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PEEL STRENGTH ENHANCEMENT OF COPPER LAM NATES
BACKGROUND OF THE INVENTION 1. Field of the

I nvention: 5 This invention relates to the manufacture
of printed circuit boards having a copper foil |ayer
lam nated to a dielectric substrate, and nore

par t iIREHIa8 TRENGTH ENERANEEMENT OFCOPRER It AM IEATES on
of the copper foil layer to the dielectric substrate.

2. Description of the Related Art: 10 CO'F er and
copper base al | oBACKGROIND QEEHE INENTION he pri nt ed

1. ClEEtl drROREntiddustry. The foil is produced to a
) thrct%lrﬁ‘e‘s—s—gjf_m‘d%r 3r 0. 008 inches and nore generally to
a Thikimlkengssrelates todhe magefactird ofprindibeitcu@t. WG hanimgescopper

foil Iy ORIEBEIR O AP IH B GO moppaiarbgp e egtmént to
increRdenlt a@itbsio% dﬁﬁé‘&iﬂlp&afoliMayd'r el disledthe shbdaleness of a
copper or copper alloy strip by a process such as
rolling. 15 "El ectrodeposited” foil is produced by
el ectrol.vtigall epesiting copper ions on a rotating
2. caﬁ-ﬁ% h Iq peeling the deposited strip from
t h€ogspk A €oppth Base AP S foifsQiré widel P aseda thedprinteld elr@it bidaed
substrate formng a printed circuit boar using a

industeymThe faibis psediced to a thigkngsserfamder @ 0Q% inshesand mare generally to a
ekl g 0t A5 LR SRl R BHRL 1 ASRE: o,

The f6élfs prodogedimnodeasfitwnankadf By rdaghohioil iT hedinesd yamiechmnically
rocess. | ncl uges bondi ng the_ coppet foil |ayer to t.he

redudipg hedbickgcss §gB§?RP§E ar eHRpsTie HE5 by @ Bopeenedich gn golling.

"Eled¥oRepdsited" DilAs pRivb&l B clBRRMIIGHY d@ﬁb@?l?ﬂ%&%&)eﬁﬁﬁﬁbﬁ a rotating

inch (psi), at a tenp€rature” at about for a tinme
cathagle dgwmtand SEnmealimgthedepositod siripdeom dhg ¢aglisids. adhesi on
between theg.l.ayers.,.To ;maxin z dhesion, it.is, often
delhE Ebper il if B to Bt : SbsBRR TR giRrini e board
using® it itfontgr6ceds. R Glidlbdtris wilsstratlie tpida0lfy at fibebglfghi réiforced
Wiile there are a variety of techniqgues available tag

- epoxy suginast Roft (g fsaitetardant £poxy) o adobsimigs suely as Kepien@panufactured

by DhPYR! 168 1dBafi FRELR ndidd boH#liﬂF hd éoﬁp@nf foﬁq%rto B{e dielectric
copper oxi de dendrites on the tofl surface. U 'S Pat.
substisds thrdughtiie 293of lesatlard] pré&sutel 1A poeskire tof aRalt 800 @bwads. per square

: isclose this tregtnent. This treatnment, is.referred as

inch {5D), alRRPBGHE of bt L2t e Eqr.a &8P Bgi‘%!%d inuges will provide

suitableAdRERS Kb vedd 8 145RF0r ati on of Norwalk, 30 CT.
Anot her el ectrol yti'c surface roughening treatnent is

t h€o gapiize adhesivn, t applery dustilde to rrughercibe sufecetdighe foil that

T T -
availible e rough&D6r 19 tHedollh@it kemplary tdthAiQue irvoBied fieeormadon of a
pluralli?yagft' co%ggr c:srI c%gper 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
CopperBond® treatment. CopperBond is a trademark of Olin Corporation of Norwalk, |
CT. Another electrolytic surface roughening treatment is the deposition of copper/nickel
nodules onto the surface of the foil that contacts the dielectric substrate, as disclosed in

United States Patent Number 5,800,930 to Chen et al. In some instances, at least one side
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1 of the foil, particularly the roughened side bearing
the dendrites, may have an el ectrodeposited coating
of zinc or brass applied thereto. This coating has
been found to enhance the bond strength of the foi
with the dielectric substrate. Wile the use of
of thé D patiedlafyikaghaRd siiR beaPieihe dehdrites nfffRGE ke to
pronote 5 adhesion with the dielectric substrate, the
electepdgpasited roalingrof @incras s applipdi thergtor drhiy eoating basbeenpund to
enhaddMinE S ikl BHE AR B AALLEE TS0 the copper
o or hig requency applrcatrons.
Prwihile nied isealf rynghepat st esor the coppet &dibisrefieglivicto promote
nmeet .t hese el ectrical dgée%formance requiyenents

adhegighpithiihe dislectic silpEds-dhe femmen olwFfasrionghaurgusafieppestricted
" . » er

by thE BRBical p@cmARCe (firhGeah e Copsth 15l RE gk ooy

applicgiong. €rdbikenaticallyatecrsaging theourfacowgghnass ppmeetftbésesldactrical

the relat.ive reactivit f the .copper. As resul
perfopaieTepuER Crapitses dhe e R BEE! sisnBuf np e e copper
foil ahdkKy $ibledkR saBstdiet i cal Iy unpl easant and nay be a

source of problens during the manufacture of the

prinether problem facing printedmarcuit bpardphanufactueriusipesither

er foil, prior | gm nat.iaon_can..af t th the

electfs ARGl BBt bt AR i BB g ey e rosunt
coppéitiesdiliadteing Al {ahdsiakC Thagtafiland edreish aid destheficdllyainpleasant and

resultant _ lamnate., The tarni sh resi stance of

a
may bepprcs of propignssiiriag thaarniasruegafithe prnted eiRsuit hasgd For
exanfe, SN oS ABEL LT E o BRI R alre liEi:BDond strength
betweanctht fwihand the fdesieddc substrstetahé theXt¢himathmearticristiss of the resultant

T

be orP$BAfImiescdl daﬁﬁ%ﬂ{a't 8dhtaifls B828EpcaltE®ivat B SR aAE EBHium.
coating is deposited on a surface of a copper foil,

This {rhatetenhragfered fazs thePé dreatment.ds diselosadiia Unitsd StatessPataiie
NumB&&S 0%2%%61%%? fhhancement coating consists
rally or a’r

esseén metal and netal oxide m xture, the 25
metal and netal oxide m xture being fornmed from one or

nore of. vanadi u ni obi u tant al u chrom um

mol ybdenum  (BE SMMART:AEIHE NYENIIONm  and

F PR ecE’BF{h%riewnﬂon};Pgeer?&&' e&hgﬁcehﬁenﬁséa%g%éﬂo@md on
ate, a nol ybd Th

one of chromate, tungst at e.

n
a surfage Phie eopper foil vdogipmay be ldminsipd bea divtsotriv, substdate.nEhp ped]

sren gy B gH om0 (oS08 QP B DYy Pt e ragh it e, the
metal and metal oxide mixture being formed from one or more of: vanadium, niobium,
tantalum, chromium, molybdenum, tungsten, manganese, technetium, and rhenium.
Preferably, the metal oxide is selected from one of chromate, tungstate, and molybdate.
The surface of the copper foil may be smooth, and the peel strength enhancement coating
may have a thickness of between about 20 to about 200 angstroms. Silane may be
deposited on the peel strength enhancement coating prior to lamination to the dielectric

substrate.
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30 deposited on the peel strength enhancenent coating
prior to lamnation to the dielectric substrate. 2 In
anot her aspect of the invention, an article conprises
a copper foil having a snooth surface lamnated to a
di el ectric substrate. A peel strength enhancenent

COB{ Aritiher aspcdt SPDE Bk eABSNRAR AN cHRPPRE alcBpperdill hhvifg a
dielectric substrate, and the copper foil ‘exhibits

smoethsyrfpgrdamiatestioa dielsctiiosuhstrate- of Pead strenath eptpnRempiipoating is
dispdfe By ke ATH00 RAE A bl sty e chffer it extibies

less thaner squehl tan10BKl idiCSlof el sGOfEth arhed nivasursd inldveoflaate with IPC-

t h, enhancenent coating may al so exhibit |ess
TM-?%@@&%W %ﬁ-&?ﬁ ugRg aif%le@b@stﬁﬁa%%@e altgy heaqe ippersed in 4N HClat
60°C fR Rl THe el dileh tmﬁ%eﬁﬁh%ég)gagg Iy aldd &RAINREs than or

aspect of the invention, a net or increasing the
equapteel 0% edgngnderaft afier the ppmersiai in 4NAHCh at @I Ct for @ hours.

dielectric substrate c rises: prior to | am natjon

i nfﬂe?réol eé as;leﬁp ?{] € &VFS:B@%@&?%}S]?(}]R)?SW%% e peeél s{rength ofa
coppet Rl laflindtéCtoSOdiblebtPi0 sEsRlatd dbnipiisest ?ﬁﬁi A Rmfirtide Jinh&ing

one or_nore of. vanadi um niobium tantalum chromum
the cappsyifeid iun aquersselesirolytimsphiioncontaining axyanions fameed from one

e f |. s _sel.e r ne..of

or mbfael PAllnahinf S okl P Frigh? 1SRG, B Wadanese,
techisetiunt, iand rivshyun.e Praflereblecthe adeydids saidotdd Hémione af chromium,

lectrolytic cell., and the pethod further conprises:,
mob%&g%%gm@l}w%mn- tW&ﬂﬁFP‘\Sﬁ@H‘E{;‘%HW begin eleptrokteysqlton in an

clectRIf S0l SR thoFRute Sorh) s DaSAE o kol e copper foil
and ths etbsprolyitet sedutiom duble thad p peatinfgdiaving Brthickeess @ betsween about 20 to
her  conpri,se ..imeLrsing the. c er fqil i il ane .
aboul 300 ATEsuBRERS iekpsitselOrE B8 Pt il REE st imayifiphes Giprie
immarRiieNBE c@RP &il BfsilhikCaftdd iBHYsitRIY the cEARMBVN the tbprePloil.
lamnation to a dielectric substrate conprises a

| alpesnotiegs @speckell thp inyestion, aceppsar foth éordappation & 4 dickusgric

s S AL 50 o UL UL | PP i

1
es‘and Is
fromadindraium agl zihe ioma st ofidedars] ik asated Wikh Mikhems sofutioh@ontaining

Co foil may be snooth, and the thickness of _the
at 1@%@5& ﬁ‘ﬁi‘}?eb dhp .sef%cswgghe PPEEmRBHRe TRpotibad tli@@lcqmess of
the 1@%{%@5@5&0&1 abmqb%gsmtabeﬁt 1%%gt£ﬁ/h ion a

met hod for increasing the peel stren a copper
f ol arlother aspeetiof the mventidre atméthods oo snarersmgdberped] sength of a

*comB b R SO SRR P b e

depoStBiRR @ mRXture 6P PRBMiRA2Ad dink QnsidRiokides VR SREAMRE bf the dopfer or
co-deposition step, imersing the copper foil for "at
coppeebase aay fajl subrgqrent imthggaaispesiben siep.dmmesting thei aegpenfoil for

at lez{s'? Bl se%or?&/‘lnseﬂ ﬁiﬁgoﬁﬁoﬂﬂoﬁllbﬁﬁﬂﬁng at least 0.5% silane in deionized
water; and drying the copper foil prior to Jamination. The aqueous solution may be at a
temperature of between about 15°C to about 30°C. Co-depositing the mixture of
chromium and zinc ions or oxides may include: providing an electrolytic cell containing

an anode disposed in an electrolyte solution containing chromium and zinc ions; providing
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wat er; and drying the copper foil prior to | am nation.
The aqueous solution may be at a tenperature of

bet ween about 15C to about 30C. Co-depositing the

m xture of 30 chrom um and zinc ions or oxides my

i nclude: providing an electrolytic cell containing an

the caﬁl%iél‘oﬂl hSposB6dd; Bn@Ble@dr@l?ﬁéaﬂly)ﬂcﬁoéiﬁhglﬂieQﬂrcﬁﬂﬂhﬁalﬂl Aifk tons on
om um and zinc ions; providing t he copper foil as

the cappeatipibd&he ﬁwaﬂ@ssecﬁarlawtfm@m fyoraéb@@hrﬂmﬁgnﬂwézmc ions or
Th
onidf o a7hyRoAibot I alBtinlo Bl 1 0ORABIORR, i m and 2 no

ions or oxides may be from about 10 angstrorrs to

100 nb
u%l}eoq heh, B Slecirelbie $HSicn 8 3a0E o éﬂluew%ﬁtﬂrlﬁ’@
hydr@ﬁiﬂé foks %n‘l Mot br@%ﬂg%Bu@ g/? zZie hoﬂsoalﬁpﬁbﬁm abot 0. 1 /196 about

ions, and from abo to about 100 g/I of “a
100 gihota wetsr acbiubleﬂmxamiﬂm nhroohumrsalt mhgedlm thetvonesntratibme of either
concentr her

the ztn\?l 15)n§ U e %BB?IH 1log§gtl|€ z] nC 0t ﬂ?ghl}se er%lgocﬁmelfip the

co-d@mmhrﬁm@tmcmb@s uﬁ@mﬁi‘ﬂ@lﬁb t:bmr %1!31@1 th8 elebi@siSte solution; and
i nmer si g the copper foll inthe electrolyte sol uti on;

passigg gurrent ghgwcquerrﬁmltanﬂ hatieatrodyte splytien sushi thatracrurieat
dcnsf SRR PRt Mied Dl 1 R0 a8t

centiateerfieprovifiedr The eRotrolyed silution mapsomdBtessditially of from about 10
el eCté/ilbyt e sol ution may consist essentially of

to abgiog £ AOFh S thous § b abRuich S 5A ot Al Pntabout 2 %0 about 2

NakewH, g9/ ZnO, and from about 0.2 to about 2 9/1
¢l @%507;}?%20 15 The details of one or nore

enboclictaily of ayfe or heore embodinentsafehsmvehtont dre et foitkein the

S S R R A I R R T

advaﬂtagés dRhepRenwed will w&ﬁ?&&n@l 6561 the tdbwﬁ[gﬁﬁﬁi afild y and from
from the clains BRI EF DESCRI PTION OF TH
the cimM®y NGS The invention will be nore full y under st ood

fromthe followi ng detailed description taken in
conjunction with the acconpanying draw ngs wherein
l'i ke el errentESRIE’r]BEEGRﬂéTI@NG]E'HéEMWDﬂGmi ch: FI G

I | ustrates.an el ec |cc stem f.or
EVENRGK LR BAte fiﬂ ezstoei &agwf ¢ doHaming detai
desc%‘h‘é?{ @k Dint @nfReti H'tﬁ@aigco Fyaﬁ @fa%?g%twﬁé?'é’iﬁﬁfk'e‘%[bments

Illustrates an electrolytic cell Systemfor
arenp@@lereﬁtaﬂlhb,gmﬂmmﬂmﬂnenent of a copper |am nate

aCﬁR% @ﬁstra?esaarz]loé] %rolﬁlc cv.=:?1I s??t@:% 1f'péer1] (setr\glg%? erﬂuancement ofa

coppgl\;mmate according to one embodiment of the present invention;

FIG. 2 illustrates an electrolytic cell system for peel strength enhancement of a
copper laminate according to another embodiment of the present invention;

FIG. 3ais a cross-sectional view of a copper foil laminated to a dielectric substrate
before exposure to hydrochloric actd (HCI); ,

FIG. 3b is a cross-sectional view of a copper foil laminated to a dielectric substrate

after exposure to HCI,;



FIG 3a is a cross-sectional view of a copper foil

lam nated to a dielectric substrate before exposure

to hydrochloric acid (HCl); 30 FIG 3b is a

cross-sectional view of a copper foil lamnated to a

di el ectric substrate after exposure to HCl; 4 FIG 3c

| SFHG. |13engh NuticaRvivd elewalt thdeoppepfitofIG| 3efevEdlfag ahundercut

revealing an undercut coating; and FIG 4 is a graph
coatiggAngt j ng percent peel strength loss as a function of

p t r : ﬁw‘g‘% T,

t?gg(? %elﬁta ?i] %’?’e&ggcsug ? ipglgg er Eft%ﬁ atb %ggggug%%rﬁ&ﬁe%ﬁt
undemuihesi on bet ween copper foil and a dielectric

substrate, even where snmooth copper foil is used. The

invention is equally applicable to copper or

copper - base al | oy herhsLEWISESCRIPEION Neans 10 t hat

the alloy contains at |east 50% by weight, of copper.

AsTwee tegatinenth aretdgsenibed dgpspe that gérierate highadbesion between

coppf g ailicisfX SORAR: pYE PRy bt ovper ol fuosih e

invergioads BqeORRepliéadild to dopPer di\copperdasEallydolls, vitipé ' iRdet Means
co%ﬁer foils havin ., any sur face finish. The term
that the ey pentaigs at jeasy SHes by eyl cappawAsgised herging thertgmp

“configdi, 55 DLy MR EBE sl e LS 0R B o
partieidarhgusefidfof eseevith o binbothetopper Bil) the aeveliti@atcvddibe dpplied to

Figure 1 illustrates, stem 10 for,_ peel strength
coppswgrﬁﬁ 3@%&@%@5@8 ﬁ?mf‘%no o 87 Bfederein Mepns 3 jow

ft t ' .
proﬁﬁsé&?% e, Qg 1B& BAE ?ﬁl[[ﬁyRi, %g@okzgfekl t}le],_ li"ger r fqmeéagak to valle

dés an el ectrol yti'c co-depositin
15 distancenmgdsuremanits ashmeasnted sing zsunfaceptofil aneter. oxi des on
surfaces of a copper foil 14 using what is referred to
herein as a P2 treatnent, and a silane solution tank
16 wherein the coated copper foil 14 is imersed in an
SurfRgTe@itimen0l Ution 18 containing silane. After |eaving
the sil| Lution t 16, ,t.he copper foi 4 maybge. .
i gl CORRBRebh pBRed B o biPef o aRRhoomiit af§ P faminate
accotigiioe filst aspettasfithepresent hvantibe| Bled dysensLbmtludbean lectrolytic
The electrolytic cell 12 includes a tank 20 contai ni ng
20 cell Zrfop perelppesiiag amigpiraf shromium andringroglels o axisies ap shrfaces of 2
copp¥f’ 031242%%32%&&95 Al P @PRHerdiQ bd 2 P4 tRAGRAE -and BSiifhd MRion tank
16 wherein the coated copper foil 14 is immersed in an aqueous solution 18 containing

10

silane. After leaving the silane solution tank 16, the copper foil 14 may be rinsed using
deionized (DI) water and then dried before it is laminated to a dielectric substrate.
25 The electrolytic cell 12 includes a tank 20 containing an electrolytic solution 22,
“and anodes 24 between which the strip of copper foil 14 passes. The silane solution tank
16 contains the aqueous solution 18 containing silane. Guide rolls 26 and 28 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
30  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
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16 contains the aqueous solution 18 containing sil ane.
GQui-de rolls 26 and 28 naybe used to control the
travel of the strip of copper foil 14 through the
el ectrolytic cell 12 and the silane solution tank 16,
respectively. The guide rolls 26 and 28 are
that M&IHHENR GlayHRAmipréaEa iR the3éiripBF %ﬁg@k fdihp4 afResiledYeldve aGhide
with electrolyte solution 22 referably, at |east one
rolls g retuie at gisouEolles) spsed® that the copner feibid rpositioned befyepsy anodes
24 fo %I}? I‘éd\iﬁn@?% &5&1@% bsei‘oqp &ai tr@f@%fﬁﬁat? Leg l:o ttso(fleé sgeed S0
a curren e |npresse rn the strip ot
that theicbpplet feib 14 & iahh&dedmlthmaqu@dumlutmﬂ 18sfor reqmmtlem&t asa
. contr |l ed speed so that the copper foil 14 is
discusgrd heloed bet ween anodes 24 for a required time as
di lg I
< pgxgtgé ggeetrtbﬁ,gte\e%l ag;?orx)ﬂée? @rc% Ehot 91'1@1;19 rhgg@é@éa% that! aecﬁrect
electag oawery s pAss fmmlthe finwdea 2|4¢¢qthersamb of eoppersfod (dathcd@ sléday
bel ow. the el.ectroly ell 12, . wer sour. i
mearg o el e SRR F i f S, oo Bl S ififthe desired
compositlocd HndTRXKINAS s ddposiddhn theesiPsrig44t o the strip of
co er foil (cathode) 14 by nmeans of the electrol c
¢lopralgtic salutian %2 isap aquepus selution Hat swse&b%@ﬁswgmﬁw

hydr{nﬂﬁe é % 1c. 1819 %gurgélé)d% FSOIF?% :fs{c; ?Sv%legg Fﬂ? 25 2341*11 on

hydrandaqm&ws lﬁefetﬂblmdhhﬂhy@@ﬂﬁe o porasa@n thydtdxydeQ indimost
droxi de source, zinc ion source and a water sol uble
pre eﬁ@!&\ﬁgﬂm hydrpside @Fﬁoﬂheﬁﬁbwﬂﬁa@hs@uww%ce may be any

OXi de
AR AP o SR i,
h ekla%aﬂ»mmdestdmmpnsﬂmnsbmng@ tlnmgled:tmlyinyoluw/an ep cemhatb Essentially

of i SPYQ P GLRNGOULER BPL B (81D PE R B, o F17 o 40 Boout 7

g/l oBAh&idrRBupAicdqn %%ﬁn%ﬁ%é@bluﬁle Ahc ERPOLAGYED 55 280, and
about 100 ?rarrs Per liter %‘/el) of the hydroxide, from

fromd).Ql7to ghoubl¥heflier Fwaigt poluble walemhghrguwpnﬁ@l@ Rravidpd

how%v%[‘ %%fa(t)% %g g?l?é éjg% ZC| %ﬁ_?o?rﬁ[{ﬁzlo(t%floﬁ% %%ragglg is30d than

1.0 glekawﬁeﬁmfedeMmmtsﬂnbtelecﬁow cbathins ﬂmbem lf,t toabonat 40 g/1
st aone of the zinc jiqn or chromym (V)

NaOEo %eéh%'mt P dRdo phout ¢l Fpgions,amast er%wbIY|m 15 ﬂtﬁ foraof O to
abouﬁl T'J%E?l R mns ah@ ?roﬁl Akt 0¥ e a&ﬁfﬁ@@ ry B %ﬂ%ﬂlﬁt p}&efaﬁly be in

OH, from about about
the farinmof fromsa,boub&ﬂ tpateiog 08/ CHYT) mns he f orm of O 2 to

o s R o s A0S 20 S b R e e
an effdcBe abiehtrtich 60 fRPRBtanOsuBh @4 laufl Giifdte waN proMid B nfae h

of the electrolyte solutions 22 described herein
unifospiospsface.t i s bel i eved that

The pH of the electrolyte solution 22 is maintained as basic. A pH in the range of

from about 12 to 14 is preferred. The 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.
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25 an effective concentration of a surfactant such as

lauryl sulfate will provide a nore uniform surface.

The pH of the electrolyte solution 22 is maintained as

basic. A pHin the range of fromabout 12 to 14 is

preferred. The electrolyte solution 22 readily

op : r r ;

{ o Tp s TRl I Akt ) i eI TR A Gidg
Sucqesdiilerontogs mayrbé aprdied withea elreant density earsgihgifrownl @2lliamp per

te rature in the ra of about 35 C .to abgut 65
squats SR ERRIE APy dP B AR JrimaB Begpd sntaiel & o ppferred
currdr® d86siQfis GohT Mt JalSein’ eSaboublOC RITEMF. ThehdtigSuifent density

be applied with a current_density ranging froml

employed jsepeptent on thedhee derdeil siseld is erpesas o the cuenfp dihat is, the

: r . i I e . .
time P ediBer RAHEHE 1 HlchPEithe i gR23 B ek in EPEAMe solution
22. Theicalty, vlak deell tierd is di@nsaiont D0 ezbouy 28 séconde ppadenihiodwell, an

the tipe the foil strip 14 is exposed to the current.

) t
effechiyghickness gbthe aptidarpish cogtingesompaupd ds depgsited. j thasflegdun
thicklds RARABRcIatts Qb RTRIRACIGHE cEhRF Sdrfish el SPirdl tefifberatures of

2. Typically, rom about 10 t
up taiipwt 19% € acainfiz.abbutrI0nginmkess Thisvat-{argish cedtingshowld further be

thi ckness of the anti-tarnjsh, i conpound i.sS
sufnipgnfix AR o ba st pabeyb vt Ak AEL o sSRER oF Rrelablya 5 wi
% HeSOAREE seliitid) M 18 bElidv@d €0R BR effeatival cobtind thalkR¥s i8 drom less than

tenperatures of 10 up to about 190" Cin air for about

100 amgshpmg e sbout e misronst Huaceshiut esultnbpvetbsen abteined wath qgeting

LR P R P LI Gy e
about ADObhgeirondstaré prefigtdde ViRelcddiiak 1arRr &f suffidienty thivpdol apgear

thickness is fromless than 100 angstrons to about O.
transpagent pryjgapartay 1 g@?wuns%mlﬁgomgmgé‘én obt ai ned with,

CO&hk Bfated %g;&??f@%}? g@? 14 S¥iAfie $ecROYRL EAM @ath fé%‘élitgg by

t hi cknesses pout 10 angstrofs to 15 about
rolleanfsthrargh the aqueoud solutéah 18Tinghe sidaniersgluktiay danki k6. The aqueous

s L STV bt LB ERER sy SR BB i o

tempebdtinR dAfbefRRAABoRtAISPC ¢ aborit BE°C hRd2hde picTbiblythet@édn abldut
and is directed by rollers 28 through the aqueous

20°Gs te1 aboub 25 °C8 The copperdpil dAds prsferably immerred ig theqaeous solution 18

tion 18 preferably consists of at |east
foro%.gggc&lﬁéiorg%égi n DI (deionized) water at a 20

t eThesiatpwieopder el W exitsdhe silarkddition taikolb, aid @y exvess

re preferably between about 2Q'C to about 25'C. T
elec%%‘%e%%EWPIZ%ﬂ%iaQ“%ﬁ%‘PHBP 95 idedinged fropribe Seriess $Pihe
coppeP ¥oil 19 "THSrindeQ61uBBR nTHRRDrRE dBRhEed water. More preferably, a

small quantity of a caustic is added to the deionized water rinse solution. The

concentration of caustic is quite low, under 1 percent. Preferably the caustic concentration
is from about 50 to about 150 parts per million. The caustic is selected fo 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.
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The strip of copper foil 14 exits the silane solution

tank 16, and any excess electrolyte solution 22 and

aqueous solution 18 may be rinsed fromthe surfaces of

the 25 copper foil 14. The rinse solution may

conpri se deionized water. More preferably, a small

q uAlﬁier tiysing, the StAp i coppes feitltiethay beldhied B¢ ifaroed eid. Thé &ir may
se sol ution. The concegtratlo of caust|? a U|te

EITe

be oqa} B ACROPIT) teRpFRaBITE) oricated Alspipd doreed alnss pie
accefé?ﬂ&?&tﬁ 1‘nﬁﬂmiie§s_(§tﬁ_ @pﬁ’n\:”co 1 fpout 150 parts per

[1on. “The caust c_| sel ected to be the hydroxide
of Aﬁnr ditykieg, 'themxmatr foil Mdreayhthen bx bowledfto aici¢dtat substrate for

G TR AP e BEitey By PG B Badir oL The

dlelebtﬂéfs%.ktﬁh@e ¢ n@d]iiﬂkn f&fﬁxaﬂmy 2 fibe@lashBshfoRdeBlepbx£lichss FR-4
cal ci um hydroxide. 7 After rinsin the strip of

(a firg gpfputant, glass ﬁuecmgpwé ogi# pelyirpigde sug @cKant@n mypeagiuredhyy
I d
DuP rggl 1%x|{1§1aﬂon Jéo.?l?gl hglﬁ&ﬁggéﬁ&iﬁgm g{"eergﬁgi’%yeﬁ%%é
dlelemrfasl sibaiefe ﬁ@mgh tﬂe uﬁbf oft}h:ﬁt smxmesfsufa)lﬂor tdampie] zepressure of about
g the cop may then be bonded t
300 Eﬁlé}té %mp%ra@mtﬂbawel ?50 .C fos aﬁv@mm@ tQ 30rminpiey vl ayide
suitaBRAdHe8n bRckA I W19 any known 1anination process.
The I e I‘I‘ectrlc substrate may include, for exanple, a
fi berglass reinforced epoxy such as FR-4 (a fire
retardant,,.glass filled epoxy) or a polyimde such as
Surf; %f actured by DuPont. The | am nation process
MBR efeRGh g oley BORBUAD, th 1 RBRAE cERbD fbrl&iroliepdsiithg a peel
di el ectric substrate through the use of heat and
Strenstbefg%len@mqnb poatiugop| aecopaerph%ds@qsm@u@g tomg@ndmp%@f g present

inVBn nnl’nlsnsu ?R’% e?eca%{y?‘g %gﬁ S i l? %{fés aq SI on ab%%ﬁ &?%ous

electtcayﬁcr solutfitt $Raad Imcﬁ:&ts 28 betwhelReftaeH the gtripol coppdri fgu n e passes
trolytic cell 50 for electrodep sitin a

Gmdfsoli fémvﬁe@ﬁ%tﬁ&@ﬁ@ﬂ&the Hayelod thestap ebenpeer ough the
electRAGRE SHINgD. tﬂlc?%u‘i&c@i‘lg 289PEMbinPhcth iR RIS ﬁfnatenal at %oes not

I nventi on, The el ectrolytic c udes
reactaivlttlanilcctﬁﬁlytpcsnhmonﬁﬁg Paefemblye oUlsast ohe of ﬁl@lg}atdecolalm’l@ts formed

and anode 4 between i C e strl [
tromp2gy el e By SDRRuH e bl oS adolts Bt S OREGHE gy be
xmpraésed b B Rriptdf doFiFerSIbﬂ 1R a8 deaABPBEloWOIGuiderollb R Watate 19
el ectrolytic ce 50. The guide rolls 26 are

ontipHadispredse dept thesapaps/foifdiids pesitionedtbetiveen anodes 23 foeagequired
hme‘ﬁ%ﬁ{%ﬁﬂsgﬂaéﬂﬂt e solution 52. Preferably, at |east one
o) € gul

efolls 26 is formed froman electrically

c ohithie Eleeolyat ecll a0, a povedt sasres (1Rt Bhess) is paMideds0 thitain

a current nmay he
electric current may pass from the anodes 24 to the strip of copper foil (cathode) 14 by

means of the electrolytic solution 52. In this way, a peel strength enhancement coating

with the desired composition and thickness is deposited on the foil strip 14.
The electrolytic solution 52 is an aqueous solution containing polyatomic anions
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.



10

15

20

25

30

inpressed in the strip of copper foil 14 as detail ed
below. CGuide rolls 26 rotate at a controlled speed so
that the copper foil 14 is positioned between anodes
24 for arequired time as discussed below 25 In the
electrolytic cell 50, a power source (not shown) is
Whepr the imteal is captahlet ofdformis ewire ihan cue cryrniom yhepaganfon@entaining
t he anodes .24 to the strip of .copper fqil .(c ode) 14
the 1S RIIHE D5 Pxyeed ntBe Brrorrrd (SO -als”dom il R PxYenicn

contdfing the RERIst MithBARDF Bx PrHMAINGRIRHhost pRifea] (1.8, the 4Re  ate”
desired conposition and thickness is deposited on tThe

ion).f Grqupst inslurles vanedivan,auebivny adstaiglum.i GrowpOR includes
o ; i . i hat
cmoBUESHI AL PSPk PO AL SRS, kAl
rhenfu@l.ect ed from groups 5B, 613, and 7B of the periodic
table of the elenents, Preferably, the netal is
seletPetPTadsompostignahe clsciyplytie selpdon 24 eentaias ehigaafe
tung@htel & ﬂbﬁrgd&t@ Echsltiﬂﬁi vR&, Shey e?ﬂrgg{/eg@olﬁmm #But 1 to 200 g/l

cont ai ni arger nunbér o en atons IS
sodiym dichroreate ( Optionaliyh ebout atte'100 gfi spdiamdsul fate anepz it conductive

st S5 bE Pl FRebs S g BRRS o B GHARRe 2 hgr ™
embodifileHt @f etV BolufibPB? bihsistd\hséiAl IR o Abou3 a8 75 @A sodium

_includes 5 chromium nolybdenum and tungsten. Goup
dichipgiatic| udes manganese, technetium and rhenium In a

SR R Py S LR AR T 05
14, preferbly iartHe rdnge o€ 25002 6o 10,0indinSdst prefferablg i thk rafge’&hbout 4 to

ﬁ)gl sodi um di.chromate. Optionally, about 5 to 100 g/l
9. Thsslesobiie selution2 rpadily pprantes ahll fempeiatures Kemnirgomdgmperature

PR h 3’%&“ Egm kA hn%ﬁ‘ftéi Lyt e.
P I'n gg})(?ﬁehf%:% en%@gile nté,ﬁz{ahéé’ %?Se@ﬁeylggtug SO u?itpc{)én
electfiflyte snbitioh S2 ¢erpperttuat inythofangb ofisbant 20°(7® apolit 805€), and more
di.chromate. . The pH of .the el ectrolyte solution 52 can
Pfef%%bq%%F‘ﬁ’fegPﬁ‘_B‘a‘ﬁi“i‘? 8 3ba (g‘l‘9 about 0.5 to 14,
pr ¢heeieBrdlytekolitidn 52Rgeratds wdiDinta Widk fank of diFetiRRhsities.
preferably in the range of about 4 to 15 9. The

Successbighcoatingsanay,beanndied Bithacureny dessity sangingsfrom|5 amps per square

foot SFREBLlbEGT A £ SR PEIBELALMCS adiih B AER 4ot Srio

X1 mum ep03|t|on S preterre
aboutrbdh &sf] and est@hrefetably fydra aBowtB0 8NtoSA dsEnPhe adtusleni®nt density

t he, range of abqut, 20C t o about .80C, and nore .
emplgyed ’érdg%mﬂesb?%@ﬁl% gdoihgrip 1dds expased oghecurrend. That is, the

time %ee&;p?e} MG HP1 414 RBverh (BPSE R824 WRY {minBrsBd Y dEctfAP@%R0lution
of current densities.

52. Preferably, this dwell time is about 2 seconds or more, and more preferably between

about 5 to about 25 seconds. During this dwell time, an effective thickness of a peel

strength enhancement coating comprising a metal and metal oxide mixture containing a

metal selected from groups 5B, 6B, and 7B of the periodic 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 [PC-TM-650
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20 Successful coatings may be applied with a current
density ranging fromb5 anps per square foot (asf) up
to about 200 asf. A nore preferred current density is
fromabout 10 asf to about 100 asf, and nobst
preferably from about 30 asf to 70 asf. The actual

Method 2. £815 #fisd 1/8 indipldeYed speziflen afeetdin®immbeed inaN HE] at
foil strip 14 is exposed to the current. That is, the

about 6ORC foé howpp dPCr BM-634) is japailablg Somdkhgdaiiteisdoninigreannsating
and %[&ﬂ?%ﬂggpe%%?ﬁrbﬂ ?tﬁt'ffi%lo?ﬁ n}:ﬁ&g&ﬂg gwg{?ueg igg%gﬂvosodo INlinois 60646,
and mﬂemnbaahm funther @etail belatyl YWhidd theenmpekitons & thotreited surfiee

seconds. ring. this tinme, an effe
havegii BRAGEDER.F5 8lev et R rRATE CHARE B EorE BEmeHY and metal
oxidE&ORTIR b $hiBkhcds BEAGHut 200 éﬁ%hﬂtoma&i ol (A}J fﬁl&ﬁﬁhﬁblﬁg@%f the
a netal selected fromgroups 513, 6B, and 7B of
coatipg cpwidiabsotcabtagn sfime mécreirewghness tp s’rmaéq)thsladb@lwrﬂwemem
effecgopper foil. Wien the peel strength enhancenent
‘oating is applied to 30 snooth copper foil, the

ef TRetoa dthp oK B&Ser Fdil 14 atitstthé élkaﬁﬁﬁtl@admam ﬁch:iny excess
providing | ess than or equal to 10% | oss of

electsqlvf@ﬁgtuwon\mewmea@wé dromthg setRess ok hagoppen ot 1’1"!\/%‘5(5’1133

g e

addel oo thee. del dC2elW GE(rinse salsibh.afhe cducontrAtiom dfrcsusiticus quit@tow,

I nt er connecti and Packagi ng .El e ,
undey Jgrogt | reeeatly HFEuEIe 3op ?&%ﬂmaﬁﬁow#mgﬂ (58BBIELS0 parts
per Iﬁ‘?l‘ijoﬂ The eacstic heskiddted e nAlRbRAE 0P &l Al Watd1 @r Shydroxide

onpositions of the treated surface 5 have not been
of alafrlhalymaanh metalselsetei dioau thelpsoupoeamisistng ofisosium hzdroxide,

caleifiy TSy o TSm0 e o ERp hitedie MRS TBEfrd

calcitifithydé®alié.ng coul d al so contain sone micro- roughness
to provide the adhesi on enhancenent  effect.
c oéﬁ@ﬁﬂgﬁm&ﬁhwﬁ@@é ﬁ@lPPGF &1l lfimaakietdgwfl X f@ﬁﬁ@% E“Fo |T§)t= ps may

be cing 5Qt lgaggmr l%rﬂ#)te Qteﬁl t qleytcBd 50 Iléjéljglﬁiﬁre?%n{&i% o

sur aces o e copper
acceteiratecédrymg mimmmesrayottmgrpf theeopmirdoil 24¢d water. More

fer a smal | ntity o stic,.i,sS
. théfee gzélaP e fofl 1 Adma %‘F{BE’FgH ot adlisieaic r“ﬂz ?'af? for
fomﬂi &ﬁﬂﬁt%ﬁ Cirbifit BdHrd Br tHeWke uiii@@hy knO®h EaRhatidl Ho8ERD THe
the caustic concentration is from about 50 to about

dielett @ substrate megringlidd, farrexample, e dibstglass reinfoededepeny surhms FR-4

(a fisgtEiafefl A Fued oo ot B bty i ol ad Kbl R ety

DuP6atN STt tlafithatibn pRidessrmdnymenide 86nding SleCdopperi il ek d‘f:‘thc
pot assi um hydr oxi de and ammoni um hydr oxi de. Mbost
dielegtrics subptgate firougithe use,0hleat ad pressure. For example, a pressure of about

300 psi, at a temperature at about 175° C for a time of up to 30 minutes will provide

E'E

suitable adhesion between the layers.
The advantages of the present invention will become apparent from the examples
that follow. The following examples are intended to illustrate, but in no way limit the

scope of the present invention.
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After rinsing, the strip of copper foil 14 may be
dried by forced air. The air may be cool (e.g., at
roomtenperature) or heated. Heated forced air is
preferred since 20 accel erated drying mnim zes
spotting of the copper foil 14. After drying, the
copper foil 14 may then be bonded to a dielectric
substrate for formng a printed circuit board or the
EX}¢4$&E sing any known |anination process. The

FAARH A P L5y S Ot e
1ammae¢chmcmmR4 il illbil kbexy) dfsongiic sbstapo iz wopker o dieectric
e TS B SEL500 Gl T I gfo AL TR i
treatthB® mAh&dLG Lk SedHP ﬁferc%bﬁertfﬂflgﬂﬂl?:a&h@f tH§ Ean?;ﬁleé1 eRdchdThe

pressure. For exanple, a pressure of about psi ,
sampdes wast fémpmebstmr@ﬂatest@d cnuaccwdiinc:e with IBCt'li"MeSSQfMgtbOd 845

i.d dh bet th
using s, DAi6eh Wice' el Rk A8 PR Prrthiba PR ciPfsed to an
18% PRUIGOR:tRARAL ST fo‘r Pty 4B *hoﬁﬁé%ﬂﬂ'ﬂ%‘h peapstfehgm tkfbd ngn ﬂﬁhe

foll owin exanp les are intended to illustrate,

accow@«awm- SIS0 Metbpd 268 5 matep‘rtbg oot o btrorAnc 364 (HCD,
a5 O 3 SRRl B0 Sn SKBR AMn SRR and

re crea using copper to an
photd@kﬁasd; pﬁmlet‘l ettcaipbaatl (BCB).eThe fesultsudRthésatiests arl erovddygen Table
" dielectrlic substrate,. and | am nati on net hod

L W}H%HI“lsﬁat&%\EWeéFs ¢fhe presentdaveplipR.  he sane. Different
U BodBA, Iﬁétmd?SO’\lel'éﬁmHWS 8Rickdihes QRRE{0 dedirhiind BE peel

each of the sanples. Each of the sanples was first
strengthaif asiondmgomattaaﬂileu témpeatorasd dihe ceshipciifiePhal iedEE specimen

a.l |nch ide test s ci n.
is o IRRIBHRA copigiipi i TP et delon Srelirpetefp R, s
crackk8iad§deretthitd. OThetbmithited Pecivientioiribel OHES el tltafed, and
peel strength tested again in 10 accordance wi t h

procqsmgl s sandasd Hulystry nrastl@Staedtea@pmeme A sppdied §erein, the imaged
I [ ri
ine S8 FERL G683 ol BRSTUIUSR o 08, Ll E s
by pelidg bptlothedafy hadhpo it elg: lmeraprebl iis parpendiBE) to thbedge of the
results, of these tests are IOVI ded in. Ta whi ¢
Specquuﬁaic%m%ws%w thensegprediag ‘BF‘e%'é‘?ﬂzo a8 %cssnwﬁil the Peeﬂd
metaﬂﬁﬁﬁ Rbject}? gﬁip%@fs@hé@&f‘@ldthg sttipSs BrifFRIBch b the ia‘%ﬁl ofta0

determne t eel 15 strength of "a conductor a
testingribaehine clempewah thecjews Theeringghe §pbwidth ebthe metaltshrip anslsparallel
to S EERTERL hSuflabiB TRAL FAcBRRRO Rl Fhikp [ SRS 6 tabie
from Carter Engineering Co., Yorba Linda, CA (Model # TA 520B10CR). A force is
exerted in the vertical plane (90 £ 5°), and the metal foil is pulled at a rate of 2.0 £ 0.1

inch-per-minute. The peel strength is determined as the average peel load in units of
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

11
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cracks, and over-etching. The | am nated specinmen is

i mged, then etched, cleaned, and processed using
standard i ndustry practices and equi prrent. As applied
herein, the imaged line is 1/8 inch, and sheared
sanpl es with sanded edges are used. Each sanple is

was dJ-8RREREH YsiiVacBE61 thd Gopines oil. NRees Et&érfgﬂiteblﬁ:‘ﬁbmmﬂﬁ?dtwe

the line of peel is perpendicular to the edge of

sampl begvealed ameehstespath efhountsd ¢ perndspetineh (léve/mqh%t Adter 48 hours
of exgggdré 9:{1{11% lH@LgoiLﬁg)% ﬁq\%eigfle}%%&o f’ﬁ?’ﬁ" ?gliovfﬂzé{'l aaléae%f gﬁeﬂ%ﬁ‘ of about
4.4 lixgingieen the jaws of a testing nmachine clanp, vvlth t he

j aws coverlngthefull V\ndth(?f the netagl stri gl
pa%'lnpéqam% ARG 2 Y Han e 45uupd sing o smgsibeopagt ol gubjected to

{Béntlofiiyt Mde] Whingth ﬂeﬁmﬁﬁ)hﬁhb&’ sﬁ’l{ﬁb |23r@ll@ctl&5a peel

rom Carter Engineering Co., Yorba Linda,
strenFh E20Butl DERYs/ingh.f Goowparative empbéddalmmmd\(@ﬂro pcdl strength)

n foil is pulled at a rate
aﬂeré’fl%@lebém(?ffxz"i”% %ﬁb?%ﬁﬁgo “The peel strength is
dekgdmih1agkafihid Maa&&%aﬂﬁn@&ﬁin dcoddande with the bt aspect of the
pounds per _inch width. Conparative sanple 1 was

presqwh inyeatienr Bar mmtlg cgpm Spibuscrldn exeraplanygaplod Has firggiven a
B Q
P2 oGRS SNHA igbb I ol G5 ETY (BIcRA fore o

apprds’bfiﬁﬁtem}ablﬂ@for\ohe s€cond Bt Kiowe. €TloS sapdplowhasithea mitisad indD1 water and
or oxides_ 11 was coO- ?eposmed on(ﬁcsurfaces of t

was drgspriortg Jaminglaen). Reel gipnieth testing ofsomaratitp Srmplarevealed a
I d
pet SRR o 3118 s GRS NG OB

comangtivdGampad ﬁprwmedmhstmngﬂeofwupﬂ 2210 p3 dbs/meh a peel
trength of ab [i ‘i
> §§ 0? 5%?&? éldw :ff’gfl?f&‘ %Ct‘ér% Bflﬂg ggﬂ'gg;ﬁ{ c?Oé)IP\F/re foll & rT.B_]ecl:ed toa-

dip 1§ HRbRELA ST HS% sile R DI "(@e’i&ﬂ%&) veHidriat aﬁﬁ@kmﬁﬁé]ﬁ nged for one

testing of conparative sanple reveal ed a peel

secord pimgith Bic sapplg was Genp !J"Qﬁf?driélpl ey asdsied por éo 2
m I f RY
lanmgzgdogs lﬂégltﬁ% %ﬁ%%“aﬁ?cpﬁlﬁaﬁﬁﬂ% %nepr%% 42?{/%% npqéel %P%Aﬂéﬂpéf
aboutnliﬂuf)ﬁcﬁchr ed in accordance with the first aspect of
|d|n§é9\‘éo pres L@t | nvent [ g T(Pg)(&gg&t@ﬁceggﬁg retsfi;m us?eotl of the
preséti ﬂﬁeﬁﬁ@n %IR)‘P@Q sﬁ‘;@ofl‘l c%g{)éi'tfbﬂ IQs.fagftrcgteéoﬁ@l 2 5b1806n Eéhtithing

(del oni z€d) water at pproxi mately 22" C for one
dlchmmadm d Spcmﬁmlly,, thEsehgimnpbptaived 16 @lrﬁoximms élsthmmnﬂ_l)t anh2@ g/l

sodiftg SpteitE S, D1 e dthodi® 6385 8378 sl ¥ Sisoddd R, Following

lamlﬁit{cﬁﬁgbﬁiml%ls&tﬁﬁtéﬁ 10il had B?éélrsﬁ’engtﬂ\fof BEtweeR §3randf5.5 Ibs/inch.
exposure to the sol u
After 48 hours of exposure to the HCl solution, comparative sample 1 provided a peel

strength of about 3.0 to 3.6 Ibs/inch.
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15 conparative sanple 3 provided a peel strength of
about 2.2 to 3.3 I bs/inch. Conparative sanple 4 was
manuf act ured using a snooth copper foil subjected to a
dip in a solution of 0.5%silane in D (deionized)

wat er at approxi mately 22'C for one second or nore.
The sanple was then rinseghyjp4Dl water and was dried

prior 10 | ABRRkisekcs FiEAhanbdnPli St dhoth SFAIraR Of
conparative sanple 4 reveal ed a peel strength of 20

Sam@®Miiberl | Frehttort ApiTEY to BREIIHGAT Xs-lamifle®Peal VaReel Strength Following HCI
manuf acured i nsafacor dance i t hstieligh secpnd aspBgbsved

1 (copeativep I ¢ SerpérBont®/iRBkd €72, Whef e &etmmpt h Coppes.4 bgh (481S

2 {compaeatitepd | Pl a sol uti on cont aj ni nd bAgth chr pmat e.0.0 Ibfinch (1 br)

3 (ex8ppbery) T 1 ¢ &2 + Bip in Db sile@lscldtibron contsdilvinedl 15/ g/ | 2268dilbdneh (1 hr)
' trirstAspecti?20 g/ | sodijum sulfate | DI wat er at

| dichromj
4 (comparativedli ¢ Digdn 05%silapgsqlutioy * C ng 5 15dinshds nmre._ -~

5 (exerppiaryp wi Tg'e@sdepoa'mnwatchrw& o FRA35Rilbdnchr e at ed3P-8F [onpEp by

PHIendSegend Aeeen 5. B and 5.5 | bs/inch— After
48 hours of exposure to the HCl solution, conparative
t .
A5 e 55 15lc, BR1as SRS, s AUk d ot senet
of abBeE5 5 Sre/ianly twhidl 1sQuudbogreatSatiph theerbstrehgthgiroeided by the surface
|ied to Snooth Cu -a'atheIPe engt h.
treatp s i SRPaRivT SUBEEF 2301 ABBSEPBORRIBEFA T theigne
solutidBanshithinti Ral64 As FiRE sRdvbh inTTirde 4 é?ﬂe‘rﬁbﬂ?{ c4BpIRE B add 5
(conparative)P21.6 | b/inchO. Ol bfi nch 1 h

providexenepl mgﬁazfonsm@hucnpm&f% gio mbsﬁemtmllymuél tg the 5.6 Ibs/inch
peel HhBER%SeR ol vl 1REG, Cpreiiad® bt R st ich the sgfoce

treahhéﬂtﬁflﬁh&ds}@f&h@ﬁieﬁ@ﬂ epeatibn,@Mmdoth €0ppbr Miltdah HavSa ped strength
I bli.inch3, 6 Wnch (48 hr) solution (Second Asérﬁ(l:lt

Subsf@n%&llyC%fwabt@ t&%téwtwdrl&mgea qonve%rﬂell -dpyehssifaced foil
Copfe‘?ﬁghd@ Bulide fAnP G8is i tegp?e@&ilg advantageons when extreme fine circuit

features or high frequency signal transmittance restricts the degree of surface ronghness

that may be used. Also, exemplary samples 3 and 5 also show the added benefit of
maintaining a peel strength close to that obtained using the CopperBond® treatment, and
substantially higher than that of P2 treatment alone, after exposure to HCL.

It was determined that peel strength loss due to HCI exposure is a function of the
amount of coating material lost between the copper foil and the dielectric substrate caused
by the HCl exposure. Such material loss is referred to herein as “edge undercut”, which
can be explained by reference to FIG. 3. FIG. 3a is 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 accordance 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.
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of about 5.5 | bs/inch, which is nuch greater than the
peel strength provided by the surface treatnents used
in conparative sanples 2 and 4, where only one of the
P2 or the silane solution treatnment was used. As al so
shown in Table 1, exenplary sanples 3 and 5 provide a

WheRE®atifif irfdiah 64 & a ﬂ?d@@ﬁ'éhgﬁpﬁﬂﬁhceﬁﬂédt cbdittlg, for example, the
substantially equal to the 5.6 I bs/inch 0 peel

thickgesse{ gharcaghing masariahimay bg abowd, to@bpWei¥8dnd(r) treat ed
f OAL c Qé@ecn Hh tﬂebé'f‘d {]&%%surg k& UTEIHE coatin qgaster%l 6t4ré§tends
presen [ nve I on, érmo opper 0|’I can ve a
substahtishgiohthe sidbsirmes 66 by thedoi b0t Expdmﬂ‘e edal, MﬂcmWDml@ be used

onvent i on rough- surf d foi
for clegpige F’E‘o%‘ég Saupegpeation 6 51 the pRpting @aégﬁb@} pfopimate the edge
surfaREVEE o ARGRRD v E R, ShiIERTG, ds!sHEwh il F1 [3b. TFREL YE &Sk Rhgthwise
hi gh frequency signal transmttance restricts the _
viewdd ghesirip bf Sl tQuerealimggheesderdd costing matgriblec4. s@sﬂcan/bmpn in

FIG. gt SRlefisif TS Boatin@ ioarpidl o 2rild B hos B eaBg 18 o e

coanugmﬂamez;CopperBond(r) treatment, and subst antlally
her than that of P2 treatnent aI one, after exposure

IGei is preurpesfityeprssentaiion of data gatheredsfromiibe testingef vagious

oomé:ag a‘W anﬁ)éggrﬁﬁfagﬂ' éa?ndﬁ?g %Q%t%\(ﬁegﬁng % eﬁp@? fmflﬂﬁfﬁﬂz&?@ an ]%1%4 (glass
ﬁlled:ie;mb@pdxblectrﬁstshbitfwé sncCdepiatsipeel Sréngth hﬁs (9Gh aex ﬁﬁﬁtlble of percent
Such material loss_is referred to herein as "

undeffife AS Ga be §gendrpre BHO b pescsntpssberangth leﬁ%w&b@éewr&sqnt@ asa

1mea3 ﬁm%h& o?é’d Sunﬁel%P ek intiie 'e%%é S eRfug éx;ge%ﬁ@e’d l;)Pﬂhle sample
amnate to a dielectric substrate 62 fore

due teﬁpp@amr@tOtHCI-MQ grEitepibs pdelistengthlosshdVitie cqueirtoﬁbec $ec6ﬁ)d

aspe% 4)?‘ tlixlar,]ﬁerg%ln I e%]tétriclé’l (fPﬁgcset ; aEreﬂﬁ é)r: t%ﬂfng f(‘ﬁ% Hla thus treatment

resulyTthiarb@iclos in Bo®ithd Fercait cbd Ghlichdly aR@thR peARht Sdel loss
enhancenent 25 coating in accordance with the secon

due tgdHelaxpasure.ehgmreommated; tapaigt pid anti-faish sppinsst dihis teding is
mﬂé@ ing material 64 forma portion of a

descp ot og(g%'i ned el ectrical trace on the PCB. The
t hTaﬂm 2ssclodestthedan asddrtg gendreteithd gagh o FEX aiy JErecadatdiof Table 2

3 .for pur ose ﬁ #anati on. 13 .V\her‘i coatin
were gshtspied ot 3 ot ms‘v IR §AHOUS AREIPREN R An¢ SXTINgTY Jaminate

sampl &Y wES 3Rl ush{étpsmc;otﬁl‘l E&ﬁﬁ? ?blﬁfsuf)j}éﬁteﬁ QRbirfALer %ﬁa{de éH’ea’tmcnts
maybe about 20 to about "200A. can be seen In

Comparativefamdeskfoguesent bnm surfa‘q:e treatatentsy Winele exmaplaazlsamples 9-
ext ends . subs ant|aII i.de surfaces

14 repis PR Gr S B AP By okl anih ik ErsR i 68 o prpight

mvexﬁic@la(emmetﬁwuf@m) C"ﬁh@&ﬁ)pér N, HieRRtrftSsuBbtrdtd) QmﬂQﬁhirﬁﬂon

rmterl aI Prom mate t he edge surfaces 66 to

methed peedein the gprplee of Tabla d weae e samerpnd thg |§amgiﬁed1ﬂ:%ed
onlylbgvea%lgﬁggp §8nt YiegW of the strip of foil 60

Lndercut coat i ng material 64. As can be
s eEor danh sa.mple in Table 2, the treated copper foil was laminated to an FR4

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 300 psi followed by a 15 minute cooling cycle. The exposed
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FIG 3c, undercutting of the coating material 64
results in a non-linear edge 70 of the coating
material 64. 10 FIG 4 is a curve-fit representation
of data gathered fromthe testing of various
conparative and exenpl ary sanples created using copper
surfake of theawppatfeil wao emhed da {dlthasof aftﬁxhbxﬁdm@jmlj’ﬂate (120 g/t

di el ectric supstrate d depicts trength | oss
ammoyaum, gergulf: %eﬁ'ﬁ Srio BY v %@F@éﬁ f»on%ﬁagfﬁg gl eigh(abgui L ppolar)
in orle"1R&P SIS Wagerg’%?[l@‘@qur RE&Lconls. STRE thnk 1S Svak MEnMhsed and dried.

represente [T near function of edge undercut.
NextTthesoppdrdoitwras ph’dgbupjwct’eﬁlmknesa.)fp&m rlang @D te BH03G mphes

usingg &5 ePREGLA Wiran: prggtriert B0 ECE b o7 aBffs g in D1

watek HleS(pC?S?Hé désineg 'ﬂﬁlbﬁ{bsé 64§ beaRed e ﬁ?ﬁﬂltes?ﬁ&mé £8iredtd density
has shown that this treatnent results in a reduction

of abiot .86H mmné/cwer Plsing a@gléoum@@p@mﬂem ¢ inple widg by Ainghdens test
speci?ﬁern% QoD regglt%d lﬂ)lljﬁ eéc% satrpleS Ak g&i’:ﬁ% ecm?ﬂ wad ﬁpe%rsﬁgar%&) to 1/8
p f I ngs. Pn ste

or ar rnlshc st ng

inch dﬁ&é:ﬁsﬂ@gd dbetle eligefredigioh @héhri The vdies of e E@@élﬂ’leﬂ§ edrd lghtly
raph of FIG 4. The data, of Table

.generate the
Pfﬂlsgé‘i‘ usigg ﬁépggegpwr fRyTemave any Aampgsdthatmight bwmrgfimskby
sheafippparative and exenplary |am nate sanples were

créated using snooth copper foils subjected to

di At Eta@fous&peéms Mreeapmpm’cé for e@chrpramplt. Helfsdithd specimachs (the

esent . known face treatnment r
contigh BhgeTRets) VERF peek tocrt ot rkeoidetes Wigh FRCTIRADS0 Method
2.4.895 GRhSR Yeth _chfeﬁ% $RIONHe 2ART GiniRited NRoePERIRIH fof The sample

i nvention (surtace treatnment 2). The copper foil,
is thejaveragstpeeklogd ortheeantrod ﬁmﬂcnaﬁ:ﬁsnamm:hof pasmbgperugeliwidth. The

G0 R AR PR AT i

and dr9Inge akte e&pﬁ&ﬂ%pbdim?ﬁebwlvére&hcﬂ el sttedgtiedsted ppsucofdainte with
mnated to an FR4 i el ec subst rate)]_iFR4 PCL

1PC 355 6H 8 Do 46 anhaklfst (b P oe b IE GRer § 1o xposure” i
the aﬁ]zxﬁg% gee} ﬁ&dﬁﬂ?tﬂe\%ﬁkﬁ@ﬁ' pra ¥ 15 unRE ef 1261@1‘35 BEr mBh width. Also

ating XI mum t enperature of 182C and
shovan iprlsbiait s thé pSoeht psel strehgtbwesd fareaah $dmplenwhichgooquahtp the

vt B O SO PR 5B 557 b finrd

peelggygﬂfgm um persul fate plus 3% by vol une of concentrated
Ining acid (about 18 nolar) in one liter of Dl
walbe pergent #dpoundsrout forsaagh paysple was dstgrmpined ag follovesn First, each

expopb S V60 00 SRR n ff) cho WFnl SR e

edgeuﬁ‘lﬂﬂtgccﬁnngmaﬂerm ppthe ebigé bf foiltwuheabiired loh doe ﬁdc{sﬁcﬁ' theé bxposed
and % sul furic acid in D

spemmen at three ditferent locations. Referring to FIG. 3, for example, these

measurements are shown at 72, 74, 76, 78, 80, and 84, with three different measurements

being made at each side 66 of the specimen. After the measurements were made, the

average measurement for each side 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 (1/8 inch). The percent edge undercut for
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water at 50'C). The desired thickness was obtained in

24 mnutes using a current density of about 0.065

anps/cm 2. Using a guillotine paper cutter, 1/4inch

wi de by 6 inch long test specinmens were prepared from

each sanple, and each speci nen was then sheared to 1/8
the saple wasiBen 5AlogaRd 09 Wbtagiag dke puredit &h@ﬁcﬁffeﬂnﬁach'ﬁbanmen

ed es of the specinens were I| htly ol i shed usin
assogja owavr the syaplsr Thg PP@ﬁWéigaﬁp wa”a%eﬁ SRmRedhprayéded in
TablkBt roduced by shearing. At | east four specinens were

prepared for each sanple. Half of the specinens (the

control specinmens) were peel strength tested in

rdan with | PG TM 2.4.8.5 with
accor dance t C 6h_ga$\feki10d 8.5 t hout

3 bei ng subjected to HCL T Lam nat ed" peel
strength for Et"ﬂ‘é°f§&ﬂ19PB°al'B°“F§'*Hé"ﬁ'@l"&‘g’e‘%eel | oad

for—t.he,-o t.r.ol Q p—uni %f nounds per !pr‘h
ﬁn

i e R

y and
dryi ng. The exposed peC| neds VVE T fen peel strength

6 (comipat: tﬁé‘)‘ Cbnﬁﬂefclﬂ'sh}% b‘lelw T4 PC TV O VET il(ﬁ%}_zc. A8 5,

m
3
wn
— -
-

I'n Tabl prresimehthe " Peel] Strength After 6 Hr

7 (cmpRame)T FP2 1S L Ne aver age4peel 1joadapor t{Ne 1exposed 151
8 (copaaivdENE-NiN_uni ts off poungs per| 1 nge W dt hiafl sjp 2020
9 (eempan) | Chicalale@/S? i s tlhe peszent [peek0&trengtds [ oss fag
10 (exeneplaryls ahgtramatewhi ch i equab2 t o tthe 4peel [stragngth 81

11 (exéntpiary) 6] ThskiCtsomate (206E jexpode? e expredsrd ds 4.1 6.9
12 (aremplasrht ppsic6bromatee as-Jl ar nBAht ed | pedP? st rlendk’h. [The 6.0
13 (g1empiagrht G‘?ﬁge undercut} f or 46hch danpt8 waq det%r nj ned?
| 14 (exempiapy) | biyagstale; r st edch AZhosed sphd men wad? vieved 2

under 1 00x magnification and the distance between the
25 )i
o EEEEEE B slhRes ROHERG2 TBG Blcpied inl P S copi il
10 Con‘iphl’aﬂee dirfiles € ahd 7 oveaé prepared Beihg bbmﬁ@nﬁ@llﬁﬁala&e cfopper foﬂs,
exa t he ur ement s 2, 74,76,
Wlthfemg%f beifgia B4, regied oY RIBRER AP b @b aa T i Llin
Corp@dude JTdswalk, 8ac hEdidst tRbc&h atrﬁ\fves‘ﬂﬁ(é'xﬁﬁﬁlarﬁétﬁﬁleé §‘-€i4 were

measur enents were nmade, the average measur enent
preparsd isivgderenamocthlcoppertfoid havihg vaousentiacatdeatments.f a'he cheNl

specimen 3 | cul.ated as the sum,of. the ..
coatBREF BByt S B s RefiteR BnE an oot Sufliof CGptaining 10
15 gl Nies ﬁlﬁfﬁt@@eg/DZnhbﬁﬂfa% ahdmogkﬂmﬁf: atidet HGF I1BBYF, Wi applying
The percent edge under cut for 5 t he sanpl e was

10 a&frfeh% aqoedﬁ andtp asf for @hmaéeweth@mfewnm pf

e} ARRR IR As @ﬁeaﬁsﬁl‘iﬂéﬁﬂ%@éﬁo@%@w RofainiE s21RECT.0,

2H,0(1.75 g/ Cr), 10 g/l NaOH, and 10 g/l Na silicate at 140°F, while applying 20 asf for
10 seconds. The chromate coating of exemplary sample 10 was deposited using an

20 aqueous solution containing 5 g/l Na;Cr,0;. 2H0 (1.75 g/1 Cr), and 10 g/l NaOH, at
140°F, while applying 20 asf for 10 seconds. The thick chromate of exemplary sample 11

was deposited 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/1 Na;Cr;O7. 2H;0, and 20 g/l sodium
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5 Table 2 Effect of Surface Treatnment on Peel Strength
of Cu Foil As-Lam nated Peel Strength % Peel Sanple
Treatment Applied to Peel Strength After.6 Hr HC
Strength % Edge Nunber Snooth 5pm Cu

Foi | (I blin)Exposure LossUndercut Iblin 6

sulfatCRAMPAPRI N R) SppIYIRS 66 34 oM 8cbnds. A Abdic’feldomate (CDC) of
Treatnment 7 (conparative)P24.513.9911.515.1 8

exenfrdaysampte ey ZhddositaiGigodadag®eeyssobution containing 8.75 g/l Cr (25

| Si4. 324 075, 89.6 10
£ NaZCBOR AT ah PR 1 St Bl Aty mroiane fors aepons, bR estate
of exchipiitisEmpROAH) Waslpodeed. ubmghnladuesiFoludits icBhtaining 31 g/l

Chr onat e3. 883. 626. 76, 0 13 ex em | a
tungsten atwidd.dA44°15 suhilpapplyimg 4@ asffon Bssppmdm

T e
accefilabipgreeal streagthdrefdre exfosardio HWsfabputephviad Hestever, after exposure
o B S SRR i el e e
9 :Chpl, 95 08 S Ao Gl s n e
range of 11.2 to 19.8 percent. The exemplary samples, on the other hand, were shown to
be effective in providing a percent peel strength loss of less than or equal to 10 percent
after being exposed to 4N HCI at 60°C for 6 hours. Indeed, the exemplary samples were
effective in providing a percent peel strength loss of less than or equal to about 7 percent.
The exemplary samples also showed an improved resistance to edge undercut when
compared to smooth foils having a P2 or Zn-Ni coating. It is believed that exposing the
copper foil to silaﬁe prior to lamination, as in the first aspect of the present invention,
would further enhance peel strength of copper foil treated in accordance with the second
aspect of the present invention.

The surface treatment methods of the present invention allow the use of smooth
copper foil laminates while providing a peel strength substantially equal to that obtained
using conventional, rough-surfaced foils. This is especiaily advantageous when extreme
fine circuit features or high frequency signal transmittance restricts the degree of surface
roughness that may be used. Also, the surface treatment methods of the present invention
provide the added benefit of maintaining a peel strength close to that obtained using
rough-surfaced foils, and substantially higher than that of other smooth copper foil
treatments, after exposure to HCl. While the invention is particularly useful for use with a
smooth copper foil, the invention could be applied to copper foils having any surface
finish.
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prepared using bare, snooth copper foil having various
surface treatnents. The Zn-Ni coating of conparative
sanpl e 8 was deposited using an aqueous sol ution
containing 10 15 g/l N as sulfate, 3 g/l Zn as
sul fate, and 20 g/l citric acid at pH 4, 130F, while
apPhy bnrorelBpads akdémBodifRARWE i itedeit MSEntiowhade been
seconds. The chromate with silicate cog%iqg,of
descrghedieyepthelssinltavl brawdersiogd ithat yariysgocificalions sipy be made
with QR bl SR Mo tp8 at fisve M AR hton 2 FE gl ot aspects
and ephddenep hsei wighifi Gheassopé of the Tollowingobisms. The chronat e
coating of exenplary sanple 10 was deposited using an
20 aqueous solution containing 5 g/1 Na2Cr207. 2H20
(.75 g/l C), and 10 g/1 NaOH, at 140F, while
appl ying 20 asf for 10 seconds. The thick chromate of
exenpl ary sanple 11 was deposited using the sane
aqueous solution as that of conparative sanple 10,
with an increased dwell tinme of 20 seconds. The
acidic chromate of exenplary sanple 12 was deposited
usi ng an aqueous solution containing 15 g/| Na2Cr207.
2H20, and 20 g/1 sodium 16 sulfate at 104F, while
applying 66 asf for 10 seconds. The cathodic
di chromate (CDC) of exenplary sanple 13 was deposited
usi ng an aqueous solution containing 8.75 g/l C (25
g/ 1 Na2Cr207.2H20) at pH 4, 140F, while applying 40
asf for 5 seconds. The tungstate of exenplary sanple
14 was deposited using an aqueous sol uti on contai ni ng
31 g/|I 5 tungsten at pH4, 140F, while applying 40 asf
for 5 seconds. As can be seen in Table 2, each
conparative and exenplary provided an acceptabl e pee
strength before exposure to HCl of about 4 |b/in.
However, after exposure to HCl, the conparative
sanpl es showed a greater percent peel strength |oss
than did the exenplary sanples. The conparative
sanpl es provided a percent peel strength loss in the
10 range of 11.2 to 19.8 percent. The exenpl ary
sanpl es, on the other hand, were shown to be
effective in providing a percent peel strength |oss of
| ess than or equal to 10 percent after being exposed
to 4N HCl at 60C for 6 hours. |ndeed, the exenplary
sanples were effective in providing a percent pee
strength loss of |less than or equal to about 7
percent. The exenplary sanpl es al so showed an
i nproved resistance to edge undercut when 15 conpared
to smooth foils having a P2 or Zn-Ni coating. It is
bel i eved that exposing the copper foil to silane
prior to lamnation, as in the first aspect of the
present invention, would further enhance pee
strength of copper foil treated in accordance with the
second
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aspect of the present invention. The surface treatnent
nmet hods of the present invention allow the use of
snooth 20 copper foil lam nates while providing a
peel strength substantially equal to that obtained
usi ng conventional, rough-surfaced foils. This is
WHAgSPpELARMHED/ISadvant ageous when extrene fine circuit
features or high frequency signal transmttance

restricts the degree of surface roughness that may be
usbdA cappey, foil(i4, ﬁ% fordamination e diclpsirivoubstirte (479, the copper
tion provide the added benefit of
&M(Qﬁ%§§Q£n;H$i peel strength close to that obtained
usa peel Bﬁ'eliglhl ghhauerhanedatnd (68) depuditadidns b antfaceldf'yhe copper foil

hi.g an that of other snooth copper foi
(14, §¢)e§w§ﬁ %rengﬁf@hmyfa@gm%t%?mcons»ﬁtmge%ﬁ%allwéﬁm%ﬂ and

meta% 53199 Mltﬁ% Ad ﬂﬁeﬂd?ﬁf&’t&leﬂfzp&gﬂé ﬁmY\}]f g ML h’oﬁ? r more
, e invention cou e app o copper

of: vhrmdlm'g raolyusy ténedem, ¢hirongim, Maly@immuor, ttmwbnamwgﬁﬂsseand

t enbodlqgﬂ}s of the present invention have been

echngtiugy, “INf¥erthel ess, it will be understood that

various nodifications may be nade w thout departing

fromthe spirit and scope of the invention.

Acolle eeppgr fait Héy 6@55@5@@ 1, athgreamthedirfaen of the eopgier Foihis
e scope of the following clains. 18 WHAT | S CLAI MED
- 1. A copper foil (14, 60) for lamnation to a

di el ectric substrate (62), the copper foil (14, 60)

conpri si ng: Peel strength enhancenent coating

depodhe eoPRsH fca by $Qaf chymy I whersin the mesal oxideis seleeffd from
Pﬁﬁﬁ] Hﬁﬁﬂﬁﬁ oating (64) consisting
dmngggg???g y g?ﬂgaﬁgggﬁ an %m%etal oxi de m xture, the
netal and netal oxide m xture being fornmed from one or
not e pf . vanadi i gbjum_ tantal ym
oty BReenier fiheld: 6 St latEin gt tEneRNeRkt Sapgpcement
coatih ¢6Y) Ak a ZhickibBs 6OBRREed okt £3.b aHo) 200 arfds@biims 1,

erein the surface of the copper foil is 10 snnoth
3. The copper foil (14, 60) of claim1, wherein the

mes gg Qé(sp%%r r ESit ;/g@to%%l i AT\l TR S igae?%gi&@qw% peel

strenGth) mmﬁn@hmmdatlngmm)qmmtmmmmionsb tiendjtecieichabsenent

Smo

6. An article comprising:

a dielectric substrate (62);

a copper foil (14, 60) having a smooth surface laminated to the dielectric substrate;
and '

a peel strength enhancement (64) coating disposed between the copper foil (14, 60)
and the dielectric substrate (62), wherein the copper foil (14, 60) exhibits 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 1/8 inch test specimen after being immersed in 4N HCI at 60°C for

6 hours.
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coating (64) has a thickness of between about 20 to
about 200 angstrons. 5. The copper foil (14, 60) of
claim1, wherein silane is deposited on the peel
strength enhancenent coating (64) prior to |am nation
to the dielectric substrate. 20 6. An article

COMPThE hititle oft14lined, Setierdift tisbi! stedngth ébhnceinen® PRiting (64)
foil (14, 60) havi ng a snooth surface |lamnated to the

consistseasaentially 0§a Bt and meg @mdxamamyé& gy Phe or more of:

vana L R o iy FRbhih, M PRR G, RERER, hiegfi SRF Bkmctim,

and thbminei.n t he copper foil (14, 60) exhibits |l ess than or
equal to 10% | oss of peel strength when neasured in
accordance with IPCTM 650 Method 2.4.8.5 using a 1/8
| 16N The aicRASCIATRIT, SticRlin R 6l SH1BE AGIbid iniilendhts of
60C for 6 hours. 30 19 7. The article of claim®6,
chromlen,dung&tmap@moljdidﬂmrgih enhancenent coating (64)
consi sts essentially of a netal and netal oxide
m xture formed fromone or nore of: vanadi um

Ni 9bTHEhrtichNd A 6, ¥ HePdTh B poPityddgaeHRand e ESiting (64) has a
manganese, technetium and rhenium 5 8. The article

tmc@ﬁssﬂf&ewepnﬁhﬁ’étr@tﬁﬂbﬁ@ 200ranesteomsle i s sel ected from
el ements of chromum tungsten, and nol ybdenem 9.
The article of claim®6, wherein the peel strength
enhanThermmivleadalding, (el dr prel stenpthi chkasment coating (64)
bet ween about 20 to about 200 apgstrons. 10. The
exhibyfs les tampr eauaf (9, 18% ¢igermdgroph b i irpergiogin 4N PHCI at 60°C
for cdgncenent coating (64) exhibits |ess than or equal
to 10% edge undercut after the imersion in 4N HC at
60C for 6 hours. 15 11. The article of claim6®,

he. cqop 0|I 1 t ss..than. or
etk TR Bl B 6 Sthegn e SPPReTIS S h (RN St o or
equal fb OUOTAABG ek Nstrefbth WedGReasured in accordance with IPC-TM-650
Method 2.4.8.5 using a 1/8 inch test specimen after being immersed in 4N HCI at 60°C for

6 hours.

12. The article of claim 6, wherein silane is deposited on the peel stliength

enhancement coating (64) prior to lamination to the dielectric substrate.

13. A method for increasing the peel strength of a copper foil (14, 60) laminated to
a dielectric substrate (62), the method comprising:

prior to lamination, immersing the copper foil (14, 60) in an aqueous electrolytic
solution (52) containing oxyanions formed from one or more of: vanadium, niobium,

tantalum, chromium, molybdenum, tungsten, manganese, technetium, and rhenium..

14. The method of claim 13, wherein the metal is selected from one of chromium,

molybdenum, and tungsten.
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Method 2.4.8.5 using a 1/8 inch test specinen after
being imersed in 4N HO at 60C for 6 hours. 20 12.
The article of claim®6, wherein silane is deposited on
the peel strength enhancenent coating (64) prior to
| am nation to the dielectric substrate. 13. A nethod
f of5.i TR¢ SRR DI tlaEn A8EWhereAflE hiucdlis Ble6Ph I?ﬁé sélﬁhdm §
60) lam nated to 25 a dielectric substra

contates ¢hoameisniinigsiaiegor pelybdate dorisdnideignizedh watqmre rs | n g t he
copper foil (14, 60) in an aqueous electrolytic
sol ution (52) containing oxyanions forned from one or

rmt@ The wathadiof dlaim i 10bVhemRin thedifuabusBohfioh B2 Ligan electrolyte
ybdenum tungsten, manganese, technetium and

Solut%qaletﬁ.aarﬁlectrebmf@elifﬁ@ aict the aneghod-fugthes compriRg®r ei n t he

f
T o SuTEN Ry U ATRRB (18 0p She e oI BOKAE RN (52)
suchltlhm azxgaitgI4e heahg althitkiessof hitwesn (boB) 20 toabbat 260 angstroms is
e[dg the tungsiﬁrz]{ or nol ybdate ions in deionized
qn the goppgt 101l £44, 80)-of ¢l ai m 13 wherein the aqueous
solutlon (52) is an electrolyte 5 solution in an
el ectrolytic cell (50), and the nethod further

coh%r"lf'lsfemeﬂgd@ﬁﬂhgndérﬁ!éﬂwr @dwm}ﬁglg t he copper f gl I
14, 60
& gering Pesephin i FG L S0D SRR et fehsbitb v ik (Bh on e

copp&ﬂfoalk((pmﬁ(goo angstrons is deposited on the copper
foil (14, 60). 10 17. The nethod of claim 16, further
conprising: imersing the copper foil (14, 60) in

cLEoR PR PR [ yha0 R ULl o e ogper o
compramg:at ion to a d: :l :tr:t (rjlec zlutbzgr agjr) t he coppe;cgoi I

¢ e P eDs el o ok Sersiec ot the gt opg3. it e e eine
formbd SRLC ORI AD Pind idHE dr ORRIH ﬁncpﬁ‘ééié‘cﬁwﬁﬁ g,ntagﬁ@)tlﬁ doitibh

an aqueous solution containing at |east 0.5% sil ane.

contgiging 9t legstd). Loppere.f oi | (14, 60) of claim 18, wherein
the surface of the copper foil (14, 60) is snooth.

19. The copper foil (14, 60) of claim 18, wherein the surface of the copper foil

(14, 60) is smooth.

20. The copper foil (14, 60) of claim 18, wherein the thickness of the layer (64) is
from about 10 angstroms to about 100 angstroms.

21. A method for increasing the peel strength of a copper foil (14, 60) laminated to
a dielectric (62) substrate, the method comprising:

prior to lamination, co-depositing a mixture of chromium and zinc ions or oxides
on surfaces of the copper foil (14, 60);
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20. The copper foil (14, 60) of claim18, wherein the
t hi ckness of the layer (64) is from about 10
angstrons to about 100 angstrons. 25 21. A nethod for
i ncreasing the peel strength of a copper foil (14, 60)
lam nated to a dielectric (62) substrate, the nethod
COsTsbqieRDio thE teepdditiohBiepa ih@Brsithe epsfer FdiNA 4260) for at least
m xture of chrom um and zinc ions or oxides _on
one segpidipen ageuscsolisiop i Sycontaining at legsf 0.534 silangde deientzed avater;
and the co-deposition step, imrersing the copper foil (14,
60) for at least one second in an aqueous sol ution
( 18yyimpthe @abppen doih{ 14, 68)ricd . td Umsinhtiore i N dei oni zed
water; and drying the copper foil (14, 60) prior to
| am nation. 5 22. The nethod of claim 21, wherein the
aq9LoYfe RidtHYG TRIAM D, %ﬁ&%irﬁﬁné S agRal &éxﬁh&ﬁ/as%ox%ls'is/essentlany
silane in deionized water. he met hod claim 21,
onﬁhbmbnﬁntmﬂmaququ@rsoIutlon (18) is at a tenperature
10 of between about 15C to about 30C. 24. The net hod
of claim2l1, wherein the co-depositing a m xture of

ChpDNTHEMead oFichemi2aNwhereintht d§Seoud S1UHAS(18) isLutiadbmPerature
an electrolytlc cell (12) containing an anode (24)

of begweguaheyt 1 7(Gate abest H°ket rol yte sol ution (22)

contai ning chrom um and zinc ions; providing the

copper foil (14, 60) as a cathode; and

el 24t The yieﬂtbﬂldfylaﬁiﬁ@ﬂsﬁhémgl thb eo-dbpasitinga mitus ofchrontism
Qn the copper f? (14, 60). 25. The nethod of claim
@ECHKHQFQFHEQH@‘%m%CtrOIyte solution (22) is a basic

%@ﬁ&iﬁ%%‘ el%@t%lﬁﬂbélﬁ(lb)’&’érﬁﬁ&hﬂg dah%?igcﬁé (zgghi%?%&i i a97

to a ZI NC 1 0ns
electroiyalsohtuom(ﬂﬁz)giohta@rﬁngwmeWnaoﬁ amceoﬂsex aval ent
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t haRrcttolicANHepbdigng ﬂmd:ﬁﬂﬁ?ﬁxhh‘l 4 AdEiPns 6§ tHedper foil (14, 60).
i mrersing the copper foil (14, 60) in the electrolyte

solution (22); and 25 passing current through the

COpReThe Rlethodbtclafif2420HefeHEmE LRERE Y IRtk (25) 81 tasi®)
solution containing hydroxide ions from about 0.07 g/l to about 7 g/l zinc ions, and from
about 0.1 g/1 to about 100 g/l of a water soluble hexavalent chromium salt wherein the
concentration of either the zinc ions or the chromium (VY) ions or both is less than 1.0, and
the co-deposition step includes:

immersing the copper foil (14, 60) in the electrolyte solution (22); and
passing current through the copper foil (14, 60) and the electrolyte solution (22)
such that a current density of from about 1 milliamp per square centimeter to about 1 amp

per square centimeter is provided.
26. The method of claim 25, wherein the electrolyte solution (22) consists

essentially of from about 10 to about 35 g/t NaOH, from about 0.2 to about 1.5 g/l ZnO,
and from about 0.2 to about 2 g/l Na,Cr,072H,0.
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such that a current density of fromabout 1 mllianp

per square centineter to about 1 anp per square
centineter is provided. 26. The nethod of claim 25,
wherein the electrolyte solution (22) consists 30
essentially of fromabout 10 to about 35 g/l NaOH,
fromabout 0.2 to about 1.5 g/l ZnO, and from about

0.2 to about 2 g/l Na2Cr207 2H20. 22 27. The net hod of

cl a7.nTRd methivdrofictaimi?d, wherekrihs shickneas dfylayen((64) fmﬂ@@m the

fromt chrom d n S or o 0
chropTR e it giace SApOstay o BB o o BBout 10
angsﬁeaﬁlg%%ﬁilttlgogﬁg&%m]sOO angstrons. 5 28. The nethod of

claim 21, further conprising: rinsing the copper foil
(14, 60) after the immersing and before the dry| ng. 23

28. The method of claim 21, further comprising:
rinsing the copper foil (14, 60) after the immersing and before the drying.
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