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1 VDESCRIPTICN COPPER FO L | NCLUDI NG RESI STI VE FfLM |

LAYER 5 TECHNI CAL FI ELD The present invention relates
to a copper foil with a resistive filmlayer superior
in film adhesiveness and havi ng hi gh peel strength. 10
BACKGROUND ART Copper foil is generally used as a
wring material of a pppgcRiFEroptit board. This
copper foil can be separated into an electrolytic
copper foil and a rolled copper foil depending on the

Can be. 180N P LRI AR S TNm PR L i

copper foil having a thickness of 5mto a thick
copper foil having a_thickness of roughly 140m These

copper foils are bonde ' ate fornmed from
resin such as epoxy and polyam de, and are used as a
printed circuit board. A copper foil is demanded to

enFheepskht dharitiondhslaiegsetcstar eoppér Vail withhe resistivet film layer
becone the substrate. Thus, ap 20 el ectrol ytic copper

superigy; in fUE‘e%dh&SfV@tﬁ‘&ﬁs anAthaving igh meslsiength. o mat t e

surface that is generally fornmed during the

production of the foil, and is used by additionally
perform ng surface r BAGKGROWND ARThent thereon. In
addition, the rolled copper foil 1is also used by

perform ng roughening treatnent on its surface.

f o??}PPSV ;oiltoﬁfﬁ&f?r:am/ F‘?ég rézes rwmﬁg nhRtiapdf btmﬂah | grcuit board.

25 forned froman electric
This cmmertfoﬂeeanabeaseparatﬁd tte anoglpetrolitic copger fod arid arrglled copper

fol agperading o e pideieton dhioc s THRANCHRRSSAY s 7oPRAr foil can be

arbltrﬁhﬁcéd“ @$te8 fEdrh G éxtFé?ﬁél? thi?\uéopﬁerﬂolﬁ ﬁaﬁﬂg d ﬂhd:kness of 5um to a
ofprising a resistive layer is used electric

thick c@Bp@thUé\afllﬂQrﬂ Im%ess(ﬂ’fﬂi@@gfdylmﬁlénbopper foil nerely

Cotfied Bable iR Ao Hordhe Bk SORHRE AR PR BYESth as cpoxy

and p%ilyéi‘ﬁxﬂb ard afe 096d a8 8l printée circlitbodrd. ofA duppetifoibistdePnanded to
resistor in the substrate, the limted substrate

ensure sytigentadhesivnstrength véth theeregilndgebfqomezmwh%@tﬁt ofhus, an
electl%ﬁﬂée&edsp%?%n'[@egoéjsro I@%‘U éeretérfa fcg é'tf@ sﬂﬂ‘a@e that is

trve e emsn e Su SUI‘ ace usl

genetdil¢ fovhder dodngi the Ipmdmrﬂlonl of aﬁellfoiloranddEIL@ed by addltlonally
restrictions will, decrease as a res formn
perfofraingssyraceroughepipg: tregime Qrﬁpa_yer @IEPPaih@ o copper foil

can be
s ash RERTSorh s AR LeamalieaR Snecg e £,
coBReeentlyipgroposgls havaa@een made $on additienedly fosrnmgwlth film layer
sol der bonding w |l becone, nne%essar ofr fc'h der ab ¥n .
formed from an electric resistive material on the copper foil as the wiring material
(refer to Patent Documents 1 and 2).  An electric resistive element is indispensable in
an electronic circuit board, but if a copper foil comprising a resistive layer is used, the
electric resistive film layer formed on the copper foil merely needs to be etched with
an etching solution such as copper chloride in order to expose the resistive element.
Accordingly, as a result of building the resistor in the substrate, the limited
substrate surface area can be effectively used in comparison to conventional methods
that were limited to mounting a chip resistive element on the substrate surface using
the solder bonding method.

In addition, design restrictions will decrease as a result of forming a resistive
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reduced, and wei ght reduction and inprovenent in
reliability can be sought. As 5 described above, a
substrate with a built-in electric resistive film
possesses nunmerous advantades. The copper foil to
beconme the base for use in the resistive material is

eleméntireatmukitayev rSudsfatd, &S ro9BmicnE i ties @NtitticalncHdratteristics
aresistive layer is to be additionally forned

can henepugit, by shortaninadhgreiicuitilengthdi daws! f aicepeereieil garaphising a

. +ho s.ed D0 i i d .

resisffi Hict 60, SuLEIEAhG fup HephFih FELAS - B pgpoideraty
reductd, haridevei@sti redustio el @tpidvemegit in aiedaliliiyngan Weesought.  As

eval uati ng the adhesive st r_en?th_of the resistive
descrikreabaye, g susirate, witbsshyil-in slaskigiasistiysifimippssesses numerous

gth between the copper foil and the resistive

advalfﬁfapgg. and the strength between the resistive film and

t hFheeipper foildtoi redonee trenbadefdrase inthé nesidtivd matgerial is subject

eel ing occurs fromthe yweaker boundar ace. In .
to subReRdreRties! qn thes pr&mm'tmgﬁat EargvenEY 8L i i be additionally
I 0 . .

form YRR o Bl s RSP By, R Aot Motancar
printecbeirfuitdyrard mdring, lieis thasamesinghatihaadheesive sinrehgtrewith the resin is

chem cal, species (el enent species). Manwhil e, demands
ensumtwfmrbfcﬁﬁgﬁ&nﬂge surface roughness of the resistive

20\Wdrer dvilluatirRy ST 88Réde IstPeridth d8MBAES réSistivid Gnaterial, it is
formation of even smaller resistance circuits and = =
necessary o examtine hothi e stranglie hetwegmineccappes foit andihe resistive film

and 86 S BRUE e e PPV B e B e estor e
like, p&@ingZEccurd oAb e welREF BY fade.t Np Sithee Ta¥e, it is known that
strength w thout dggendl ng on the surface roug'hness

larger theesdidage soughwespPaighat thehadhesive sfrepgifanddie adibesive strength

s coffod i 5o oHFRERLY BRUlle AhlBBRYBFE GRbeior pon oo o

surfac®ichenic spbeiesr(elsﬁmintisPéeilets)'.On is to provide a copper
foil with a resistive, iImIaéer enabl i ng the

r e Meanwhileo deanands fori inhiiiing: tBeisyiTageeralBhRess qfsthe resistive
. \/: | A | .
metefBPAR BRI B985 ULRRRES LR i s ghbder ressance
circuiteane impmvemeéht ildigh frequéricyofharatiernisticss whibh are being sought in
achi eve the foregoing object, the present inventor

printeg| altcsitdiaatds st continde i bekarne anqrs S0pPIslisatesl e in pider to realize
i 356 TR Bptg R BHFecFL sFO, PRAVECHbARIASERhe surtoco
roughness is essential. '

[Patent Document 1] Japanese Patent No.3311338
[Patent Document 2] Japanese Patent N0.3452557

DISCLOSURE OF THE INVENTION

Thus, an object of the present invention is to provide a copper foil with a
resistive film layer enabling the resistor to be built into the substrate as well as
improving the adhesiveness thereof by additionally forming an electric resistive film

layer on the copper foil.
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Based on the foregoing discovery, the present

i nvention provides: 5 1) A copper foil conprising an

electric resistive filmlayer, wherein a copper-zinc

alloy layer in which the ziBc content per unit area is

1000 to 9000g/dnmR is formed on a roughened or a gl oss

sunsagerealilt 3ofC m%e sRidy: td aghrivel ihéafdr@?o|h§y@l51ebﬁ\&hégpresent

a thickness 5A to 100A formed from at |east one
inventenspdiseenered| tbat gdsteftaetive e foxundr laysmrferiincreasingdhe adhesive

strenBf aghviesh g toPPat fol A APl ol BRAT e ebEe 7

r egagbt \oh thBtierdgoing distoverpherpréséntshvdhtionzsrovides:
' ayer. When using a copper foil conprising an electric

1) redicappes il compasiag arselgctric iesistive filimdayei, wheraie @ ¢opper-zinc
alloy li;eﬁ% % vs}hocnrgtn%tﬁl% kb@@b‘a BErr gﬁ# gfen% gf((q%g) tforé’qp(@frcl;/éhﬂag formed on

a rougkened oﬂa@lcmsCéwfao@mf@COﬁpefr mli;radstamm(tjétmrﬂawma\?m b tglckness
addi ti or ne

and an, el ectric resistive |layer is nal |
of 5'8t tﬁetmforme%%mc%dgﬁé}r@dcq Benay S&?ﬁqt?‘é ?r@m z%wgr@gqlq,é:hromlc
. .St t he e f I
onice S0 B0l plac REHRRRctr ) il Akl BAleng @ fim eyer
formed fremgauin elm:sno mw‘tlfvecm&hehal/\lbeformed og the stamdmatlﬁmlayer.

of Wit 3560 2ceARRE TbRamAHSING ROVRIPGHC Feio BRI lper as afim for
use @VErc‘ﬁ‘&Uﬁ cﬁﬁggﬁrf%ﬁm&a%ﬁ%?& fdrhﬁe&fr@ﬁ?ﬁf |d48¢ BHeP E8mponent

I scovere I's effective to forma
selectexbfroem zinooxild, @hrdmyceox:de} antd nibkeloxide tscfoumdemitthpsropper foil

area.is 0g/ rior to farmng
and 41 elepyit it Byonis aAcRagely Torfied ek Mebhdrbivered that
suﬁnc?éiﬂ%h\é@wfét ét?énq th vhfﬁ MReop i foRRBAId Bé'dbtéﬂﬁédt hBlowever, there
per-zinc ayer and stabilization |ayer, and
was avpmblemnenethe’cthﬂ @g asstrength iwas ingytiiciens whea using a COPper foil

iy 4R BRI P oL 7.8 BB B o vs

loweredit area is 1000 to 9000g/dnR2 is fornmed on the face
of the copper foil that was subject to this _kind of
suld aederte exeraome thenfosegaing Rrotiemys thampresest inyentass discovered

that it H)%ﬁéfc%tfg/g etﬁ)ﬁﬁﬁﬁ%}@é*ﬁ% Zifik %ﬁ A(}ler\m Which ?rféOQ‘tﬁE Dritént 1t per unit

hé zinc tent per uni ar ea

area | i€S$000 hton 9D00Qg/d?2, prtdﬂetoaddﬂmngetlﬁ rferwoing/vl dtdabll’lzatlon layer.

nprove. Moreogver, with a 30 copper-zinc al

lmprqwenwntcln theeadhasivec sirergth %Weeﬁlthemeé ellé%g the Copper-zinc
alloy nggé}p?rlwéi% ilizdton Iagep dé%d’rvﬁ{he 'eﬁac?t‘uf“f@?lé% ﬁ'?ﬁ']?fé}] can be

ance corrosi to e I Ng solu

evaluated bésed on thdpeel steerigtisause the i ncl usi on of a large
a unt of zinc will, K cayse the,

pr.o
r’?"(ﬁd&fjr AFOPRErZHCAoY day er’é& ‘g'hg’@ zifcgntent per unit area is
1000Ct RiRIOLAIdIR2 /& {oPheld r?fhé%ﬂ:eb& ther eplfox t‘Was subject to this
ectr g 1e in

ep05|t|on Zl nc cont
kind obstpxéacez ireatraémtoy Thia ist ama nepettamtopr@pess n‘mrolmprsvmg the adhesive

srongh WV bR oy aikiin WMy H ook B8l s s

than 1000ug/dm? the adhesive strength will not improve. Moreover, with a

copper-zinc alloy layer in which the zinc content per unit area exceeds 9000ug/dm?,
this is not preferable since the chemical resistance (corrosion due to etching solution)
will be inferior. This is because the inclusion of a large amount of zinc will cause the
problem of deteriorating the corrosion resistance.

This copper-zinc alloy layer can be formed by way of electrodeposition. The
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el ectrodeposition. It will suffice so long as it

becones a copper-zinc alloy layer in which the zinc

content per unit area is 1000 to 9000g/ dnR.

Consequently, the 5 thickneds of the copper-zinc alloy

| ayer corresponds to a range of roughly 100 to 1200A
zinc éoteapin tﬂ@bbp@eﬂ-ﬁﬁ@rallb?\fbﬂﬂ\életéijtrﬁ)ﬁépéﬁtl@iﬁ |§/érblﬂ'aﬂy In other

00A formed from at | east one onent selected from
wordg,i His drelddes @nlayar dnowhigs, ZIaﬁdISng%Méed deithe ceppesr tadgafter the

electxgn'aseégglaog‘)p@g@zé%cﬁﬁbqéfné z%e b%@? :%B? cfygpgﬁ-gigesalloy layer in
which ithe tzhec ebheatt per deis crreldd w100/ ¢ 9000uigldra?. S(Cory$e£dué‘.‘ntly, the
an effect of inproving the adhesiveness with th

th'Ck'&%ﬁﬁp@f theyicopper- HBCcﬁ“ONe'aVE'hPQFF?%PQm%@ aFRNgE @f(é‘PUQhW 100 to
1200RXI de are all effective as the stabilization |ayer

and these may al so be used in conbination. The

st Atstablhmtlmayerymwm a\bicksess oi5A10 1Q0A dornoed from axrleast one

rev tsthe deco i
companent SeipCIRaTEor 2t bIe: SHPMIG AKica: 899 PirkeLexHers fdimied on the
abl e eel
copp@PZRESABY 14y thatWias Rty ALUEGHHBUUbRNERD © PP
1007A|s blabiliratiohdayast has a oted effecbias desanibedeabhovendiut it also

e set fro 00 to 3Q0A.
Y'e'dsrﬁmt‘féﬁ OFF‘PJB\Q”Q ﬁh%éﬂggé“’?%esfse‘él@‘ ?‘i’%ﬁ%‘l@r Ptre
fupgid &Gdé’%ﬁrbﬁ?nc%ﬂ@é' arfdhicRel d)@d@ brean Bﬂéctl\)éeas the stabilization
achi eved and t adhesive strength wi || decrease,
layeraridciinese may admsbeame@! in2eprabinafier.t rThe istahilizatios layemprevents

the oA croRiolid R soRRT hieveBl< {8, a2 Fhadetftn e diptectic

base Infnefial Gauvedl tN thki doppee Gndgsbsseeses menmmbﬁ’or‘i BEnRiintaipirlg stable
design. In other words, the selectio

peel sirepgini ¢ Theetickness isasmaly sghdram r}% ito mopﬁ chbﬁéﬁ@)f/ ibe set to
100A"EE 58 FAURE 81 1 O B ey 19 200 1o s00A

Howdven; if &g mibknéES/%Ie@B tex BB, the ﬁuri@ﬂoﬁ@émeistabllllzaﬂ@ﬂ Iagler cannot
of the electric resistive el enent, materials such as

be aqmm@ai and theadpasive steenatBail AeciasspLwbichns nokdesirabie.
heélecﬁf&dhes RBMEIMATRY i %ot é‘(? on'vﬁfeaétamlltzgtlé‘n layer that was

t rve el ec rlcal resi stance 1s use it~ can
forméIE assmisoms«ednabampé’rrcéeetectnd resistives filam IWdrous énbitranly decided

th ot her ele nts dition, even w.th teria
aCCOr:%‘Q%toameePkﬁ?H"’i/ §lgnow‘rbpﬂlﬁfrw9ﬁ i SeeBiier of i, gt electic
res:slﬂ/% RHateRdl URd ﬁb'fLﬁm"tﬂiclﬁﬁegﬁ?s" deagea gn 'cBﬁélHEYatlé'an* th?rfGnctlon of
tin, these can obvi ous e used | t he ectrica
the resistivetelement, randetheeesusam partieslar {imitatior.i ng alloyed with
ther el enents.. For instance mat er.i al s

a2 PGS P MEINANSIENE Ol repHiS BehE) Sloment,
mate{iﬁlglsﬂch\de% PRI, thgdidr, %ﬁbbﬁlﬁnﬁtrﬁé’l%déﬁUm wn%uﬁf nickel, and

e oxl nitrides and silicides of materials
chrorgigine cnaydbe useda resalpvith at netativelydeigh eiectncale@smmnca is used; it
can blsglstlquég%g sggrgdép}g\gfg% f Iﬁg'op ds %lnea logtfl?m With 8ther ePemer‘Tigd

In addition, even with materials with a relatively low electrical resistance such

as aluminum, silicon, copper, iron, indium, zinc, and tin, these can obviously be used if
the electrical resistance increases as a result of being alloyed with other elements.
For instance, these would be materials such as NiCr alloy and NiCrAlSi in
which the electric resistive element is atiracting attention. Moreover, the oxides,
nitrides and silicides of materials selected from a group of the oxides, nitrides and
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sel ection of these materials is nmade arbitrarily

according to the circuit design, and it should be

understood that the present invention is not limted

to these materials. Upon foBmng this electric

resistive filmlayer, a physical surface treatnment 5
sHmd&tBp%é%r'ég@mgieﬁiﬁéﬁt@rm%g ar8b el usddY a@dulbscribed above, the

deposition freth or an ioh beam plating nmethod, a

selectioerof dheses maﬂam:aisms sradecatbitnastly @gcating &s the cireuitrdesign, and it

shou@e&éjlﬂag mggg hOdrggﬁgﬁpggﬁ%qorE%}eogU%Hﬁg tggnggé Raqerlals

O@ﬁm@{ 'tmgnalemhbcrdsi@twélmlml legér, & gh S|68Ip§@ﬂfé¢63ltreatment
mat hod may be used General ly gpeak?ng th

methed @@Dhc&ﬁeﬁtﬁltﬁeﬁﬁgrmﬂh@@ RavAcanh dennsitige meithpﬁlaﬁr an ion beam

pIatm@a[}pF@h héfaorc{fﬁqraeéls 2 aegtsgtrealtﬁ}egflﬁh{gt}?@ §h§:f/en§h% thermal

decompbfsmbm rbthodnesa gesephasy rezetion maéthod, ot ta Wetb sarface treatment
advantage in that it is able to obtain a high

methpd Suehi 3% an eleskodenesition mgthpdroroan teﬂe%trcaea-meges'tlon method
ive filmlayer is nade in accordance with 15
may %ﬁgggéage of the film and the deposition nethod or
pl aemgally&tp'eakm‘gmhé @ldntrosiepositiby methbddiasdan advantage in that it
accordance with t nﬁbu g of that Iectrl C. resi
ad BI

can 54 PRITPHDER Atapwped | 88 Sie thecsrytiedinggngitiod & able to
obtalﬁ lLRR] h&wﬁﬁ%{ﬁﬁ? o) ftﬁlklmis%yé‘rfd %ﬁ)trbEﬁ: REEREH has an advantage in

I nvention ness o e coppér foll may
that |b|e dble to Gbtsin arlmgﬁ qualiiyyeﬁsﬂl\ce ésfremt. The t hi ckness of
| ect ed

e T06 dRAEaIQF oF tiR 2IegrE seRivaL i 1Guds rrasie i prgardance with
the u§£§e bPIROMI AntARE YpdsRibhirké BBl o%lmatmq MREFoPERould be suitably

tain restrictions based on the manufacturi ng
selectaghiti acoondanc® with thepnakise of thai @iﬁdtrdmrmiveuftbmday@r

) P i Bofnah ol rouriReph et desisfue Flkhiiyqrgf the present

|nven|t|§M Ethel foil RIEKRSE ST the &a?p@r fofl lﬂrﬁéy?lﬁé 5(tbcmgllm qmréfeazaay o 35um.
an el ectr ol ytic cop or a face of a rol

The mrmessm.the COPPEL @lbmavc be rashignasiv ﬁglet:mameﬁordance? yvith the

usagf) 50 BEREHEDR ] 5 ReoRFEL e R BB LSRR B corar

restriétihsh@sdd Oh id maporituridgtondifidisover, as needed, it
is_also possible to performroughening treatnent to

3) th@heopre@@nt:dpwthrb.addltma{lyﬁeorov@feéga. fRPRES e SORPrising an
elect@{]ﬁél% iln tla%e? \H@% 7 s I{sl%cf?ﬁt Re's\%tl erI?V&h%nﬁﬁ’med on a matte

ace 0 € Co or a standar

surfapé gfdugh surfdee) &f ant eleﬂ:ﬁo@pmcoapeafmlemuatfacé ofigi nofjed opper folil
_cog)er foil wwth the electric resistive filmlayer of
subjechto roygbeBing FeRIENLon built therein, an effect is

yi glideghd poéaﬁ‘ﬂe fohGrRet g@ﬁomwﬁr@%}uc %'treagﬁéﬁt“@f adhering knotty

unnecessa orf be consi der abl
partiohesion itimg) matta:swﬁaoa ofl thbeelectralytid capperifgil.si Mpredweeoasaseeded it

is alqoegfe)gs%\aetq pgﬁﬁ% ronaﬁenlﬂgtt(r)eaetmcer}\t tgethgl foned copper foil. In the
foregoing roughening treatment, it is possible to obtain a roughened surface of a low
profile copper foil or a standard profile of Rz 0.3 to 10.0um.

As a result of using the copper foil with the electric resistive film layer of the
present invention built therein, an effect is yielded in that the solder bonding will
become unnecessary or be considerably reduced and the mounting process will be

significantly simplified as a result of merely having to etch the electric resistive film
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| ayer fornmed on the copper foil using an etching
sol ution such as copper chloride and exposing the
resistive elenment without having to newy form an
i ndependent electric resistdve elenment upon designing
the circuit. In addition, there are advantages in that
layer HnEPBATNE @BpPEr RSN 2iching sHlufibA isuth Zalddpperfloride and
wei ght reduction can be achi eved since the conponents
exposiogiibe rasigtive element: wighews| hesinghtp pewlyetosmeam ingependent electric

. reduced. . Conseguentl it. 1s possible to inprove the
reSISTf\feeélgﬁ}ﬁrngppH&%@f%rﬂg{hedélgql@%_ Mor eover,, asng resul t
of |rf R@ditRsl Ihére BRI BEvakdgbs ih that tHe spacdeanf é lexpanded and

~ described above, the effect of inproving the signal
miniagtirizedioneand weight redsichion ieanr beyashigyedasigee itee ygosmprients to be

o ERR S I YRR s B, BoRHRG G i B
improvéitieifreddin ehtid cirouitiddsidgre  aMdriovet, sane pasulltesfable ir@sistor being

. copper foils wth a bujlt-in electric resistive film
built jipethe saRPRIfRIF BSi Aesaribedr abpe nEg effegls 0§ impeeving dhe signal
' i st | ON OF THE DRAW NGS

char%?%ﬁjstffgﬁlgaarﬁglﬁ%ﬂéé}héﬁéﬁgﬁ&g ?@ég%tl ine of an
el Faerpeyentdneentjorr alsoivielgs adsuperion effegisofelmeing mthld-tayovercome
2 1s a,diagram show ng . the out]ipe of a surface .
the deterigration Og;ﬂéﬁ esiyg %@@gtmc% acARiRet RACRUtefegE in copper
its WIENT! g ie hRssth/Be fipy't fal t ; (o3 X
fqlls syst clag’-rrnb(()alihﬁwgelg gétrol ﬁviecﬁg‘gpigggﬁf gé?.gﬁv\?{lﬁﬂghfés\%‘i‘able heat
resistapse emd arid sedistdacelr um i s placed in an electrolysis
tank housing an 25 electrolytic solution. The cat hode
drum1l is able to rotate in a state of being partially
(roughly thgpiewenERSYHIPTRONTOF THEDFRAWINGENE
el ectrolyti C solutron. An I nsoluble anode (positive
el ectrode) 2 is provided so as to enconpass the

perl pheral .l ower half of the.cathode d 1. Therg.i .

2 Fidd s gyn87n shuind g B bE" Sl P obRE il oduction
Systeﬁﬂqﬁﬂ 2, and the electrolytic solution is caused to

fllow 30 therebetween. Two anode plates are arranged

i nFith@ isyasdiagrasn shpyingithe eutime)of a surfaee &eatnent system.

solution is supplied fromthe bottom and the

el ectrol ytic solution passes through the gap 3 between

t he cat h@ESTMODE FOR CARRYANGIOUX, THEANVENEIJN om

t he upper edge of the anode 2, and this electrolytic

solution is configured to additionally circulate. A

pr Iy vl t [ i ;

DL FRG G B A R8BIl GRS R ko i ppgper o

With Ctﬁishey@ed’f, uan dathodiettdram tideladed kmess efdcttdiysis dpplerhousing an
t hat

electrolye%ic solution. The cathode drum 1 is able to rotate in a state of being partially

(roughly the lower half) being immersed in the electrolytic solution.

An insoluble anode (positive electrode) 2 is provided so as to encompass the
peripheral lower half of the cathode drum 1. There is a fixed gap 3 between the
cathode drum 1 and the anode 2, and the electrolytic solution is caused to flow
therebetween. Two anode plates are arranged in the system of Fig. 1.

In Fig. 1, the electrolytic solution is supplied from the bottom, and the
electrolytic solution passes through the gap 3 between the cathode drum 1 and the
anode 2, overflows from the upper edge of the anode 2, and this electrolytic solution is
configured to additionally circulate. A prescribed voltage can be maintained between
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el ectrodeposited fromthe electrolytic solution

i ncreases, and the raw foil 4 is peeled and
continuously rolled up when it beconmes a certain

thi ckness. Wth the raw foil7 5 produced as descri bed
above, the thickness is adjusted by the distance

the caPlodBRItuIE andahé @ABJE PUARA & raBifidrne anode 2, the fl ow
velocity of the supplied electrolytic solutiaon,

t hdssuipel icathasieecdiintal  goiatas, t $he Tiricknssseoff dhe copper that

ctecBBHAERA Mo B SBRGPR Gk b Bl Y AR 3.5 ol

and édreinbiaaslytioiéd apedienrit bescdraes a/vcéll‘namflhlckh@sgat Wathethe raw foil
drum and the face on the other sjide wl|

producsgas deserinas ahexe, dhe JF'F'&@?‘F i pelisfeq bi11hS Siganedbetween the
cathﬁge%frf %EHQhQ%B%f% o ggfc}ltﬂrotfltl’ié Qﬁb%lkéogale?ﬁélgg?n solution,

a co i ckness
orthe:elmp;tlﬁdteledtncilmxammer foil produced as descrl bed

above i s subsequent| ect to. the n rocess
o TheRoppRG oGPl WiNITH dore0RInacenREs 4ol BGUREi Rustem wil
havesﬁ&‘k?hi‘ﬁ%ﬁ' difrete Qg'l_’oé’éagﬁﬁa SHE NHe FeE Ahat cbgléshﬁ) contact with the

cl eani ng process norma y a sulfuric acl
cathoglel dtungnand the face 8m|glzhb othensite wilhbebemeoa egugrmg;urface (matte

A A
Nornfca‘ﬂxté‘éoﬁﬁéﬂfﬁﬂi h‘é@iﬁg%lcf(ﬁéés of Hem B! aafl peassed ngot

be 'subject t0 annealing and hot rolling, and
adarheuanmleryous ptqcbmedtas desatibed| ahavg isrsubisgquently subject to the

roduct a haV| t he nece sary_ thic
clearfidh iceef i FPREYne s P oD o AP SHTER AL Shviect to o
water %ghmgl acbssat fethe eléaﬁuﬂgf;%ae% aforfiefiges suffgiic BRI aqueous
rougheni ng treatnent, pub known rougheni ng

SO|UtIDﬂ {19eat80gk isodssday be used An exanpl e of the

+ HERENoREing BpRErc RPN B bl Bplis @Rsirilfc copper

foil w§§ @&Fraﬁhe’m ) WitrBidspesitoflthe eolletbcdsbrdbil, the velid aﬁd t:dalﬁ mgot can
el ectrolytic copper foil. Cu ion concentration:

be suBiRALD AENERUIG ShABPHIQ @idaddisnally Gubsct s gpid roling in order
o PR H et To B 8> ECBSEA WiBindR, 1§l i ioper o
have sacglogs slirfaces appghemihyoireatnadnitnig peﬁfetme@tas sneeded For the
rougliSRa Fegtment,PUBIAL Bay abudiarijag TepseM mathods may be used.

2 AT PRG3R Al veERRRAEE! s (R0 Aiion, e
rougr(ehmg:{mppent Ahh cadsd?lw apgh@htch ti@® rghoss sudacevanid matte surface
(rough sur}ace?of th% ele | ttlrc()jlgtlg copperafo Composi ti on:

Cu ion concentration: 10 to 30g/L

Sulfuric acid concentration: 20 to 100g/L

Electrolytic solution temperature: 20 to 60°C

Current density: 5 to 80A/dm?

Treatment time: 0.5 to 30 seconds

Zinc-copper alloy plating treatment is performed to the electrolytic copper foil

or rolled copper foil produced as described above. The zinc-copper alloy plating
treatment bath composition and electrodeposition conditions are as follows.

(Zinc-copper Alloy Plating Bath Composition and Treatment Conditions)
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CuCN 60to 1ZOg/L Zn(CN)2 1to 10g/L Na(]—| 40to

100g/L 5 Na (CN): 10 to 30g/L pH 10 to 13 Bath

tenperature: 60 to 80C Current density: 100 to

10000A/dn2  Treatnent tine: & to 60 seconds 10 It is

t hereby possible to forma copper-zinc alloy |ayer in
Bath \Gd difiéh:zi nc content per unit area is 1000 to

9000pg/ dn2. The foregoi ng el ectrodeposition shows the

favoCéﬂQN,x 60 tc12Qgiber al loy plating conditions. So
| ong-as ble to forma copper-zinc alloy
I ayezﬂ' ﬁj'\}\)ﬁl EOD? zinc content per unit area is 1000

to 9G&Qjm;g4@lt62100g/t1ere is no particular limtation to
t he fOI‘@g&QI n%ctcondl tions. 15 Thus, it is also possible

to pha 898l wi t h zi nc and performther mal
diff qatbo‘qform a copper-zinc alloy |ayer. Moreover,
sinc eat Wi generally arise in the press process,

I f zBath ferapeénadures60eo 808C t he copper-zinc alloy |ayer
wll be formed based on thermal diffusion, and this
may Suseenbdepsiag 108 tPaWQBj zinc plating exanple is

sho Bat h Conposition and
Pl awréﬁt(%wahﬁ%on b Ba%(ﬁ;dgo%posi ti on:annSO4. 7H2G 50
t oItSSOthdtebp os8ibte to forrh Sactdpp'eeamer allay dayetOint wh&MOCthe zinc
25 Current den eat nent_tine
contes® g B ALeasantans o o aliist apThe KreoBRGielgFdersshn shows
the faorablel P&Séoﬁﬁer%ov Ié{ﬂ%%&%f@r% fScPang ad ﬁ?ssboé?éfil?le to form a
conmponent sel ected from Zl nc oxi de, m c¢ oxl de, and

coppei-zikelalloy ilajer in svhicl thedzing cohtent pac uoib ppea isal 0agyto 9000ug/dm?,
i. rent a coati ng

nbo
therey S B rpartiHIaRRstan to Bk et MR : Poorat | o

cotrhasnitng aiéd“bobgﬁﬁa ﬁf‘?lé&‘@ﬁﬁ@‘d@ﬁi‘pbpmﬁth El’ﬁb érﬁf p&HBfm thermal
ion source inthe elec tic solution,

dlffusmfctggtor(znaogppghalnpmiloy.Ia;eernapllqygovgeglncgshqa’qgvlll generally arise
in g 388 MR SPUEECig IE GG F Boinackinbi b, Skt i b
formdd Base@orpehatfed diffusion, and this may also be used. A favorable zinc
plating example is shown below.
(Zinc Plating Bath Composition and Plating Conditions)
Bath Composition:

ZnS0,4.7H,0: 50 to 350g/L

pH: 2.51t04.5

Bath temperature: 40 to 60°C

Current density: 5 to 40A/m?

Treatment time: 1 to 30 seconds

Subsequently, a stabilization layer having a thickness of 5A to 100A formed
from at least one component selected from zinc oxide, chromic oxide, and nickel oxide
is formed on the zinc-copper alloy layer.

As one illustrative embodiment, a coating layer may be formed using an
electrolytic solution containing zinc ions and chromium ions. For the zinc ion source
in the electrolytic solution, ZnSO4, ZnCO3, ZnCrO4 and the like may be used. As the
chromium ion source in the electrolytic solution, salt or compound of hexahydric
chromium such as ZnCrO,4 and CrOz; may be used.
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The zinc ion concentration in the electrolytic

solution is set fromO0.1 to 2g/L, preferably 0.3 to
0.6g/L, and nore preferably 0.4 to 0.5g/L. Mbreover,
the chromum ion concentraon in the electrolytic
solution is set fromO0.3 to 5g/L, preferably 0.5 to

apﬁfngéiﬁ@ﬁﬂ ¥or$c%!r&raneﬂq RE %lé&t@ﬁﬁf@é&m&? & 5& f’ror@.% k-to 2g/L,

I nci dent a ese conditions 5 Are nere y conditions
prefefably Pe3 fod.Bgrlg guidanbreypesfiériabiycdl tp,0.50/. c dbatieoventhe chromium
[ t he r

fon cResTLEtoRdh e et STRSn FE¥efism G55°5dl cRterably 0.5 to

ni de : -
o3I hrsl 51 1.1 LGRS so contons

are mercedey condinonmfoh@erfmmmapiagmgt afﬁcnentlzat andh doavy!étons,e@utsade the
5 ni ckel oL Source of thg @I ectrolytic solution,
oreggwg,\qiagg&n%a% %@S PECPH ependently or jointly
usad. arldraeniilflstlative neribo@iRTEM, ahlcqzel bﬂld"ehén@'rﬁ@kél qh}atawor zinc
solution is preferanyOZg/Lto s al so

oxidepysehirpimic pxidg<a the soamination th@neqfav@y %@maaedﬂmgrder to form the

oreoBJ SRR 2T AR R Ry, SBHER' oL B souton

Ni.Shpand MC@si‘m@bbéllriwépeMehﬁYerjd‘my e ch th| ckness of 5A
to _100A fornmed fromat 15 | east one, conponent sel ect

f r Shediekel i @@ncemfaéwndndkae @lecteghydicnsluiion mr&éeraawoo 2g/L to
1 Zg/Eong k! 9133 @b‘éos%lgeto lliéﬂloha%r %Y]télhﬁlgl gﬁosphorus as

used as nee he e I'c soldtion na
desciiged ehnUoSh @atemmslm4®ddinold@ﬁaﬂw cﬂneses aMa 2&mditions for

eﬁmegjb%g?rgwtﬁ@gtgllzggqrgkgpéEggylgg%/thpk%rgg;E §$ﬁé 12)8A formed from at
!east? %CéJrﬁE %rf( s':eiéé{éb @oﬂ&@e&ﬁ?h’}fc %?Fdé;ragﬁ‘trgclgélocﬁade, and

rmr e erab
condTbas eutside tHQ/taregcnng mamgm mqulsm hewsedlas tmdefd om 20C

285 OO Q‘& r'%éersgﬁ‘&'&ﬂ q%ay?g%o con agho m&@%xgnf al acJ&ftlves such
as NQESO”gﬁdaaﬁrﬂﬁﬁﬂ‘a’ubﬁ @faqhtos'SQQ/LOpre\'@abeOﬁOefo fZOQYL 18nd more

er to provide current denS|t to the co
prefetahly Tlr%t@dlSQéL JBhe electiolytis S@luho@#hw@enaralgfr $efaflidm 3 to 6,

prefelahi 448 Oy oY AEARE " he stabi 11 zation

| aype é‘l@cfr@lyﬂ@@.ofd’d@ﬁ‘ #nfserafite 46 sehdrorh rAQICCtA00EC, preferably
deposi ted on the %ﬁoss si de 14 exposed on the copper

25°Cfto|4|5°Clandmprerme ably 2680cftadéd°@6. Fig. 3 is a cross

L5500 14 oo YRRH o, e of e

coppépfbllgmﬁﬁ o?dé‘ﬁtolgm\iﬁ&b theent density tetrs buppér foilt14.r oPhe guide
to 100A/ft2 (1 to 1080A/ n2 appr oxi nmat el

rollerpc}%f%aagﬁtlyo% r@llger,5@mgl,fwge|(| yoliage is; applieg to thg )anode 48 from the
powe? H?éé(%( | 500w aggr/ @;ﬁuﬁh‘ﬁ@ f’eﬁin B8R 1hber 49 f?rr?ed from zinc

tely prow ngaplura

omdeaamﬁ elrontib@xidle isaféposited iohythe gyssside Hamgepd)sladtomkhle copper foil
the anodes. The plating tine is set fro

12 a@@@hﬁ]@gaﬁq,ﬁglff@q;%gﬁy glg o3 masqegﬁggctl%ghowmg %e copper foil 12
having the stabilization layer 49 on the gloss side 14 and the non-gloss side 16.

The current density is set from 1 to 100A/it? (10.8 to 1080A/m? approximately),
preferably 25 to 50A/f? (270 to 540A/m? approximately), and more preferably 30A/ft*
(approximately 320A/m?). When providing a plurality of anodes, the current density
may be changed between the anodes.

The plating time is set from 1 to 30 seconds, preferably 5 to 20 seconds, and
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10 nore preferably approxi mtely 15 seconds. In a

certain illustrative enbodinent, the total treatnent

time is 3 to 10 seconds approximately on the gl oss

side or on the snooth sidej0and 1 to 5 seconds

approxi mately on the non-gl oss side. Mreover, as a

I r |

morepﬁr%fsé??ﬁﬁ agp rgﬁgﬁtgx 1:53§‘etdt?ﬂd§l n!:rfllé oc%glﬁl nnﬂlt]ﬁtréf\fé’@n%%lment the
total a1eetmen1l timiecissdItat 1 secends apmeIIOateﬂy ohethabglpss side ®y on the

smodtfidsy 850r1 1 A SErRTGr AP RE PG Mgy SRS s ' ©
st M&rleb@é\t a8 IpfdfBFae RixaRhlé, ahbhRoRPREES of 3hé dhfomium ions in
preferably 5A to 100A, nore preferably 20A to 50A. In

relationdo ithe intcrians Ve tharslestrabyic se¥ytion indl2 40 dPe prefefahimgﬁo 5, and

oo aof 3% | oo PSS [RGB

of th@%t&@l"iatw REef |@@Iw taBreupper dsil 4e prafeeatily e rablonA, more
itions for applying the chrom c oxide

Pfefeéﬁbibﬁpg\ztﬁtf?% | ayer are as foll ovvs 1to 10g/L Cr 03

SO Ihe iudratlyeC btBRIN M ekpElndd® anBlk Zait the stabilization
ety oo sSBRine a8t el s

t enper at ur secC

Iayer(lé @énfigurad @Nmﬁhromlmmaicm and tnmadxmltthe Kabikzatioddayér may also
eani ng' is perforned after the process of formng the
be Coﬂf'ﬂquq ammypam!cqwethe cl eani ng process, for

n I
| DTGB bl o3RRS 180 s Rl 5288 Sabiizatr
layer dee iasdolbomws. above and bel ow the copper foil, and the

resi dual e tlc sol ution thereon is renoved by

ri nsfl 199)&- éTé The contai ner set bel ow the

spr used to collect the cleaned

sol lsil?ll’égg fSQ’W%'E%%r foil having a stabilization

| ayepHe¢h t he upper surface thereof is further dried.

As sgo in the |LéRL/4,§trative enbodi nent, the nmandatory
ai r Baltempesgture; and bel ow t he copper foil, and

air 5%@'0%@6@!‘16@%8“@@@%& 0 0¥tp 3doa/ebpper foil

sur f ace. Alayer ornmed froman electric reS|st|ve
mat elmrakergien aeatmemnama;acondmd on the 30 copper foil

d@%ﬁﬁ&l tésh §?'§f§ﬁ§éé !gﬁg 'I,}oen o%g% QF f(ﬁ' rﬁg;t)”éé gfa?ﬁ&ati@ﬁ layer. In

the c@aﬁﬁﬁq oéﬁl i’féri ietaicemavites i Bpesyelli 64 tiee fase andhe copper foil
N Cr A can be used. The layer formed fromthe

(inclugling:a ﬁt&,b”fZ@élPQ ayas) with @spsay pevige sehabeve aad belawwthergopper foil,
and fﬁgg géﬁél{ilh% f@é&r&?ﬁé SBiutBRtHe?8or?§s FeRioVEa by YindflgE8h§ Tleaning.
The container set below the spray nozzle can be used to collect the cleaned solution.

A copper foil having a stabilization layer on the upper surface thereof is further
dried. As shown in the illustrative embodiment, the mandatory air oven is set above
and below the copper foil, and air is discharged therefrom to dry the copper foil
surface.

A layer formed from an electric resistive material is additionally formed on the
copper foil to which the stabilization layer has been formed. As an example of the
electric resistive layer, an electric resistive element such as NiCr alloy and NiCrAISi
alloy can be used. The layer formed from the electric resistive material is demanded
based on the circuit board design, and can be arbitrarily selected. Accordingly, it is

not necessary to limit this to a specific material.



10

15

20

25

30

not necessary to limt this to a specific material. 11
To i nprove the adhesi veness with the base materi al
(base sheet), various types of silane treatnment may
al so be perforned on the re$lstive | ayer as needed.
But, this silane treatnent is arbitrary, and the
pr Er‘éeifﬁ rbV e iihesReRBss Iwith HRAbhSE mRaterial (e Bhést), various
5 The present i nvention is now expl ained in detail
typea/\pt ﬁllanﬁ trestiaent mayhiso beapifersnedrnpsibemesighve daygreas needed.

B, 1 Sl opthien s diBurtlral S BRER miHRR] e e spereto

[Exarﬁpﬁgsjl cations and other enbodi nents based on the
technical spirit clainmed in the clains shall
i ndhadptesent inMentigrede mow nedained ﬁsd@tm’atvwm r@ference to the

Exangﬁgsté tSrGTC') dée%osg%‘rﬂg@sgapr%@e@ (}f FI tg@!dﬁgﬂhamgéﬁér%ln?ﬁweﬁﬂon shall in

no m@fpme/vamtwedhep@sbyopplar otherc ward)y vadyes madlflf:aﬂms:l ami other
the side of the rou surface te surface
embadirgentsobgsedog 3o deC al SWHé"%é'\@Se'F the (laig)s %ﬁalh %@@?C'uded in
g treatnent 15 conditions
the p?’%%mm:‘%ﬁﬂﬂ%gbn@a%ﬁ?{éb%gr unit area is
(Exarapler tixi mat el y 3500f t g/ dn? (I ast two digits were

r°§ﬂﬁ%§§9§1% ?aemc ngﬁgqeﬁg)%gog@gcﬁsg UStf%gﬂytmhg yt]r%ckness
of 18%917%%\1%&11 7}‘_@0%}&%%9 gﬁﬁgq’éﬁér%‘@ (Jgrﬁ%ﬁ"‘eﬁ‘iﬁ@m%?d(é C%)fhe rough

surfag® gmattezﬂ.lifacehpfehhatele@rolVMOm&r(ﬁuu‘ r e nt d ensity:

2ab0eq GeRPRLERG "Bla, kB, Wah *Idiiet MM e folwin, treatment

condﬁi@ﬁsﬁﬁ’w% fH@%é'd&terﬁ’%&%rﬁﬁér@@ i§ é}iﬁr@ﬂm/ﬁélyfﬁo%/dm (last
on the copper-zinc alloy layer under the follow ng

two digitsawets rowgesl offlonslhezcoziiigaamounhivasradivetednwith teatreatment
Conposition and Treatnment Conditions) Bath
Conposition: 0.53g/L of zinc as ZnSO4

(Copper-zinc Alloy Plating Bath Composition and Plating Conditions)

time.

Bath Composition:

CuCN: 90g/L

Zn (CN),: 5g/L

NaOH: 70g/L

Na (CN): 20g/L

Bath temperature: 70°C

Current density: 500A/dm?

Treatment time: 5 to 20 seconds

Subsequently, a stabilization layer of approximately 50A formed from zinc
oxide-chromic oxide was formed on the copper-zinc alloy layer under the following
treatment conditions.
(Stabilization Treatment Bath Composition and Treatment Conditions)
Bath Composition:

0.53g/L of zinc as ZnSO,

0.6g/L of chromium as CrOs

Na,SO, 11g/L
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0.6g/L of chromumas Cr03 Na2SO411 g/L 12 Bath pH
5.0 Bath tenperature: 42C Current density: 85 to
160A/n2 Plating time: 3 to 4 seconds 5 Subsequently,
an alloy electric resistivel2aterial of 80% ni ckel
(Ni) and 20% chromium (Cr) was deposited on the
foBa@PpRgsy abi | i zation layer under the follow ng
conditions. Ni/Cr alloy sputtering: 14-inch
spBattetem@er@twecéTqO Power: 5 to 8kw Li near velocity:

th| &%@ggghéwlﬁgxﬁgg]a@ 618027%2 g)ent QI: I/)(/:r ?lhlems/heet

repuéimgvﬂrﬁy ®to hl¥eBoR@Si Stive nmaterial was
glom mately 160Q square. 15 The nor nal eeI va
u

bsaqu@ttbfr apralloy| elestric registivermaterdaltofr sm@lﬁ&éw ) and 20%

v S4Bl B FBUARE, SaOPaAig AT Bfr e o

conditioasi ng | ayer to the copper foil were checked.
Incidentally, the peel value after the sol der
t r BHGHalPY RRYMSING ned by measuring the peel val ue

af tar in a state of being subject
toﬁ%énéfwggldﬁ‘%rﬂ@aééﬁe%) in a 260C nolten sol der bath

f oPo@rs®2tw8kw; that is, the peel value after the

sol der treatnent s val u ter this

t r eHERENElocHy b tPMW'%goﬁgéo Ot%éplﬁiﬁ'f‘; effect). This

[ SN#Es esi stance. In

additi %HB?{tngNﬁéééahegfl)d&erﬂgtét\g?b?%e hydrochloric acid

t r recicniallys Hbevshebte resigtivity\afl this eefsistivei mmatarial ovasi approximately

% hydrochl oric acid at roomtenperature for 1
160#@9\4 ar&n 25 other words, this is used for eval uating

h A eéeﬁ’drﬁt 1 Va1 Py & Ivaﬂfé %Tlélc E?trqet“tlie%trttﬁnt {hgat resistance),

fter e sailre. nsequen e nornmna

and p@éluﬂalmesaﬂbr%ydwbhmlctét% ﬂﬁ@tmwtt Yeesidthace ttbehydroblttlenc acid)
treatment (heat resjistance) was 0.77kg/cm and the
regargm thegogdingfayar te tae Cﬁpmrofeﬁwwe chgeked ¢ r eat ment

(CPRIGHRARE 8, BAg] SO i hokF Do Uas®Bttanea oy
measurlagtthe peehneluf after itimeersjolr (oal isy inca state oftbedag sebject to heat
treatment m a 26aOS°%S ﬂg\rlt\%%léearvb%tﬁ? re ggégrg serttltg’t is, t?te peel value after
the solder treatment shows the peel value after this treatment (after receiving the
thermal effect). This is used for evaluating the heat resistance.

In addition, the peel value after the hydrochloric acid treatment shows the peel
value after immersion in 18wt% hydrochloric acid at room temperature for 1 hour. In
other words, this is used for evaluating the resistance to hydrochloric acid. This is
hereafter the same.

Consequently, the normal peel value was 0.81kg/cm, the peel value after the
solder treatment (heat resistance) was 0.77kg/cm, and the peel value after the
hydrochloric acid treatment (resistance to hydrochloric acid) was 0.70kg/cm, and
there was no deterioration after the solder treatment and after the hydrochloric acid

treatment, and all cases showed favorable characteristics.



10

15

13 [Table 1] Zinc Content of Nornmal Peel After
Imrersion in After Imersion in Copper-Zinc Al oy
Layer Strength (kg/cm) Sol der Bath Hydrochloric Acid
UlgJddm (kg/cm (kg/cm) Exanp8e 1 3500 0.81 0.77 0.70
Exanple 2 2000 0.71 0.60 0.63 Exanple 3 2500 0.76
rl'abIQ-1 3 0.67 Exanple 4 3000 0.81 0.75 0.70 Exanple 5
4000 0.84 0.80 0.70 Exanple 6 4500 0.86 0.82 0.73

Exanpl & 7 Z06Gomenss 086 (Nomal Peek an|Agergmmasgion i) | 9After Immersion in

Oppefs loy Laye rengti(k der Bath H chloric Acid
9.-29 9 9% néﬁfg t)(.%n@l .%-00(?[.61' g?ﬂg(?'-.n*izﬂo;é%sg/m?fgpl,e.-!( g/cm)
6000073900 U700 E=Xanpre I /00p— 0950390055

Ex@opteplar at i ve ERE¥ple 1 500 0.YU® 0. 49| 0. 450.7Conparjat i ved-70

Exgﬁ)%@l e 2 1009&)0_0. 93 9 91 O.M The numsb_iesgal V§l| ue 05.63

o

+F B a i N o~ +ha oA P ot ae koo
LT T APl U VWO Ut UI S Ul 11T Z7T 11C CUITIT T©T1L ITasS MTT1

ExarquigBded of f. A2%Wer | nmeErsi ono.7en Sol der Bafré: Shaws t hes7

Ex%?i&%ﬁ strength @fot er | nmer si of in 26DPC m)gggn sol|der

Aft ar |3r Ynroi.on-lin l_l\lr1§1nr~h| okl e~ A Shawe fh0d70
7 W0 C T T T T T JT ITT LINaN I § |I‘yu' AAY R NN AvJ T U 7 \\ AT T OO VVD LAY

Exdgnp®l5 Strengt hagdot er i mersi omsd n 18wt % hydoochl aric o.70

acid. [5 (Exarrgplne 2-11)] [ Zinc_Contept] Subsequently,
Exgmple®y on the &ditiong of ﬁ%ghpLg_g thaPﬁghnmpr 0.73

Exdnipeor abl e chagoact eri st|i cs, @syoper-ginc alsoy | ayers o.71

were 1orned by changling the zinc content per unit

Exapried (1000 t 05¥00ug/dnp) SR larly the%PAst two 0.69
Exshpiid S| were rggpggded of fl. TheyhO trept menpggondi ti ons ge3

other tham the zinc content of the copper-zinc atrtoy
Exanglod® vere tFB¥0sane as Examfi% 1. The c88fing amount%56

exaiBR 1fd] usted baged on tihe tregtment| tingg, The rnesul tgss

) PP R w HEA | A 11
al © STIOwWIT T 1T Tagr € 17 Heteent di Ty, aS LUMpar T 3UITSY

Compapiper + zi nc al | oy | ayerls having a zj nc content
ExdiibleSy d? the cqpgiti ons of th@‘,igpri;ent | p\gg@\tl onjare .5

showh—as—CotpatattveBianpte prt—Cotrpatatitve
Confprativpl £ 2.
Example 2 10000 0.93 0.91 0.44

The numerical value of the last two digits of the zinc content has been rounded off,
After Immersion in Solder Bath: Shows the peel strength after immersion in 260°C molten solder bath.
After Immersion in Hydrochloric Acid: Shows the peel strength after immersion in 18wt% hydrochloric acid.

(Example 2-11) [Zinc Content]

Subsequently, based on the conditions of Example 1 that showed favorable
characteristics, copper-zinc alloy layers were formed by changing the zinc content per
unit area (1000 to 9000ug/dm?). Similarly the last two digits were rounded off. The
treatment conditions other than the zinc content of the copper-zinc alloy layer were
the same as Example 1. The coating amount was adjusted based on the treatment
time. The results are shown in Table 1.

Incidentally, as comparisons, copper-zinc alloy layers having a zinc content
outside the conditions of the present invention are shown as Comparative Example 1
and Comparative Example 2.

As evident from Table 1, when the zinc content in the copper-zinc alloy layer is
approximately 3500ug/dm? (last two digits were rounded off) (Example 1), the normal
peel strength, heat resistance, and resistance to hydrochloric acid were favorable and
showed well-balanced characteristics.
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As eV|dent frontTabIe 1 mhen the zi nc content in the
copper-zinc alloy layer is approximtely 3500pg/dnR
(last two digits were rounded off) (Exanple 1), the
normal peel strength, heat 1desi stance, and resi stance
to hydrochloric acid were favorable and showed

velMedVIRRG &% hBaARE tehleht EP un&‘ére%%?éﬁééd? alﬂ‘r%ubHQhe normal
zinc content per unit area increased, although t

peel rﬁitemth gl heat éagstarmdmnwsedeéhgtr@ﬁtséamﬁ:t@dtt@mchlonc acid

contipf s 36° Bekfetér | EonRalf, % oo oMb cRobst G L area

decré’d@@ AeougR IR resistdieecid | oblﬂ&héta%iwmdr@ased the normal peel
drochloric acid increase t he normal peel

streng{h and heabrasisiange tesndieditasiosreaseded to decr ease

V@fﬁﬁﬁ%u’aﬁ@e E@Emﬁ e 11 SQ Qd' o ”r?c§ i §8| S9! low  heat

resi s OWTGSIS

re&s’t&nﬁbepahudbwt:ratstaln& tmhzdimhbrmCacidrﬁimé thv@gincogonteandas low,
npar ati ve Exanpl e owed hi gh normal peel strength
and Gﬁﬂ‘ﬂ*’t‘é%{fwer Exampltheshow@d high nasaal pegtetrength and heat resistance

but tH¥ %Q%Erﬂ{ 1@9&%&(&?10’ E&ﬁr\tvgé A ﬁﬁl"fb%céﬂge %é‘gtrg: gpntent was

excessi| ve cases excee
excet;sxt/er ahdl ebdth nedsesneixcesmdednibie wlerbbld Bmitoand weret nofakuitable for

lic tion. us, the existence of a copper-z
Prac*é%ﬁ) ? SRHAN. i E‘B&@z tRerexiptengs gt & KAPPeF Zfrﬁ;p?ﬁRM l?@/ef i extremely

I t t Si
tecS PRSI 1 ekl D831 S EfGH, 85t o808 i ositance
hydrqahlxmmamém | Thi ckness] 15 Subsequently, based on the

di f bl
Exagpll b0 Exautiie T Fobrar EAR THEERESH, tavch heat
r eSu%éﬂG@ntlf‘ 'Hésé&sdrﬁﬂﬁsné&wdlﬁond“ wfl EQQFHp‘Pé H Cth@? 'sPloWBd favorable

cases of changing the thickness of the coppe
charagieristiose cihed .norahdpe¢lostreogiier heatarfeshéafgzengande resnstance to

v GBS 8 oG 8 o TR G
Conditictil 6By thaR®hahfihg He fiickiess Girestspierifoil wdreethd. same as

In the case of Exanple 1, although the electrolytic

Exampepler The coaling agaunt tvm&aﬂwwdobaq@lpmthaéreﬁwm time. The
0 ed considerably according to the
resul% %@Wﬁh -F%b?%’;\%en the thickness was changed within
t hén rtaeosasy of IExarmple3$, altholigh thé helectrolytis . cddper ﬁ@ﬁlhavmg a

strength increased according to the increase in
thick r 18miwapusedithe mesnal peelghanged Lonsidesably accordlng to the

foil t &{n%rsb%r?éﬁ {hﬁ%&egé IVJ% ot grdv\ﬁtltr‘rlﬁ tAd 'i’&ﬁ%e% ptegﬁr‘?tl f245um. In

reatnent ation rate

otherhyadrdse Itlh@peel Stcércgth riecreased adcordirg to tHeaimgeease in the copper foil
significantly. Thus, it was discovered that the peel
th'Ck%ersength after the solder treatment and the peel

o ?%E/t@gtge%fsg?rthéhee@fﬂ%ﬁdﬂ Qhte ACHR (JRAVEROE &fi€ MRE solder
treatment and the peel deterioration rate after hydrochloric acid treatment did not
change significantly. Thus, it was discovered that the peel strength after the solder
treatment and the peel strength after the hydrochloric acid treatment are not affected
largely by the copper foil thickness in terms of the deterioration rate after treatment.
The results are shown in Table 2. Generally, it could be said that the peel strength
increases pursuant to the increase in the copper foil thickness.
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30 largely by the copper foil thickness in ternms of
the deterioration rate after treatnent. The results
are shown in Table 2. Generally, it could be said that
the peel strength increase$5Spursuant to the increase
in the copper foil thickness. 15 [Table 2] Copper
[Tablfl@jmal Peel Strength Deterioration Peel Strength

Deterioration Foil Peel After Imersion Rate After —
Af ter || n¢RBPEi gn 'F%ft’% Af tPg?' Stfemjhcknlé%@mst'?ne T%éwl &wngth D;zre'cm?n
Sol der ?‘ﬁ%ﬁes% rn?{ 8 éﬁd@% q‘]cclma@ﬁk I?Iﬁrr% orc Immersion in
pm  (Ka/ Cihhy (K gﬁ% SC erk Ac s8lad; g e Acid (kglom) | Hydrochlori
Hydr oghl ori c % Aci d anple 1 1#) 0. 38[L Acid (%)
0. 7Q 13. 6., Exgnpl -2 .87 3.4 0.5D .

Exaé‘f':—??rp! o 1'% 1 093 ntm 002790 57 18.4% Exhep! 30%2 435 138

Exaripi@#t2 1. 1994. 0 |1. @3917.|7 Thser zi ng corsteent Wwas 0.50 15.3
30§)g/dm|na caseg. Deterioration Rate

Examply &2 tlr eaftent] pddf stireng?H - past-t2%at nent 9% 18.1

Exarfid £adt h) 34 F’reﬂzmeat ment1.peel strength x| 100(1% 5 17.7

Thd Zmé BABNEwas S300ugatinm @ W case&al ment | Tn Thi s Exanple,

Detefiogation Retke (Rosirdawwniped piength e Posstréramantigelatrénpthickness  of
1811m and Pre3sainefiepad stipadlix 1896 t he rough surface of
the electrolytic copper foil was used as is, and a

(Exaﬁ-.ﬁge[)?%)t §,|gﬁ %Iréé)t}h ted layer formed on the surface

Fhe roughieni ng 10 treatment under the sane
comltrtl$ Elxanme Fel@ct‘crﬂdapbsnédh ebp;ber,follm Having lethiokmess of 18um and

latin |t|ons as e 1 using, the copper-zinc .
35/1"§Y‘496‘§/ Ugﬁ‘é theskavigh m@&r@d'&? SEGI! W&ﬂﬂpﬁf?&b\dﬁﬁéﬁ%d asls,

o S5 S 86 PRI Nl 8 SRRt rougheniv

treatrﬁbatUndérytl'lecsasmbmandmdnsmEaxampehe 146t iSuundert the same plating
at nment ti.ne: Based on

condfiRES asremilecoyian 15¢ REPaeT HC pUGL PRERGHAEN e 2i nc
(| e ToreRRing IR SRR CONIBS ale 3 FDHIT,

_ _ was forned.
Subseiqueoncentratialy: 20g/loxi de st abilization | ayer vvas

f oL Bk dohoeRRBRbAFdgL 2 | 0¥ aver as with

Electrolytic solution temperature: 40°C

Current density: 30A/dm?

Treatment time: 5 seconds

Based on the above, a copper-zinc alloy layer in which the zinc content per
unit area is approximately 3500mg/m? (last two digits were rounded off) was formed.
Subsequently, a Cr-Zn oxide stabilization layer was formed on this copper-zinc alloy
layer as with Example 1.

Further, an alloy electric resistive material of 80% nickel (Ni) and 20%
chromium (Cr) was formed on this Cr-Zn oxide stabilization layer via sputtering.
These conditions were also the same as Example 1.

Subsequently, silane treatment (TEOS: Tetraethoxysilane) was performed on
the resistive layer. The results are shown in Table 3. As shown in Table 3, it can be
understood that the normal peel strength increased and, therefore, the silane

treatment is effective.
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Further, an alloy electric resistive material of 80%
nickel (Ni) and 20% chromium (Cr) was formed on this
Cr-Zn oxide stabilization layer via sputtering. These
conditions were also the saf® as Exanple 1. 25
Subsequently, silane treatnent (TECS:

[-rab%%t]raet hoxysi | ane) was perforned on the resistive
ayer. The results are shown in Table 3. As shown in

Tabl e 3| itCepaerFoeé underRerghseing hat| tSienedtspimant peormal Peel Strength

strength inmkﬁaas@d) and, tmeseéore, |the sil ane (kg/cm)
Exhrhie 2||c t—sgfective—16f Tabte 31 —Cogger—Foirt 1.00
aL0 i Nornmel [Peel  Str nnnf h

EX&T‘H'FZ'F(%G:S (um®Treat nent (kNPcm  Hxanpl 8512 18 [No_Yed5°

Exampig(02-3 Exanpl e 182- 2 35| No Ye¥sl. 50 |Exanplves 12-3 |18 Yed-30

Exa?ﬁ§I81d-45J EXamgpl € 1Z2-# 35 Yes Yes 1. 60 IR& zin 1.60
€

C

+ ant =~y nl all ~Aaocaoc i | r atline it

The C 1] |é| al T vAaASTS. [ | aIIC |.| at 1l LILY
Silane r J%ﬁgs B8S) vﬂ??jn‘aﬁﬁ@ ntﬂ@reglaﬁe kfRsi stive layer. 5

(Exampl e 13) Cr Resistive Filn] Under the conditions
of Exanple 1, a copper-zinc alloy layer in which the

e jt area i s approxi mtely
(Exa@g M%@I%@&rfl\/\”ﬁ digits were rounded off) was
f olineldr thedonditongaf Bxamples1 s coppeartzing allay tayenirs which the zinc
f rmed n thi.s Cu-7Zn allo a 2 10 ubs ently, a
conte R URT: 91E8 R ARDESRmBIR . 5OP BRI (et HBSTEHE Herd rpfladed of

was forAftd, Iamt aoor-Zﬁy@(dyls@atﬁmze&bﬁrthar wEBefoerhéar@m rtms Cu-Zn alloy
sputtering conditions were as 4-inch

layersputt eri ng devi ce was used. Power: 5 to 8kw 15 Li near

ket ch ol Tefishte i kel B B e crzn oxice

stabiE£idA. layét0fd\spatigringt000A The nornal peel strength,
heat resistance, resistance to hydrochloric acid of

Ex digl cramiuga sputiades eandiigns were s deliowst shown i n
th%{@ﬁ'lcﬂss th'%'ﬁ}‘ng%elwc%ht\ﬁgﬂse 0 favorable
S Wt anp

char ac er| I'CS e 1. Accordingly, it can
be Ponder 5to8Rwt hat the formati on of a copper-zinc
2| ear Wlocity™1.8'to Ebhimin (6 8816 85minin) " 1 YPe and

Chromium thickness: Six types; 100A, 1000A, 1200A, 2000A, 3000A, and
4000A

The normal peel strength, heat resistance, resistance to hydrochloric acid of
Example 13 were checked, and, although not shown in the tables, they all showed
favorable characteristics as with Example 1. Accordingly, it can be understood that
the formation of a copper-zinc alloy layer is effective regardless of the type and
thickness of the resistive layer.

(Example 14 to Example 14-4) [Ni/Cr/Al/Si Alloy Resistive Film]

Under the conditions of Example 1, a copper-zinc alloy layer in which the zinc
content per unit area is approximately 3500ug/dm? (last two digits were rounded off)
was formed, and a chromium-zinc oxide stabilization layer was formed on this
copper-zinc alloy layer.

Subsequently, an alloy of 56% nickel (Ni), 38% chromium (Cr) and as dopants
4% aluminum (Al) and 2% silicon (Si) were deposited on this chromium-zinc oxide

stabilization layer under the following conditions.



thi ckness of the resistive layer. (Exanple 14 to
Exanple 14-4) [Ni/Cr/AI/Si Aloy Resistive Filnm Under
the conditions of Exanple 1, a copper-zinc alloy |ayer
in which the zinc 25 conted? per unit area is

approxi mately 3500pg/dnR2 (last two digits were rounded
of ) Ni@HAIIN'dNBY spaftérifg:.chr om um zi nc oxi de
stabilization [ayer was forned on this copper-zinc

al | oyl 4tingle sputterting:dednel y, an all oy of 56% ni ckel

(N) 5 38% chraom Cr) and as dopants 4% al um num
(AI)P%rZQ/b%§ﬁPi%€1 (Si) were deposited on this

chr omindar Zelteit)x0 40f/mik_©LBh/miApt i on | ayer under the
following conditions. 17 N/C/A/Si alloy

sput Sheehesigtivitynappropimatelyi 90)tai390 QésquRoeer: 0.85 to

2.3kw Linear velocity: 0.49ft/mn (Q.15m m n)_ 5 Sheet

r e?uﬁgﬁl_'%\f";}g the phest ')réﬁlsé?']}:%ﬁ‘%’ﬁ %'83%9/45\6{85% formedgs Example

: ’ sh . o T _
14 BRI 196 e 18781 FOESEIRR oo R ubIP resgance o
hydrathieniggacdid werat chrexkedt and,eas simalvm é@sTablart; éhey all showed favorable
hydrochl oric,acid were checked,. apd,., as shown in Tab
charggiéiscy 2P| WERGEEATPIS, dr acfeoordingbadt dans Dec dnddrsliad, that the
1 1 t . .
oA 8 o SCAS) oyl TRl VB0ELaTd HRAGIALS) aloy
resistiegydt.ess of the Ni/C/AI/Si alloy resistive |ayer.
[Tabl%-l;lﬁ‘bl e 4] (Exanmple 14) [Ni/Cr/A/Si Aloy Resistive
[

nl Sheet Resistance Normal Peel Peel Strength After
(Exantfdes I 4) StINEOAIISI AfldyeResidtiedRirs]g) Strength I mrersion in

Sol der | ngrestFResisiance cdoralHealr 1 | Pdekgilengin AfBat h  ( kRpe3wpngth After
Aci d (kg/ cnjoh@ieanpl e| 14 SBehgld. 81| Ummersion iF FoldeEx anfppmersion in Hydrochloric

15

20

25

30

14-2 135 0. 79 0. 77 0. 70 K¥o@h oy
Exéhplelia Exanpl egdl4-4 286 0.080 0.7

4 0. 730.75The zi

1Bt (kpiom) g _gp

g 7dcid (kg/cm)
NC 0.72

content] was 3500Ng/dmi1n all ca

ses. 15_The th

ckness

Exapple {42 Copper Poil vas 188minlall c%&es (Exanple 0.70

Exarple i 83 EXanpl e335-4) [ Rol lpggd Copper Fopid In t hese 0.71

EXanpl es, rolled copper foits of 9/1Im 1Z2Nm Lepm and
Exaglglplz Wwer e 286 0.80 0.74 0.73

The zinc content was 3500ug/dm?in all cases.
The thickness of the copper foil was 18um in all cases.

(Example 15 to Example 15-4) [Rolled Copper Foil]

In these Examples, rolled copper foils of 9um, 12um, 18um, and 35um were
used. These rolled copper foils were subject to roughening treatment under the
following conditions.

Cu ion concentration: 20g/L

Sulfuric acid concentration: 60g/L
Electrolytic solution temperature: 40°C
Current density: 30A/dm?

Treatment time: 5 seconds

Subsequently, a Zn plated layer of 3500ug/dm? was formed on the rolled
copper foils subject to the roughening treatment under the following conditions. The
thickness of the zinc plating was adjusted based on the treatment time.

Zinc Plating Bath Composition:

ZnS04.7H,0: 50 to 350¢g/L
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used. These rolled copper foils were subject to
rougheni ng treatnent under the 20 follow ng
conditions. Cu ion concentration: 20g/L Sulfuric acid
concentration: 60g/L Electn8lytic solution
tenperature: 40C Current density: 30A/ dnR 25
Trea?m_e?t time: 5 seconds Subsequently, a Zn pl ated

| aye 3500/ tg/dnm2 was formed on the rolled copper
foil Baﬁui@jnm&rattmetﬂi@@ ougheni ng treatnent under the

foII W n ondj ti > The thickness of the zinc

pl at abé }ygﬁ&mbased on the treatnent tine. Zinc
Pl atTf&t,ﬁ@h{}t"g@npq@@g%ndsso ZnS04. 7TH20: 50 to 3509/ L
18 pH 3 Bath tenperature: 50C Current density

20Ahegcoppes doibtnwhidhnie meatmemmm ormes wamselbject to heat

the treatnen ormsd

treaﬂ&féb} gfcgow ﬁogg)(rm ?Fggpﬁ%ﬁl{\& ﬁllgggﬁg Lgﬁjncaco ent per unit area

of thRORPPhertine &llb@ylaklébfefbrmé'@eagld@‘sdﬁb@ﬂeﬁbof?@fwdﬁl bpproximately
area ,of the copper-zinc alloy layer formed as

350048kkw7 Bast twoslial wgreammﬁri er SSOOg/der (last two

g')“@é@%gﬁﬁér%ly{t%ouﬂxﬁggxﬁ{ z%)hrpI I a %e# lY %at@qr?fa%r of approximately

50A apey deimed edry théOCEEﬁeMﬁﬁcf@lrdvedbym UheerCan@eﬁoﬂé\irvmg treatment
al l oy layer under t follow ng treatnent conditions.

cond®joRsi | i zati on treatnent: 0.53g/L of zinc as ZnSO4

O 69 Cr3 15 Na2SsO411 g/ L Bath pH:
%iatbﬂztagﬁ%gﬁrggturgﬁ 42C Current density: 85 to

160A0l589/LPd)fa2|nmgsthﬁ£)4 3 to 4 seconds 20 Subsequently,
an a IOﬁ_ {)@%:trlc resjistive material of 80% nickel
(Ni) OArONIAUHYCr ) was deposited on the
foregg£%4ﬂtg§‘|p| l'ization | ayer under the follow ng

Bath pH: 5.0

Bath temperature: 42°C
Current density: 85 to 160A/m?
Plating time: 3 t0 4 seconds

Subsequently, an alloy electric resistive material of 80% nickel (Ni) and 20%
chromium (Cr) was deposited on the foregoing stabilization layer under the following
conditions.

Ni/Cr alloy sputtering:

14-inch sputtering device

Power: 5 to 8kw

Linear velocity: 1.4 to 2.2ft/min (0.43 to 0.67m/min)
Ni/Cr alloy thickness: approximately 100A

Incidentally, the sheet resistivity of this resistive material was approximately
160 Q/square.

The normal peel strength, heat resistance (peel strength after solder
treatment), resistance to hydrochloric acid (peel strength after hydrochloric acid
treatment) regarding the coating layer on the copper foil were checked. The results
are shown in Table 5. As shown in Table 5, the normal peel strength was 0.64 to
1.22kg/cm, the peel strength after solder immersion was 0.60 to 1.16kg/cm, and the
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conditions. NN/Cr alloy sputtering: 14-inch
sputtering device 25 Power: 5 to 8kw Linear velocity:
1.4 to 2.2ft/mn (0.43 to 0.67mMmn) N /C alloy

t hi ckness: approximately 1098 I ncidentally, the sheet
resistivity of this resistive material was

pect SR HR 24 8y) S Rod NS R, FnBRIGR 0 5006 L opyglom, ane
they &l ebbmﬁtfai\f/orabka' Gl’lasractﬁlrlsncshydr oghl oric acid (peel N
t
* nOTBavehghea @il ek 6n Sames olenc B Bl eBReaPETRgned by
chanpﬁgﬁhb%hlc ﬁ@ssS{S‘ﬂWB cGuLzhamo wz |&yerds \ﬁlhﬂ)E’QaﬂngleTQ-hHe %ccordmgly, it

normal peel strength s 0.64 to kg/cm the
can bpe eindststeod tthatathieciormatide of ianoepperezinavadoy I@ertio Wthh the zinc

cor T o S o BER e rlper o e

rolled ESMpé\J foilSE WREtiS VP IRtV e 8dI8divd sengiMOi ﬁ@r\éaée of normal
he results were the sanme, when testing wasS perforned

peel Byen@tl‘ihrfgaaigesm@ncma@ldm@I’Qﬂ”IStah@eCu Zn alloy |ayer as
with Exanple 2-11. Accordingly, it 5 can be
understood that the formation of a copper-zinc alloy

[Table&yer in which the zinc content per unit area is 1000
t o 9000 /dm? in both the electrolytic copper foil and

N | | | rsian
the -ro #Q%Q%bf%m),- Di étre‘ir))rg_l?(gf}? %Ct I @tg‘er@aﬁ' f |6VI r\%{drgﬁ\oﬂ::n:::éo&g}cm)

Al
acrestve—Stt CI T ©TAST Ul T 1Tl pET bl reryguitt),

Exéredd 15r esi st an®e and aci d P€si st ance. 1®.8Tabl e |5] 0.53

Exa%&gﬁg—éi ~oi | Ngi_rml Peel Af)‘zfr myer si orb,égn éIter 0.59

a2 N A hi eclen C{-rr

T T o1 vTl LI TTTIT OCINTI] OO wuy T IIUL T \T\Ul \Jlly \_G

ExaBﬁIéhlSQkE/Cﬂ) Hydr och| ori coAgi d (kg/ cm o.dgxanpl €

1
0.6 0 0.53 Exa e 15-2_ 12 0.[72 0.69_0.59 |Ex
ExamaleA,Sg)g 0.89 g‘s vr’rp 9 EV&fmple 15-4 358 22 1 l1g

Th'EhﬁcEdnféﬁtw@@Bﬁowdmsu&E&Opg/der in all cases.
| NDUSTRI AL APPLI CABI LI TY 15 As a result of using the
copper foil with the electric resistive filmlayer of
the present inverlNDUWSTRIALAPREIGABILIBY effect is
yielded in that the solder bonding will becone
unnecessary or be considerably reduced and the

ot 4 REsU BEBSIAgthé IcobBBer foil with the electric resistive film layer of the
present invention built therein, an effect is yielded in that the solder bonding will
become unnecessary or be considerably reduced and the mounting process will be
significantly simplified as a result of merely having to etch the electric resistive film
layer formed on the copper foil using an etching solution such as copper chloride and
exposing the resistive element without having to newly form an independent electric
resistive element upon designing the circuit. In addition, as a result of considerably
reducing the circuit design and production process and the resistor being built into the
copper foil as described above, the effect of improving the signal characteristics in a
high frequency range is yielded. The present invention also yields a superior effect
of being able to overcome the deterioration of the adhesive strength, which is a defect
encountered in copper foils with a built-in electric resistive film layer, and comprising
favorable heat resistance and acid resistance. Thus, the present invention is useful

as a printed circuit board.
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éighificantly sinplified as-a fesult of nerefy havi ng

to etch the electric resistive film layer fornmed on

the copper foil using an etching solution such as

copper chloride and 20 expo20ng the resistive el ement

wi t hout having to newy form an i ndependent electric

resistive el ement upon despgRijNgg the circuit. In

addition, as a result of Cﬁﬁ§p§§rably reduci ng the

circuit design and production process and the resistor

bei,ng buil.t. into the t fol scrib ove .
1. plk GRRRRST0b POTRERG 1 SR SRV W BTTe ErS B3 FpPer-Zine
alloy Jaydt i@ WHiGHE HEERRY cbﬁf&ﬁ pef utit aréle s 10dtPide /dm? is formed on

i nvention also yields superlor effect 25 nei ng _
a rougiheaed suofase aoréeglore sudaee iob ezadpper &ail, aﬁaaﬂh@mm@yer having a

kgt F 19, 0O frfed O kst SRR e PIRRE o zinc oxice,

chromitdo%iEBPahE inikel foxice BbloPmBaadn frfésbééﬁé“rcﬁn@@ﬂo?%yér and a film
resi stance. Thus, the present invention is use

layeraformem\tfr@m an edratric rrsisttye meteriel is fogned on thesihilizasion Iayer

coner et MILEYEGhoS A PRSRYEnbveltf ket gl iofolam 1

wherémme&bﬁmlcméb@%th@caﬁﬁ@ﬁ@ﬂmtoSSimT med on 5 a
rou hened surface or, a gloss surface of a cop

tﬁqnpsatfqnbﬁomayémgmelﬁgtr@ registike &g layer EQQCPEQ'Q@@AC'a'm 1
t f
or C|£I% ?%érgmo%hcélggﬁnge&%%ngeWaggke[é fo?fﬂ giclbrgd% ﬁﬁe@déhﬁﬁce of an
electtdiyﬂlcscnmmrfall oca fadeoof d rlled, copper ﬁ)lIfSUbl]act tayeugHemimgtteatment.
froman electric resistive material is fornmed on the
stabilization layer. 2. The copper foil conprising an
electric resistive filmlayer according to claiml1,
10 wherein the foil thickness of the copper foil is 5
to 35pm 3. The copper foil conprising an electric
resistive filmlayer according to claiml or claim2,
wherein an electric resistive layer is fornmed on a
matte surface of an electrolytic copper foil or a
face of a rolled copper foil subject to roughening
treat nent.



