PCT/ JP2010/ 053953 METAL FO L W TH ELECTRI C RESI STANCE FI LM AND PRODUCTI ON
METHOD THEREOF TECHNI CAL FI ELD 5 [ 0001] The present invention
relates to a netal foil made of copper or copper alloy wEH ps@lEebsd C
resi stance fil mhaving high peel strength and | ow variation of the electric

cace, o nee R LAL SN MR el TRIC RAIRTARCR AR SRBRRODUCTIOR: e Win

the copper foil, it can al so bgreenpdraERE ECtri ¢ resistance |ayer," but
in this specification, this is referred to as an "electric resistance filnf
i nclusive of the foregoing nmeaning. Moreover, a netal foil nade

of copper or copper alloy can ral assified as an electrolytic
copper foil or a rolled copper gﬁﬁﬁﬁléé{'t?ﬁﬁfz he present 15 invention these

banmwodqol | ectively referred to as a "copper foil." In addition, although
t hese can al so ifi.ed r [ 4 I ' t hese
are al so coll e?:- ?\Pg%ﬁéé\éeﬁﬁggsrte gatgés’f’d;&rr&%t%ygrll%%% SPB%FSec[strccﬁbgéghg ove,
unl esswéthean faleethit yresdeanidef filma favihg &igtr pedl strengtheard dow Vvandtitiont efities a
"copper foil" herein. 20BACK ND, A 0002]. A copper foil is
gener a?'eﬁrﬁs’@&' ANegalder ARG ?rﬁt@?ﬁhé’ﬁ—rq;%)ragwlr'ﬂgulﬂ'é%lsﬁrinﬁcui t board. A copper
foil is classifq I t tq i : 0 d r
foil based on Imgdjeprfg gﬁboﬁbrgrg’t %@gétﬂﬁgrgo &%[rhéeé?%thpggﬁg@srsoy '?hlea%lgg%tger

10f 0i | cahudierawithttharcioppeatiilidtoad dlsoireatecened amekelectrid resistapes |dyer, but t h a

t hi cknessg.of 5 pmto a thick co r foil, wth a thickness,of approximately
140" pri PUDBRFTHERIN, Jpdr TP G 25 Bon MRPIG esSanst fihe HRRIGA! R
such aﬁorgggmp A&amAbyi m de, and are used as a printed circuit board. Since
a copper foil is required to fpossess sufficient adhesive strength for

adhering to thbloregyer, asmeta) ioilbvadatad, copipen aircgper glloyt ¢an generatippyeer

foil, | r ur f ed the matte surface which is

gener akfaésﬁg?n%%a u‘?fe?‘rgf%!% §‘5 cﬁoﬁoﬁ'sf’]hgﬁlggf C?%p(ﬂs@(ﬂl’ B%Ftdaitﬁ'& present
15addi ti piv@htivn IH6se Cire tdlIBBlIelg GefcPrt@ BNEB G MESHISTERL" W BAdifioh OhltesugPPPer

foil, its surface is also subject to roughenl ng treatnment prior to use.

[ 0004] theseeedh@lspehe Classitipd S5 8 appper Bk or wagerperr akridfall dhese are &lsa ng a

copper PIRGHVER" (HdRET A8 o L ERiE loiBPAS! FIcibBdl 50 ML BbIRANS) A
el ect r identifisd ahdvefertezhonthése aresiadicatdd agadboppacioibhéreiti rcuit board,

and, if a copper foil conprising a resistive layer is used, it is only
necessary to expose the resistive elenent of the electric resistance film

formed on the copper foil usingagk&ken aﬁ@futi on such as copper
20 . ) .
chl ori de. Accor di ngl gA as aéye'\lsr'% of building the resistor into

t B89%ybstrate, the limted surface area of the substrate can be effectively

used i n conpar As€ppe? fERNY QinePAR used %@%e%iriﬁ?ﬂn@@eﬁ& 04 Brinfedk Birbuit

resistive elenment on the surface of the substrate wth sol der bondi ng.

board. A copper foil is classified into an electrolytic copper foil and a rolled copper foil

based on the production method thereof. The thickness of the copper foil can be

25 arbitrarily adjusted from an extremely thin copper foil with a thickness of 5 ym to a
thick copper foil with a thickness of approximately 140 um.

[0003] These copper foils are bonded to a substrate made of resin such as epoxy
or polyimide, and are used as a printed circuit board. Since a copper foil is required to
possess sufficient adhesive strength for adhering to the resin as the substrate, with an

30 electrolytic copper foil, its coarse surface referred to as the matte surface which is
generally formed during the production thereof is used by being additionally subject to
surface roughening treatment. With a rolled copper foil, its surface is also subject to
roughening treatment prior to use.

[0004] In recent years, proposals have been made for additionally forming a thin



10 [ 0005] Mbreover, design restrictions can be reduced by formng a
resistive elenent in a nmulti-layered substrate, and the electrical
properties can be inproved since the circuit |ength can pbergpasfog3edss:
Accordingly, if a copper foil conprising a resistive Iayer i s used, solde
bondinﬂ becones unn

d bl [ i ght
can be N RIARA" HIFENF ABPElATPeoRa B ARG upPeadols 85 Bk dReietae. ”g
subst r glefervol Pa@nbWdctimdhtel1estd by, Aﬁ%|éétﬁe¢@sé1n}émben@érﬁ5s HEFBROMSN an
advant ages. [00013] Meanwhil e, when formng the electric resistance filmon

the sue emﬁ cnrcnet M§eandolfla coppeardoihcopyuising adesighee rayesis esedot ishat it

foi | 1 OnRERGesERY Ientbe R F R A MErE Y ETBCRRESE i ce

5St rengbh-th&leppénmilemsing ah etdiing BbluEieR sueHnespder shiotigeecased in order to
achi eve the foregoing peel strength, there is a problemin that

t he
resi st ance val Becoidingly.ap§ &Jasy é?fab'llliﬂmg the resistorckig dhei svlstraje, the

wen t HEREH, PTACE U4 8 Tl MBSHERS SnchBSsTiRBREly \Rep, M ReMISHRAL IS o
it is oonvmmabhfethodﬁbﬁhavmlg toh@ocnt aadhdd iresistife eleenentrdratre sodgteess of

the copper foil and the fluctuation or variation of the electric resistance
val ue ETe sypst @%V‘Qtthaﬁﬂi‘éeﬁ‘li’q’rﬂﬁmgmnAccor dingly, upon forming an electric

reshstance fil n t

loeﬁ%h si zed, Ian Oﬁﬁt%}enow %ﬁ!ﬁ:‘?ﬂgt %:éc()rh %l? %gpﬁgdti:/@lsf%hﬁn% t he eﬁl ectric
resi st eleceemainsa andolti- Iamedosj.gisltrm arid ttHlEe efentigted prrdpsiies acn bé irpeooapper
foil has been i. red. Nevert hel ess, t he resi stance va 0
Fesi st aMG8 PayEUtBHaN A bretsttrvied. AReoTai6STy B £ OPPS 191LETURITBH %o
vari at y&distivel i gydrS id'Qlsed, f@dﬂ&élatﬁcﬁldﬁgf‘tkﬁacﬂrﬁ@ dntne‘é,‘dleH ppUSe cgﬁﬁlééia‘bﬂyﬁt' on
in the quality upon formng the resistance |ayer on a substrate wth

el ect r aeviatsids tamdcweight+sabing can ter achieved a?(drreilabﬂﬁy)/oaasbsanwmm&mal

copper foil risin n el ect resistance filmencgunters the foregoing
1557 obl SRR ARUBoRUPBI R %RV BR BT BrEe resie B AT v B s 8l

achi evpggamabbst he sufficient adhesive strength upon bonding to the resin

substrate and the reduction in the variation of the resistance value as an

eliesedlr i ¢ resi sMasswhile] whendorming et elpelsin resigtancediiinT oodlee spHaceof the
o bbedd: 42 E R R oS P HBEBbcPbad P Sign ot on
cases, the surface roughness of the copper foil is increased based on surface
20 treatment in order to achieve peel strength. Nevertheless, if the surface roughness is
increased in order to achieve the foregoing peel strength, there is a problem in that
the resistance value will vary considerably.
Conventionally, measurement of the surface roughness of the copper foll
has been performed with the stylus method prescribed in JISBO601, but with this
25 method, it is not possible to discover the correlation of the surface roughness of the
copper foil and the fluctuation or variation of the electric resistance value of the
resistance film.
[0007] Accordingly, upon forming an electric resistance film on the copper foll,
only the adhesive strength was emphasized, and until now the fluctuation or variation
30 of the electric resistance caused by the roughness of the roughened surface of the
copper foil has been ignored. Nevertheless, if the resistance value of the resistance
layer formed on the copper foil is subject to fluctuation or variation, this is not a
favorable state since it will cause deterioration in the quality upon forming the

resistance layer on a substrate with an electric resistance film built therein. A
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The present invention provides a netal foil with an electric resistance
filmin which an electric resistance filmis formed on the copper foil to
enable the resistor to be built into the substrate, the p@h?pg?@r@ggm
thereof to a resin substrate is ensured, t 5and variatio e electric
resi stance valu of the el ectric resistance filmis reduced, as well as a

met hod C8PVERH i SRP RS e falla GOMATIHIND ] 3% e?té@uﬁs'%tﬁnp‘ﬁt H%ee%‘iqmertso th&hi eve
the fomgurgagmms Lhe B ERAr fol G Urs qaciﬁ&\fs&gﬁanfceaﬁlm apabff B?C“ ve

to use a e roug’hness on a specl IC opti cal neasure nt met hod
and adjaubievmchommhreasm‘ﬁclengIadlaesive rstengéhn uponybmchhgatczmberreanrsumwte of

adhesive%sb V\eentae capper £i| an(?the | ectric lstanefl
Fo ' uabaTER coTuatPR I oS yERBRGH o BieLreRitage yalS Aot el I IR B e i) o
5di scovery not Det BeasRIHlizeAvention provides: 1) A nmetal foil with an

eI ectric resistance filmin which the netal foil is nmade of copper or
cop® alloy, the surface roughness of at |east one surface thereof is set

to 25[Ratdft Potoinedy ¢ dgrarieuedPaens NGz 381183® pmto 8.0 pm and an electric
resistance filmis fornmed on that surface, wherein the peel strength of the

el ect r iRateasPorumest 2] Japanese RaterhNg: 8#5887 &, and variation of the
resistance value is 10%or |l ess. [0012] The present invention additionally
provides: 2) The netal foil with an electric resistance filmaccording to
10par agr aph 1) 30above, wherSiNMMARYdDEdJiHE INVESITSOANCe | ayer is provided to
h@ Erface of an electrolytic copper foil or a rolled copper foil that was
| ect to roughening treatnment. [0013] The present invention further
provi des: 3) The present inventian provideseh dvetal foil with straelestrici lesistaras tiimhg t o

par 20" okl 4 eBBYRY68Bladil B0 SetBER e EBBRUTENT hiRuR b Byt e
[ 0014] Beebuikk @fbthe istvetthicdnth@ddhesReALLY tirewf B8 resin substrate is ensured,
15 and variation of the electric resistance value of the electric resistance film is reduced,
as well as a method of producing the same.
[0010] As a result of intense study to achieve the foregoing object, the present
inventors discovered that it is effective to use a surface roughness based on a specific
optical measurement method and adjust such surface roughness in order to yield a
20 certain level of adhesiveness between the copper foil and the electric resistance film,
and to reduce the variation of the resistivity.
[0011] Based on the foregoing discovery, the present invention provides:
1) A metal foil with an electric resistance film in which the metal foil is made of
copper or copper alloy, the surface roughness of at least one surface thereof is set to
25 a 10-point average roughness Rz of 6.0 um to 8.0 pm, and an electric resistance film
is formed on that surface, wherein the peel strength of the electric resistance film is

0.60 kN/m or more, and variation of the resistance value is +10% or less.

[0012] The present invention additionally provides:
2) The metal foil with an electric resistance film according to paragraph 1)
30 above, wherein the electric resistance layer is provided to the surface of an electrolytic

copper foil or a rolled copper foil that was subject to roughening treatment.
[0013] The present invention further provides:
3) The metal foil with an electric resistance film according to paragraph 1) or

paragraph 2) above, wherein the variation of the resistance value of the electric



4) The nmetal foil with an electric resistance filmaccording to any one of
paragraphs 1) to 3) above, wherein the foil thickness of the netal foil is

5to 35 pm A copper foil having a foil thicknegs,pbot/dseedd pm
particularly a copper foil of 5 to 35 pmcan be used. The thickness of the

copper fqil can be selected arbitrarily according to the usage, but it
woul d B%S'SPFP%F@H'HS to "gr%rﬁﬁ%% the copper foil within the foregoing range

d 0 the resttiCt] : on, 4.k ring conditions. [0015] The
p:@ggnt i nvent ﬁ@%ﬁrﬁg‘%}ﬁéﬁ‘?%ﬁ%ﬂ %%&s'n&l%@;bxg%@%%od of producing a netal foil
W th ad)el ectrTaer estat filceithi armeladiec aebistdres filnh aneoeding t0oaMEroner ot opper
alloy netal foil nade of an electrolytic copper foil or a.rolled copper
foil iRacagspels N ip %ﬁl@w@nvﬂber@vbt@@r%wihlvw%l fdhe onstal ©ildy SitpaAd HMe
~surface roughngs : - PAi esS+iaf 6 0 8.0
opm and an el eg\t(?q ?Z@FE?‘ZH%% @iﬂltﬁnfc@gﬁ?prrgad Zg ’eﬁﬁgglﬁgigdc%ﬁ]éélg vi a
a physbotélto B5 jgurdamdee usedt Trenthickridssdfshe bopserafod mant sy selgcieelt droidraridy

vacuum deposi tjop nmet hod, or. an jon beam pl.ati ng method, a chem . cal surface
{F eat neReoTRIc e g but i Fovbiohe SHRIRE0 rOdugRing e TRV Toh et hod.
or a “’%reééfnbfr‘éﬁgéro‘%r%ttﬁﬁﬁ% r@ﬁ?iﬁ@&fh’ﬁbc%n%@ﬁﬁr&@é&%ﬁ@@c?ﬁ&ih@ﬁs.or an

el ectrol eSs plating nethod, whereby e peel strengt e electric
r ¢aonsit ance fi | hepresat ikvéntionchurtiver provégaes: vari ati on of t he 20resi st ance

val ue the electric, resistance filmis 5% or |ess. [0Q16] The present

10/ o ont Bbn adar 6 DRI S60LERE bierlroluitial slehic msstanee MaRufes
with afh@é@%éé §fé%§b§é|a@ﬁ@oﬂﬂérr§”6?¢ﬁét@i ol rhQd® ?F éﬁfé\‘é&"tr&?ti@éﬁb&r f&\fﬂéf ?i n
the variation of the resistance value of the electric resistance filmis 3%

or | es8. roflsd oeRPpETHEIl I8 esitigecti tov eaudhenirfautreatmept vidi glestrolysis so that thee

o par 301aBh ey s B i 2510 ablst &l BonBat ik P58 WTonal 1y
perf or ard @f etscttibeesistagicentiing id feaiateoh tearqtighehea! stffare 11804 §ihydkahe
electric resistance filmis arbitrarily decided according to the circuit

15desi gnSuripes repkaenymeihad sugheasin#PHitering Mathedsa vasuumelaposiioninethod,
rest Stanch B BehAl pRiifolRRHAGY &LRORBAISHALLS IrhmEhE dhétGh! Qikrohs 1d1e
resistive elenent, n here 1s no partrcular Timtation. As exanples” of

mat er i pylysehatsod be acdasphase retiohimethedcoratwetfsurfac@@ali201 /edsap53
nce, there are materials such as vanadium tungsten, zirconium nolybdenum
t ant al SHEN ACRICIORIAINGNMEMAthTT &5 8€ClTBIfgSAalig ingethodeviergpy #he éweﬁf ively
hi gh eLggh&thC | 3 radi I I 85 PSS Y
i ndependen? i ﬁ]% o%r@dg'g@éﬁélgi I o?n@rﬁﬁvﬁt ﬂkgft?rﬁerSF'el erré\r??]'g. Vg forr 81 B
20[ 0019] Mxistanee vakweeof thatededtat sesistahca filrmlimtb%edylesew el ectric resi stance
such as . . " .
[0016] The present invention additionally provides:
6) The method of producing a metal foil with an electric resistance film
according to paragraph 5) above, wherein the variation of the resistance value of the
electric resistance film is £3% or less.
25 [0017] The present invention further provides:
7) The method of producing a metal foil with an electric resistance film
according to paragraph 5) or paragraph 6) above, wherein coat plating is additionally

performed after the roughening treatment via electrolysis.
[0018]

30 The electric resistance film is arbitrarily decided according to the circuit
design. Specifically, the type and film thickness of the electric resistance material are
decided in consideration of the function of the resistive element, and there is no
particular limitation.

As examples of materials used as the electric resistive element; for
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alum num silicon, copper, iron, iridium zinc and tin can be alloyed with

other elenents and used if the resulting material has high electric

resi stance. For exanple, electric resistive el pgenpso@uploss N O

alloy and NNCrAlSi alloy are materials that are attracting attention.
nitrides and silicid ected fromthe

Mo
Nt istaes, dhgte P Bale e R e e, YR L RGRE B e B, OB EER; | ped

above, téﬂ’tﬁluﬁﬁlrﬁ&%éloéhd)ﬁhﬁdhﬁ*i&ﬁm 5 8§ \GHcPad § idBISetY Wthrréra'tlllélyqrﬁglﬁ)é@d&% to
the circuit design, and it should be understood that there is no |imtation

t o t herésistegoe nipeseatroeiads san[bmrz&}a]p@pbvelvmn@s ahiigdependaritdimesr esaice
film Lcal .sur treatnent methods such as the sputtering nethod, the
PR B il P Rl

vacuu @ the ion beam pl ati ng nmet hod; chemi cal surf ace

st n@agiment et hpfisesush edentrhgtapialsPWithi s réTativiag e @lddigc gasisipiesesUchags i on
met hod; or a wet-type surface treatnent nethod such as el ectropl ating and

el ect r 8IUSRIBUR), aSilieRN,c BAPRRY, UEXY . iNGAHBr ZING, aBPetiRi ¢R ke @cﬂpvefé)|\aﬁ| ek
advant ageq, 'a’i%dt d if B RISORHH @%Q'ﬁb%ﬁ’hag%gger’f’8|e€ﬁfcf th low cost.

Mor eover, es ering nethod is advan ousIn at a iigh-quality

resistive el en’Eot e&amd@ elbtricedistivecsdetneaty slich BasNirualicyoamd NCABess
and corrﬁrl ses isotro The formation of the electric resl st ance

fi m i Sheka meleials Hipt coe pheainagientionh Moreevar. et HurEeREndoHIGi¥Ehod
10200 Pl 8blefedRbinafle | dAidee Ritha6eaRd AfiRidRUIAL reregoRY f\m&eﬁgyéﬁ Be!

according to the nature 0o ectric resistan ect o the

| nvent MrLjes[o@DEa‘rabqyeeMSeiemlenntaf timege erladeriadsi pe mante arbitearily a@botnﬁxilg]g) abl e
to obt per  f r|S|n l.ectric resistan

bosses HGTeUl stesifto b sverEl Do st Lt fnef 6579 dERON [ that § on
or var f&b?&lﬁ Ghaldiald esi st ance val ue, which are $0drawbacks associated with
a copper wnth an electric resistance filmbuilt therein.

P@P2AP2010/ 0539’5@antymlag| thisa eieetmarassﬁtam:mg‘lhtrhepmwwail arfade ytrestment
surface rﬁ% hnes

150nt1 cameifa BERR iR el tetbbnahotl s Ract o BeHER oS efod Bnb Me he  ne

correl gbhii Eléti‘hp ﬁf&hédlrér@é‘fﬂldap%gﬁa@éstré&ﬁ%m%emddg §u<§$ )é'suther 9&%7%
tester of t S standard, and the resistance val ue. BEST MODE

CARRY! NEtlmsh ameethe Igasnahase [e@otiah method; or a weidypa suifaee dfeatment method

win ¢ areh BRI AP S B U5 et rotyiic bach for
Hi housi ng an eegieralyyépeaiking usleooplatieg ¢atidodetageons in itsatderi groedction
rotate in a state of being partially (npst of the |Iower half) being dipped

20i n thecépé’@tﬁ%f%fmetﬁ with lewgest. Moreover, thmnumteangm%thaﬁda@dyaaagepue In
oL ) R aBeRy 8030 dbnieh S uUsiLea) Ghes 118 it PERIOAL
cat hodéicknesslarahcormpasesisdéropy. and the el ectrol ytic solution is caused
The formation of the electric resistance film is made according to the usage
of the film, and the adhesion method and plating method in such a case are desirably
25 selected suitably according to the nature of the electric resistance film.
[Effect of the Invention]
[0021] The present invention yields superior effects of being able to obtain a
copper foil comprising an electric resistance film possessing favorable adhesiveness
and capable of inhibiting the fluctuation or variation of the resistance value, which are

30 drawbacks associated with a copper foil with an electric resistance film built therein.

BRIEF DESCRIPTION OF THE DRAWINGS
[0022]
Fig. 1 is a diagram showing an outline of the electrolytic copper foil production device.



15to fl ow t herebetween. The device of Fig. 1 is provided with two anode
plates. [0024] In Fig. 1, the electrolytic solution is supplied from

bel ow, and the electrolytic solution passes through the ggpjsS2d@iossess t he
cat hode drum 1 and the anode 2, overflows fromthe upper edge of the anode

2, and theznel eétrol sol |on |% g i,onal Ly caused to ci rcula} '+
pr edet Bt oraestomfadhe 2onelatiity of b urtded ol insh sied i e ithuna
the anggepdicy r’bu@hhégé tddt& of the WYKO optisal phstilEatdnadfe desiBtahcetiafdess, the

t hi ckness of the copper that is el ectrodeposited fromthe el ectrol ytic
sol ut i &ig. i isla diagrasasbowing tmmmret@tactyuqtghesueataroughme@ﬁ meRAsured Witbsar at es

or ocluc S G Bt h Bt B beruS Rt Ao SEr R BT AL, e 2500t ween the

scat hode drum 1 and the anode 2, the flow rate of the supplied electrolytic
solution, or thESé)gHed el ectrical %} Wth the copper foil
that is produced RERTMOBEFRR Gﬁ%ﬂb@ T THRINYENTIPNng devi ce, the
Stdobgice that comes in contact with the cathode drumw || be a mrrored
surface (gl oss?/_ surfﬁllce) ut the s rface an the side wll. be a 80

rough surface (hE:?4Y n%&ﬁ‘ftgeé)“awta? ringegRYISFi QT & Opgl‘?ﬁ OE’HF&PJP@% fol 1$ hi s
el ectr %M\thcin p|er WHh thigde Vi, %%ﬁﬁéé’@dﬂfrﬁ' b%"chB{n ah@l@atd ic Bathgeper

foil having a i ckness o% 5 pm'to 35 pm can %e used 25] The copper foil
10pr oduchduamgcaarselecwel@rtlalsotutlonsTbet@a&q:niemmw éusbpleagned tcp h@tatﬂamm alptepbeess

vin i d m,on th ur.f age, and dd'tion | .
peT) S PBB R aba s ethe et BpiARg fibreRlR 1BE ClrcRlAabion o ¢ ne
washi ng procesan |ﬁsaubreblém6deaepdtutmeeﬁo§éalyt§ SriovRfedld he tEQuabLnd the
normal |y used. Al t hough the production of an electrolytic copper

foi | whweleRalf phéwe abW@ertpnefmef theseaitipda drom dd Aopiper depi B is arovidrfbt

and aon NSRS SABPRE AT o8 A8 Ander Uriihs e BPRRR, PR hlhed ™

15" equi 1 esifiboRithEretwedsh. Mg deth@é lot & it opiggrobided witkstwd ah@@@waaeg face on

ei t her side, roulghenl ng treatnment is perforned as needed As this rou heni ng
t g2t ment, a wi Figkdothe ¢|§9@%lh¢ﬁgluﬁlpeaﬁ ﬁmllqéatfpmévm@nqttm npl e
of the v thi i ng
Of L og BN 085 RALEMe b3S BERR| M MR Shu Mshalhe o a&

( r oughogarfloasejronf thdéleumieafcedgeytbﬁ ¢h@cammile Qoldnd Afid eglepeol/tic nsabdgtion is
(Rougnen g ke Rp ORI R dP UL ERGR £ Do 10 e grpveen
oSS S RN e 43R B 81101 5o o
As the cathode drum 1 rotates the thickness of the copper that is
electrodeposited from the electrolytic solution will increase and, upon reaching a
certain thickness, it separates and continuously winds up the raw foil 4. The thickness
of the raw foil produced as described above is adjusted based on the distance
25 between the cathode drum 1 and the anode 2, the flow rate of the supplied electrolytic
solution, or the supplied electrical charge.
With the copper foil that is produced with this kind of copper foil
manufacturing device, the surface that comes in contact with the cathode drum will be
a mirrored surface (glossy surface), but the surface on the opposite side will be a
30 rough surface (matted surface) with irregularities. The thickness of this electrolytic
copper foil can be selected arbitrarily. Normally, a copper foil having a thickness of 5
HMm to 35 um can be used.
[0025] The copper foil produced as described above is subsequently subject to

the washing process of removing the oxide film on the surface, and additionally
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Treatnment time: 0.5 to 30 seconds (Coat plating conditions) 20Cu ion
concentration: 30 to 50 g/L Sulfuric acid concentration: 20 to 100 giL
El ectrolytic solution tenperature: 20 to 60C Current densigtypo®oigds§ss Al dn

Treatnment time: 0.5 to 30 seconds 25 [0027] The surface of the
foil hat bject t [ heni t t t i d wth
opt | caPUPReLI HieFFaa M biceass STt e i D6 SRS TN EnRinceayh e THEG A58 &

resol ughOBo®§ SQ|u@oﬁn@f>10qo%00$']y|_qg_nbgrﬁ§Hy i&e$ is because, as described later,
with the surface roughness that is obtained by the JIS standard styl us

roughness 30t editbough the pexshictibaéancpectoalytic baprerfol swscdrsaribadtabone, it is

not possible to obtain. .the correlativity of. the surface roughpess _and the
Fesi SUIMUE Gagan a il breRgof it Indehbeiyingg B et abd SPoRS 5Bt cal
ssur f aceubjeepeo FRABHNRITENGt @HLC Andad@ifliofIRt 86l ﬂdnrr%er}hﬁbmw% userdf ace
shape roughness neasurenent system product nunber 1100 ONYKO opti cal

pr of i | 6PPRerdeBIofitheiequired thiekRess. Sipes apaiedeomerdpibbas sy levsy sstace on

: . f
thi's oufter Sl KRR eI riAE s cpetemss rerslBRods e TR A
field treat@éntpenwelPkneam ranghertisg eagterned bsceadspeed is 7.2 pnmsec. The

interferonetry is the Mrau i nterferorretr%n(obj ective |l ens: 50x, internal
| 499381 | x). [ 0028 arapler ofvigeraighgning keaiment,issshavihbelavat Meregver sthisor med

on the 1 i j ; i npl e
1007 { iy [SEHRRng Rebuhof off iR B6 BEpIea (b HE R, SR imadiy SAATE
Ni Cr alroaghosurfdod) Alf Sheatleorolytio doppes ddil.aAftar pedorsimgt eEdughengppiatiag, The
| ayer made o&@such :rm el ectric Qesi stanég material is 10 demanded fromthe
C

per speEPALRIAHRT epP @lFQ Pe F4AHIogaYY BRMOUABI can be sel ected arbitrarily.
Accor diRgligherliR§ bfating d¥hdiRR@)to limt this to a specific material.

Cu ion concentration: 10 to 30 g/L

15 Sulfuric acid concentration: 20 to 100 g/L
Electrolytic solution temperature: 20 to 60°C
Current density: 5 to 80 A/dm?
Treatment time: 0.5 to 30 seconds

(Coat plating conditions)

20 Cu ion concentration: 30 to 50 g/L
Sulfuric acid concentration: 20 to 100 g/L
Electrolytic solution temperature: 20 to 60°C
Current density: 5 to 80 A/dm?
Treatment time: 0.5 to 30 seconds

25 [0027]

The surface of the copper foil that was subject to roughening treatment is
measured with an optical interferotype optical surface shape measurement device
having a resolution of 0.2 ym % 0.2 pm or less. This is because, as described later,
with the surface roughness that is obtained by the JIS standard stylus roughness

30 tester or a laser-based optical shape measurement method, it is not possible to obtain

the correlativity of the surface roughness and the resistance value.
As this kind of optical interferotype optical surface shape measurement
device, a non-contact three-dimensional surface shape roughness measurement

system, product number NT1100 (WYKO optical profiler (resolution: 0.2 ypm x 0.2 ym
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The electric resistance material can be forned by sputtering an electric
resistance material target made of NNCr alloy, NNCrAl Si alloy or the Ilike.
There is no particular limtation in the sputtering cond,i;éil-/gE%m%QQ%

publ i cly-known sputtering 15device can be used to forman arbitrary
electric resistance mater|Aal . The electric resistance film having
a resi 9{éﬁ?@i%@@ctefﬁ%%@%ﬁ@e%&em y 25.0 cl/sq to 50.0 0/sq is
normal |y used, That Rttt ABAR Y 8 His TH¥tehY G HAR S uRbAgonidEe by
changing the fi mrp%?%l‘(ness. 'jﬂ(%ggbﬂ e c%?r eem(lt%?vi ty of ﬁe sur?race i

r oughné¢S| miethdd), anp e visiuai fieldus fl 20 einb 298durdpend itheneqsLirerient scarhsessd

tester. ( olutionz 0.2 x 0,2 or,J.ess) of the O gptigal profiler,
and th& ?2i“§q/t§ﬁﬁ'e-roﬁl'm?prfg§°@§hyhg & erppg?ntqr%erometr% Jeﬁg’ee&n&e Xfrom
5F1 9. lintehel fefst age roughness Rz of the copper foil conprising coarse

particles is within the range of 6.0 pmto 8.0 pm the resistance value Rz
i $0028. 0 Q sq t & Ispeomademf asnelectiis resistancenveteral issfoRMedretieesonper foie 25

zcknoniaigEe SERE<Clh rARTIET verlmBEEiAS A RbiE Sl SRRPE AN ecs
by contayer|amelechk redlistiae @ ldragahaastas NHOSH]oYeaNIOrAESI gy wa bef uderf &5 ence,
the correlativity of the surface roughness obtained with the JIS

st andaPdeprsaamativeuaraiaple. tlds: layer grafle alesyeys patelpetdcygsigtance mates@l éhown
> A | _ ‘ . M
10, coopefiapsed o e PRBRERHLe BE SRR AR PR st

Labor aecyrdinigly,) thehoisend haéd td émitethsunenspdcifismageridll s styl us roughness
measur ement de¥hce was, conduct ed under the fo%ﬂlzovvi ng conditions: Stylus: 2

pnR, Load: 0.07N§, eleplEieresptancaymatarial exfyog Iopoeg) By sesefpa Al eiasHic
Lenat h- : L _ . - o
ol a1y panPR i ERal CAgE inade) GNIR Blo RIS SRS T 88 TheRne gy, 2,
t her e particolarolimébtan dn thet epatietimg cunditens, ranag lenesblicpdknbhve spseiteimnce
| ue. ,Th for. this i idered to b fo]l . 5 Specifically,
e e LG R ah e o uRb i a2, S5 & o
and is approxi mRgebéchigl fedift@n¥alfit® hBdhg! 8 @RIstMRd vRM T8RSy &arkhie, Same

sanple with the optical interferometry nethod, and this is because t he
st yl usroughdy 28.CoRHsqetodd(.0 £Wdq ihsormaliyussed, ik thst rdsigtance valurenayrseaad par t
is phygic a restri cbed Cons measur enent val ue that envel opes

| ] I
the shiffe%f %HQW?Q}% M.&BEPQW& lél%ftmchﬁe%%ar se particles can be obtained.

| pogdher  wor dsThiidofreldtivity B the Suffaks toEgIsndBRaShe RIpp et €l §8xfadd based1ot
possi ble to neasure the accurate surface roughness reover,

Rz. Mo
20t he coPhdhatqriisabfoughwesgripaies (Feaalitinm 9. A h8.2 p81 of &ese of dhedViYKQ ow

(o nhopBlied Brofie SR E R B e TR KR BT P Sbt i hedsur f ace
roughness is gAesab@tehhdronh heigsty| the saifhod raoghaesd IRz dfhete tdappeptioital

interferonetry nmethod, it is considered that, if particles on branches
exi st BAMPREINGUFIHER RATHCIES IS ethi dlad sANRy of Bt i@ 8.9 timstheofesitiartdl e to

detect L RE"EPH.8" e Bodelsy Nahdhl BB e value R increases as the

25 surface roughness Rz increases. In addition, since high correlation is acknowledged,

the variation of the resistance value can achieve 5% or less by controlling the

surface roughness.
[0030] Meanwhile, by way of reference, the correlativity of the surface roughness
obtained with the JIS standard stylus roughness tester, and the resistance value is as

30 shown in Fig. 2.

The stylus roughness measurement device used in the foregoing case was
Surfcorder Model SE-3C (manufactured by Kosaka Laboratory Ltd.). Note that the
measurement using this stylus roughness measurement device was conducted under

the following conditions: Stylus: 2 pymR, Load: 0.07 g, Speed: 0.1 mm/min,
8



[0032] Wth the copper foil with an electric resistance film of the present
i nvention, 20 an optical interferoneter having a resolution of 0.2 pm X
0.2 pmis used to neasure the surface shape of the coppescfgblo@usbasse that
was subject to roughening treatnent, and ther eby measure the variation of

t he 10-poi nt aver age hness that is calc ed fromthe fore
shape M&@sUrerRantLeRgiep & BIT. a\ﬁHfQ’fﬂe’!t‘thQ'r%ﬁql#‘at BV SE KPR

aver ag Aéﬂ@%@%l@ctlbﬁ é%@@rdﬁ&%d fgifd additionally 3%or less is used.

25In addition, an electric resistance filmis formed on the roughened
sioogace of t heAsahpam ihdfig, 2atiere hie noaormiaton hétwelen tbbettiace rpaghrsessmce is
iati

hi bi t b ' t h
resi st PUTE eofesibiangpelalbpe s rovsaitaot i ot CPomdered agsbent ByafSsos or
5l ess i Bptebiﬁcmlyittﬁe %Fu%%h?ﬂa@fméé”%réé’%@%e ls0ihee PoNshHYss AZ Qvsded & gapper
f0| h an electric resistance filmconprising the 30foregoi ng

char actariand s appond3pkaly dwlkihe wablesmataaeotstamd by mﬁ@swmoéhe fsame can

gLf?CE?a%%SWnﬁ%Qe@I&% | rgrerdihe oGSt idd b bReRtes e bRlsnY et
e 3
I ﬁv![ (hg }g?‘fsvgﬁt@%sﬁte:mgﬂgwaﬂieogggdogné?Itﬁﬁ?\ﬁhﬁ? ijagtlsfﬁ6 PEI ckngls)iag?&ga?o 70

pm |noﬁ’é]f5{3ﬂ@@|1thfr aamééﬁb'@'ﬂ¢fﬁ|\{a|'dﬂ thatiemvelo ashgeefcanly s dereirhalbs t he
10copper |nve %’%’aﬁ@:l%{@ar’?b@% élh He3| st ance Iayer was formed in the

pr esenf er an e EF ol ytic copper foil or a rolled copper
foil that was Rubjrectwomlsr wnﬂ;hﬂm Btylos eanghmesscaraberansett dObce,Bkdspbes]
The Exanpl.es of the present inventjon ar nowl__g%pl ai ned. Incidentally,

t hese BResiplede MeasyedDe dcqurale suHare rewdhngsstie under st andi ng of the
present 10 i ”Vﬁfbtré&ﬂer 8 LRSS Vit b”&‘?r’?édé)'ﬁoég%]ﬁ{éss' Bn& heeyedh@ahddn t ed

t hereby. In ot wor ds, varl ous nodi |cat|ons ot her e od| ments based
on t hevaleehs |Im/alevep|W|irttheI ainvasioiconvae shbpé mmemenemwm edingya kalser

resen . nvent i a mat er, of ,.co 00 n Exa |l e

155" 5 byiaBeiE e dadhTReitid Shute Hea SiteecioReub R Trrutdhdes o ¢

ROUghepféweltt'h%ﬁttH@@i w».amwd QhH%%éII‘érih'aﬁ‘l t'h@ltﬂﬁlc§lllhféﬁ"&ohf€¥ﬁytrﬁ€th‘6dr ftﬁ’é?e)
side of the electrolytic copper foil. The roughening treatnent was

!coer f or neasidered3thad cib pastickes andmranelms éxist ionythefswuiackddue tai itk rowgtening
20Th h f
e BTN BBPo R R IR bt R AR HLAR P Bubeb sl o

afgsAt her st at Wagstheasoppei FéiPith Gnbdesicustistithceltimt dfeht Redertiin®sntiond a
roughened el ectrol ytic cogper foil having a 10-point average roughness Rz

20of 6. 3aprandieal terfgomeatennayingaa ieeoliaspak d. Hmhe G2 $i {ssusee ta MBASUre
Tabl e ilhe surface shape of the copper foil surface that was subject to roughening treatment,

and thereby measure the variation of the 10-point average roughness Rz that is
calculated from the foregoing shape data, and a copper foil in which the variation of
the 10-point average roughness Rz is 5% or less, and additionally 3% or less is used.

25 In addition, an electric resistance film is formed on the roughened surface of the
copper foil, and the variation of the electric resistance is inhibited.

It is thereby possible to achieve a variation of resistivity of the electric
resistance film of 10% or less, and even 5% or less in the width direction of the copper
foil, and thus provide a copper foil with an electric resistance film comprising the

30 foregoing characteristics.
[0033] Moreover, the surface shape of the copper foil can also be measured
before forming the electric resistance film using the optical roughness tester of the
WYKO optical profiler or an equivalent device having a resolution of 0.2 ym x 0.2 ym

or less.



Rz Variation of Rz Nor nual

Peel Vali.i&11l/ m Heat Resi stance Pe&

Val ue(k11,M 6.3 5 0.67 0.65 6..? 4 0.84 0,80 7.2

vy

[0034]

10

[0035]
15

20

25 [0036]

PCT/JP2010/053953

In the present invention, a copper foil having a foil thickness of 5 to 70 ym,
in particular a copper foil of 5 to 35 um can be used. Moreover, as the copper foil on
which the electric resistance layer was formed in the present invention, either an
electrolytic copper foil or a rolled copper foil that was subject to roughening treatment

can be used.

[Examples]

The Examples of the present invention are now explained. Incidentally,
these Examples are provided for facilitating the understanding of the present
invention, and the present invention shall in no way be limited thereby. In other
words, various modifications and other embodiments based on the technical spirit
claimed in the claims shall be covered by the present invention as a matter of
course.

(Example 1)

In Example 1, an electrolytic copper foil having a thickness of 18 ym was
used. Roughening treatment was performed to the rough surface (matted surface)
side of the electrolytic copper foil. The roughening treatment was performed for 3
seconds at a current density of 42 A/dm? under the foregoing roughening plating
conditions.

The fluctuation of the surface roughness caused by the temperature,
carrier speed, electrolytic solution and other statuses was controlled by adjusting the
treatment time, and a roughened electrolytic copper foil having a 10-point average
roughness Rz of 6.3 ym and a variation of 5% was prepared. The results are shown
in Table 1.

[Table 1]

Current Density
(A/dmd)

Rz
(pm)

Variation
of Rz (%)

Normal Peel
Value(kN/m)

Heat Resistance
Peel Value(kN/m)

Example 1

42

6.3

5

0.67

0.65

Example 2

49

6.7

0.84

0.80

Example 3

55

1.2

1.06

0.99

Example 4

63

7.9

1.17

1.09

Comparative
Example 1

5.1

4
4
4
3

0.29

0.27

[0037]

Subsequently, the roughened electrolytic copper foil was used, and an

10




97,94 1,095
copper foil was
mat eri al

13 0.29 0.27
used, and an

Su

made of all oy of 80% ni ckel

bsequent |y,

t he roughened el ectrol ytic
PCT/ JP201 0/ 053953 el ectric resistance

(Ni') and 20% chr om piiR/(55910M3S953

attached to the stablllzatlon | ayer under the follow ng conditions. N/Cr

alloy s terln 62-1nch vvldth tteri ower 5 kw Linear

Vel ovi BipOrs TasRRCE o1ebi e ol Ak 8076 fokef NP - 205 riomiui 120
Wien ayhgug P@Q t@kl‘?&&fa@ﬂ&%’h&nﬂ%@‘ﬂnd@?!ﬂe fHIIoWnQGC&md?%H@S used, the sheet
resistivity o he resistance ndterial was (square), and t he

(7]

10

vari ati on was RVCraley spsiiering:d2inchovidth sptmeblng daawce

Power: 45 kw

Linear velocity: 3 ft/min (0.9m/min)
Thickness of Ni/Cr alloy: 500 A
When a roughened electrolytic copper foil of Rz 6.3 ym was used, the

sheet resistivity of the resistance material was 28 Q/sq (square), and the variation was

7%. The result
[0038]
[Table 2]

s are shown in Table 2.

Current Density
(A/dm?)

Resistivity
(Q/sq

Variation of
Resistivity (%)

Example 1

42

28

7

Example 2

49

32

6

Example 3

95

38

5

Example 4

63

46

5

Comparative
Example 1

27-48

50

[0039]

15

20

25 [0040]

30

As a result of bonding the copper foil with an electric resistance film
prepared as described above to a polyimide resin substrate, the normal peel value
was 0.67 kN/m, and the peel value after the solder treatment (heat resistance peel
value) was 0.65 kN/m. The results are shown in Table 1.

Note that the peel value after the solder treatment was obtained by
measuring the peel value after dipping the foregoing polyimide resin substrate to
which the copper foil with an electric resistance film was bonded in a molten solder
bath of 260°C for 20 seconds (that is, in a state of being subject to heating treatment);
that is, the peel value after the solder treatment shows the peel value after the
foregoing treatment (after being affected by heat). This is used for evaluating the heat

resistance performance.

(Example 2)

In Example 2, an electrolytic copper foil having a thickness of 18 ym was
used. Roughening treatment was performed to the rough surface (matted surface)
side of the electrolytic copper foil. The roughening treatment was performed for 3
seconds at a current density of 49 A/dm? under the foregoing roughening plating

11



10 [0038] [Table 2] [0039] As a result of bonding the copper foil with an
electric resistance film 5 prepared as descri bed above to a pol yimde
resin substrate, the normal peel value was 0.67 kN m a“ﬁc’fﬂﬁz@%ﬁ%gﬁ@é ue
after the solder treatnent (heat resistance peel value) was 0.65 k The
results are shown in Table 1. Note that the peel value after the
sol der COP@HPA®Nt was obtai ned by measuring the peel value after di ppi ng the
foregoi ng pol yirgLd b C

el ectric resi s?%cfe?uétﬁﬁirln&wasdg %ggﬁa?‘% %)%ﬁoﬁltgéeﬁmsaggggreggtﬁ% {éf?h ?or 20
secondsal(rtelnaspeed electralysit sptutioh ded othes dhateses Mcashe:attiohlgdtb)eadjuamg thet hat

' I I f t t t t sh th [ val ft
i 1 oFBBNFR] GEaPRErk "PuaTIIodh S sy W SeRe B KBS 2 i 2ol e AYEERHH or
seval UaFdd&n%'@@ RE%f BES iy ?ﬁ Wap%ﬁﬁdeBF@4%5N£§QﬁQﬂ>akﬁxalrﬁé fedllts are

In Exanpl’e 2, an el ectro ytic copper foil having a thickness of 18 pm was
used. mmtmbrmhegvrtm'aabiemt Was performed to the rough surface (nmatted
surface) side @f, the el tic copper foil g reat t was
bt or SuabERuEHES he g FenE ek e e e A Bitnb °T

f or egohftgcticd @ ¢e ReailizdtiondlayELCTihdBR Hd s8R0 b3ndifvek.t CeAsequently, in the The
fluctuation of the surface roughness caused by the tenperature, carrier

Sﬁeed caseof Exapple Sthajitused aneughenad @tegtrgb/&lg qﬁ@@e{:&i{ PBRZe@7anaH}QJst ing
1050° oo STCaEr it of SR 1R e aRNAF LB IR0 GaligRiand AR,

The resetd. t‘ﬁyearreeuasmé@hansﬁq\amez Tabl e 1. [0041) Subsequently, the sane
el ectric resistance material as Exanple 1 was attached to the stabl%lzatlon

| ayer under th@Ssanmesefinefi PPBARY ﬂiﬁ1§@38€htfp‘§/ with, ann gleciiie r%?'SBU&ﬁp ilgn 2
that “ fchated %gﬁgé’kﬁﬁ)e%' GoILtY Bl ol Wﬂsrreggfzétggltraﬁg fre/nb A]\%T;u@et

resist V|ty of the resns ance rrater (square
vari at was 084 KM, Tared tmpbmsvalue sftmvhelsolc'fabiream:ent (heat reS|stAaca peesul t

gnocer See S BRREon T il 35 b Fal™ RS ﬁzﬁtf ¢ PRBLYAIgRPLE" aas
(p)'egl4 Kidsold8Ptrbhenditlay é{/éﬂﬁa@dt ﬁﬁdérhﬁe%‘éhﬂ@éoﬁdﬁ&ﬁé‘?@Exéﬁﬁﬂé 1resi stance
[0042]
(Example 3)

In Example 3, an electrolytic copper foil having a thickness of 18 ym was
20 used. Roughening treatment was performed to the rough surface (matted surface)
side of the electrolytic copper foil. The roughening treatment was performed for 3
seconds at a current density of 55 A/dm? under the foregoing roughening plating
conditions.
The fluctuation of the surface roughness caused by the temperature,
25 carrier speed, electrolytic solution and other statuses was controlled by adjusting the
treatment time, and a roughened electrolytic copper foil having a 10-point average
roughness Rz of 7.2 uym and a variation of +4% was prepared. The results are
similarly shown in Table 1.
[0043] Subsequently, the same electric resistance material as Example 1 was
30 attached to the stabilization layer under the same conditions. Consequently, in the
case of Example 2 that used a roughened electrolytic copper foil of Rz 7.2 ym, the
sheet resistivity of the resistance material was 38 Q/sq (square), and the variation was
5%. The results are shown in Table 2.

As a result of bonding the copper foil with an electric resistance film

12



15val ue) was 0.80 kKNNm The results are shown in Table 1. Note that the
peel value after the solder treatnent was eval uated under the sane

conditions as Exanple 1. [0042] (Exanple 3) In Exanple 3 tic
copper foil having a thickness of 18 pmwas 20 wused. Roﬁgﬁ'gﬁ?é\@?qisgg%/nent

was perfornmed to the rough surface (matted surface) side of the
el ectr GF%qréchﬁJBSFCﬂQﬁq abayg te &JBW&H‘F'HS r@ﬁ@aﬁ%ﬁfat%ﬁ‘%ﬁ?mhﬁﬂf‘@lu%

seconds, At 1 RECHIE MA@ §S ink| QILBOAAL IR, LIder trbaend T ®3at RSsiSBHEE SIeNT
o) |

pl ating conditions. uctuatiton of the surtace roughness caused by the
t enper ablueg waH0.99%akNiner Thpeesultebex sholvptin (Taddd dt | dNotarbatotheepeed tvatiues es

e o bR Ot B L T TR E e 172 o

s5angb4® variation of 4% was prepared. The results are simlarly shown in
Tabl e éE ér\%g%%)gubsequentl y, the sane electric resistance material as
Exanpl % attached to the stabilization |ayer under the sane

condi tions. Cofs€guaiplé W, ahneliabﬁolgﬁé eoppeEroinidveng at thiknes€ @f 4 8ri@rakhgned
el ectrolytic copper foil of Rz 7.2 pm the sheet resistivity of the

resi st #fed MRUENeAINGWHEeals®E I/ Was pshieamey, toathe fqvghvauifage natiad ssufacghe
Its, ' i ng .t foil aith
ool SR B PR MR e 30 sl PRARG s SRR LI 51"

10a pol yisetoleds @sian carrbat teheity tdfiesNadvaml peielr thel foeeyaisg FoOghdmihg platiay t he

peel val ug_ after the solder treatnment (heat resistance peel value) was 0.99
kN'm $RBIKIGE® ts are shown in Table 1. Note that the peel value after the

sol der treatne h {talqO . 5
0044 (Exanpl o) naotiuBoN Breihd Hitac ' HTRSE lsedn Dy, B lmgBrefut
havi ng carrierispleeds slextrohicmulutin ase dthdraighuses ivps cestotiedt byvadjustng thered t o

O 15, AT L Aok AT ¥ bR il
150 63 PAGliHhasRARE 61 d YIS QQW'&%@%%M%@EQ@&"F’r'ﬂ@-results are

The fluctuation of the surface roughness caused by the tenperature, carrier
speed, skhigrtyrsiown i Eableti.on and ot her statuses was controlled by adjusting

Wby o2 ot BReqB0R? (h8USIRBCHe B ROISCRINALS SABREF al ElarlBt! FES
attached to the stabilization layer under the same conditions. Consequently, in the
case of Example 2 that used a roughened electrolytic copper foil of Rz 7.9 pm, the

20 sheet resistivity of the resistance material was 46 Q/sq (square), and the variation was
5%. The results are shown in Table 2.

As a result of bonding the copper foil with an electric resistance film
prepared as described above to a polyimide resin substrate, the normal peel value
was 1.17 kN/m, and the peel value after the solder treatment (heat resistance peel

25 value) was 1.09 kN/m. The results are shown in Table 1. Note that the peel value after

the solder treatment was evaluated under the same conditions as Example 1.
[0046]
(Comparative Example 1)

Using the same conventional stylus roughness tester as Example 1, upon
30 forming an electric resistance layer of 2.7 ym on an electrolytic copper foil of 18 um
and bonding it to a polyimide resin substrate, the normal peel value was 0.29 kN/m,
and the peel value after the solder treatment (heat resistance peel value) was 0.27
kN/m, and the results were extremely inferior in comparison to Examples 1 to 4.

With Comparative Example 1, as a result of measuring the surface
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15roughness Rz of 7.9 pmand a variation of 4% was prepared. The results
are simlarly shown in Table 1. [0045] Subsequently, the sane electric

resistance material as Exanple 1 was attached to the stapitigadqg 3%§fyer
under the sane conditions. Consequently, in the case of Exanp?de gﬁt, at used

a roughened electrolytic copper foil of Rz 7.9 pm the 20sheet resistivity
of t hePughnessn¥iEh At eptical rpashness fosder, (%ﬁ@&ﬁé%a,seén@ PHeHTLAP RN Whs 5%

The r esi"f'a\gl}qs1 .areﬁﬁgﬁaﬁel?ﬁg(ijf Eﬁ?'c@ngide{ed that the ?nﬁ%llﬂeéseéﬂhte Qféf&%%ggﬂné%%\/e ‘o

copper Wi t ric resistance prepared as descri

a pol yied tte the detrsadss in dhe ,ndrinal peeiahlyze ehdvihkeupesiagallde 1aftdeNhey selddr t he
peel Vil:eléf aft%r {She.sol der tw&at nent (heat resistance peel 25val ue) was
1.09 kNEAm PaL(RYLa8re PERLYAHUSh Table 1. Note that the peel value after

stifpagol der {1 eRidTEOerARCCYAAR FAMRRE SN 30T e9Kiarites AoCKA o 1

(Conparative Exanple 1) Using the same conventional stylus roughness
t est er meAasExethpsiegy copent-8Pe rbvghness testasl Ebe reésulisesers; ansbowayiefigf3,2. 7

| ect AN foil of 1 d di it t Lyimd
osin D Goesialily cBRRERE seBhowBged SRR R bRadst B Y Lo
after therssndtbdfee VaRRL BRALt (ASAiffiEES kS Eanthen ARelesigthHEd vaRS Khsed kMltha and
the results were extrenely inferior in conparison to Exanples 1 to 4. Wth

Conpar &tifgee mughslesstatas a result of neasuring the surface

PCT/ JP2010/ 053 S. W . j r : ased
1055”1 pm s sholASi Hetanre rpo iR ETRNEM o BOARRa] Aalrh.Re it fie

snal | nessistahcé halug withce copvgitinass styeds reudghiesdetlesasand it whe disgoveredeel

val ue and .t he peel value after the solder treatnment (heat resistance peel

val ue) & ifis 0@y PRI Ky obtaiethe antisadl copdiREss of the foils of Exanples 1
;ioogﬂwas mas“gﬁ%g&?ﬁ@gﬂ 5@@%'@49&&8”&*&86? dePidve a EQ@S@%# fhe'er €,

own in Fi no correlativity coul d be acknow e bet ween t he
cont actesistagb@esdudiofahd ¢lbetricesasigtamce firal ofe+1@%dor tessawhilefdighieNing ta
confirmthe resistance V%Igue based on the surface roughness data. 10IE was
t

15t her ef BPENPIBBSISYRHE @To0 St K9/RTTh O SPPI& ANCoA RRRIEEYE RaeaintPsiHiance pee

value) after solder treatment of 0.65 kg/cm or more, and ensuring superior
adhesiveness. All of the Examples coincide with the conditions of the present

invention, and possessed favorable characteristics.

20 INDUSTRIAL APPLICABILITY
[0049]
The present invention yields superior effects of being able to obtain a

copper foil comprising an electric resistance film possessing favorable adhesiveness
and capable of inhibiting the fluctuation or variation of the resistance value, which are
25 drawbacks associated with a copper foil with an electric resistance film built therein.
As a result of using the copper foil of the present invention having an
electric resistance film built therein, there is no need to independently form a new
electric resistive element upon the circuit design, and it is only necessary to expose
the resistive element by subjecting the electric resistance film formed on the copper
30 foil to an etching solution such as cupric chloride. Thus, an effect is yielded in that
solder bonding becomes unneeded or is considerably reduced, and that the mounting
process can be considerably simplified.
Moreover, as a result of the number of mounted components and soldering

processes being reduced, there is also an advantage in that the space can be
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resi stance value with a conventional stylus roughness tester, and it was

di scovered that it is not possible to obtain the optinmal conditions.

[ 0048] Consequently, all Exanples were able to achieve a ﬂéfhﬁﬁh@ﬂw@%&ihe
resi stance value of the electric resistance filmof 10%or less while
achieving a, 1 ormal peel value of 0.67 kg/cm or re, and peel . val ue
(heat Pég@@q%ﬂ?eagﬁ@vn F%@Pddﬂ%'sht'%‘{'agrcaf’?léea?ﬁﬁ'ﬁﬁ’ggf '?03. gserﬁéy (E’ﬁ’?%'PYermr e,
and enpdiihBibveUPRS rBEdaRNGSINEBRAA débian®MdrBBydr 3P F8s@Pf thelfedlsiive t he
conditions of the present invention, a possessed favorable

char aceEmantti lmsing 20iINDUS TRE AoppePfdilCaBidesdribgdaboye, the present ifiventioresent
inventign yields superior .effects of.being able tg obtain a.copper. foj
conpr i EMRGNVEASASETTEA cedf Bedidngs it opBYisEs dha PSR T Qv RS FOBAL s o
sand ca i@ i AREN fré ctuation or variation of the resistance
)val ue, B%?ﬁga}degg%nrgﬁidﬁggggbi ated with a copper foil wth an electric
resistance filmbuilt therein. As a result of using the copper
foil of the present invention having an electric resistance filmbuilt
therein, there is no need to independently forma new electric resistive

el ement upon the circuit design, and it is only necessary to expose the
resistive elenent by subjecting the electric resistance filmforned on the
copper 30 foil to an etching solution such as cupric chloride. Thus, an
effect is yielded in that sol der bondi ng becones unneeded or is

consi derably reduced, and that the nounting process can be considerably
sinplified. Moreover, as a result of the nunber of nounted
conponent s and sol deri ng processes being reduced, there is also an
advantage in that the space can be PCWVMP2010/ 053953 expanded and downsi zi ng
and wei ght -saving can be achieved. It is thereby possible to inprove the
freedomof the circuit design. Mdireover, as a result of the resistive

el enent being built into the copper foil as described above, the present
invention is effective as a printed circuit board since it conprises the
effect of inproving the signal properties in a high frequency range.

PCT/ JP20101053953 CLAIMS 1. A netal foil with an electric resistance film
in which the metal foil is nade of copper or copper alloy, the surface
roughness of at |east one surface thereof is set to 5 a 10-point average
roughness Rz of 6.0 pmto 8.0 pm and an electric resistance filmis forned
on that surface, wherein the peel strength of the electric resistance film
is 0.60 KkNNmor nore, and variation of the resistance value is 5% or |ess.
2. The netal foil with an electric resistance filmaccording to claim1,
wherein the electric resistance layer is provided to the surface of an

el ectrolytic copper foil or a 10rolled copper foil that was subject to
rougheni ng treatnent.
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3. The nmetal foil with an electric resistance filmaccording to claim1 or

claim?2, wherein the variation of the resi stance value of the electric

resistance filmis 3%or less. 4The netal foil with an epegtips® oiBsos3 ance
filmaccording to any one of clainms 151 to 3, wherein the foil
the nmetal foil is 5 to 35 pm 5. Aﬂgh\ggd of producing a netal foil wth
an electric resistance film wher ei @

surface of a copper or copper

alloy nmetal foil made of an electrolytic copper foil or a rolled copper

foil

pm
Via a

is subject to roughening treatnment via electrolysis so that the
surfacd. roughnésmetmcﬁmihwtthanje]eq:tdbmesiataecagihﬂmmudﬂm&e mbtaMoiBiswn@dﬁ pb 8.0
20 and an electric resis ancef'hlmisftolrrred on '? 1n $
GADRSIH| CRRST A8V + et TOUORBESS LA Igastolg gy %‘E‘? ‘ﬁ‘é 'Rol! "%
5VacuuMgORRNPSint 'aOQrdﬁ%t RGhnSs R’i ofa0ReRd Bl@LI Gnaedherkctri @BRIAKE filgur f ace
treatnment nmethod such aS a pyrolysis nethod or a gas-phase reaction nethod,

or a wis fasnedaer thatesitrfane: whﬂramdthglmeléﬁe@gﬁrtpf st alectis rasiaace filnads

el ectr
resi st

i e electric
hceﬁl?lﬂp%tr r@&ﬁn%hg&%’ %’? ﬁﬁ{ 'Ieggsrtn%a Y%Qéﬁ\%%g% 8'{ lﬁ%gr esi stance val ue
of thegel ectri Theeresl eslcRith idnrelestrit(esietarcesim adtording toridiod! obhemedtuci ng
a netal foil with an electric resistance filmaccording to claim5b, wherein

t he vathaeleshicoesistengealayst @rnf@vwispld@ the suracepkan ei%tmicm@éfq1h¢rrﬁ is 5%
100" 'es?oue%f’{oqﬂé‘? féf?{Hég%%f fll{B'rB

I’ esl st ance

éﬁlea{rﬁéht with an electric

m accor OI’ C

additignal |y pend memlcfommterart dlectrigugbitarng filmesdoveding\to @laéetor chins 2s.
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wherein the variation of the resistance value of the electric resistance film is +3% or
less.

4 The metal foil with an electric resistance film according to any one of claims
1 to 3, wherein the foil thickness of the metal foil is 5 to 35 um.

ol A method of producing a metal foil with an electric resistance film, wherein
the surface of a copper or copper alloy metal foil made of an electrolytic copper foil or
a rolled copper foil is subject to roughening treatment via electrolysis so that the
surface roughness becomes a 10-point average roughness of Rz 6.0 ym to 8.0 ym,
and an electric resistance film is formed on the roughened surface via a physical
surface treatment method such as a sputtering method, a vacuum deposition method,
or an ion beam plating method, a chemical surface treatment method such as a
pyrolysis method or a gas-phase reaction method, or a wet surface treatment method
such an electroplating method or an electroless plating method, whereby the peel
strength of the electric resistance film is 0.60 kN/m or more, and variation of the
resistance value of the electric resistance film is £10% or less.

6. The method of producing a metal foil with an electric resistance film
according to claim 5, wherein the variation of the resistance value of the electric
resistance film is £5% or less.

7. The method of producing a metal foil with an electric resistance film
according to claim 5 or claim 6, wherein coat plating is additionally performed after the

roughening treatment via electrolysis.
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