net g| \ formn i rcui attern (720, I'n e netal |ayer,
er ei n%tU%Aéﬁ%?g?%?%gp Wgﬂ}oﬁ:@e tfngat%ér@ﬁ'@&" iB(f&”ﬁ?'iS&?" to the etching and the

m -t o-roughened surface (710b, 810b) has a surface roughness ra as

measur ed by prof i Trewetcess cobnypeakditpearal iryeiced ghto-ofgnteaf MERSnHN t he

roughening treatment applied to the metal layer.

6. The process of any preceding claim, further comprising cleaning the first major surface
35 {710a, 810a) prior to the micro-roughening.
7. The process of claim 6, further comprising pre-conditioning the first major sudface (710a,

810a) comprising applying a solution comprising a water soluble alcohol subsequent to the cleaning and
prior to the micra-reughening.
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m cr o-roughened surface (710b, 810b) from0.3 to 0.6 mcrons, and in the

m cr o-rougheni ng, surface area of the m cro-roughened surface (710b, 810b)
is increased by a factor of greater than 40% 15 relative to the surface
prior to the mcro-roughening. 2. The process of claim1, further
conprising, prior to (e): (c) applying an etch resist to the

m cr o- roughened surface (710b, 810b); and (d) patterning the etch resist
to reveal areas of netal to be renoved, 20 wherein (e) etches the areas of
met'al to be renoved. 3. The process of claim2, further conprising,
following step (e): (f) renoving the etch resist; (g) optionally applying
a secondary netal coating to the m cro-roughened surface (710b, 25 810b);
and (h) applying a dielectric to the mcro-roughened surface (710b, 810b).
4. The proces$ of 5'??;9%?%‘%:%6?%7-&“55%*@%?%fﬁg‘te’rr@nmi%ﬁ grreaighehbig is the
first roughening treatnent applied to the unpatterned netal |ayer (718,
810). 30 5. .The praesssedf orddh DHEHEARiFaddMBuindheeeh RskNBosequent to the
nlcr§-roqﬂgg£|ng is the final roughening treatment applied to the netal

| ayer. 6. h process of any preceding claim further conprising cleaning
the first mgjor surface 35 (710a, 810a) prior to the m cro-roughening. 7.
The process ofi0.cl aimmpGicedsur tilver ofcamar 1 Si2nigiHer enpofnd dphigRg AgecbhBnfrat8t maj or
surface Q&ﬁQ%thﬁﬁgﬁka bh SkHJ applying a solution conprising a water

sol ubl e al.cohol subsequent to the cleaning and prior to the

m cr o-rougheni ng. 25 8. The.process of claiim7, wherein the solution
furtther conprikes Heemersst eifes gflsialsistior 2. futher PerisiIcERiEsg dfieledti matgial to
further d¢onrpritsateg (FEMBX)NG the etch resi st subsequent to the 5 etching.
10. The process of either of clains | or 2, further conprising applying a

secondary net ating to the circuyi.t pattern (720, 820). 10 11. The
process of ei t@her Clg're p%’f:‘“gslsr?ga% PEiegnd #‘l"ﬂ?’t eefe'"c{é?w‘aétf"é?yﬁbcoa'ﬁgﬁﬁefjI"‘%@eré’f

di el ectrF¥PPifaterial to the circuit pattern (720, 820). 12. The process of
anylspreceding claim wherein the netal |ayer conprises a |ayer of copper.

15 13. The proacessn@brotdsabMidd 12 Wer&] He B N r.%‘mpliﬁ)fg'fa mpbé‘%ﬁd g layer
of coppe&rggﬁﬁgmwk%¥££ogﬁ a second netal or alloy. 14. The process of claim
in d

13, where e second metal is an alloy of iron and nickel. 20 15, The
process of claim 14, wherein the alloy conprises about 64 atom c percent
iron and 14. The process of claim 13, wherein the second metal is an alloy of iron and nickel.

20

15. The process of claim 14, wherein the alloy comprises about 64 atomic percent iron and
about 36 atomic percent nickel. g

16. The process of any preceding claim, wherein the micro-roughening is carried aut by
25 applying a mixture comprising water, acid, an oxidant and a corrosion inhibitor to the unpatterned metal
layer {718, 810).

17. The process of claim 16, wherein the acid comprises one ar more of sulfuric acid,
hydrochloric acid, a sulfonic acid, or an organic acid.
30
18. The process of claim 16, wherein the oxidant comprises one or more of a peroxide, a
peracid, a halide, a nitrale, cupric ion or ferric ion.

19. The process of any preceding claim, wherein the micro-roughening is carried out by
35 applying an aguecus composition comprising (a} hydrogen peroxide; (b) al least one acid; (c) at teast
one nilrogen-containing, five-membered heterpcyclic compound which does not contain any sulphur,
setenium or tellurium atom in the helerccycle; and (d) at least one adhesive compound from the group

consisting of suffinic acids, sefeninic acids, teflurinic acids, heteracyclic compounds containing at least
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about 36 atom c percent nickel. 16. The process of any preceding claim
wherein the mcro-roughening is carried out by 25 applying a mxture
conprising water, acid, an oxidant and a corrosion inhibitor to the
unpatterned netal layer (718, 810). I T The process of claim 16, wherein
the acid conprises one or nore of sulfuric acid, hydrochloric acid, a
sulfonic acid, or an organic acid. 30 18. The process of claim 16, wherein
t he oxi dant conprises one or nore of a peroxide, a peracid. a halide, a
nitrate, cupric ion or ferric ion. 19. The process of any preceding claim
wherein the mcro-roughening is carried out by 35 applying an aqueous

COMPOSI  b@MUBAIDIASIAGNA) Lhydh 8GR AERAXIE: £LB)aBlhSasl, g0, Aci & () at
| east oggwgn&lggagggaw g%ag'he%ral%r g{ai' ered aheteroc cl'i'c” conpound whi ch
S

does not contain any iumor tellurium atomln the

het er ocycl e; and_(d) at Ieast one adhesi ve conpound fromthe group

congi sting of sulfinic acids, seleninic acids, tellurinic acids,

het érocyclic co ungds cont ai ni ng) at | east 26 one sul phur, sel enium and/ or
telluriumatomjn the heterocycle, and sul fonium sel enoni um and

tef | uroni um sakt sghavi ng the general formula (1) RR S1'" XA(l) RBR
10 wherein in formula (1) Ais S, Se or Te; R2 and R3 are independently
C11@6 aldﬂ)elrem ;summum 8, gk kyte; R akeON] are R MA ! t

benzyl , % . %?% substijtuted cy él oai B%@ Fﬂlgtz)s@b(§ éﬁépglgblqtr'{gg@ﬂw

or diff e Eh-PY S%St"f’?dﬁﬂe”&n?eﬁﬁy'ﬂcg%ﬁy'l Wé?f@’éﬂ‘if cxcleaikypR g dtaistd Behethodre’

hydr oxi c@meprmffﬁrm&nﬂhat the acid selected to constitute conponent (b) is
not ide finic. .seleninic . or tellurinic acids selected as
corrponenmt li( mg'?Bft%grw% 16 pr- aé’é:sas?[d g??{?‘d%Pfoc‘f’f’%q Rt tparlg selGpied taicpnsiittie
mcro-r (fﬂﬁﬁ‘é‘ﬁi‘fri@ i§ ot @&Ftﬁﬁ‘é@lthemlf riwysel@pploytemgmaacswsaaﬁs aC@ifPOsdnt (PN

concprl sing fromabout 5 g/l to about 50 g/l hydrogen peroxi de and about

It t BQe hlesOks AN ALAMEL l.fani ¢ ac t thereof. 20
21 The procegs of tameeat " d bt i BPRE R e o S riitruting 1

cess of a
carri ed gp {957 29K Ff/%/rﬁ‘éosﬁﬂ’ C&Gﬁ%ﬁéroﬁ’@ﬁﬂﬁép‘f fodtiow 89t hvefoaen Regyxida 2eipri ¢ i on
sour ce, abwoéﬁ"@rﬁaﬁlf@géei@amﬂtahcsaﬁomcdordsaitsmeoat|on constant (pKa) of 5
or lower, (c) a halide ion source, and (d) water. 22. The process of any of

clai ns 1-18, Wﬂer Bldbd s @aﬁ;fd?clgﬂxlégh%%% nbt§e r%%{orr%t.{egqﬁmr&ls aaérhedﬁg&gm de: an

aqueous i on conprising 0,
i nor gani gp(?yar?éc);la(r:] AR DY HRPHOT @ Prr‘stS‘Ql(ﬁﬁci“ﬁ‘ﬁi"’BlS?‘ﬁ?e %&ﬁfdoraaw\'daﬁ@anpmd 23. The

processd’é?“‘é'l’ﬁ'?' cgpsiant @kaiof b0l igwenshiey teilide ibrheure.cno eagheni ng is carried out
wi th an aqueous conposition conprising (a) an acid; (b) a copper

conpl exi ng agent ;Tr@%)oc@ssrﬂ'}’%@lcf QQRQQJ@_ wAbrein the micro-rolighening is carried out with an
25 aqueous composition comprising 0.1 to 20% by weight hydrogen peroxide; an incrganic acid; an organic
corrasion inhibitor; and a surfactant. |

23. The process of any of claims 1-18, wherein the micro-roughening is carried out with an
aqueous composition comprising (a} an acid; {b) a copper complexing agent; {c) a metal capable of
30 having a multiplicity of oxidation states which is present in one of its higher positive oxidation states and
which metal forms a cormposition soluble sait, and {d} oxygen.

24, The process of any preceding claim, wherein from about 0.5 to about 2 microns of retal
is removed in the micre-roughening step.
35
25. The process of any preceding claim, wherein the micro-roughened surface (710b, 810D}
covers about 80% or more of the first major surface (710a, 810a).
26. The process of any preceding claim, wherein the micro-raughened surface (710b, 810b)
40 covers substantially all of the first major surface (710a, 8t0a).
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30 having a multiplicity of oxidation states which is present in one of its
hi gher positive oxidation states and which netal forns a conposition
soluble salt, and (d) oxygen. 24. The process of any preceding claim
wherein fromabout 0.5 to about 2 mcrons of netal is renoved in the

~m cro-roughening step. 35 25. The process of any preceding claim wherein
the m cro-roughened surface (710b, 810b) covers about 90% or nore of the
first major surface (710a, 81 OGa). 26. The process of any preceding claim
wherein the mcro-roughened surface (710b. 810b) 40 covers substantially
all of the first major surface (710a, 810a). 27 27. The process of any
preceding claim wherein the netal |ayer is Copper-Ilnvar-Copper (CIC. 28

27. The process of any preceding claim, wherein the metal layer is Copper-Invar-Copper
{CIC).
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