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LASER ABLATI ON RESI STANT COPPER FO L BACKGROUND OF
THE INVENTION 5 1. Field of the Invention: This
invention relates to the manufacture of printed
circuit boards having a copper foil layer |am nated
to a dielectric substrate, and nore particularly to a
treatment to increase the adhesion of the copper foil
| ayer to the diele scription

of the Rel &4 : _"-_'__IJ_L. loy foils
are wi dely used |n the prlnted circuit board
i ndustry. The foil is produced to a thickness of under

203 microns (0.008 inch) and nore &Terally to a
th| ckness in tBACKSRQUNPD QF BHEINYEMNTEOYns (0. 0002

[ in the art as 1/7 ounce foil) to
L elh%ﬂhe IS’VEKU%I& inch). The foil is typically
pr d&mdcxmpn e¢lothero thEmamdcture ofiprinted ¢irauij boprds having a copper

I

incresye Ry adhbdiory ofthé cqppbiyfoll 1pepoabsdiskecthic asbstratel | ng.
"El ect rodeposited” foil is produced by
el ectrolytically depositing copper ions on a rotating

2. catmg_@?{iﬁmm@wnnpeel ing the deposited strip from
t he cathode per. foil |s bondd‘eghdﬂi %ﬂ’lel ﬁtric
s uHeanpek adcepRAT hgﬁe oy foils ars widely wsed 19 b pyintespineuil

sﬁg'ﬁ?{ tHiknbkis 8F Gitdel 263 ﬁ;&&{sr .68 ingh) and more
ind I ca 1‘0?/ a rg %ss rgglsnforce (such as)aIIgR-m
Ql@\@

gengmlly ko thickness dlathe refgo o fromyS. lampymrgsu(ﬂp gl thais known in the

art %salzz 8"3& %15%13 'tcf'gngg Ooa%ﬁh ep&i? 0 'ﬂlee tr"o}_lpglt){p {r/‘gltohﬂ&d b%r either

mcd!aﬁﬂc&i&tzdrkﬂg 08 albatddapcsltidnr d%bughﬂ'd‘ou m)rosﬂuchéby mgehhnically
For FR-4

oS e o5 s B RS B Wb sy
"Elédtro8epositd féil isf;@odhﬁecﬁhoéléctfb%cﬂlﬂ(fepbﬁﬁngacdppmom‘ on a rotating
approxi mately 30 m nutes de suj tabl e
Wé‘&%ﬁ“‘b@?@\%ﬂ%ﬁ@*&?ﬁg BFVhﬁFQﬁE 4 °s typically
| arfiatpekrdbil ﬁs HBES‘&!StH 'h%e‘lléctr?o sﬁgstﬂﬁafoﬁﬂﬁg alpSinjed @{teuitboard
rature of for 2 m nutes.
usmgjmngsumon ptoccss% a’he éwleﬁ@@ﬁ%ﬁaﬁ@ iy @P’Féléﬂgﬁ Shefgiﬁé‘ iginfrerde
t i h
ol BB e G507 f Rbnhetics e apbph
by DaBde mhehmlmoapmcbs;bncéude@ bersling the cenper fodldayer trcthe dielectric

sutgie B (B s SEEH o8 Pt FOERRULE ptiFR AL 07
me% dpascaBMPAY 00 Yoinds et §quhh $nch4p34})8a,t ﬁganpanatdrezb,f Bl 63(1’ C
forlagltggt %ﬁ&%@?@e@y é& %néralgtlgzs i l%s %1(&:h§ufciabtlé Erﬁlteggzq Eétw-ggr{ the layers.
Polyimide is typically laminated at a pressure of 2.93 MPa (425 psi) and a temperature of
300°C for 2 minutes.

To maximize adhesion, it is often desirable to roughen the surface of the foil that

contacts the dielectric substrate prior to bonding. While there are a variety of techniques
available to roughen or treat the foil, one exemplary technique involves the formation of a
plurality of copper or copper oxide dendrites on the foil surface. U.S. Pat. Nos. 4,468,293
and 4,515,671, both to Polan et al. disclose this treatment. This treatment is referred as the
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CopperBond(r) treatnent. CopperBond is a trademark of
Ain Corporation of Norwal k, CT. Another electrolytic
surface roughening treatnment is the deposition of
copper/ nickel nodules onto the surface of the foil
that contacts the dielectric substrate, as discl osed
in United States Patent Nunber 5,800,930 to Chen et

al. In sone instances t. | east qne.sjde 5 of, th
CorierBond @ rsatmans, Copreriiondis g Hadeensric o/l Eappigtjop ReNorwalk,
CEeNdoiHed Slectt@¥tid \Ri¥Bcidu ttfeRERAOBIthedbpoanst dfkoper/nickel
zinc or brass applied thereto. This coatlng has

b .
nqdslea @ntoghe wwnfsemelthe fal thefantasts R giglechic TREH G diggloged in
Uhing sthid Fﬁél{t'tl\ﬁ)g?ﬂég%gﬁ(ﬂ§$) 10\hich &1 41 Nf 463 iRdtarlced) @R Bne side

surfaces on er foil 1s effective to pronote
ofthitfedli partiovlarly thi eougheried side ibearinglthe dendutes, by hiwgpee of

f . '  ct
cioa B P BT o & L BB ek 6 Ptk ol Bn foung o
ergﬁﬁcel’th@l_sbrfdrst&ﬁn@ncg?amjl mlaﬂﬁdmectrti?rmbstsa;m: ically,
ecr | e, surface roughness to eS

el cCHRIE I vk P SR R AT B AP Lo P e POt
adhgi16:5 With tHeRB@kctié 5udB@ALE thd)@igre e sirfide eaupheting fsaifien sstticted

the dielectric substrate. Ang&lher grrtogl e 'faﬂﬂgl?
bupHe elestaical Reclarmeanse sabiToms T oldhe sOpPeT fa Foruh Fempncys
a@hi‘é&%g! V%bﬁg&%iﬁ%?&&masiﬁg BRUrfiRirbphhndss td!Reé12hedb eNetrical

eactivity o e"copper. As a result, copper readily
pesfoamanceaeniitements shraprontyes thetadheston{perl staengfhy fhetiyegn the copper

est het i . asant and may be a source of
foglraggrt]he diél tlfl%! sv.gﬂ?%tg

I"'emsdurin € manufacture of the printed circuit
boar Anothearprotdera fazing, pristedi circwit besird mepyfagtutersi usingreitber ¢ o

| ami nat i ffegct, bqQith .St b
clp A4 i et s Bt elel e RARAR o B Lopery A e,
coppar ﬁﬁdﬁ@l’s'tﬁﬁd ad tﬂﬁish?e The Steink am:]tc taifshl aﬂhﬁgﬂtﬁce}l]l?hlepleasant and
tarni sh resjstance_ o co r foil . may enhance
may, BF § FeHgcerhngRbierpEdying 'BEIPL&?PQHSPEWF exg%gr“é‘j““g‘@sf‘f r?béX
edaliile, SAIMIR STopfer HSPRTIrt Antiilion @n AfedCbAR theWond Srdngth
Thi's ‘treatnent, referred to as the P2 treatnent

betivea! the ful and thyndielserrissihstiate ped @ﬁptcmﬂ&ﬁb@ﬁctsf}%@%?@bg regtant
la%ﬂil&tez E:'F?él tarnf GBS ARPEF a f:cﬂ:'gl:r fotl #a?%@ﬁﬁeﬁfée& llsye%btpily\jré% s;/ thin (can

C substrate 1t I's usually then sel i
b@6n tht atvadc sald) opating tht gerdaing go-dsfpositeddenstof zing ead chromium.

T ent 9 er faQi,l. 1S | am ' of
Th SR e B g e P 2 s BRI R LU RS brdl S
Neinbbes|012968 toiLircetial. traces. It is often desired to

oi oWt conmbr b ERPE o sdldeiid shieieE i BufiRABE Sfbcively
etdBA tB SordPN Slulity 61 dirchif facks.NBleudntly agpertfbibisdartineed td both
and depositing an electrically conductive materi al Y
sidereofitkn dicleeric sytFirate b brik sidgselrotvelpetgpdypioifoy faces. Mtis
ot RRP& ' RRARy ﬁftéilsorﬁéctki}@uiﬁ&a%led ; fgﬂ Spposing sidbeof the dielectric.

Interface of the dielectric an _ _
Electrical interconnection may be done by drilling a hole through the dielectric and

depositing an electrically conductive material in the hole to form a conductive via. A
blind via extends from one side of the dielectric to the interface of the dielectric and the
copper foil on the second side of the dielectric. The most accurate blind vias are formed

by laser ablation of the dielectric, such as with a carbon dioxide, COz, laser. However, it

2
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copper foil on the second side of the dielectric. The
nost accurate blind vias are fornmed by |aser ablation
of the dielectric, such as'with a carbon di oxide, CQO2,
| aser. However, it 2 is difficult to stop the |aser
at the interface and avoid ablation of the copper
transforning the desired blind via into a through

B e 0 5B PR By SR Bty

thémésﬁwﬂluﬂﬂhemt@ﬁlﬂiraxgmﬁlee\hact ric, tarnish resistance
and | aser abJ ation resi st nce ﬁlFF SU RY C]:nhTHEd
| NVENTPETeNeAIng A geed ’é%Fe"é‘Pe‘%‘ oF Goppet foif that Providasgn enhance

RhbRERELA oﬁmﬁ&%ariaﬁgsldm@h dRGcirk, ARHASetifEn@And Idderaiblation

surface of a copper foil, which may be lam nated to a
rgsigaset ri ¢ substrate. The peel strength enhancenent
coating consists essentially of a netal and netal

oxi de m xture, the netal and netal oxide m xture
being forned fromone or nore of: vanadi um ni obi um

tantal um chrong nganese,
techneti um ang%ﬁ?gnwgﬁer%}g Y, he lqrrgt al oxide

i s sdhent aspedtob I:heomntiibn, alppdrmengm enhagesnEnteoatinglis deposited on
nol e. rfac r.fo

oY sonper T Suriet Ry B Biniefiaf R Ao bR % pegl
ddieh enlianbérkdie s&m@ c&eﬁsfmsbnaawf An@a2ant enendd G)utde auﬁtare, the
mcron (20 to about 200 an ftFP Sila?eega/ be.b.
BBl ersipl o e XS, PR PR RRVAGTCRRTE A YEBAIRygriobium,
thith E&oﬁﬁmmgﬁ&ﬂmmuhg&ndm%@ﬁwel téclﬁiéﬁﬁxhrﬁfid%erhlﬂn

anot aspect of the |nvent| on, an article corrprl

Breforabiye thefrmtal apvigleiingplestefrosmenst of chipmalss @nwaﬁ'ien%ndéeolﬂﬁate
Phellhh G e c(??;g&%ﬂ g'fag be SmB&! and F&eﬁ%ﬁ%ﬂﬁaﬁx@@rﬂém coating

coating 1s osed between the c er 1
rda}elh&ve artmcknesms&heamep aboud 0062 tQ:th@pteO 03 midrom{9ith ket 200

S e i

1uﬁiﬂagomo&hedm§bﬁﬂ;/sﬁbmh) test specinen after being
i mrersed at 60C for hours.

L 3 enotbitraarreL e DB A Hrig Seralses  Panrr foldevisg &
dnkRth frab lamdinded t& Q%ie%&lﬁ: duBsiRke U ped E@éngﬂi‘@lhmmﬁkﬁﬂ d@Bting is

in 4N HO at 60C for hours I n anot her as ect

dismoseck e he cappHLipH 3 6 elasirooHBTIRE, Ebibg Bapper foil exhibit
l§§srtﬁa’}195r{l»gﬁ’sfl 16110% YRR OF Bée?kd'en m%n%ﬁh?eqsdred & deblifRt Wi IPC-

substra conpri ses: rior | am nat i on, 1 mrer si ng
TMe650dgthod 2.4815 usingzard. &qm(:‘lb%meln)eeat spsicieencafien being ismmersed in

EHEERHER P L oo 8o et e
tham@rgesl, to Te¥gdpeselercut after the immersion in 4N HCl at 60°C for 6 hours.

In another aspect of the invention, a method for increasing the peel strength of a
copper foil laminated to a dielectric substrate comprises: prior to Jamination, immersing
the copper foil in an aqueous electrolytic solution containing oxyanions formed from one
or more of: vanadium, niobjum, tantalum, chromium, molybdenum, tungsten, manganese,
technetium, and rhenium. Preferably, the metal is selected from one of chromium,
molybdenum, and tungsten. The aqueous solution may be an electrolyte solution in an

electrolytic cell, and the method further comprises: passing current through the copper foil

3
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30 technetium and rhenium Preferably, the netal is
sel ected fromone of chromum nol ybdenum and
tungsten. The aqueous solution may be an el ectrol yte
solution in an electrolytic cell, and the nethod
further conprises: passing current through the copper
foil 3 and the electrolyte sol ution such that a

Vi t hi ess_of .betwe bout..0. 002
<08 Binel iAot n TR G HRSIRTEIRS SAGRTPRTTEn abbil0.002
t6 Bt D102 Gnibrdn (FPtoGBHR00 fgstroms)ie depsitdtiash mayup‘paf folle The
conprise_ immersing the Qopﬁpr f oi

L slllaal}teg er. h

Iaféwsm fﬁ'&hF'tF@mPé‘é%\ RIAgTSing therraPRes foicin slgfe afterdgppsiting the
eifopf the invention, a copper foil for

Iantnatlon o a dielectric substrate conprises a

| ayern mhﬁsuasmat of thesinentipa.cecoppertpid Qréwé%twmdp ja diefgelric

S
Rl o T DEATL LG TLUR 20K ol 1 THE S
ﬂmshromt&%m dinmiens ditoxides afichisdreated vvlitb ap epyeons $Qiﬂtionr¢aytalmng

the.thickne
T N T ey e
thoRyér ﬁ@ﬂ:eﬁbrﬂ@l&ﬁt 0008 o aboot Gdbmivesn @6 }aﬂegstronﬁ té #eout 100
i nvention, a nmethod for increasing the peel strength
BPeSEEMSLonper foil lanminated to a dielectric substrate

CoNPIh afsiher REpeef ofithe ndéhtida! 4 Method for intRsiag tl'lerlﬂclﬁstrength ofa
m xture of chrom um and zi nc ions, or oxides

copper feiblaminatecie a@éﬁé??é‘i‘c BISUAIGEATRIHISEH JEIOR 19 lggllqagpn;, co-

g&&ﬁ%’aﬁﬂ ?ﬂ% ks oh SHRES JThd
ppe O%Fh?OPaﬁ eas#hgﬁgnéécoao in an aqué%ﬁganr

C&Dpantbmallom mlhusuhsn@eat to|thegn-depogitonsstem irampersingdheeappercfoil for
S eSione 30nd WA BLAE LORGEConlRlibg 1L 0.5 SIEHE 1 Welofifled

queous s nmper at

masmmmtraing tite chppertfail pimmxo ld@iftatio@o The pqn;ut;s sw@ttoh anay beata
m xture

PRt b PR A T Lio aBoR ot Co BencitioB iFe iws of ..,

cARsiamding s e6hsiof oRide£inaf inclakiy:tpeovidihg tn e‘chtﬁﬂy'ttca:eﬂ Icmg‘.ammg
chrom um and zi nc ions; E‘POVI di r] 20 the co

(0]
gt dirmogriiin 5 Slpcian BieisPBHigh FAFHNIDS SEBBEIRS Pl ot providing

tﬁ@Edﬂ%&%l%g thh&ﬁ: hﬁ@e&t’&lyﬂ%ﬁlﬁ( $epbdieng the thromflik and zinc ions on
ness of ayer forméd fromthe chrom um and zi nc

thoeepper foilo Thel dgckm of a Iavenfermesbliem dheydrorpiymssg #ncdonsor
Jﬁnggers 3{5}?&% Gro ﬂ% 1?3@’1 tto%]b@ﬁ%.tﬁloq}@%n (W&%&&Hﬂo abblk 190€

ectrolyte solution 1s a basic
ang$tromspn cont ai ning 25 hydroxi de ions from about 0.07

00 " a8 aBt Suftglmty g LREd AR 501y AHHs b bR Bk cdprhintig'
I5/dfoxideionsSedh abve 081 g/ltdebono T g aine mnsmddfoneauduee 1 g/l to about

100 g/l of a water soluble hexavalent chromium salt wherein the concentration of either

the zinc ions or the chromium (VI) ions or both is less than 1.0. In this embodiment, the
co-deposition step includes: immersing the copper foil in the electrolyte solution; and
passing current through the copper foil and the electrolyte solution such that a current
density of from about 1 milliamp per square centimeter to about 1 amp per square

centimeter is provided. The electrolyte solution may consist essentially of from about 10
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the zinc ions or the chromum (Vl) ions or both is
less than 1.0. In this enbodi nent, the co-deposition
step includes: imersing the copper foil in the

el ectrolyte solution; and passing current through the
copper foil and the electrolyte solution such that a
current 30 density of fromabout 1 mllianp per square

cent i pet bout | er uaLe. centingterai
5 pbot ot e BpBcbow G BBY TR gy A dinaf Boit 020 abour 2
gﬂsmg@iz'oatmoof fromabout 10 4 to about 35 g/l Na(}L
from abqut 2 to about 2.5 g/l zZnQ, and from
0 5" The dHiROTsne gy MORREOIEISIAS B i e SPLORH Hbe
aeéoulﬂ%ﬁng FRAGHZTRAE TreQesdriplon BISW! Detitr Bafur&Sbbjeds add i n

he = acconpanyi ng drawi ngs and the descri pt| on hel ow.

adxamges efithe/inventiophyill be gppanent fomdbedesarpiionsnd drevings, and from
tﬁd&\ﬁ%l on will be apparent fromthe description and

raw ngs, and from the clainms. BRI EF DESCRI PTI ON OF
THE DRAW NGS The invention will be nore fully

under st ood fr%ﬁl P%ﬂé&l{lﬁﬂﬁ&eﬁ@bﬂﬂ‘ﬁ\@§scr' ption

taken in conj unc[il on Wi acconpanyi ng dr awi ngs
wher §he inventéonedifirte micge fidlyamderstbed fromahe foprmgcﬂetaded
G.1lillustrate

whi ch an electrolytic c
A PRk in AR AT B BB APE SrEsaes NEsasini R sfefents
RO Edtedhiike, 2086 WHRRAI nent of the present invention;
FIG 2 illustrates an el ectrolytic ce]l sy
peel FIG  lcilystrates an glecplytic colksystem fer pegltee g':f' Hg%'ﬁ?'ﬁem ofa
[a%IH:Qe B&Oﬁﬁ‘x)% 3%ne %fﬁg&ﬂingﬁt' dr 1 p r&é&ﬁt iBVEBemt

entl on; als Cr 0ss- SeCtI ona Vi ew Of
c opp&IG fbdlustra@nﬁan&tee@ow eelliysteradeor pegl %wagthreab@cemem ofa

a]%e? {emifatl ?c%%cﬁna# o) aﬁgﬁgro Qlrhént Qﬂhg Bfngﬂlt Inveftida; 3b is

Cr 0SS-sec view of a copper amnatéd to a
di el E6F.riads s oioss-seatienal giewanf aempm:s triklaminatedito a d@leetric substrate

s ale Vi e t he copper foil of FIG 3b
bpé&%%po%e Eﬁw@ﬁ%@ oéﬁtac\a,égg Ding: and FIG 4 is a graph
depi GI1G.ED ipecRehtectiodd] viviv cfagbpper fisiBlaminatedfto a didetricfubstrate

ercent undercut. FIG 5 illustrates in
PR il representation Iaser ablation to form

a bl iFg. 3¢49a ¥eén@thwise view of the copper foil of FIG. 3b revealing an undercut

coating; and

FIG. 4 is a graph depicting percent peel strength loss as a function of percent
undercut.

FIG. 5 illustrates in cross-sectional representation laser ablation to form a blind
via.

FIG. 6 is a photomicrograph illustrating the surface morphology of a surface
treatment as known from the prior art.

FIG. 7 is a photomicrograph illustrating the surface morphology of a surface
treatment of the invention.

FIG. 8 schematically illustrates a method to determine the reflectivity value.

FIG. 9 graphically illustrates a correlation between nodule height and reflectivity

value.
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FIG 6 is a photomicrograph illustrating the surface
nmor phol ogy of a surface treatnent as known fromthe
prior art. FIG 7 is a photom crograph illustrating
the surface norphology of a surface treatnent of the
invention. 30 FIG 8 schematically illustrates a

nmet hod to determne the reflectivity value. FIG 9
graphically illustrates a correlati on between nodul e
hei ght and reflectivity value. 5 DETAI LED DESCRI PTI ON

Two surface treat nerDETALEDBESCRIPFIIONer ei n t hat

generate hjgh adhesi on bet, n .c er foil, and a

o ol O YUEtadk AU EAtS are JGcH o Berein ?F?E%Wﬂ@’o%ﬁ@?a?m bgtgreen
dbpfét-foil B PdicRYEIR shiviitaleSeve %He)én@ﬂ&' doppéalfﬁl {sQus€d PR

or copper-base al |l oy folls, where " 9@1? |a‘maans

ipyRatign Fwﬂélb’rﬂmilﬁﬁi?ka@ CPRREE T SPPET-5e Hs, where @Eﬁse peans
tﬁ‘ét dfasaﬁﬁ’) rb%ii feg‘s@ Sb%r we&H’CF’QﬁropP&' lAs ds&P]lldt'élﬁ Sth? term

as e a whi
‘tchﬂver fmlé’nmlalvs |cgppepﬁcrlltand@bmer-§taa9@8m fmlf oﬁdsm wlwmq#ﬂ#ntwn is

]?ﬁﬁ?c%a!?ly%%&ﬁ?fo (.84 it & BfodiR ¥ tef f3) g the ﬂ'L\gm?‘ﬁ] &BEH Heeagpl'ié?l to

COppeEr avi ng any sur
doppardbis’ haviag ang eni-f:h:e fiaish. ﬁ‘hatesn asrhumh 1@s pﬂedfnmlcm means a low

surface, e.qg., less than 1 .Whe Rz

ROl aupbics s £ (per Gon i B, AerE 2 I AE prbriee Or D Bl te ppley
AStariR A5 REmeftE Am@astiréd LAGE a Blrkick pRFdRster. SUr f ace
Treatnment 1 Figure 1 illustrates a system 10 for peel

strength enhancenment of a copper |lamnate 15
according to a first aspect of the present invention.

JdhecsTaheient® | ncl udes an electrolytic cell 12 for

- {
oxi ddegh  ifPrdeda et log b SR i a5 o Blminate
atceéxernged a fiest Agyeel of tespreseiPintentiah. Nl systend] Geincludasraa electrolytic
G- tonin bR O BREGH RE CRE R o Ao fates of o

b&rfm'l %ws;ﬁ%wbmS fdféraidao BGitinlas @P2 thaldnehf and H 6ildhe Bglefion tank
foll e rinsed using 20 deionized (D) water

bﬁwhqrﬁe ﬁhedqom@d cpprrep fail J4iis jmmersed inAn aguaoys splufion idqoptagning
ﬁl‘zmétﬁﬁér%avﬁﬁethf 5iggt E A thl@fHu ltlheo np%é? Fid g@ﬁlaﬁ bt ﬁﬂéﬁd 4Bing

contalnlng a ctro tIC SO and anodes 24
deéanized (DHhwasér ant ehestdnpﬁ) befbredbis jamingted to aidielgetrie substrathe

6 coneailibhyBE o b inciideGHE ] nlsiind G GRUDIER cihlii22,
euﬂadodet a4 cbenvtebm whichehe stay ef coppertfhié 14 passgs. dihe sidgmesolution tank
{60 contams eha{qoulé 8 sonﬁion ll §8(t,,{t§,}1 g silané. Hmd% rol?s% anla%S may be used
to control the travel of the strip of copper foil 14 through the electrolytic cell 12 and the
silane solution tank 16, respectively. The guide rolls 26 and 28 are manufactured from any
material that does not react with electrolyte solution 22. Preferably, at least one of the

guide rolls 26 is formed from an electrically conductive material, such as stainless steel, so

that a current may be impressed in the strip of copper foil 14 as detailed below. Guide
rolls 26 rotate at a controlled speed so that the copper foil 14 is positioned between anodes

24 for a required time as discussed below. Guide rolls 28 rotate at a controlled speed so
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25 silane solution tank 16, respectively. The guide
rolls 26 and 28 are manufactured fromany materi al
that does not react with electrolyte solution 22.
Preferably, at |east one of the guide rolls 26 is
formed froman electrically conductive material, such
as stainless steel, so that a current may be

ressed . he strip.o S |
hausropras b4 s i e AREBH solyion 18 For K reitelilnfihe
didadsed Bedowwopper foil 14 is positi oned bet ween anodes
so 24 for a required ti as di d bel ow.
rol | {nthg eles%ly@c el 1f, 2 awtf?répvr@af a'm% 5 Pf%‘"f"hd% tﬁlﬁe{é direct
e&eeﬁ%hnéﬂldlary%sg forh MEBSES 240 Hié%trﬂﬁdf%@ﬂier 23] ﬁhﬁh@db) 18 by

for are time as discussed below. Int
regangefith awtzplam selution 23, hohisivay oty aii-taspish CQHHWM“]T the desired

c?{ngér{ﬁ!x anogg}%gszﬁdgbdrsﬁ on @ik fAl dlig14£Ur rent may pass

to the strip of copper foil
(cat fbel el)ectﬂoflyttwsoﬁltm 2R ds af aquenais aplutien ayaonsists essgntjaly of a

hﬁégﬂdg a&l‘rgs Wa)sfdr{ M @hd a(aﬁ{ep SlbiE ﬂ@:la'v gm‘%}d?mgéﬂe The

I on and t ness e osited on the
Hytriokida ts6uirpe ibtiarefa'rbhiyebchumrhyﬂmmde 08 pd:taﬂsumnhﬂﬂoxlde and most

mh%%%?sz 8&%&»@@&%&%@%&?@3jﬁﬁa@%ﬁ{mﬁw&a gy
A 8&#%@%%@@%4 BESNE ‘%ﬁvﬁ% Ixi de,

P B RPN} ROt e M BROLAE Sl figpl 2 W] Pensaty
ofl fReaVAbo BRI T toIBOGITI00 Frants e uwd(gn) ofitha hyddaRide, FBm 002 @p td about 7
Sl e T SSPRUSH OF G Lt ol BIRPHRSERIER 730 and

RPO01 iP5l FB/PsTa Wdtérablubl/hbxavalent dieorhivel aki I}Ixemdf:d om
007g‘$‘to about 7 g/1 of zinc ions supplied int

howeyarghatat eastane gstha Bing ion orEhramspm N E) 18y, eopcariraiqps is i‘ﬁa than
11055(/21 iy %fé}ﬂedte%bﬁﬁﬂﬁ&t Jd%oel&ﬁlowé coRtalfRLfRIm SJub P & about 40 g/l

nt chromum salt. Provided, however, that at
Naé&gtfrmdmt 046t dqont;Z /b ring fong mestPrefacebly be inghe form 6702 o

?}E}quq%ﬂyﬁ 1o%n§n oo abou! 39#1 C{M%ﬁmg LREEIERAby be in

rol’yte contail out 10 to
tH&meho#&og:/dbOuﬂ‘{laI}dabbutﬂﬁ phCuiVIDiod$ to about 2 g/1

zi nc ns e . be.jn the oLm . 0. :
2boutv i gy Pt o el St Rlniocan atriee bl Py pligyed e
2/ etfeéilve ¢biceh@atfon BT S sufictdne Bwchlay 1406yl istlfat @ill previke n mood
fromabout 0.2 to about 0.9 g/I C(VlI) ions. Wth each

ugiforp gurfacect r ol yte solutions 22 described herein
abOV he ?:H dfghdald@URSsdftvh 2238 mainfaRiel ia¥ Basid ACSHN il i tede of

a surfactant such as Iaur}/ sulfate will provide_ a
frm sbout; h2 fookdris prefdreedeThe electrolyte solution 22 readily operates at all

temperatures from room temperature up to about 100° C. For maximum deposition rates, it
is preferred to maintain the electrolyte solution 22 temperature in the range of about 35°C
to about 65° C.

The electrolyte solution 22 operates well in a wide range of current densities.
Successful coatings may be applied with a current density ranging from 1 milliamp per

square centimeter (mA/cm?) up to about 1 amp per square centimeter. A more preferred
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The pH of the electrolyte solution 22 is maintai ned as
basic. ApHin the range of 25 fromabout 12 to 14 is
preferred. The electrolyte solution 22 readily
operates at all tenperatures fromroomtenperature up
to about 1001 C. For maxi mum deposition rates, it 1is
preferred to maintain the electrolyte solution 22

te rature.in the range:Qf .ab 35, C t :
CHRER BBV SRR abas R A 3o Bt B/ rBe R gl Gensiy
ehﬂﬂ@gd of de@lbt_[d’eglrﬁn tﬁﬁﬂﬁnic thecfoil strip(l 43siexposaiito theaathtn gmit is, the
may be applied with a current depsity, ranging fro :
tenq e soRPepH! strigylfels beteern ?hﬁétl%cgs ?‘i@%mergpg i gfe%{]‘w sqlution
2MryPRAILS MHAEReIF AL i RS Bbouf 1 RS dboli Bf REdRS. Dufing hdidwell, an
denSity i's fromabout 3 mAVcnR to about 100 mA cnp.
effgetivgchigknescefithe pnti-weish qoptingsamnoyediisidgpositerh etive
50 0l o AP s L s o
uphe aboud 423 Qih mnihr abowe 36 minuites. Ehecantirtainish sogtisigshpgld further be

Tuni v thi iy

65Dkl BV i T B SO iy a5

% ;S ®@pesis sadiitidnh it il ievddrthatian effeapticoating dhipknesdis fiom less than

ORI AP b 51 Bl S e

Wit aaliRg MickAesads asUdw hH0.0PPricrdP@0 Ql%ﬁroﬂi) and evating thidkned3es of
es. The anti-tarnish_coatin

m nut . shoul d rther he

A P LA0] e HODEBOmEN G By N1y B omSh o
. ligh
PP Thi'bouiig Bye s SR il 8 dbpcar Hadtspmlht O ipart o sight
gra) tingade theicapper & 14ess than 10 0.01 nicron (100

angs . . el ) G- I I

avo Th8Shetes fuif BECbpth it h ELRGe oI HRARTEH 10 BAT M diSetcd by
roll928 thraughithe atleausgelutiom] 8 brthie siae solytidntanik He SEissiqudous

f ,001 m . .
sl T8 pitoebi S Pl tepd O B PSR (eR08 bl
terapy@ituiesof Sefwee bt | 5°C tbiaboiit G2 ped mote prafepsbi et ween about
0SSP 2"+ 11 cOAPeY B Pisarabh ingped iy quBous sdfiion 18

6} Sifetsentlok mose! | 10 and is directed by rollers 28
t hrough the aqueous solution 18 in the silane solution

t ank The stripiof coppge fils! 4 exis theisianesglugipr fapk 464 apd @BnETSESs
eiBine B7on 32 U hich Bl 4 e Be AR fon, HE SRl ofthe
coppee it &4, cTheringe badutinnemayésoeprise dejonizes! wiaien) tMors prefaraldy, a

i Ml PR B R g

SO I one secon
con@peatidnificatsic txquite lawamder lopeeceat| Rreferablyt thekautts capachtration

i$ Fdm about 30 to about 150 parts per million. The caustic is selected to be the hydroxide
of an alkali metal or the hydroxide of an alkaline earth metal selected from the group
consisting of sodium hydroxide, calcium hydroxide, potassium hydroxide and ammonium
hydroxide. Most preferred is calcium hydroxide.

After rinsing, the strip of copper foil 14 may be dried by forced air. The air may
be cool (e.g., at room temperature) or heated. Heated forced air is preferred since

accelerated drying minimizes spotting of the copper foil 14.
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el ectrolyte solution 22 and aqueous solution 18 may be
rinsed fromthe surfaces of the copper foil 14. The
rinse solution may conprise deionized water. Mre
preferably, a small quantity of a caustic is added to
t he deioni zed water rinse solution. The 25
concentration of caustic is quite | ow, under 1

perce Pr.ef er abl aus i c,conc ratd on . i r

B Doutiliss dpgne s FoPRSpFRE foeh b BOTHeR it < o sl o
fofmifie b @Fihed ciréuififvatd 6t tliwmfemﬁr@emy nﬁo\ﬁmaamimbn proetss| The

t he hydroxi de of an al kaline e rth net al ected asEgR-4

dielectr; sppirate B ittydaglopFxagipls, a b %sﬁra"%we RoxY §
(Q ¥l Qi t gPéEE ﬁﬁ&i égﬁkfﬂ)ydi”a%ly@ﬁld% @fi’cmtdﬁ'ﬁlanufacuned by

hydr oxi ferred is cal cium hydroxi de. 30
DijRost. Thedsmmgtlon precqss map inglude bpnding ﬁrmcppppzlfqﬂdyyeééo the

it B il M B B, Ll ot

207 EMEn (m psn)nam teraperatierat algust H757iChipr aitimierdf ap o %Q)tmltutqsgwll
8 | After drying, the copper foil

pfﬂ“a%ﬁ)m?ﬁlgﬁg%eéwﬂé’ﬁ%(ﬁn%l?eﬁs electric substrate for

formng a printed circuit board or the Iike using any
known_| am nation process. The dielectric substrate
Qﬁéﬁ—ﬁ%@—for exanple, a fiberglass reinforced
epoxReftfilly ASw W¥Figure QRad éledrolRicael 30 for eqﬂcaswepﬁslhhgedpeel
ep%%) or a pol yi m de such as Kapton manuf actureh@btg
pnhanpmnqna RPating B A CPPRSE Eils aGeRTAIRG o2 Facond RRFeHRY the,Rresent
1ﬁﬂe‘ﬁﬂgﬁ it %# leF:@ol cell¥0GhQ6des 'a‘iaxﬁ:%%h@frﬁlgt d AQuekths

e use essure For exanple, a pressure
abdctralytio sosuﬁoxosa mzaa:(qégs)zqo@tweenavhl@h the gipiprof eenper fil 14 passes.

f

R
dhectribhaie cdll SGit Tenguide ol 26 m’cmymnfm&uted frinyamyen@erial that does not

| t . 5Q,.f l.ect . [
oo Byl o Lien o2 BiFatl ol Rt an e Fyy RiB 26 is formed
ﬁ?&ﬁ eh t@le&ﬁcil@ @nﬁﬁﬁlﬂﬂ dl_?thkﬁﬁﬁ l@ﬁch@afs sﬁhﬁsg steslpsotthat a crl:gle?} may be
inventjion, is shown e e
igprespad ip thecyin of SoPPRY foih 1%&1@&&@% P¥c ﬁ%@wﬁ% i’i?ﬂﬁ‘i #éhn
oty @ém%at%fe dOBpUaSID 1 4 ﬁéﬁhtlbﬁh‘a tRiwdeR afiddes QP Bftla required

forl 14 passes. ide roll's 26 may be used to
mwdnscumébploax/el of the strip of copper foil 14

Lr 04 ifuroBE L 30 Mipkbuef Shloeft I bATIAERLS P

are manuf actu rorh mat er | a es not
dlecanid cusfehtmey pass ﬁohytheanmdbm% torthesrip pf esfpperdbil {cathede) 14 by

SERbr RS RS T 8 bl OB conin

witlethe ,deﬁfbdtcbﬂnbositlﬁimﬁemtkmls ideposuemtﬁreﬂie €udl strip 1he

;gr Ir glihgi ée%ogp c solutlon 41s gnsaciju%gl?sl sloﬁﬁiion cor%ammg poglatom:c :L.n%ons
that contain oxygen (oxyanions) formed from a metal selected from groups 5B, 6B, and
7B of the periodic table of the elements. Preferably, the metal is selected from group 6B,
Where the metal is capable of forming more than one oxyanion, the oxyanion containing
the larger number of oxygen atoms is preferred (i.e., the “-ate” ion), and the oxyanion
containing the largest number of oxygen atoms is most preferred (i.¢., the “per___ate”

ion). Group 5B includes vanadium, niobium, and tantalum. Group 6B includes

9
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20 controll ed speed so that the copper foil 14 is
posi ti oned between anodes 24 for a required tine as
di scussed below. In the electrolytic cell 50, a power
source (not shown) is provided so that an electric
current may pass fromthe anodes 24 to the strip of
copper foil (cathode) 14 by neans of t he electrolytic

sol ution 52 |s ma th enh
clrpmih g BP, RSl Gioo SRk R
rHefiivieposi ted on the f0|I strip 14. The el ectrol yt|c

solution 52 is an agueous solution containin

pol yhxaprefertad permrositionathe elsairalyte solifioa BW‘RgFIHH@?te’
nIPg&EE? dorfrﬁéigikecglté‘igmln Sk AG! ﬁﬂ fdi SR WBSsiSof HBut 1XBF00 g/l

Ic tabl e of the el enents. Preferably
sedinen dishaimsts @pticmumbwérto g%g{bsmm sulfda @r any eth%@%ductwe

ni
AR pERPE R B R inrinE BB BE R AR AN 1R prefaid
eabmmmsmarmfceomo(mm 52 carsists’ eswmaﬂllyl afrapoutdrtd 78 g8 sodium
anl on containing the | argest nunber of oxygen
d 195 nost preferred (i.e., the "per-ate” ion).

Gf 0 Uﬂfhéﬁi-l o e\t GolyRI5BIIAS2 barole miaintaimed irf the tavigenf about 0.5 to
6B i ncludes 9 chrom

| ybd X d
| EleteblY, i eSS oI AL Tk S RRE EreO DL AR es £ 2k 4 0
r i c%hoigfb RliRlosse réAfly opFRRSittall @¥npériiaree fr@ﬁ:trb&hyémpbrauue
utlon contai ns chronate, tungstate,

umm ghioutl (9°iCo Fer maxipumdspesitionssates, it 5 prefsmsdie é“a"%ﬁ et s
efa%g 2 P@ggkugloﬁ %gegrﬁ:f e th hE fynggbfjdlﬁﬁf RS abddP B0 @hd Miore

sodi um suffate or any ot her
pesdierablg between stadut 400G e dhoutidd to i ncrease the

cond t|V|t of .the I

c oo it gifttolyf bolhih £ Gt Weitin aMAdE BRSO densities.
S;?ﬁé‘c@ﬂfﬂl oa?ﬂlr)gs@iayléﬂe&pﬁhdﬁ Wl(h al 51|r@hﬂ.de$lmw ranging fromr G#fparaps per

e of the el ectrol te ou on.5

sa%rwswh&%(m Y Siamps pen e o up ‘%g'%"&}mlgﬁi'ﬂz (200 asf). A
€ ﬁf@%lhxufr&ttﬁga@s@m@n@?mbmtmﬁ(m akf) to aludit ABFY/m? (100
prerera y ILn e range o agou

agl) cand msist prefesabiy from 083 2, %A/ |(§)° é?g)éP §t5e§/nht(1’1‘§?ﬁﬂ The actual
&ﬁ %E@shzﬁﬁ@ dgg{g@mdega{abwmé fhbl E foil },qm@@bseaasuﬁ

maxi osition rates S pre erred to
comentt Zhat is, itke tinethecopper oikssrinid @rbewzetl thersepdas 3f @ud jmersed

AR eS8 BB g 5o,
more ptefahtyy betsietrutionh5 abopte SaseemdseDiring this dmeélélmeawgeffcctwe
oL e LR e EFRD b BT o e
rRi®fure containing a metal selected from groups 5B, 6B, and 7B of the penodlc table of
the elements is deposited on the copper foil. When the peel strength enhancement coating
is applied to smooth copper foil, the effective thickness is that thickness capable of
providing less than or equal to 10% loss of peel strength, when measured in accordance
with IPC-TM-650 Method 2.4.8.5 using a 3.2 mm (1/8 inch) wide test specimen, after
being immersed in 4N HCI at about 60°C for 6 hours, IPC-TM-650 is available from The
Institute for Interconnecting and Packaging Electronic Circuits, 7380 N. Lincoln Avenue,
Lincolnwood, [1linois 60646, USA, and is described in further detail below. While the
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square neter (A/nmR2) (5 anps per square foot (asf)) up
to about 18.6 A/n2 (200 asf). A nore preferred
current density is fromabout 0.92 A/n2 (10 asf) to
about 9.3 A/n2 (100 asf), and nost preferably from
about 2.8 A/n2 (30 asf) to 6.5 A/nR (70 asf). The
actual 20 current density enployed is dependent on the

time, the st 14, is osed.to.t,
corppRwitoss of e e PRES b Bt bert pretizdes S paféVet it coating
coiBnSd@tidsre fmetfatland WMBhSaides Withel thickriess vt abosta).002 o about 0.02
52. Preferablg this dw time |s abo ZSeCOlgal
migsp (2049 about 3P angsiseras ). Themamaslogy el the &ogtige sppidalse 5
AR E‘q‘és'é‘ 6. rQUpnhds % shoplt ﬂrelaaeeswarenﬁmceaw\eﬁect

a peel strength enhancenent coati ng
c onpﬁ@qatgda&mfappm foibk exits Gxcielpstrolgtiopell (hand any excess

AR AL Ul £ b b AR R g SR B copbiy (140 Tfe e

sﬁlhmmgpmn;fme tlethahwttbue Mere ipreferally gt $madidvantity wé p caustic is

e . 9 poRipPERAsC Ende Qo BRE T BBt oncahf fy auit low,
wideBY ipdice@t. Peferablyale mstﬁxvdﬁéentrmm%}bm_ouﬁme @bout 150 parts
AR ot TR LD R i P b

oﬁﬂﬁaﬁkﬂﬁl@ car| inBfal @%cfbﬁ'ﬂ‘lﬂl TheFRS, uﬁ%dndlsﬂlmé O sdiund hydrbgidé,
for 6 hours. |PC TM650 is avail abl e from The

calwsm hydraxideppotassivat kysiiordda and Ydrgride, Megtprslermedds
%PFIP& aﬁi?ox 380 N. Lincoln Avenue L| ncol nwood,
I noI's 646, USA, and is described in further

det aAﬁem;rsmg, thelstripeofichppet foichmelsbe drisddy forcedhair.t Toagizgay
surf ave e l;
of i PG, ST Whpsr ) QHRpild Cftearkd R AR, ¥Rt Shce.
aWeIei’ata:l drhﬁxgkmesmzﬁfspaﬂmgrbf Be Odjfpet fmlalléout 0.02 mcron

20 tq about 200 an
Coat Mgt BRI P BT LBtk Trar LB g rmas ety for
forhyg ﬁnﬂt&ﬁcx&dﬁ%h@l@r ﬂﬁhﬂte QSIAE Ay la'foﬁmdﬁmlnEth'momat Bk
strip of copper, foil 14 exrtsh&e el ectrolytic celé IQR-4
iR b UASBS) ingloge P gBieot TORE B TSRS PO TGRS
Jﬁ‘lgut At tfrgﬁsqﬂ%a eBbxy) B?a pORREEe fkh s toﬂ' Hﬁnﬁﬂa&&ﬁd by

conpri se dei oni zed wat er

DwPerite Thb ria;nmmos\mqeswmpwe bcfndaigcth%qwer ﬁ°§ laygpiodbe t o
die?e%tr%esh?ma?eetﬂrowgﬁ?{e sk Qislff‘eatS éig)trés e. FOExampRes fe?s‘iﬂ'eod'f about

caustic i1s ow percent Pre er ab 3y
2t0TMPR(360 pm),caom teanpieratuire ofrabost 18086 faba titme 56 appsoximetsty 30

Th t |
R T S L K
tfficallp baldedhitePusiig 4 Pressateadf 253 MP4 G125 prijyra tedpergurgf 300°C and

consi sting of sodium hydroxide, calcium hydroxide,
afigreaf i i8S dr oxi de and anmoni um hydr oxi de. Mbst

pr ef @fiftedferchce RANE. YN RANAPION bHSted circuit board 90, a dielectric layer 92
has first copper foil layer 94 and second copper foil layer 96 laminated to opposing sides
thereof. Each foil layer has a thickness on the order of from 1.0 micron (0.00004 inch) to
5.1 microns (0.0002 inch) and a surface treatment as described above having an average

surface roughness, R,, of less than 1.0 um and preferably, on the order of 0.4 pm t0 0.8
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After rinsing, the strip of copper foil 14 may be

dried by forced air. The air may 15 be cool (e.g., at
roomtenperature) or heated. Heated forced air is
preferred since accelerated drying m nimnmzes spotting
of the copper foil 14. After drying, the copper foil

14 may then be bonded to a dielectric substrate for
formng a printed cjrcuit board or the |ike using a
iUl SHeiohe e asaL s lspesied s bdulsy spistis Ml S Ecrhih Botle
hERMt 4116 Wiie 1.7 @h. Zi‘e&é‘f%zo 1§, th@aVerdpe nBthas Reiglktiinfromaeiyum to 1.0

epoxy such as FR- (a fire retardant, glass fil.led
nepdiip)betieved thas thilewersusfarerprefile RRFATAISHR GPBEETHAL dhip Gopper
i foil
R A T S SR SR
5 layjerYGideingflaserddlling dApminiseum averaussudscgapehness oppkoys ffdm is

SRRl AR Sl TP gie: o,

wil Lasearlbld@mﬁapbtcmbi:nes zexdivéen dre tltalek sidemfrfahelﬂ)(hlwraseﬂﬁctihity
FR- 4, Pol yj i 25t D . - :
e TR A RO A S AR e

r&RR6vie Whlueds lds6tha 0, 2hdriases ipersetraidé the seaind ceppee faiblagdr G6.
5, in a typical printed Ci{ ui hoaég 90, ,a diel ectrif:.l
10 Wesphe el elup it incnst ot Sopdhepiay brriess 1 sont Sraper fo

the MelechRYBer B abiairaRs.ed to opposing sides
1@%@?’2’;# Eggh f%ﬁr | ayer has a_thickness on the, order

of f Figwrel9 graphiealbyrillusitates @ @arrelplion bepwecg ghesnogule; hejghhand the

. Wﬁ pnch) and a surface treatnent as descri bed
ré\tgegvel ad\}‘likhg an average surface roughness, RZ, of

| ess Thbaoppkr ﬁ:ild;wnﬂﬂo?@ﬁe Farineq intodesirbd cirquitdraces; suph4s by
8 1 T [ [ .
s ool S ST ST AR it

rbfined [did Vi Dy b¥ éilzdalioygh thi rshueppagfeiligenPéand dielectric
height is from0. t 0 m It is believed.that. o
59 indmiati P b8 100 2€ B Ghepa sbphet CURIFE D AFbical,the blind via

st&nA. copper foil products enhances stopping of the
| aser at a back side 100 of_ the second_copper, foi

[, .
| ay eThe dpsens intendedtoedrillthrough fhs first capRsr fih'a S 3.5% dle?ectnc 92,
20 %Vﬁgtgﬁsgﬁtgiggéﬁﬁ%iﬁa?mg tif fle fasEP pisreestBEsEcHRCCIpPér fail layer, a

sult rength to prevent del am nation_of the

detepp 12 mayi tesult. skneenhansieablation ofihe Hest prpperteH dayigh &h adlpser
k_si,de .surfac e E

Gl YA BYU 8 G0 DR BT oo Y B 9 e

dopperdsinlapé Hrhiat @oppokiterthe HielectriePRectivity value is

| han 40, the. | trates th
o hagBis o e RS U B SRR LR hampes
25 tBESIfow. OThedBllowiap egdmplest ibeided fadlisear)butdn ppemny lioit the

| ayer. and the dielectric |ayer 92 deteriorates.
scope of the present invention.

EXAMPLES
Example 1
30 Various comparative and exemplary samples were created using copper foil

laminated to an FR4 (glass filled epoxy) dielectric substrate. The copper foil, dielectric

substrate, and lamination method used in each of the samples were the same. Different
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Figure 9 graphically illustrates a correl ati on between
the nodul e height and the reflectivity value. The
copper foil layers 94,96 are forned into desired
circuit traces, such as by 15 photolithography. Wen

el ectrical interconnection between opposi ng copper

foil layers is required, a blind via 98 nay be
drilled through the fjirst copper foil _layer 94 an
tgpiaentimpieds SO o the Sanpr Rl for et of SRiBhopied, Bl Riagape
sthplef a$ RROPSE] ARARMItedted ih abdYdinc@fith TBOThALS Y Method 2.4.8.5
blind via second., The |aser is intended éﬂﬁdrlu

using gdehmiTHA /& inphywidelspiespeqimen. Nexs ol by ongof the samplgs;yere
etgﬁ%se? a4 PIeY le{i'tt‘?ol%-l:ﬁ 99“@1’03 9@3@48 Hdird arldaNe& pe8Fstrehth tested

aser pierces secon pper foil layer, a ]
agaifi b accomianceawyith BEITM-650Method A4 8. Sl test theeffegt of hdrochloric

. N i _ .
Bl BDRE ulef b YE PO narfhdc R pXe Pl e
Ianinfad end fhbtefefindibprintedstircuit bpard (PEB). | THeagsults gfthededests age

0 S,.t he dje tric 92. .The ,advant.ages,: t he
RRER Tebig dnvhish AistrsSo nsbirs LR pYaRk SR o

ex an’mﬂa Q%\eraZ,EJPFFEM-GCSO |Mah\bbd 2l e.5fdebdribed mlg_sta:ﬁ depimise the peel

i nten to illustrate, but in wa it t scope
sengihgt peQnducier at ambient tﬁmpefmwffggws}%?aﬂﬁ}%hiﬂg%‘“‘ spécimen
iV [dnfhiteC QIR 161 146 rdMtbubi Taltodsdefanilintds, Wiiildes; badrsd

usi ng coppér foil lamnated to an, FR4 lass filled

cegsknd avastetshing: Thslaminated specimea it ipged, theg; giched, cleancd, and

' il : e BGibi t ik i
4o i 70 o
line é=d. Premn (1@ iricb) sndweheared saapleswith sandeshgsiges qre upesl. fEgeh sample

.each he,. | '
£8P R) phRE B PR RS LR B BR AR e
peiiehdicular .the élge ulﬁThn gp}ahﬁerﬂ Enftrh t@%atﬁna:ris Ith)en w’od?s:tagsmst a

] .. Ne e .of t S S ..
eR s guitepeq it ;e st rip roirting BPPER. G Fi of e strip i
iPpPESbELn theAwe O€h teslifigadhine mﬁd@ gviﬁn thgjjaing covering the full

N T NN

Wiy B CBmRR Aoy dih 0eReEdgecihEed) TortRiLiAdASCA, USA
['am nat ed and 5 otodefined printed circuit board

(MrOB)# TASGOBEACRX A forcerik exrsted énsthg vertieal plang {9 §°); #hd the metal

Tabl ' ich lgU . ' he
L i
stresgth istztermirted as the avelagegpeni load inhmitp efgither kilograms per millimeter
pounds per inch width.

Comparative sample 1 was manufactured using a copper foil having a rough,
CopperBond® treated surface. Comparative sample 1 was also subjected to the P2
treatment described hereinabove, where a mixture of chromium and zinc ions or oxides
was co-deposited on surfaces of the copper foil. Peel strength testing of comparative
sample 1 revealed a pee! strength of about 100.0 g/mm (5.6 pounds per inch (ibs/inch)).
After 48 hours of exposure to the HCI solution, comparative sample 1 provided a peel
strength of about 78.6 g/mm (4.4 lbs/inch).
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10 strength of a conductor at ambient tenperatures.
The test specifies that the test specinen is a

| am nat ed copper foil free fromsuch defects as

del am nation, winkles, blisters, cracks, and
‘over-etching. The |am nated specinmen is imaged, then
et ched, cleaned, and processed using standard

S g 2 M3 o R i BB S e o
tBEPP&ImBAtloRlyS FRBfrefElE @StiAY 6f dofifpfratiFaSimpie Rdvealdda p&]

pr epar ed byzée Ilng back the strip . 25.4 r@&% i nch)

streegth pfabopg L Ihsdnchye Gomparativg smpl @n@a@é (35fo pe

ecur ed aga| nst a
siﬁgﬁtﬁz)gaﬁfég pﬁg l}r : gxgée} XP§ald B thd HCE éaﬁﬁnoﬁ

Wth the geele metal stri
pr o] Eiseinplgryample’? Wahsarufertard inascerdancs with th@ﬁﬁsbipﬂ?ﬂ:t of the

RECITRRL0E, 1R B S BB e

R?amtmﬁait ancbthblh dipbedia acsblupee bf 0.80%ssilanedib DY (deionikady water at

PPORIealr 27 Ll e POt ahdre T B iy Aise B St water and

wdvtaeied piforftd lﬁﬁiﬁﬁion@@él stréngth testing of cemmh’avb samplenierevealed a

peel speraih oF piouces.§ ks 5 Asfnctun, ARELI hour gF grposiie B e Fft1
soltfiBn,RSmipHafivé ﬁ}nplér HBroRfied a p&di E@él'@ﬂhoﬂ aboGteIoey 15159 B /am (2.2 to

the average peel load in units of either kilogranms per
3ﬁlblsﬁmﬁé?er pounds per inch width. 25 Conparative
sanp l(ﬁ) ? ﬁi?aﬂufd s us ng @fﬁ%{)thfc%ﬂer ﬁﬁl’duﬁﬂ:ct@d toa

r ough, per treate Conpar at i ve
dipind shitionad Oér’/smlaaelb] Bfdeignized)twater mapprqwtnb'r&?(: for one

descri bed rei.n and

SRR o BifEe- oM ABNES el G B IR A5 B BRECTRGH R

lrhinaterp el dirength deg oﬁdzdnqmgmlwe sanyile 4 gevedled @ ped stagrigtheof
ant]ézl e 1l re Sﬂbefj g peel strength of about 100.0 g/ mm

%8“ 6 SAR¢Bh (1 bs/inch)). 30 After 48 hours of
eXPOBkeR taey $da@pld Klvas plhniifhadired FOMEPEade wathaheBcendlaspect of the
provi ded a peel strength 1tgabout 7 6 Lnm (4. 4. .

Rresspt ipvaRgion, I@%@rﬂﬁ?‘!ﬁ‘ FW% as trga foR CORRLINE

dirédars. %‘E@élﬁ&ilﬁro@x@ SSlufil éon&b&@dqgtgﬂ%oalgm dl&lﬁorﬁgte and 20 g/l

treatnent only. Peel streng{h teStI ng npar ati ve

sodivp! sulfaterin P8 Mater atcaghedic 6. 5% Ay g@tﬁa&s} m’é@&u@ fq_ré sseqpdg Ay more.
I‘o}lo?mlgq?fnirﬁﬁ %%&@ FoiP il ';féel%n‘éﬁ O btvech 5(4Z?e£ria 98.3

ur of exposure to the
g;‘lﬁln (§<3I arﬂ|5cﬁ11bs/51cﬁ)< e&fﬁér&ﬁymosrawﬁb@ommnﬁﬂlfsal@tlm, gsomparative

oG Bdedrh b el dabaPBBIb P g1 G Bag S Thaiety
sanple 3 was first given a P2 treatnent and then

di ed in a solution of 0.5%si]ane in Dl dei oni zed
vvaltogr at ?a%rcé‘i ( )

Effect of Surface Treatment on Peel Strength of Cu Foll

Sample Treatmsnt Applied to As-Laminated Paol Peel Strength Following HCI

Number Smooth Cu Surface Strength Exposure

1 (comparative} | CopperBond® treated + P2 | 100.0g/mm 5.6 thiinch | 78.6 g/mm 4.4 ibfinch (48 hr}

2 (comparative) | P2 28.8 gimm 1.6 [bdnch i 0.0 ibfinch {1 hs)

3 (exemplary) P2 + Dip in 0.5% silane 98.3g/mm  55(bAnch | 39.3-60.0 g/mm 2.2-3.3 Ibfinch (1 hr)
solution (First Aspect)
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approxi mately 22C for one second or nore. The sanple
was then rinsed in DI water and was dried prior to
| am nation. Peel strength testing of conparative
sanple 3 revealed a 10 peel strength of about 98.3
g/mm (5.5 I bs/inch). After 1 hour of exposure to the
HCI  sol ution, conparative sanple 3 provided a pee

strength of about 39. 3 to 59.0 g/mm (2.2 to 3.3

%mtata Pl Strangtit.|| Pedt StrengtieEoN HE
UDbj ect eg to ag't rgxfogu:aws?oIWon

008 O E0I)5 12K €1 jal - -
one 15 second or inobre. The

94,798 o/mwe 8- 2.5 Ilingll {\68.E-64cPralmengl. {536 lkdeh (48 hr)
sfrength testing qf conparative

nelel st repgth—ef beut—26—8

s YT 26—8—gf-m

(1 5 Ibs/| nh) Exrrpl ary sanple 5 was manufactured in
acCopdanfR dbd h T 5 %ﬁ&ﬁkﬂa@%&ﬁﬁlﬁs 9hnd HeachREPa®Y dpcel strength

i nvention, where a snooth copper foil was treate

ofattout 9% oo (i Bibsliney), 2hich is reater thap tiepeel strepgth piouided by
tt%% deQf: ﬁéﬁ%ﬂs@&%ﬁt\%{ twé&%ﬂl@%ngw Bk %n %@thg/Pb or

I'um su er at “cat ic 6.13
tt&sil)neamtimaﬁ GeftorenSwasaseh dAs aso showe.in Tabe 1 mmemglﬂry Salnples 3

t t F h t
o] F aifSide S Gurptiutn fohohobEahg 0 Einer 1 36beBulBR) cqual o e 100.0
glhlé /(5.6 M)mctﬂfpbﬁ istréfptihohserved fvithaposghy EoprerBore@Hitated foil.
Thes Sigahe roapariEnen sseRoge Bl P TS Tgery gRget copper fol can

hhRsd peepétaengtﬁﬁuﬁswusu)l equbf 9Qhat Obtafnvd heinga Iormanuonal, raugh-

Peel Strength of Foi | nple_Treat éa?l ied to
syéaced Faik{a e @ qn@eFere@ “S%tP‘Z%B hThig#s %R?ceély antagepysayhen

1§

e fha St caffis ot et 'E?%%%E‘”%“%t}??ﬂ%ﬁ‘@%‘“é fic dRgree of

surfate roughngsd thahmpy beugedo dylses exempdary pamples Fandhglso show the

BT o VoS A4 cnio

uaat&:eat, and subbtmatinllf mgmep thars thiatd fi R2rireafnans slose; pBert expgstire to HCI.

STl R PABER S R bl S el R e
a%&gjlﬂg)llﬂ Ft&irt]lglﬁ IRiateria]o8t Betivéenlt@pper foil andthe Giefecticrmubstrate caused
by the HCI exposure. Such material loss is referred to herein as “edge undercut”, which
can be explained by reference to FIG. 3. FIG. 3ais a cross-sectional view of a copper foil
60 laminated to a dielectric substrate 62 before exposure to HCl. Disposed between the
copper foil 60 and the dielectric substrate 62 is a coating material 64, which may be a zinc
or chromium-zinc (P2) anti-tarnish coating, or which may be a peel strength enhancement
coating in accotda.nce with the second aspect of the present invention. The copper foil 60
and coating material 64 form a portion of a photodefined electrical trace on the PCB, The
thickness of the coating material 64 is exaggerated in FIG. 3 for purposes of explanation.
Where coating material 64 is a peel strength enhancement coating, for example, the
thickness of the coating material may be about 0.002 to about 0.02 micron (20 to about

200A).
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comarative 5 (exenplary) Electrodeposition in
94.7-98.3 g/mm 5.3-5.5 Ibliinch 53.6-64.3 glnm 3.0.3.6
I b/iinch (48 hr) dichromate solution (Second Aspect)
As can be seen in Table 1, exenplary sanples 3 and 5
each provide a peel strength of about 98.3 g/m (5.5

| bs/inch), which is nmuch greater than the peel

st rengt rovj the surf reatnents u i n

conpaPan bR 0 S belbpt oS i Cl, el O Hofte B pnes
subitantidlB; 16 itheide sublattsicBDF tHedail wnﬁxpmﬁe S HAI, vﬂﬁclawwd be used

shown in Table 1, exenpl ary_ sanp| g provi de . a
forysieaning thecR{cf.1canssF a pwion 68 egﬁﬁ ePatF&mat?fwi? pioxImate the edge

suﬁé&@fé@ﬂtﬂe%&ﬁw@qp@l urfd@rchﬁ eastQ&QO EIG"% (B0 3k B lenithwise

pee stren bserved w t a roug , Eer Bond r
viewr afghestrip of foil 60Teneslingihe pndenent smtma@@tqr\a 6t néeh@an be seen in

10 SRR BT B0 BT B0 7 b

codtingimatdriahb6hed usi ng a conventi onal , rough- surfaced

0 b 519 e R PR SR R i o

coipahtiveand @ked‘ipl&b sfuhﬁﬁkl ene@tyd ﬁsujg’laippérr faid Mmhated]toan FR4 (glass

ﬁllg{igéprxlyc 1215&?12,3 r S;;J é{e egﬁ'@ﬂgssg% El%{ﬁ.\?rhéf percent
un@Gdgd AReRrhd dee froﬂﬁ' IGt 3) patdest p%epﬂ&hgtﬁ 1dse 04t Bt represeitedas a
t hat obtai ned using t he Copper Bond(r) 15 treat nent

lings dunstipr pEasigr andeyouti Jhiess themgse Fmtwieﬁrcmxw@a?mtﬂw sample
du@‘{ OeI'}Sosuf’J ﬁ)q{(%lefﬁ@ g?éé’éfg %engtﬁ IosWﬂﬂ%g%HTiorlﬁéjseE&ﬁ

strengt exposure 1s function
asm:f:t afftlee preseptinvension wuﬁacm@eanam 2 mstlnbhﬁs Sbewné@hﬂuwaﬂnem

s GEBS b  Bak HE NS LBy 5 e o

duh&f BChexpssute then uordparedito priovdat aiti-tacrish dvatingsp I Thistedinpys
L(a{enceto FIG 3. FIG 3a is a cross-sectional view
de%f‘ Yl®¥%er foil 20 60 lanminated to a dielectric

Subghblal enchiled HeWat REPRLeh Gtk thehfichph IR 0% eThexbitaefcTable 2
the copper foil 6Q and the dielectric, substrat

wege ge@altateéglswataéﬁt methed in Yhick yanieys cpmparatye Ao %?mﬁafﬁamma*e
sarﬁfﬂf:%ﬂd '&eﬁeﬁ Gsing %ﬁno@lﬁtcbpﬁe’i‘ EdlisStibjeQed toRBifferit siface ireBf@énts.

be a pee strengt enhancenent coati ng i n accordance
Contpatativsamplesdn@ repegsens tknown surface frealmgnts, whilspxprgplarysagples 9-

GBSl P S0 el e s

invehiiork{sarfize teateat 2)o Jhe ng)matbér dialecifi¢ substrate sapgdaminatgori n

El ROses of nat i Dg:
o v e P L
onfy®y tBx Qirfaberedtiient ukdd. ckness of the coating materi al

rzTgo ;»Jreeacl? ?alIJ!tlpleO an'IOa%lé 5) aebt(r)eua%ed%ogger rfr(])llc\;laos m%%’l%tetd%o gl??ﬂa

dielectric substrate (FR4 PCL 370 having a glass transition temperature (Tg) of 175°C).

The lamination cycle consisted of 50 minutes heating with a maximum temperature of
182°C and a pressure of 2.07 MPa (300 psi) followed by a 15 minute cooling cycle. The
exposed surface of the copper foil was etched in a solution of ammonium persulfate (120
g/l ammontum persulfate plus 3% by volume of concentrated sulfuric acid (about 18

molar) in one liter of DI water) at 44°C for 45 seconds. The sample was then rinsed and
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15 As can be seen in FIG 3a, before exposure to HC,
the coating material 64 extends substantially to the
side surfaces 66 of the foil 60. Exposure to HC,

whi ch woul d be used for cleaning the PCB, causes a
portion 68 of the coating nmateri al 64 proxi mate the
edge surfaces 66 to be renoved (i.e., undercut) as

h in FIG .. Fl [ I t h
o0 o o o0 et S iR T AP /3 R mions
(012 té 800 fincRS) sty d@.emﬁi%pperrhamﬂhmouemghwmdsr(sm | Cngnd 65
of the coating material 64 results in an az4
g/bagurivacigrin Db avatez abtG Y Hhedspired thighnesi-pias Olﬁalpgxp in 24 minutes
uﬁﬂéy @mf‘eln{ ?J iy 65480, (‘JMs/cﬂ‘?t @Jsﬂgta@%ﬂﬁﬁné paper bliRr, 6.4 mm

var il ous nparative a exenp sanml es
(‘6 inzh) vm!e byilhg mow ﬁqowh)flmg teﬂamcnaﬂ@dvempr&wﬂémp@ﬁ

eagfl géegq?e?l@éﬁgn%%gf 3l FontaH 8%@91951 AEPaGIbE dage |

as a ftunctio ercent ‘undercut.
pnes:sma shdne Thxonigks afithé$p@cimens prened@tly pelishedsusingnay 600 gri§ paper

can be represent on of edge
O FRERY Y. Cpaﬂ?ﬁgﬁl F‘Hkg%ﬁ%ef lgugéfuggh%%rg@{% exper | egced by
t heI AfIERdt four ﬁp&fbnm@s @vewﬁruw 8 pared fba kich, smthlple Hlatfaf tre spérimens (the
ee stren 0SS. th regar t he
clgirol SRR PeR) SFRABHeRED i ieartancs S 1ag-630 Biethod
214854 Wiiko? e&ng tddta 1 hiTse tASBhmmated’ peel Sisdnkitsfor the sample
reduction in h the percent edge, Tgkré?erc t and t‘&ﬁ Th
isghe everage pé@lloasltfpréthg £ontyod specimens i Wl P@H’HBB?IH@““ ty, The
r u%u g ggcitn&npw‘e&r mﬁﬂe&segnlf hNtH'ﬁl@l WC%?-G h&\Es,- folTJWe%i by rinsing
descri

ow. Tab i ncl udes t he data
arwswmo The exproatdospetimens were then preclc;trength fted dmcgorgpnce with

S WA AL S S 00 s i

thaesverags pel Red ﬂﬁlﬂﬁage:@nsmdtspewnmen uhits df pounds Jpel:me}dW! AlSO

di ffer s.ur,f acetre nparatiyv
shaspt Bdehie 208 Do R TR IR A e et SRR e ol oe
péd Bﬁér%ﬂ'n Hrer §holiS RF HEE Bipoﬁwafeﬂ;ﬁtessbd 894 pareeintagk of the as-lammated
an

accor ce with the second aspect of the present
pedisengiton (surface treatment 2). The copper foil,

di el @fd pdrCent bR uhd@drBut f&r\é&cﬁ v Pllteriiidaes fOlRed. First, each

each o‘% e sanples of Tab Ztnvvere he same, and the

exsposed spscuncflfv@s atewed undary) memﬁ%w aafbﬂlﬁ distanpe brtween the
e?’% | ch“ thme'; %5}112%%%%5@39 hfe édﬁ ggﬁ 1 ‘%vc?lg n}eEﬁEecf SRS Sl &SUTRRS exposed

fo a ectric substrate
sihdcRdenP(Cihrae diffeeut locptinng) | Referring snEIG. Bofer exammie, shege e

st e s R o 802 6 ey B g ¥ s BRRE et RoaRements
baifg nadp aachside 66 ofAh® ipeMﬁien( AFer ﬂﬁlmeaﬁmhMMWeieyndelthe

m nute coolin
average measurement Tor XacL 31de was calculated The percent undercut for the specimen

was then calculated as the sum of the average measurement for both sides expressed as a
percentage of the total width of the specimen, 3.2 mm, (1/8 inch). The percent edge
undercut for the sample was then calculated by averaging the percent undercut for each
specimen associated with the sample. The percent edge undercut for each sample is

provided in Table 2.
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30 exposed surface of the copper foil
sol ution of ammoni um persul fate (120 g/

was et

ched in a

anmoni um

persul fate plus 3% by volune of concentrated sul furic
acid (about 18 nvolar)

44C for 45 seconds.
dri ed. Next,

t he copper foil

in one I|i

t hi ckness from about 30.5 t

0. 0016 i nches)
brlghteners (6

PR

ter of D

6 m crons

Likxlaics

wat er) at
The sanple was then rinsed and 16
was plated up to a
(0.0012 to

hout
acid in D

VUG Nurhtor ment PhgpP> ViAS HPHertl T8 %Ehdb Undercut
SPrTe >5pn+ﬁ?l|=51 a cl rﬁ@ﬂﬁmﬁlﬁnf istrangtnf  albagign0. 065
anps/ cnR. | Usi ng a gui l|lgtin n@ipapefer6Hi t erLossH. 4 1 5
("/a inch) w de by 154nm(6inc i
were preppred from eadh sanpl e,
_t_hen__sh,eaar‘lfn’l’)mw/1/8ingk
arali s reial B d
B c P, oor e toe]
7 co‘?r{éréu»)’e) PPpz STEeUST Y afts OUPsIOT 1Tt YA togempve a3y
SiStve) h o T gt OE T[54 § uumﬂeu IR ﬁﬁgrl Mg g AL [T €aSa20
9 @ldnplany©C te . 132" ONf 7¢ 03aNpres HalT Obg
iNGerpRATT [TEtiémaleT N€  TQ seoNT 457 JprCI nesms) wer e peel B84
Sit(gxempiatyn | Bick Sidbmata (205 a6 dane2 wiitrh1 | RG2 TIM 660 _Met hod6.9
2. (ehertplaly) W AdusGhrontmiei ng |SBib] edléed |667 HA62 [Theb.’ 6.0
t3exermptary) nHERG" peel st|ifdhgt H64 orf 81he 4PAnh) 19 gt he 83
H\‘WBWEH) p :Blﬂgslaﬁad faor f7|5,?= {"4\29[ rg |77-2:p : ns‘o-. a—ni tST'z

of pounds per inch width. The renaining specinens

wer e EM%?%%afg ﬁém Thele Bl drdl us"ﬁa 1M SoppbPfollO\Wehparative

by rinsing rying. The ‘exposed I@gecl nmens wer e
samgriesfouid Tswere prpphred using dommergtadliy ewailable cappes faily, with sample 7

LT A Bt Bl ERYP s Q8P 5Bl n ot

CoadSAorEdchef ﬁmmompakaﬁxmdrmmplm samples 8€ift wmwpudparptbusmg

i nch w i n_Tabl e rcent  pee
st At tlon dpvida T PP i 4 Vel e A i€ Spplied.
PBEZn-Di CoAg df aérhﬁd’ratﬁzefs&upl‘é gafashicpostted osing #n epxipaasskaton

as a percentage of

Sonesipog AB Rl Midg sitwrd e % shiinand 20 B FerGard AP, 156,

%ﬂ@sﬁalﬁﬁ‘go a3 A.fﬁ? 51@ f) 61 7 sebond @fd14.68YRP 85hsHIBES §ROnds. The
was Vi ewed under Ox "magni fication and the distance

someterwithtsilicatecrgating ofienemplary sermglefavasrdeppsited using ansfygous
Sl contbiing AN OLAHE0 1) 23 8FPOTL0 ERRPQHPRRER g e
siliGite &, 1400, vdileappleing tl 1fet/m’ (mamﬁoeh%mcsmm dhe blrpmatgtcoating
74, 76 78 080 4 h f
et mpiS10 et deBOficH Lein b Aede Ol Btk o Eflng 5
NpaiOe IHZG\(I 25 g/ 0B, mamg/mmmsatm@ whileapplyisg 1.8 A/m’ (20

st e{%g$ S‘ES’HE%':J " nett?x%lf &g&@e@ E} E)fs d samp e ll ol aaeposued using the

same aqueous solution as that of comparative sample 10, with an increased dwell time of
20 seconds. The acidic chromate of exemplary sample 12 was deposited using an aqueous
solution containing 15 g/l Na;Cr,05. 2H;0, and 20 g/1 sodium sulfate at 104°F, while
applying 6.1 A/m? (66 asf) for 10 seconds. The cathodic dichromate (CDC) of exemplary

sample 13 was deposited using an aqueous solution containing 8.75 g/l Cr (25 g/l
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was then cal cul ated as the sum of the average
measurenent for both sides expressed as a percentage
of the total width of the specinen, 3.2 nm (1/8
inch). The percent edge undercut for the sanple was
then cal cul ated by averagi ng the percent undercut for
each 30 specinen associ ated with the sanple. The

Nisl - 21 e SO0 bl apmbionct p Ao ik el Toe

tuﬁgﬁhe &é@&@léﬁy Sdmpf 14 Qs deposid Qisiid &R efueblesliicontaining 31

Appl i ed Lam nated Peel % Pgel % Edge Undercut
g/ pimgsten maiH4 bHEF, whijeapgt ywes‘tééﬁatw 36 E91 g 8CQRIdsm W n
At ek Banttle s Tab‘gz pat Qgﬁ’l Q‘hﬁlmg' provxded an
(conparative ace 81 05

acképtable pexl stiengtit lmicm‘c eipc(sungrt@ HCh of ahont TS gimm (thlbz-';g) Hovgever,
ot 35pdbiredo B ghe EorbBARES DS ol Bierchth e Bt Jchgrn
1o§s;m‘a'n ildmze ?egapmﬁ sanigfles{ ( e mrw)vﬁqmm;a?vmd 8 pdrces peel
singish Igis3 i o g1 2o |5 PR o ey SR G e S

héddl wERtsBowP tobeeRStiedn providing Hpetednt Peel dtBengthxdosyuifdesy Yhan or

empﬁ%z%rc‘éa%zgﬁef% singsedzo 5 WOk 30%¢ EXETRUE, Hlagod he

Sarhpl esT\@é}Je %ff'e’ct%% Pofidigpettehiske DiteRRNGYSS of Rbd than or
ar atlve nﬁ 6 and 7 were prepared usi
a

n
emhw@bem peyceat/ egBtraplevysmples glsp showgdiag l@amp‘gfwstance to

o e 5 s LRI A 1 A1)
thehexposing theabppee faiti sdmrmioawylama\apbress i the figgb pgpect of the
SRR om0 R i R SR R bpreCty Mokl o defpydonce
with ¢hesaedid aspat oftlie plesenoinpentivni ve sanpl e 8 was

deposi ted using an aqueous sol ution

Example 2
Copper foils as described in Table 3 were subjected to a single CO; pulse of about

300 pj/pulse. Foil A was a commercial product that was purchased from a vendor, Foil B
was treated with P2 with an average surface roughness of 1.1 microns (R,) as known from
the prior art. Foil C was treated with P2 but with the average surface roughness reduced to
0.6 micron (R;). Foil D was treated with the chromate of the invention.

The surface morphology of control foil B is illustrated by a photomicrograph at
magnifications of 1000x and 3000x in FIG. 6 and the surface morphology of inventive foil
C is illustrated by a photomicrograph at magnifications of 1000x and 3000x in FIG. 7.

The foils were also laminated to an FR-4 substrate and peel strength measured as

described for Example 1.
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containing 10 g/1 Ni as sulfate, 3 g/1 Zn as sulfate,
and 20 gl11 citric acid at pH 4, 130F, while applying
0.93 A/ln2 (10 asf) for 3 seconds and 4.6 A/n2 (50 asf)
for 3 seconds. The chromate with silicate coating of
exenpl ary sanple 9 was deposited using an aqueous
solution containing 5 g/l Na2Cr207. 2H20 (1.75 g/l

Cr), 10 g/l NaOH, and. 1Q g/l 15 silicate at 140F,
whil e applying 1.8 ME&M@ 10 seconds. The
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peel strength before exposure to HCl of about 71.5
34 Ib/lin). However, after exposure to HCl, the
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st rengt

exe npl es.
DMGEa&eﬂwomawaBﬂmrmmbaebM&i &r(o@nufaﬁe@ﬂ bYerr ngp hange

e rang o t
ornfE s PP O8s St inF1G0Y, e BEHER A0 wbd irestod against
thdtackeile t00 yfthe Ebcpﬁcbwpﬂenrfgll a6 pewmgte opdeﬂS" tt aneaxist H 2Inogsal to

|l ess than oy to nt af.ter,bein
ees?s@ééaprea?wh o Soriangoith e BwRE Eﬁi@ﬂ%ﬁ'@i@h{ g
refR4RANN A RSnSBIBAR S0 te@ithe 8idly @ JT85RI Tiw @ile@edight 1 14 is
ercent peel strength | oss of less than or equal .,

co tbyretsetoe die.. Inprdition é:nebreawﬂgﬁwm ReETiginaAmainG
rcﬂe'(m&fié%&o prfe%lmﬁaw s Sdug& t‘r’cgi‘i? %?erv@&d Weme{cﬁmgaﬁee&técﬂn

coat I ng.
1166y mapmimra Tt F@xﬂmsExngtpﬂﬁb thedlighe beainovas er:nqu| tmsyerse to the
{ gl?élg €§|ﬁnat| ORy; as in the first aspect of the 15
'°§P% gertiop RULREPRAS houl d further enhance peel strength
of Figuped piessnts the mehsuekd reflatioity dducse Aswhovwn i Gs B,cond
exge?lgr?tcctorrglfatlg# BeXI ts St\%gén Q ye%ggtkv?t?('of the treatment surface and the nodule

height. This is also indicative of how the laser ablatability is affected by nodule height.
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Exanpl e 2 Copper foils as described in Table 3 were
subjected to a single CO2 pul se of about 20 300
j/pulse. Foil A was a commercial product that was
purchased froma vendor. Foil B was treated with P2
wi th an average surface roughness of 1.1 mcrons (Re)
as known from the prior art. Foil C was treated W th
—P2 but w-th the -average—surf-ace—kotg NesSY etueced—to
0.6 mcrofP{R ). Foil D was trealsy ?\’H %‘5 chr onat e
of the invention. The qurface nor phology of contro
foil Bis illustrated Ry a photom crog
magni fi catAons of 10004 and 3000x in P2G 6 and the
str-face—ogphotogy—of—TmverntTve o rsitrfustrate
by a phot om crograph at| magnifications of 1000x and
3000x in G 7. The floils vvere al sod2am' nated to an

nd naaol ctronnat h oaoaguiro

LILA= I S A ul.lullgl.ll IIbGOLq}CU Ao

descrlbed Por Exanple 1. 19 Table 3 aser Abl ation
FOI T~ RZ,_Surtace Nodule Herght Area Peel Strength

Rou hness (m Ablated g/nnn (I b/inch) %2 FR- 4
Pol Qnherprraore asisstapd embpdiments of the present favengon gpve peqd po

des%Bl}edg ﬁegg%]gé%% qgggl ﬁeizrﬁlrst%%@ 1t ('é!r?wg?rgntog@c.a?orﬁ nﬁinJe $nade

wibutdlepattifg from thespiritand senpe fof ﬂmrmml@ 34c°9td@aéb§ther aspects
t | at d
and SRSt AR Al §8 bEVRIP e Kl0aECuEM 5 00 T

t he surface roughness and nodule 5 height to nomnals
of 0.émand 0.75 m respectively, Exanple 3 The
reflectivity values of the copper foils of Table 3
were nmeasured utilizing a DRLANGE Refl ectoneter RB
type nunber LMS 064 (manufactured by Dr. Bruno Lange
to GrbH, Berlin, Germany). As shown in FIG 8, a beam
of light 110 was directed agai nst the back side 100 of
the second copper foil 96 at an angle a of 85 to an

axis 112 normal to the second copper foil. In
accordance with the law of reflection, the |ight beam
i's
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reflected 114 fromthe back side at the sane angle a
of 85. The reflected light 114 is collected by
detector 116. In addition to direct reflection, a
certain anount of diffuse 15 reflection is also
present. This diffuse reflection is prevented from
reaching the detector 116 by an aperture 118. For

W%ﬂl?ﬂﬁﬁqlrs 3, the Iight beam was oriented transverse
o the "rollTing direction of the copper foil. Figure 9
presents the neasured reflectivity values. As shown in

FI G1. 9, ancoppedsil (99) ford@hingdici to @llietectrid subiRedte\sa)) thice@pper
reflectivity of the treatnment surface and the nodul e

foh (PO} epPESIngFhi s i s al so i ndicative of how the |aser
abl aj;albhget Yoi \}%ﬂﬁefu?g%%féd l%ithrhqgé& Eblsmﬁhmbmag 14yet £100)

Refl ectivity One or nore
hayiop e pyerageduatsoapghanssof dgss thqe Oﬁr@mﬂm ms/@rﬂcrlworpa%de a

afEon, UEPGbpAdy FRE G 5k 303 ginin (M fouls s 00d

departi ng fromthe spirit and scope of the invention.

Acc rdin th P
I ¢ AR eoret oy OORT el | AT BF AR eT Dl Ertfness i

be@lzeéhWDnilcﬁmathéEmmer foil (96) for lamination to a

dielectric substrate (92), the copper foil (96)

conprising: 5 said copper foil (96) being coated with

a | gser aht adgperfoilThé)uficiais 1 lvwhésdin £a1d3@§er abaubm hibiting layer

average surface roughness of | es 7 mcron that
(19Q) campages noduleschaying\an guerage height ﬁékﬁ%ﬁ%%@? MG/t h t o

FR-4 of at |east 80.4 g/nm (4.5 pounds per inch). 2.

The copper foil (96) of claim1l wherein the average

sur flace Tbuepnpeskili(86) of Glaire Bwdereimsaid padules haygan ayemge

96) of cl 1 wh
he%Fwa%gP %ﬁﬁqggﬁniﬁbl t |( ng) I gye? al( 1m00) cg:rg:r inses

nodul es havi ng an average helght of less than 0.75

m creon. f{ﬁggoq?g{,@ﬂg% é& &ﬂé \lairh 3} oRlm §vHelBid s et aBation

sai d" nod
inhibiting layer (100) is a codeposited mixture of chromium and zinc and their oxides.

6. The copper foil (96) of either claim 2 or claim 4 wherein said laser ablation

inhibiting layer (100) is mixture of & metal and a metal oxide and said metal oxide is

selected from the group consisting of oxides of chromium, tungsten and molybdenum.
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hei ght of from0.3 mcron to 0.6 mcron. 5. The copper
foil (96) of either claim2 or claim4 wherein said

| aser ablation inhibiting |ayer (100) is a
codeposited m xture of chrom umand zinc and their

oxi des. 20 6. The copper foil (96) of either claim?2
or claim4 wherein said |aser ablation inhibiting

I 1Q0) i s. m,Xxt f . t al id

o Teat amsisRrienly iitieVe e BE(SRY PREdnE o o'
Frglnﬁit;a‘ae&r’]dg% ﬁgz‘m;é o2 ha){ggéﬁpiﬁiigiglﬁrst con ucI?'rs\i/cgn;gi [ CULL
(S0p rsgrpaer SrhgvertOen pERes oo Bigh 887 QRGO 55 SAH o tover

H Ginfa 1553k aBibrSIERiSiHlg Hyeed D0)hat ing Sh a0@RgREsurfacy |
(9?)}33@%%])31 I amanat ed to agf |y?§(? s)iahde r]tgher eofiﬁiai d

roughppssrot fess than Qy7emicrqndbat ixefERctte nipravide 3 laminatiop pegl pgpeth to
F%'g &5 1£ds{‘§b,% g,l)f@é é‘(g,ﬁg%]mgw i?ngggn average surface 5

ness o ) ron that is effective to,
pr o\shideliedectriminyext(9Drhapiog e via (P8 rxtending thergthvpugh angd terminating

SRR AT Ao POBREP Pl ol o st

and termnating at an interface between said

dielectric layer (92) and said fir . 0]

(96): 10 The e‘%ﬁ‘é“’@&e‘@%’f‘%‘é{? Fye t&%@f?&f“@ﬁggﬁe&%ﬁwe(ﬂg@%g
subthceGlogtiess oM ®isBr dUNtion Vidibigeg lagetr(i 60)ds beowesnrles miabn and

said | aser ablation inhibiting | ayer (100) is between
0.omicref.cron and 0.6 micron. 9. The electrically

conductive circuit (90) of claim8 wherein said | aser

15 ablation inhibiting | ayer (100) conprises nod kes

havi%hg afheelsetigall pative pirguig APl slain, 8 yhszein &'ﬂg.aé“

] g T £ Qi (=T | 0.3
ot fhibidhe ) GEYRBRp bl ey Bl aR o B hel R Pt
mizemhetp @A mieebnni xt ure of chromumand zinc and their
oxi des. 20 11. The copper foil (96) of claim9 wherein
said |l aser ablation inhibiting layer (100) is mxture
of aomet aihe aBshenfoiEPE) ofakdinl® elreteis sdidl lavertablation irdhebiting layer
sel ect ed fr,on t.he (g.rgruoﬁﬂconsi stin f. ox.iddes of
(1893 AFedrpositA Jurwre o SarmirDARd A U 5X1%%he

electrically conductive circuit (90) of any one of
clains 7-11 wherein said.dielectric substrate,(92).
el 0t el The ehmmen SILOBLS Arimdt wharip o TSpoblepR iy hasayer

(100} is mixture of a metal and a metal oxide and said metal oxide is selected from the

group consisting of oxides of chromium, tungsten and molybdenum.
12.  The electrically conductive circuit (90) of any one of claims 7-11 wherein

said dielectric substrate (92) is selected from the group consisting of glass reinforced

epoxy and polyimide.
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epoxy and polyimde. 23 13. A nethod for the

manuf acture of a printed circuit (90), conprising the

steps of: (a) coating a copper foil (96) with a | aser

ablation inhibiting layer (100) that is effective to

rovide | ami ign peel. strength. to FR-4 of at | east

0. 45g/ w%@a&ﬁ&gﬁm}}@ﬂﬁ“ﬁa% Prigsd gt 0 fgmpHsigs the steps
of-<coated copper foil (96) to a first side of a

dielectric substrate (92) to forma first [ayer (96)

on €3 d ¢patinga edppes nb{90xweth(adajer ablayioh prhibitigg $asied (100) that is

et pHdc A Pab oy BB i o]t A5 245 pounes
pedigalpt one via (98) through said dielectric substrate

(92) to an interface with said first layer (96). 14.
The (et héumipptieg sdideaaedwannet fik@btoa first sigy of g dicdeoteeisubstrate

e | Qs : met ho f aim 14 wherein

O3k SARCLARPIEH O pp 3o (oo B MRFELOB) Macer

abl ed)i on forrdih® bdid figstl1@yee (96)1018)a plirfalityPs¥ AMAItaERes ; and

surface roughness of less than 0.7 umand wth .

nodifes RHRErH§ToLe on oleratm (eb fymingat leasbenovia (A)thrvghsaid
: . g : - . [ icl udi ng
diekefieTubilte (H o L0 BB Lif R BT (0971 Sy 100)

fromthe group consisting of a codeposited m xture of
chri)éri u zinc and, thejr oxides, and a m xture of a

met & andbameghod oflaitnel mbersinsaidvia98is Eymed bivdaser ablation.

selected fromthe group consisting of oxides of
chrom um tungsten and nol ybdenum 17. The net hod of
cl alim 16Themletisbidrod ctbémalsh wherginasaldasay (ap iyl effectitie to form said laser

enhangcin | a n side of sajd copper fail (96)
ablgjigpqanibithe eyer iy an aveseeesielaneronganess o feps 848 0gf um and

_ . _ i oeludi . h _ | . 94)
WItEPa%giEsd corgaedd coéf)%ler gct”%: t?%ﬁg‘é‘%ﬁggggg sg’z&c{)ﬁd si(de

of a dielectric substrate (92), form ng said second

| a i nto,a rali.t f circuit traces,and . . . ..

for i ng. Ll oipa PBlaih T jedhydine felpsinernabl herblagon inhibiting
e SO 8 g AL Tl g
theig opides, and aimigpe§ of amelal and amiatal oxideavhtire aid mdtal oxide is selected

from “Pesérf)g;g goés?s%i)ng otf rc]necid%g BF &[ro:fn?l.lmll, tuﬁgsrtr&r An%il nqgl:ybdenum.
17. The method of claim 16 including depositing a laser ablation enhancing

layer on a side of said copper foil (96) opposite said interface.

18.  The method of any one of claims 13-17 including laminating a second layer
(94) of said coated copper foil to an opposing second side of a dielectric substrate (92),
forming said second layer (94) into a plurality of circuit traces and forming said at least
one via (98) through both second layer (94) and said dielectric substrate (92) to an
interface with said first layer (96).
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said copper foil (96) being coated with a | aser
ablation inhibiting layer (100) having an average
reflectivity value of at least 40 that is effective to
provide a lamnation 5 peel strength to FR 4 of at

| east 80.4 g/ mm (4.5 pounds per inch). 20. The copper
foil (96) of claim 19 wherein the average reflectivity

(563 ob St KOG 88 i et HiugRRBS) e bpper ol

comprividy:t i ng | ayer (100) conpri ses nodul es havi ng an

aver age hei ess t r.ons 2 The

copfet CePBrY i%%%é} bSF'EGP%fP‘i]rY"g_hL a\’ﬁ’?grraé’ﬁ’il géﬁb‘ﬁ%wg&%@ve
ha\ﬁiég @/Weﬁﬁs reﬂé@hﬁi}l vaﬁfe df "aﬂléhé@ 46 tHat Rreffdctive td pRvidearlanination

15 23 Teco of either, aim 20 or

pedd sagngiiptp Rﬂﬁép F‘H%?Q?I“ £453?i+“§§ PHA i bi ting | ayer
(100) is a codeposited m xture of chrom um and zinc
and their oxides. 20 24. The copper foil (96)  of
ei t Mor CThe coppe foil (%) af elpipp ] Yuberein thesayernee sedleptivity value is
hibiting layer (100) is mxture of a netal
bctg}r%%ﬁgd%{ehtdg:q oxi de and said netal oxide is selected
fromthe group consisting of oxides of chrom um

E; gﬂgﬁg te Pyg ncgopg%{ﬁgﬁ Eb?:g% clmgg h?pr@ﬂesr ’1h%gﬁi éis&aéﬂéé{m m}ubmng layer

(108Y berhpraseenddhibs havivig ag avepqpedicipht 6f Ieﬁthaaridz meconsd Si des,
a first copper foil layer (96) lamnated to a first
side thereof, said copper foil layer (96) coated with
a | gsper ﬂwéippmoil (J%) bf Elai®21 Al&ein(sdidRodileyhave anBverage
average reflectivity value of at |east 40 that is

heightrof dfom/@ 3 mcren e/ AUGOPani nat i on peel strength to
FR-4 of at least 80.4 g/mm (4.5 pounds per inch); 30
said dielectric |ayer %92 havi nég a via (98) extending

t he2bt hr'Bh@opaercfotlé?@v athcnglama@ errrlaipy 22 wherein s fasen
ol A PSR DS e

oxided)) of clai m 25 wherein the average reflectivity
val ue of said |laser ablation inhibiting layer (100) is
between 50 and 90. 27. The electrically conductive
ciregaqit TROJoppér foil wcmozaﬁwh elaini 20 Srdlaim meheréin kil &seron

inhibiting |ayer conpri ses nodul
ablat T e C0) TGS S 3 Tt agH Sqbrta s gy et oxide

is selected from the group consisting of oxxdes of chromium, tungstcn and molybdenum.

25.  An electrically conductive circuit (90), comprising:

a dielectric substrate (92) having opposing first and second sides;

a first copper foil layer (96) laminated to a ﬁrsrt side thereof, said copper foil layer
(96) coated with a laser ablation inhibiting layer (100} having an average reflectivity value
of at least 40 that is effective to provide a lamination peel strength to FR-4 of at least 80.4
g/mm (4.5 pounds per inch);

said dielectric layer (92) having a via (98) extending therethrough and terminating
at an interface between said dielectric layer (92) and said first copper foil layer (96).
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28. The copper foil (96) of claim 27 wherein said

| aser ablation inhibiting layer (100) is a
codeposited m xture of chromiumand zinc and their

oxi des. 10 29. The copper foil (96) of claim?27
wherein said | aser ablation inhibiting |ayer (100) is
m xture of a nmetal and a netal oxide and said netal

oxide is selected fromthe, gro onsi of . oxi des
of 8fr onTimsleqtiitally cordusHyr ‘?ﬁ?l“%?iﬁﬁg §§ ngﬂme average
reffécﬁﬁw va@tﬁ:‘ df%aia QA MHIALOR HibifHS Iayérﬁt@r)O)qé bed¥enIean@0.
clarnms 25-29 wherein said dielectric substrate is
selected fromthe group consisting of glass reinforced

e gogyp?pﬁ? eggéctxérﬂg%sn?uggve ArciR n%ﬂﬁ@ff:l‘&im @e«h&%ﬁ%ﬁqw e

rrsing the ste
ablafion inhjbitomdeyen (1 09) copprises ﬁQﬂUIes heding on average hai tOf from 0.3
n.nhibiting layer (100) that is effective to

m‘HPB@? L@“E “P8fl ectivity value of at least 40 to said
coat ed copper foil and that is effective to provide a

R e B S P Db T Bl bt BT
(100%% coaeﬁds!téd mbs@¥8 of £126hiued aripdisk dakiedoadgper foil to
first ~side of a dielectric substrate (92); (c)

form ng said first layer (96) into a plurality of

Cireyit Tﬁ@&%?er BN od)SF caink ﬁ?(vhpf‘éfn%ﬁﬁ lﬁer ﬁflitﬁih ifkiBiing layer

(c) ‘orm ng | east “one viI a hr ou said
(140) é8 roiture of x mistal anskaomgtaboxid rsalri meéa!p lweieﬁteg &iom the

gt %/'\'/W c?;}mérf’%%fa&%@ of(c é%}nﬁam @?ﬂé}%@%l as el?"l"g“lb Imai3 |1 on. 26

33, The mathod of claim 32 vvhereln sald step (a) is

Iefa ; S ti v sal %Lg%g{cgﬁwg &t ?F&h R@%é'{l% ?9 Wherein

said @ﬁedrﬁt%ﬂtbﬂtra@e ﬁ@tle@étﬁfrwmtﬂlih grogptonsistiayofidnsa reieforeed ggoxy and
hel‘%gt of fromO0.3 mcronto 1.0 mcron. 5 34. The

d of claim 33 including selecting said | aser
ablation inhibiting layer (100) fromthe group
consi sting of a codeposited m xture of chrom um, zi
and 311 heArmeshodios the geanufacirseff Rangr ciropib (30), copyrising t e steps
et al oxide where said netal oxide is selected from
the group consisting of oxides of chrom um tungsten
and (3ol ybaiting mcopper foil (96) with a laser ablation inhibiting layer (100) that is

effective to provide a reflectivity value of at least 40 to said coated copper foil and that is
effective to provide a lamination peel strength to FR-4 of at least 80.4 g/mm (4.5 pounds
per inch); '

(b)  laminating said at least a first layer (96) of said coated copper foil to a first
side of a dielectric substrate (92);

(c) forming said first layer (96) into a plurality of circuit traces; and

(d) either before or after step (c) forming at least one via (98) through said
dielectric substrate (92) to an interface with said first layer (96).

32.  The method of claim 31 wherein said via (98) is formed by laser ablation.
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10 35. The nethod of claim 34 including depositing a

| aser abl ati on enhancing |ayer on a side of said

copper foil (96) opposite said interface. 36. The

met hod of claim 34 including |amnating a second | ayer

(94) of said coated copper foil to an opposing second

si de of a dielectric substrate (92), formng said 15
i.nto | ural it aces

9
o 3B0r nihE metho o RS 3 pRerkn Soidstepdi 1 bRl 16 BRI laser
abf@i6R RhibifyElaydr100) Mtk a‘ﬁ&ka@fa%sl firfacd mugh&mgcﬁtless ¢3)1.0 um

to an interface wth sai.d irst ]ayer (96
and with nodules having an average height of from 0.3 micron to 1. mlcron

34,  The method of claim 33 including selecting said laser ablation inhibiting
layer (100) from the group consisting of a codeposited mixture of chromium, zinc and
their oxides, and a mixture of a metal and a metal oxide where said metal oxide is selected

from the group consisting of oxides of chromium, tungsten and molybdenum.

35.  The method of claim 34 including depositing a laser ablation enhancing

layer on a side of said copper foil (96) opposite said interface.

36.  The method of claim 34 including laminating a second layer (94) of said
coated copper foil to an opposing second side of a dielectric substrate (92), forming said
second layer (94) into a plurality of circuit traces and forming said at least one via (98)
through both second layer (94) and said dielectric substrate (92) to an interface with said
first layer (96).
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