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BACKGROUND OF THE INVENTION 5 1. Field of the Invention This invention

rel at es twoa3omfposite material having an intervening rel eas@Soaysns More
particularly, a copper foil layer is releasably bonded to a carrier, |ayer
for transport and assenbly. The rel ease | ayer di sposed between the carrier

| ayer and the cowpﬁ#_)lh bé%ﬁgf&ﬁﬁﬁb@' @?@Q%Eﬁggﬁﬁﬂmﬁfe copper foil
| ayer may be | ani e naruf act ure of
printed circuit boards. A low height profile bond enhancing |ayer is
formed on a surface of the copper foil |ayer opposite the rel ease |ayer. 2.
Descri ption of Related ArBAUKGROBNROFJFHE IN¥ENIIYNey ol ve, there is a need
for thinner and smaller printed circuits. This decrease in size leads to a
requi remént f dield ofithe thvem&ospaci ng to increase circuit trace density. Most
printed ci rcumboards have a dielectric suagﬁt rate,.such as egn epoxy or
pol yi ni de, | arkF4PEdHO8 Telaies {ed CURPSHH Fetertas PRvIng A LI BPERS F7a8¢ (Y%t ched
into a dggd : [ j t : | | 4 | ution
i ncreas egj'fdrtE ?lﬁlﬁégﬂg’o{o%}éb:})% ig’iﬂl lgﬁ %rrée%af"?"@g'? &@E?é& ?gaﬁgg@g %refbﬁﬁaer{nsﬁélgpper
foil is etdhwmambbt cHiengleasedayes dispodedtbietveceudhid ¢acadr layhr med theaopperdoiln a
hori zont ?I d%rpg.(:ti on at .aboﬁ the sane rate. V\gi | e teBe vertical etching is
requt ¢ ed [BEF BrERties SpARHAN hEhGER R drvs mayibhec ypinated de adigleptriefulbsiptec al
isolatio ' - chi ' t :
|t eqr ity F R o B e AT h e o R REn IR s
| i ne-t o- formedopaciunyct of thp pomper fat kisr dppogte thieelddse iyaress of t he copper
foil. Another problemw th thicker copper foil is that a longer tinme is
required to etch the foil increasing the manufacturing cost and increasing
the envi ponmemal i iRAERAMEARO the disposal or reclamation of dissolved
copper. Yet another problem arises fromthe presence of N /Au overhang.
Ni / A6 over handisaiectrogicwlegiteacilyeither8B aowad forghingeregndisivatieqsrirsed et ch resi st
and remai ns .on the finished rocfiuct to.preserve solderahility. Wen a thick
copper f &1FFHEo RATARC T 997 IRRISAD air%ql%‘t%l%ﬁ%{,or ?IHEY liemacty iingisiscan be
severe regHlil irAQ dellsiff eakage of the Ni/Au overhang and possibly causing a
short circuit in the finished product. WO 03/022569 PCT/ US02/ 27703

Most printed circuit boards have a dielectric substrate, such as an epoxy or

polyimide, laminated to a layer of copper foil. The copper foil is etched into a desired

20  circuit pattern. As the need for finer line resolution increases, thinner copper foil is
required. This is because when copper foil is etched, etching occurs in both a vertical
direction and in a horizontal direction at about the same rate. While the vertical etching is
required to create spaces between adjacent circuit traces for electrical isolation, horizontal
etching at the sides of a trace damages the integrity of the circuit traces. Horizontal

25  etching limits the minimum line-to-line spacing to approximately twice the thickness of
the copper foil. Another problem with thicker copper foil is that a longer time is required
to etch the foil increasing the manufacturing cost and increasing the environmental
concern due to the disposal or reclamaﬁon of dissolved copper. Yet another problem
arises from the presence of Ni/Au overhang. Ni/Au overhang occurs when a Ni/Au

30 coating is applied as an etch resist and remains on the finished product to preserve
solderability. When a thick copper foil coated with with Ni/Au is etched, the etch
undercut can be severe resulting in breakage of the Ni/Au overhang and possibly causing a

short circuit in the finished product.



One copper foil presently utilized in the manufacture of printed circuit
boards is referred to as 1.53 g/dn2 (one-half ounce) foil. 9.29 dn2 (one
square fowD)302256his foil weighs approxi mtely 14.18g (OPETasnwz)oand has
a nom nal thickness of about 18 mcrons. Thinner copper foil, such as 9
mcron thick foil, is available in the marketplace, 5 however special care

is required in handli 9 mecron.foil to prevent inklin d amage.
Fact 1148t tng. S CRBRTABReary Miterbin b8 rEnEiE et o] G Bt iTaCr
carrier sdférdt to atNeST@aMP dneHtalf dinks) HR! 029 oRORFRLE fobt)ofenif il for
manuf acturing and lamnation. Once the foil is |am nated and supported by

a di el ectieidhs apprexigaatelydd. 18g(9.p ousce) endhack namimalihickoessed abewtliSer strip is
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carrier layer, typically fornmed fromcopper, is coated with a rel ease
| ayer. THemagpper foil |ayer is formed on the release |ayer, typically by

el ectrolytic 15. ositi.on....Adhesi on between the.rel ease | ayer .and.t he
copper 1511 1 KRR HIRRaGE O i op it PRt B & 57 3 oLt o
separ at eThs el 8rip & Fol@EablPY&ideR 1€ TRt EmarifctirdndndQamsiafibh.coOasd | y | ow
that separation of the carrier layer follow ng | am nati on does not tear or
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| ayers have unpredictabl e adhesion and that preferred rel ease | ayers

i ncl ude AersaETing widcdispgsel may erehtowyyiretingggdl protdemsil | oys, | ead and tin/l ead
alloys. U S. Ratent. .. 5. 114 543 t o _Kal.i wal et al..discl.oses a.conposite
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03/ 022569 PCT/ US02/ 27703 There remains a need for an inproved rel ease | ayer

t hat constherwise dgmpgashe desper foil layer.
U.S. Patent No. 3,998,601 to Yates et al. discloses a release layer formed from

20  sulphides, chromates and oxides. An alternative release layer is disclosed to be chromium
metal. U.S. Patent No. 4,503,112 to Konicek discloses that chromium metal release layers
have unpredictable adhesion and that preferred release layers include nickel, nickel/tin
alloys, nickel/iron alloys, lead and tin/lead alloys. U.S. Patent No. 5,114,543 to Kajiwara
et al. discloses a composite release layer having an immersion deposited chromate layer

25  that is coated with an electrolytically deposited copper/nickel alloy.

- U.S. Patent No. 5,066,366 to Lin discloses forming a release layer on a copper
alloy foil carrier by treating the carrier with an aqueous solution containing chromic acid
and phosphoric acid. While a generally acceptable process, areas of unacceptable high
adhesion may occur when a chrome phosphate release layer is formed directly on a copper

30 alloy carrier.



adequat e adhesi on between a carrier |ayer and a copper foil layer to insure
that the copper foil layer remains attached to the carrier layer during

t ranspor twend/omseressi ng, such as lamnation to a di el ecPCraSsubEds at e.
However, the adhesion to the release layer is 5 sufficiently |ow that the
carrier |layer may be renoved follow ng | am nati on wi thout damaging the

copper foil layer. SUMVARY THE | NVI ON 10 cor di.ngl it.4s an object
of "The i nvent THTETERBFD0RGH BT P IRPRLTAIRS Pt gaengnty woydeSoy *
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a nethod for the manufacture of the netallic foil/carrier |ayer conposite.

A f urt hefoildbyergemains attdnbed tov/idnchmer layer durmgdrangrbandtiracessipgench as | usef ul
for lam pat.ign to a.diel.ectric, supstrat for .th nyf act ure. of printed
circurt Bt a telagpusiies Hibeva foatbeont BRI 1T | hvent s on
that 4 hegytBbRhily Riw thabthe @heRS BREYmaY baFARF el SolRvAAE [dndhatidrd¥@iovand a force
of at least 0.36 kg/m (0.02 pound per inch) is required to separate the

| ayer s t Qanahyg thesopperdod kayer.t he netal foil layer is not prematurely
released. It is a further feature of the invention that a maxi num force of
35.72 kghn (2 pounds per inch), and typically less than 17.80 kg/m (1
pound per inch), is requireidmmserRIaEIR&/Ret@Nfoil 20 |ayer fromthe
carrier layer thereby facilitating renmoval of the carrier |ayer wthout
damage to the copper foil layer. A further feature of the invention is

t hat, the chem,cal ,sol uti.ons utilized for,. deposition.of e | ease | ayer
ot e ATl nif AR e ear o' BltiondS Bivids £hillastfe b R3S ™
envi r onnRIMBhbIH adaihed tABarfer Ry&ONC QRbARLECtI ard ihPntoRSs #F Yviasal v
utilized to 25 deposit release | ayers such as nmetallic chrom um Anmong the
advant agewthed fohide mmpaficiue ofithe mdfaltic faikcaraerdhydr apmpositey A &irther ppjact afopper
foil with a thi.ckness of.,15, m crons .ol | . Such.a thin.foil facilitates
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f eat ur es forfhd Mahi¥asturedsh\RMRIAS it bbiak ahd BekiBlelci@hitd. ayer is mechani cal |y
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feature of the invention that a maximum force of 35.72 kg/m (2 pounds per inch), and

typically less than 17.80 kg/m (1 pound per inch), is required to separate the metal foil
20  layer from the carrier layer thereby facilitating removal of the carrier layer without damage
to the copper foil layer.

A further feature of the invention is that the chemical solutions utilized for
deposition of the release layer are dilute aqueous solutions that are believed to present less
of an environmental hazard than more concentrated electrolytes previously utilized to

25  deposit release layers such as metallic chromium.

Among the advantages of the invention are that the metal layer may be a thin
copper foil with a thickness of 15 microns or less. Such a thin foil facilitates the
manufacture of printed circuit boards and flexible circuits with fine features. A further
advantage is that the carrier layer is mechanically separable from the metal foil layer and

30  does not require etching for removal.



frequency applications. The snoot hness of the surface of the copper foi
opposite the 5 release |layer allows for inproved imging and fine |line
capabi | i twoiop/0235e9 manuf acturing of circuits. | n accordan®eTmisSpn21he
invention, there is provided a conposite material. The conposite materi al
has a support |ayer and a netal foil layer. A release |layer is disposed

bet ween and c ts both t.h por.t er and the.netal. foil .| ayer. This
rel ease IayerRir%‘%ﬁ?fr?gy%&tggeégg@i%ﬁ}l?oéﬁgm g ]%atvﬁrleéssg?rff%\ceﬁg?%ne nd a
non- met ajhan bEnRAGoRIRAEHABRMoi10f AL RGedulty St @fting! (RN LEMMAE fkPcdiBE€r | @l 1S
then lam nated direCtly to a dielectric substrate. There is further

pr ovi dedFertheetmlrsd tHedowtiirefiledraafed stuface is fnoze sutablsdor kighwnpedaate/highat

includes_.the steps. of (1 rovidin electrically conductive support
ayer (S L ey TP SROPReHAL faf TEEHT BEF SRR ALY S Hinort | ayer
in adiraliea88US0auUT109)sa6t Pt &l infaBis 50 WnliRS chiabalty Phe mdndRen@ig of
hydr oxi de i ons; (3) subsequently cathodically depositing a release |ayer

onto t hecigduétst ri cal |y conductive support layer in a second agueous
el ectrolyte t econd .net

t t ai | . hyd j de i ; d (4
el ectrol ytica %VC&%EB%%§§? IEV%%?Bﬂﬁ?3h$&§H&€ﬁéc %@§§§B§W%§ fjigg Cée)
enbodi Megdm&sid Mader® hROH s@poramnit acd shRtal RGl MGS A REadEiBiE 198RbosdePs of

| ami nating the netal foil l'ayer to a dielectriC substrate and then

separ at i hggwetiearsl entacischrith the suppattibyéenend dhgmetat fdildyyer. Thisrelehss lhyan nat e at
the release.layer.. The netal. foil .l ayer, now bonded to the dielectric

I faye]rg, nESPSIs s%aﬁXPﬂ%a ?‘BHQOB?H%%.IF]?@E‘B?H'E}C trically isolated
circuit traces orunlitRIiBRRT 18l i &fioAlne ebdpodiRahHEed i9dhen deviankages wil
beconme nore apparent from the specification and drawi ngs that follow. IN

THE DRAWiNEGHyRD guicdectri¢ bubggtateat es i n cross-sectional representation a

conposite matgrial. Ln. 30 accordance wth the_.invention. 4.WD 03/022569
ST US02) 277031 dRiPEST PR e P ALY e e JREnEietiie Sha FOPRRP BT on the
conposi t alafrﬁfcﬁfdeﬂhe%iegg Be(1)ipRnailing @R clc@fchly Sshdhdrive subfbrfllgbe(Bctric as a
precursor to a printed circuit board. Figure 3 illustrates in

cr osis5 seenddierdly treeiinetheelestricaHy comlucovpoiwport layer wra filst afucolreeledirpldat i on

ami nat eﬂla% 80n%ai£1é ﬁ%(slt Pnle?al %nes'a%ﬁth%r%x?d% igns?( %H’tr)ssegﬁentd(})/ cgth];hlecéﬁ}p ée%ocs:iitirﬁ(g:m t,
a release layer onto the electrically conductive support layer in a second aqueous
electrolyte that contains second metal ions and hydroxide ions; and (4) electrolytically
depositing a metal foil on the release layer.

20 One embodiment of this method of manufacture includes the additional steps of
laminating the metal foil layer to a dielectric substrate and then separating the electrically
conductive support layer from the laminate at the release layer. The metal foil layer, now
bonded to the dielectric layer, may then be formed into a plurality of electrically isolated
circnit traces.

25 The above stated objects, features and advantages will become more apparent from
the specification and drawings that follow.

IN THE DRAWINGS

Figure 1 illustrates in cross-sectional representation a composite material in

30 accordance with the invention.



5 Figure 4 is a perspective view of the printed circuit board precursor
subsequent to renoval of the carrier layer. Figure 5 illustrates in top

pl anar viw@ogiexsedtry forned fromthe structure of Fi gureP¢T/USoyerre3 6
illustrates an alternative release |l ayer in cross-sectional representation.
10 Figure 7 is a photom crograph at a magnification of 5,000x illustrating
a very |low su e ile.ban . ace 1 N.:AC with the
Tvent i on. Fi UL 3 Slrted 08 SLIGRA - SRIRRG B b R RGNS
profile beestici hengited toehdn denebtic £ a fre@itsc td a pRibeddaduit Boaddi el ectric
substrate. Figure 9 is a photom crograph at a rna‘%gifi cation of 5, 000x

i | lustrating Higuypd dhistratesin gasssigetionabropresentpiéoniba gomppiicgnaicslipdteenent as
Known ”?x{l?eﬁ?en Rl ol a Ao i ddid & @g&%&%@g%&%@?& {gew of the low

surface pro e bond streng nhance ure engoétdded in a
diel esctric subghfed & a fdrgpectvelliewsof thaitaitaditouPoaripraturdaQubdeliheis s at i ng
the surface topography of a dielectric |ayer upon renoval of a very |ow
surface prwtval ef thesarrist l¥pigt h enhancement in 20 accordance with the

i nvention. Figur j i LN urface
t opogr aphy of 9@%&(@1}&50&? fr%? gbﬁ%é%g&rn %\%gﬁ%%lr@{yafﬁ l%g%i %&JFEI\?\% éﬁﬁué%g}% Ofi 1 e
bond strangth enhancenent as known fromthe prior art. Figure 13 is a
phot om crogrﬁg_h at 450x of the surface topography of a dielectric 25 |ayer
fol | owi ng r enbigire fllustrpisnean aliqragiiveselensellayep Bnerost sestionah repigsspietant
il rating i nconpl.e r. Lemval . . Fi ical |y | trates
rel (l;j;ése | ayer sté%%?g%%}%lﬁm?@r%@ggr%h %%frﬁ%%%@gﬁg%g f é-ﬁg%’l{ ﬁgﬂr %%%%prrgloa ure. 5
WO 03/ 02256 e Beatl16)807d 27etigth ddhiAddatebt ERCRIMIdONitihgifivendion.l | ustrates in
cross sectional representation a conposite material 10 in accordance with
i i 1 - 1 A\ a
t he i nvent i onFigpkes éohgress-testional iavaef the verydowigadacs rsefflsbend ptegngth 12 and 5
a netal fgj r T ri | . e fornmed fromany materi al
capabl e 5 %g%%%ngﬁfl%?%u? Egmﬁgﬁlﬁgﬂﬁ&h&%%gr ably, the support |ayer 12
is formed fromgre 96 £elidtoidrdgtasiondusidnyiicatieh af 5,000k NRstratidgh whikass of at

| east 18 mcraons (1 _mcron = |1x10-6 )
15  low surface profile bond strength enhancement as known from the prior art.

Figure 10 is a cross-sectional view of the low surface profile bond strength
enhancement of Figure 9 embedded in a dielectric substrate.

Figure 11 is a photomicrograph at 450x illustrating the surface topography of a
dielectric layer upon removal of a very low surface profile bond strength enhancement in

20  accordance with the invention.

Figure 12 is a photomicrograph at 450x illustrating the surface topography of a
dielectric layer upon removal of a low surface profile bond strength enhancement as
known from the prior art.

Figure 13 is a photomicrograph at 450x of the surface topography of a dielectric

25  layer following removal of a low surface profile bond strength enhancement illustrating
incomplete copper removal.

Figure 14 graphically illustrates release layer separation force as a function of

lamination temperature.



nmeter). Suitable materials for the support |ayer include stainless steel,
al um num alum num al | oys, nickel, copper and copper alloys. 10 Wen the
support |wWQeB/02256%t ai nl ess steel, a release |ayer, as desecrhsdz/psbdw, nay
be optional. Preferred for the support |ayer are copper alloys such as
those all oys designated by the CDA (Copper Devel opnent Associ ati on, New
York, NY) as copper alloy Cl1 ! hfion by weight 99.95%
copper (m ninun) and 0.04% ox%ﬁ?ﬁse 0 oy 0715 (nom nal

conposi tion by weight of 30% ni ckel and 70% copper), copper alloy €510
(nom nal conposition by weight of 94.5% copper, 5%tin and 0.2% .

phosphor ous) Figide & alfsanates i expssspotionadxepirsantptiena ppghosispaerial d0ing a

m ni mum ] . - iaht .:. 99, 99 . wel r ] xtures
ot "coppercanginst ARk enictt T oBtngig ai i R ighBiabe Sk R8EE 178
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electrolytically forned. The wought materials tend to have a higher

st r engt hSEmRertingihg pegtal layer i fn Beederpbly; the supniordayeaddiis fymed fiormeanat eri al s and
enhanci n L abl L 14y, ited foil. h r aver ma scoat ed
wth s cosbEPePbaldbu phl BRABAIick s ofurdfy THREGbhs RELTY G Gor ng
rol i ng, mdha). SwEblameictielsdomiht Bugpae: 18P dslideinless $88\dmBiund, he f oi |

| ayer. 25 The support |ayer 12 nay be a single material or a conposite

mat eri al aymipumpdoys; aickel coppes andppreedlasy. any known process i ncl udi ng

rol ljng, plat'w@ g . Lnat | c er. .an ickel or
coppié(lé1 and al uni r?ﬁtﬁg51?@%%@?{%5\?Sgséalagég%fzaaésk?%g%&esﬁ’ ? éég%sﬁ%%%d&f&?‘gylﬁ%.

Pr ef er abby optitv@lt hi ckness of the support layer 12 is from 18 microns to 140
mcrons 30 and nore preferably from35 mcrons to 70 m crons. 6 WO

03/ 022569 PCTPusserredioy iz spﬁémﬁlwyax are 6pppar aljeys sugh psthaps/allays designajed al | y

ayer ©yroay iy R e A o I SR AT BRI P or bl y i

under 10 (mmiheN®myoRitRaSwEFia®NIsSLh capper @sipaaimpind 11849« péd) dbppsDSt
pr ef er abl I\i the netal foil layer is electrolytically deposited from an
al kal$ ne aBeppéts Gosypilpompaegitien bbf%@p@%m@iﬁk@%@b% ceRier) Cgnmet alloy

deposi ti r i.dje. . (4]} lect: o S
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weight, 99.9%) as well as brasses, mixtures of copp"er and zinc containing up to 40%, by

weight, of zinc.

20 Most preferably, the support layer 12 is a wrought material as opposed to
electrolytically formed. The wrought materials tend to have a higher strength and a higher
stiffness facilitating handling of the materials and enhancing peelability of a deposited foil.
The support layer may be coated with a copper or nickel flash to cover up defects, such as
incurred during rolling, that may interfere with the deposition or removal of the foil layer.

25 The support layer 12 may be a single material or a composite material with the

second layer applied by any known process including rolling, plating and sputtering.

Combinations of copper and nickel or copper and aluminum are believed useful as

composite support layers.

Preferably, the thickness of the support layer 12 is from 18 microns to 140 microns

30  and more preferably from 35 microns to 70 microns.



el ectrolytically deposited only from an al kali ne copper containing
electrolyte and has a thickness of fromabout 0.1 mcron to 6 mcrons and
nom nal | ywaleu22569 m crons. As 10 descri bed bel ow, the net @cTfuso22176yer 14
maybe deposited froma single electrolyte or from conbinations of nultiple
el ectrol ytes. Di sposed between and contacting both the support |ayer 12 and

h | foil,l 14 i . rel | 6. ..T | | 6
consi st o esseltr 2669 o e LRy SRS oy R epor <l e d R el i1 (e
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ni ckel, chrom um and m xtures thereof. Preferred non-netalsS are oxides,
hydr oxi dekctrplitssasddiee ¢ thipkneshebiiem abowf! toaboyiet micsonspnd menieadlyebati nat i ons
are mxtur.es of. chrom um and chrom um oxide, nickel and. pi.ckel .oxide,

ohr omi uHRE™S BT RO LB el b Ay Rk dre BRPLRIS® i i ckel
and nic k@iecﬁ&?ﬁ@ﬂ@t&posma onlEfr 8RS8 allAYBE cdppeflddritAntnBielbetBRtd 4RI Rsder of
0.012 mcron (120 angstrons) thick and typically 25 from about 0.001 m cron

t o about tlocloBsnecliemn abpitdk] micraméa 6 prierbes aslchongihalisaboub§ sricroonsAst s

ially .of j I t - et al l.ecied fromihe gro
cSoefd: PhbsP B AR R Rk 2SR sRlad o« SRV SiR RS 200
est abl i sheglbinafbnd dFenigpreldcaaUidsed to separate the nmetal foil from the
carrier strip with this nost preferred release |ayer is consistently |ess

than 7.1 kg/ mDispogedbetpeemaryl geatacting hythdheesupaort dayeekd alithe meteltfeilryent ur es

of up to,380C for one .S nc t nmet.al foil s typi.cally |l.am nated,
usi g hedt reniroe 9 16 e Bl fucelf Rk Th crsPhial e a5 A0 25 60
PCT/ USO2 hiefal Q3d b Rof 8RR HitAThd HARLENS 8 tPPOiHe noAYRdtal. TR beRbRaIRtligy ce as a
function of tenperature is an inportant consideration. Aternatively, the

rel ebse Impjad component of therrplsadetlayea sondtituies fremédo todWp.dysatemistieoreat.
oPrESent L o8, ELa S e bl B B BB BT 10, °
ni ckel, ghitsh &16etRI1yte, 48 oppdscd tb ARESOng. Tk Fisf o switatle ik ind3Rhadd figkdll ¥
contacts the support layer 12 and is typically deposited by

chromium, titanium, copper, manganese, iron, cobalt, tungsten, molybdenum and

tantalum.

20 Preferred metals are nickel, chromium and mixtures thereof. Preferred non-metals
are oxides, hydroxides, phosphates and chromates of the metals. Preferred combinations
are mixtures of chromium and chromium oxide, nickel and nickel oxide, chromium and
chromium phosphate, nickel and nickel chromate, and nickel and nickel phosphate. The
release layer is quite thin, on the order of 0.012 micron (120 angstroms) thick and typically

25  from about 0.001 micron to about 0.05 micron thick.

A most preferred release layer consists essentially of chromium and at least one
non-metal selected from the group consisting of oxides of chromium and hydroxides of
chromium. It has been established that the force required to separate the metal foil from
the carrier strip with this most preferred release layer is consistently less than 7.1 kg/m (0.4

30  pounds per inch) even after exposure to temperatures of up to 380°C for one hour. Since

the metal foil is typically laminated, using heat and pressure, to a dielectric substrate prior



el ectropl ati ng. O her nethods of deposition such as i mersion plating or
vapor deposition may also be utilized. A second portion 32 of the rel ease
| ayer 16 wWo oaf2mdei xture of a metal and a non- 10 netal agcadasorpiiesl above.

The second portion 32 directly contacts the netal foil layer 14. Wth
reference back to Figure 1, on a side 18 of netal foil |ayer 14 opposite
the rel ease | ayer .16, .a bond .strength enhanci ng.agent 20 may be. deposit ed.
Sui t abl oRERE LSS FBRLER SR o D GRFEE MR DR G o FEHEEF IS hepos 1 ed

copper dgRthridneeorRidepRRer - ni ckel dendrites having a height of between
about 0.5 'and 2.7 microns and a height to 15 diameter aspect ratio of
bet ween about Altemnatively, tBatdlease tnyei ttels ammyipositd adtinsiaped inairdsy seatiopalsi t ed

from an aqueous,.sol ut.i on cont.ai ni r ions utilizin r or | ead
ol oot £ od BOTRPTRLGH S TigHs deiA St Rpin o o She teleffe her g B e FE frero s o
current asRriBRPAIRAE, addial PREJBID 18RO D RNt & HERh RS A% ehdrtdd ¥
described in United States Patent No. 4,515,671 to Polan, et al. 20 O her

bond st r éhigtilrstenoitaerc 3 O direnglyeostactn theumippent layere mgl iy typiclly yepesitod by ed

m xture of chrom and zinc di.sclosed in U S. Patent No. 5,230,932 to
U Vet sfersalbidia: b8 Bebefofherion dthes ifmsipn lauer Bvefibongon

5, 071, 52@a4QlsbiButiized! - , copper oxides, mechanical abrasion of surfaces,
alternating current etching and m cro-etching. Bond strength enhancing
processes t hat gcoml portien §2 bbtheseledsadayepit 01 dnapdmastuacdl cavetd] ar@lsa not-h t he

pul sed DC current .of U S t ent . A4 815,671, are preferred . Preferably,
Phe Ty ol S ARPHBE Fisign A0S SeprAporieh a2 A5eris-gierihr abi TrhYevid age
surface roughngssrdisrendafati0 @AFiBSret1N8n a'sldeNBRIrintetA VO BE8r VAbMPDSRE 1Rl |
absol ute di stances of the roughness profile fromthe center line within

t he meastaléasg layenif, la bomif sirengily birhegsing mgdnt 28 niay beleposiiede Quitattle bomxd ng a
profiloneter wth a diampond stylus (.contact nethod). 30 Typical |ow profile
surface SR Ht'88 A8 Sﬁcﬁgéﬁﬁé&tﬁﬁl ngosthgg?@gr aﬁ‘hdﬁ% OTfPERShs and a
nom nal Rak¥ale@rited h@%ﬁ%ﬁ%efgﬁt&%t\%éﬁragﬂut 09 8nd 7 ¥nicRINs Bh@E hbighsidr f ace 8 WO
03/ 022569 PCT/ US02/ 27703 enhancenent of the invention has surtace

enhalk e ndiatstagiaspechratioddbetweesh ghout dfand &t \Baieh dedirBestnay bnelacteblRicallyi cr ons.

bl h ' dule height.is b . ' d 2.
i or one. RS L0 e R BoR S ke P o st SR R 1 s bet ween

0. 20 andeReBoiddvafORe cOmPHStedBbiARD ak the Q@ihole) PUBEs SUDE 36Le RS ddpicd S
contrary to the typical surface profile
between the anode and the cathode as more fully described in United States Patent No.
4,515,671 to Polan, et al.

20 Other bond strength enhancing agents include an electrolytically deposited mixture
of chromium and zinc as disclosed in U.S. Patent No. 5,230,932 to Lin, et al., a silane
based coating as disclosed in U.S. Patent No. 5,071,520 to Lin, et al., copper oxides,
mechanical abrasion of surfaces, alternating current etching and micro-etching,

Bond strength enhancing processes that give a very low surface profile, as achieved

25  with the pulsed DC current of U.S. Patent No. 4,515,671, are preferred. Preferably, the
average surface roughness (R,) is 0.40 micron or less. The average surface roughness is
defined as the arithmetic average value of all absolute distances of the roughness profile
from the center line within the measuring length. The roughness profile is determined
utilizing a profilometer with a diamond stylus (contact method).

30 Typical low profile surface enhancements have a nodule height of greater than 3

microns and a nominal R, value in excess of 0.4 micron. The very low profile surface



applied to relatively thick, on the order of 12 mcron, foil. Typically,

hi gher surface profiles are utilized to maxi m ze peel strength once the
copper fowboB®215e9mi nated to a dielectric circuit board. PCgurse227m3s a
phot om crograph at 5,000 tines magnification illustrating the very 10 |ow
surface profile bond strength enhancenent of the invention. Figure 8 is a

Cross- sgﬁltah%@g i : i £ I Y 2@5@ e bond

strength en aﬁcgﬁé%@\gl%engﬁgggﬂ%%ﬁgﬁ%%l feg 2C &}t%arsﬁgggl%?%{g? s %%‘ure 9is
a phot ond.6moigroandat 7 mid0fk. tRrafesabing ti thatiatunonoduld bisiglitds bstgean L 8w  surface
profile bond strength enhanci ng agent as known fromthe prior art. Figure

10 is a MACLORS WL S BHEPBH al haReVpluf 1s despdhpni (k4 migrppAndPrefsebly Rais t hat shows
t he bon i:ng agent 20 enbedded into dielectric substrate 22.
As ShOWI(’jlbel%%lVE |8’3?3§@?'?@gfrlllgg)f2, when circuit traces 26 are formed by etching

the gretal foThe dayebility bfa exeosethcs yrdfide & whiraliyab @ed typicalsubfats podle?2 has a
topography that replicates the texture of the bond surface enhancing

agent . Friplied to relatively thick: omiberosdpr ahh2 suicign, foHe Typicrby dighsx swifaser esul ti ng
from etchi IR f / -i nd
ennanci rCaisare SRR S Rlexinkl Bod Dl ncele SllncPRM R Ba 08 v 12
i s a phodiekrigicagcapboatd. a magni fication of 450 tines illustrating the
surface of the dielectric substrate 22 foll ow n%_ renmoval by etching of a

copper foil wigHey isianiotomicragiapd st f YO8 tigres masaitisetion dhsErietbavenigent as
k f i . t he.. i f
orort o RS el Bl o dren Qe AT A0 Akl B R R ol o F o

Fi gure lctibmdl viesv atl snagdification@fidbo dalek diat siowkile bomtesrengihginhenckient
illustrates that with the typical |ow surface profile bond strength
enhanci ngf &gesided yaip dislecdric Gbsarte2ds may be enbedded deeply into the

dielectric Suﬁ@{f(ﬁ%ﬁaﬁ%mmcg“%%f*ﬂ’w5%6@&{%%%.3%3@%& Mﬁxls atgr%nﬂ% all of the

copper between~ad] ace clrcul races a shor circuit
34. 9 WODBiEe BREBOLOHATIHIBRRY AR At gragehhwrknothefr it frir agtt Efguexuos ad
dielectric surface mrroring the very |low profile bond surface enhancenent
(Fi i e F2S-estionpd Mavedls mpgaaficatiop of AP0 Hmes Hiat shevredhe Bondheirength nuch easi er

9, SRR SRRy LA el cxposed O ol ect 1 surface
Theref ore, itASsksdvauindFiberepdsandl® wienatdiiie tace 26 ghermed bi @e@ingnBell ati on
resist anr(r:lgtag 1§o|i1|3)ayé:rfst h%tc)aiyqloci)ste% 'sur/%ace of dielectric substrate 22 has a topography that
replicates the texture of the bond surface enhancing agent. Figure 11 is a photomicrograph
20  ofthe surface texture resulting from etching a copper foil with the very low surface profile
bond enhancing agent of the invention. The magnification is 450 times.
Figure 12 is a photomicrograph at a magnification of 450 times illustrating the
surface of the dielectric substrate 22 following removal by etching of a copper foil with a
typical low surface profile bond enhancement agent as known from the related art. A
25  disadvantage of the typical low surface profile bond strength enhancing agent is more
apparent with reference to Figure 13 that is also at a magnification of 450 times. Figure 13
illustrates that with the typical low surface profile bond strength enhancing agent, metallic
dendrites may be embedded deeply into the dielectric substrate 22 and etching does not
effectively remove all of the copper between adjacent circuit traces 26 leading to a short

30 circuit 34.



high SIRis inportant in the design of high density interconnect circuits
where the circuit traces are routed close together, for exanple, 25-125

m cron ciwouwsn2assaces separated by 25- 100 micron spaces. PE®rUSOIZT703

manuf acture of a printed circuit board, the conposite material 10 is bonded

10 to a dielectric substrate 22 formng circuit . precursor 36 as illustrated
in Figure 2. f Qi : #gm 1 0k L £i.on of
heat and presgﬁﬁgaf%wgh%Pg%§&£%%§P%%?F%%w or1?%%gﬁ%%§%§¥%gFégﬁ?Qﬁﬂgﬁknted

circuit boad shrfaly phiakerhenti(Piguiteoll) pomhacieless Bkely & erfirab @Bpamaddntseandfis about
180C for 50 m nutes, Cptionallg, a polymer adhesive may_assist in
f or mat i ofMUSh cafe thslean asgpmeared (q e g textyred stch-sikpaspe diglestiiciriage subst rat e

i ncl ude I I el i FR4..,Th el ric
subst r ot S PE e ARSI BLAE B e S e BRI LTRGBS L T

di el ext r ElfouldbeposdiblStocithiese a higticdbur€rE éthulapivh Mdststance (STR) Cafebilitd. aubstrate
or anodi zed alum num Alternatively, as illustrated in Figure 3, the

di el ect r highlIB<s mapqstapdin the designef ek densyy yntarcopnqcheisqyits WAwrethg 6irghihi de or

pol yam d i S A t frca . t such as
Boryii o Sresgiey iied A540EGher: 47 ki o2 AR oirll (RS BHENG sy
met al f oil00 hAsten sgakes.s bonded to the dielectric substrate 22 form ng
circuit precursor 36. Rather than lam nating the flexible polyner to the

netal foil | ayerthempaauiaciugphp aripish gt beaydshe eemposya mageriah 40 ppleided oj |

| i 3 | exi bl i .
compid o 15 ulefil B8R 230 BfodChrBoyragr 3bia?fuskbieln ERD Mkl 1
| ayer 12 feihdyércldaasebe iehatdbthasiechriaeradditobyf eachanpreaure®anssid Typi cal | vy,

removal is béﬁ applying a force to the carrier |ayer/release |layer in one
di r ect i oficistricaiRT BispBaitHectueod @ prigtedigisuiy bedrdc tlypicaklamination @riaiears psi |
| ayer in i recti y . e] r . or ically
o e PRSI e T ERIRY i S A L

force, i $n fRrmbgasdf e BonkoTypi¢d) i3zl pateridls ger the didyctrihbpifté afchkley at | east
0.89 kg/m (0.05 _pound per,inch). This mninumrel ease force is required to

prevent fihergkass sinforged epayiss, suoh asgFRAp ‘Blay Golecisg spiestraiognsy 2y bsatt r om

separat i J . . | . i ransport
o dur i ngtopisal bR SHAARE N Bea iRt SRLchitec 8460 86 QML Dl L TOPS

al so be bfagdichant BSard 2ulk@iata or(ado@iaethalampern.i nch) and preferably | ess than
17.86 kg/ m (1 pound per inch) to ensure that during renmoval the netal foi

| ayer remai ns Ad@HEEElY; 8 HlHgrdedindtgyr 8, biguiglecdtiesubstraigd2 ape Jexible
polymer film such as a polyimide or polyamide. In this instance, the use of a polymer

20  bond agent 24 such as acrylic or epoxy polymer is preferred. As in the preceding
embodiment, metal foil layer 14 is bonded to the dielectric substrate 22 forming circuit
precursor 36. Rather than laminating the flexible polymer to the metal foil layer, the
flexible polymer may be cast on to the metal foil layer as a liquid or gel and cured to a
flexible film.

25 After the composite material 10 is bonded to the dielectric substrate 22, the carrier
layer 12 and release layer 16 are removed by mechanical means. Typically, removal is by
applying a force to the carrier layer/release layer in one direction and an opposing force to
the dielectric substrate/metal foil layer in a 90° direction. The forces may be either
manually or mechanically applied. The force required for separation, referred to as release

30  force, is at least 0.36 kg/m (0.02 pound per inch) and preferably at least 0.89 kg/m (0.05

pound per inch). This minimum release force is required to prevent the metal foil layer 14

10



5 not tear or partially remain with conposite material 10. Preferably, the
rel ease force is between 0.36 kg/in (0.02 pound per inch) and 35.72 kg/m
(2.0 pourm® opee2sbnch) and nore preferably between about @®C3USky210% 0. 05
pound per inch) and 17.861 cg/m (1.0 pound per inch). Figure 4 is
perspective view of a circuit precursor 36 with nmetal foil layer 14 10

ayer - bondad Pat paodt B B et S fubi S NG AR Bl L

may be bboatidg toothe diplstid aubetrab. The rdléwee firtasholii disd eylkess than 2 72ka/m
nmul ti-layer printed circuit board. Wth reference to Figure 5 the netal

foil |ay&t pqwdﬁﬁym@r?@ﬁlpé%fmaplyéﬁﬁsﬁb@l 1686 kglrnilapoypd ﬁ@relad@. tp gpsure fighel 44
having ag gxgﬁg %&ﬁotvm fﬂfe %’:I@ qufﬁ* sHdficred HE e el&'tﬂi %trr}tg 253§ Q526 and
di e pads ectrlca 0 etween con |ve ures i’'s provi ded

by & ekncﬁtealtbrqjah&\ﬂ]lyaérﬁalﬂﬁbmﬂcﬁ@ﬁd’slte alakeyiat D(DldEl@fdrafcﬂy ftﬁai‘tdllelfaeéfdi‘&}ﬁsbe f or ned
by any process he art such as ghotol i t hography. The foll ow ng

net hods AF@/egR Qf3é|1<gf18r(0 B? 68%4 Wg inghe 280 33 KE/@ (70 BRYnss Peiseh)iaddnorshove.
t t
di 11 or enprag Eg belh SE3E A8 ol 0T HIE RO 17 s 1ok 0 oS b

produce #nclipsired result. Al nethods generally reqw re appropriate
degreasing or _cleaning as a first step and rinsin such as with deionized
wat er, bet weeRI&Eht phsrsnestiv wpy of Pﬁlfﬁ%ﬁﬁe%ﬁ%féﬁ/%ﬂhn@t%‘l if9iklayentfodi nent, a

carrjger I} t
ot ey v SR b RNt LA PO TR e e S ARGl Bl B AN 8ERR 0 ness
for the derdielectristubsprates22p@ditatainiced] foiBhyd ndytetoaded fdeop aurfdc@ 25T i p 1S
imersed in a djilute aqueous, alkaline sodiumdichronmate sol ution having

the par atheraetal fodl Javer fq foum; aynylileyer pringgd ciiggit bpatdns di scl osed herein are

val e 1% nom ot R g 85 as it SR X A8 Fr YRl it el 11!

hydr oxi dédth Hrigied okcyieparie] 44€havigd ﬂ.ﬁ)lu(aﬂitjbaﬂcdndﬁ@ﬁ)e fé’:ﬂu&B s@fh as(cpeeit er r ed
range) Chrom umions, such_as from sodi unD. 1- lodg ) (broad range
uctive

di ch¥ mltréqpsg%ans/dpe 1?3&5 @Be ,Efleé‘(gnqaéﬁ@ }mn between con features is provided by

dielzctric substrate 22. Electrically conductive features may be formed by any process

known in the art such as photolithography.
The following methods are useful for producing the composite material described
above. It is recognized that variants of each method may be utilized and that different
20  aspects of the various methods may be mixed together to produce a desired result. All
methods generally require appropriate degreasing or cleaning as a first step and rinsing,
such as with deionized water, between appropriate steps.
In accordance with a first embodiment, a carrier strip formed from copper or a
copper alloy has a thickness effective to support a metal foil layer. An exemplary nominal
25  thickness for the carrier strip is approximately 35-70 microns. The carrier strip is
immersed in a dilute aqueous, alkaline sodium dichromate solution having the parameters
specified in Table 1. All solutions disclosed herein are aqueous, unless otherwise

specified. When a single value is given, that value is nominal.
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Oper ati ng Tenperat ure35C -
Vol t agel vol t

st eel

50C PHG eater than 11 Counter
6 volts Current Density5.38-107.6 anps per square

El ect r ode

St ai nl ess

met er (A/WB)o3lersdd ¢ step(0.5-10 anps per square foot (ASFPLCT(Usop2arf03 ange)
10.76-53.8 AIn2 (1-5 ASF) (preferred range) Current Densityb5. 38-430.4 Ahn2
(0.5-40 anps per square Cathodic stepfoot (ASF)) (broad range) 10.76-215.2

Aln2 (1-20 ASF) (preferred range) Ti nodi ¢ step) 1- 60 seconds (broad
range) 5-20 seconds (preferred) Tinme (cathodic step)1-60 seconds (broad
range) 3J-Sinseagdidsidepr ef erred) The carg-5@gragistpepliies (¢/Broae earigh) 0| an
el ectrollytic cell containing the el ectsnbybg (@8fmed k) @age i s i npfessed
across t r@ugﬁml?mnrsns&cﬂgs %H%ﬁ)ﬂfun?[ TP &5 ot %8(}8}2;6# ne—anodit 5 {reat nent
gener at g d1§}1r9\ ni m croroughness on & gl ge carrier stri Ip and
i nduces wus“" rert—urtermretat—HoHt— - = bnpl et i on
of the BI€ _the carrier 33 CrlrﬁQ € maintained in the shne
el ectrolp® and the polarity of the eCweteréiaptlilc cell is reversed| The
carrier |CouneriBeatrade t he cat hode to [d&tpmddst steelt hi n, on the order|of 10 -
500 anggtvélmeel ayer that is believed tpvae 8RoRgim xture of chrom um and 10
Cayer e o rar at  on of| A6 Ao rrRF Pes TRy % Tto
| am nat ifon Ogrcaé%%ﬁ"ler processing. The g{ 16%5{’39%5%1“%6? OSEKE§% Taxi mum
t hi ckneds of about 500 angstrons. We ase er thi ckness exceeds
this maxi mum the ninimum rel ease fort-7¢ é%rﬁﬁ/%h‘?sg%ﬁ)épﬁé?m@ons stently
achi eve Since the thickness of the r@pPgdse |ayer nay be 15 less|than the
m cr oscqiiwretPeagiy r oughness of the cHPPEBR0HA/In” (0.5etOpmersyres squaanpdi ¢
t r eat nerjtCatisodissidp t 0 achi eve a nore upfobo(ABB)(Hréakrahgd)i sh. 12
10.76-215.2 A/m* (1-20 ASF) (preferred
range)
Time (anodic step) 1-60 seconds (broad range)
5-20 seconds (preferred)
Time (cathodic step) 1-60 seconds (broad range)
5-20 seconds (preferred)
The carrier strip is immersed into an electrolytic cell containing the electrolyte and
a voltage is impressed across the cell with the carrier strip as the anode. The anodic
5 treatment generates a uniform microroughness on the surface of the carrier strip and
induces a subsequent uniform metal foil layer copper deposit. On completion of the
anodic treatment, the carrier strip is maintained in the same electrolyte and the polarity of
the electrolytic cell is reversed. The carrier strip is made the cathode to deposit a thin, on
the order of 10 - 500 angstrom, layer that is believed to be an admixture of chromium and
10  chromium oxides on the carrier strip. This admixture forms the release layer that
facilitates separation of the carrier strip subsequent to lamination or other processing.
The release layer is formed to a maximum thickness of about 500 angstroms.
When the release layer thickness exceeds this maximum, the minimum release force
requirements are not consistently achieved. Since the thickness of the release layer may be
15  less than the microscopic surface roughness of the copper foil, the precursor anodic

treatment is used to achieve a more uniform surface finish.

12



WO 03/ 022569 PCT/ US02/ 27703 Subsequent to rinsing, a seed |ayer of copper
with a nom nal thickness of between 0.1 and 0.5 mcron of copper is

deposi t edworo3bases el ease | ayer utilizing the parameters ®gaaisbr/edos n Tabl e
2. Table 2 Copper ions, such as from copper sulfate 5 - 35 g/l (broad
range) and/or copper pyrophosphatelS - 25 gll (preferred range) Opt i onal

i ncl usi ons of veI| ents [ and
surfactants Cﬁél ﬁ%q%: Igg’a% ?fF qulv—%ﬁ fng Iﬁnode (?f(ﬁ%@m nl ess
St eel or oCORREY.5 ¥t BE Soppef 1s"dbbb§te@-d)ﬁ1ﬁﬂ¢’ﬁel@§é‘EW&M&Q&H@'@B p&aﬁief&s (10 - 50
ASF) Tinme5 - 100 seconds %The seed layer forns a nucleating agent for the
subsequenspedifighinsiséla?.deposi tion of a copper foil layer. Wile the seed

| ayer is preferably formed from coppeIrblei may be any electrically
conductive netal that can be deposite ed’ it a m | dl y acidic to al kaline

solutio t%%eﬂ@n@sﬁmi&feom@oﬁﬁmsm@a@ chess galoroad #hbons as copper. | Such
a

(;;t Eirel Hpe L0vioffospRfd | ayer Inciides coppefrdd bays) tin, | roLn, zi nc,
€. s tecls Tetrease rayer from

cheni cal| gy MPSHN S TS the bulk  of |the

met al f g peed, an

acid c r&hﬁ@rat@lngrfwr@ as speci fied 3BCEME 3 is utilized
Al ternatlpHeI y, immersion tine in the [copp@r containing alkaline
el ectr ol|VAmdde Mgibridls 15 that di scl osgskainlesd 8tdeborcoppér | ncreased t ¢ on the
order of Vi@ s€conds To 20 mnutes to[3depgait a copper Tayer withla

t hi Ckngk%ml Duquyppr oximatetry 10t ﬁG §3§ (10' rSO[&S]L aspect|of the

ot on

i nvent i gis—Hhe—stbseguent—step—oft—bti i copper—thrckaess|in a
copper &ﬂﬁai_ni_ag_am dic electrolytel 75 A0 s5conds
5

The seed layer forms a nucleating agent for the subsequent high speed deposition

of a copper foil layer. While the seed layer is preferably formed from copper, it may be
any electrically conductive metal that can be deposited in a mildly acidic to alkaline
solution and is etchable in the same chemical solutions as copper. Such other metals for
10 the seed layer include copper alloys, tin, iron, zinc, nickel, cobalt, etc. The seed layer
protects the release layer from chemical attack in an electrolyte utilized to deposit the bulk
of the metal foil layer thickness. Typically, to maximize manufacturing speed, an acid
copper electrolyte as specified in Table 3 is utilized.
Alternatively, immersion time in the copper containing alkaline electrolyte, such as
15 that disclosed in Table 2, is increased to on the order of 100 seconds to 20 minutes to
deposit a copper layer with a thickness of from approximately 1.0 to 15 microns. In this
aspect of the invention, the subsequent step of building up the copper thickness in a copper

containing acidic electrolyte is omitted.
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13 WO 03/022569 Tabl e 3 PCT/ US02/ 27703 Copper ions, such as from copper

sul fate20-80 g/l (broad) 50-70 gll (preferred) Sulfuric acid30-200 g/l
(broad) 4@o01002156% (preferred) Operating Tenperature25C - PCOUSPHESS t han
1.5 Anode Material Lead or copper Voltage5 - 10 volts Current

Densi ty322. 8-10, 760 A/n2 (30-1000 ASF) (broad) 430.4-5,380 A/n2 (40-500
ASF) (preferred) Tine0.5-8 mnutes (bpggd} 1-5 mnutes (preferred) To
enhance adhesion, a dendritic treatnent nay be used to roughen the outside

surface |ofoppeeidie} ach botiom eyppér su@ar $a0BakYIgbeRARr i tic treatnment| utilizes
thehparaneters 5 specified in Table 4 sQl7pqnnatdMaldy, an anti-tarpish |ayer
such as - of chrom um and Zi Sited to increpse
adhesi onasvhﬁ%%ﬁca ncreasi ng surface r )ié\%%ggg%};i@blf 4 Copper iops, such
as from egpper—sul-atelts—F0—gH—(broath T (pLun FI {preferred) Sul furic
aci d10 -| 9pgadng Tempesaye 35— 100 g/ |23t £99C%d) Sodium Lauryl sil fatel -
20 m OperBdi ng Tenper at ure25C - 55C 04L98§§h4mhﬁ 1.5 Anode Material Lead or
copper Mohnatpa¥ateridld vol ts Lead or copper
Voltage 5 -10volts
Current Density 322.8-10,760 A/m” (30-1000 ASF)
(broad)
430.4-5,380 A/m* (40-500 ASF)
(preferred)
Time 0.5-8 minutes (broad)
1-5 minutes (preferred)

To enhance adhesion, a dendritic treatment may be used to roughen the outside
surface of the metal foil layer. One suitable dendritic treatment utilizes the parameters
5 specified in Table 4. Alternatively, an anti-tarnish layer such as a mixture of chromium

and zinc may be deposited to increase adhesion without increasing surface roughness.

Table 4
Copper ions, such as from copper sulfate | 15 - 70 g/l (broad)
18 - 25 g/l (preferred)
Sulfuric acid 10 - 200 g/1 (broad)
35 - 100 g/1 (preferred)
Sodium lauryl sulfate 1-20ppm
Operating Temperature 25°C - 55°C
pH Less than 1.5
Anode Material Lead or copper
Voltage 5 - 10 volts
Current Density 538-10,760 A/m* (50 - 1000 ASF)
(broad)
1,076-5,380 A/m* (100 - 500 ASF)
(preferred)
Time 4 - 60 seconds (broad)
4 - 40 seconds(preferred)

In a second embodiment, a carrier strip as described above is immersed in the

10  solution of Table 1 for a time of from two to sixty seconds without utilizing electric
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Current Density538-10,760 A/n2 (50 - 1000 ASF) (broad) 1,076-5,380 A/ nR
(100 - 500 ASF) (preferred) Tinmed4 - 60 seconds (broad) 4 - 40

seconds( pwefoaexmsa) In a second enbodi ment, a carrier stripcagsdysTnd bed
above is imersed in the 10 solution of Table 1 for a tinme of fromtwo to
si xty seconds without utilizing electric 14 WD 03/022569 PCT/ US02/ 27703
current. SRR I VRhdid Ot | i's
then applied agﬁgrggl\??%hﬁ%ggg gonﬂ(i:%ly%\lnénﬁ aﬁt hi rdgagﬁr}%gtdl% ﬂ[mfgnr%t b@?éd%

i nvent i orbowe.copper carrier strip, as described above, is electrolytically

d h hi h d f.b 0. 05 5 d2m
Cayer of i chdh SERGREP a0t B SR RGR L OHBe S eBaah rFORBRI AT P o &
Ni ckel suef@mpl %ﬁé\% is e@é@ro@fdcaﬁs?édéﬁ@xyﬁ@ 9 ]}hm 5910&19 bldef BF @Jt%ééﬂa@bS gg@gﬁfi:

chloride0O - 15 g/I (broad preferred) Boric acid25

(broal) 3Bd-2 nmifsras, ]@w&ffmd@mtllmhg&epmgmﬁmmamhﬂdadaﬁble $0C pH2-5 Anode
Mat eri al Nl ckel or Stainless Steel Vol gﬁeo 5 - 5 volts Current

Densi ty215.2-645.6 A/nR2 (20 - 60 ASF)'?@ me20 - 60 seconds A chronium

hosphat er 15 then applieov n tayer of nickel b
Prmelrosi an q\h%%élgagﬁ?%tt@g chr om c aci gllophoggt?ogo /gg @Hr%cg ut Yon havi ng| t he Y
par anmet Fosetd—+—n—Fabte—-6- 0 g/ )

'ﬁlcf éI cﬁiorf& 0 - 15 g/1 (broad)
0 — 7 g/l (preferred)
Boric acid 25 - 50 g/1 (broad)
35 - 45 g/l (preferred)
Operating Temperature 45°C - 60°C
pH 2-5
Anode Material Nickel or Stainless Steel
Voltage 0.5 — 5 volts
Current Density 215.2-645.6 A/m” (20 - 60 ASF)
Time 20 - 60 seconds

A chromium phosphate release layer is then applied over the thin layer of nickel by
immersion in a dilute chromic acid/phosphoric acid solution having the parameters

10  disclosed in Table 6.

Table 6

Chromic acid 0.1-20 g/1 (broad)

0.2-10 g/ (preferred)
Phosphoric acid 0.1-80 g/1 (broad)

0.5-40 g/ (preferred)
Operating Temperature 20°C - 60°C
pH 0.1-3
Time 5-120 seconds (broad)

10-40 seconds (preferred)

A nominal 5 micron copper foil metal layer is then deposited as above followed by
a dendritic treatment as above.
15 In accordance with a fourth embodiment of the invention, a thin, on the order of

between 0.05 micron and 2 microns, layer of nickel is deposited on a copper alloy carrier
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Table 6 Chrom c aci d0.1-20 g/l1 (broad) 0.2-10 g/1 (preferred) Phosphoric
aci d0.1-80 g/l (broad) 0.5-40 g/l (preferred) Operating Tenperature20C -
60C pHO. IW8 0Fioms69 120 seconds (broad) 10-40 seconds (pref@cmadp2/2modm nal 5
m cron copper foil metal layer is then deposited as above followed by a
dendritic treatment as above. 15 In accordance with a fourth enbodi ment of
the inve hj - Off crons
ayer of ERATOrS A agsat LHF LONRHR ok o ARG sl G Sr g

PCT/ US02/h3@m@Blestsrdigelaned abBatde 7A rel ease | ayer is deposited from an aqueous
sol ution contai ning sodi um hydr oxi de@gf di sclosed in Table 7. Table 7

Sodi um hydr oxi del0-80 g/I (broad) 20 eg7/I (preferred) Operatr ng

Tenper atfig, H&eater than 1T %;—H ectrodeStar ntess|st eel
VoInPaged) g@f{ﬁ%hzdr%’ig ?Zur rent Density (ﬁpg@gﬁlsrtoﬁ 0 76 538 A/ln2 (1.0 - 50
ASF) (breath—26-9-376-6—AR2 (25— —Cu+-ent nsity
( cat hodil ORTUREIERDPEHUL; 4}3{@5&0 hmam 10 76-269 A/ (1.0 -
25 ASF) |k eferred) Time (anodic st ep)@reatr §wadids
Counter Electiode Stainless steel
Voltage 0.5 - 5 volts
Current Density (anodic step) 10.76-538 A/m* (1.0 - 50 ASF) (broad)
26.9-376.6 A/m* (2.5 - 35 ASF)
(preferred)
Current Density (cathodic step) 538-430.4 A/m* (0.5 - 40 ASF) (broad)
10.76-269 A/m* (1.0 - 25 ASF)
(preferred)
Timne (anodic step) 2-60 seconds
5-30 seconds
Time (cathodic step) 2-60 seconds
5-30 seconds

5 The nickel coated carrier strip is first made anodic and then cathodic to form
~ reduced nickel oxides. Approximately 5 microns of copper is then applied as the metal
foil layer followed by a dendritic treatment as described above.
In each of embodiments 1-4, an alkaline copper plating bath was preferably used to
deposit a seed layer having a thickness of from about 0.1 to about 0.5 micron of copper
10  prior to depositing up to 5 microns of copper plating in an acidic bath. In the alternative
first embodiment, the subsequent deposition of copper from an acidic bath is omitted. The
initial use of an alkaline copper bath avoids potential attack to the chromium oxide, nickel
oxide or nickel phosphate release layer as could happen in the acidic copper bath thus
mmproving the reliability/integrity of the release interface. Embodiments five and six
15  describe methods for forming a composite material having similar reliability and integrity
without the need for an alkaline copper bath.
In embodiment five, a smooth nickel deposit is formed on the copper alloy carrier
strip utilizing a suitable nickel plating bath, such as the nickel sulfamate electrolyte of
Table 5. The nickel plated carrier strip is then immersed in an aqueous electrolyte

20  containing sodium hydroxide utilizing the parameters recited in Table 7. The carrier strip
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5-30 seconds Tinme (cathodic step)2-60 seconds 5-30 seconds 5 The ni ckel
coated carrier strip is first made anodic and then cathodic to form
reduced rwolalo2zsk¢ des. Approximately 5 mcrons of copper PsTiUsemappl i ed as
the metal foil layer followed by a dendritic treatnment as described above.
In each of enbodi nents 1-4, an al kaline copper plating bath was preferably
used to 1Qﬁf§?§1aﬁe éno?ﬁ@gnd ﬁ%ﬁfza’tﬁéd’ib ng &P%éllrﬁé‘tﬁl%ﬁ 19Jer 1R 's'l?ecpusln o about
0.5 micron of copper 10 prior to depositing up to m cron copper

pl ati ng icopen sakphaibdbaﬁ)a(ﬂ}ableBl) fd)llmzveallli}afendltltlc/’afeatmenﬂffablrefbbdl ment, the
subsequent deposition ogger from an a |d C. bat&)ﬁl s omt

(o Th
initial use 0 1aﬁv%hlﬁlgﬁf>fﬂ+€w @iiin gt RE wigs ViR 2 iGkapssAn ¢ é&&rqebf he
chromu . I couI d
happen |mr]ljgt e gcqycfﬁiéf%%%rgfe(irg‘g ﬁ,{i&h@ﬁk%@@\%%&f ﬁ(@%ﬁ@g??gy 1?%’tegrl ty
of the rebeas®llowtéd b treatmedrtrimomh aqaad)ms sblmmnannltaﬁnng s’bﬂudnhydmbxele nethhthds f or

form ng a conposi terl v Iar reliability a ntegrity

Wit hout CABIHEBR 15t gﬁl%ltﬁ%ﬂfi‘%@ ag H}?@ hesathed e|aﬁl%hﬁlaa¥né$ﬂx ,fhwcﬂ%l oot h
ni ckel d%gt%atcaﬂhédlfc%y”&%%d &@gepm&z i Mo hﬁ’eﬁ’[rden& dfuLilizing a
sui tabl e nickel plating bath ch ast e nc sulta teeectrolyte of
Tabl e 5. pimm@rsidbistrpﬂedmeﬂfabiaﬁrl er stripis then i mrersed in an aqueous

el ectrolyte 20 contai ni ng sodi um hyd&pﬁ%ggg utilizing the paraneters recited
in Table 7. The carrier strip 16 WO 03 569 PCT/ US02/ 27703 is first made

anodic & S them deposited using
a copper %F&%ﬁggﬁ%&?%ﬁ?ﬂ@gﬁs‘?g@@t flg)%/l Bcfé;cgrgl tic treatnment (Table
4). In 4 h—effbodi-rert—a—thir—ta %4—%41—%\«—9@—6—(—%%:55 on

t he ordegu%@“ fivveen 0.05 micron anél %) N#Q,Or%{ rogd) applied to the|carrier
strip (TablLe '%\ as descrihed 5 above [@f1awed@msferedat rent in an afueous

sol uti on Wﬁgﬁﬁmesamﬁeum hydr oxi de V\35t°ﬁl 16BC carrier strip first|form ng
the anoderand then the cathode as in [Thdkehah.1 Next, the nickel is |treated

cat hodi daddpodeMABrigICT d copper sulTatle batdh cabpdrOW Current density|and the
par amet emmmw%mm)m copper

sul fate —-br-oath

Q)

“Current Dénsity 0.32-21.52 A/m* (0.03 - 2 ASF) (broad)
0.54-5.38 A/m* (0.05 — 0.5 ASF)
(preferred)
Time 30 - 120 seconds (broad)
45 - 90 seconds (preferred)
10

Copper deposition as in Table 3 is then utilized to increase the thickness up to a
nominal 5 microns. Dendritic treatment as in Table 4 completes the process.

Composite materials formed from any one of the above processes may then be used
to manufacture either printed circuit boards or flex circuits as described above. The

15  advantages of the invention will become more apparent from the examples that follow.

In an alternative embodiment of the invention, the presence of pinholes in the foil
may be reduced by employing methods of surface preparation on the exposed surface of
the carrier strip that result in a smoother, more uniform surface. Examples of such
methods of preparation include making use of oxygen free copper for the carrier strip, as

20  weli as smooth rolling, micro-etching, and flashing the surface of the carrier strip with

copper or nickel solutions.
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60 - 70 g/1 (referred) Sulfuric acid50 - 100 g/l (broad) 60 - 75 g/l
(preferred) Operating Tenperature35C - 60C HLess than | Cat hode

Mat er i al Lwad3oe2s6opper Voltage5 - 8 volts 0.32-21.52 A/ n2PCO/UGB2/27783 ASF)
(broad) Current Density0.54-5.38 A/n2 (0.05 - 0.5 ASF) (preferred) Tinme30 -
120 seconds (broad) 45 - 90 seconds (preferred) 10 Copper deposition as in
Table 3 is th r O

morons.  Dendri LS PESe! Sebll SRR i yirS BT e e |8 roBBRRE o1

mat eri al pith o thedxhodsatficesfehofartifiestap aneEnPHoLahs presemy of beipebexidsed to
nanufacture |ther printed circuit boards or flex circuits as descri bed

above. Qv b g &eledse st andipalre depogited ovse tsserite theyspporarie the om
h venti on,
R Sl ot 1 9 ol LI SRl L ent o7

of subf aqmrtmrmmltlaatﬁodrdepassnteﬂmtexlmﬁacbf&nrﬁfrm&r@k off fremahe foiLITIsE ri p t hat
result %a snoot her, nore uniform surface. npl es. of such net hods of

pr epar at iPEFKABFARTES ek HRRhalesondhe syifase lﬁ’ffl}eer@ﬂ@b]%@mﬂﬂ? ippafectpny ter strip,

as ing, and flashing the surface of
t he car ri eérostérr‘)ﬁ@gmﬁ%&]drﬁﬁg}l Sgﬁlrf&%loocfﬁﬁe ﬁgol utions. 17 WO 03/ 022569

PCT/ US02/ 277031‘h'5fm“011@r aﬁeﬂﬁl@odmfnem)qf@lﬁprbibncmﬁﬁiorﬂﬁédrp@ﬂ’atesTtllid B ofaRygHnve
rise to the formation of, pits in the exposed surface of the carrier strip
ari sing fFSHOPAE ﬁl‘r%é%’@f Siripc dhp ape dbqxyeen fge eapprewdussson largly r el ease

| ayet nan QJ‘R% fold

str u%'(t) ur gﬂ%ﬁﬁét% PPE% Otf%g}r’%\sfﬁfqtdte%vﬁ&eg %@S %etélp(r?l%%% Hgntt §1t% r(g‘lir;t(%ved from

t he foil providing f«moaf tniogengni fofrmt b sfudhde hdﬁp‘@ﬁbﬁe@ﬁidlaﬁélosepﬁl@um ﬁ‘o?rrﬂhé eftrilet mes
break off fromthe foil. This breakage can result in pinholes on the
surface Sffthe foil or undesirable inperfections to

Additional methods employed in the present invention to produce a more uniform

I't

carrier strip surface include smooth rolling, microetching, and exposing the surface of the

15  carrier strip onto which the release layer is to be deposited to a copper or nickel flash.
Examples of microetching capable of smoothing the surface of the carrier strip to a
desirable uniformity include, but are not limited to, the application of a 119.8 kg/m” (1
Ib./gal.) ammonium persulfate solution with 3 v% sulfuric acid mixture at 115°F for
approximately 50 seconds. As stated above, the carrier strip may be coated with a copper

20  or nickel flash to cover up defects, such as those incurred during rolling, that may
adversely impact the uniform roughness of the surface of the carrier strip.

In another embodiment of the present invention, a dark and non-reflective layer is
interposed between the release layer and the foil. The dark and non-reflective coating
remains bonded to the foil after separation from the carrier strip and enhances the ability of

25  the copper foil to be fashioned through the use of a laser.

There are, in general, two types of lasers that are used to drill through or otherwise
remove portions of metallic foil. The first type includes CO; lasers which emit light in the
IR range. The second type of lasers includes YAK lasers which emit light in the UV
range. While YAK lasers can drill directly through copper foil, such lasers tend to do so at

30  arelatively slow rate. In contrast, CO; lasers are capable of transmitting more energy per

unit of time to the foil and, hence, drilling through the foil at a relatively faster rate.
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the otherwi se relatively uniformsurface of the foil. Therefore, one

enbodi nent of the present invention incorporates the use of oxygen free
copper fowotlh@2sedrier strip. The use of oxygen free copp@®@CTrEsdueEs3 or

| argely 10 elim nates the presence of copper oxide particles, thus reducing
the attendant pits, and providing for a nore uniformfoil surface both

bef ore angvalteCEHaRRdil @ndrhiB Mk ARbRATdBing BidueR coffidirdil @Ry et hods

enpl oyed in the present invention to produce a nore uniform carrier strip
surface Ratende osdentn frill Sirbugigpetallicriodt xcGOnlpseranguines plos ithegsurface sfithbace of

the 15 caryier stri nto which the releasge |ayer is_to.be deposited to a
copper 0?01%%&82}&4 Wasg‘ﬁﬁa%ﬂﬁqaé O &y ‘glb?fgtcﬁﬂ? ?‘%ﬁé’é‘ﬁ"&ﬂ?@v&f @H%Sghi ng the
surface @brel)enGafdtietfivestible theh | SR RAMYIof QML Mai fELHGGbUt are
not lim terc? tof1 t he eaé%l ircgti on %‘fmg&%}lg 8 lkg%%ﬂ&%%‘%%ﬁgﬁ) élrﬁroni um

per sub f a@bsosbd, tatheyrihay tefleds,ubs endrgyusantaiseas id lighkwhick imteratts St the surface.
approxi matel y .50 secongs. st.ated .above, the.carrier strip .mybe coated
with a copper Tgﬁrei e’_n‘ivgiéelfé??%?stﬂ tF?% 120\?&“3 Gﬁlbag%e@f gfﬂf @E‘Pf‘_egtsm‘t’ 8

i ncurr ed e {skefRlstd Blwebl ik rdBse 18RV 66 &% the niRATDI 16 PDh tiﬁ’x’krfb}';e?lig hness

of the surface of the carrier strip.” I'n another enbodi"ment of the present
i nvent i opomariskalrdd darkimaisriak etfierdhe eari¢rdyer 12 and rel¢ese faysetb betrewered, he

| | d foil. Th K . -reflecti ti i
bonded t S P 1 fmadiopdndion B e R il Rerctip fe st s chlnces « ne
abiligy ofserSTHWRIERRBET3 ifs%éfeﬂa@ly%nﬁmb%fb%éntaﬁﬁl%{ﬁﬂaﬂﬂ?j%5J§r§1 .@fr?i%rdni‘ser '

There are, in general, two types of lasers that are used to drill through
or ot her @f saickelesnpper gortiingivs, ofbaitetinnhangadese,| iron] henitkeldayer.yMost ncl udes CO2

| which emit Light in the .IR __Th d f ol
| el udes e 4o Biveh S A et Himes i kRge. IVeTPCowRe der s can
drill di aegdibyertBnOHGBI&PAREARe fiftdce of thealfRs 8D 1tzedi)go§i%| tge d%l‘?tl%t'er:f@.i? .

relatively slowrate. In contrast, CO2 |asers are capa o} ransmtting
nmor e eneiple parformipiroughi Becausettoe sunfacé wixturanfithe kameestrigri2lis imgridtad ough t he

foil at a relatively faster rate.. 1 3/.022569 PCT/ US02/ 27703 However ,
oo Ty oFROE I st 5k FretSmoiss e opehien TG e B bureEEmBer 4 gufics

di rect | ytexnff@shi@ilar tb thabb i@k uh@oskly b _%Waﬂi@gtrfﬁeﬁﬂuﬂa&.f oil, a C2 |aser
requires that the surface of the "foil be treated In such a manner as to
render it bot Ahegraxishaelersd metlefds by twhich thasunimedf thesrasiier strimitheandfd ect i ve"

R AC AT TN T IR
the surf afing the surface of the carrier strip with pink or black copper bonding such as
20  CopperBond® (a registered trademark of the Olin Corporation of Norwalk, Connecticut),
sandblasting the surface of the carrier strip, microetching the surface of the carrier strip,
and rough rolling the carrier strip.
The resultant non-reflective dark layer facilitates the use of a laser, preferably a
CO;, laser, to drill through the dark layer and the underlying foil layer. In addition to
25  driiling holes in this manner, the laser may be manipulated to etch into the foil a desired

circuit schema such as one required to form an integrated circuit.

EXAMPLES
Example 1
30 A 6.1 g/dm? (2 0z.) wrought copper foil was used as a carrier strip. The strip was

electrocleaned in an alkaline commercial cleaner using 215.2 A/m? (20 ASF) current
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Therefore, with reference to Fig. 15, in one enbodi nent of the present
invention, there is interposed between the release |ayer 16 and the netal

foil | ayewobdozseark |ayer 13 conprised of dark naterial PCAfuSer217he
carrier layer 12 and rel ease |l ayer 16 are renoved, the dark |ayer 13
remai ns bonded to the netal foil layer 14 to facilitate drilling by a CO2

10 laser .ded$if sk sed aMf;erfofl%va's $inBé IR TT%LI e FQE4B thyef trgﬁ{n‘éﬁ@@a%'aﬂéthﬁmt ely

.05 and.5 mc¢rons of a nickel-copper co nati on, manganese,
i ron, or im2@4361g/1dz@H.+ MWbsk g/l ghredfnéima bing ab b@imhardmcﬁratylaeﬁe sbRitiappsiagiamat el y . 2

mcrons in h| cknes I r % dar k | ayer 13 non reflective,
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uni form 2 a i

ot nt e 8 o e S R SR e e BBl o Ehedle d kil

the dar k rhiggeeroughmssres the swfatactthe fakandrindwiend Ungforme@oppatdepésit Heheuni f or i y
There exi st seve net hods by which the

h t 2 f r.al
o Tace. Grinpris tishiend ApSeerodiS fangiliy b HRRIISIR F QEPYR PPQEROPIREGh.
These nethodds Jhich kdsolichbst to"’}feefeéoi')‘ahsﬂﬂe%lt &8 rdi19ase '3? %l Grridtlsf aﬁﬁr t2 he surface

of the carrier strip with pink copper i ng suc
CopperBod@tmn@’aomegl stered trademark of the din Corporatl on of Nor wal Kk,

Connect i cut), bI as he surface of fhe arrler strinp, m cr oet chi ng
the surface of %WP% Qﬂg%% plgon CWIW&{’ZI@% FtF%P %Ih@{(%lé}"rerqoépefstrl p. The

resuf pantyjieg sbﬁlfubﬁcyx ymidsh 'éoﬂp%y @Epofsﬂ%a!s 'tﬁé?ité? tﬁogﬁtéﬂs 3518%66 7b%21€c&)r’g|>8er lyi ng

preferably a CX® laser, to drill throug l'ayer
foil Iayeons dsreoppidtistiifan an¢b6Q-55cg/h§ulﬁ1nga¢1dhE$30 4}11(]‘763&/11131@4@&00 AISE) Faser may

be mani pul et il a desired  circuit schema such as one
required ‘g‘&ﬁd?%u?ﬁ fﬂf’ ﬁﬁﬁi’ ég I&‘I Tt fopper ey AR SEGIgkg Hifentent. iR 6. 1 g/ dn
(2 0z.) WihM £ORPEE - 4f aﬁ?e'.’r S
el ectrocl eanggérlln an a4é2b%(}r’1g@)§ggn%§rﬂ(e:?§)2% ar'i}x)g?%as?l?#g?l%%h@a}}aﬂ%sﬂ{%{g ASF)
current bond\©ra@tloedbe9 1PCH/KgB020.2170B/idonsity for 40 sec. The foil was

?}ffg then ,the rel ease | ayer treatnent was conducted in 20-35 gli
chrom umions as sodi um di chromate sol ution usi ng an

s cur v o) 390 5 et iy ol o ort
t o gener &lastraclamicflon an 5lkalice commughhelssnansinge 1§ QarA/acd20HASH) emfrentl and
| nduce a utrllsllgy%r 4(5: Oe%p elrheq"eﬁ (v)vsals trlnsedh and then the release layer treatment applied by
electroplating in a solution of 20-35 g/l NaOH + 0.5-5 g/l chromium ions as sodium
20  dichromate. This treatment appgared to form a transparent layer of chromium and
chromium oxides.

A seed layer of 0.1-0.5 micron copper was electroplated in an alkaline copper
plating solution. A 5 micron copper deposit was then electroplated using 60-70 g/1 copper
ions as copper sulfate and 60-75 g/1 sulfuric acid at 430.4-1,076 A/m* (40-100 ASF) for

25  5.4-2.1 minutes, followed by a dendritic copper or copper/nickei treatment. After
lamination to an FR-4 epoxy substrate, the 2 oz. carrier was easily peeled with a measured
bond strength of 1.79-17.86 kg/m? (0.1-1.0 Ib/in.).

Example 3
After cleaning the copper carrier strip, a nickel layer was first electroplated with

30  0.15 micron nickel in a nickel sulfamate bath at 322.8 A/m?* (30 ASF) for 20 sec. The foil

was then immersed in a solution containing 0.2-10.0 g/l chromic acid and 0.5-40 g/1

20



cathodi c treatnent appeared to deposit a transparent |ayer of chrom um and
chrom um oxides, which is believed to be responsible for the rel ease of
the carriwpogwoeispd after |amnation. A seed |ayer of 0.1-@CI/usozen3 copper
was electroplated in an al kaline copper 10 plating solution. A5 mcron
copper deposit was then el ectroplated, using 60-70 g/l copper ions as
copper syhéspherianed 86 ((h4Wédc a5 binbieht @nipeiaturat THSQikdtide CpPerVebR14ydOmb00 ASF)
for 5.4-2.1 mnutes, followed by a dendritic copper or copper/nickel

t r eat mengcidigfaopper plamguere sandugtedrps drscaibed anbxampis i £t peelabieefofl rosultedr ri er

(0173 o Mg ERpol bl AaTBE o iy G252 A TR iPlgne copper foi 1 was

used as @xg@pliger strip. The strip was electrocleaned in an al kaline
comrerci al cleaner using 215.2 Alin2 (20 ASF) current density for 40 sec.
The foil was Asis&dample 3 havckehlayeravassiat qlegiioplatede sthemickehpplace tvaby

Soat um bR AR Il O 8 o FREOP SuichS 35 At 0ae 3SR Gver °°
of chronb«3msaath gedrademh HitkoMdxi@srelcAsSIBRH. MAKAticll oRidd 18 cPwit RN copper was

el ectroplated in an al kaline co&ger plating soluti on, A 5 mcron copper
deposi t ¢riBodipaly reflucedinp 2850/ US1QY sebuip 2y BE-G3Bpeém” (4.5196 ARF)doppeh

sulfate d - . | furic acid at .430.4-1.076, A/ (40- 100 ASEF) for 25
Sa 501 R Rty it ety onieisichn ChRet g MRweriba ment
Aftero | aidosd. | Withbot 86 chifodic @eens #PHE hadde cliiéht & 188 10,3 fidiEpeclibie €asi |y

peeled with a neasured bond strength of 1.79-17.86 kg/n2 (0.1-1.0 Ib/in.).

Exanpl e Hilweeld belpsediicad Hitke anvdisequrisat isitea highy thp platedn§ miicsbn Fadleftenvas fi r st

el ectropl it 0.9, L.cron nickel. in ni.ckel sulfamate bath at
322.8 AI/o @Eﬁ%\{%&ﬁ)ﬁ osrbqﬁ’%e?ggcn?be?%rg q?%%“la{“’%%@ °RAFS ﬁ%?i‘bcgufehesﬁ' sol ution
contai ni ng 0. AfkO1HR 9élte] aild Hkél oRfdedraafiger?. the 4Ralikd copPer¥ebd By B2t

PCT/ US02/ 27703 phosphoric acid for 10-40 sec at anbient tenpérature. The

al kal i neneégppesidiccopperaye depnsded. ad irelease dogp ef 6.835-d7iSodcamor(@.36 drdilbéindd as
des 'beg,'nb a(rirple 1. Apeelable foil resulted after lamnation with
;{%5 fﬁocg r%’(o. 2 - 2.01b/in.) release force. Exanple 4

Example 5

The formation of a smooth nickel deposit onto a carrier strip has been shown to be very

easily accomplished by deposition out of a nickel sulfamate bath using a current density of
322.8-538 A/m* (30 to 50 ASF) with times of 20 to 30 seconds.

20 Treatment of the nickel plate in a solution of 30 g/l sodium hydroxide was then
conducted with an anodic treatment of 215.2-430.4 A/m? (20 to 40 ASF) for 20 to 40
seconds with subsequent cathodic treatment in the same solution at 25% to 50% of the
anodic current density and for half the time. No seed layer was used, rather the nickel
coated support layer was cathodically treated in acid-copper sulfate bath at low current

25  density, 60 seconds at 0.32-21.52 A/m? (0.03 to 2 ASF), followed by plating of copper
from the acid copper sulfate bath at 699.4 A/m* (65 ASF) for 3.5 minutes to achieve the
desired 5 micron thickness. The foils retained their peelability following lamination.

For comparison, it was demonstrated that the above low current treatment resulted in
peelable foils free of defects while foils made using identical conditions, but without the

30 low current treatment, were full of defects and not peelable following lamination.

Example 6
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5 As in Exanple 3, a nickel layer was first electroplated. The nickel
surface was then anodically treated in a 20-50 g/| NaCH sol ution at

5. 38- 107. WOoABHOR2569. 5- 10 ASF) for 5-30 sec to generate a mCTAS02/oWIze

rel ease layer. This nickel oxide |ayer was then cathodically reduced in a
20-50 g/1 NaOH solution at 5.38-538 A/ln2 (0.5-50 ASF) for 5-30 sec. This
cat hodi ¢ t r'emd §feRt oPRRSAEAY 14yRr Bf BRUSHarkBALGRS Lflifas S04 pPfer £
operating 10 wi ndow. Wt hout }?he cat h}g%ri c treat n%ﬂr%t, iof t he anolgfe(r:rfcgrrent
is too | daer Eomoneqppet aipbert ldyer is graphiclpdlystrod deBigutd 14. HRothnaliraminur r ent
is too high, the plated.5 mcron_foil ofte el am nates or fornms, blister
even bef 8%&3%%1&?%?3%5(6&&8&%8"%3 i e ppﬁé%%@ QRawpLRIYS chyppiymoxiden; kel
and ni ckedie¥ifRr h G8415RAherdiNFreR HRLIRELGRERAE 2 3ASEK P, 1@BFhan g g1 Cr ON
acidic cog%sr %?e deposi ted.r 1A rel ease1 fgfﬁc}e of al6. 25- 13? 86 %gfhm (Og.n35- 1.0

| b/inS) kgt ((hs pomdsipsethchEsepapitionSoithet foonn@tiperatiot. Evemwhérhheiakie!
deposit onto carrier ol as _been shown to be ver easily acconplished
by depos???%eﬁawogflpéo 2‘5@22%%&‘?’?’&}% te&%‘?eﬁatﬁrseifﬁ’go’}f I}émr,t RECPERSPt y of
322. 8- 538orbéd e 6Bt leQuAlO HRSNeWatl t@m%)éﬁﬁﬁesoc{boag 2@@@%%%%@&1 fore f‘o'ﬁeat ment
of the nickel plate i'n a solution of 30 g/l sodi um hydroxide was then
conduct etheshrémam rehesdé biyer @eferenet linf 38) Ifcr@asdStpully\while {H26e is modficréBE) f or

20 to 40. seconds.w th subsequent. cathodic treatment in_the sane sgl ution
2t 259 & BOSTUFaHLLorSE TORINE S B LD O G438 19k KETT oMo seed
| ayetowagoysed, rather the nickel coated support |ayer was cathodically

treated in acid-copper sulfate bath at |ow current 25 density, 60 seconds
at 0. 32- 21.B8s akaaple Al ates e WiSE) proteskingwenddwy ayilablerfgr nfnitatippertilizingom t he

acid cop %r,Pquate E?htllh at 699.4 A/ln2 (65 ASF) for 3.5 mnutes to achieve
the desitdd BTSN HHIXRHIOEs. The foils retained their peel ability

fol | ow ngxh@plgmati on. For conparison, it was denonstrated that the above
|l ow current_treatment resulted in peelable foils free of defects while
foils made Kigiueg SiaddnDiilbustrateshatirhérevertichinidenivaliod art lobtair®d utitivinguhe £nt

tre nt.,. were.full of fec and no eel abl e foll ow | am nat i on.
arrpfigﬂg ngﬁroﬁfm\]/\ffu WW?gg’Qtﬁﬁ F%@??‘?‘%‘?g% ¢ ﬂéefl?réﬁ?f‘c%\/‘l?p S?‘H@ Ci‘ré}“é%tlse | ayer

on the sepafthed bb WCLhE aHbIRA (6 CnsbRPHALAA r&ﬁ&m_ef@ger fbAUpE froma
copper support layer is graphically illustrated 1n Figu 14. Both a

chr omi unsurface of the dielectric 22. Since the surface of the foil opposite the dielectric carrier 22

is exposed to the etching solution for a longer time than the surface adjacent the dielectric
carrier, a circuit trace width reduction at that opposing surface occurs. Due to the longer
20  etching time for the 12 micron foil, this over-etching is more pronounced.

Table 9 demonstrates conductive circuit traces having a nominal width as indicated
when formed by photopatterning a 38 micron thick dry film photo resist and then etching
in an alkaline solution at a temperature of 52°C. The 5 micron foil required approximately
half the etch time of the 12 micron foil. From Table 9, it may be seen that the conductor

25  width is closer to that of the designated conductor width for 5 micron foil than for 12

micron foil.
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nmetal release |layer, as known fromthe prior art, and a chrom um pl us
chrom um oxi de release |ayer as disclosed herein were effective to provide
a rel ati vwbyslomss9 | ess than 8.9 5 kg/ m (0.5 pounds per i n@dr/ussepanati on
force at roomtenperature. Even when heated to tenperatures of up to 200C
and remaining at tenperature for one hour, the separation forces are about
equal . However, at tenperatures aboverg009, the separation force for the
chromiumrel ease | ayer (reference line 38) increases rapidly while there is
no increase in the separation force for the chrom um plus chrom um oxi de
rel ease |layer (reference line 10 40). This exanple illustrates the w der
processi ng wi ndow avail able for |am nation utiIizing the rel ease | ayer of

S

>

the 12 % trcuits, etching nust
be for & tine effectlve to ensure substanti removal of copper. fromthe
surface|of the dielectric 22. Since théféﬂlﬁ%ﬁ%Lei—LhéEidﬁiégﬁbbsﬁte t he
dielectgic carrier is exposed to the etchlng solution for a lpnger tine
t han th<—s&%#aee—aéﬁﬁeeﬂ%~%he—dFeLee%##e-iéapppepr—a—GLﬁE%|t trace width
i h i Clrc68n| t th 20 e i
]
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P

r educt i pn—at—t-hat—epposi-ng—surface—ocecurs:—DbDue-to L”e_Ldﬁéer t chi ng
time fof the—t2-mcrah—foit,—this over uw%%ing -S—nore é?vnounced. Table 9

denonst f at-es—conducts cui "hg inalt% dth as | ndi cat ed

whert% otred by photopatterning a 38 micron thick dry film photo rlesist and
then etching in an alkaline solution at a tenperature of 52C. The 5 m cron
foil required approxinmately half the etch tine of the 12 mcron foil. From
Table 9, it may be seen that the conductor 25 width is closer to that of

t he designated conductor width for 5 mcron foil than for 12 mcron foil.
22 WD 03/ 022569 Table 9 40 68 92 117 Designed Conductor Wdth Etched
Conductor Wdth

15
Table 10
Feature % Fewer Defects
(5ppm vs. 12pm foil)
50 um conductors 30
20 75 pm conductors 4
100 pm conductors 65
125 pm conductors 62
50 pm spaces 31
75 pm spaces 19
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5 (pm (PmM 5 pmfoil 50 75 100 125 10 15 Table 10 20 PCT/ US02/ 27703 12
pmfoil 24 52 76 101 Feature % Fewer Defects (5pmvs. 12mfoil)
50pntonduwwDeB®3B6¥ Spnconduct or s4 100pntonduct or s65 125pnt @caiisSiv2eF62
50pnspaces31 75nmspacesl9 23 WO 03/ 022569 Exanple 8 Table 11 PCT/ US02/ 27703
After Sanple | DAnodi c/ Cathodic After |am nation

Example 8
Table 11
Sample ID Anodic/Cathodic After lamination After
Current (asf) C7025 carrier lamination
C110
carrier
1 1.7 Cracked open Weak
release
2 1.25 Weak release Weak
release
3 1.1 Cracked open Weak
release
4 1.0 Weak release No release
5 0.8 Cracked open No release
6 0.6 No release No release
Additional Parameters:
Anodic current plating time = 10 seconds
Anodic/cathodic bath temperature = 36-37C
Alkaline copper current 30 asf X 20 sec, 52-55C

A 3.05 g/dm* (1 ounce) C110 foil and 3.05 g/dm?* (1 ounce) C7025 foil were
5  utilized to form carrier strips. Prior to cleaning in NaOH the foil samples were immersed
in 10 % sulfuric acid to remove any surface oxides. To provide consistency none of the
solutions were stirred. As the objective of the test was to compare the capability of foils of
differing tensile strengths in providing a controllable release force, the parameters under
which the tests were conducted were held constant while the two foils differed only in
10 tensile strength. The tensile strength of C7025 was approximately 689.5 MPa (100 ksi)
after lamination and the tensile strength of C110 was approximately 206.9 MPa (30 ksi)
after lamination.
As table 11 illustrates, the release force of both foils is dependent upon the
anodic/cathodic current parameters. The break off point for anodic/cathodic current is 8.6
15  A/m’(0.8 ASF) for the C7025 foil 11.8 A/m?and 1.1 ASF for the C110 foil. As used
herein, “break off point” refers to the minimum anodic/cathodic current treatment value at
which release is enabled.
It is apparent that there has been provided in accordance with the present invention
a composite material including a releasable metal foil layer and methods for the

20  manufacture of such a composite material that fully satisfies the objects, means and
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| am nation Current (asf)Cr7025 carrierClio carrier 11.7Cracked openWak

rel ease 21. 25Weak rel easeWeak rel ease 31. 1Cracked openWak rel ease 41. OWeak
r el easeNowpaBmese 50. 8Cr acked openNo rel ease 60. 6No rel ea®eNaSopb oS €
Addi ti onal Paraneters: Anodic current plating tinme = 10 seconds
Anodi c/ cat hodi c bath tenperature = 36-37C Al kaline copper current 30 asf X
20 sec, Jdvapfeefasdsd: @orﬂ‘{ Héfgm(a%ow NEBile thblRvdnfioh hasibecd - ddscribed @ (1 ounce)
C7025 foi | were 5 utilized to formcarrier strips. Prior to cleaning in
NaCH t he chmbinagemplitbemiedenénmthesed it isrvitenhstuhdnyr dlicreatives, nwdifesatioes any
surface oxides vi de cQ nsi.ste of .t ions were stirred.
no t ho o eeTTisnSpRl BE st ops Al Ee it B b blreBRer o1 s of
differi naeéc%%ﬁbﬁ eA%&&@ﬁ@}h% 15 Tht@faeY klémBrage apmcmhtleﬁmﬁesr gloaAraib A &a, the
paranmeters under which tests were conducted were hel d constant while
the two Waﬂﬂsnﬂmﬁﬁﬁkwdhmnhyqnntmﬁﬂnemtubpeefﬂ@ngp$mbdhbnn%n5|Ie strengt h of
C7025 was approxi mately 689.5 MPa (100 ksi) after lamnation and the
tensile strength of Cl10 was approxi mately 206.9 MPa (30 ksi) after

| am nation. As table 11 illustrates, the release force of both foils is
dependent upon the anodic/cathodic current paraneters. The break off point
for anodic/cathodic current is 8.6 15 Ahn2 (0.8 ASF) for the C7025 foi
11.8 A/In2 and 1.1 ASF for the C 110 foil. As used herein, "break off point"
refers to the m ni num anodi c/cathodic current treatnent value at which
release is enabled. It is apparent that there has been provided in
accordance with the present invention a conposite material including a

rel easabl e netal foil |ayer and methods for the
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20 manufacture of such a conposite material that fully satisfies the

obj ects, neans and 24 WD 03/ 022569 PCT/ US02/ 27703 advantages as set forth
herei n abwoa3/o¥¥sd e the i nvention has been described in @omtiSezeizoh wth
enbodi ments thereof, it is evident that many alternatives, nodifications
and variations will be apparent to those skilled in the art in light of the
f or egoi noy THESCrAMNIgROn. Accordingly, it is intended to enbrace all such
alternatives, nodifications and 5 variations as fall within the spirit and
broad scope of the appended clainms. 25 WO 03/022569 PCT/ US02/ 27703 I N THE

CLAI M5 |, A copposite, mater.i 1 characterized by: a carrier strip (12),
sai d ca_r}"i er é,[cpﬂyoﬁwa@%@#?éFﬁ%ﬁge%epg{y. side said first side 5 .
possessing a supstadt @ii)}’s_a&tﬁéérﬁéﬁ@tﬁﬁﬂ@?B&ﬁ?ﬁsiﬁ@aﬁkﬁ%ﬂe%ﬁdﬁﬂﬁ@éﬂé’ deposi t ed
copper foil |ayer (14) having opposing first and second sides and a

t hi ckness of fr pes®ssiig abdstmtially wiformooegimesnd said entire copper foil

| ayer (14) thickness havyi been deposi.t.ed f a. copper. cantai ni n

al kal i ne el ec?r’r%ﬁj’fo g, ﬁ?ﬁq%lffsﬁecrﬁcfp@g 12)11| IQXP&({LB%YIH_@PE’E?:??%&SE 6“412?88?% ate
separation of saj®saRPReickRbd of BHRD.1(hfkton br1BMRAIL 26854l htiRdopPer( 12)
di sposed between and contacting both said first side of said carrier strip
(12) and sai d sédeiblayes(ldethadknsss lhvigheen dépmisited Higmra oppdr. codtaifhg conposite

material (10) of %]Il.ai a 1 characterized in that said substantially 15
uni f or m r oughne&&B8 GleFEW % oot h rolling said first side of said

carniger stripa fellgaséalaygx*"ﬁﬁ 65 SFIRASE bERLOMERE bepharahibBor 9id %}?Bemféil LYar@ey eri zed
in that said substantially wuniformroughness results from m Croetching

sai d first side fioim said darcigr stiip (1B tdisppsgdiiR)vesdnd coftaetingryb said dirstaider i al
10) of claim 3 characterized, il.n that, sai 1 croetchin f. sajd first side
E)f )sai d car Iri er ng?lfi|83'r(“f§Ift%lggh@rﬁngégldtsﬁ%gngﬁlg% Oééi“udc?ﬁpmqf @Wﬁ? {}%p

persul fate. 5. The conposite material (10) of claim3 characterized in that

said mcroetching of said first side of said carrier strip (12) conprises
t he appl?-cat i bhe edmposganfateriat (140 oficlainx i ¢haract@hzedl. in Thed said splogarttieliyat er i al

Festifts FHEPREHERG R Fpo b anE A A Rs i e SR EB i

3. The composite material (10) of claim 1 characterized in that said substantially

uniform roughness results from microetching said first side of said carrier strip (12).

20 4. The composite material (10) of claim 3 characterized in that said microetching of

said first side of said carrier strip (12) comprises the application of ammonium persulfate.

5. The composite material (10) of claim 3 characterized in that said microetching of

said first side of said carrier strip (12) comprises the application of a sulfuric acid mixture.

25
6. The composite material (10) of claim 1 characterized in that said substantially
uniform roughness results from flashing said first side of said carrier strip (12) with
copper.

30 7. The composite material (10) of claim 1 characterized in that said substantially

uniform roughness results from flashing said first side of said carrier strip (12) with nickel.
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copper. 30 7. The conposite material (10) of claiml characterized in that
said substantially uniformroughness results fromflashing said first side
of said caoree2sserip (12) with nickel. 26 WD 03/022569 PECTruS0227229¥03 8.
The conposite material (10) of claim 1 characterized in that said carrier
strip (12) is conprised of oxygen free copper. 9. The conposite materi al

(10) of &l ai NTHe cdABIRRE HatckRH(10N of Hlatm $ dh&tadtarizddah tisdt kil cbd#} strid (i1 3)
conprised of a copper-nickel-silicon based alloy. 10. The conpoSite

mat er i alls camprignd efloxyeemireseopaet eri zed in that said carrier strip has a
tensile strength of at l|east 206.9 MPa (30 ksi). 10 11. The conposite
material (10) of claim1l characterized in that said carrier strip (12) has

a tensilg st rmpﬁsit@matéiﬁﬁg0§89@1§M§h&r&&@ri¥eﬁﬂ ih that Said DaGRIBEDI(1®)
material (10), characterized by: a carrier strip (12), said carrier strip
(12) Eonps cempgsed dafiarcopperiiekedailigon ppsed allpe 15 possessing a substantial ly
uni form roughness; an electrolytically deposited copper foil |ayer (14)
havi ng opposing first and second sides and a thickness of fromO0.1 mcron

to 15 niwy onsTidebngRshe fiatdriaP(10PBPERim § @hdrabidyyAId ih Wbk shibicekRe§SiphAYaNg been
deposited from a copper containi n&o al kaline electrolyte; 20 a dark | ayer

(13) ef fleesietrength gbsetst RPGAMRBNSOd¢i)sai d dark | ayer (13) having opposing
first and second sides, said first side of said dark layer (13) in contact
with said second side of said copper foil layer (14); and a rel ease | ayer

(16)noef fECt i VEhd nipreitt idatdrR] @OPOT @bin® D cRAra&iali£bdGa ilidt 84id ThirieP stkip4) 2)f r om
said dark layer (13) disposed between and contacting both said first side

of sai d hagg tensileseength of ¢ leasp§8%hh ¥ Re(l80 k8idond si de of said dark |ayer
(13)and effective to transmt the surface characteristics of said first
side of said carrier strip (12) to said second side of said dark |ayer

(13) . 1312, TheAcenpositeBateBilgn 02bhdrdddrifl v§t ai m 12 characterized in that
said substantially 30 uniformroughness results fromrough rolling said

first side of2efaiier sta@p (42drsaist qapger s (1 2XxpmpnDsog/ 02866 e PETfitssside 27703

15 porsessing a substantially uniform roughness;

an electrolytically deposited copper foil layer (14) having opposing first and second
sides and a thickness of from 0.1 micron to 15 microns and said entire copper
foil layer (14) thickness having been deposited from a copper containing
alkaline electrolyte;

20 a dark layer (13) effective to absorb light energy said dark layer (13) having
opposing first and second sides, said first side of said dark layer (13) in contact
with said second side of said copper foil layer (14); and

a release layer (16) effective to facilitate separation of said carrier strip (12) from
said dark layer (13) disposed between and contacting both said first side of said

25 carrier strip (12) and said second side of said dark layer (13)and effective to
transmit the surface characteristics of said first side of said carrier strip (12) to

said second side of said dark layer (13).

13. The composite material (10) of claim 12 characterized in that said substantially

30  uniform roughness results from rough rolling said first side of said carrier strip (12).
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14. The conposite material (10) of claim 12 characterized in that said
substantially uniformroughness results frommcroetching said first side
of said caorodee2sstrip (12). 15. The conposite material (1@cTafSorkaEdIM 12
characterized in that said substantially 5 uniformroughness results from
sand blasting said first side of said carrier strip (12). 16. The conposite
mat er i aly4( 10)mf [ b ! i i uni form
roughnesls4 ( r esl:}%tcso r(l%fr%né %%?glggﬂgrgﬁl%lg?gza%%rééiﬂﬁzte&Ztli é‘{s%‘?éé‘g”?ﬁh@gl?})r/i er strip
(12). 10wiférm Thweghnosspesilts dromatécroetthifg 63id dirsteidei ofisdid cetramr aitipdi2zed i n t hat
said dark |layer (13) has a thickness between 0.05 and 0.5 mcrons. 18. The
conposite material (10) of claim 17 characterized in that said dark | ayer
(13) hag an ARACHHNRE SiatelihCH 0P IR O ehdfdd&rPR in %ﬁt da9d SJEJaanﬁaEWOS' te
material (10) of cllaim 12 characterized in that said dark layer (13) is
conpbi seuhifofmaoughnessi ratults dtonc sand Hlasting sdié figsteide of smdicstriengtripf(12ppper ,

ni ckel, tin, manganese, iron, and copper-nickel alloys. 20 20. A nethod
for the manufacture of a conposite material (10) characterized by the steps
of . provigdi NorRLRlHREHE nbRkihY(19PBEM G YL IR RAG e iAHG 5 '&gaﬁstaﬁgaw cally
treating said electrically conductive support layer (12) 1n a tirst agueous
el ect r olupifermomghinassrgstilis fistm nedidé piating sad firdh yide of salé caries strig§12)ubsequent

to said anodically treating step, cathodically depositing a rel ease | ayer
(16) onto said electrically conductive support |ayer (12) in a second

aquegus 1&g eCtTiRl dhfhoskORhRAl (19) SEARML 1B RotdrDRd it &X@H&H&h%f L%QS; and

electrolytically depositing a copper foil layer (14) on said e | ayer
by i nrémsadnicknesabetvpped.06 and iSnmivgorsl kal i ne el ectrolyte for a period of
time sufficient to 30 achieve a thickness of said copper foil layer (14)

of approximately 1.0 to 15 microns. 28
18.  The composite material (10) of claim 17 characterized in that said dark layer (13)

has an approximate thickness of 0.2 microns.

15
19.  The composite material (10) of claim 12 characterized in that said dark layer (13) is
comprised of a material selected from the group consisting of copper, nickel, tin,

manganese, iron, and copper-nickel alloys.

20  20. A method for the manufacture of a composite material (10) characterized by the steps

of:

providing an electrically conductive support layer (12);

anodically treating said electrically conductive support layer (12) in a first aqueous
electrolyte containing first metal ions and hydroxide ions;

25 subsequent to said anodically treating step, cathodically depositing a release layer
(16) onto said electrically conductive support layer (12) in a second aqueous electrolyte
containing second metal ions and hydroxide ions; and

electrolytically depositing a copper foil layer (14) on said release layer by
immersion in a copper containing alkaline electrolyte for a period of time sufficient to

30  achieve a thickness of said copper foil layer (14) of approximately 1.0 to 15 microns.

28



