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PEEL STRENGTH ENHANCEMENT OF COPPER LAM NATES
BACKGROUND OF THE I NVENTION 1. Field of the Invention:
5 This invention relates to the manufacture of printed
circuit boards having a copper foil layer |am nated
to a dielect [
t r eat nent & 2 SR 3
| ayer to the dlelectrlc substrate 2 Descrlpt|on of

the Related Art: eﬁglﬁ ﬁrrEb@ﬁPE foils
are wdely used |n t e print Ci rCSI oarISH@N

IndustFireldaH’thehﬁrehnom produced to a thickness of under
0. 008 inches and neraI y to h ckness in the
range SRISARVSRIGH flept e@apﬁt?ﬁ%e? Flﬁc‘%‘r@a&?‘%h"‘é@lg a copper

1!'0‘?1 lgﬁf@}‘i@yfn%téd)tp a thtJ 0 blist Pérgfjrg&ee%ealﬂ% cufdd t%fa tr&¥Pment to

|s pr o ani
r mdmasmtyreaﬂbesidn mﬂhesqapof faal lapgrpie theodlebclpp eubsﬂalcpy
strip by a process such as rolling. 15 -
"El ectrodeposited" foil is produced by

epect r phiydd g@hbyﬂgqmgbamg copper ions on a rotating
cat hodé drum an peel1 ng the deposited strip from

t h e ca€hppre and heppso pmallromfm § are padelp asedoingheiprinted cirpwt board

"R 155 0 B Rellid Riihet] A Urlagt B30 inclS] 81 ore generally o 2

t thidk@idds it tie fahBeoDframabbel 1H@020ciaches ¢ROWn BB aftss FR- dunce foil).
(a fire retardant epoxy) or a polyimde such as

fonk e produserd by ong elfweomeans b Bspeght il is pradvged by mechanically
{

dfeéﬁﬁﬁ? MRICHHES o U of UGHRPRAGY st by o s i ddoling.
p?ms&mrhposﬁtem fikis peodiicediby ulecBilPtigalyndbpoging seppar ®ns on a rotating
i nc tate rat re.at. aboyt 175 for a tine
ofabpeliBuiamnd oot S tpmas et o
bet weetnd E@pﬂeﬁf’cﬁfﬁ, boﬁr&bd’lﬁ&' dit18@rie Gﬁlﬁs‘&'afbfformin 'a%)rﬁft&d?é]rcmt board
desirable t0 roughen the surface of the fojl that

cennge t@lmﬂeormreb@et TFhedielgpisic subsiragsy is dypicadlysonbrralgss remforced

B eh e et A e S ke Btk Kb mamtced

i blyDluPeﬁt e 1hainatbh proceds lﬁclu@ésllfoﬂtliﬂg}th@éoppepﬂﬁrlaﬂdsr to the dielectric
opper oxi de dendrltes on_the foil surface.
Nebstrate Abrgugiythe uge gf heat and pregsure, o pressus g, &H°‘§t3OQIP°“ndS per square

di.sfl &
REARRE oL yFARTR U Trp BRI o SE RGBS A i
tmﬂﬂbt&adhemén&mnempmyml on of Norwal k, 30 CT.

Anot heg, el ectrol |cs e enin reat me

e gm0 A b F B Bhed St ol e

SsiritR%Sthe didatrié ﬁiﬂsﬁlﬁgﬁ'ro? &bk, 'While tRk@areal variety of techniques

substrate, as disclosed in
available to roughen or treat the foil, one exemplary technique involves the formation of a
plurality of copper or copper oxide dendrites on the foil surface. U.S. Pat. Nos. 4,468,293
and 4,515,671, both to Polan et al. disclose this treatinent. 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 Number 5,800,930 to Chen et al.
In sone instances, at |east one side 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

e if thecfoil; pastiplady therrenghened side hearing the dendsites, may have an
s u?efg'g&édogltg‘(fg a&nﬁ o? z: \4\? fas!: gﬁal#é? |£t\(/)e gﬂg;@gﬂ% has been found to

adhnk&ice mhe/\bdﬂal dhh:ﬂgtﬂil cﬁ‘ltl&::fol]l mtlsﬂiashelattac suﬂsafatéegr ee of
surface_rqughening is of ten restricted

eI ect r i While ferusg P TR eB‘PPPFF] 1@‘6%5%?ﬁ‘f‘30ﬁ0|]?f0m0t6
éyxahwitﬁ%mfex?m%aeé&a@@mé;@eemm%%ugﬁéﬂhyg is often restricted

decrea3| ng the surface roughn to nmeet these
elb@rcthe ebaincakmfomamweqmmnﬂmmﬁhe soppenfoibfer bigh fréquency

? %SS 3&03 t 10, 591 AR bet ne Pcepﬁogg]?r[@m{o ol lcﬁgﬂéﬂse electrical

PreRbRfartder6tifenRRRy &nﬂﬁ&'ﬁfs@@ ﬂiéra@h&léiﬁ {pRel stichB®) between the copper
el'ectrol ytic or wought copper foils is the relative

rd‘adﬂndﬂtqﬂldﬁcmn@u@mmr As a result, copper readily
stains tar ..Te t.ai ..
eot perktindrohERdieing droiy By B Y g g it

p rd’éﬁu@l;&lcd# Wﬁgﬁt%pjﬁﬁbﬂaﬁﬁ&h& ﬁl@ifve rbetipity of the ccppieru iAs a result,
board. For_ exanple, staining of copper, foil prior
| &ﬂppﬁtrﬂ%fhb’o“éﬂﬂ%ﬂﬂde@t'mﬁ@ﬁ hThe,gtains qa &méhwe& efically unpleasant and

lﬁ% % Irc ;Lro ﬂlstcﬁﬁng klﬁlhrﬁ%lf st ;?Hrﬁe@&?cﬂiﬂ%ard For

etc errstics o eresutant am nat e
Tmamptem s&huﬁgsf cippaciilgirion ta apisatichaiah affest toth the bond strength

g DA RN LTI A —
A0 A T4 o st BSG ppef 12 b yupHing  thin (can

treatment, is disclosed in Uinited States Patent
Nmmma apBc sede)aoating that coptainpep-gepositedsions/pEEinernd promium.

a ?%gglﬂ P Q08 83P2Gh, 85 “Sgﬁ?"se“g é%@{ss}lglg&él if 1RRA States Patent

smﬁms&mzzagmpg_qﬁefall, whi ch nay be lam nated to a
di el ectric substrate. The peel strength enhancenent
coating consists essentially of a rret al and netal

oxi de mxture, the;RFRIRIMARY OF TIOXL ur e
being forned fromone or nore of vana ium ni ob| um

t ant al ulmonefaspeet ofitherintentiderapeel mmngﬁteﬂnanmayamg is deposited on
techntlu and r.heni.u ef er.a taI i de
266 O L oIS T, AvAIPh Ay e aiaatey 1o, & At S The peel

”@ﬁéﬁgﬁt&hancement coating consists essentially of a metal and metal oxide 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 mdlybdate.
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 djelectric
substrate.
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The surface of the copper foil may be snooth, and the

peel strength enhancenent coating. nay have a

t hi ckness of between about 20 to about 200 angstrons.
Silane may be 30 deposited on the peel strength

enhancenent coating prior to lam nation to the

di el ecin prothen gspeat of the lavemﬁloamt mdeagmnsesacqmer foil having a

I Q%S% sur?‘g@gﬁﬁ%‘%m&na e%@ g s 008 %1 ng%lﬂlétpr 5144 C%me coating is

pépossirengédn the bepee fﬁiininmaﬂieﬂ@tl’i@subdlhﬁﬁ amddhdedpire foil exhibits
the copper fqil and the dielectric substrate and the

c 455 Hranfosequalyte | Bre loss ofngel streagthgyh f‘@c}ﬂ%ﬂsureé in gogardage with IPC-

OTHSLARESAS l Tl B B0 v

abO¥? fdyed bogrs. niley mdisﬁrmgﬂj\blﬂﬁhceamm 66Hﬁr&ona36alh®exlﬁblt less than or
The tren enh nt coatijn 0. exhi bit

" Bl e Bk adien o mimsEs o it BRCH of 63 fkd ouks

| MTer Sipg BndtRertpdtor fle 1ﬁ@éﬁt1t)ﬁ la ﬁeﬁ‘l@@l ?ér intfRadh ﬁ?%ﬂéeﬁeel strength of a

aspect of the invention, a met hod i ncr eas
pe@pes foiblagtinated topa dmbppmsubstrate ttanpmmamdmo hmmauon immersing

m%?c?)ﬁ)r gﬁlliﬁgﬁﬁg&t@%ﬁ %@an?lgﬁ? S?IH i é’c{gﬁ%ﬁ%gﬁ‘y&%&s E)rmed from one
ebleﬁabwd»mrmadmh UkibBitnt; @ikahM] EHioRiiaThel dérﬁhmeﬂlg’sfe@,nmanganese
one re of. vanadi um niobium ftantalum

c Fﬁ(‘fbmnm aﬁé@%‘@ﬁu Rrefexshlys thermetakin gelected: from one of chromium,

;E{B&bﬁl&gﬁ'ﬁ Fom ong o' T eﬁﬁrrs’]egoﬂﬁio d‘hﬁu‘gn%lgé%dlﬁc solution in an

t ellegsolytic cdlhand theemuthod dhrtier Onmpﬁsesbpasamgehﬁeﬁtr thtonigh the copper foil

SOl‘iJ&’QFT%’b%ggféglgIg%}?g%l c cel I avgllgj%th net hOdﬁﬁ@nabout 2010
f Sdut 200 aRgsHRE i€UEHIsited YA &es&ggér‘fgﬁ ! Bmétﬁlﬁ‘fm@y further comprise

coating having a thickness of tween about 20 t
ab@mprsmha ngmardm!;m glade pfieri depdsiting tliee;oamg)m thbwppper foil.

foc ) ™ @b ashett b fle i abROh Y cophB B JoT RtigiicfytR & dictectric

Cﬁﬁ@ﬁ'ﬁtefoaiﬂpnsbma el depositeainics sueface Bﬁtﬂe@&ﬁﬁéﬂf@ﬂ The layer is formed
pper foil for lamnation to a dielectric substrate

hsemmivn prg ginc dasesioxides avd i teeaterlFeith #F aqueeuTIlion containing

f r d
i%fgéwéﬁ%% 5! 215 b2 e Cordo DIOHAPHE DGR arfd BE thickness of
c thetlayen inmy et frdmaboutOl (Gdigstrdmasnto. ab‘ﬁhemﬁmfgan:mf t h e

copper  foil Qth, .,and th |aness of,
| ayer oﬁ%erfa%mﬁ?gg%ﬂn@ Hﬁg"s‘f‘F Hé QANEHIRE %@eel strength of a

agspef Rﬁﬁlanhﬁht&f‘ﬁ:t mE1eeﬁieesassn%fte ddMprisey: eﬁﬁbﬁﬁ larflination, co-

method for increasing the peel strength of
depositing a mixture of chromium and zinc ions or oxides on surfaces of the copper or
copper base alloy foil; subsequent to the 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-dépositing 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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copper foil lamnated to a dielectric substrate
conprises: prior to lamnation, co 25 depositing a
m xture of chrom um and zinc ions or oxides on
surfaces of the copper or copper base alloy foil;

ubse uen to the co-depogsition step, iImmersing the
Peioiofl as @rcathede; @éﬁe$ﬁbd§@&oﬁ@$ﬁlnaﬁhea@$u@@w and zinc ions on

%&“ﬁ*’% S oS of £ Rr Prf HohfHE chiRplGhBleaRt: ions or

Theidas ey bs fomh abdud A Omagstivensato aboutt Op@Esttams  of
bet ween about 15C to about 30C. Co-depositing the
m xture of 30 chrom um and zinc ions or oxides my

i ncl udey oRé SMbEEIRRNA ﬂl@él&ﬁfdi)ﬁls ¥$I'uﬁm? &l d basRYoRtion Wntafiling

anode di sposed in an el ectr te solution contailning
c hydrexidaiensofrom mboutdhe? g/ybtmabocit g/l Znctibes, ang ﬁem zitmut 0.1 g/1 to about

a;?@ﬁﬁ %&h Q‘ﬂa‘gér H‘g’lﬁel’bea A y@h@“@gﬁﬁ&\% S Itﬁe?m;lcenn‘atwn of either

t HecHimeoas 6f the chayreiund VTV RAhs lof 8HTD Rsé tHal T 0 Nn3RE eAitdGiment, the
|ons or . oxides may be from about 10 angstrons to

sedeposifipatiepsinclydgs: immersing thewnbpeatifpid in thetelrstrolyte solution; and

I t
hb%‘@“%%&*’e?o%%‘#é?éﬁﬁa of T B e PlettidiSgd st RRoR i ot g current
i dermtyaalﬁ dcobt abvous b anillinpl p@/shuare cadtibiéter (bQABoGY 1L pér square
r sol.ubl e M%%c ofhr omum salt wherein t
cs erds PEY trofyte.solption mBhEOQﬁStFFﬁ@H%ﬂ]rYd?ﬁftRﬁl about 10
( M dbouP B FHN:R)H fﬁd:ﬁ b&i 0.3 h2bont P5 gh ) éu;acsl from about 0.2 to about 2

mbodi men ep03|t|on steép¥inc
i E’ﬂr@h&s@n@vﬂﬂe()copper foil in the electrolyte solution;

ol ect r She A e Taoreinents o BE R entiGh e 86t Tprth n the
f acvenpaayihg Urdbihkd ME0the Aesceiption Belo @ iOHHBY féﬁtu*& G384tk add

a per square centinmeter is prow ded
tagps piths gnvigntiom wih he appasens ¢ Oésﬂlerﬁesmnttpn @nd flrayrings, and from
g] m%lg to about 35 g/1 NaOH, from about 0.2 to
out 5 g/l ZnO, and from about 0.2 to about 2 g/1
Na2Cr 207. 2H20. 15 The details of one or npre

enbodi nents of t et forth in the
acconpanyi ng draéﬁ#ﬁ%gﬁﬁgﬁﬁ@ W O her

f eat ur efe ikeh&ét wilPHmo gtu?ﬂ@&togﬁ ﬁtoﬁ?gfegg oliowin g 'Setailed

w |l be apparent fromt scription an
afiscription nenmmmtzom@mbmlﬁccwmm Whigein like elements

L ny nt| nwll be nore fully understood
FH PabfEre s el e i pt i i

from description taken in

|CO EJ u n}ﬂﬂj qrhllﬁkﬁ'a’ﬁed PeldAESHRACHT syStefl RYPE Str¥k}Eh 8hhncement of a
i ke e] enents
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;

FIG. 3a1s 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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are nunbered alike, and in which: FIG 1 illustrates

an electrolytic cell systemfor peel strength

enhancenent of a 25 copper |am nate according to one
enbodi nent of the present invention; FIG 2

illustrates an electrolytic cell systemfor peel

st r engtHCedhiclengthvissview of tisreppérdpil nﬁFE}-a'g‘chVQﬁhng an undercut
t Qoai}: Bpy enbodi ment of the present invention; FIG

3a Is a cross-sectional view of a copper foil

| ami natféG. 4 s agapkdepitting paus peeltstren ikl evsas @fpRSiohef percent
to E%rgrtochl oric acid (HCl); 30 FIG 3bis a

cMB€¥ Y ecti onal view of a copper foil lam nated to a

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

is a lengthw se view of the copper foil of FIG 3c

reveal i ng an under cut DEIZAILKG DESCRIPEONM is a graph

o e Bl 36 SR Bb A bR AR afn bl Tigh pdision between
t coppedisil Sndd QiellRE4d $uUbEElath &veh WHePPdmER 85ef fdll BMused. The

adhesi on between copper foil and a dielectric
s ipsntien s equalbnapiisakle doreenper eneqrper-basielallpy foikse wherBtitbase™ means

[ [ ‘ [ e. to.copper,or .

o Do Ry Ot oo Re, RRF B S ERIREL AR Leq e, the term

t Heoppet fojl”dneibdésnoppér foitatd copa-bhye ghil. Ao, WBRE e invention is
As used here the term o,. "copper foil" jncludes )
 BEiHlars usclihfor Y55 path asmaotyeonpyr foik, the inyentiongapidde applied to

¢ . b . : o ‘s . S

Sbnﬁz)p{eﬁfcgggi S 2{rhglfab%yls, t F]éeﬁ?i%ew? %’?{SC (H)’{x}f’ éﬁb,eﬁglgm%u}qgeans alow
cpmide surfack se. paldssithanynsRe fwlere Rizris te.avitage bEfive geak to valley

" oth", as used herein ans a low profile surface,
e.ﬁg&,ﬂc‘l" peasyreraenty %ﬁewc{:ﬁﬁé?%a pyrface profomgter.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
sﬁw@mgerrent of a copper lamnate according
to a fFigate BaRBGhcOh sYHEMPAGBE Pée] shMRM Eftancdhént OF 8 k6fper laminate

10 ingludes an electrolytic ]
according to a first aspect of the present invention. The system 10 includes an electrolytic

cell 12 for co-depositing a mixture of chromium and zinc metals or oxides on surfaces of a
copper foil 14 using what 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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20 cell 12 for co-depositing a m xture of chrom um and
zinc netals or oxides 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 coat ed

copper foil 14 is imersed in an aqueous solutio
clhat aeuToRg may; hedmpresagd iarthe stsipiod gopnes fail i‘bﬁ%d%téll‘iﬂbf‘éﬁw Guide

g@ﬂg %& ?%tg{é]agla)ccgﬁﬁﬁﬁec{ %ngd %ca' that'the ikagg‘;éoe 12 ‘rflté Vssé&gcmned between anodes

| 24rfonatreghited tinel hedieaissédbedod s Guiieaoll2 38 Idtate at a control]ed speed so
eI e rolytic eI [ 12 i n%l udes a tank 20 contai ni ng
P&Pwrc,fo It i rignersed in thi, aducqpsaliBon Ho faradraFRd me as

F-:L&Eéd&l&fv copper. foil 14 passes. The silane
ution tank 16 contains the aqueous sol ution 18

c ont ai I thg ckictralytic callilden povéirsode fuat sBewnjpiy poevideabsh that a direct

tq cantrol the traygel of th of co er f

P8 e it o i abides 2o By OP Cner il (cathode) 14 by
S@katls otihd aekrdiftic SAGRRELS. VR this WiYE a® lh§learkiigh b&atRfy Wil the desired
28 are manufactured fromany 30 materi al that does not

rmowqmmtbw!mwya @CP9®lIt grothe fgil stipdfler abl y, at

| east u S 26 1S r from.an .

ol oot r PREPREY e iHioE 24 B drtaafiPous Soliol Tty b e Bscentilly of a
shyioxids QourEe tzilﬂ:t iof sﬁlhﬁ:é and a Wajer belubleitieg svdéht ichrontiém. The
strip of cop foil 14 as detailed bel ow. GCuide

Bydrixide spugbaisraterabl s ﬂlwéwxgiﬁém’oeéswéwdﬁr@de, and most
C %I%‘rrlbelg O§od1u]14h¥(§r8| SC LSNng bgﬁ e r O mg%%‘jrgé nﬁy be any

rwamr solabledesavatend bhmthmme:eﬁpsnnd sltnhtasiNaeCQQa_@Hszf oi |

14 is | rsed in the. aqgueous solutio 8 1y . .
requi r R ppadest Coppgeiichal it i tectfelvzelution 32 consists essentilly
ebLRéh Ab¥ht Ttocdout 16D gramB PETited Q) of tHe 13 idri@ M Hom 6.07 up to about 7
provided so that a direct .electric current nay Joass

f g/bof zine ienseupsliclinthe fone of tarwqéercﬁblub@peqa cergppund such as ZnO, and
|
(aohP6 dhybioo GROER il SO EIEEAB b il Proviced

deewévet, thetahasi drieT thergint iumdrrvhﬁﬁmlum @Hp&m do@demfnubhels less than
foil strip 14. 10 The el ectrol |c sol ut i [

n I'S
2b0@h b5 o Brelerreshembedimen G steplie Fematnt foprbgut 16t about 40 g

|
PRGN B4 456,291 UL, O R0 om0
patefue i g/l Zs catisuumnd Hyoaa abgiud 6. OBrto pbow SOigirtCi(y trions vhest preferably be in

d f de (NaCH). Th
Pl 405 £ 5Ot Dk st 0 CHYEPS. v o ol ubl e
hexavaijgid edehlo? M LI GRIFRL Yblat oI dichitiedTicsln aB&VY) it id Believed that

In its broadest conpositional range, the electrol yte
san effective oneentretion of esurfstantisuch as durylsylfatghwilkprevide a more

t.1 rans per liter (g/l) of the hydroxide, from
Sﬁrggo%%ggbout 7

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 ail
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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g/l of zinc ions supplied in the formof a water

sol ubl e zi nc conmpound such as ZnO, and from0.01 to
about 100 g/l of a water sol ubl e hexaval ent chrom um
salt. Provided, however, that at |[east one of the
zinc ion or chromum (Vl) ion concentrations is |ess

t han 2@hé elzcgélyte dotutivnd2adpeidtestwelllioghwidethngd dfeeurrent densities.
el ectrol %t e .contains fromabout 10 to about 40 g/l

NEessessilnpating maiba aprlisd yyjth s current densityranging frompk milliamp per

R i /
P%ﬁs aﬁ%hﬁegﬁ] (g%ﬁl?%oqu% %g&taggﬁ? }’g'osqg?ﬁ% %@%ﬁeﬂi %nlé&e preferred
nosren dedsityab fpmbaboun3 niAvent ¢o abait 100 omA/anbuThdaduil@urrent density
abouy 0,9 g/l VI ), ions /th each of th .
o Bl jn veafeat o fhe 55 thedbl bl is Bepdred o the cupremt, That i, the
beaNSeodpeatoil stip 39 iChdtRedd e aRORE 2B and bRl if electrolyte solution
surfactant such as lauryl sulfate will provide a nore

uB2f Syprcally, thie dwellhisnepis| frpin abrart 20 éa abrooit 25 sccontisit Doring this dwell, an

I Seemai ntal ned as,basj.c. A pH.in the range,of . f .

- BV fpKieps BT e ailistapishifoating comnaupl 3y deposited fhegftective
2thigkeRsH ik Yh BEEiRiceS capabR|df inHiBIRR cappbr efinish AMRIECAE temperatures of
tenperature up to about 100 C. For maxi num deposition

r 4P &sabaut 130 ¢ én pir ErabpeiB G winwtasnThe anti-tenish eeatinglshewld further be
Bl in kYRSl Moo lyd B 00T LBl By rerbbty 5w

I'on
wed HSOy etchsalatiom digie beficvedthat ah effectivet doating thitkmesssis fidim less than

¢ PO mEirome oAb 8N i S Stk EBls R PERbPER Sath coating
affRiinedseR AP 1MELs AP ﬁoﬁ%@hlcﬂmfg’n%cﬁngggeseo &b6®A 0 angstroms to

current density Is from about 3 cn? to about 100
nebant 200 Thgstraotsiad preterrednThel coming yayer ermuifficiently thin to appear

dependent on the ti the. foll  stri 4.1 5 exposed to
¢ FRTDEPL ot Mot el st Gins oS CRRIRESRBE. ol atri b
14 is lyaévefed §ithp oR0osiRS faill 1 fpfitd thEBles®slyti€ cell 10 and is directed by
el ectrolyte solution 22. Ty{m.cally_ this dwell tine

i Bollepsoth theaqusonnsnletiors] &iachpailancpluting tank; L. The aqueous
d¥\ﬁkl!ion ?@gre?ér.falﬁgtciﬁsfﬁs Bf &h?%gﬁ.o.?z%eﬁgﬁ? ggji)lt g/&ee?cfxﬁie%s‘ water at a

coat | ng cobnmpoun eposi
t tengieradsie of betweeh aboutdSAE 36 abap 3DFE, antl morb ipkafedably between about

BBEEtoura L Alne opper ot o Tbrotnily Samenssd in the aqeous sofution 18

affirionk 36ddndor @t i N9 should further be sufficiently
thin to be easily renovable with a 4% HC etch

sol ut i dhe sirippfebppeaiiol) 14 eitsihe silanexeitionttatk Kpland anyexcess

ke BAEH 2215 9 T SR G s ot

Sesppes fill 4, I Bifd inse sBRiGOn RS toaiprit deidnided Watd 2 Mdie 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 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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t hi cknesses as | ow as 40 angstrom and coati ng

t hi cknesses of from about 10 angstrons to 15 about
100 angstrons are preferred. The coating |layer is
sufficiently thin to appear transparent or inpart a
slight gray tinge to the copper foil 14. The coated

strip OFeEEpEae, thesiriprf cappardoil fhd mayeerdrisdpyiferced pir. e air may
aB chot (Eig” g&to%% enpel ng&:ta%u“ %&t&%ﬁ&%@ aﬂ‘%{ﬁg&‘f&wd since

ution
aqmtﬁmed dnfing ininimifesspettiag abthe copperifeii d40f at | east

Dot NP A0 458 e B s B2 B 1A B dticlgppic substrate for
it EBﬁﬁt%E |cirfc1'5’i%8‘§& Br ﬁEGIH:Ie usﬁ%%&‘hlﬁ@ﬁ Wm#rafion pfiRess. The

copper foil 14 is preferably immersed in the aqueous
S dlelﬂctrm\sub&mtt orayondude (fmamplmféaerng reinfargedofpoxy such as FR-4

oy P retablent s Bl sherSa 3t n PP BARS Sunifk ilp anu ldured oy

S Dulbh0 'heq amiBiatibR pfdcesatlay imeide bendivp fnm?p@;f fotlNgyer #5the
cop er foil 14. The rinse solution nay conprise

fricepbsiate throngly e pse pEhesb pyd pressim| Forc?aalpwles % peypssure of about
a3ﬁ@?§it ét% t%%g@rqc a{ :ﬂ)ohpf’lsdeé R 'aztﬁﬁie C;?{o 3rd rﬁa utes, will provxde

ohcentration of caus e | oW,
umﬂmbleladhemoﬁbétweEndieelayéiby t he caust| c concentration
is fromabout 50 to about 150 parts per mllion. The
caustic is selected to be the hydroxide of an alkali

MRh@hceClrehtifenpydr oxi de of an al kaline earth netal
sefected fromtThe group 30 consisting of sodium

hydr ox Rd&,n’mghw torF tgpor 2oanchicemolytinsell St fowcledriddpositing a peel

annmoni.um., h Most preferred i | cium
PR SRuaneehett opting 4 edbbe il Sopping P fsgER paept of the present
1fhveBtion) & fhowad The dlettieBdicaell 50 théludds'a taMly 20 @(ﬁltﬁiﬂﬁig an agueous

,. at roomterrperatur@)é or heated. Heated forced

;plecﬁr@ym solutione 82, 5nd @podeg éxeémneﬂuah thestrimefropporctpil 14 passes.
S [o f

c &bidelrBfls 25 wip S TRPR conflel ok havel e SH of ool ot 14 through the
S ﬁbetli'al}g(mecél_bf() Phé glll(lt‘?re rrgls&6pire niagdfaciured frém hnyl hthterial that does not
the |ike using any kno a i on process. )
FBrtE PO T gy Arrierabe o oot B 2 rolls 26 is formed
f &B8r 41 él&?tn&ﬁlﬂ Pﬁ&ﬂre%ﬁéﬂalsﬁﬁ%ﬁ a@&a]gg%sé steéfi s<§ ﬂfa? urrent may be

retardant, glass epoxy) or a yi m de suc as
Kapprsssedmnﬂfemluo%@ppyr foiliFAmstdetailpd belomi (aniderollsi26aetate at a

Pty Spcea iR dta: Bk botkeC BN naPtiion it dies 24 for arequired

ptife 3l descudsed belsarpl €, a pressure of about 10 300 psi,
at a tenperature at about 175 C for a tinme of up to 30
m nut ebln&eplecgpbmp@g il 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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d, suitable adhesion between the |ayers. Surface
Treatnent 2 Referring nowto Figure 2, an electrolytic
cell 50 for electrodepositing a peel 15 strength
enhancenent coating on a copper foil, according to a

o NPT L

aHe| RREE nuBlRE bf Skphech QiR id kB¢ 2 Mk ‘ARRYSSH) 24hd the oxyanion
bet ween whi ch the strip of copper foil 14 pasSes.

cgntaéning thedarpestmynbes of oxyges gtnmois mass preferved (i.0f thettper__ate”

550 SRR b A e B o
roht@nivad, nidlgbdeies and tungbten. cGedup B thehldes hia0hicte, technetium, and

solytion 52. Preferably, at |east one of the guide

ABFMUMYE i s formed froman electrically conductive

mat er i @y nrefdefd b .

may b aprERERaSampoRlin 52 BRY e AhuddiPta Gl Blbmate,
dangsidte,cbr imdlgbdat&iond én Db ater 2md| forr @k @mplie, Gonsiztdfrabbliteto 200 g/l

i Sntongte...Opucratbout 5 o 1o o sbbmuliiger any ofer conductive
Isa1td B 18] Ricflell 9 HckdasE fle! corfuctifith 9MRHe é&ﬂgﬁﬁ?éﬁfi ]grrggerred

shown) is provided so that an E&lectric
sadodiment; theelestrolits salutionoS2 ¢rmsistsrésgentilly opgherut 5d6 75 g/1 sodium

%ﬁé}}rﬁr’]ﬁg{% 14 by neans of the electrolytic solution

is way, a peel strength enhancenent coating :

Wi th tTi sieof iREIGAIPAS bélnedh Sekn! BY MkiRRETed ifi the range of about 0.5 to
deposited on the foil strip 14. The electrol ytic :

d44 preferablyan the rapgeel abeusk2 ol Qandmastprefarahlygn the range of about 4 to
I . . - . Ve .

o 1B ERLGoBR g2 ol Gl @ oEHFHaOH B 03 semperature

TP tofaboutd 008 K. Fdi makalnkre defpositivn refegrieidtpgefefted fcemaitkain the '

t he tal is selected framgroup 6B. 8 \Were the

ﬁ@%ﬁ%@%ﬁ%?@@?ﬁ%lﬂ&w& Shabuen \PRARGE)°C, and more

iphefeRblARitRRer AR UD? 090 abdift gbager nunber of oxygen

atons is preferred (i.e., the "-ate" ion), and the

oxyani e elextrol e solugon A2 operaige siellin pivdde ringe of gerent densities.

j t _preferre i.e., the yper - ate". iQn).
SRl oPRes B ekl i m bl deRGheronBind o s per square
@ oti(psfp Bp a1 abail 200 2sf X Aidikd phe okl REeMUFhsiNE from about 10 asfto
:agngsten. Grqup 7B incl udes g@qr:{%anese, t echnetium and

@i 10, asf. qng sk preferably deompalaut PO asf tp 1 asf. cbhe astal current density
Spidyeds dépenaBhttnthe GHeARNEERE strip 14 is exposed to the current. That is, the

time the copper foil strip 14 is between the anodes 24 and immersed in electrolyte solution

. 52. Preférably, 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 IPC-TM-650
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tungstate, or nolybdate ions in DI water, and, for
exanpl e, consists of about | to 200 g/l sodium

di chromate. Optionally, about 5 to 100 g/l sodium

sul fate or any other conductive 10 salts can be added
to increase the conductivity of the electrolyte. In

.a
pMethed 4.8 Sensingid hBrinch wisls test specimentadies being ipmersed in 4N HCI at

cansi ssent | al ut 5.t i .
cten B B I PGB R il e IR Interconnecting
b gnd"Padkb gin g Eledtionid CiréudrgE3 80 N abiatéin Avenhe Lidebinwood, Illinois 60646,
preferably in the range of about 2 to 10,. and

pand igrdspgriped fin figther defgid belowa pWhile thegomppsitigns ?Egl%ttreated surface
teiewf&etr[o(? lbxérF%rﬁﬂzghi P vefich &Pl b¥a ot Ahnixdide of metact:l and metal

nperature m'room t enper at ur up to about 100
Foxidemwitiarthidkmes of alsout 2@ te@sbhout 200 angstrefren(Add The morphology of the

mai nt ai n th? el ectrol yte .solution 5 terrgeratu e.in oh

t FRatmgrguldAlscgmiain serae ficTRIoH 0 PIRYCRfficdnesion ennancerment
pLgigrably between about 40 C to about 60 C. The

ellectrolyte solution 52 operates well in a w de range

of cur hatoated stripicfsopd fGlid4 exits the eleotrolytig selhd() and any excess

applied with, a gurrent .density ranging f r .

< Bitsraina Sobgtich.Sipahe riedi teOhPalfs of Gi}ebod RN PE The rinse
PsSILE6H Ridy CoipRiBd déleRised Wateh. Mopeprbrubly,1dsmsll qiiantity of a caustic is
about 100" asf, and nost preferably from ahout 30 asf

g eddedl taghe defprizet water rinss soltriiong dAigicoyceniiptipn gEepusic 1s quite low,
CRBORSRasR Phbnd NpebiPbbngSt et i FERPSEth bur 150 pars

1?&'} millieh. VBRI catftie ia8eleesd f¥bethd hiydromidesof ahralkali metal or the hydroxide
electrolyte solution 25 52. Preferably.

hi dyel | .
¢ phen plkalasearthmelabiksied o eroun dotstng st spdhmpsyiroxide,
g&g@ﬁﬁ??ﬁggﬂh potiSiRPRidroide 35& Adonivh hid@xide! Most tpﬁeferred is

an ‘eftfective thickness of a peel streng
e chlaivme hpdroxideat i ng conprising a netal and netal oxide

b, andh 8 Hotng, B9 sfin GFoBberdEinda e pe SR KRG’ The air may
deRRsbL @S, rddie téisipatire) 6 heatdth cHedtétbfoped aisis pesteirtd since

enhancenent coating is a%%{gi ed to 30 snooth copper
f @peelerated deying minipazespeitmesd thecappet foflHide kness

capabl g OVi.dj ' '

10 5 A0 1, B s

| Perifi 6 PRinfodttolit Goddorhlikesashg anyliwirlatnindtive prewsss. The
Ui TE-EEur b P o 0 o ok s P4
:Elrtg Fikrd f&ﬁdﬁr%r $1!a£§_t iﬁ[éﬂ%@gg%)t drihol Affidé ek a8 Kagton manufactured by

ectronic cuits, N. "Lihcol n_Avenue, )
L iDheReinhwBhbellaminationgireces® 81 incladecbandingdbe copnsy foihlayer to the

I %«%}?«%c g@ﬁ‘%&% eoluo 'thevi\g]sielo(ta' hteaaean& %%glf‘lje.t b‘gpgxa%plé,rheprgssure 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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5 have not been analyzed, it is believed the coating
contains a mxture of nmetal and netal oxides with a
t hi ckness of about 20 to about 200 angstrons (A). The
nor phol ogy of the coating could also contain sone

m cr o-roughness to provi de the adhesi on enhancenent
effect. The coated strip of copper foil 14 exits the

eﬁf@hﬁﬁﬁﬁi c cell 50 and any excess 10 el ectrolyte
solution 52 nmay be rinsed fromthe surfaces of the

copper Vanols dotapafativerand sgemphiryisangdestsigrecosaped wsing copper foil

dei oni .z . JMor referaply, .a I antit f, o .
-t f{o o Rl teley Sl eRhinet e svtiiels, HEforpe 51, dictectric
S@lbdirht8 Nand TRMiFR1BA PRUtHGH 2Rl i bachfThd Samiplestivére thd @ihe. Different
under 1 percent. Preferably the caustic concentration

| Gedtment mplbads Beretused bo the copperigils for gaeh ohthe saroples. THach of the

Ry A SRS o245

SedifEh @B intlp WiddRstBpeciten 0 Nekx§ tall it Biic SHE Bithples were exposed to an
hﬁj?réoxi de cal ci. um hydroxi de, potassi um hydroxi de_ and
a

Hichrotutianct 282C fojputodSdoursang then peehstzangth tested again in
a o - o . . _
R 11109 5,65 e SR i s G,

(&8s may usdd dwwmpthe FEBrmsnufsturing proedss dor diemirgroffthe tandinated and

aif i referred.since 20 elerated drying mninm ze )
<phitedeffpedprinisd curspis oo gl Bl Thngesalis ofpsroests e provided in Table
C P RPEL ﬁlﬁis#:raﬂ:é bei?éfut& Bﬁi’;g *ﬁges_bﬁ']ﬂ%ﬁbﬁ. a dielectric

substrate for orm ng rinted circuit board or the
| i ke ubi geperalyIPKRTMR6GMethiowdi 2 85rdeserihes aTest to determine the peel

di,el egtric substrate may .include far exanpl .

£ N condRRPE R APIER S5PerabRess I heee] SpRCifis; g the test specimen
r RlaAbsiRited @ppesfolll frdecfort RGO defdts a MMniinatliole vritlkesqBlisters,

Kapt on manuf actuyred by 25 DuPont, The | am nation

praekss andraverrateing cTdlamingied snecimgmnda imeged, thep gtohed, gleaned, and

" . ) _

PR ShLaEL Ry 554 i) g, AL g .o moge

alinaistiéfrineh pdndr sheared simaples with sehdedredged aromsal. Egehtsemplk is prepared
jnutes will provide . sui e,.adhesi on between the

Ty Brdine ekl Lt thitee ine.airel B saeriHaR# the edge of the

bgfeomer? IRHSPEciER S thes s&’&?éﬂ(?ﬁxst #Rorizmtal SAARMvith M6 peeled

foll owm ng exanples are intended to illustrate, but in

nmeted stripi projectingupward p dho fnd pfthg stripais grippedebativeen thejaws of a

EiSel g fiichine 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 0 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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Vari ous conparative and exenplary sanples were created
usi ng copper foil lamnated to an FR4 (glass filled
epoxy) dielectric substrate. The copper foil,
dielectric 5 substrate, and |am nation nethod used in

each of the sanples were the sane. Different .
tasgoreppsitad onowstages of the eeppshiaih Peehgiprmptiy igsting gfmomparative

SHE e AU R o e ST A 5 o
\f ekpabuit b.tBe HClushutign acohdparadtive sampldel presided petelnserength of about

%@ﬁl, .al.l but one of the sanples were exposed to an
chol ution at 25C for up to 48 hours and then

peel i c . .
P53 FEAFR 8408 338 ek 8 BB ol sttt

lihelP2 treatment onlyi Be¢laBiength testing af comparatiecsahple Agevdated a peel

senaiBoLaPaid e BRaRacEp Rer i it & tebminalid oo peel strength
@ReFinly Thfouk 66 ttgosurito thEHE] §dtafién. ar e provided in
Table 1, which illustrates benefits of the present

i nventbXsmplany sggapleriawas mpafasnaeon peedrdance withghs first aspect of the
. ' . peel h .
RRSER TR on, 78k chRoflF PRt AR 6 uESRmplity B Hahirst given a

Plardatmean ahd dientdippddaata ShRiOhE0.5% Sildhelin DIfaéiokized) water at
copper fo{y free fromsuch defects as del ani nat.i on,

I
RPPRORITRRCYA 4”6 iRr que secondprmorgn T hg\sample was thep rinted in DI water and
Iavﬁdg]dﬁ%?ggggseg usi 1r(1)<!f:11'sst angarﬁthitt%gﬁg??%p%ﬁ%es iaﬁa revealed a
ogeli siength.of AboutFiod Ibelndierifier, 1 hdvr of exppesdre toitheHICE sdlhBon,
i nch nd sheared sanples wth sanded es e .used.
eREReai RnE Jeydron poY Highr A Back 3 ADGRRY 1
i nch onipidtive8mpld ¥ wab mafffactuPedRiMENSh6sth3bpp& tH118ubjected to a -
edge of the specinmen. Each specinen is then secured

dipainypstolutionef G Psilnss i Phislsioniged hwatee atapproxdmatedst 22°C for one
S RS P, oS R
\drhinatidre Pesbstrapdetastiay df eoniparativelsdinpleos ravisledrbatl strength of

T R
On ( vad oty SR e dealilEl IR ih Abarance ¥ Yo bichld aspect of the
pegseitoaventioanwh¢ré@ snioth copper foil wat tedatédiinla sofutjonl dosthining
Biorrh” Periicatvtheotaln sebing] L sodie difompte and 20 1

Woditin il fatedA DIGFatBOst chih@bicB6tsh and PT0foR 51s¥Eond OPhfRrd: Following
was manuf actured using a copper foil having a rough

Ynigatipretoddirithig treatedsfoilchad a egtetrengtivefhetweends. 3 and b & Tos/inch.
Wik 38 %gu&%eﬁﬁés%ge {c%nt 'ilﬁll E;glution, comparative sample 1 provided a peel

strength of about 3.0 to 3.6 Ibs/inch.

12
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treatment descri bed herei nabove, where a m xture of
chrom um and zinc ions or oxides 11 was co-deposited

on surfaces of the copper foil. Peel strength testing
of conparative sanple 1 reveal ed a peel strength of
about 5.6 pounds per inch (lIRs/inch). After 48 hours
of exposure to the HO sol uti | @o arative sanple 1

provi ded a peel §tche<ri§mc@frea§mtmPeeistzpnutbsf/quﬂfelh. 5

Camparative

éﬁb@?"%ﬁl Lgraﬁjn@éft?ﬁedttBquwu La lgftt Popl nlreyl_Str Following HCI

posure
m ' nh PP Dn atﬁ + 2R | /| n I Ak ot 1 v 4mhn0h (48hr)

paraes 7 o O T o9 g bfngh 1 )

ZA A
%ﬁéﬁemrcpiag} Fos D;p“ih & %% éa!?rﬁ ééfm bl u tsl ;I):Wncl lExen'pI 2. ;‘3 “3'ibfinch {1 hr)

/\

i '(Uﬂmﬁraﬁve)”d ’DIHm'ﬂg%ﬁfahe%blﬁﬁdn' &C Urq"@‘bﬁﬁ‘h w i the st

QYA —

Blemplaly) | ‘Electrdddpo&lﬁoﬁh‘aldﬁmnﬁa!éw T8H.55 bifeh SNPOT T3 §-§’9ﬂ:ﬁxﬁh {48 hr)
oi' | used | ] soRticngabond NspscB P! € was first given a

—h

treatnment and then dipped tn a solutron of 0.5% Si1 ane
in DI (deionized) water at approximately 22C for one

secondAseamiyr seen ¥ Ealda iptremplary shioples Bra@dd gaph provigde @peel strength

R app WG s ety Sl 5 eI RE ha Bl e fidgivided by the surface

&fdaﬁﬂ@itbuﬁfd ifl ok Elacl:ﬁtl’ée sdinple1Z Bnd Af Whére bnliostie oTfthe P2 or the silane

gmsure to the 1l solution, 15 conparative sanple
oBdEpatmens @ras swb s tlse shoybin Tablo 1 rexempiary ﬁgnlpheﬁ and 5

BEFGHSpLR: A SFRAFOAE St R b 5. i

Spebbstﬁength dhlsel(véd! withi ezmgh v@ﬂp;m&tnd@mmi fuill Thus2R{Eh the surface
RN I T -

%Bﬁﬂﬁtmlyte‘aﬁ&]' thha‘ifobFa@tY&QIsﬂ{g' & Eonvaiiinal 4015@1Vﬁ§i‘a%9d foil (e.g., a
peel stréength of 20 about 1.5 | bs/inch. EXenplary

me&@d@gemmiac Thisds especially ed veatagsous when exgreme fine circuit

FF80 ZBREGH Ry Fi? R Raheh SRR oS o Frurtace ronghncss

ahattraaybégseddiAlEy, eREhplanSpRailéd Tatd ¥ alsh BRow theddded beneﬁt of
contained 15 g/l sodi um dichromate and 20 g/l _sodiu

Jupintang A pesl siggngth clase tathabelrtained uging thefdoppedBend® freatment, and

SRR P Sy U 2 et ATBSRRAR bk C,°

5.5 | ¢ Mapdetermifed drat pelistremgth ddss dup esHOR exlmsui'eas @unction of the

30' ut | OECQ?%IDE%&E %_Y%t S%l tl}ladg)pp%rlctﬂel and the. Sielectnc 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 HC1. 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.

13



10

15

20

25

30

12 Table |I Effect of Surface Treatnent on Peel

Strength of Cu Foil Sanple Nunber Treatnent Applied to

Snooth Cu As-Lam nated Peel Peel Strength Foll owi ng

HCI Surface Strength Exposure 1 (conparative) Co

r\%&rgnd(r) .treated + P2 5.6l b/inch 4.4 |b/inch (48 hr 2

(Vs £rating wytepal 64 151ahssL firapth ephapgement copting, for example, the

( . 0. %. R th 5.5

(R O SR Plarialilly Beabby 200 36Ul 00, °,

( conpakacints) seBi ;n FIG.BabBéfeie expeswmeotaHCh thd cdtingmadterfal 64 extends

! El ect [ t] i.n_dich t -5,
AR RS54 AR A B0l BRI S R ot b e
Yot Slefriiflg R OB talifks baRIrfonl68 SFRERbAING MAERAITY prodithtOthe edge
each provide a peel strength of about” 5.5 | bs/inch

VerTaeesi 66 tabeempestt @e., uhdarcutha@s shaskn it Fiéh gbh FiGo3¢ dedengthwise

sur f S trea nts used.in ¢ rative .
Sl PEURSARG pi Cre eBR T Bl b sp Pl As'oan be seen in
F1GaBe, undedeuttingrof theadafBg matdtfal B8 estultdi AhGRIiAER 8z T0 of the
Tabl e 1, e.xegtgl ary sanples 3 and 5 provide a peel

Sopngmaterigh 64 oot h copper foil that is substantially

| lhsLi t .
calal 116 ol BB 0 ey AR o v
tdompatativaand exemplhryesampistdiatal wiing Ewpppr Rsldaiinated to an FR4 (glass

e Ig B SRl el ettt Beeh et g @) a3 fumcion of percent

[ = L4l
G0, 86l o A VLG oo P g s

dieanfuncfemyef edge nndercute fkhug, the more edgetundéreat expesienred by the sample
hjagh f [ |t i Lt tri.cts t

Sl BB}V B S0Pl R 5 BB Bebatgecond
PP bathe peesail iBSention(BluPace beatnidh 2), iébein2 Ale shoRRTBA this treatment

0 mai ntaj ni_.ng, a peel strength close to that obtained

&_fgst\lﬁg in pgedustior indeth the pereeah edgermderghtiandsihp perart peel strength loss
ARGy Eon AL B AL B
tdesdrileddelossure is a function of the amount of
COT RS Sl e LeSha S B B b AL i o bl
ﬁrﬁg rggﬁr@,ea %iing Atst nsethcRll iR WHECh 21dUS toinPardfive &tP&emplary laminate
samples were created using smooth copper foils subjected to different surface treatments.
Comparative samples 7-9 represent known surface treatments, while exemplary samples 9-
14 represent surface treatments in accordance with the second aspect of the present
invention (surface treatment 2). The copper foil, dielectric substrate, and lamination
method used in each of the samples of Table 2 were the same, and the samples 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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can be explained by reference to FIG 3. FIG 3ais a
cross-sectional view of a copper foil 60 lamnated to
a dielectric substrate 62 before exposure to HCl.

Di sposed between the copper foil 60 and the

di eI ectrjc substrate 62 is a coating material 64
oHTTRes eB@P&f foihwas gfehed-in grsoltion; ememwn persulfate (120 g/l

%ﬂ'&hoﬂlﬁfhngi 118199 1 vothé Bf 9&% ﬁ.ﬁﬁ}ﬁmﬁtd’c ggut 18 molar)

ance oat | ngi1n accor
48 pBE hteobelﬁevap;nrbsteﬁlﬁﬂf’Cl fnmﬁseconds me samypheewad thich tied and dried.

et IBE borten Tl wed Mlatedintth 3 dbickghrst Fronprsaut §9012 to 0.0016 inches
nﬁingkaﬁ%ﬁl wppmeatﬁ mbaa)rr@&&{efs%o% c@armg@ EARGSE Addd in DI

FIG™ 3 f purposes of explanation 13 Where coati ng
M@‘rﬂt é0°(6)4 The @Spﬁmmﬁwmmmumwmggx current density

BB, AR 538 MR SRS o ong e

%pecdaeﬁ@wereq?femw foin@atkdampibeand@ath eeciBérewhstheR éheared to 1/8
extends substantially to the side surfaces 66 of the

ah wiglg usingaaiable adge pccisiohshenr. ohel egpeolibe gpecimeng were lightly

%Fﬁr Ia %%66@“ %?&St? %eerﬁgp ge “sur %g é}ggt gﬁgﬁto!?eg@&b&gced by

sheavingd (i.e., undercut), as shown in FIG 3b. FIG 3c

is alg S view of the strip of foil 60

i eveaﬁtﬁga# %ﬂmmwgsmdnfm gachgpmgle. Half effhcispecimens (the
26RFol s ) v pHAER it s iRlpe LI BN P CTEMEESF Method
64res tSI an 't near of t coat

et &6 ivithogtibeing sulij &tedito BCh "Hlﬁr‘fks—Limﬁmmdi’ @seirstmngthrfor the sample

f..dat a ath mthetestln of vari_.ous

3 Wﬁgrafe EhOTIGH ok fglobmo s B wiR o Priindsper ipshoyidth. The
hRds Wreﬁﬁnﬁ'ﬁﬁéed E|4?NSHCI fat 60°€0foP BR6Ms, followed by rinsing

d| el ect r| c substrate and depicts peel strength | oss

epoged sprecigems avere then peelstrengthdesteshiniaecerdance with
Er "i‘l\ﬁlfgog‘gethggﬁ 5 B?‘?L 185" Qgi’gel TS%%Q%@ tg'% Hr %]Cl Exposure” is

represent as a I near unt Ion O ercu

Treunverdgepeaidoad foddle expdesdspiecimene in anitsast poynddiser S@oipwRIth. Also

é&qdue ﬁﬁ?lﬁﬁgg ure#egteéegﬂréngﬁ} re@%g&#ﬁﬁﬁgg@%ﬁ equal to the

?])Bﬁ s&%ﬁ@tﬁ%ﬁeﬂf GHERS b@ﬂdl%ﬂﬁéﬁf?e%w ¢enta fth¥as-laminated

as shown that this treatnent uction
peelistengthhe percent edge undercut and the percent peel

strength | oss u osure, when co r to .

or 1 or Tappedtt e B @riion FERGRD R g fedoloRs. Firt, cach
egsoed bpstimel wvs vidWedablig R0k HedgnRmtibh Endjﬂkf’ﬁidtﬁﬁié beBween the
generate the graph of FIG 4. The data of Table

edge of the coating material to the edge of foil was measured on both 51des 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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were generated using a test nmethod in which various
conparative and exenplary |am nate sanples were
created using snmooth copper foils subjected to
different surface treatnents. Conparative sanples 7-9
represent known surface treatnents, while exenplary

therspmele was then celgulated by ayeregimedhe pasentandercytfor each specimen
h. the

AT He b h® 1RSI PSS Shafitnd OF BIS3EB RBrovided

Tadkeactri c substrate, and | am nation nethod used in

each of the sanples of Table 2 were the sane, and the

sanples differed only by the surface treatnment used.

For each sanple in Table 2, @ glg eat ed copper foil

was 'am nat ed t%ft%&oféﬁﬁm‘i’!as 'Sr[ﬁe&sﬁﬁ{’g&toigﬁn(m“ PCL

370 hav ing a glass transi
7 °Sdmple 30 ‘l'l’e‘a‘fménf‘AHp Batd ;*a Asl‘ahfﬁ PesiSkohgth | % Peel % Edge

M Niinfbar Nep&hddeh t Foll NEXpediSirh exXridf 8 Hr ACOf strefgth- N Ondercut
@ pressure|lof 300 psi fof | owasin)oy & Ekpostilenut ELog®Ol i hg
cycl e. The] exposed 14 surface of tlywsasopper| foil was
8 (Conpéfativé) PCGMretdiallSomacedT  LNMORBEIM peEr sulshat e {12929/ 8.2
ammoni um peTreatehtat e pl us] 3% by vol Une of concentr at ed
sifbdmperstive) B82 d (about 18/ nol 48} i ond9%iter df5DI 15.1
vieampyrativg) MACNIf or 45 sechnds 41 he danpBé? was) t HEH 22.0
3 (premplard n | Birgmale WS Next | t he 48dpper| f o7 was] pl B8 ed| up 9.6
W(exemmwnﬁlamter nmzahm Q g@a7 ta. 0 (?1(31]6 i r‘h%ﬁ 5 &3
LS| th wi 1_# ut Lig ( ol .
Sl o [0 _ gidbners g

(exepiag, B8Oy et dB2a: o8 The 60
fexemplary} | \ . o g A5 19 L 88
i Xemplery], | Tk MDA AV . e Al A
LI L C < AllTPgor LiTeE. o Il\d A
guil l oti ne paper cutter, "/< inch wide by 6 inch I ong

t est Ea@P6f the 8smpRs fh PaRPBNRY phéparBdadly m Spmaddpper foil.
each speci men was then sheared to 1/8 'i1nch wide using

Gouparstive stgelepp apd Jivwsie prepated uving comneasciglly ayailable copper foils,

pape?&?o rermgglpgﬁ{/ga{ r%gg&?h‘e?a g%{ahggl i n?@%ducedmbn

Ebmaritivg. of Morwalks CT. oHaclspfthe mnpam&veamhaqempmiyi;atnples 8-14 were
each sanpl e. Half f the ci.mens contr ol
E’ﬁBE‘?eaé‘gg’ﬁ CoppYr H@ vipg yag WE%H?%‘A’RE The Zn-Ni
|
Yoatinglof Qoﬂi?ﬁﬁé@e Bﬁﬁ#e% Wi tfég?nslﬁg;ﬂg%@ laqRédud Qolutwﬁ c?ntammg 10

subjected peel strengt
g/h ¥ a8 sylfate, og/l €ntap) eulﬁateraag a0 ;gde:lltnlc@aul #t oH 4,H308 nwhilsl applying

PR AT S Sedsat P S S P FichndhC el thomipepsien SGatg cqaipe of
ExdmiplaS, sahipld @wag dbpbs{tbd‘ﬁélﬂgan aquéodé ¥oligon JoMaiBE BSETINa, Cr,04.

eci nens were, then peel strength tested in
gﬁg(a.(agﬁg@ G 19 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

aqueous solution containing 5 g/l Na;Cr205. 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/1 Na,Cr,O;. 2H,0, and 20 g/l sodium
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235

| PC-TM 650 Method 2.4.8.5. In Table 2, the "Peel
Strength After 6 Hr HCI Exposure" is the average peel
| oad for the exposed specinens in units of pounds per
inch width. Also 20 shown in Table 2 is the percent

BB SLPP RS e B im0 eGSR hrte ) of
Q&&hﬁfﬁ%@ﬁe a3 F}\%Qﬁ?ésﬁ‘ﬁﬁ ueifn%fah %q@e%u% 36tuigh E&’ntai%g%le&ﬁ g/l Cr (25

stre@g}(r e percent edge undercut for each sa
BANaEr#2HeQ) atpH 8] 149RE, whille applyiog ¢0 asffepd sewbnds. The tungstate

' ' d d 0Q i fi [ th
SRl Bpuale 1Y Fos 406l e ARbeobS PGP rinuge 1 1

 tandstm ot gHE, 040°F0vhilvasplyR@SINBAfR'S seedddsSi des of the

exposed specinen at three different |ocations.

Ref er ASgpnths seergn Fablg 3, eagk somparativanseexemplary peavidadsan

; 7 a 84, .w.th.three
e T T
tdn BICH pehe icomparafib ¢ samploeshonad W gemer ferovt Fedmﬂléngﬂﬁ RRs than did the
aver age neasurenent for each side was cal cul ated. The

FEFTR #% uthercomparative sawples proyudesasperepst peel strength loss in the
r

gﬁ%lgg ?gl ggtog?bgr ]lé@é‘-géig,mggg gialgpelr ée nE %gees’n%?&tlé I’?gﬁ 0 a‘i’ Were shown to

\hbgffnctilfe i? lpeo G dingiarpencept pé! sinatpth lho"s'h of hlgmi&m br gﬂgbto 10 percent

updercut for. .15 the s t hen cal cuyl ate

ATt e ooty i SRR 8 houps. daerd e srmpary samples were

effs@bledh Peoviliing a_tﬂ%?ceﬁ’é‘ﬁ@_é'é StrenBRF10R€ stﬁ%thﬁxg Qf}ec%ﬁa I fjeﬁ:rz 4bdht 7 percent.

for each sanple i's provided in Table
Ehe ex¢emplensamplesalsy dwwedan impraved resfitansa ¢o dgefun@ercut when

i - . i ed to As.Laninated Peel o
EptnbarsR s BodtOl B g ¥R of 2518 £o33E ol e ep asngosin the
Soppen gibtoAfilage pfioHo LidainaGbh, cisgh thelfitgedspedt of (Helrkddht invention,
Exposure Loss Ibfln 6 (copparative) Commercial )

S’L?Bf"; g gpancepeel strength of coppefofdicated iv apgendance wathphe second

t ot tRdprekent idvention8 (conparative) Zn-Ni 4.14 3.32
19.8 22.0° 9 (exenplary) Chromate Wi Si 4.32 4.07 5.8

9.6 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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10 (exenplary) Chromate 4.52 4.31 4.7 8.1 11
(exenplary) Thick Chromate (20s) 4.22 3.92 7.1 6.9 12
(exenmpl ary) Acidic Chromate 3.88 3.62 6.7 6.0 13
(exenplary) CDC 4.64 4. 55 1.9 8.9 14 (exenplary)

Tungst at e 32 -0.7 2 Each of the sanmples in
Tabl ‘M’é"fﬁ P@E&ﬁé&dmh?&%%%?ﬂhs Breser payentign have geen

d a I
et o GO oSO T G 04y e
“@@PW@hmﬂﬂmaﬁwaﬂBdmhmdnmmxpmnﬁmahh@nmxﬂLAabhhngg hEr aspects

] iRt 25 BT ey of e UC MRSl ¢ pr epar ec

usi ng bare, snooth copper foil having various surface
treatnments. The Zn-Ni coating of conparative sanple 8
was deposited using an aqueous sol ution containing 10
15 g/1 Ni as sulfate, 3 g/l Zn as sulfate, and 20 g/|
citric acid at pH 4, 130F, while applying 10 asf for
3 seconds and 50 asf for 3 seconds. The chromate with
silicate coating of exenplary sanple 9 was deposited
usi ng an aqueous solution containing 5 g/l Na2Cr207.
21120 (1.75 g11 Cr), 10 g/l NaCH, and 10 g/l Na
silj,cate at 140F, while applying 20 asf for 10
seconds. The chromate coating of exenplary sanple 10
was deposited using an 20 aqueous sol ution contai ni ng
5 g/l Na2Cr20r. 21120 (1.75 g/l Cr), and 10 g/| NaCH
at 140F, while applying 20 asf for 10 seconds. The
thick chromate of exenplary sanple 11 was deposited
usi ng the same 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 using an aqueous sol ution containing 15
g/l Na2Cr20r7. 21120, and 20 g/l sodium 16 sul fate at
104F, while applying 66 asf for 10 seconds. The
cathodi c dichromate (CDC) of exenplary sanple 13 was
deposited using an aqueous sol ution containing 8.75
g/l G (25 g/l Na2Cr207. 2H20) at pH 4, 140F, while
appl ying 40 asf for 5 seconds. The tungstate of

exenpl ary sanpl e 14 was deposited.usi ng an aqueous
solution containing 31 g/l 5 tungsten at pH4, 140F,
whil e applying 40 asf for 5 seconds. As can be seen in
Tabl e 2, each conparative and exenplary provi ded an
accept abl e peel strength before exposure to HCl of
about 4 |Ib/in. However, after exposure
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to HCO, the conparative sanples showed a greater
percent peel strength loss than did the exenplary
sanpl es. The conparative sanpl es provided a percent
peel strength loss in the. 10 range of 11.2 to 19.8
ercent. The exenplary sanples, on the other hand,

RIS KdwkIMED I8f be effective in providing a percent
peel strength loss of less than or equal to 10 percent
after being exposed to 4N HC at 60C for 6 hours.
| ndeled, tAeoppee THil eT4/ 6OpMRI8RindEE Lo £AiEREHC\WRbLt e (62), the copper
provi ding a percent peel strength |oss of [ess than or

fodqlhIo0) eoTaPRURE:7 percent. The exenplary sanples al so

5 DoV ek BrbIERf BHEMEERNIANAE (64 RAJHMGL SiactMiInd Copper fol

(I#tGO)S td ot iadheadd ttc}ﬂalﬁe éielmmmglbtshae th@g;[?l strarigth Emhancel?ent coating
ane prior to |lamnation, as | e first as

(63he>r1§}se§eﬁﬁsenwéh?{n BIAIXUERAf & M aﬁ'graté?ﬂ%bﬂ’éf‘e" & pof the metal, the
mehl ﬁ@%@ hs et LR 0&9' &r Ho$@l?d vifhddGhOh Faﬁuﬁlh @hromium,

secon aspect o present invention. The surface
m«b!wbdﬁmamtun@tehoniangaheseh@cbnﬂsmntand nheanim.on al | ow t he

use of snmooth 20 copper foil |am nates while

providing a peel strength substantially equal to that

obt ai ned THESEIPPeCRMVEBL 6O claifmOl Ghrepdih ﬁl@&ﬁﬂfaﬁ:@ loF the copper foil is

This is especial |y advantageous when extreme fine
smgiotlcui t features or high frequency signal

transmttance restricts the degree of surface

roughness that nmay be used. Also, the surface -

treas rTEﬂtT]{E?ddpP&Sfoﬂf(ll 69) Bf elantl, whirefi the metf1iosletted from one of

t he added benefjt of nmmintaining a peel strength close
chegmivgh tungstes; HkmokybAduis 1 ough- surfaced foils, and

substantially higher than that of other snooth copper

foil treatnents, after exposure to HCl. Wile the

I nveht i orThescappet fodlud 18y b§) uﬁdﬁmﬁ 1;‘ whenea'ethﬂ/iliehl gtrength enhancement

SNDO 0 r. foil the|n oul beaoliedto
coe%%@)ﬁeﬁp i itkagssRf bsﬁyﬁee ARtsAYO apgstegies. o

nore aspects and enbodi rrents of the present i nvention

have been described. Nevertheless, it will be

undef. st oo"éhet ¢rapew foil dds 60pofi ¢lairalj wheremasilane isrdefwsited on the peel

W t arting fromt.he . and,scppe .of th
stthil i huise AR e ) Pist 1odiiatioR FS e et sthtFaie:

are within the scope of the followng clainms. 18

6. An article comprising:

a dielectric substrate (62);

a copper foil (14, 60) having a 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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WHAT IS CLAIMED I S: 1. A copper foil (14, 60) for

lam nation to a dielectric substrate (62), the copper

foil (14, 60) conprising: a peel strength enhancenent
coating (64) deposited on a surface of the copper foil

(14, 60), to be adhered to the dielectric substrate, )

t he Toeel Btermtige lofathaneewkereincthea peelgstrength) enbenesiment geating (64)

essential.ly of a .mxture of tal _an .| e
cofsiniagstsrh Sha ittt RE 8 el Teaft el B Tirhe i, e metal
bcﬁ{% SERERATom ¥AO 3B of NV ARdIM, ichitim] tamalehrdararitm, molybdenum,
nol ybdenum tungst en, rmnﬁar]ese, technetium and

tumgstam, manganeser iiechpefpparandaheniyma, 60) of claim 1,
wherein the surface of the copper foil is snooth. 3.

Th f ol.l 4, .6 f claiml - wh ' t al .
o sl oot bt e By e e SIS dolf o€ Fehromium,
wiRtP e M ybdenuthe copper foil (14, 60) of claim i,
erein the peel strength enhancenment coating (64)

has a thickness of between about 20 to about 200 )
angst.r onsThebartitleerfoddgiped, Wherkin( the peslojtrengthcerdiansement coating (64)

wherej n si e is . de ited h I t th
S RGBSR SRuarn e 4310 rebrod 85BRfRat fon To the
dielectric substrate. 6. An article conprising: a

dielgctri . . ' .
| eI Rf r"ﬁheséiglgfgr GaitPs) gh?’gﬁfﬁgeﬂgfl;ﬁgégggfc affment coating (64)

having a sur am nat e

exbittiistiesattiean aneual toeldl sdgeeumgieteut afterrtbe iremersiayin 4N HCI at 60°C for
coati ng di sposed between the copper foil (14, 60) and

O BoHES.di el ectric substrate (62), wherein the copper foil
(14, 60) exhibits less than or equal to 10% | oss of

peel S.’”e!;}% i reRkrkin tREE GE (1M, 160) exhibits less than or
| PC- TM 65 A/g?l\é‘g?dgaﬁls%S usi ng a&; /8 iICICh t?ast ,
equpewi ahent 284 boss ledipegl stramgths wtien measurpiliin accapdeneg ayiths [IPC-TM-650
urs. 9 7. The.article of claim6, wherejin. t 0
MR b5 e LU e abroer aflfr Betig Bl in APHRTR 0°C for
nfssentially of a mxture of a netal and at |east one
oxide of the netal, the netal being selected from one

or nore of. vanadium niobium tantalum chrom um
nol yHienuThe atticleof etaimnén geesse silews bn depasitpd pndthe peel strength

eqrhghgé]eigger@n& P%ﬁlngﬂgﬂa%{?lé?(lbfar@fﬁ?tgﬂath :ﬁle?dieflé@t?{c%wsuta?e? et al

13.  The article of any one of claims 6 through 12 where the copper foil has a

smooth surface.

14. 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, depositing a peel strength enhancement coating (64) on a surface
of the copper foil (14, 60) to be laminated to the dielectric substrate, the peel strength
enhancement coating (64) consisting essentially of a mixture of a metal and at least one
oxide of the meétal, the metal being selected from one or more of: vanadium, niobium,

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

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

chromium, molybdenum, and tungsten.
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tungsten, and nol ybdenum 9. The article of claim6,

wherein the peel strength enhancenent coating (64)

has a thickness of between about 20 to about 200

angstrons. 10. The article of claim®6, wherein the

peel strength enhancement coating (64) exhibits |ess

t hard6or dipgahethod 0%baiddd, whdesin gcpca'fttnarthc mecli swengthi ephancement

i.n 4 t 60C for 6 hours. 11. The article of
CO%tf“§(§14g8°l)ﬁ8?~ei n the copper foil (14, 60) exhibits

| essmieddin®@rthe etippbr 1f6il af1ayt60§ %nl @8 Saqicos allectioly@itgkblution (52)
when neasured in accordance with | PG TM 650 Method

coptaiping ShroRpiegluagsiae, orfanlybeéae iansde Apienized walerpei ng
imrersed in 4N HC1 at 60C for 6 hours. 12. The
article of claim®6, wherein silane is deposited on the
peell7st r dngthethed béomanditt whereini theg aqiebls polution (52) is an electrolyte

amnation tq the dje|lectric substrate. 13. The
SOL;‘PPP &t gn glectiglytioprd] Gg)s@néﬁh&mgﬁﬁih&fﬁ&ﬁ CAmP#FEr e t he
cop £ 0| r . t :
oo REEH O Lhirihibugh TR cOpcs 1108 T4, 4y art IR QIBEHIAE solution (52)
suthathian dteecbating (64)dhas| eethickinessseflsttwedrealfodiz R0 to labowie2(fbahgstroms is

conpri sing: priQr m nation, depositing a peel
depqy ﬂﬁflﬁh%‘fﬂi’gﬁrc@’ﬂéhg ating (64) on a surface of the
copper foil (14, 60) to be lamnated to the dielectric

substrate, the peel strength enhancenent coating (64)
condist i nidieasehed phglpin b, Tarthdrepmpasee: a netal and at

S 5 oS 1B R s couin () on e

copigditfail ym, 605)r om um nol ybdenum tungsten, nmanganese,
technetium and rhenium 15. The nethod of claim 14,
wherein the netal is selected fromone of chrom um

nol yladen : 16, The [ :
14, yl\l%her %°%g£‘§c}mﬁ’ﬁgeﬁ%¥%2e tl%I% F)eahgt Lelag%h%%cs:@r@g{ﬁ copper foil
compaisingg (64) includes: imrersing the copper foil (14,

ConPr SO REh st in S 30 g it e
di‘?ﬁdtﬁ@ b\ﬁﬁgaié’?ih%rlﬁye} 164)35%%3'%%9@ fr@fn Hréth{Bnd BndBIBE 4R or oxides and

e aqueous sol ution I's an el ectrolyte
treated with an aqueous solution containing at least 0.5% silane.

20.  The copper foil (14, 60) of claim 19, wherein the surface of the copper foil
(14, 60) is smooth.

21.  The copper foil (14, 60) of claim 19, wherein the thickness of the layer (64)

is from about 10 angstroms to about 100 angstroms.

22. 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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solution in an electrolytic cell (50), and the nethod
further conprises: passing current through the copper
foil (14, 60) and the electrolyte solution (52) such
that the coating (64) has a thickness of between about
20 to about 200 angstrons is deposited on the copper
f oi Isulisequers @) thel@-deposition stepdinhersing the topper dpd K]E‘E 60) for at least

conpri;si ng: i mrersi.n copper il w:160). 1. . ,
ong R7ER1 8, 7 sl b B s PR eh Bt ch it i dbiomized water
angopper foil (14, 60). 19. A copper foil (14, 60) for

| am nation to a dielectric substrate, the copper foil

coms¥Yisg g copperadp (1 409D Briekle laminatioh a surface of the

copper foil (14, 60) to be lam nated to the

dielectric substrate, the | ayer (64) being fornmed from

chr @31 umThednathod claim 22 pwhersindths aginebus tsokativ e @1 8Yi dohsists essentially

aqueous sol ution_containing at |east 0.5%silane. 20.

Of{?%oﬂ silpsan deignized yaterg0) of claim 19, wherein the

surface of the copper foil (14, 60) is snooth. 21.

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

t hi @knesThef ntettodl ay eslaif642, wheréinothealaqueous Osolution (18) is at a

angstro 0_about angst.r, . 22. A method for

R TS 550 AP0 TSCHBAGIH B copper Toil (14, 60)
lamnated to a dielectric (62) substrate, the nethod
conprising: prior to lam nation, co-depositing a _
m xt28r e dthechetbed efrcking 22; mheredm theoro-dspiogiéiag gnmixture of chromium

anau}r%acl%s of 4 h? Cﬁl? er foil (14, 60): 21 subsequent to
RECLE? ooér%‘é R ep, imrersing the copper foil (14,

60) previdia headéctrot €K 0f19) i dontdiniag USO UHo8e ! (Q4) Qlisposed in an
(18) containing at |east 0.5%silane in deionized

clagirplie solytinn @2y saaipig cheppam 4ndiginq iens; 60) prior to
| am Q0. . ] , erein the
aqué’gﬁ}slh@gl%%%gﬁl{@égﬁ%’miag%gh@s@%rﬁl?\gl ly of 0.5%
si | ahetrolvtidalipdépositingaticothromiim dinkzineidmdndhe cdppenfolA14, 60).
wherei n the aqueous solution (18) is at a tenperature
of between about 15C to about 30C

26.  The method of claim 25, wherein the electrolyte solution (22) is a basic
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 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.
27. The method of claim 26, wherein the electrolyte solution (22) consists

essentially of from about 10 to about 35 g/1 NaOH, from about 0.2 to about 1.5 g/l ZnO, and
from about 0.2 to about 2 g/l Na;Cr,0,2H;0.

22



25. The nmethod of claim 22, wherein the co-depositing
a mxture of chromum and zinc ions or oxides
i ncludes: providing an electrolytic cell (12)
cont ai ni ng an anode (24) disposed in an electrolyte
solution (22) containin%pchroniun1and zi nc i ons;

[

pr o¥Bdi nd ' h@etb@bpéclafr@ B, Whereinsiip tbigk@esgg{ ﬁd@u.@:r (Wormed from
LR G5 3 RS D5 A BS54 B s 1

an@ﬁmnwhs@s&n1mbamgmﬁﬁﬁgolyte solution (22) is a basic
sol ution contai ni ng hydroxi de i ons from about 0.07 g/l
to about 7 g/1 zinc ions, and from about 0.1 g/l to
abouy 106ty G AHPS Sl cxpaYAKal ent chromi um
sal { wherern the Cconcentration of e ther the zinc
i onsineimgtthecappeofailuiis 60) aftenthe immebsingandsbdfereshe drmg.
1.0, and the co-deposition step includes: inmersing
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 fromabout | mllianp per square
centineter to about 1 anp per square centineter is
provi ded. 27. The nethod of claim 26, wherein the
el ectrolyte solution (22) consists essentially of
fromabout 10 to about 35 g/|I NaOH, fromabout 0.2 to
about 1.5 g/1 ZnO and from about 0.2 to about 2 g/1
Na2Cr 2072H20. 22 28. The nethod of claim 22, wherein
the thickness of a |layer (64) forned from the
chrom um and zinc ions or oxides deposited on the
copper foil (14, 60) is fromabout 10 angstrons to
about 100 angstronms. 29. The nmethod of claim 22,
further conprising: rinsing the copper foil (14, 60)
after the imersing and before the drying. 23
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