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WD 2004/ 053193 PCT/ US2003/ 038592 PEEL STRENGTH
ENHANCEMENT OF COPPER LAM NATES BACKGROUND OF THE
WONRMENFSG 1. Field of the Invention: 5 This PaY&IS2G06/38592
relates to the manufacture of printed circuit boards
having a copper foil layer lamnated to a dielectric

. , AL
di el ectric substrate. 2 Descrlptlon of the Rel ated
A«t 10 Copper BACKGRPUND IOISTHARIINMENTION are w dely

in the printed circuit board industry. The foi
L. ﬁﬁ&%ﬂﬂ%&ﬁﬁ%ﬂ%ﬁhhlckness of under 0.008 inches and

m)r"fhlg BREAR k@ t@thetrﬁérﬁlifm OE Enﬁ@& clr&P60ds ﬁa%HE a copper

about 0.0002 1 nches (known in t as 1/8 oun
foil fayiet Jamindthe tof dielecicpnbtate dncbmowmméulaﬂmtorneia%ﬂ;ment to

"W ht" foil..i ced b hanj cal d
g e R enbE ot gl SaPRa IR Fogr B PRk et T by
process such as rolling. 15 "El ectrodeposited" foil is

produced_by eIectrontlcaIIy deposi ting copper ions on
2. a rLQRSEXIp; : -’“dnJUnland t hen peeling the

bo H@d@é’%f %1(2&0%#)911 as 7 C)hj%ﬂgs eh?%gl‘y u-ls_lejc? in}® grq%treld rc]irlél%}{ Board

formng
indwsinyciih¢ fofloa pcbduuai m@ thickaevs nﬁtlmdm 008 @1&3135 akh@ore generally to a
eIec ic s gl ass

u ate [ ically a fib

ek éangeeog 8&@@#@@6%@?% in VP a4 ounce o)
Thquﬂ )fé’ﬂroﬁﬁce@ b?/QJn)é'om\g@m%bh@ "ProligRt o8 fsﬁ)rmeé ﬁgﬁéﬁﬁ&maﬂy

DuPont.” The | am nati on process i1 ncludes bondi ng
redvccn@ fb@ ;ﬂpeknefsswﬁ a ¢apperr ortcoppérelldy etripdiyrd process vwdhr astrelhng
0 o 6B LB S er B LR 5% a rotaing
cathbﬂﬂ'ﬂﬁmhlhﬁ theApedlhguhe defosited ip &oki thE cthod) to 30

mnutes wil| provide sujtable adhesion between the

| ay'diescopsy fﬁ’ékﬁ banded tamndislegisic substiate Brming apzintedgiraithpard
usm(r%oal“! ?r'htltoﬂ %rocc%g he df%iecﬁ‘llesut)gﬁzjb Isg?é]lcal?}ﬁﬁﬁ?é}gg 1%11’&91%6(1

tric substrate prior to ere are
eposy suzth atRR-bfa ﬁmhtardqineqooxa)/m d pxﬂ’ymﬂ@ suchug feaptom® mamafctured

f ol one exe ni gue i nvol ves .1 he . .
oy ke by BT ea) PO Db GPPReG b witp e diclecric
subﬂﬁwihk&gﬁ tROudc T kA ahd?%sglﬁr@ €A plesduret @ftabomoﬁ)o pounds per square

468 and 4,515,671, both to Polan et al

lnclbﬁpgm s adempgrature fabmetnlt75° CHosa timsaf prie 39 sinwkewilbproaisle

r ( atment. CopperBond is a
Sun%raaenagﬁﬁgga%ﬁﬂ%?%%égorat|on of Norwal k, 30 CT.
Anaidwekxiediecidheliyt,iiCis Diteh dedrablug heupheg ther s@tﬂhé@@ﬂ thé $oil that

t he depositjon of copper/nickel__nodules onto th
contagis i e féptrkcr%@bmtq rtdp besisieg Parle Neereig|Aapietycof techniques

avaitdiStd BhEhent tiihShE BIEEnt Bxemplary 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
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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United States Patent Nunmber 5,800,930 to Chen et al.

In sonme instances, at |east one side 1 WO 2004/053193
wWOCTi#0S2003/ 038592 of the foil, particularly PO®US2003/038592

roughened side bearing the dendrites, nmay have an

el ectrodeposi ted coating of zinc or brass applied

o QI8 iy BSR4 AR AR PR
electtoidspasited coatiiglof zincor bess afplicd tighetn e Thswobhimeekasdret find to

co fo is.e Lve to pronote adhesion with
enh??f‘%qg B?‘%‘iﬁtfelngths‘lfﬁg‘? ﬁogt‘@th &‘ﬁéh ?@F‘éﬁ}i’é?at?u rface

I OUGAEIB kikOuske D f B doBBnddasthédz loBdhe BYppbPRilGL BALLHVER) promote

performance requirenments of the copper foil for high

adhesierywathdhe diglspiricoabsteate thertegtseafanifacs! rbyghenmgne aBemugstricted

by ‘&1@ %%e%ﬁlfcfa% ?foﬁr&le{g&r}%ﬁ%r trrgengg %]I’,\é ?ﬁ%iggﬁ)ﬂ]%‘ér g@ﬁ 3?(18?{10}7

app(lcxﬂmlns SPfcﬁﬂ@ﬁah])call)ﬁtdAa%mslﬁg’lﬁle SoiFRRroust@ehs taket iRse electrical
ielectric substrate. 10 Anot her problem facing
Per%PPﬂ%“@de%Weé’Eﬁnfs O emiFEH e aghasiaay el sirargti) M‘@een the copper
foil&h& Bld Qbntiie sQl‘S ought copper foils is the relative
reactivity of %e copper. As a result, copper readily
st ahmghenmgoblamrfrsihg printeh eiretitbousd andufaurirs hsmg e1ther
theticall a. nd. may be a urce
clec B e PO B LY E TP RGO AT HRRET A & vt
copp&atstilystdins Sue@Rlithes STR HhiAgad ta6RHPRE aéé%’lhéhc@lgj' @hpléRant and
| am nation _can affect both the bond strength

maxeq hEBKCS Heprpblems duting e repnaifasture € thewbintadzirsuis dardh &or
exa%féq Et@ﬂuﬁ%ﬁf é%géglr foﬁ h%ls thEmEIﬂﬁo{l g&ty%‘l&%@ B%%‘L}ﬁl%ié&%t s‘%r‘ength

e'tar stance of a cop
betveecenethe &l dnd thp gleldctriy aubsthite ar(cbtihe etchmgmhaiabariéﬁi@m'f Ghe resultant

sC coati ng .t hat contains ted_ions of zinc
lam gﬁ efhe i esigtAce qf, raecélPWérf?ﬁ %@ﬁ%@%bagpﬁlmgmzhm (can

e SRR 510 o8 ol A Bkl

Thig m@wnmfﬁm:ed;msals@% treajmemhs displesad iroHpited Ptetes Patent
h nce nt coating is deposited on a
I«Hngf%ﬂ@%gbé§l @65 v foil, which may be laminated to a
di el ectric substrate. The peel strength enhancenent
coating consists essentially of a netal and netal

oxi de mi xt ur e BRIRE SEEVINGARY Qi BHRENMENKIQM i xt ur e
beigg, EQE of the mV%HEO Eggangrsnﬁét{lu}ég%}%gﬁgﬁgco%& 1s lﬂg})osﬂed on

t ant a ﬁr omum no
a sutfacehuféa copp]er forlgl wihivhnhagnbe lafiefel akl dicleétiie sutrate. Thiegheel
stre h%tps = eCtgglgntfcro%{Thgo Qc?ns%{s e%gern%g?y ofa }n%&? an(fl metal oxﬁe mixture, 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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The surface of the copper foil may be snooth, and the
peel strength enhancenent coating may have a

wohbaoaews of bet ween about 20 to about 200 angeTMS2®3/038592
Silane may be 30 deposited on the peel strength
enhancenment coating prior to lamnation to the

pcth BBl o R 8 Thensin WFHL sRPAEE acompr il eving e

smoath sutfacelaminaspto $élsleatrmcspbsifata‘ OA pedlattengh anﬁdmahbnt coating is
surface | am nated t.o glelectrlc substrate.

dispesqdchriy pendhm SoRRSHE ¢ Aiglpeiric substegle sad ﬂts?eqqm@mfoﬂwghlbﬂs
1essqpeglgﬁre ?:ﬂ'tb 1@%%5 ﬁbﬁtﬁﬁ%'%&%&%ﬁ@& 12 Bijdgg}o with TPC-

oi I exhib ess than or equa 0SS
TMe#50 @é@hoct 2ddhy u*mgvh ér8 imela Lt pecinrenatieob eziagl temefstdin ACHCI at

o 1 g AL B SR S B AREES) BT

equdlie 1p%eédg§ uh@ehthieNhaRHeRAén FOAN HIY ahB0°(Bios @ LRI bi t
| ess than or ?ual to 10% edge undercut after the

i i e8ether aspedt Nt tielinygntign, method fordnersasing thg peelistrength of a

cop%eggﬁ? gatrr?e%t%@ ﬁo é ?f‘é?e%{r%:cgsggsét?at&&rﬁﬁ?seg %Jr’]né)% & faﬁ‘ﬁﬁa{tﬂ)% fnt}ﬁersmg

the ebp@blefcmlnh an aygtstug ateetrcl@ﬁp Bola®®i cqutdinihg bRydrachsfairhéahfrom one

sing,., 10 the co in an eous
or H&r%e MaraH e 1gPY- &I%%j ‘gF?ilP ‘Pﬁjﬁ‘élﬁgl fens mangnese,

tech@l@@urﬁ rand@hénith: PréeRdiMMe 1ﬁét91bl's H&ct&@ﬁ%ﬁ‘ﬂ di&lof ‘éﬂlroﬁﬁhﬁim
nmol ybdenum tungsten, hanganese, technetium and

molybdenimpendagsemblThe aquiseusrselutloninsaysled @ctledroflytesolotien fan

L R R AT ——

and €hecdlédt@iIyte k6lutieh buchahal atdoetinEhdvark £ thidkdeds FOEWFdet @Bout 20 to
passi ng current through the copper foil 15 and the

abog) 200 tapgstiangs @@Fmsﬂsﬁ 0g J&POPH%& o dBamethpdiasy Rgthgr comprise
i IS Sl R AR R e

f urlh beetheroaspedt ©f thei mvmtlsnngcdppel fod gpelanfiitionite a didlevbre
after depositing.the coating.on the co r.fojl. In
sub Gl douDrigs & bRt o g of (e cOpRB IO pe fagpr s formed
frorh 8oRRrh @Ad ERhcost & dREdek lafd 1sifé*ﬁ&ﬁrvﬁ§}?a§ﬁﬁ@5ﬁs§s%ﬁltﬁ)n contalmng
| ayer deposited on a surface of the copper foil

at lqa@tybi%usslarm rTi‘tadsurfa@e ¢hrtbercenpenfillmanbel srzctvtb, angrthe thickness of

tion
the &gértqg?%gggo a ablo ﬁ% S%Sggﬁ 3 tq %r? gﬁﬂﬁﬁ %c e of the
C Oﬂﬁaﬁothéﬁ dspe@yf e ifvendioh, a astod e 1h&rb£§£ﬁloﬁ§1$ pOél strei@h of a

may be from about 10 angstrons to about 100
cop%é%}é }aaa%ﬁate‘ﬁ iP afistastic subsieade comprisse PRYSALBRation, co-

dep?@ﬁlfgjgm‘;)&ﬁre' hfASAdd Y dIBR! oSl fRYnbubhcd of BRYBPer or

amnat to a dielectric substrate corrprlses
copparibase alwyl farli swhséquant to he co-deposition step, immersing the copper foil for

at least one second in an aqueous solution containing at least 0.5% silane in deionized
water; and drying the copper foil prior to lamination. 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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25 depositing a m xture of chrom um and zinc ions or
oxi des on surfaces of the copper or copper base all oy
wobabd4j05319bsequent to the co-deposition step, | ROBUS200G/038592
the copper foil for at |east one second in an aqueous
solution containing at |east 0.5%silane in deionized
the c‘%&ﬁ%&r foblzag %chgﬁc()):d%?anhré?ec%}ﬂ/@gﬁlg @égos@ﬁ%%{e c ourlrligtmogﬁf 2i88%ons on
the dm)pwabﬂ diheubicltixSs bHa halyen.lﬁ)rrﬁélﬁ“roﬁdhd elposiidr Agd ime ions or
. xture of 30 chrom um an nc ions or oxides may
OXK{nFI g2y be-frqsp 8o qﬂ@ngsﬁrog}sée @IZ??}}WPP AEYOMSe ont ai ni ng  an
anode di sposed in an electrolyte solution containing
chrom um and zinc ions; providing 3 WO 2004/053193
Pc’m @@Q@@BMBB:B@ the Qleﬁémd:yip pantidrpis|a tasicaolutivh oclmammgd

| ect.r ol tlc echromu and. zi

hyaffRiipE Aol a0 TERR oy el b do By waT bR ot el 'S about
100 fel @Patverclodié bsRailentZhfiniufrkaltarhedih dﬁ&oﬁ@é{ﬂﬁuﬁﬁ @ﬂélther

about 10 angstrons to_about 100 angstroms. 5
the Z@Re WS REHe C %rcﬁélum R fams t bothds less Ban il . dn s r:@bodlment the
co Bt ARIGD) e AR, BLOML UM ol
passing alvent thrdl(gm tgé topgler foilvaikighe elettudlyte shimdaw ahdhrthat a current

chr erein the concentrat n of either the
densg 8 T B 1 HoRp B SGeE OPSLERUHA0 PO gy o} Bt e
centiiéBr ik pPovidsl. tﬁi&el&m‘éﬁ% @ﬁﬁon &Eﬁ cor?s%’t dapRsify cﬁrfro?ﬁ gdut 10

i ncludés: immersing t opper foil in the electrolyte

to akett 36 isdiNaQiddiraro abalstsﬂ 2@ a’mrﬁr bﬁtg/lthQa agh froleaboupParto about 2
e electrolyte solution such that a current
gﬂI%%F%#%gﬂ% ‘“fromabout 1 mllianp per square centineter

t 0 Tal@ldtaild ofome PehoGuiiodimarnsf theisenticn 42€ osifdel in thee
el ectrol yte, soluti on may .consi st essentially of from

accoppsmympsiray s gad the sisscgiptiongelaw. {Qthes tspiytes. ehiects gnd
. » g
advzﬁl\g%% S%t?hg; ﬁl%é.nn%fgg%ﬂ%@ g}é]%a{'r&Pfﬁlﬁ?ﬂfg r?gs%l 1%3?12&’ HfawdngsIhhd from
the daipesdi nents of the invention are set forth in the
acconmpanyi ng drawi ngs and the description bel ow. O her
features, objects and advantages of the invention
w1 be appapRIEF DEYORIPEIONTF THE DRAFNGEE aw ngs,
and from the clains. 20 BRI EF DESCRI PTI ON OF THE
DRAeNoSniiRe Wil be mare filly undetswogdiom thel hYowing detsilodd
-
descelglh in S0 LM Sbor iR EhL AR PR ks clemonts
are hurkiecred slite)tisd inawlkichunbered al i ke, and i n whi ch:

FIG. 1 illustrates an electrolytic cell system for peel strength enhancement of a

copper laminate 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;

F1G. 3ais a cross-sectional view of a copper foil laminated to a dielectric substrate
before exposure to hydrochloric acid (HCI);

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

after exposure to HCI;
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FIG 1 illustrates an electrolytic cell systemfor
peel strength enhancenent of a 25 copper |am nate
weacomrodsg to one enbodi ment of the present i nPEMAIS2NN3/038592
FIG 2 illustrates an electrolytic cell systemfor
peel strength enhancenent of a copper |am nate
acg@@dﬁ@g 1%?%‘\9%9%{@&5@89& I e oftl:h@ B f80Ing an undercut
i nvention; IS a cro sectl onal ~ Vi ew of &
coatmgpamct foil laminated to a di electric substrate

expos tohdrochlo 30 FIG 3b
"< 364 Subsiath fomifind et el iergiblost $45 funetioh Simcueent
undér@uta dielectric substrate after exposure to HCLl; 4 WD
2004/ 053193 PCT/ US2003/038592 FIG 3c is a |lengthw se
view of the copper foil of FIG 3c revealing an
undercut coati ng; o ph depi cti ng
per cent peel streng?hq%lgiss?%@é Nion of percent

undevcstirfacd treltmdhis k2 M&Qﬂdﬁﬁk&h\ltﬁ\t\@el‘;‘dﬂﬁé aiph adhesion between
treatnments, are_described herein that generate high
coppgy Fat aytha distspBissubgtegin ever whﬁre&woﬁb @peeidetlis psed.” The

$
mvelﬁiri]glz %Str Qlly gﬁiﬁf& l‘fl’? @o&%gfl p ée}pr%égé %lfg%) foilk Sw%?@ GpasdPfheans
that dtq@bw-Cbatslmsaalt Ilaayt 5064, by, waigtey af doba&e"Asmsadl heﬂ:ﬁl theattrm

ol LRt o G By 1 By Bl SRR
partieQRBSTusé i For 386w RRGTooRASH e foflythE dentith Suld WOk Iﬂled to
the invention is particularly useful for use wt

coppaifieilsrhayszomy sepee finishe Thatewe i @no@bmaa uprsl hepgin imegng @)low

profhig fEfoee Tt By TRuPRY P RE Pk Bl sl wley

distce meablﬁéﬁleﬁtﬁ an m]samr@usﬂ@@ﬁlﬁ‘faeé profiléheepver age of
five peak to valley 15 di stance neasurenents as

nmeasured using a surface profilometer. Surface
Treatnment 1 Figure 1 illustrates a system 10 for peel
Smﬁ&g@&g%ﬂeﬁqhancemnt of a copper |amnate according

10 e dQRe Rl et agematyol 6o Seeng pigpccpint of & copper faminate
accd%@in Q@Qsﬁr&'ag&c@of‘ﬂhé b%s@nt%veﬁﬂﬁ& nTH@%}%fé% 0 ﬁfélﬂﬂ%& Qill §169t§01yt10
oxi des on surfaces of a copper foil "14 using wh

cell 1 2 flerrqoedepositing paeniptuns o fichEPemitupeandiing metatsdorapxedels an@urfaces ofa

coppse(r) lﬁl))' E 112 %s1t11§ Qvlilat is referred to herein as a P2 treatment, and a silane solution tank

16 wherein the coated copper foil 14 is immersed in an aqueous solution 18 containing
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.

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
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 wherein the coated copper foil 14 is imersed in an

aqueous solution 18 containing silane. After | eaving
woheosgisbiame sol ution tank 16, the copper foil PBATNEY0BO38592

rinsed using deionized (D) water and then dried

before it is lamnated to a dielectric substrate. 25

that g?ﬁré%g@? ‘I% #ﬂg&sssocf l?tth&gm g)(fl H}%%? £ Iﬁ%déﬁleﬁ%io% NGRRe

I'on anodes bet
rollsvid6 rotuté fen adntmﬁe(bﬁpeed) ppthat theicbpiet fpib$4 esspositioaed bétaveen anodes

solution tank .16 c ins th ueous solution_ 1
24 foregnigedh e B Qﬁ@HS@?@ &uilfﬁe rgﬂ 2&2 fptatg %wéfthgg gpeed so

that HR: PPy @l1 14heirhmaMed indhe Eéj‘feoﬁﬁ Edlﬁhcﬁlf 18Cf6|? Q%%ufil‘éﬂ kinddas
hrough the electrolytic cell 12 and ane

dwcgmb@bdoW’tank 16, respectlvely The gU|de roIIs 26 and

ctu from 3 erial _tha not.
o IE IR TRARLREIRRTP, A ed tndi3h Sy B pfciiteq 8 ot A threct
elecirﬁaﬁ&reﬁfhﬁa?fjasts Heom theiagledds@ults st of @trp@seldfoﬂr(em@db) 14 by
electrlcal %ﬂconductlve mat eri al, such as stainless

meagy akthe elgstrolytipgplntiom2d shths wayrAUsDHERisn ewing vikkhe gesired

comBHiG0in YL TDGRSEA MLl iR of copper forl 14

coffteeldcardlysipseldtiom2? e ziqb.eousmpb!ﬁbn floit borisikts essentially of a

ti oned .bet ween ano 24 f a required tinme_.as
hyfREle, 0B, 1 5l osh AR 1 BeieE coble e e SHomiey SPF e
hydiPRRRG08Re 1§ ﬁ%ferﬁﬂ]? s&@tﬁﬁ%rydlfo‘iﬁde 01=f>ota§s1h1ﬁnﬁlﬁﬁﬁ‘ihd Bnd ABst

aqueous sol ution required time as 5 di scussed
prefwf@bbv\ﬁocllwnthbféroecllctedi\ia@lH)t il‘be bexavalent chaoppime pouseumay be any

wardr AR R R R Ouhd Gy Nt BB RGP T o,

COpp&E bchddbst &smpbsiﬁi@)al ﬂa4&gb yche sleanslytefsoluion @b echdiak ygsb@ually
solution 22. In_thi anti-tarni sh coatin

of fropeabput faboud é%grémslp@ﬁht&h ££/D o Eherfydeoxide, &@%‘%P? 23] t%bout 7
g/l og %ﬁlc iBhd s u?bﬁé indfle f oﬁ%ﬁé&%ﬁdb@é Yihd Gorﬁ?&iﬁlhg}sﬁgl% gngﬁé, and

ueou ution that consists essent
fronh Q.01 dxx abteit 00 gdef amamr sblohledmuaciend nbrosivatselt. Rrovidbd,e

howge, SRbEGASE 00 ChERgiar O30 PGP IET QAL A FoRgRTBpRels lss than
1.0 D%'ﬁ@ﬁéferr@d %B&ﬁﬁieﬁt t&%mﬁa%&aﬁhﬂﬁoﬁq%@hb 10 thh@out 40 g/l

exaval ent chrom um sour ce may an&mbmater sol ub

NaO¥izera labentt OcHr torpboh Zcglhpoe ms{sm@ﬁ lzfchezm?hezﬂqz@ of 92 to

t t
ol R B8 TR Db 30500} 15 FAESLA Sy e
theﬁhﬁtﬁffﬂc&ﬁ)a@mmtpaboﬁtlaseg/l(]g(/\m mfs t he hydr OXI de, from

F onHitb Fack ober caE B se SR LR SR RS Bche e e
an efeOR ke AdeditiBROEL shB i budfas Qalﬁ‘?lt RIfaR WM PrSvide a more

hexaval ent chromumsalt. Provid
uniform surface.

The pH of the electrolyte solution 22 is maintainéd 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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however, that at |east one of the zinc ion or chrom um

(VI') ion concentrations is less than 20 1.0 g/l. In a
wonrefimsswsl enbodi nent, the el ectrol yte contai nBCTUS2003/038592

about 10 to about 40 g/l NaCH, from about 0.16 to

about 2 g/l zinc ions, nost preferably be in the form

o 9By Mh ) by & L S Rl

Sucdessfnl @fatih i bebiiplidd 2vithos alyaut déhsBy gduging i{réﬂl)l rhidligmp per
Wth each of the electrolyte solutions 22 described
squapiie PRIt e/ Cnt) YPSo gRpYthAIRP PHSAUATD SCRENCIEs & oy preferred
curr&ﬁ%ﬁﬁff 1§Eﬁ' Alarfut @nﬁ@ﬁlfna?cf At SOHEM A, aPHeYa{ctlﬁ‘l‘ l:Lfn‘?éIﬁ density
ovi e a more uniform surface. The pH
empéiyed iy dﬁpph@ns oh thtei tome B2 01 stmpi Idtis exdedio tbasuu:entATp&t is, the
m ab ut 1 ferr

timege Eoist FEETER 465 BRVeD Reame 28 3of ipeRaf ot Busion

22. USPpREN R ithik ASvefl g i Gm ilﬁﬂip €0 & 4Hoft 2PsdcOnd@h (Dﬁnr%QﬂlsQwell, an
For nmaxi mum deposition rates, it 30 is preferred to

effeqtivierthigkness péthe|aatiamishceating mponne i depasitedalie sffeetive

thickyliSs 108 SRR O R rinitiBin8 BOler Bitplh a1oiiled temperatures of

up ts abatit i100° €2n aipésraibest 30ehinukes. Bherdmiptarmstgenatihg should ﬁtrther be
densiti.es. Successful coatjn b lied wt

sufficignfly thin da he FWW%IH@W?‘& f&ﬁ%§° ﬁﬁ( F‘icg ﬁ%%B%? or i tRss y aswt

% H5SO}, LI E@lﬁtl&lw ﬁ%ll%d&&t%ﬁ%ﬁ%ctﬂvemuﬁfﬂnﬁtﬂé@ i€ from less than

centinmeter. more preferred current density is from
100 ahgstron® tqﬁb@ﬁ@ t micapisu tSutoBshitewis havh deercehiaine¢ withenating

wicRBF 6t 5 B S SRR TR T s

abouitN®0aERRImS Bt breSérfddP TAL cdadinb edyer RisufiieralRaiiao dfpaand
imrersed in electrolyte solution 22. Typically, this

trangpAgqt of frppart a;slighp grayivinge tobe coprgs &t 145 seconds.
I t
ant’ﬂlh_@%g%tﬁlli 3 \c@g g%)%upe?[? oil ?j glgln c}hé’ @le%ﬁjélgﬂf@@élsl (Pgﬁgll 1@ Qirected by
rollezs P& dtrou@l thhiaghkaoes solu1$ort Hain thésitdoe es]smommkl 16. dhe aqueous

soluligh 18 piEB o o ot I DSvEH BB LD K5 RAral Hewer #it
tem?é?ﬁﬂuret S RbwEnG®ahd IOCIHavhd 3ber ta!ii& rm&s ﬁoei” Bl'y%eﬁv@éeln)ﬁbout

hin to be easily renpvable with a et ch
20°G & ghaubRSUs. Phedappetbloil 14 ispieferably msmeémﬂle@aumqsmlutlon 18
d that an effective coating thickness is
for?neseé?nteagsrﬁ gn 100 angstrons to about 0.1 m crons.

Su qthess&{de)f doppet ol 1havis theslaboditivadand 14) atdaiy &ess
hi cknesses as | ow as 40 angst rom and coating

CleciRiYia RS A BRSO Eion O3 Ay derigd frgm the supgasge of the
cop%&??@'i‘fgsﬁ“ﬁ Hﬁseasroﬁltfbﬁl%egf cro%?pnsyagmﬁ&@& WAtk RYGRE pieterably, a

iciently thinto
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 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.
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transparent or inpart a slight gray tinge to the
copper foil 14. The coated strip of copper foil 14
wexbigmssitee el ectrolytic cell 10 and is direct edCibgsS2003/038592

rollers 28 through the aqueous solution 18 in the

silane solution tank 16. The aqueous solution 18

pr af lo] B i st . O |i i . .

(i n et ERD T oBopd o) EF By B dnEA By 0B AL Fho iy ey
be cd8(elgq athout tediperatmayorizardpitkhrd dbicyd beivweferelcince

20C tao about .25C. The copper foil 14 is preferably
accql‘?’fﬁt&ig@@ngWIQIH%Z%éH%H%OE@F&PPR% fqig14. or  one second or

MOIASter Eﬁﬁngttﬁé ﬁbé)%gra%gﬁﬁefﬁa}t @kh bd ﬁmgc?&ltté aldiBectiid &fktrate for

sol utior tank 16, any ‘excess ctrolyte solution
fornigg aprnted veous bead ot therlikeisimgyani dnown Sedinétrarprobess. The

i 5! G555 b S5 9RREPAL © gy PR s
(a fift @b ddny, Pdss &Elle@YSdyg o & pagHeide st R HRbrOMaREEcINRIIeTy

rinse sol ution. e concentration of caustic is quite
DuPogty, Thegainatiop grasesstmayingude hpnding fhe ceppestfpid layer to the

srGSRESEREA @By 3L 5OT RNy A, 000, EALLS5BS o
300 pki, atra t@hipataturenat loudt 73° M@ fdrudinaxoftie tof3Oaninatek atill peovide

.earth nmetal selected fromthe group 30 consisting of
Sultg’gﬂ?‘ﬂ‘ﬁﬁﬁﬁ}g?‘%‘ﬁﬁeﬂg}e I8¥%i um hydr oxi de, pot assi um
hydr oxi de and ammoni um hydroxi de. Most preferred is
cal ci um hydroxi de. 7 WO 2004/ 053193 PCT/ US2003/ 038592
Sur, ap] ng, the strip of copper foil 14 may be

O g b3S TG BB o e oo

strefifte Ealiaheen it k6 fingtsiCLEhat i, sucyiditl 1 ddebbaEaspeHt A thdgesent

. of the copper, foil 14, After dr%\gn%, t he copper foil

invepforygy shavah b destabdicres!la0dnddss eripnk L ernisinipg apgauecys
Gyl Q3 : I

cloc 6T Bt 5 S s 2 oAV i 1t 0 18 DWasce

Guideanpllis 26 lmegehe sed tococmirpl the tavéli didhigitap of cqipef folckdthrough the

epoxy s FR- 4 fire retard , glass filled
ctecfRRY ¢ 280, 1B b ot e b Rt of Beeceb ibgoes not
reacPWitA*ectré 38 4. "P}eﬂf&gﬁ $51c88)0nk BEtHARIdRA0HE PG istBAned

copper foil layer to the ielectric substrate through

from preclgeeically eraductiisdngeralstnch as Fginless sigpl 8o that pewsentmay be

. f ab | ¢at : 7
nupfRgp AR Y 0 PP SR ol B CAIRERED e RIR% iR s
contaélhdsspesd ethwahacépper faly By 8 poSitibhaidrtw Eadainoeey 22for a required

time as discussed below.

In the electrolytic cell 50, a power source (not shown) is provided so that an
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.
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Referring now to Figure 2, an electrolytic cell 50 for
el ectrodepositing a peel 15 strength enhancenent
woaei4i0ag19en a copper foil, according to a secoORATASP®GAN3SI92

of the present invention, is showmn. The electrolytic

cell 50 includes a tank 20 containing an aqueous

& slctpab S folfi &S R
Wheip 8 il s cripdbh W fofflira i MarARRER Vartdh, 18 SRR ofitining
the laeger hembsed axggaoatomslis proferted dive] thof-atdigom)t andthefoxyanion

copper foil 14 thr h the electrolytic cell. 50. The,
conigbigthe it sEmbRlel i erLps Sp it GrERy? (v i e ht
ion)d @@8up 9B irdludeBFahadihch iBbiARE bRl MhRNER! Brd 6B frcludes

Preferably, at |east one of the guide rolls 26 is
chromgipe gnol ¥hdenra.nang) taegstane £hoyp ¢Brneleddsveanggncse; tgfhnetwshand
]hﬂﬁanstainless steel, so that a current nay be

I'npressed in the strip of copper foil 14 as detail ed

bellowpréBireleconmpdsiionbthelatrdlyait salutio® B2 conth@e chiparek, SO
t hat the cop&er foil 14 is ositiongg bet ween anode

des
tungsipts, 9F melyhdaigiipasdn LT water, andifarexempie. sainsis obaboph] 9,200 g/l

sodighf&ERBhatd C()]ﬁﬁ}nlcllly'a,%bo PRVRD FIUERE §lite SHAYndr monductive

provi ded so that an electric current may pas ro
salts vy teraddedtodncreesetthecatducivitf ofdbpelestrdlpie] If e atdfodesl) 14

by. f _th ctr.gl yti. [ uti 52. | [ .
e T R UG S e AR 3Roun sl B soaom
diched&@shteed conposition and thickness is deposited on the

foil strip 14. The electrolytic solution 52 is an

aqUaswdl eloheelegirolytsriokition g cgp by srabpinedin thpsangg of abaatt 0.5 to

N T R TR R ——
9. Thbtlectadlytczeludbe 52 néaelily Bpedates abdlytentpeeatures &bmi ®om temperature
up BN G005 BarSea e R i 1 P A p painin the

electBIyR QFutB £ £RRBraARE irPRY¥ LB abAR 20X 8N4t 80°C, and more
containing the | arger nunber of oxygen atons iIs

prefprablyehetwern(about 40°tGieo aboat €0° C.on), and t he oxyani on

CoR LR 957 UG B QISR AR

SuctdssfulieRgingamadiibe Bppliddobituacurdell demity ahntihg FoMUPaBs per square
i ncludes 5 chrom um nol ybdenum and tungsten. CIOﬁP
footApsty pR faughoyt ARfhaphn dsrorernsefared purrsnt density ihEpmuaboul 1P asf to

aboit! 1008 fla k gﬁ%'té%’ﬂb@f frobUbofil $FLsF A 7’(? %/%d g?ls %tiuﬁ’lrbuﬁ%ntd?ensity

contal As ¢c ungstate, or no el1ons In
emphagtedris deprddertt on tleextamp ke, fod et Bt is erfposad outhe tutrent?2 bat is, the

A di.um di chr.omate. Opti |1y, .about 5.to, 10Q g/l . .
timog coRtee it s 1915 By o (TR naa g Fagtred if fledeythsulution
52. 34ekerhbly tHiNawER EfetiH R N ABGINLY bt Mo afdBiofd ety b&ween

In a preferred . ) . _ )
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 IPC-TM-650
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enbodi nent, the electrolyte solution 52 consists

essentially of about 5 to 75 g/1 sodium dichromate.
wOoheo4psB198 t he el ectrol yte solution 52 can be PCT/US2003/038592

mai ntai ned in the range of about 0.5 to 14,

preferably in the range of about 2 to 10, and nost

Metho8 hef.@bh¥inkR 118 %ch%ggtegtf ggéif%éh St Bein égfm?nerigfﬁn 4N HC] at

el ectrol yte sol ution oper at e
aboub@ﬁﬁ’é}%r 6 heuwrsf tIB(aﬂ}MfﬁﬁOuemdabled&om ThepInstitutd fou fntdROncting

oS PUSPRSEN 3o 85NE by 5580 LSS 0oid ipos o,

andtﬂil &esi‘cﬁb@ncﬂlrtﬁ&maaﬂmw oviaRRYke &Mposhidis 'Epfh% treated surface
preferably between about 40 C to about 60 C

have nathsen ppalyzadsitus believed thsseptingeoniging a mmtarmf@eetalang anetal
)
o L R sbbf 206 gt 80 Meton kIR, TS s Bidipegt e
coagugieowdd also oontgiasbineupictoeroabimess R0frovigk thefadi®gién enhancement
£ Eeferred current density is fromabout 10 asf to
out 100 asf, and nost preferably from about 30 asf

t 0 THe Raifed sttiFo PH@‘I foft llfl reﬁﬁ‘é thg %ﬂ?%f;rBIXItlc REIP5 Q¥ ark excess

gﬁndent on the oll strip”14 I's expos
electiqdyte salniden 32 manbe msedtimm tlnq S‘tlefat:ftss)fdbﬁpqzrglpen‘ ﬁmll 14sﬂrhe|mnse

T R -

added tosthe éelabﬂetl wates ﬁ@lﬁmﬁﬁu’cﬁfn "Mie @onédnetafi® 6f ek dhlty 1ow,
aMLmeen about 5 to about 25 seconds. During this
undgiyePerognt mbrefeablyrthe eaustie canPrikaiionds Bpmeabeutt0 togbpuntidtparts

per BITRACEIEDLSGROR LR E 'EHW ? ﬁlg&oﬁldg%garjrl a3l niEhA: t}geé{y%(reomde

m xture containing a neta el ecte rom groups
of ag Bkalineleatth métat Meqwrﬁrazrd itlee gratyp eormfstlhg ef @dc&ﬂil’ﬁ rlhtyﬂrolx&le
deposited, on . the ¢ er. foi V\hent eI strength
caleifif B¥ibR Rt Bostsiins RFGRide 314 g iisphaibogs Masiaetened is
camhﬁhhﬁmbﬂﬁmeffectlve t hickness is that thickness

capabl e of providing less than or equal to 10% I oss
of AfdBrinsingethgship Qﬂ%@ppmf@é U# ethyibe daied bydarveé aini The air may

o R A A0, RN e e

accd:ieriamg dryime rrﬁmchlzen; sﬁbttlk@of e coppaubil @@C for 6 hours.

- JM 650 is available from The Instjitute for
&SRB ﬁ‘h @Oppéhg’ L%W@ﬁ)g thes beberdsddniadieipqtae pybstrate for

fomglﬁg Q pintedi SRt Bo AR R hl{le ﬁ%‘ Wg%“é Ilirhfnﬁ%lf‘?rggc?s%g The

] I's described in furt I"ow
dieleairip sidistrate nmyahchlﬁe for eatmpit, s dibbmatess Seihfoveedrepdxparh as FR-4

bel d [
o R B S Do R0 e st v
DuPQ;hQ UTheZldmiikutidh prdcedd@api@fide BRdihShe chpferoil BRRE RbMe Of
coating could also contain sonme mcro-roughness

dlel@%'rl?) Pbsirals tl@rﬁgg}aﬁwégp ehheap padptesparg. 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
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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effect. The coated strip of copper foil 14 exits the
el ectrolytic cell 50 and any excess 10 el ectrol yte
weabutossn352 may be rinsed fromthe surfaces oPCThs2003/038592

copper foil 14. The rinse solution may conprise

dei oni zed water. Mrre preferably, a small quantity of

a caustic is added to the deionized water rinse

solution. The concentration of caustic is quite |ow,
EXAMBRES1 percent. Preferably the caustic concentration

is_fromabout 50 to about 150 parts m])lion.
cal/Sipps sampasptive g expmplary RSV IR i© Eeeteé USIE COPRE | PS

lamiABledko 2 FRA ?glgééq{lféﬁ' egsxyl)%ﬁéctﬂ@ sﬁ’dsl‘r@tle' Hfe %Qﬁrge? OB d@lectric

sel ected fromthe group ‘consisting of sodiu
substrptes and ldm,matmalmathnd 'hspd nosdcief tfmcﬂaer@iﬁs ovare mrsamed ®iffemint
ant m drOXI red cal ci.u
trafEAP e HRE Vige e B A oo RS Bt e st B ofhe
samﬁl@ywlaﬁ ﬂﬂ# pesl shndpeetd idhécorddnee dith IPBYTMB500@6thod 2.4.8.5
9 room tenperature) or heated. Heated forced
usma |ar1 3 gwb N@@%?eﬁte?ﬂ’e@m’?ée Neast, 38 bt eneafdbe spmnlesgvere srpesed 4o an

svsﬁé édl@t?oo %t 2%*’“@ 508 r48f %'u}s ahd ahégif I8 sgﬁegg{&r{g%%&r ?@m in

e bon
acccsdmm wathdPCeFM- 65j)rMieﬁgda 408.5 d teett the effedttof hpdrochloric hdié (HCI),

ss gy e GG R BCE R AP P CRTe oreipa g A amaated and

pho&aaﬁ{ealp@ﬁ%dr&fcaﬁ%%ctp@mxrh@fe@mtsaéf tﬁ&e%sts( a?fe ‘i)ircfv‘i‘ded in Table
retardant, glass filled epoxy) or a polyimde such

1 WK@btlkbmshﬁma@smﬁtapﬁdﬁemyes% imgagian. The | ami nation

Pk Egferdloib - PRLESE VAR 10 SOR RO R ool ) derbrfbfS ek et

strerptie 6 54l behdubol acaAbiphitemperpfu@ss athe text spdoifits thad A Bstispecimen
at .a tenperature at about 175 Cfor a tine of up to 30

is a Janppated copper f%]r fé‘%ﬁ i such dedenteasdnkuningomn stripklss, l?lrﬁéﬂfs
crack&%5d %Ver-etglﬁﬁ @ﬂt &d ﬂ{( ah%% iP ﬁﬁ‘%ﬁt Eﬁ‘ ¥t%ﬂ% Qﬂeaﬂ\é

gécone appare ron1t t tol ow. T
prodesﬂeﬂwmggtaadaﬂph@strarpeaclumsamd@qunpment | As sppaiee heteirt, thlmlmaged

B NN T TN YL N N —

by PO Rk kst ﬁd ifetedIhatie BAIRH (8] WPk cdiSalbrt tHS b of the
copper foil am nated to an FR4 (glass filled epoxy)

specifinelr.eBaghj speeinisstis tice secuh@ agepples hgrejontal girdicecwith the peeled

metﬁ%ﬁrﬁ% ér%}e%tméﬂ?wﬁ&% h%g%’ ﬁg%{}ﬁ) is %ﬁsged %t\gge%hthg av&shoq" a

testing machine clamp, with the jaws covering the full width of the metal strip and parallel

to the line of peel. A suitable testing machine is that which is commercially available
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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treatment nmethods were used on the copper foils for

each of the sanples. Each of the sanples was first
woeal4/s319engt h tested i n accordance wth | PC TREBAS2003/038592

Method 2.4.8.5 wusing a 1/8 inch wide test specinmen.

Next, all but one of the sanples were exposed to an

%4 . ' le %P .
s I S
sampleQ-réfbdi&Da Ml bivehg?h df @hobt 5.6 poaesds dehénchi(tbethchdf After 48 hours

hydrochl oric acid (HCl), .as may used.during the PCB
of RS € HEG bt St SR PEide Rk TRt about
4.4 B8Ghchphot odefi ned printed circuit board (PCB). The

results of these tests are provided in Table 1, which
i | [Gompagative spaplefd wes wanufheiursd esiagta smopdnedpper follrsubjected to

| | PC- 650 hod 4.8.5 d i
the SR Rl e SRl Pl G e O SR P pée?
streifiR bLaoutt @1H1Bs/RicH! ESompdigtiviedsinpiBadlimBatddNadro hbé stregdth)

specinmen is a |lamnated copper foil free from such
afteiyely d thoun el exposike fathedHCl sphitigRy es, Dblisters, cracks,

an - 110G, N ] ' S
e
presemidoredntipnp Tae smoeth capperdoil npmien texerAplagpahipde3 has @irst given a

the i [ine.i.s 1/8.iNnc nd she sanmpl.es with
P2 igifiped 2 gpes diptid S e SRS R L ket & o G RRgae boagy &
appRRBhAt&Ig 20aC Kot iR sednlddr IndrBCMhé Santiflétvat fenrinB&t BfDPR&kr and
i s perpendicular to the edge of the specinen. Each

was glpiee prento lsminagians Beql seengily testing olcommaratiyasampledreaended a
i I et al hi ' & T
pelihlh O 5853111 BUPEPLES AR HRIRC
compeasitive gamipie Biptevidédarpeel virdrgth titaboan®.2 ¢®9 Sribgigch.he ful |
wdth of the netal] strip and parallel to the |i_ne of
pedfomperaiiyesapple 1 wat Al fagpisd Hsing spogth gappenioflsubjected to a

oo GRG0 L0 R Sl B ERE o P o
secoad e tregte.i Whe beanple mak eeh rpkethie [Plowatetind waasdiriaderive tal

foj.l i ull e t.a rate of 2.0 . i nch- per: ni nute.
tomupion, e Szt B S oA Serale e R L hitor
abohtOaslysAné)i t s of  pounds per inch wi dth. Conparative
sanple 1 was manufactured using a copper foil having a
ro%@?ﬂplg

D suapls SrBragufactred ineapcaidencecwith therpeanaaspect of the
presgﬁfm{/%'rég, ﬁer%!a ﬁ'g)%ﬁpéo‘f)%reﬂilt\@asttﬁg el n aggﬁlﬁ@%ﬁ&{tainingn q

escr er el napbove, ere a mxuure O romum
dichromatel Bpecdicaldy ithieslitlonOn2@dd/ 16531%dium dichromate and 20 g/l

oGRS OR5E5R SR eRE P S e O i

lamBRAB) B HRA BNERERL RilBE p%&lrs%‘éﬁétﬁ o?he@dREN s 32und PP1HGRCh.
per inch (lbs/inch). After 48 hours

After 48 hours of exposure to the HCI solution, comparative sample 1 provided a peel
strength of about 3.0 to 3.6 1bs/inch.

12
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of exposure to the HCO solution, conparative sanple 1

provi ded a peel strength of about 4.4 Ibs/inch. 5
wQaanpasamsve sanpl e 2 was manuf actured usi ng aPemwS3/038592

copper foil subjected to the P2 treatnent only. Pee

strength testing of conparative sanple 2 revealed a

peel strength of about 1E bpllnch Conpar ati ve

S o e PR SR et o Y

1 hour of exp

r@fé'NHﬂnb‘er Hﬂdﬂ featotstibabicd 'A&ta‘nﬁﬂatéﬁ‘Pli%ﬁ "‘Pe'el'Strbdéﬁ Fofldwing HCI
spect  df i3k €SeNnt | NVeNgtoRdn B SNDOt Bp6RRPE

1(cd hrbtiv > CbobﬂérB@ﬁ&@%é&e@E ¥, Sanp| € 3 oWasn 1 T 5L Of YeRjineh 481

2@ ppand then dipped T a &xhi 0N of 003 %iwh HafHe
ekeﬁplé?}f { den20mipZaxh), sidad BlltiomT | apE5hciBL €]y Z2Q.3130lincof &r)
second rFigegec) The sanple was then rinsed in DI water

4 (camparativeya S| rin @8 ghank eofutidno | am natiibdwinch Pee| st rengt h

5 (exepgltry)ng |dfleciodeppiipreit dicpemaianp| e 53-55dvimal ed a 3.paeblfinch (48 hr)
st rengt H solftiom(Senand Aspesl) | bs/i hch. After 1! hour of
exposure to the HC solution, 15 conparative sanple 3

pr vide eeI rength of about
Coprare e TCR APl bRl B L8Rty ] Srenen
of Ak Pey lbﬁ/ﬁhdh Wlﬁblh&@in@dh bea@r thdh phd ﬁéeﬁstﬁdﬁgﬂipreﬁdecﬂ b tleY%urface
si | ane |n Di (dei oni zed) water at ap oxinatelg 22C
A

treatmsptsgiped ntc,@z;ﬁwaatafe saples 2nd 4s whpieonlipena ¢fdhe 7 asig silane
solulr_?!)n Yi@ﬁtﬁ‘[?nmgs Ued. [51256 sRbHA fin Thle I1 eﬂﬂ;idr?evegggh and 5

rength testing of conparative sahp ed a
proxp)m pﬁl ls‘eergt]ln fofsndothadoppér fhil Shat lmdubmhhalmm ta ltlge 5.6 lbs/inch

T R I NN DT S —

trea@BROhRtHOAR Bﬁfhefﬁi’ésknﬁ’iﬁﬁeﬂnbﬁ adngshth Bopbed Rlildah Mave a peel strength
contai nin i Chr omat e. SpeC| fically, the solution

subsEdY e 151k bhisad sty e HEoraL Do Eope 8 i

I t t dj n
CorpliEsR oot Bls PP R0l b aedil wABY et i drui
featiiree at kigh fieigherltadighabeflsmsitanes gistriotf thb deyvee 6f @r&camhghness
5.5 Ibs/| nch. After 48 hours of exposure to the HCl

that gy hei usad- Adseperemnlars sampiss & and 5aligishewy the pided benef of

b &
mai ) B ek B4 oBlsbck 18ireRd Cofirtthdg tratment, and
SUbMIfaHE digheetianéint obR2 Reainest slemy pfiendxpGuiré-ti HCBanpl e

2233 Wik % glglP%d;glfé?%L§tfegﬁflﬂassﬁ%%ttQ H%i e')/_;\gos%%le 15 aarlunc%on of the

amount of coating material lost between the copper foil and the dielectric substrate 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. 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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Surface Strength Exposure | (conparative)
CopperBond(r) treated + P2 5.6 Wnch 4.4 |Ib/inch (48
wanryo4dsgesnparati ve) P2 1.6 | b/inch 0.0 | b/inchRCtASk0p/038592
3 (exenplary) P2 + Dip in 0.5%silane solution 5.5
I b/inch 2.2-3.3 Iblinch (1 hr) (First Aspect) 4
Whéreaopiangimiteail 6 i aipeelbiBipthichRaR L x?(n% )
o El ectpr@ode o%tiﬁtei on F%e%ﬁhm% . Qgﬂ?

thi E{B(sexgﬁpl arty) ]
SRS REHicgoaie waipyialanay lgatieu) 20 sosheut 2004.Second
ASBREdah b2 Bt BAICD 92 $200e bl AR 8 Hal B S A Sxtends

3 and 5 each provide a pee
substasjeilyi ¢ thevaidecturfasesrB6aif tigs foélt6ar Expasurt REHOEShish KRG used

i ded the surface treatnents used in
for il e @P%Béﬁ‘rlﬁﬁfs agoBlon,0§ of thegaatiag ewicylabsrepioximate tiRoedge
surfiides 65 @0 Bk Féhidyved $04. UideRtul)! £ALTRALL 2@(3 ég)f] gﬁg 9% isgéi,feggthg'ise

. shown in Table 1, exenplary sanple r
vievhakdhe sripefdon 6P geveshmgthh uodgpperconiing mbfesitl 645 As can be seen in

S ' .to the 5 6 | bs/inch 10 peel
G SRl Bhe Y BRI ere=odS g B BeiBeoes Zaette
coatingjrhaterf#légl, with the surface treatnent nethods of the

pr ?iﬁn‘i .invention, snooth cgip er foil can have a peel

strengt i 2 s tibrspressntgtionnfala a gathened fromiths testihgisiivagioas

a8l 5 1 0l e . a
e B P SRS e B otk bt e ratgd p an FR4 (glss
ﬁlle(bﬁﬂﬁﬁﬁﬂ’? diglastric sbetratestd dopicts peed seédgtividss (hpat #ﬁlﬁﬁti(ﬁ{ of percent
r nc i ransnmittance restricts the

a8 SRUE i R0 Pl oh ecnisel Hismaiilgsssan s cpromnt as o
lineae fieroplonny es@ideud P, e AR cSRAMALAG é%‘%g?n%gtfﬂ,glfdﬁée%ample

of maintaining a peel strength Tlose to
due tosxpesure to kGh ﬁ?!ff gestay thy peel stremgth lgss.afdith ephdttaic sabdnd
[ : d t.reat al.one, after_ exposure
e A B A BT AL A B
resultsontdGedwstionsubethitlse perfannsddenmdefeut AR th@ FeieBit pREi sére?ﬁth loss
an e

cagti ng naterial |ost between the copper foil
due tg i%g(#lee@‘% PYUEe.SY s Sonparcd e gEer arpanthipribeceatings XPlos tasting is
descibedbai@yerial loss is referred to herein as "edge

undercut”, which can be explained by reference to FIG
3. Tahle2 igdudes the datoswdsegerenatatheviraph IFFIG. 80TRE Hath @f Table 2

' to a dielegtric substrate 62 before
Were%%%%@%?@%g%ﬁﬁq iciiod Ip Sch EriRus RomppRrativeandeemplary baninate
sampdasdvdrb eredied| e ilelshioofddphé - ' eri.al

64, . Whi f:h ma ﬁltt%es aozi ncb %ﬁ%ﬁ%éﬁeﬁoﬁ%gﬁ%ﬁ& tréafinents.
Compafptive W@#& EREesARL knownantfate meaymbims,avliBedxesiptaey gidiples 9-
14 t [ ' rdance with fhe second

e ARt Dt AN 6805 Bt st olto? pregn

invensigd (w&pq:: trgatmeenel)i dthe@dphenifoil,aligledttit @lfbst}ﬁte,j?and lamination
meth&{]&gegqrel feécrl]leoq‘t elz sea%prléscoqua%{eaZCvever%ncheta Ea%le?gan thehsgmples differed

only by the surface treatment used.

For each sample 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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t hi ckness of the coating material 64 is exaggerated in
FIG 3 for purposes of explanation. 13 WO 2004/053193
wWOCTI#0S2003/ 038592 Where coating naterial 64 PSTASP®AI38592

strength enhancenent coating, for exanple, the

thi ckness of the coating material maybe about 20 to
surfARAih 8 Der A A LRSS ﬁ@ol‘uﬂoﬂf bEAmMRBBninkEH R6R163(A28 le

to HCl, the coating material 64 extends ‘substantial
ammenivmeetsutfatenlns Ho g)s' v Bt oﬁdmacmatedaalﬁn@@wd: (@oubl 8 molar)

in ol e DT NPy es P waotisaref SRR s R 8 and ariea

Nexpth teppeefdiheassiged aptd @tJﬁéklﬁﬁs ﬂr@n bﬁoﬁtmedo 0i00e6 inches
undercut), as shown in

usinggRgeilipaer hﬁﬂéwﬁmuttbwgh@pﬁﬁs ;66%5/1 ﬁ@. a|nd éé gﬂesvhfaw AgdimBL
SIS GRALR ARG 500 R S DL P
of ahm}tmaa ang@fengd g &sivin gxhllbﬂmm papentittey Yridchviidé b4 .indDiong test

is a curve-fit esenta i on .of dat at her
speqiIgis 1A RSB IIG L SRR T DA 1 1/
inchS@MR @M@ RAbRGAYS bRYistRRdesr. fidleledb&rirmad %cﬁﬂén@ vk ightly
(glass filled epoxy) dielectric substraté and depicts

poligleed usiierabiifk sritipeBe t0 sgmene anyfdamess tat mighd be draduced by
shaﬁ@% ercut. As can be seen fromFI G 4, percent pee
ength |l oss can be represented as a |inear function
of Axdgsst tnd epmﬂlensm.ts prdpaedIfor eick dgaplendiaifoftthe spec1mens (the
experi.enced by e sa | e 15 due to exposure to

contrplespgFigen rW?rFl @e SEpngt FeéF?&tl’h ageoE@nCEith IPGgTaIYIoGStOMsW@d
2.4.8860Rbut ﬁéﬁ§ %%]&ftec{ ﬁq{(ﬁg eﬁﬁzmAs' ]f‘atﬁﬁﬂﬁﬂe&’ det Ht'iér%@l?for the sample

t reat nent estin s shown PS tre
is theewealage péal ltaadrfedtlnctcommll spedimehs inhmitp of pamids peigech width. The

remp RS tRe veta e AL S AE oL bOGR ol Sed Py insine
and @8@hg.NThe exlfos&d dpR6ToNE webe th@ﬁiﬁ@dl I }b%k@&ﬁin 2 oT@RLEewah
i ncl udes the data used t&é%enerate raph of FI G

IPCATMAt® Megthad 8f4.8rableTgble dethe “Besh §tram$h| I Adlrd1EkExposure” is
the %@e&%}eeﬂo\ﬁ@ fo%l?hev 8{\% Sé)% H{égg ﬁltl.lm\{fg o?ggurﬁtéﬁ)@p 11%1:1 ¥v1dth Also

I"es usrn
shoWn lith Falde Bjmthe@érdent het §teemgtit lossufof az(bh shim@ Ry Whmhas equal to the
npar ati v 7-9 represent. known surface )
pech§gR £ S|0é%1@ﬁmsaw>@mdea§ a@er@ta.gssf&e&stlmnated
peelSitfcha®e treatnents i n accordance with the second
aspect of the present 25 invention (surface treatnent
2) .ThEipsrasoppsige uhdércyt foi edchotmpls wasisistarmined aafiellows. First, each

exp QB GE ral el A 008 rRE el 0E B PRbFRSopry e

edgdyf theeostitdl rageridlre did eIzt o shbwas measured on both sides of the exposed

specimen at three different 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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For each sanple in Table 2,

the treated copper foil

was lamnated to an FR4 dielectric substrate (FR4 PCL

WwQ@204hvaviong a gl ass transition tenperature (TgpPCofUS2003/038592

175C) .

the ga;/rfgﬁg%&yr

30 The lam nation cycle consisted of 50
m nutes heating with a maxi numtenperature of 182C and

rtl?enoéalc%gaq

he expose

O3 G0 syl B

ooI i.n
speci

assAEedSRA 0 DBRHQ 2Thespuréent ed g urideucfoppash Jagiple W@sovided in
tched in a solution of ammoni um persul fate (120 g/l

Tab, ‘?r%nni um persul fate plus 3% by vol une of concentrated

in one liter of D

sul furing acid (about 18 nol ar)

wat er) at 44C for 45 seconds.
rinsed and dri ed.

Next ,

Mable2p

per .foil

The sanpl e was then
was plated up

to a thi cknes §ffdetod Saraleuedatniant @R Bsdl Strength P Odkoiti nches 5

using an acid copper bath without brighteners (60 g/l
Gamplad gJregimentdppliedipi ¢ Aelaminated Df Peeh@irerath pt% PEDC) | ThEdge
dwmbsred | tSHPethk PHES! Fglhs oB‘E%ﬁ“_ﬁ&@‘ i pAften6 HEHRL T $teengfls | g Undercut
current |density of a)out(’dmbGS Enp. | W98%ng a
et L At illnag mnanar ~gg by 1. A |nr\ I)“]r‘le byﬁipr\hlnnn
‘%arg%afat'vegpe%% @%S%Fe or epa‘%’%d frpm e:QEh sand@, and &2
c‘aﬂba"étl\ﬁ Cph TEMT Was ttrefr—sheagred—t 4.13199 ek VI de USi@g
8 (@mFEFE) § ZRNUE PrecTSTpn blhp'g.l. The—ggges ot pRe T,
9 (SARhTENThBRASET Ot Ty 10 pi Tshed ggrmyg 659 Tt o5
10 RRREEY)T ¢ cherRve any danage sphat gz be [t pduced oy
11 @%epler))Ng .ThidChloe@shosf OlIr SRl MENS Walog pr EpPaj£d [OT g9
12 @xobiargarpigc Chdaktt of {he s3meci mens (3he [CONg¥ ol 6.0
13 spegermenspCwer e peel strengih testedssn accorgdance 389
14 (ekemblary) PC-TIHgst860 Met ho@l  2.4098. 5 Wi t ARt bei ng7 7.2
subj ected to HCI The "As- Lam nat ed" peel strength for
he_s l.e 15 erage pe load for the control
s e e it AR 15 é\?ﬁﬁ%dgeqfé ysigstipdh Apogegper foil.
C Iﬁm\méaﬁl A @[Bﬂ% ab R Iﬂdﬁ'e A1 a1 b1
° hour s, ” SrOpr rinsing nge% yrl W fe gg%gg&gf'oﬂs

I I owe
Wlﬂs prae e@ bslllg@rleZ ﬂrwéﬂ%/ fodeomenareinlyy hvatﬂeblegd XTVF fromdlitance

Corlfhl bEag IR o 1 FoBPr B SR T wd Dol peelep S were

prepad@tiudigy barl@n®oROshes PAaNRIBS atiBud Mirfase RbatRRHRITHE Ph-Ni
|nch wi dth. Also 20 shown in Table 2 is the percent

coatingpf commapaitve spraRle & was depesitedaisingan agieqys sphition gemtaingng 10
g/1 W& suﬁgfél g h7Zangttieat £l B C@Oéf{%ﬁ Rd & EF?H ﬁg{%@gﬁrvgiélgl applying

expr essed a percentage
10 asf for3gpebondflaed pé nefeit 3 echgads ﬁH&rahmd&mﬁte withasilicasadatiag of

e S350 Eooh e s TS L W
2H,d @IBYECHEL0VBRNaDRE 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
aqueous solution containing 5 g/l Na,Cr,07. 2H,0 (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/l Na,Cr,07. 2H,0, and 20 g/l sodium
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25 edge of the coating material to the edge of foil

was nmeasured on both sides of the exposed specinen at
wohowa®ssliog f erent | ocations. Referring to FIG BCTMUS2003/038592

exanpl e, these neasurenments are shown at 72, 74, 76,

78, 80, and 84, with three different neasurenents

sulfa6d 209 04ad ekl aﬁﬁl‘ifthgsfiéja%f ﬁﬁ 19fsed dids SRRE LARSMic é{cia{on%aé? {CDC) of

neasurenents wer € mad e, average neasuremnen
exeéwéqawmn@levléswaiepomw@mgah eqlpmxus eoititiomel@tsitingfSors ¢/ber (25

g/1 131\9/ ey 5}138% atptid. fﬁﬂ)f g eltaraptp 1%20 tggt}gpreg g%:gggé hﬁle tungstate

of qxemphny sa@eplofl4 the dbgdsabd wWiidld Bn ueBﬁ‘@scﬁlﬁ’cﬁﬁi Jﬁ&lﬁlﬁé%l g/l
|nch; The@)ercent edge undercu

gyt i § ﬁCWP@SQH@WéQ@Qfoorﬁh@@dﬂpI e was then
pesy v BB P NES itk O Fp BRI MOR ol e

Specl men assocl ate e Sa
accepieide ped strengtle beforsaxpphere isHPT ofadR64 (i, Tadk& R afier [ exposure

bl,e 2 Eff ct of Surfac Treat ment on Peel Strengt
to ﬁr@ @3 "E’@PF ThoMeR gl IPeEsgnt Iaﬁe}txgtrﬂ_rmh lesg d1d the

exempRlry Sinfys éhgt’fh @oﬁﬁﬁkatr@ '_%es LoVREc El ?@Fﬁg&; e?‘é;th R in the

Pee] Strength After 6 Hr
range; ¢f/1il ) togPpoareant.| §he exdniplanyjsampleg cmnha beiei h@)d were shown to

T t t 7
e R G b b e B e
afte]Zhemg expobdd ®. 8L HIY aB6@FZ @ 6Qo(RX BHded M egiﬁﬁﬁ‘i?ts%mgﬂeté'were

1 | a Chromat e
effeivs g piovidipe (%@?éécgﬁi %ﬁ%;t?e);g’fn@@sm) lpsedlan qrzquy] td sBUT. @Focn,

Thez:xémﬁla% saér)%oéés?f%{@io@fé& ?ﬁ %%Ivgd %{s%ggé @ %lge fﬂgerggt v%iezl

Compélﬁérﬁ?)ﬁraﬁgt)l fFilshayitegt £P2 028n-Ni 3aatirfy, Tt & b%h&&!dhha&fexf)&@ng the
spoot h 5m coppe

copP TR 5ifale i 3 g 5 s B sl asmecit B0 prespaiieviaion,
wouldsfur@iecaiiaRtcperl Stvendiedt BPPE GPRRAEA [PAdcSrdance 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 especially 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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with sanple 7 being a P2 treated foil comercially
avai l able as XTF fromdin Corporation of Norwalk,

wQDoo4Easie3 of the conparative and exenpl ary sanpCeas8003438592
were prepared using bare, snmooth copper foil having
various surface treatnents. The Zn-N  coating of

co ' .deposi ted using an aguegus
col Oy b BEMR it ERr L e Rt TS
desasbedu Neatghelessgit 2011 §£ uinddrétood thacvAioak ndifatiddditay be made
.while applyin 10 .asf_for 3 seconds and 50 asf for 3
withougt émﬁngrﬁ@ngh? st andicppe f the snyentien af eqeydipgly, other aspects
: n aqueous
R B S RS SIS B0 (1 %5 a1
Cr), 10 g/l NaOH, and 10 g/l Na silicate at 140F,
whil e applying 20 asf for 10 seconds. The chronate
coating of exenplary sanple 10 was deposited using an
20 aqueous solution containing 5 g/l Na2Cr207. 2H20
(1.75 g/l C), and 10 g/I NaOH, at 140F, while
applying 20 asf for 10 seconds. The thick chronmate of
exenpl ary sanple 11 was deposited using the sane
aqueous solution as that of conparative sanple 10,
with an increased dwell time of 20 seconds. The
acidic chromate of exenplary sanple 12 was deposited
usi ng an aqueous sol ution containing 15 g/1 Na2Cr207.
2H20, and 20 g/! sodium 16 WO 2004/ 053193
PCT/ US2003/ 038592 sulfate at 104F, while applying 66
asf for 10 seconds. The cathodic di chromate (CDC) of
exenpl ary sanple 13 was deposited using an agueous
solution containing 8.75 g/l C (25 g/l Na2Cr20r.
2H20) at pH 4, 140F, while applying 40 asf for 5
seconds. The tungstate of exenplary sanple 14 was
deposi ted usi ng an aqueous solution containing 31 g/l
5 tungsten at pH4, 140F, while applying 40 asf for 5
seconds. As can be seen in Table 2, each conparative
and exenpl ary provided an acceptable peel strength
bef ore exposure to HCO of about 4 |b/in. However,
after exposure to HC, the conparative sanples showed
a greater percent peel strength loss than did the
exenpl ary sanples. The conparative sanples provided a
percent peel strength loss in the 10 range of 11.2 to
19.8 percent. The exenplary sanples, on the other
hand, were shown to be effective in providing a
percent peel strength loss of Iess than or equal to 10
percent after being exposed to 4N HCO at 60C for 6
hours. Indeed, the exenplary sanples were effective
in providing a percent peel strength |oss of |ess than
or equal to about 7 percent. The exenplary sanples
al so showed an i nproved resistance to edge undercut
when
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15 conpared to snooth foils having a P2 or Zn-N
coating. It is believed that exposing the copper foi
woaomiosaee prior to |lamnation, as in the firsPCagsemBs/038592
of the present invention, would further enhance pee
strength of copper foil treated in accordance with the
wHEEEPAAv@pRect of the present invention. The surface
treatment nmethods of the present invention allow the
use of snmooth 20 copper foil |am nates while
pr oli Alcngpe:t fpit €14, 80Y PR gintinstidastb ardi¢ladttiy setittale (62), tHieadopper
%E%gfy ysi ng conventional, rough-surfaced foils.
foil 0 corBppdeg-al | y advantageous when extrene fine
cir I
Sl R b 0 SRS O i of e copper o
(14r&gthapsel straegth gpjanbemers edating (§é) cdlismtmgl eésan:tmlly of a metal and
ment, e of .the .present enti.on v
motp] GBI G it i Ry is® e "SheatTim ot wmore
of: Vanalifnai, nidtidh astalish, RErofAumOHBbIehiACEAs G hitingafede,
substantlally hlgher than that of other snooth copper
techmgtiym, gdoheniBit s, after exposure to HCl. Wile the
invention is partlcularly useful for use with a
snoot h copper foil, the invention could be applied to
copp€erhe aipber fod\(i 4,p0anfclsing 1. ackereihithd Siifacd éf O copper foil is
2004/ 053193 PCT/ US2003/ 038592 One or nore aspects and
odi nents of the present invention have been
descri bed. Nevertheless, it will be understood that
various nodifications may be made without departing

f r & Theecopper foil (dhb03 @f)qzi@lrroi wigeinthemtiaboxide is selected from
he and enbodi nents are within
clerf é@%hﬁlgm}é?n%ﬁn Sfegy FRLR %b%?%trhs. 18 WD 2004/ 053193
PCT/ USZOOS/ 038592 VWHAT IS CLAIMED | S: 1. A copper
foilrﬁ14 60) for lamnation to a dielectric substrate

(62, erfé’PE%fpfﬁér( 14,169) pf ¢laim 1.opherein e pesi pigength @@@ncement
4

coaid (FATLA £ IR Hb AR o J0badliR0 phixtolR. @

strength enhancenent coating (64) consisting

aII 0 nd 5 netal . oxide m xt t he

rocal L i ﬁ%ﬁg&tl?bﬁ 63?20 iy Wftf‘étlﬁﬁﬂtrglﬁéaoqsﬁ o e el
strefi@h %nhzﬁfcefﬁ@ﬂ%’aﬂﬁ% ((ﬂb PROUB arh RS tthe ARIRB A bstrate.

nol ybdenum tungste manganese, technetium and

rheni um
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 HCl at 60°C for

6 hours.
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2. The copper foil (14, 60) of claim1, wherein the

surface of the copper foil is 10 snooth. 3. The
woapp®s3mei | (14, 60) of claim1l, wherein the RETAIS2003/038592

oxide is selected from elenents of chrom um

tungsten, and nol ybdenum 15 4. The copper foil (14,

60)7. O’i"h&inﬁb@o]f ol % H‘t‘ﬁe Bgalsg&{l%een E{B %}ﬁ%@%@m n664)

coating (64) has a fhlc ness
conalbts@ssega@llsan@asmﬁtahmd ietallivade nfixtare foahéd dfh,onb Q) ndke of:

vm1%1 imil,.wh re| %rne i S dF 83|ted on the pee
4P, giokt GETOREYR; /Y 35 o, ipgstenaMABGANGSS, feghnetium,
andtrheditag@. di el ect r| C subst rate. 20 6. An article

conprising: a dielectric substrate (62); a copper

foil (14, 60) having a snooth surface |amnated to the

I th
enriinis fief® BESRR s el g Fiia 3 BR RS it it stspgnts of
chrdriulm, (tinkstefiPnd rmolbddiendi el ectric subst rate (62),

wherein the copper foil (14, 60) exhibits |ess than or
equal to 10% | oss of peel strength when neasured in

ac @ FEANGECIVOE BlalRE; \;l;%r@fﬂ%he ﬁgél EM %%Pgeni " ré%tﬁlgt](%ﬁ) has a

inch test specinen after

thickgess b6 betwgeinatuang 20 BDatbdit D afgaztbmss 193
PCT/ US2003/ 038592 7. The article of claim6, wherein
the peel strength enhancenment coating (64) consists

essientTalarticlobf eaiieb abhaad tl'i@i‘ﬁé%ﬁ s gﬁ?erﬂﬁbﬁéeﬂ{eﬁt EQhiE Y64

fromone or nore of: vanadi um niobium tantalum
exhibiifs 455 thap drsAYa de hemedgaiwlsran afterrthg immersiontin dhhEE atng0°C
for @R Ehenium 5 8. The article of claim7, wherein the
netal oxide is selected fromelenents of chrom um
tungsten, and nol ybdenem 9. The article of claim6,

V\,helriel the ggg(l;l strengtegﬂ?nhancglznfg{]:(bf%%&lg;h%@&)‘egstrﬁgsor

equaig §B<519"7% 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 HC] at 60°C for

6 hours.

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

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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10. The article of claim6, wherein the peel strength

enhancenent coating (64) exhibits |less than or equa
woaod3smwelge undercut after the i mersion i n 4RCHOS2@B/038592

60C for 6 hours. 15 11. The article of claim®6,

wherein the copper foil (14, 60) exhibits |ess than or

equ

o B L ARBUA of P IS PrBEThe RRERLGHERBERR n§%
contdifs ¢hmahateswhgggpecirmeslybddteionb & deonisetewsted i n 4N HC

at 60C for 6 hours. 20 12. The article of claim 6,

wherein silane is deposited on the peel strength

enhpgICERERbthe @8t E1Rtn (9

di el ectric substrate. %le R% @n%tahﬁedugg?mﬁ%%@agl n{gatg%trolyte
Sohﬁm ingn etasgolytio telh(5KD,mpdrthe wiethod furtheg 0ymprsdsnat ed t o

BT PR ST LR AR A

sucB (ﬂ)at aRoAimAGUEiEngd BidkhedsydfibetweeAlab&it@0 t§ @Bdut 200 angstroms is
cont ai ni ng oxyanj ons formed fromone or nore of.

depositpdanthe Connsbigthil4 €@nt al um chromi um ol ybdenum
tungsten, nmanganese, technetium and rhenium. 30 14.
The nmet hod of claim 13, wherein the netal is selected
f r oh. oble méthoth pHetinmi 6, fuﬂhqumdmpdnﬁngand tungsten 20 WO

2004/ 053.19 PCT/ U /038592 15 d of .cl

3, IR B SEPSTR O s C0) Beilegt giter legentons O coas 34 on the
copp@f%ﬁl(ms golr omate, tungstate, or nol ybdate ions in

dei oni zed water. 16. The nethod of claim 13 vvherel n

t he aqueous solution (52) is an electrolyte

sol yti ' L,egh\r I e

7 or e St 2L QUCBHIBL Kblifiu i R {r% 5 e ol
confprising 14, 60) and the el ectrol yte solution (52) such

t hat ati.n 4) having a_thickness of betwe
bt SORPHR A6 Borigee T biopast Tk fethedryeried being

fi nﬁ&PE@fn
oot PR i 00 fond O tes R 1R MU S i
confaming phlgast & X esilabeposi ti ng the coating (64) on the

copper foil (14, 60).

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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18. A copper foil (14, 60) for lam nation to a
dielectric substrate, the copper foil 15 conprising:
wa 2b@Eyss19sleposi ted (64) on a surface of the coppemst®msi3sso2
(14, 60), the layer (64) being formed from chrom um
and zinc ions or oxides and treated with an aqueous

20 A O30 Ay ) B, D G310
oneaecdriiein@o ppetout eolution (¥8) coBthiniy & Meast 5 %M and el SR water;

foil (14, 60) of claim18, wherein the thickness of
and; g | ayer (64) is fromabout 10 angstrons to about

1004,3R@she O6Pper &7l @14, 6(§ip[rllﬁgtlbzlgm%%§ioilncr easi ng the peel

strength of "a copper f am nat ed to a
dielectric (62) substrate, the nmethod conpri sing:

pri o | am nati.on o-deposi ting a m xture of . .

e B T R P8 AL UG ety Ll By Sopsig gssentialy
of CRREENd iaideidnizd valdr; 21 WO 2004/ 053193 .

PCT/ US2003/ 038592 subsequent to the co-deposition

step, imersing the copper foil (14, 60) for at |east

on [ ' ! NN t

ooz R SR eE il ) QRbRGRRTEN 1 B
of bebpgearabbati 15°C1d ab@RBOPCI or to |l am nation. 5 22. The

nmet hod of claim 21, wherein the aqueous solution (18)

consists essentially of 0.5%silane in deionized

watef, . Thednethb@ o @hiP91 RihcbdiR tiP BldepBEhEE Mikhie SR
f e

solution (18) is at a tenperature 10 of Dbetween out
and 75 ipps ethwides3odude@s. The net hod of claim 21, wherein

i R e R e
eledfibBte salotiai (22 gorfinBgQheorhidd) ardi Apoisag i n an 15
el ectrg|l yte solutign 822 cont ai ni ng_chrom um and zi nc
i oriEovigpig\thepomper fpal @ p@érﬁsﬁéﬁqhoéel@dm) as a cat hode;

andelectrolytically depositing the chromium and zinc ions on the copper foil (14, 60).

25. The method of claim 24, wherein the electrolyte solution (22) is a basic
solution containing hydroxide ions from about 0.07 g/1 to about 7 g/l zinc ions, and from
about 0.1 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, 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/l 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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el ectrolytically depositing the chrom umand zinc ions

on the copper foil (14, 60). 25. The nethod of claim
wa200ase9ei N the el ectrolyte solution (22) is achasm3/038592

20 solution containing hydroxide ions from about 0.07

g/l to about 7 g/l zinc ions, and from about 0.1 g/l

to about 100 g/l of a water sol ubl e hexaval ent

chromum salt wherein the concentration of either the

zi nZ7.i Bismethod béclatm 81 wimeréivlihe tihwkﬁemof hQ&)har K654) If&Sfed from the
hrthan 1k£' and the. co-depos tH%n step
ChIpIHHEY 8RGgRE 1S O pFides ??HOP“?‘{M BOYPACH P i G4np O figmyabeut 10
angS@bME iPMboli2200 atfloRS Passi ng current through the

copper foil (14, 60) and the electrolyte solution (22)

such that a current density of fron1about 1 mllianmp

per bout 1 anp per square
qﬁ%rgeﬁﬁg@%#%\a}mag&ﬁ? TP HE"¥®¥ehod of clai m 25,

mhemmng theeogdee €6it Oldy 6@) ook tHel ifihersing akPPstbtihe &Qﬁng
essentially of fromabout 10 to about 35 g/| NaOH
fromabout 0.2 to about 1.5 g/l ZnO, and fron1about
0.2 to about 2 g/l Na2Cr207 2H20. 22 WD 2004/ 053193
PCT/ US2003/ 038592 27. The nethod of claim 21, wherein
the thickness of a layer (64) fornmed fromthe chrom um
and zinc ions or oxides deposited on the copper foi
(14, 60) is fromabout 10 angstrons to about 100
angstrons. 5 28. The nethod of claim 21, further
conprising: rinsing the copper foil (14, 60) after the
i mrersi ng and before the drying. 23
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