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LASER ABLATI ON RESI STANT COPPER FO L BACKGROUND OF THE
I NVENTION 1. Field of the Invention : This invention
wo sloangsst o t he manufacture of printed circui tPODESWE4/015703
havi ng a copper foil layer lamnated to a dielectric
substrate, and nore particularly to a treatnent to
i ncrease t ' er to the
dielectri AS I}‘ &PI Sf&ﬁ%Of) ﬂ{ I(ﬁ}\LReI at ed
Art: Copper and copper base alloy foils are widely
used in the printed circuit board industry. The foil
is produced to a thickness of under 203 m crons (0.008
i nch) and mor BAGSHERGIUND (O BHEANYEAEION n t he range
of fro rons (0.0002 inch that is known in the
L. ar Ricld of nvenr]monfol) to 1.0 mcron (0.00004 inch).

ThH11§ Rivkntich relapiseatieymatudsbuge of piinted thelit oxedsnvingla copper
king or el ectrodeposition, "Wought" foil is
foil 113’1% Bipiadedlp hdiglsgicsybyisate, é@%&ﬁorﬁgmrﬁ@ lanky o fEcatmet ty
ch as
inereBREARLio L PR cofber T PEL B By ey
el ectrolytically deposi ting copper ions on a rotating

ca£ hode. drgﬂ aEd1 peeling the deposited strip from

2. t afe r foil is bonded to a dielectric

AhR dopper tise ﬁlld_?f follt 8¢ vGikiéleLHs&d HaBs frikell BRcwt board
Iamnatlon process dielectric substrate is

industry pTlacafolilyis ardduub@ttglaetb@kms nf mds%e A0k pasrynss(@W8anctpyrnd more
tar.d I
conek b BB T R By RO B2 B oo i e

art asPl/Pe8ER foilFloUd@midien (0.0a0u higchy o TRe foif BitypitalygirodiRed b either
dielectric substrate throu h the use of heat and

mec}’ﬁn@élswr@ngmrelqrmodtepoaltlsne ughgtfoil inprodycegby mechanically

reducrffggf’ﬁg?}‘f’é?rlg{eeg% é 4 Cop g: bc(c)) ?&%ggy gé%bo oges's g&c?a a{sr}ﬁfli)né.'

"Electjodépositeditfoll ys ﬁ@dmeﬂﬂiyeﬁecmlyltlcht)odﬂpdatmgl co@der @ns on a rotating
[ tween t

adhesi on yer P de | typi cal |
cathodg duim prdit q‘ﬁf’ pgelmgégg gﬁ:;@squsszrqggr %}’F’gl e cathe epS|y)p and g
R Iog o f%ll b ?@% ’f Qfele%trf@ sﬂH§tlea§e fol@ilBaprmtéEcircuit board

Is often desirable to roughen the surface
usingd lammatifoo |p|rodekﬁatTmah¢la@tls subistradiietypivally @ fibetgdass aginforced

epox{r) c&ﬁ &&g (()ap grenr%farcy\h t Iepeoxty &t apé po ylmlge sucrh as tlé’ap?on@ manufactured

by DuPont. The lamination process includes bonding the copper foil layer to the dielectric

substrate through the use of heat and pressure. For FR-4, a pressure of about 2.07
megapascals (MPa) (300 pounds per square inch (psi)), at a temperature of about 180° C
for a time of approximately 30 minutes will provide suitable adhesion between the layers.
Polyimide is typically laminated at a pressure of 2.93 MPa (425 psi) and a temperature of
300°C for 2 minutes.

To maximize adhesion, it is often desirable to roughen the surface of the foil that
contacts the dielectric substrate prior to bonding. While there are a variety of techniques
available to roughen or treat the foil, one exemplary technique involves the formation of a
plurality of copper or copper oxide dendrites on the foil surface. U.S. Pat. Nos. 4,468,293
and 4,515,671, both to Polan et al. disclose this treatment. This treatment is referred as the
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avai |l abl e to roughen or treat the foil, one exenplary

techni que involves the formation of a plurality of
WOoogBI65ar copper oxi de dendrites on the foil peanfsaea/15703

U S. Pat. Nos. 4,468,293 and 4,515,671, both to Pol an

et al. disclose this treatnment. This treatrrent IS

Copbep Pl frafirell “CRRBR RIS hpth AR T OB RRAERE Kbl

CT. e)\ﬁ&héx@léﬁtﬂo@ytii%ﬁffﬁ@&oﬁ%ﬂ@'&dﬁﬁn&ﬂtQﬁﬂlﬁ‘ﬂeposht‘ﬁoridf%opper/nlckel
deposi ti on of copper/nickel nodules onto the surface

nodulgs anfethe shrfagerpfithafoilithatcentepls the ‘@P]é@flﬁ isubsétigtes py diseosegddn
Unit%!qggﬁl{eg ?%%In{ N}l#ﬂélg £ 51003%33): tgﬁcclggte? At g e as nosﬁaélg%() gtglg%% bfe side
of the ﬁﬁ:jfpahiculaplgrthé ﬁmkg,ﬂﬁdey sid:a ebeauﬁngéhe rlemtlrﬁgsj eayhave mgf t he
dendrites m ve n el ectrodeposi te cQat|n (0]
electpqdgposited |gpafing %f&H}C.Oé rash aprited th ergtios T&lb%maﬂag h%\%gbes% £qpnd to

enhaglgéleﬁagi 4 SRBRESE ¢ [}@ﬁnmﬁﬁit&tdlagahb ssthfae foil with

ectrlc substrate [ e the use of roughened
suihaledbe use dfheughepgsbsurfacdsi oni the edimm: fdilvig effectpredopramote

adhegxgg S‘Z‘lﬁ%‘ﬂ? mﬁ'&ﬁ% the B(Sjtlfag gﬁq éqgr?e g’ %g%hg]&ﬁrﬁeer}gels AheT resIrlcted

by tiR! &&:&ﬁda@ ﬁérf&ﬁfah@é FERHeE EREST the B8Hes A fok highqwa,]aaﬁcyf oi |
for g} frequency applications. Problematica
3

applmemn@a @emﬁecaamdea@esm@ thgrauefaes novglness tormess éhese electrical

perfoglgﬁéég r'gﬁfrilll( p egx}rtg ﬂglssne% ﬁﬁe d&gsgﬁrp 81%8%9%‘(9?5%%1&& ng € copper

foil dda&h@ldﬁleeﬁtdsubstﬁduast rate. Anot her problem facing
printed circuit board nmanuf act urers }JSI ng either

ol Asoiher problemptacipe prighed cirgpip Bpard granyfacturens sing cbsrye
electé(?gﬁé bk gﬁﬂ‘ co:qur f6RORGhe refiftive rERAVIY of HER eé.: g@q'ré%lt,

i NS an tarnf shes. e stains and tarnis
coppaeshtiity stamb hyd tanpbleas dhe staind andjariish aresssthetecally unpleasant and

may 6 &rGCR Of PRI GG PR s PGt A ofor
exan{l}ﬂg" s?a?)ritli%lg Bf G@ﬂi)eﬁf(ﬁleﬁior R tahihRnRAR St RAOhE bBRI WRABth

and the dielectric substrate and the etching
betwetrathedoid and theakicledtric hubstrats @hd thetet¢hang eharasteripties ofthareshltant

resi st ance ,of copper f ol e en anged
a2} TheBEGoDteshuaneb R Looron il AR Hlying a i (can
be oh H@tat&ﬁﬁts@aleﬁc&ﬁngi €0 Sort&lfs t@ﬂépo@ftecﬁoﬁ@ obFiflc &t am;mmm
This treatment, referred to as the P2 treatnent, is

Thisdiesunans.aaferied thas the Paitrsetsrentis diselosdrin dinitsd Stmesdiatent o
Nlmg,ep? %gtvﬂgl%%glopper foil is lamnated to a
su

rlc rate it is usually then selectlvely
When copper foil is laminated to a dielectric substrate it is usually then selectively

etched to form a plurality of circuit traces. Frequently, copper foil is laminated to both
sides of the dielectric substrate and both sides selectively etched into circuit traces. It is
often desired to electrically interconnect circuit traces on opposing sides of the dielectric.
Electrical interconnection may be done by drilling a hole through the dielectric and
depositing an electrically conductive material in the hole to form a conductive via. A
blind via extends from one side of the dielectric to the interface of the dielectric and the
copper foil on the second side of the dielectric. The most accurate blind vias are formed

by laser ablation of the dielectric, such as with a carbon dioxide, CO,, laser. However, it
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etched to forma plurality of circuit traces.

Frequently, copper foil is |lamnated to both sides of
woréns/odiest ect ri ¢ substrate and both sides sel eBCTAUSLP4/015703

etched into circuit traces. It is often desired to

electrically interconnect circuit traces on opposing

is dlﬁicqlﬁ% o ttﬂ:e%gér [ﬁ%tlﬁfeffac ﬁ%RIHd%latloﬁto?F]l&%gpgﬁttfaﬂgfommg

Ing a I'e throug ectr
the @sniedjldpmsvmlmgaahuoeglebcﬂe vmal | y conductive material in
hole to for conducti ye via. A nd vj a extends
f r BTG Emainga nerd 106 EANEDE 10T CBPRES f?lhgﬂar 5, epfjanced

combirﬁﬁu&h 6t i ﬁgmeq aﬂﬂékl&hﬁ maeaflcftafnhshqesﬁta&ce%eqmr S1steon

di él ectric. The npbst accurate blind vias are
1£mﬁ@mqed by | aser ablation of the dielectric, such as
Wi th a carbon di oxide, CO2, |aser. However, itis
difficult to stop the laser at the interface and avoid
abl ati on of the copper transforning the desired blind
via into a throlgg hol e via. There remains a need for

a treatment fBRIEOPEMMARY OFHE }N\SENJ&@Nan enhanced
CORPOAADLON of tnd IDERA AANGRIBh drhaflecticht Eink §s deposited on

esi stance an e Ion resrs
a sufBidletdt aSoppaRYil Grhithimaly IWeEMinGR kona divtecapsmbbiraié. Th@peel
i nvention, a peel strength en cene [ '

t t . .
strengiip SR an e CoRtEig PRYYS 5$Se%tlaéll&p>3@rm?t€" and Tagipl R deey e, the
metd] 314 BRLESxide nﬁxﬂir@i)é%ﬁ% Fdrfned WoR! SR &- m&@ Bf: R%‘ﬁlxdlﬁﬁlr §i081ubh,

enhancement coating consists essentially of a mefal
tantadmd, c’mrbmium,xn@lgbdnnnnu nmgstemsnmmseatndumgm aihgmium.

e S B B R L L e

The m&%nﬁr% cotpgeﬂaﬁtmayrae st Agd thérﬁeelF’Jt&BgﬂhfﬁﬁthceHéﬁt coating

metal oxide Is selected from one of chr omat e,

maythangsﬂa@l@gswfcbqﬁwe}m’@aweo 002qfe abotrGRemésron (9 te@pper200
e s R e L

am@b@éﬂtoqh@alemcﬁrmbﬂaﬂe,t o about 200 angstrons). Silane

be deposited on the peel strength enhancenent .
arghgsraspct phthe Amventen. GR aitilq ¢RIRTIses acopneg foil having a

smo8fﬁ%l‘f%1@é BmiddlePRU kRS Ql%‘s;raf%f ALQ&I ntgéf%ms iar %éﬁbnt coating is

€ conprises a copper foil
dlspsmlﬂﬁmelnam oatpedfolilaand tlak diklectricisubsnates andithe coppapdeil exhibits

Do oa s ST TSR oS ORLLR i i sRogd Bebugen Liivc.
T™%80 Wthé@i.hﬂ%ﬁ’él@ 4 3.2 mm (1/8 inch) test specimen after bemg immersed in
4N HCI at 60°C for 6 hours. The peel strength enhancement coating may also exhibit less
than or equal to 10% edge undercut after the immersion in 4N HCI at 60°C for 6 hours.

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

electrolytic cell, and the method further comprises: passing current through the copper foil
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| ess than or equal to 10% | oss of peel strength when

measured in accordance with | PCTM 650 Method 2.4.8.5
wousisngia73. 2 nm (1/8 inch) test speci nmen aftePChriS®4/015703

imrersed in 4N HO at 60C for 6 hours. The pee

strength enhancenment coating may al so exhibit |ess

f

and h%%%ﬁ&gﬁ?@%%tg&géﬁgﬁa?ggﬁ tfﬂg%ﬁ{@g% atﬁl((): Jss ngedgg}%@h{’ﬁ 002
to atidue0.i0D \nﬁl‘iﬁo]lchﬁO tocabolt DEdarigstroms)ds depisitgd dirh'fhe mepﬂ)er foil. The

streng of a copper foil |am nated to a delectric
metlz,qsitrgw SRS dRmepRg fhe eapnea?ﬁ iy silane afterdepasiting the
coatﬁ%%nctﬁé’Pﬁf ef RJil. 1N an aqueous electrolytic sol UFI on

cont al ni 5 oxyani ons formed fromone or nore of:

v aﬁxaahanlmr aspesbofithy invantial, arwpppdn faibfar dammtigabw\dinhectric

tu sten se,. technetiu nd r he
subsHERQIRBRGS & PRE (RBPIed oD S5 B4R 40 FRARPCIEL e layer is formed
ﬁon%’ffr@ﬂhh'ﬁ'hnd"ﬂh&' Rehe BH Bkidadhdtib Bt & With hAqastus 9818ition containing
ution may be an el ectrolyte solution'in an

at le@st@cﬁt"/p eulzym cT he ghifacepd the ¢oppercfol aepyfhgrsmosth, eodrhei thiskness of
aSS|n rre 0 [
the 1 Y @% om agﬁglﬂmﬁ lig E(b:éln%h(gltrggé?cgn (;p a}lgﬂﬂ)rﬁsng about 100
angstion ness of bet ween about 0.002 to about 0.02 n1cron
g
(20 to about 200 angst rons) i s deposited on the cop

f oilh anotes agRachefthpdyention. Ranethbaddor inceeasingdhepesh S‘f%?h ofa
coppfeﬂ ?&Ffanﬁr?dtéc% ﬂo.rl‘ giklane s@g 'ﬁ%fe c%ﬁ‘%?i%!% E&ﬁnﬁﬂﬂfo‘nn&) on
0i 1 PR &R0t her the I'nvention, a
depasitjrger mfmu’e of olirolrdurn nad zima i¢rs ca ogides emsurfapesodthe capper or

co r| es .a, layer osited, on.a surface of the co
coPeg BFSe SHRE ok BSeUCTE B THEBoreBIRIae Urf GmSrn e I COpIR Lol for
at leRdt oﬁé sdBad ash é@e&ﬁ@ﬁhﬁﬁ)n\@bhﬁnﬁ'ﬂg RAHROYSYSSIaHE | itpdlblomzed

containing at least 0.5%silane.” The surface of
waterozmdedrymguthe mpeb@ﬂmotmlarmamonh dhe hqusknesdutyin mhxebe at a

tempg St BT 2B 3100 AMLoT ey aHPsitis i Pt *°

chrotfiuth@d izieasid droxides iefyhaclude brdviding as electrdlitc @cﬂE&ontalmng
strength of a copper foil lamnated to a dielectric

an agedesdispesed nmmlqcirelyte galutinn qoptaining phromiwm apd @i dens; pigyiding
i .
the COPE%’Q%’Q sago?"&thﬁgé %g%gfé?@&?n%% Cdepgﬂtg sé I%Tﬂo ‘firﬁﬁm%;ﬂd zinc ions on
the &pb&efﬁue Mhe tidckess eftw ldﬁ:r(fshﬁéckﬁforﬁtl&mhmmm sidgint fods or
per foil for at |east seco i n an aqueous
oxidgs gy s OB FHOM RiOAY tot 6397 rgcien; g‘? ARgTEoms k19
ang%@ 2\ and drying the copper foil prior to | am nation.
e aqueous solution may be at a
In one embodiment, the electrolyte solution 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. In this embodiment, the
co-deposition step includes: immersing the copper foil in the electrolyte solution; and
passing current through the copper foil and the electrolyte solution such that a current
density of from about 1 milliamp per square centimeter to about 1 amp per square

centimeter is provided. The electrolyte solution may consist essentially of from about 10
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tenperature of between about 15C to about 30C.

Co-depositing the m xture of chrom um and zinc ions or
woanesdssssmay i ncl ude: providing an el ectrol yti eCtaiskoo4/015703

cont ai ni ng an anode di sposed in an electrolyte

sol ution containing chrom umand zinc ions; providing

ectiyr I

to abag 3o§s: g/{l) Iﬁﬁxb}{, gxlohl rog?no %?nsgncg.\?Q 5‘;‘@92&6 Siid fﬂ%rﬁtab&ﬁolyto about 2
g/11\fa9@ﬂ207ﬂqfoth| ckness of a layer forned fromthe

chrom um and zinc ions or, oxides may be from

f kBt in i

ba deteilspfme op moTe FMBOGRENEQ &wgg‘(%lﬁg agee
t
acco@%?%ﬁ% Fbyinds hoBfe DN HMow, DihFRARES ekl and,

advahtages efithelinventioh willlheappbreut frdmghd désaxptionmd dxamdings,cmd from
bout 0.1 g/1lto about 100 g/ lof a water sol uble

the C%é’%‘éval ent chromumsalt wherein the concentration of
either the zinc ions or the chromum (VlI) ions or both
is less than 1.0. In this enbodi nent, the

po deposi t i BREFEPESGRIRTION OF it DRAGVINEScopper f oi |

h |
S Ao S e O DR,
descﬁpﬁ(fh faké inogjitest wilk ks deyoraparfyiydrawings wherdin likagipments

per sg are centl meter to about 1 anp per square
are nygHber lbi"‘é‘*&‘iheled The el ectrol yte solution nay

°°§ﬁ%§4ﬂﬁ$t?a§%*€%%%‘f Bl FARLTER ! BrepRlgndomentof e
coppablmhnz&e ﬁcdoﬁdla@mmnekngjoﬂhlaaﬁlroiﬂle"/préﬁdﬂomven'ﬂmﬁ detail s
re set

; .
© OF I Mg el raa ot T te AgrPeal Pkt CaBRRT D! of
coprP iaﬁ%atga&%i‘dlflg?é HoBRer eRBb&inteht é‘ﬂﬂe ﬁfé\éé}ﬁtlﬁ&%ﬁox?f t he

invention wl | be apparent fromthe description and
dr Bl .rigss aamsS-smlnnalh@ew bfia peppeBRIiHEMDRSTRP RTidketdr substrate

HE DRAW - will be nore fully
befo{ﬁwed‘é’f’i‘}{r%%ﬁ’%%??rhc acfcg{ i ng detail ed description
t alkRB, Ibs G RAIsEREdtHORAR WeW bf & hﬁ%@e EsIMABTMYtEDtod Ele&tES substrate
wherein like elenents are nunbered alike, and in

aftengirpeswre I IECL1 i | | ustrates an electrolytic cell system
e R SRR B SICH A3 gt

coating; and

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

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

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

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

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

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

value.
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FIG 2 illustrates an electrolytic cell systemfor

peel strength enhancenent of a copper |am nate
woaersmstisng t o anot her enbodi nent of the preseRCT/US2004/015703

invention; FIG 3a is a cross-sectional view of a

copper foil lamnated to a dielectric substrate before
exposure to hydrochloric acid (HJ); FIG 3bis a
cross-sectional view of a copper foil lamnated to a

dielectric substrabETAILED DESERIBTEONo HC ; FIG 3c is
a |l engthw se view of the co%ger foil of FI

b .
r eV e suffgceaﬁﬁeqyrﬁa@ﬁ agrdesgihed hgreinthat mnaat%hleé aihegwg&?ﬁtween
' f
coprERIEMAANEREERRLHEE) ofh! AL fmbBZofir it KL O
inventi@sis eqeﬂlyl apphtabletoreeppertercopperbaseallogtfbids, mdwerd ‘thaseirmeans

| G [ hot h | ust
tha el oS Ableg oD by SRRl Fpitee e ST e 5TBlon
copfpéloﬂﬁlt’ g1l %%p"é"r foil &ld@oppertSas@ allbyofoRlN A5 SARMAKe invention is

| lustrating the surface norphol tgy of a surface
partmuleely weaful fof usehwith asmaetheapparifal, the yhetiam jopkd bejapplied to

o154 i AT 53 SRSl GLUTEE e v

profﬂ’@hﬁﬁ%@ @%\Ilékﬁthﬁﬁllﬂﬁhtm vmlefee}u Bahd Mekape\vdifive pEEKT0| aBEy
DESCRI PTI Two surface treatnents are descri bed

distanee wieasuré¢maentgameasurednisig aastifees prafilnemeigrten copper foi |

and a dielectric substrate, even where snooth copper

foil is used. The invention is equally applicable to

copper or copper-base alloy foils, where "base" neans
Surfadedlrestiienal | oy contains at |east 50% by meight of

co

e i, L ARstiaee AR ih 10 i1l oL HCARBRe Rl o1 coppgr Jaminat
accowhhg 6 4 fiest aspeendfitbepriesenp &rventdon. &FHeysystsaif 10 mélaldes,msslectrolytlc

nmoQt h ¢ per f O t he i.nvention coul.d be
cell %Eﬂr CEePeSIRpH B 9@&9&1}%&*&@&%@&@ OKidfF apsuripges of a
coppef F81l 1408RE What 18 FefbiS&LoMRFEA Bs IPRRRattehWnd 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
that a current may be impressed in the strip of copper foil 14 as detailed below. Guide
rolls 26 rotate at a controlled speed so that the copper foil 14 is positioned between anodes

24 for a required time as discussed below. Guide rolls 28 rotate at a controlled speed so
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profile surface, e.g., less than | nm Rz, where Rz is

the average of five peak to valley distance
woneEdsi@nent s as neasured using a surface proPCrasedoen15703

Surface Treatnment 1 Figure 1 illustrates a system 10

for peel strength enhancenment of a copper |am nate

that cgégér 151 t1 r§e§§i AR @Ie&;s stog.ﬁiop r]%%ﬁ{‘% féqg%?(r{ﬂng s

tem |nc es an ectr iC ce
discﬁygccﬂlae;)@mtl ng a mxture of chrom umand zinc netals or

oxi des on surfac of a copper foil 14 _ usin at. is .

r efrethe glectralyHe F@f§2=@spoavqbzgtfr%gt°ﬁ§tmwn mogl%gﬁh o fhat a direct
elecéfe'cutrtﬁ ,g&tg s HBmME LA dRs m%o ﬁle%trgﬂo rfoﬁ @éathohé i $by

I nmers a con

n aqueous so ution n|ng si | ane.
meant¥ dfcthe éleamlmtgc sdhationi 22arle this Wayj @rantiataknishocoatihg wath pledesired

foil be rinsed ionized (D) water and
ComP‘P?étﬂP’berngE‘%b%efsﬁl‘s ppsife qngﬂ? EPe]t grdpfég a dielectric

sulrht ERERol T@%l@ﬂl(ﬁpiz Rla¥ laheous kdludien ihactoHiRE edsdndflly 80a

cont ai ni ng an el ectrol%atl c solution 22, and anodes 24

hydrosideseurcevzinstion heureg ande watet spivlle hexsvalenuchsormuun, Thine

A T S e S R
prefétallgl, dodig® ﬁ&dr@ktd& lMSaOHRAVEHe hekavialt Slﬁrbnﬁlurﬁfsome pay bﬁ: ahy
14 through the electrolytic cell 12 and the sil ane

wate'i %Mble%x;t@léﬁt dfronfi@fi ReMmbbYR] Sach ARafihOR2HD! s 26 and
are manufactured fromany material that does not

r eﬂﬁts Wohfleset&ifipdstionhPraigd, Wid Qectdbyte Rolafien 2@':()’(1515@4 essentially
| east one of the guide rolls 26 is formed from a

of fremeetbprlt Tt abpuc Hiugrems per liter @f1) af the bydnoxids, ﬁwauor%@sto about 7

g/l oi ]zmg 60n6 9pél(1)e Lin TIZFC g)?%l é%l?éf égﬁlble@?ﬁce éﬁ@ gtHB as%trd Rnd
fronf @0 Btcatidlut HOCHNOf @bvh&ﬁ ssipele @hematehasthrbﬂnmm sgip @roviidad,

14 is positioned between anodes 24 for a required.t 1
howger (fhatcal depsiPnisert gk ziegogor chropyumg Vi oy cancepitrations is less than

1.0 gg 'T{l Egtéf&gecﬁm ehhak eg_égter?fg‘rtboéat)%Faérgsg:r(%rg 160ut3 0110 AB&R QM g/1

aqueous So ut i on time as
NaOH, Sooms steoht Ddbdovabdut 2tdikeziad eas, modsy preferaldly lbe 112 thefomowkd.2 to

sbog e 7 e o ke op 008 @ P 2 e/ SDWE LS ARE prfgably be in
the 1S} loP 118 £REPED uf) ahdut b@?/heftvl) ibfls. by neans of the
el ectrolytic solution his way, an anti-tarnish

c o itinepchiof thet dlectrpdige s@ut'ms@c;@mrtb@d haxeén aliwvekin sdelipeed that
an ege&)%cbﬁg g?érlpgfng %I(ﬁ%g%ﬁg “§O| |u8’2 %tlﬁ%t?%n §S| s#e 3 more
unif8eS Qittdcal |y of a

The pH of the electrolyte solution 22 is maintained as basic. A pH in the range of
from about 12 to 14 is preferred. The electrolyte solution 22 readily operates at all
temperatures from room temperature up to about 100° C. For maximum deposition rates, it
is preferred to maintain the electrolyte solution 22 temperature in the range of about 35° C
to about 65° C.

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

square centimeter (mA/cm?) up to about 1 amp per square centimeter. A more preferred
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hydr oxi de source, zinc ion source and a water soluble
hexaval ent chrom um The hydroxi de source is
wopowsfosraabl y sodi um hydr oxi de or pot assi um hydPoxiud204/015703
and nost preferably, sodium hydroxide (NaOH). The
hexaval ent chroniun1source nay be any water sol uble
cmg}ﬁ)ﬂ@%ﬁgqpho vt 3 cn’l\jazlq:fe%%a?%t héhsity
I'ts broadest comnmposi |ona ang e electrolyte
empiyked is depedznc om thetinse énssfﬁhktnpllnys efpokedtmthdrourtenh That is, the

RS T 45 L 5 e
22. ﬁ?gﬁhl%t s WAL R tinRak Wohfatul £0 MWS&H&Q @ﬁlré%%xsﬂ%ll an

01 to about 100 g/ lof a water sol ub
effettovedhiskmass ofthe anfi-tamish Icoatmgraompoanﬂ lshbmed .y Thh gffeciive

eas ne .of the zjnc.i chro Vi) i
thiclE L s QeSS T APIBSS iihifihe SoprS teiagof eleva spperatures of
up t&RAA 1 9BNC in hib ﬁ)r%IbSEftUOQhMlhfésmm@ﬁlﬁinﬁm&ﬂﬁ)@bﬁould)ﬁﬁ@er be

about 40 g/ 1 NaCH, from about 16 to about 2 g/1zinc
sufficigndly thip&q beyeasily remeyablsawitha ﬂ%eHﬁfbetﬁh slutiorpor preterabli a 5 wt

% s el Rl 80 Vc B RR e Ao R lithcsl: rom s han
0.01ahietdn Q0@ ahgstrah)ito dboft @1 hiicioks.) Suceessful Yesults Baabeeh obtained
the electrolyte solutlons 22 descri bed herein, abov

e,
withj qoating thigknessezias lnntas O Wrmicean (36 a%%ﬁ@gmaflg@%ﬁlgéﬁwgnesses of
K
ronf A SSBTIPUE PR P Ml DR
prefersedriha t:aatmgdam 1skmr£ﬁ¢1entl§1 thi torappdae trapspgeenobr inrpam a shght

2to is,preferred. The electrolyte sol ution
gra}@glg,eé%é}qcypgfi{gpléﬁés at all tenperatures fromroom

t enme ké&té’d ﬁny Bf&@p@p it 14L88ts%he é‘_l@étrd‘lﬁi@ GEUNOARREAS uffréc@éu by
rates, prefierred to maintain the el ectrol

rolles@lz&thr@rghzne aquepus salufian §&inttheesilaae gelutign bl d 6. e @nlte@us

o e B SERTRHE S350 D RB e

tempeR@te GHefPénRBo@ABPC a6l abdut BOEC, Gud hté pﬂ:ﬁﬂ@bly Y)etrw’:b@@ lal?(gu
from1 mllianp per sguare centi met er (mVcnR) u

20°@pvahout 24 'Bﬁcoga@rafp 14 s prefesably immersed i the aqueo%s solution 18
for e%gfgnfg)g%rg&;.ent density is from about 3 mN cnm? to
a ou

cn2. The actual current density enpl oyed
i S Tte peipdeficopper foihé4 ekmethe bﬁarfecsblutlsn tang 164andsanyxgxoessd
o the curr That is, '

the er fopl
elecgr?lryrepso o0t aduepus saluisR S s e e SR s gpfaes of the
copfer 86l 18! YhéErisR! s8iutiBR may comprise deionized water. More preferably, a

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

concentration of caustic is quite low, under 1 percent. Preferably the caustic concentration
is from about 50 to about 150 parts per million. The caustic is selected to be the hydroxide
of an alkali metal or the hydroxide of an alkaline earth metal selected from the group
consisting of sodium hydroxide, calcium hydroxide, potassium hydroxide and ammonium
hydroxide. Most preferred is calcium hydroxide.

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

accelerated drying minimizes spotting of the copper foil 14.
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22. Typically, this dwell time is fromabout 10 to

about 25 seconds. During this dwell, an effective
wobhisokmEss of the anti-tarnish coating conpouRdT/iUus2004/015703

deposited. The effective thickness is that thickness

capabl e of inhibiting copper tarnish at el evated

te r 0

o BRET o ol 1335 b0 B bordhatt & e flepREoaldfor

fomﬁn@ ﬁ pﬁhedfciryult bbard bothedike asungymy kn®wva kindnationhpreced $/6 Tid

etch sol ution or preferabl % & SO4 etch
dielecgmie,substrate mayjiacl B@q @ F¥ampleat fi E?F\A%F prred epty Wgh as FR-4
(a ﬁfﬂem%léﬁ fi fllEg %Ax@gﬁr 4 E?l?n&dg $udB £1eprdniiBhufactured by

angstro rons. Successful results
DuPoat/ €T izdemimabiba proedsswnayhinclude boninghthe lcnpxs dail kyet tothas

004 mcr 0.angst nd coat i t hi knesses of

diel S tiE TGOGHR S SheL S LATGS Ao D) YEMS R U about
2.07"MP5 e300(pkD0a B S pEafEe atadb%upmﬁ &7 foRd timld 6 upad B0 Rinutes will

| ayer is sufficiently thin to appear transparent or
proviiggamitablg adhésigin begvesn the layerst o t he copper foil 14. The

coated strip of copper foil 14 exits the electrolytic

cell 10 and is directed by rollers 28 through the
Surfagi/BRuEsgnempbut i on 18 in the sil ane solution tank 16.

The aqueous sol ution 18 preferab g consi sts of, at
| eXsterongBoy 4o Fignee Tranplectralyiio sel) e forgircapdepositing a peel

t
sroERALYE SRR, S5l AR e e
invenﬁmnes siowirl. The el&tpr@tkeeﬁﬁ[)ynqlmdm asak 20rx:cmtm=.mag1amaqmous
ytion

cleck g FOREPH 54 AAanedss EA Gouren e o o Caher il 14pgpses.

Gm@é%ng %6 ‘tﬁ‘el REed fOOéOYﬁrsl t%e 'tﬂd{/élQﬁ' t}?e%tﬁﬁl Gf %B@Pféﬂ 14 through the
sol uti on may be rinsed fromthe surfaces of

electrolypiercelf 69. Thﬂguxdh eollsi2fsee m@maftaqttumdrfayn @nmmmeyel that does not

e SERETOE et 3B e e o PB4

fron$ 84 slebtBitally dundaanveanitend]] sudh af staiauss bteel] So M 4 Qurtedtvnay be
under 1 percent. Pref erabldy t he caustic _concentration
¢

impfegsefdrin thessipiof SWPeLioddis deatedbelow. Surideofls 26 Fotatpigea
cont?aké%t ged tﬁgtl tﬁ(g&gnge; Rirl & ﬁgsiﬁiﬁd%t\g@en% & Al flﬁf% fequired
r an a

de o al'i ne eart et a
tlméﬁlcﬁﬂmesédfbemthe group consisting of sodium

hydr oxi de, cal ci ym hydrOX| de, pota dr oxi de, and
armt Hiesleapditis,gel 0 dpavensouice (it ahowtia pLavidee so ot an
eleclYcuehffay 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.
Where the metal is capable of forming more than one oxyanion, the oxyanion containing
the larger number of oxygen atoms is preferred (i.e., the “-ate” ion), and the oxyanion

containing the largest number of oxygen atoms is most preferred (i.e., the “per___ ate

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

9
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After rinsing, the strip of copper foil 14 may be

dried by forced air. The air may be cool (e.g., at
wonro@mnsi@nper at ure) or heated. Heated forced aPCTIU$2004/015703

preferred since accelerated drying mnimzes spotting

of the copper foil 14. After drying, the copper foil 14

chrop(l) rﬁglygg’ enu,pno Qgg gu.nt Qefl. ?& ip 1~ d{ncﬁxd?%&i{ié 'é?e Ee%fmetlum and

prifAted crrcui e usi'ng any
rhenig@@wWn | am nati on process The dielectric substrate may

i nclude, for exa a fiberglass, reinforced epoxy
subha psfarmd compos 1% theﬁla?tﬁfamc SOZ%@SS%WHF% Célgaxe@iy or

tung?iat@oer rtl{ﬁgggaté WS iR D1 SAR! dgg)g Eﬁ%ﬁn%ly rc%ﬂm?ﬁeé oPYERIRY- t?g f g/l

N process may 1 nc ng t copper
sodiraéchrdmate h ©pdordllyc avaut 5 sab&d g/hseditmrsolfath ot ey ofher avinductive

heaf and pressure, For exa a, pressur of bo

salis 5 be RLEBTHSF fie RRASE L RRBE M EPORTe

emb&ﬁfneﬁt tHeBedtlol O s619t1§9521&d?idis%~°es¥8n|tlhll)DBPé’doq?S &Wﬂ Q@E&hum
adhesi on between the |ayers. Surface Treatnent

dlchﬂma@'rlng now to Figure 2, an electrolytic cell 50 for

onTh BRI ehEalion 54 A BRIRA SRR ST bl 05 o

14, pﬁéi@fa@ inithy/ Rk 8Nabous?2 $6100Vand it Srefedbl P nvthe eanpe lolf abdut 4 to
i ncl udes a tank 20 containing an aqueous el ectrolytic

9. Bl euﬁtcltréb’tﬂéSﬂUW?ﬂW@@BSO@Aat%%REéﬁnMP@FFSt FREM £Qam) fymypperature
up to 90%%? E 03’ ﬁ]&ﬁﬁ&ﬁ?e?%ﬁ&}erafegl it p%gfetqul to%alﬁ&irgthﬁao

cont rave rp o per fo
electwlyxelsghmbh &2 e¢mpdratateyinitie wagd oﬁe(houﬂ’zﬁ?Cgmaﬁeutr&QPCsa:ﬂanore

are manufactured f terial that does not react
P“ﬁvPWMb€W€EPPg@§ﬁ§ g%Pn¥W8§O - Preferably, at |east one
of Tgé EleObIJR sbRIbR s% %gél%tefs WeBA afWi@dtABe 6F &ﬁ{rern't aa{smes

conducti ve materi al as stainl ess steel so t hat
Succassfulraoetingsragy bmapplhrpd sdthectuiment deasisy rangmgffrcm @ﬁéranfp@ iper

sauagifE s Loh) LpUBE B8 v [eneetopRel el SR o asd. 4

mor@%fédee@ﬁ%e&%eﬁﬁms FTodlgsoue d.92 o/ (10e£k8) to edoﬁtl 9“39Aﬁﬁ2 (100
di scussed below. In the el ﬁgtrol ytic cell gl)_ower
[

asf),sw0d mp@t pm&ra@h&m abioyt 28N/ MIE asd) toKfe A4R’ (élp e&fbr Be actual

rr e e f
con G BRI B R R P A
curré®! Thatas tﬁe?tlmb ithd dvppeiail strip PEiIbesicen gl dhodéﬁ%ﬂﬁlﬁﬁmﬁersed
coating with _the desired conpositjon and thickness is
in elgrbye Selytion 53 hgrefq;pwlystmsldavej_lzpme 1s 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 Method 2.4.8.5 using a 3.2 mm (1/8 inch) wide test specimen, after
being immersed in 4N HCI at about 60°C for 6 hours. IPC-TM-650 is available from The
Institute for Interconnecting and Packaging Electronic Circuits, 7380 N. Lincoln Avenue,

Lincolnwood, Illinois 60646, USA, and is described in further detail below. While the
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The electrolytic solution 52 is an aqueous sol ution

cont ai ni ng pol yatom ¢ ani ons that contain oxygen
wo(2005ymmnésans) fornmed froma netal sel ected fromrCgrusa@s/015703

5B, 6B, and 7B of the periodic table of the el enents.

Preferably, the netal is selected fromgroup 6B. Were

] h

com%&?no'gg ﬂhe tﬁea&ﬂ%ﬁﬁ%}cﬁe&ﬁa@g %ﬁ{ B'E;eﬁ ignﬂ%e% ftl ﬁ?elféogc}] t&lﬁt():oatm(%r
contsiNy 8 ﬁﬁxt&femfﬁnd:tsl anﬂelﬁmlrcﬁwe(s iwith. g thtcltﬂess oﬁhlﬁbut 002 to almht 0.02

t he_ oxyani gn _cont ai ni the | ar
micrgh (fktojadop0 apperams @H)-(Th eemorp?lﬁ@gyﬁgiﬁ%aqoéﬂng emg{ also

um
Com%l ggl%e gga:o%}]%}g%gsc %ﬂgﬁ]{ﬂem &Edd enu m an g?%%lé'st en.
G Bhecadbed smxip uﬂag)paafmglalmas tlteEﬁddmmytmmell a0dnd ey exogss

clectglye SAGPR o2 i dRIRed amiae Sutics 6 e Conieh foil P e fse

solut@ln 1‘H§§' 8émp ﬁd’échel&ﬁ’ied%&p IMore pOeTeIablySa Shalk Qéaﬂtltyl of @céﬁ@@c is
1 sodi um di chromate. Optionally, about to 10

g9/
addegtq hedleinmized | Waterainse selhiont H@rcmﬁu@@pn vEcangtie & q%m 1o,

una i H5Rech® B EAERE e AT PRt Rt s SO BT RA S s

per Bi0RG. The caste s debdcted totbe Wr&ud@oﬁ@ @tallsmébam’ﬁ the hydroxide
di chromate. The pH of the electrolyte solution 52 can
of andkahie PREh FStrL SPIOERG frognige gEﬁ‘uPefBBfH%tl@ of speiuyhydroxide,

calc1 % @ﬁ{ié’ pb&s%l{i:lﬁ Hﬁﬂﬁ?de I?Inthgd%)Qld_F 'Nfoﬁ'ﬁ%ferred is

ange o oout
calcmhﬁlm}tdlr@hgl!é e solution 52 readily operates at all

ratures, framroomt eratu f o ab ut,
FomNgERD bt 0B b FR By b 0 o v, othe af may
be cém'(@?ahtnrobﬂﬁeﬁ dfth%ats.@l HEdted foreedt a‘?ﬁﬁ%ﬁ‘ﬁ%ﬁécﬁsxh&
ange of about OC to about 80C, and nore

accetﬂraiécédlalbigwnb‘emmem(&bmgmf th@c@pteofcalbkﬂut 60 C. The

el R Sivine Rt 30n T2 BB 08 GouBe! 14 i AR or

fomﬁ@@& pEktedVciréuifbdued bEME mie ﬁﬁhg ¥ny RAGIRmiRih Qré@sa ik
per square neter (AJnR) per square foot (asf) %R

dielagpria substraseimay gnadudsy fax e@%mea%ngbverghswrréorﬁﬁféP@Wéach as

e
DuPablO UltheJarBinAlioR plodssandy) intladSbdndhightie caifpeasdi) layditte the
actual current density. enployed i set g.e ende t on the

d1elqc§rppesupﬁgat§ Birpughy the gse10f heat andpuessyr e a pressure of about
2.07 MPa (300 psi), at a temperature of about 180° C for a time of approximately 30

minutes will provide suitable adhesion between the layers with FR-4. Polyimide would
typically be laminated using a pressure of 2.93 MPa (425 psi), a temperature of 300°C and
a time of 2 minutes.

With reference to FIG. 5, in a typical printed circuit board 90, a dielectric layer 92
has first copper foil layer 94 and second copper foil layer 96 laminated to opposing sides
thereof. Each foil layer has a thickness on the order of from 1.0 micron (0.00004 inch) to
5.1 microns (0.0002 inch) and a surface treatment as described above having an average

surface roughness, R,, of less than 1.0 um and preferably, on the order of 0.4 pm to 0.8
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current. That is, the time the copper foil strip 14 is

bet ween the anodes 24 and imersed in electrolyte
wo0dsuwsiasn 52. Preferably, this dwell tine is abomsS2@4/015703

seconds or nore, and nore preferably between about 5

to about 25 seconds. During this dwell tine, an

fectdive thickness of peel [ n
. e gt e S B, SR8 v BN SR nodule
heighOsttledsh4i0l . 2 piet Rk fesdbl g aliccal et age modiile bipighbils fromB0. 3gmmal to’ BO

of the periodic table of the elenents is deposjf{ed on
um. tlhis hebipysarthatdhe lowa sirfacg Profdle ps campatest 19 comumagieiahib copper

e e
layep9®shirdtignigser deilirigh a% mimineqpuaterdge sif8ée rosghness @feablout 0.4 um is
strength, en neasured in accordance wi.th | PC-TM 650

requid FR3a soitable peel SErRgh & Rresenflamialion o Hehopect Bl

SPEGiTBNlatis biroRBbEbrb WHeh 8Rakk silblsiidcea0 2ROk tefRRGvity
for 6 hours. TPC-TM 650 is available from The

valug n§ati least 40.f Brefarablys the reflsctivitivalwedis batkean iSA gnd P8 c Whenithe

VPO T o -
Wheahétdfleb@vignal Wi e etdescsimopadiesion betieet ke dec@at @pper foil

surface have not been analyzed, it is believed the
layep ansk the diedestricdlivier % defortogates. of metal and netal oxi des

(o8 4 BRERRE B PP etaR it SHEMSE ne AR Al e

reflegtigity vfJu€oul d al so contain sonme m cro-roughness to
provi de the .adhesi enhancement .effect. .The coat ed
St g copeg Syilavers 3706 2 QpPed it desured Sl Yaes: DR s B
X iy ePfoRd i
PO R B QLA Bl eR D PRI Eorpe layers i
requiretl, Lzt blod vie98 cogbeidsidled dirowghrtbel fivgh cepper bl layer 94 and dielectric
ferabl

oDl Rt T b S B SR S . e i v

secoffi, caustic is quite low, under 1 percent. Preferably
the caustic concentration is fromabout 50 to about

150 hp dasessis petended|to dgH throkgh thadissticeppes faibjayer ¥handdiglectric 92,
t he h i d : i . i
oot i RGPy S L B B O o4 SR by,

defeGOT0Y ahy fegulof T6 eahiante blaiaxiftire fissateppentdiMidyaddde laser
blBotassiumhydroxide and._ anmoni um hydr oxi de.
abla

t
P’é_ﬁ@?alnéiﬂg ilayep sheh i 11?;)'13 Pyide geay EA& ogmed pR gisHJgchet }A)é of the first
cop]?a% rfé)ipla?gr %Eﬁg ogg(%slit‘f H: dBciRE ogried by forced air.
€ alr may be ¢ €. g

., at roomtenperature) or
he dthe ddvaremes df the peesentdnvention ik beconsdappareoefrom the examples
that follow. The following examples are intended to illustrate, but in no way limit the

scope of the present invention.

EXAMPLES
Example 1

Various comparative and exemplary samples were created using copper foil
laminated to an FR4 (glass filled epoxy) dielectric substrate. The copper foil, dielectric

substrate, and lamination method used in each of the samples were the same. Different
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accel erated drying mnimzes spotting of the copper

foil 14. After drying, the copper foil 14 may then be
wohas@dethsto a dielectric substrate for form ngrarusza/ecs7o3

circuit board or the Iike using any known | am nation

process The dielectric substrate may include, for

| nf 0 S

treatfn)ér A rtzlp %gllﬁ?‘%&%ﬁ’% c]pﬁ)&{} é‘glrlsg%g )e(§ cg?fhez lc?s EFE% ot {h%
samplus WaafirsKpgul @unengﬂnwfstad inidcedrdayicdDuith iPC- TM%SO mthkai 2.018.5

pracess may. i ncl ude bondj ng the copper foil |ay er to
using . ZmE) Gi8 inek) Wigsdast sREGIy gt Akt a%ott#le saRples Hare
eXp%cggﬁ psﬁ% Y1 sGXAORAE25°8 1Bf @5@%8%&&5 2RQHLn gee@ztr&?gal tested

at a tenperature ‘of about 180 C for a tine
againin agoprdancameitle [RC-ID14656 Metlsod/2.# 8. ptodest the cffeict afiiydrochloric

. bet h. FR- 4. .d | d
acid e Py b s At STy s e aedfiest B Heagat pbihe
lami64é® aﬁ@bﬁoto&f&@d‘?ﬁﬁt@ﬂ Ufr@ul%oa&s@ @E@)ﬁ\ MthededulBf ﬂfege tests are

m nutes. Wth reference to 5"in a typical
provyxdrqdnn dableil; which lbmattssb@nefas qf & peasentdnyenlien. 92 has

Bl SR 8 4 AR SRy

strexfg‘ih bf 4 eyrductoas ambidtitedneasunl. The tedt spetifies tHat thertdst Specimen
m cron_ (0.00004 inch) to 5.1 mcrons (0.0002 inch) and

is & inga s aEer DTS TR S PP AR e BRI oRa AP ers

cracﬁsV ?1? rl‘c’el;%ﬁcu% el"l?1 an F&gl?e%ssg]gﬁéxeﬂ o 1n11a%%§ thg‘?&cﬂedocl@ﬂeﬁn&d

procss.sed aﬂeg standdrdbmdustrg poepices |ahé dqmpmanm dudpptied herenmt theemaged

oWt er ul e, hei han 1.2
tine 3 4.4 gith 611§ PR md bz amisten vt s eqebs predised Hhctysample
is pljel?a:%d Qy B@llnktbaél@thg %iripeZ’Seﬂnﬁlt‘@lt 1nEltfbeso|tRéWlie B cﬁﬁfe@l 1s
['e"as Conpared to comercial” thin copper
perppndndmlartts th¢dpesd shestpegipieng Ea¢h speeinensie theatsecalrtsh@ganzst de
t he second r, foil .er 96

morigAIRISE W esireauar e o) EAFe wPBah e B B s

gripPeddbeiednsthé Rt of@dedtidf ndachite tciidhie vaethe fwsedgérng the full
dgr event delam nation of the copper foil. Laser
W1

tsif she optabginip and pasallel g theling ol ppel. Papiitabledestiag ppaghiae is that
0Q h
whu%r,\r g e 1:511:3I %}v%.ﬁgﬁlg :ﬁloxl é@t#%ng aqe@ltm 885y otk Llngib CA (}JSA

e re Vi S between
(Moaél # WlesaOB m@CR)efAef@zt:e W dxyrwcainuhe wmlbﬁqﬁartelr(m :tzse) ahdh ¢he metal
| aser penetrates the second c er. f.oi I 6 When
fol sralp 4044 G130+ BBl QUS04 166hpey Thitys Thnpec

strel%‘?ﬁ X Ekrﬁlﬂfed%g 5&%@?@6] 1644 15 unftY 6F eiftfaf kfl@g?ams per millimeter

crlclayer eriorates.
pounds per inch width.

Comparative sample 1 was manufactured using a copper foil having a rough,
CopperBond® treated surface. Comparative sample 1 was also subjected to the P2
treatment described hereinabove, where a mixture of chromium and zinc ions or oxides
was co-deposited on surfaces of the copper foil. Peel strength testing of comparative
sample 1 revealed a peel strength of about 100.0 g/mm (5.6 pounds per inch (lbs/inch)).
After 48 hours of exposure to the HCI solution, comparative sample 1 provided a peel
strength of about 78.6 g/mm (4.4 Ibs/inch).
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Figure 9 graphically illustrates a correl ati on between

t he nodul e height and the reflectivity value. The
woceopmsresfoi | | ayers 94,96 are forned i nto desPCeaS2004/015703

circuit traces, such as by photolithography. Wen

el ectrical interconnection between opposi ng copper

OB Bl P B T i
the H2ayetm& ohly. tIE:fehStfbag&l ta:ttmtghﬁ complrativelanifO2 eévehled a peel

second co foil |ayer 96, Typically, e blind vjia
strengilt ok Rboutrafud EARE(1 6459 elndCampaatye ffarnal%? Egrinasgd (zero peel

stren{gﬁl@%ﬁep&ﬂ §holiPbf )JP@&FE tothe it sgluﬁk)ﬁ(:t ric 92, bUt not

secon copper [ayer the | aser pierces
t hExemplandsaogbep? was aiahufaatpesd, 1naccteﬂme withzthcrﬁyst amwﬂ Qf the

To.enhance_abl atl n of LESt C er fojl
presqi REBROG oo TarP B PTG [ e Lo K sabls Yy s eiven a
P2 tR¥tnfit afPiheR Bipped BHsohtich TW. 998 GRankQA DIf(ddibfizEd) Wadter at
copper foil layer 94 that is opposite the dielectric

approgimatiie 22Uy fortoag eecond or merg rﬂmmpimwwh%ﬁnwdlm DI water and

o BEEF R RPN B 0 SRS BRI S Balh e it

peel R@eniily of Abvut 98.B@/m/APS 16¢/irchp AS)ftQSIGIIitiur ioff Vﬁﬂi’stu@ﬁo the HCl
EXAMPLES Exanple 1 Various conparative and ex

solutio6PBEALY SPHIES B AP<E DT Aot i S VR fR.2 (0
33155ﬁwgglass filled epoxy) dielectric substrate. The
coppetr foil, dielectric substrate, and |am nation
meCoatpatasiee sample dotasaharufietisedmdins a \‘Amoethtcbpperafniﬂa subjected to a

Dff rent nt . hods . eused on the
dip ipgspGionot DThoThme i D1 CHmIAE) Vel ot s Hieiehinnl bfop g
secoBH bP InoRE el heSahpMOW S thegtiREkdiiR DIGHAraa s ‘ﬁhEJP prlor to
PC- TM 650 Method 2.4.8.5 using a 3.2 nm i nch)

lam1mtdm tRest stepathi tasting oflesmparative sampleh eevsaleé A@eelstrpngih of
2 xposed..t 18% HO sol ution at 250C for up to
abmﬁg %&?P’E“ é glbfﬁ‘é“ﬁl peel strength tested again in
ac Eﬂéﬂﬁﬁﬁ}es a5 bﬁ@m%ﬁfé&réﬁhﬁ@ébraaﬁbe Svith the séc@8d adpeet of the
ef fect  of rochloric acid (Hd), (ﬁ@}used duri ng

prescmemmsonsamﬁr% ﬁmpothgom@é@é wag apated é’eﬁfﬁ iqgfcoptpEning
dlchl('c%@ég' a%%gmﬁgzﬁlsyp F}}% Q&Qtaf%ﬁ 'f? gﬁ SSthﬁludlgthQﬁ{edand 20 g/l

ere hese tes
sodium sulfate in DI water at cathodlc 6.13 A/m* (66 asf) and 37°C for 5 seconds or more.

Following lamination to FR4 this treated foil had a peel strength of between 94.7 and 98.3
g/mm (5.3 and 5.5 Ibs/inch). After 48 hours of exposure to the HCl solution, comparative
sample 1 provided a peel strength of about 53.6 to 64.3 g/mm (3.0 to 3.6 Ibs/inch).

Table 1
Effect of Surface Treatment on Peel Strength of Cu Foil
Sample Treatment Applied to As-Laminated Peel Peel Strength Following HCI
Number Smooth Cu Surface Strength Exposure
1 (comparative) | CopperBond® treated + P2 | 100.0 g/mm 5.6 Ibfinch | 78.6 g/mm 4.4 Ibfinch (48 hr)
2 (comparative) | P2 28.6g/mm 1.6 Ibfinch 0 0.0 Ibfinch (1 hr)
3 (exemplary) P2 + Dip in 0.5% silane 98.3g/mm  551Ib/inch | 39.3-60.0 g/mm 2.2-3.3 Ibfinch (1 hr)
solution (First Aspect)
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provided in Table 1, which illustrates benefits of the
present invention. In general, |PC TM 650 Mt hod
WO02005/081657descri bes a test to determ ne the peCT/US2004/015703
strength of a conductor at anbient tenperatures. The
test specifies that the test specinen is a | am nated
copper foil free fromsuch defects as del am nati on,

Sampi¥ T TK| Froatmdnt Applidattes . ' ASE &rinated'Peel SYength €| Pedl SttangthiFaRowing HCI
NumbePM NP§RsIthRSLHAEN | § | maged, then et chpgosufd €aned,

4 and pfopr8sEelatésoiitch ST a1 1edbisdhly praciices and-
compa@ive)prent . As applieq herein, the imaged line is 3.2

5 (exemphary) 1 Bectratiedogition and s hesA7-088 ghanB-&5 ibfntht 1535:04.d @/aim eScDefeBdbrinch (48 hr)
ar e upddiom@iahtosanpl g i s prepared by peeling back the
stripltecoep Aspeety 1 i ncH) so that the line of peel is

per pendi cul ar to the edge of the speci men. Each

Sp Gl rreg If)esegltng t;u{es%? ?rgashrp‘%]eéét : 5 e%tglp mél%&ld%%ﬁe%f:&%ngth

of aleut 088 gah (5.9 1bFingh), Mbeth ib ek eftateh thajnah‘ép@ﬂ st@erig@tsprionigled by
machi ne clanp, with the jaws covering the full wdth

the S@ff_af%féeaﬁlﬁﬁlﬁﬁ usadrip somparapys sanrles 3 end hevherqenlyonpakthe PR or
the sfidhd fo@%t on't e%% %@é el S1sd Bfwn w&ﬁme@ g&ﬂﬁﬁ%ﬁaﬁlp‘l& 3

aval rom ngl neeri ng
and Cprovidea hddb deéng%bh fBAsﬁBGtIBI cofiiR)foil that orsnbstargtially eqtaldo the 100.0

the vertical plane 0 nd t foLl i1s )
oy R e e i Nl bk il
Thué %{h e Surflcl %ﬁ&nenfﬁﬁmag bf &} ?é},gﬁtrin{r&ngﬁtﬂd&m&ﬂnpéﬁfoﬂ can

he average peel ad in unlts of either Kilograns per
havena pdel stedngth pxbatadsalb'eequalrto tthagjotitained Osing arcanvensiosalpysiugh-

sor R T Gt -y Bt el B et AP H LS Bl when

extréiBS find &a:uWemafets @€ high fidaQerds sigrabPlramaitdRs eésm@ﬂthe degree of
her ei nabove, where a m xture of chrom um and zi nc ions

surfape rosghess thatanaschedesss Alsedexsmplary samples dfand Ralsoshpwrthe

addq,dggfggﬁiteo aal%tgle %Feee:l]g %ﬂgﬂ?clg e t%?ﬁ% %B&E)d ﬁlrrm%(r{gé goﬂperBond®

treatRut) dad PsYstantiglty lfnlghsd tharcthh) of P treatméd abopief Sftemfexposure to HCL
exposure to the SOl ut| conpﬁg?tlve sanp

pr oW Hedgtoaminsd) thgtmeelrﬁgr@agtaf Osgﬁiaafo BXRSHER 17 afq«pctlon of the
amoLfS4f B&tHg rggtgﬂélrl?zst'b\éﬁwe% TR &ppefas B MY AEELTS gu%@ﬂafégcaused

a snoot h copper subj ect to the P2 treatnent
by tienH1 expesires Snengiaterinklets isgefefred mrpacings Valgs ampéreut?, which

can DETIFEH) Y BEREAEAR T 00 Sahih- 085 HEPRORIOT v eFers fouppr foil
60 laminated to a dlelectrlc substrate 62 before exposure to HCI. 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 accofdance with the second aspect of the present invention. The copper foil 60
and coating material 64 form a portion of a photodefined electrical trace on the PCB. The
thickness of the coating material 64 is exaggerated in FIG. 3 for purposes of explanation.
Where coating material 64 is a peel strength enhancement coating, for example, the
thickness of the coating material may be about 0.002 to about 0.02 micron (20 to about
2004A).
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strength) after only 1 hour of exposure to the HC

sol ution. Exenplary sanple 3 was manufactured in
wanodngiasice with the first aspect of the presartT/US2004/015703

i nvention. The snooth copper foil used in exenplary

sanple 3 was first given a P2 treatnent and then

di RP ga% e'seéh §OrTed 5 ? rhe%rs 36@)@' tl)q‘-f@ {8 cBhei J{gdrﬂlltgmﬂzfﬁchtends
wat er at approxinm e Yy one’ second “or nore.
substaitéallyaotessidesur fabesr66r o fnbetbili 60. Expomtreto HOY wlash doukdde used

prioor tq |am nation. . Pegl strenthtest
for clemf IGR, causss P@oglqne@ef*&ﬁt%c 1Bg &aﬁm\ E‘ﬂ gfq*lra?te
surfagaﬁ 6% te/bem Sved (DS (hdeedty, adtoShn id Fﬁleusb oﬁlc%@@swreﬁgﬁl%se
t he ution, conpar atlve sanpl e 3 provided a peel
viewsf t@rsmmoﬁ:ﬁnlaﬂﬂaaveaaﬁg thetund&@ucogfingmm@erial 64 As 8an be seen in

l,bs/ h 4 f act '
Fi6. b hina Sy TRCB Y Sab PR R B RS B g
coatifd nfdter¥t 4. ane in DI (deioni zed) water at

\/val%r oxi mately 22C for one second or nore. The sanple

G: Héna pumvedid repiesontaiion ef daimgathersd dromete fasting of yarious

compar r{lvle gnél%?eemvﬂj %SJ g&%fe% Qgel neg:ur%efg c%ﬁpé}ffoﬁ gﬁpﬁgtgék Vén §R4 (glass

ﬁlled(e}aoﬁy)l dislettrie bn)bstx’aeeztﬁiﬁldapwsq&alrﬂtmn@hm (m; asih a%mtctmbe of pércent
accordance with the second aspect of E pr esent

undercy e\t FasHbe sgaR framaF IHAopsicend prrd strergth Qﬁégaft bereprsgented a5 2
g
inaE B0 G000 TR ORB o SRR LSl o
due ts expasorestt [HGE theigneabdr tkmpwi stangthaliobn dWath Geghdd #Y the sc(o@ﬁd
ol SRR e Gt BBl o i e s wcsmen
resulf%tlﬁ aneduetief 1an‘JtHVﬁ%g)&&nt7 edRAnd&c 4dARe 1§e'§e§1t ﬁ&g sfremth loss
bs/inch). After 48 hours of exposure to the
due tg (H(Elthp@surq; ovhenicampared gmr@mmrt@mlﬂwagngsg e][hls testing is
d s%eeqnﬂ)th of about 53.6 to 64.3 g/mm (3.0 to 3.6
esciibed/elM) . Tabl el Effect of Surface Treatnent on Peel
StT&@2 IithfdtheFdhtd wied Wged@&té&le praph of #Ge4.1The data of Table 2
exenpl ary sanples 3 and each provide a peel strength
weregenerpied uisigg adesymethod ig Wlb‘é? Yasiony comparative and gyemplary faminate
samp%s%&%rg cre%{éﬁ%s&g%nﬁgglo wé’ﬁé‘gf??% ghbifé:?rep tggi?f?}é{nt 5% %Jaﬁﬁéhts
Compithtiveosagnplds -9 eeprdent kriokne surfa&rmaea&nbmt i vehiiletexemplaeyn samples 9-

was used. As also shown in Tahl | ary. sanpl es
14 regresent sur ace treatments 1n accordance wi t%e seconcyi aspect oiy the pgagent

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 2.07 MPa (300 psi) followed by a 15 minute cooling cycle. The
exposed surface of the copper foil was etched in a solution of ammonium persulfate (120
g/l ammonium persulfate plus 3% by volume of concentrated sulfuric acid (about 18

molar) in one liter of DI water) at 44°C for 45 seconds. The sample was then rinsed and
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and 5 provide a peel strength for snooth copper foil
that is substantially equal to the 100.0 g/mm (5.6
WoOl2bes/dsmesin) peel strength observed with a rouglRCT/US2004/015703
CopperBond(r) treated foil. Thus, with the surface
treatment nmethods of the present invention, snooth
. r.foil can have a.peel st.I.e td al .
cre JREHE ot Soonst LV ol 16 RUCERN, A HBRLIYDS ©'40% microns
(0001246 0001 b aches)fueing ah@cid. copperGafipeitBan dtightehére g6g1 Cu and 65
foil). This is especially advantageous when extrene
g/l selfyric acid Pk watewat 90es). ofherdeglicd ?héf%%ﬁé\/’aséﬁ tpiegd in 24 minutes

using & B ARG S 26O sl fordlP ARG DhuiitidAGGor oytier, 64 mm
(Vs ircohdl Widechys 15 2xhon/(6tiheh) Astrietelstispensmits wére peépatedd from gach sample,
eel str th _cl tpo that ohtained using th
N LI T N R oy
precfsnﬁtsg%. Rife %H%e’%to‘f B spadiffefs wafd I%tl?)ﬁ@ﬁﬁ&éﬁ%sfn% aﬁo-grit tpaper

was determned that peel strengt 0ss due to
to regopo sy darnageghdtumight mintypduded basheaningof coat i ng

mat.eri al. | ost .between the c er foil  a h .

o O e RSP T At B Shon A€ Sk Bfips spegiorps he
contfR kfdciAéns) e petl stehettiteded i desdhiceasith FLBEM-650 Method

undercut", which can_be expl ained by reference to

FI G
2.4.85 withant teing subigcted 4o EC e The OherLaminaipds el stigpes for the sample
s Qs 0% B 8 A SELEBICfo RAM AU SaBR R i wigy. e

remafidg speiers! veat immemsoad it 41TCIGR 60X for Gdwitsy follvmted yainsing

64, which may be a zinc or, chrom umzinc (P2 .
and Gaing. (EheIFRBRECE SRICLAERS WroPro B0 (e e g

1PCANBB6 W(f;?ﬁkﬂ%@gtﬂ Nd TaBeAC GRDRBLS: érf;{gﬁpAﬁH% BEfeN @é{ osure” is

aspect resent 1 nvention. rT copper foil ¢
the awvarhge pedlilowy fonthe ekpdsed 4pdcimensdn poits ofpounds per inch width. Also

hot fi | ectri | t t PCB. The .
shofiincfaisd Fahe BAEcn: a0l G HAIGS Fof g rePie G issaud tpfhe
peel BtrhgtB aft@6 RitrPOSIEE] SlpoSuiR leRpBde@As a PoiRERagOG! th18s-laminated

material 64 is a peel strength enhancenent coating,

peelfsgengtianpl e, the thickness of the coating material may

b b . . ' .
28 S: 8%?@%8% (is%gglﬁ?ur;eaglr %‘n@‘g ?Jag g?téiﬁigmécg %5212)3?&/51 glrst, each

expddedl spdchifercwal viegediidet 1 00x Sdgrifitaiodsing diksdistatdedietyeenahe
the side surfaces 66 of the foil 60. Exp%s re . to HCA ,
edge/pfi thtcapsing anaierial ke edge of fol as gneaprepen| OWBeifles Of e exposed
| . he. .coat i [ [ he
e PR Bl RO RALERLES FFS Aot 1
measirements arelshGvn ab72,FHG76,38, 8G; aad Bénwitinthirsediffernt mEeasubaments
strip of ndercut co

beinggnade iagpacg%%cle Iégocg g}FeFvEg)gLiiggagn tﬁi}?;r the measuremen%tviver}g 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, 3.2 mm, (1/8 inch). The percent edge
undercut for the sample was then calculated by averaging the percent undercut for each
specimen associated with the sample. The percent edge undercut for each sample is

provided in Table 2.
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FI G 3c,
results in a non-lin

wo rmfs/estiesd 64. FIG 4 is a curve-fit

ear

undercutting of the coating materi al
edge 70 of the coating
r epr esentEtT/0$200£/015703

64

data gathered fromthe testing of various conparative
and exenpl ary sanpl es created using copper foil

| am nated to an FR4

ed epoxy) dielectric

bst r at d L9 ool @ %’[elge
substrate an as a
function of p%fgg urfacﬁdrée?q@e on Kg%mnﬁlh°?é"':ég?1 fromFI G
Sam;?leNt}MBbl*‘ ST S atrenEA pﬁbP'to K miniee> TR DT T e, B 99, Eiige Ghdercut
I near 'F&ﬁ) SIHE SHEHGR! C UbtrengthUS ét fgtf10r € eage
under cuf experl enced ¢mimt helinSajmakess BUE [tiI@seXpogure to
HCl , the greater the peel strepgtih | oss. Wth riegard
to the pecond aspect| of the pr =§)epn$ure| nventi on ({surface
treat mept 2). g _has she 3 s treatinent
6 (compagativel s| CammarcielSerfacet | JoH.5i n 496t h| T2e ﬁ@ﬁcent“édge 8.2
under cuf Treptieentt he perjcent peel strength |l oss dug ta HCO
licﬁ@ﬂ@{.ﬂ%hr.%man_aoapa\ﬂﬂﬁ fr45i|\r| 1713:-1“:39%@“ -Y&rnilsh 181
8 (comppEaliveh, gk ZnNrn g t i A0 ¢ 4dhccf 59 Low 1%%apbile 2 220
9 (exproplary), o kCramate Wi} o cloHl.2¢ o 43t Ll *4 maﬁa“ of Fr g8
10 (eyemplan), [iChromate, -, 1808, 457 (LILO0., 49T [0 JHT ooy 81
11 (exemplany) ;| Thick chromate (205) .1 754"~ 4229~ 'Zc 1773, %j"'ﬂ"?’w: 17°0 6.9
12 (exemplary) ., [ Acidic Chrgmate” 693 ~ 388 477 € 3% CABIPT Y 60
13 (e¥ethipl S P ES TWeT IG5 C%‘e&’” 18’1'3“9 43@'1?“”“' 8.9
14(6' \er|larY) wanﬁbfeeu 1O d][felzel QIQQ bJInlzdquEI cat ld?lll.::. 7.2
TparatT ve sanptes 7- 9 TEePr esent KNown Surfac

treatnments, while exenplary sanples 9- 14 represent
s urHagh ef thesainpien s Table 2 oras ptkepacee] wirtg S pini eopprec ﬁnbl Comparative

pect of the present inventio surface tr
6cpddevere arqparedﬂ@mgccpfm%ergla § El% QPR To @sfﬁlple 7

ﬁf’&ea&?ﬂnv ébnﬁﬁ‘@r&aﬁ{z aliBbRABUAS 8 &%@bsfsp%raeﬁh%fm?walk

b

ci and the sanples’differed only face

CT tw&m rRach oﬁﬂed:onifaaratltzaalhd mmlmry mmffhb Bd 42wert prepared usmg
| am d to an F

L1 eated i R
comgiF el ShPBoy PRLEPRE P TR S8 Bkl AR PGS e dpplied
Thel B1RE ESHtiAG Sf Ea—tﬁbarﬁﬁvelsm 8 whbGepRittdadin®sh £9eb®s solution

consi sted of 50 m nutes heating with a nmaxi nrum

contaempeil&g@ N a@ﬁul’im@ gihén as pilfates amdafZQ)g/l pitiyaqigbat gi3go130°F,
whipei%bgy e Qg al‘éle (f ash‘:’fgp% g%cﬁg’flg 4} 8%/1%31 g%(ﬁhsg dt%? 3 seconds The
chr&Rte Widrsildateadating Ufﬁ)d@ﬁfpw# fsﬁhﬁle (9172& @bdﬁﬁﬂﬁ)@l&lg ah aqueous
soltﬁgil;%{n;;g& e NaCoO). 00 (1550 &5 ol NBOE and' 10 2 Na
silicate at 140°F, while applying 1.8 A/m? (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 1.8 A/m? (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 sulfate at 104°F, while
applying 6.1 A/m® (66 asf) for 10 seconds. The cathodic dichromate (CDC) of exemplary

sample 13 was deposited using an aqueous solution containing 8.75 g/l Cr (25 g/l
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molar) in one liter of DI water) at 44C for 45

seconds. The sanple was then rinsed anddri ed. Next,
wotdoes/esogyger foil was plated up to a thi ckness PlOTArA2004/015703

about 30.5 to 40.6 mcrons (0.0012 to 0.0016 inches)

using an acid copper bath w thout brighteners (60

N AP L e B P51 i B 530

tungﬁaté l‘o@ Bienﬁ&ﬂﬁliyl shiphef 14a\bMep651fé651sﬁig‘m/ aqu&us sSlutign @ontaining 31
| oti ne paper cutte |nch% wi de by
B

g/l tuPBitﬁﬂ\a’(Ié{‘? A4RYE, Wil apelytngs%@éhﬁe %@rfer @ﬁ&%d from

3.2
i TR e g2 AR ERRL R B RBIeY BRARE
accepthblapecl Birength peforoéxpobere sHCI nEaouwn@i & g/mght4 lb/in) However,

e R el e i

loss fHER A}d BB ex fisedhé esmpaahive A& préabiéd Qf)ertsé}ﬁ peel
speci mens ('t e control specinmens) were peel stren

strengthslpmimthﬁ rmogoolbnZ to 14.8 percext The esmpatyrrampies4orst s other

th ted t
handp byt 3B %, PRe N E fL Foxlrd Eberedl Boe SR AT oF s g o
equafl 8 10f e BftdrQeirpapbsans 4NHONt69°O forhbigs Ipdéed, ftHeh
wi dth. The remai ni ng speci nens were imersed in 4N HC

exenmlars canplss Werarficsve ndrpwidg anereanhBech strenedh tpsg phlgss than or

L T

edgeZmdéﬂ&&t wﬁﬁﬁcllonﬁtamghgtshloéfrllt feils Ba\hhgd HER oEXpaNiwoeating. Sit istelieved
aver age pee t he exposed specl n un

that GyooH BRECOpBFT (1l NAPg pHIor 1 18 ABH A FF e of e

presé}ﬁ Eﬂ;\féﬂﬁorp ul(fﬁﬁ’t‘ﬁ@xgér@lah&%ef é?fengﬁ‘ﬁff coppd? |f§i1 tr)é‘ﬁé&ﬁl dc€ordance

the peel strength after 6 hours of
W1thek¢msm<baspxqjméﬁquesst mvendionent age of the as- Iam nat ed
peel strength. The percent edge undercut for each
sanpl e was determ ned as follows. First, each exposed
Exafipe® men was vi ewed under 100x magnification and the

 Stance between the edge of the coating naterial to
© hEopphg oib asidsnatibraSn Reble vk orbitseiHo grRse Pz OHse of about
300 ﬁZ}? 3§ qﬁ)élp %\'/ag‘r%éo e‘i‘{l{llep%oﬂlct {11%{ QJQ{ %rglgﬂ%r%g@ﬁlrae \rzreéld?r Foil B

was BERed RAWPatbith'zh av‘ééage%ﬁxfac%&ou@ﬁ}esmfdl Béicrond (R,) &vl@@wn from
di fferent neasurenents_bei ng nade at each side 66 of
the prive ag pEeil fewas tgatesh With B2 halaWith diraveeqirérchueighnessgeduced to

0.6 fifdn a(%@ fifoggﬂri @S&??t?ﬁteﬁ t‘&{]thecﬁ& Brshdf Wk ML Ginat ed. The

perce e specl nmen
The surface morphology of control foil B is illustrated by a photomicrograph at

magnifications of 1000x and 3000x in FIG. 6 and the surface morphology of inventive foil
C is illustrated by a photomicrograph at magnifications of 1000x and 3000x in FIG. 7.
The foils were also laminated to an FR-4 substrate and peel strength measured as

described for Example 1.

19



10

15

20

was then cal cul ated as the sum of the average

measur enent for
wmoosh& 650t al

i nch).

wi dt h

of the specinen, 3.

bot h si des expressed as a percentage

2 mm (PC¢1BUS2004/015703

The percent edge undercut for the sanple was

then cal cul ated by averagi ng the percent undercut for

each speci nen assogj.a ee)d WM, eli] Abl:ﬁlo%a”pl e.

L g A

edge undercut for

oVl

The percent
ided in Table

2rdiabl e2
of Cu Foifl

usi ng 5nm
pr epar ed
wth saml

EIU Saifacyf
Each of

n Roghaesst
usi COW
nglng

Nodlirageidhiteat maed o
the sanples| in Tabl
o] arat i
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reflection is also present. This diffuse retlection 1s prevented from reaching the detector

116 by an aperture 118. For this Example 3, the light beam was oriented transverse to the

rolling direction of the copper foil.

Figure 9 presents the measured reflectivity values. As shown in FIG. 9, an

excellent correlation exists between the reflectivity of the treatment surface and the nodule

height. This is also indicative of how the laser ablatability is affected by nodule height.
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g/ 1ltungsten at pH4, 140F, while applying 3.6 A/n2 (40

asf) for 5 seconds. As can be seen in Table 2, each
wa@owpasiasi ve and exenpl ary provi ded an accept abdBUS®EI/015703

strength before exposure to HO of about 71.5 g/mm (4

| b/in). However, after exposure to HO, the

————ceﬁparaffvi—saﬁp%es—shmmcd a gregtsl it peet
strength Ploss than did| the exenp gﬁ?jgg RF@%? The

conparative sanples priovided a percent peel strength
loss in the range of 11 2 to 19 8 percent. The

exenpl aryAsanpl es, on the other hand, 2dere shown to be
effectivestnrprovidingra percent pecilbtlcngth toss—of-
| ess tha;Bor equal to [10 percent after "bei ng exposed
to 4N HCOcat 60Q0C tor b hours. Indeedg2the exenplary
sanples were effectivelin providing a percent peel
strength Poss of |ess than or equal td&labout 7
percent—The—exenptary sanptes—atso showed—anm—nproved
resi stance to edge undercut when conpared to snooth

f QhheSortidre AgpaRtsRIAd @mbsBmNntLarahé pi@sent invieatikrehdve\beeh

t hat exposi ng the copper fojl to_silaneﬁprlor to
describgdi Mgveidhelesasit Wil bhanderstead thatowgipupmodiisatipnsdpayt be made

with SNSRI o it e ST ISR (SERERGAD ffer aspects

5  and eathodithentd art wdthix ¢hs aadpei af vienfoilowingketaimsl e 2 Copper
foils as described in Table 3 were subjected to a
single CO pul se of about 300 nj/pulse. Foil A was a
comerci al product that was purchased froma vendor.
Foil B was treated with P2 with an average surface
roughness of 1.1 mcrons (Rz) as known fromthe prior
art. Foil Cwas treated wwth P2 but with the average
surface roughness reduced to 0.6 mcron (Rz). Foil D
was treated with the chromate of the invention. The
surface norphol ogy of control foil Bis illustrated by
a photom crograph at magnifications of 1000xand 3000k
in FIG 6 and the surface norphol ogy of inventive foi
Cis illustrated by a photonicrograph at
magni ficati ons of 1000xand 3000x in FIG 7. The foils
were also |amnated to an FR-4 substrate and pee
strength neasured as descri bed for Exanple 1. Table 3 -
Laser Ablation As can be seen from Table 3, the best
conbi nati ons of resistance to | aser ablation
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and hi ghest peel strength were achi eved by
constrai ning the surface roughness and nodul e hei ght
wa ososiehal s of 0. 6mm and 0. 75 nm respecti vel BCT/US2004/015703

Exanple 3 The reflectivity values of the copper foils
of Table 3 were neasured utilizing a DRLANGE

wHATES diegients.er RB type nunber LMG 064 (nmanufactured by
Dr. Bruno Lange GrbH, Berlin, Germany). As shown in
FIG 8, a beamof light 110 was directed against the
back siAleog0 faif (96h fordanimatiorcopndicleéteic lsulbiratd (92)) tiR@pper

aof 85 to an axis 112 nornmal to the second copper
foil (?@lqomppﬁmgccor dance with the law of reflection, the

| BRIl Ro€ el A it U Ao A e 17

havingainl avetagel siryacd edwabiness of 18s tHan Oaljmiidrbmthat G effiectEat to provide a
refl ection, ta t of diffuse reflec |on is
lamingfiop, P G0t or R e RER DAt SO G b6

fromreaching the detector 116 by an aperture 118 For
this Exanple 3, the |ight beam was oriented transverse
t @t he Thsldoppey fail (¥Dtof slairofl whesein thgrverageisirfageirgughness is
r nts the asured reflectivity values. As shown in
lmhm%?8f£5um3%a%§g§ﬁP% “correlation exists between the
reflectivity of the treatnent surface and the nodul e
height. This is_ al so indicative of how the |aser

abd: at alihei opperfor (9 of slaimyl Wesagin éalﬁé‘isﬁh%blw ighibifiedayer
(100 RS, A RO O Bl o iR oIS i O SRR 0
that various nodifications may be rrade wi t hout

de arting fromth pirjt an ope .of .the invention
o ot M SopPotiA oS el TR anBE A PREHES P ang e
helghtt BF%&W?HQ&OBI&?O%%JCM ng claims. WHAT | S CLAI MED | S:

A copper foil (96) for lamnation to a dielectric
substrate (92), the copper foil (96) conprising: said

_Co Pg{t lf?bclOPég}fg%)il ?ﬁ%??? ﬁga_t F?gm grg:vagpll ﬁ\é/ﬁérﬁﬁ]?sgig 1a$1 ablation

1nh1b[t91'g95‘ﬁ:?%ﬁ)0?ﬁs 4 E§RepbdiRd niixthrddfCdhedinfubpdind Ainciddabéir ¥LideD
provide a l'am nation peel strength to FR-4 of at |east

80.4 g/mm (4.5 pounds per inch). 2. The copper foil

( ) of | 1eN: . . I .

| 266be . \Ayehéén %gﬂ%ijfoﬁ‘(@@%f@%&%}%%%@%g%ﬁ% ARG S QHONOS 3Blation
inhibiting layer (100) is mixture of a metal and a metal oxide and said metal oxide is

selected from the group consisting of oxides of chromium, tungsten and molybdenum.
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3. The copper foil (96) of claim1l wherein said | aser
ablation inhibiting layer (100) conprises nodul es
woravi/osgesan aver age hei ght of | ess than 0.75 mpPOTars2004/015703
The copper foil (96) of claim3 wherein said nodul es
have an average height of fromO0.3 mcron to 0.6
m gron 0 ier. claim 2 or
cl Z\ im 4Agmﬁéezgﬁaﬁ29&g{ulc{l% élr&éq ?)i’ Eonq m iting |ayer
( 198ielecBicaubstehep 92 havdngroposing fokt anklrsecmndmc&s;j zi nc

o afifst somper SaiblaRsrASGHamar R s i ais helh Fig oppor foil layer
(96) bméq%hh g asleﬁmgéu&ﬁgﬂ)ﬁg% 1 (HI05 h%ng aﬁfﬁ%’} AdMfifage

OXI sal oxi de S ecte fromthe
roughmessi pf lessnthius 0i7ngicodn thatiisl eﬁfecmfve ¢hpovidern laminagen peel atrength to

no, de 7 | ectrically, conductive circuit (90),

FR-4 (bgri% an§tirht¢rq g/g’u@?ﬁégggwc{s&)egﬁn‘gg)(; rate (92) having (59
OPRK$ Hl@ﬁchricrlﬁier 9T 120mEAiS (989 SxteAdihg HietetRiOBEE hnd Rithinating
| ayer (96) lamnated to a first side thereof, said

at angnigtface Hetween saidedieledisy laysa (%20 and said Arst sepner £0i layerd86).
inhibiting layer (100) having an average surface
roughness of less than 0.7 mcron that is effective to
previ deTke él@cffh&élty' @ndpaik cituie(9P) bf tlainkRwheedin die dveagt
80.4 g/ mm pounds, per inch); said dielectric |l ayer
surface zgug%aw ﬁé said \lﬁ}sar gediondnhibiviag ey er HA0: tsthetvenn G aucron and
O6I$E&g]nat|ng at an interface between said dielectric
er (92) and said first copper foil layer (96). 8.
The electrically conductive circuit (90) of claim?7

rein_the average surface r. aid | ager
AbFaci B S HRIBHDTE Ciebo( o0 Of HaRA e SH Hogh
ablat?d}fjinﬁrbﬁldg 19}5&'@10(3 coPﬁBﬁs&ln%ﬁﬁIEb RaVihy arif QReatelHelght 6f frémi (.3
(90) of claim8 wherein said |aser ablation inhibiting
micrbmyoed.6 @EOON. conpri ses nodul es havi ng an average hei ght
of fromO0.3 mcron to 0.6 mcron. 10. The copper foil
(96) of claim9 wherein said | aser ablation inhibiting

lay@r (‘TROdopper Rilq9epsRgiimeTiwhtrsiniail 1ader ablatoh ihikiniak layer
zinc and their oxides. 11. The_ copper foil (96) of

(100} is#i gpdepastied ixfureaf ghrominm ang|zici 496 theineHdes ng | ayer
(100) is mxture of a netal and a netal oxide and said
metal oxide is selected fromthe

11.  The copper foil (96) of claim 9 wherein said laser ablation inhibiting layer

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

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

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

epoxy and polyimide.
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group consisting of oxides of chromum tungsten and
nmol ybdenum 12. The electrically conductive circuit

wa@ 90§/08sany one of clains 7-1 1 wherein sai d PCT/US2004/015703
di el ectric substrate (92) is selected fromthe group
consi sting of glass reinforced epoxy and pol yi m de. 13.

A h . int: i [.L.
"8 e TRMLAEHI 5 by s L dos i e s
of: foil (96) with a Iaser ablation inhibiting Iayer (100)

that is effective tQ provide a |am pation. p
st a)engtqqatueg ¢F@npeb§0116(56) wiha laser %blﬁt%ﬁltlbltwgdaﬁﬁékﬂ% that is
)
ek o AL ATH ) 3Rt FEG25E k101 SR o
pernﬂhﬁlectrlc substrate (92) (c) forntng said first

eitbher eiine 58 af et Srilofée pf i e épbripufOgb Fhir

s1ded'f1a3d1é18&}1c*s5t§s%&f‘(9 id dielectric substrate (92) to an
interface wth sald first layer (96). 14. The nethod

of(ck| aifrmiBgshidfisstlayeai(20)\nte apd@pliyoficievibtiacey; ands er

t Th t hod
et o T IR A D IS WLt
dieledtf1B kliistraRY 9L v &k iftddEe with fhidfirstgen@e).sur f ace

roughness of less than 0.7 nm and w th nodul es havi ng
an average height of fromO0.3 mcron to 0.6 mcron.

16,4 Th gmtg{qaﬁgd of %lgltﬁ"'i Mérein%tm%@)ﬁft oSkl By laé?{)%pl)ation.

| aser ron In t1ng layer rom -t
COI’]SI sti ng of a codep03| ted m xture of chromum zinc

xt ure of and met.
owide iergetbaf 8 tin) fukpil & Sen G Fifer o et Said laser

ablatﬁ)ﬁ%}ﬂbi‘ﬁﬁg $dyet glm)g)l_%th%'ad@nﬁg@%rfhhé RIgHARss b RGS {HRA 08¢ and
nol ybdentim”™ 1

. The method of claim16 including
with dedudesi aving aa average heightafifrom 8 3maierinrig OlGampiromn a si de
of said copper foil (96) opposite said interface. 18.
The met hod of any one of clains 13-17 including

| a1y, Nat THRUN&hS@6LAGIM Y RichidBep) seRktisRidid BeatAthtioaRfabiting
foil to an opposing second side of a dielectric

layerd {{f{Htfrom the(29oyp consistinggf aeadgpesited rixtugg frchranipm, ging agd
their 8x1lde§3‘ ancﬁ 3 m&tu?é o ﬁt%tal LS &et%[‘&’xﬁ@ m&%al%l%aala&xdiee@%lected

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

17.  The method of claim 16 including depositing a laser ablation enhancing

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

18.  The method of any one of claims 13-17 including laminating a second layer
(94) of said coated copper foil to an opposing second side of a dielectric substrate (92),
forming said second layer (94) into a plurality of circuit traces and forming said at least
one via (98) through both second layer (94) and said dielectric substrate (92) to an
interface with said first layer (96).
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one via (98) through both second | ayer (94) and said
dielectric substrate (92) to an interface with said
wo 2aosnstessyer (96).19. A copper foil (96) for |eri/ustdoens703

to a dielectric substrate (92), the copper foi
conprising: said copper foil (96) being coated with a
I ] . il or. . .
5 SR} AT el ATy B2 e opper

compefsfrgeti ve to provide a | amination peel strength to

FR-4 of at_|east 80.4 g/ nm (4,5 pounds. per..inch). 20.
THeidpperfod é?@s) beng) coa%devlﬁx ey aﬁﬁapa ilrﬁn*elﬁag gevsrf @88)

. | Lvi - . .
havirf S Y koA SUS AR IMBER B3 18Pl 18 Proy ¥ tamination
peel sttzngthi to &rRi-4 bf #&tileasn§0.4 gyrem (¢ DA®undopainches nodul es

havi ng an average height of less than 1.2 mcrons. 22.
The copper foil (96) of claim21 wherein said nodul es
haye aniRMRpa&To IQE cRim 19 RRIS tHE dvERBe tellebtifity value is
m cron. 23. The copper foil (96) of either claim20 or
betwednai0randPOwher ei n- sai d | aser abl ation inhibiting | ayer
(100) is a codeposited m xture of chrom um and zi nc
and their oxides. 24. The copper foil (96) of either
clAi. m Ztheoppradbi(F) oflokiirgi10 vitrein b#ig daserdblaiondnhibiting layer
inhibiting layer (100) is mxture of a netal and a
(100)yromgrisesaraduleshavisgion akerpeg hedghtod less thap) lecMEdons om t he
group consi sting of oxides of chromum tungsten and
nol ybdenum 25. An electrically conductive circuit
(XD, CHroppentgil (26)dif elatm 2 ivhesaihsdid abdul¢ORveraa\avergge
. .op g_si n(g fi.rst a 5 second sides; a first copper foil
hmgﬁ&g pry %anﬁﬂﬁhg dBCt® a first side thereof, said
copper foil layer (96) coated with a | aser ablation
inhibiting layer (100) having an average reflectivity
vallue oFheaopperdfeil (%) of leithericdaimf A0z tclajm 22ovhareinisaid laser

ot B B ot B o Bl Bl S5t
oxidddaving a via (98) extending therethrough and

termnating at an interface between said dielectric
| ayer (92) and said first copper foil |ayer (96).26.

\Ihhﬁ. el eﬁ{e[]éoﬁgéﬁ ¥ S%%‘f%hﬂ& FHith D dr taiN22 netbiftlsBadaser
erein e average
ablation inhibiting layer (100) is mixture of a metal and a metal oxide and said metal oxide

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

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

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

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

said dielectric layer (92) having a via (98) extending therethrough and terminating

at an interface between said dielectric layer (92) and said first copper foil layer (96).

25



10

15

20

25

30

reflectivity value of said |aser ablation inhibiting
| ayer (100) is between 50 and 90. 27. The

webmsnsiesal | yconductivecircuit (90) of clai m 2BCmhsaed/ ons703
said | aser ablation inhibiting |ayer (100) conprises
nodul es having an average height of fromO0.3 mcron to

1.0 m c¢xran 8. nThe copper. foi .Of W)
witde o TH8Hesticaud SoniRRRT iR b fottlail 35y Bt gveraee
reflectivR 9 6IRe SF b6 1a3trdblitdnGhhibiting MyeMEIN0) & beowend Otdndion.
oxi des. 29. The copper foil (96) of claim27 wherein
said | aser ablation inhibiting ayer (100) is m xture
of | .0xi-de.: ' X '
oot et BRafy EhEle OE LRI SRS Sherli AR e
ablatioh ihibiting 1dyeng90ecompribesmddudeldaving adGiverbge height of from 0.3
. electrically conductive circuit (90) of any one of
micrqny tg; I EmIBOBY wherein said diel ectric substrate is
selected fromthe group consisting of glass reinforced

epoxy and polyimde. 31. A method for the manufacture
of28a prihetcopparifoit (36) of OR)m 27 ovherdin paid lasereablatiopdnlybiting layer

(.a) coati.ng a.co r. foil (96). with.a.|laser ablation
(1005, PBﬁ?etpPFf&%I ‘89‘@1“?{%ﬁ%?"’f%%“ﬁ?%m%??@%}f%“ﬁ% provi de a
reflectivity value of at |least 40 to said coated
copper foil and that is effective to provide, a

I

- natTherroppesifoid (9@ g cleim 37 prrherein said faspreablatiopgnhibying Jayer
(:4. unds anch; ] ' |
(100)7 iy BRI Bl Gl uRLE AT i Ttin e
groupsédigistihg af eiid¢sasfichiceniampaingstew afddplybdeguni.or m ng sai d
first layer (96) into a plurality of circuit traces;
and (d) either before or after step (c) form ng at

legst OfR Mddridal§leohdlicRYOBirGA @0f6f4n§ Tnk lof cRHRSDS-89 Gherei
(92) to ane él: nt1 er ?age V(\:/I t ﬁ éai d@f)ljr st §I ayer c( 96). 32. erem
said diblectnie tshlostratefis s¢ledted Somithe gionp sansistingaf B8 reinfofced gpeky and
| gﬁ | aser abl ation.33. The nmethod of claim 32 wherein
polyigtidey step (a) is effective to formsaid | aser ablation
inhibiting |ayer (100) with an average surface
roughness ( Rzz of less than 1.0 mm and wi th nodul es
haddi.ng Am faythemednyfactuse of  printed Sirenit(96h complising the steps
m cron.
of:

(a) coating a copper foil (96) with a laser ablation inhibiting layer (100) that is
effective to provide a reflectivity value of at least 40 to said coated copper foil and that is
effective to provide a lamination peel strength to FR-4 of at least 80.4 g/mm (4.5 pounds
per inch);

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

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

(d) either before or after step (c) forming at least one via (98) through said

dielectric substrate (92) to an interface with said first layer (96).

32.  The method of claim 31 wherein said via (98) is formed by laser ablation.
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34. The nethod of claim 33 including selecting said

| aser ablation inhibiting |ayer (100) fromthe group
waznshsisng of a codeposited m xture of chrom rRCW/USAOMI015703

and their oxides, and a m xture of a nmetal and a netal

oxi de vvhere said nmetal oxide is selected fromthe

. ¢ . .
yb d &B%J](gﬁ[cﬁ Oﬁt ﬂ’ﬁ%@l safﬁ&mag%‘ﬁffﬁg{f@%%rﬁgﬁd laser
ablatid@ PtEbiting Gayer (1@9§3W1thfahat/¢r9ge anfage foughindsayRy) ofﬁlt:satlﬁnda) pm
of said copper foil opposite said interface. 36.
and withenqgwltes bavigg ap @&?rﬁseshplghﬁ@rf frarne 3 migioR e | Agnisrafiec ond
| ayer (94) of said coated copper foil to an opposing
second side of a dielectric substrate (92), formng
5 sdldd seltentethad ef cl4ifv)3 inoluding spleating said/lasér arbiat'muiimhibiting

tayer R ot B 6 AP O AP PR Bt O Brerbiey i g
their b2idés, GRd 8 ik kLS ARetalhridh BddaPotilié ﬁfheﬂe%ﬂﬁrmétglﬁ)mde is selected

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

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

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

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