PCVMP2010/ 072755 DESCRI PTI ON SURFACE- TREATED COPPER FO L TECHNI CAL FI ELD

[ 0001] The present invention relates to a surface-treated copper foil, and
in particular relates to a surface-trdated copper foil i rPGMIR2010/0A278%r M ng
a plated |ayer essentially consisting of cobalt and nickel and a

chrom um zi nc rustproof |ayer after perfornng copper roughening treatnent,
superior alkali etching properti &3¢RIFTI&INled, favorable characteristics
of hydrochloric acid resistance, heat resistance, and weat her resistance
are mai ntai ned, and the surface of the surface-treated copper foil is of a
red color. Mre specifi c8URFACBEIREATEDICOMRER IF&HLrel ates to a
surface-treated copper foil which is suitable 15for use in a flexible
substrate capable of formng a fine pattern circuit, as well as to the
treati ng nethod t hereof. BACKGRENPMEBALFIEDPO2] General |y speaking, a
copper foil for flexible substrate is used to formvarious types of

flexi ble substrates for use in electronic devices via a process in which a
flexib esi n bas I jerdijo :
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sol dered there 00 Aco er in.a exi pl e supstrate
normal 1y req6f c(r?\é'?ﬂ &)50%‘1'3%@\; 't{?VQr%td?f éac(t?%t{ﬁeﬂpby%rﬁ?f" 6'8)3(1'% be
bonded wi th tdgstafgs nhes re@ﬁ;‘fﬁﬁd@itaﬁfd Wbatr@adeaasmeba@%amtéméaasﬁd (e ossy
surface). The roughened surface i's demanded of the follow ng; nanel y t here

i s no oxi dat Budaee gtmeasumfa@rtreated@omefrfaw of ageghselarngMere sRgERcCENLm t he
base materia

rocessi ng, ering, chemcal trea t he there is no layer
0 g |th‘% gre%%%'irﬁ)eﬁ%n% sa{ot H‘{aggﬂfarﬂgé’%?f)ﬁérefoh%ﬂ]ilbﬁ'gs sUfed Iey
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t he etching gé%gﬁ%gﬁﬁﬂd SO%PP JP2 10/ 072755 on. [0004] Meanwhil e, the

gl ossy surfa g €811 owi ng; nanely,
BACKGROUND ART
20 [0002] Generally speaking, a copper foil for flexible substrate is used to form

various types of flexible substrates for use in electronic devices via a process
in which a flexible resin base material such as polyimide resin is applied on
the copper foil and dried to solidification or a copper foil is adhesively-
laminated onto a flexible resin base material including an adhesive layer or
25 the like under high temperature and high pressure, a circuit is printed, an
intended circuit is thereafter obtained by removing the unwanted portions via
etching treatment, and given elements are finally soldered thereon.
[0003] A copper foil for use in a flexible substrate is normally required to be
provided with a surface (roughened surface) to be bonded with the resin
30 base material, and a non-bonding surface (glossy surface). The roughened
surface is demanded of the following; namely, there is no oxidative
discoloration during storage, the peeling strength from the base material is
sufficient even after high-temperature heating, wet processing, soldering,
chemical treatment and the like, there is no layer contamination that arises
35 after the lamination with the base material and the etching process, and so



t he external appearance is favorable under normal circunstances, there is
no oxi dative discoloration during storage, the solder wettability is
favorable, there is no oxidative discatoration during highct/sgrmpers/atares
heati ng, adhesiveness with the resist is favorable, and so on. In
order to neet the foregoing demands, numerous treating nethods of a copper
foil for useOn a flexible substrate have been proposed. Cenerally

speaki the trea h j e (] and
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patterns havin 150 pitch.or |less, [0007] ';g for the treatnent of fine
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resi stance tHIEURES dbnparabl e to the case of performing Cu-N treatnent,
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formation of fine patterns having 150 ym pitch or less.
[0007] Thus, for the treatment of fine patterns, the present applicant
previously developed Cu-Co treatment (refer to Patent Document 2 and
35 Patent Document 3) and Cu-Co-Ni treatment (refer to Patent Document 4).



[0010] An object of this invention is to develop a nethod of treating a
copper foil, which conprises the nunerous generalized properties described
above as a copper foil for use in a fl®xible substrate, ascwetdo1@srd7bs
various characteristics described above which are conparable to Cu-N
treatnent, and of which the thermal peeling strength will not deteriorate
even when an Ngveylhetesad wbdetbeses ragheningntieaimente atarefayarablet witle cespatt

al kal i etchi (o] i SUpenr).or L 0 t he
present appl ?%atﬁlga g%ﬁ%?&%&#g? h(;%gl af)hf e%c%@rﬁ%é&%ﬂlg%pgﬂé %rﬁaﬁfﬁguéslcgdi n a
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surface aft erdebeeﬂcffaﬁﬁqﬂﬁeeé\B‘p%QWP%agh%ﬂY%S pee & S&Ph@’a&?ﬁg‘ggé@’&? t he
copper foil, teadrik bRovardrnacdid Hot ¢eaethel 811 dfasack. bl ackened col or that is
conparable to the case of performng Cu-N treatnent (refer to
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bei ng used t s a surface-treated copper ng a surtace
col or whi ch ipeeling stibhgthf @speciallg xipbheisinghah rrandiccafivsive) aindf lydrodgosc f | ne
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redosurface tebtments epabinglthe etahing oegribtedasrouits ¢dningeatmettetPppPes0 v |
and comonl y L{sed a}s a copper foil for a flexible substrate to be used in
vehi cl es andPfifRR Orilges using an ajjgli eiching $pldlin.<Ad gRablngG: tevsarrovemamber i or
in terms of bhgecRasdrtrboRidgHEeaccuracy of the flexible substrate, the red
surface treatnment is perforned to obtain an essential surface color for
i mpr ovid9§°t he posi tn eRaigvesisumdn iwl cileviebecames timer, dherldircyit itendshido A0L
process base r It [ C Lfl | face treatnent
which is traﬁ%dr}rllasésé}slg r‘%n?ff_aﬁatthemgu@éﬁ%bIgﬂf;e%ﬁ)&h)%é? dgb s]oiﬁ{roo[rhﬁq,\@r%&
whén used foneaesdaryitbl prevenstsuahepediaty. udkisen theppiecuif detombswiviar tiseir f ace
[ defective portion in

is red-treated, fhe black portion is identifie . :

t he copper cFV@Hf ??s@aifggﬁ tB)}“BKﬁ ﬁaf'fyoﬁ?el off duecl?ﬁf]g,ahlglg tePerafeieaAting

i mportant t hgbldefingsand asthet HrededesORPET itfi8i Aish akEsesdBnA th SfteGOMOELMRI | €
mai ntai ning the copper foil properties. 'A)[0013] However’, since the

roughened paPee¥M%s fromthe surface treatnent are mainly configured from

copper, a red-treafgsh Copfethd Hé\llelgﬁr%ﬁglt p?%beﬁ H‘ﬁepfggﬁ s ff?lchsfén]%ﬁi @%%ri or

weat her resistance in conparison to t oregoi ng ace trea at
yi &l ds a bl agRaklenent diedchingrad pristed ciseits eing &' patierl afr 880 pm pitcleaks”

and "discol o i p " woyl ccur..due to surface oxjdatign. .
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spots" were becaogitigzessersianptirsoahn erdivsrdlfizativn RF G RIEMtidhd thetiReNs Of
t he co%er foil ch ra%t eri ii}:’lgﬁ@{l n. recent years drawbacks have been

i ndi cat’88li n t hat TROPIEHLS qr¥iRnds @ dr¥elogmmediad of Beatinda copees” are
transferred {on JfhicH kBniprRESs tﬁé%nﬂ@ﬁo@%i@éné@%@gg@rﬁéﬁgﬁcﬁﬁe& BEold ke at

the stage of formng the flexible substrate to ca "di scoloration
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D eear o e, e RS BAogORAELc e I chief 885N Bt s o
Art Docunentahd ofPEicH B2 Hodrdrd feeling strength will not deteriorate even when an
acrylic adhesive is used, and the weather resistance and alkali etching
properties are superior.
30 [0011] In light of the above, the present applicant provided a method of
treating a copper foil for use in a flexible substrate, wherein a cobalt plated
layer or a plated layer essentially consisting of cobalt and nickel is formed on
the copper foil surface after performing copper roughening treatment to the
surface of the copper foil, and the surface of copper foil has a blackened
35 color that is comparable to the case of performing Cu-Ni treatment (refer to



[0014] [Patent Document 1] Japanese Laid-Open Patent Publication No.

852- 145769 [Patent Docunent 2] Japanese Patent Publication No. S63-2158

[ Pat ent Document 3] Japanese Patent Application No. Hl-11222khRabents
Docunent 4] Japanese Patent Application No. H1-112226 5[ Patent Docunent 5]
Japanese Patent Publication No. H6-54829 SUVMARY OF | NVENTI ON [ 0015] An

obj ect of th&aerddeeeumantedition is to provide a surface-treated 1.0 copper
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bal t d nickel lLayer is fornmed on the ace of a copper foil that was
subject to CERERET (gl Sirsiitng: tIak REHACS AOB WY fF oBHARE dpr 13 lexible

adds t i onal | y s3bétestaRspaBRy 60BrAMd S RAEHatteAPLRILiN Or der to achi eve the
foregoing object, as a result of intense study, the present inventors

di scovered that, bfefdivaitagthg Eﬂr%@'fig:w@cedfeaiﬁdgaﬂwfp@ndoihihlaw'eig azblacly an
: Y A o .
char acter ot sanReslqdlclie chitae RRB% Bob8r ToL Ml o™l i ise coolgnds
weat her 20r egéserafly gcfaaretl tmasen strbtreate‘chce?plér tdiigaaadgjcﬁmﬂc)hryeaéﬁ asapper t
i lor. EOO. Based h r.egoj n I scovery, e presen
| nvent onpr guniaDl 4= KERGA SRETAET: be issRiarehbits aRhBICIN? a pl at oq
| ayer essentially \boilei sié Ngack soiadd et KRl subBrivhiightémOtal trgrount

of cobalt and njckel is 2575 pgidn or nore and 200 pg/dnP or |ess and
Co/Ni is 1 oPCRBPRINGn@ceyrasy |°235? fi%'meoiuhﬁér@t%nth@h@og sudaeadeaimenhi® of a

copper foil; peddrmléd t& WbtdiReart eeadiithl SoPRRE ddbd fRGRFPIAVIRG the phsit’RVS:

wherein a o o
accuracy and determining the quality in the AOI process based on the color

resulting from the copper foil surface treatment which is transmissive from

15 the substrate resin side. In other words, when used for a flexible substrate
that uses a copper foil of which surface is red-treated, the black portion is
identified as a defective portion in the copper circuit caused by oxidation.

Thus, it is crucially important that the surface-treated copper foil takes
on a red color while maintaining the copper foil properties.

20 [0013] However, since the roughened particles from the surface treatment
are mainly configured from copper, a red-treated copper foil has a weak
rustproof effect and inferior weather resistance in comparison to the
foregoing surface treatment that yields a black color, and there were cases
where "discoloration streaks" and "discoloration spots" would occur due to

25 surface oxidation.

Conventionally, while such "discoloration streaks" and "discoloration
spots" were recognized as not being particularly problematic in terms of the
copper foil characteristics, in recent years drawbacks have been indicated in
that the "discoloration streaks" and "discoloration spots" are transferred to

30 the resin base material made of polyimide or the like at the stage of forming
the flexible substrate to cause "discoloration streaks" and "discoloration
spots" thereon after the circuit etching process. Thus, a red-treated copper
foil that is free from such "discoloration streaks" and "discoloration spots" is
being demanded.

35 [Prior Art Documents]



rustproof layer consisting of a mxed filmof chrom um oxide and zinc
and/or zinc oxide is provided on the plated |ayer essentially consisting of
cobalt and 30nickel; 3) The surface-tgeated copper foil rCROAINYASs 2)
above, wherein a silane coupling agent is provided on the rustproof |ayer;

and 4) The surface-treated copper foil according to any one of 1) to
3) abol14wheraent Daewbert Hg Japearesediaid-QiientRatentRublicatiomn hloe 85811 45789 7

8730, ;35wh i £ of t f I herge r rougheni ng
troat ment 1o gy SR 57 I SR c 0N So 3 RBR i P er ence
after perfor [RatgntDeciment 3t UaganesesRatent ApicatioreNdi Hg-1200%t pr oof ef](‘je_ct R
i dditi 1 h er_roughening trea expressed in
E(B). arid KaBiS et HeS e et saten K5 HE ReeeS Ts 2 or more
ands 9 or | esfRat&fBsurkdEnt! SYVEATAKSNe[RReH Plgication NeeHbLRedxed copper foil of

the present invention, in which a cobait and nickel layer is fornmed on the
surface of a copper foil that was 10 subject to copper roughening

treatment, and a rustproof '@YI@IMAIQY@WINV%WI&)N formed thereon as needed,
an

has superior alkali etching properties, mal nt ai ns favorabl e

characteristics of hydrochloric acid resistance, f heat Lesi st anCﬁ and
h I st A i 0i | Jows for achieving t surface
of o T Aol or - DeapanashORr S BRBRENMawrRoR 8 6T ek % Pk TsREd cea
i nl@ he presecopperv éait, i whicheinSSISupBriel! @Raible‘mﬁgﬁg Cpmlﬁl : iéletdndOYr?a;]infa?rhéE ﬁg
foil d. In order to inprove, fhe peeling stren o]
coneer tor1 Bibatie Htant Al S HIBER ] R astar S nge shaca
with the resiaatiaseredrt@idedl anddreiich e faeHABREE s Yl fRCEOR ?v@ﬁréh?pj)er

f:
foil, is normally subject to copper roughening treatnent in wh
ei ectr odeposP‘?lPQig and pekelolaied inhermnechensiner aedacs oA alegpeerstall tappeas 0

O 2ok BRSO BSD SRR e EAASARE <L RRAEBTERRT 4 bBBuBhafobec
el Ect r odeposfioried.thereon as needed.

[0016] In order to achieve the foregoing object, as a result of intense study,
the present inventors discovered that, by forming a plated layer of cobalt and
nickel having an appropriate composition, it is possible to maintain favorable
characteristics of hydrochloric acid resistance, heat resistance, and weather

20 resistance, and cause the surface of the surface-treated copper foil to be a
red color.

[0017] Based on the foregoing discovery, the present invention provides:

1) A surface-treated copper foil, wherein a plated layer essentially

consisting of cobalt and nickel, in which a total amount of cobalt and nickel is
25 75 pg/dm? or more and 200 ug/dm? or less and Co/Ni is 1 or more and 3 or

less, is provided on the roughened surface of a copper foil;

2) The surface-treated copper foil according to 1) above, wherein a

rustproof layer consisting of a mixed film of chromium oxide and zinc and/or

zinc oxide is provided on the plated layer essentially consisting of cobalt and
30 nickel;

3) The surface-treated copper foil according to 2) above, wherein a

silane coupling agent is provided on the rustproof layer; and

4) The surface-treated copper foil according to any one of 1) to 3)

above; wherein, according to a color difference AE* based on JIS Z 8730,
35 when a color difference after performing the copper roughening treatment is



Nor mal copper plating or the Iike may be perforned as the pretreatnent
before the roughening process, and/or as the finishing process after the
roughening process. The contents of the treatment may be mti/girohyordizts er ent
between a rolled copper foil and an electrolytic copper foil. In the
present invention, publi cly( known treatnents rel ated to copper roughening

i ncl udi ng, a$XBiRsEedr intAE™(Bhe & gadefoidifterpnee r alig mmerfoaming iei?stmrglgting t
i . . B per | [ nent.

P0020] The 1ol oo to{iiHirisha FhEBodr ety b GddRRAPE, oo RRIG R, onBE cor

rougheni ng t regghening tateenéris expabsecliy KioYB),capded BI(A) +ngd E*(B) is

7PCMP2010/ 0727 treat y oncyrrentl formed in the copper

r ougheni ng t%égfeﬁ‘éﬁ&.m g%@sﬂréﬁﬁ i OEWé’é‘?%ﬂﬁt(?d%I.esio to 25 g/1._ H2SO4:
20 to 100 glL Tenperature: 20 to 40C Dk: 30 to 70 A/dnR2 Time: 1 to 5
seconds [00211ln the present invention roughening treatnent is

copper
per fornmed, and aEliﬁ%@&PEHWEREB@éhu ally consisting of cobalt

and nickel is thereafter 10fornmed. The cobalt and nickel plating conditions
are as follows: Cobalt-nickel plating Co: 1 to 30 O. N: 1to 30 g/L.
Tenper BOi®le: 30 t ol B®GUplacedranted ®pper foil of the present invention, in which a

cobalt and nickel layer is formed on the surface of a copper foil that was
10 subject to copper roughening treatment, and a rustproof layer is additionally
formed thereon as needed, has superior alkali etching properties, and
maintains favorable characteristics of hydrochloric acid resistance, heat
resistance and weather resistance; and this copper foil allows for achieving
the surface of a red color.
15
DESCRIPTION OF EMBODIMENTS

[0019] As the copper foil used in the present invention, either an electrolytic

copper foil or a rolled copper foil may be used. In order to improve the

20 peeling strength of the copper foil after lamination, the surface of the copper

foil to be bonded with the resin base material, namely the roughened surface

of the copper foil, is normally subject to copper roughening treatment in

which electrodeposition is performed onto the surface of a degreased copper

foil to obtain a knobbed copper surface. The foregoing electrodeposition of

25 knobbed copper can be easily realized by performing so-called dendritic
electrodeposition.

Normal copper plating or the like may be performed as the
pretreatment before the roughening process, and/or as the finishing process
after the roughening process. The contents of the treatment may be slightly

30 different between a rolled copper foil and an electrolytic copper foil. In the
present invention, publicly known treatments related to copper roughening
including, as appropriate, the foregoing pretreatment and finishing processes
are collectively referred to as the "copper roughening treatment".

[0020] The following conditions may be adopted as an example of the

35 copper roughening treatment. Moreover, a publicly known copper plating



Dk: 1.0 to 10.0 A/dmi Tine: 0.5 to 4 seconds [0022] The foregoing
cobalt-nickel plating is an inportant requirenent of the present
invention. Specifically, based on the 7 oregoing plating gangifgleis7Eor med
is a plated | ayer essentially consisting of cobalt and nickel in which the
total anmount of cobalt and nickel is 75 ug/dn2 or nore and | ess than 200
hi gi cl 2 andtreatmignt may ber cormuereatiy p@rformedss the copper roAghaningdrdatmeht.

adj usting each anp be within the foregoing range, it is possible to
obtain a surface-t¢§épégr°é‘ggﬁgmgft6??tm%i ch has superior alkali etching

properties and nmai guai0so Rgvyprabl e characteristics of hydrochloric acid
resi stance, heat reséét_ance and weat her resistance, and of which the
surface takes on ae 4&98}10@9623] Thereafter, rustproof treatnment is

perforned as needeﬁe,{ﬁPgrd%,%ﬁ eprigdigeast proof treatnment in the present
invention is coating treatnent with the m xture of chrom um oxide and

zi nc/ zi nc oxi de. TRKs3@b&arPAddmieatnent with the nixture of chrom um oxi de

and zinc/ zinc oxi i t to forma rustprc..)of layer of a
zi nc- chr omat e- basgﬁﬁrﬁs'ggtgréeg%% ed]stof zinc or zinc oxide and chrom um oxi de

by way[0o21]el ect r oplnathenpresenthvenfibat cogpdraicigheningi théatgnetitris peaformet, zi nc
oxi de and chropate, . PCT/JP2 0/ Q072755 . . As th | ati bat h,

represent at i 98333 lpé%tadﬁgygr Fexertially eniisting of i°8ha§f£ npc@%gtls dherepftem

bi chr omat e sfigheds K2Cr 207 and Na2Cr 207, or Cr03; at feast one from sol uble
zinc salt such as ZnO and Zn804. 7H2O, and al kali hydroxi de or sulfuric
acid. r)[00241The HaprekalhandiniekehplatingFanditionsarip@sifollewsand el ectrol ysi s

conditions are as WS- 207 (Na2Cr202, C03): 2 to 10 g/L NaCH or
KOH or H2SO4: 10 t%8%%@g}%ll_(e§ﬁ%h§g ZnSH4. 7H20: 0.05 to 10 W_ pH 2 to 13

Bat h Tenperature: @0 tt080@/ICurrent Density: 0.05 to 5 Aldn2 Tinme: 2 to 30
seconds Ni: 1 to 30 g/L
15 Temperature: 30 to 80°C
pH: 1.0t0 3.5
Dk: 1.0 to 10.0 A/dm?
Time: 0.5 to 4 seconds
[0022] The foregoing cobalt-nickel plating is an important requirement of the
20 present invention. Specifically, based on the foregoing plating conditions,
formed is a plated layer essentially consisting of cobalt and nickel in which
the total amount of cobalt and nickel is 75 pg/dm? or more and less than 200
ug/dm? and Co/Ni is 1 or more and 3 or less.
As a result of adjusting each amount to be within the foregoing range,
25 it is possible to obtain a surface-treated copper foil, which has superior alkali
etching properties and maintains favorable characteristics of hydrochloric
acid resistance, heat resistance and weather resistance, and of which the
surface takes on a red color.
[0023] Thereafter, rustproof treatment is performed as needed. The
30 preferred rustproof treatment in the present invention is coating treatment
with the mixture of chromium oxide and zinc/zinc oxide. This coating
treatment with the mixture of chromium oxide and zinc/zinc oxide is a
treatment to form a rustproof layer of a zinc-chromate-based mixture made of
zinc or zinc oxide and chromium oxide by way of electroplating using a
35 plating bath containing zinc salt or zinc oxide and chromate.



Anode: Pt-Ti plate, stainless steel plate, etc. 15[0025)CGenerally speaking,
the plating anmount of chromumoxide is within a range that the plating
amount of chromiumis 15 pg/dn2 or norge, and the plating papwo1@b7zE6C i S
30 pg/dn2 or nore. The thickness may differ between the roughened surface
side and the gl ossy surface side. As the rustproof nmethod, the nethods
descri bed i n Japanasetheatpdating?uidth c aepmaseNativelB8aRed0 %/ ,a Japade aqulatint

Publ i cation 861-.3 and .Japanese Patent, Publicatjon . 862-14040
may be used. %18'““%9]0]‘1%38%%%8%? f'i‘ocg'i[‘) ﬁ"@l&?’éﬁaﬁ%a%‘% a3 ké@&@ %Td\j&ﬁé 2bGvEr has
thermal peel OnQ;sat least bne Grondabiuble ringissitanen A Enly8H@ZHIST#PHAD] &hd
resi stance thﬁ(t&"are conparabl e to the case of performng Cu-N treatnent,

enabl es et chPR@liTWererde ceguifpicasids having a pattern of 150 pmpitch or
I . o . ! . e . . eal i
ess Wdobsgja )Tﬁ%?h?ﬂ%ssﬂkééfvzeo%la g ad 'cBQﬁ{ds%ﬂJﬁa?aﬁ(’i’p%rlécﬁfoéﬂlga :

etching properties. etchihg sol uti or instance,
sol ution (tefpediions areesfolyyssi sting of NHAOH solution with 6 rnol /L,

NHACI solution wt sol utd with 2 nol/L is known,

30[ 0026] As needed,Rééglﬁﬁgwgg(?rgg%‘%ét")'2ft8;rgpp§/3'7i ng a silane, coupling agent
on the plated | ayeNa@#senKCH by He805i1 $0 taxg0afL cobal t and ni ckel or on the
rust proof |ayer fo dt o] b erformed in order to inprove the
adhesi on bet ween t%@ﬁpﬁﬁgfgﬂﬁo&ﬁbw 84i n substrate. The

appd i cati on nethodpjaf 2thgasil ane coupling agent may be any of the

foll ow ng; nanely, spraying, application with a coater, dipping, pouring or
9PCT/ JP20101072755B@thelemperatynex afie 897 C[ 0027] The present invention i s now

expl ai ned based OnCBHFPEﬁ@HEiItﬁSO.@‘S'?o mfﬁaati ve Exanples. Note that these
an

Exanpl es are nerely illustrative, e present invention shall in no way
be linted therebylime 2otohdl seeordts, vari ous nodi fications and ot her

enbodi nents based 1ey,technical .spiri lai,med in the clains shall be
i ncluded in the pr%@%i%!eethﬁ@qﬁeoﬁ{aéégﬁs ﬁfﬁegggt%'f&f?our se. ()[0028] (Exanpl e
1)15  [0025]|Copper r@egdeilly Rpchkigt N platiag Me6hHR sshrbmidndides wrRpes foil

under the foregoi &lga}téﬁgr mal.) conditions Tor causing copper to be adhered in
an anount of @Y -Platig pmmtyefsenragividsist he ieddme rorpaprerandi thesased

on the foregglafidgCaR j ol i oy} - PBS, e t g
anount was 1?1 p%/drrghggdwt%h@é r%?c‘?eluég?@t irtsr:rgﬁ‘le??rr%ungm\%algFf Sg/@lﬁg,alﬁg{er
further watePeties g reughenedosurfaceasisienanddbe rossy sedacaisiiea SAd e

COnE e B SRR e 08 0 S BN Pt e ana
t h& ni ckel pS&8inF7andapenede Paaentl Publightitr?, Nand6I88D08@an. F9pansss
Thvent on: - naRery Pibfitatadt o® BhetH IR asa tSohd i ckel 15 75 pgldme or
more and 200 pg/ dmhedEops&iStoiltaiked Ms 4 FeshilObf tRrgbddiethas MHerh@F Peeling
strength, oxidation resistance and hydrochloric acid resistance that are
comparable to the case of performing Cu-Ni treatment, enables etching the

25 printed circuits having a pattern of 150 pym pitch or less with a CuCl, etching
solution, and additionally has superior alkali etching properties. As the alkali
etching solution, for instance, a solution (temperature 50°C) consisting of
NH4OH solution with 6 mol/L, NH4CI solution with 5 mol/L, and CuCl, solution
with 2 mol/L is known.

30 [0026] As needed, a silane treatment of applying a silane coupling agent on
the plated layer essentially consisting of cobalt and nickel or on the rustproof
layer formed thereon may be performed in order to improve the adhesion
between the copper foil and the resin substrate.

The application method of the silane coupling agent may be any of

35 the following; namely, spraying, application with a coater, dipping, pouring or



[0029] Using this surface-treated copper foil, the color difference AE*
based on JIS Z 8730 was exam ned. The M ni Scan XE Pl us col ori neter

manuf actured by HunterlLab was used togreasure the col or didtfigrenge2748ter
the calibration work before the neasurenent using this colorineter, the
color difference AC(A) of the copper foil to which only the copper
rougheni ng t trealikeent was perfornmed was neasured, and the col or difference
E' (B) of 30the foregoing cobalt-nickel-plated copper foil was thereafter
nmeasured so as to cal cul ate AE(C) based on AE*(A)-AC(B)=AE*(C). [0030]In
addi tion, thL@xaﬁﬁm@g}:e-treat ed copper foil was adhesively-lam nated onto a
gl ass cloth base epoxy resin plate., This was,subjﬁgct to nme ureant of the

nor mal [00RBom t enpefhe Pregenidavemiprsier ko ExPaiee RpsedhsEguERMP'es ¥ 1 at e

of deteriorati [ Q¢ iC i kSt abesn t &y 3 ;
10PCT/ JP20 105:I 8%@“%%@%8% hr(\alagéegﬁtﬁtgbé% rengt eﬁ@gf é?gr ﬁl]:(J?i?%gi I%Sttraﬁgeé

f or egoi ng | aandabe present imeXtiopdyhadtih oo waubedingtsduthieseby. orn Dlipyworgsi ng a

ircuit havipg.a width.of. 0 2 d i
"esi st ance. wad Ot MGACpRcalion Y phBBalb fnb o LB, RETPRARCRLSPRE,
180C x 48 hogrsmudiimghecleimns shall havincigdad wh tdpafsehdinvention asraieatteo of

exam ne the weat her resistance, the scroll-like surface-treated copper foil
was pl aced i ROW$S ncubat or under an atnosphere in which the tenperature is

606, anﬂ,o%]e EE%fﬁFrew)i s 60%to inplement a weathering test. ;0031]In the
weat hering test, the 'scroll-like surface-treated copper foil was set for a

hol ding tinme correSpppei RHUcherdw depémantweast prifaraiasytr Rg'AleAdERRSH IOl and
h 1= face-1. £ o | - . Th
M e e S R e i e

surface-trea copper S ev I'e) en no
di scol or at i oanvwasoohs exfva@l mg/drite amdighatee dvashingoeas dhedresftar uearéumesl. " x"

i nferior en it di ot nmeet the, foreqoing condition. o] to
(exam' ne t?lewglaﬁﬁfiio%ttgﬂi ﬂbegrﬂ‘%é;rotbiagg?'c‘f%eolgﬁ?q FOLAONS é@gc%%ﬁ‘grﬁ'g@‘f‘ﬁﬁ was
di pped for 3@nRREOVER 1M @gdaald thet Bibkelplstidiamennt vasTrer @g/dne. 5@@er
consi sting of NE140bl solution with 6 non, N -14Cl solution with 5 nol/L,
and cud 2 sofuthesnwaterhwashilg, mistPreat tatMest - Was ALWPIEEEpaaNg @ 1SilRs

eval uated as_. Q. ; rgsi | hfRiGRE -
particles onc?ﬁ%llr%%égbﬁﬁﬁ Sygrg‘?%%ée}?ryzggﬁgda{y&gt gﬁégg% " pf( " (@ i ﬁ%@r)
when it di d naokehplted bepperfegoi ng condition. [0032] The foregoing results

oo meae ST RIS ol b B AP B BRI BR B o
ACLE), t1C(Cwasadss, pghichd hend el Was 11.50r f dhes tsacflacerirezfied acappief doh r ed
RN L T R 11
the eval uati @gpaaHbtni¥es is 5 pg/dm? or more and 200 ug/dm? or less, and Co/Ni is
1 or more and 3 or less.
[0029] Using this surface-treated copper foil, the color difference AE based
25 on JIS Z 8730 was examined. The MiniScan XE Plus colorimeter
manufactured by HunterLab was used to measure the color difference.
After the calibration work before the measurement using this colorimeter, the
color difference AE (A) of the copper foil to which only the copper roughening
treatment was performed was measured, and the color difference AE’(B) of
30 the foregoing cobalt-nickel-plated copper foil was thereafter measured so as
to calculate AE'(C) based on AE (A)—AE (B)=AE(C).
[0030] In addition, this surface-treated copper foil was adhesively-laminated
onto a glass cloth base epoxy resin plate. This was subject to measurement
of the normal (room temperature) peeling strength (kg/cm). Subsequently,
35 the rate of deterioration in hydrochloric acid resistance was obtained by



The rate of deterioration in hydrochloric acid resistance was 1.4% and the
rate of deterioration in heat resistance after 48 hours was 14.7% The
copper foil had favorable hydrochl orit0acid resistance amCTWFa010/@&2r5st ance.
I n addition, residual roughened particles were not observed after dipping
in the solution, and the evaluation result with respect to the alkali

et chi ng pr operedsesngetbe pasDgPstengih7afters dippiry the Koledoingrila@inate gRaAR . 35

e R A AL o GHRN) Ehi s R i S
(Tabl e cordemim, Bhdl g Sratd ] ofCaletaridPabddh Jmlhéat??ds&tﬁihcéZwas obtained by
measuring the peeling strength after heating at 180°C X 48 hours using a
5 circuit having a width of 10 mm. In order to examine the weather resistance,
the scroll-like surface-treated copper foil was placed in an incubator under an
atmosphere in which the temperature is 60°C and the humidity is 60% to
implement a weathering test.
[0031] In the weathering test, the scroll-like surface-treated copper foil was
10 set for a holding time corresponding to 30 days under the foregoing
conditions, and the scroll-like surface-treated copper foil was thereafter
wound off. The surface-treated copper foil was evaluated as “O” (favorable)
when no discoloration was observed on the roughened surface, and
evaluated as “x” (inferior) when it did not meet the foregoing condition. In
15 order to examine the alkali etching properties, the surface-treated copper foil
was dipped for 30 seconds in an alkali etching solution (temperature 50°C)
consisting of NH4OH solution with 8 mol/L, NH4Cl solution with 5 mol/L, and
CuCl, solution with 2 mol/L, and the surface-treated copper foil was
evaluated as “O” (favorable) when there were no residual roughened
20 particles on the copper foil surface, and evaluated as “X” (inferior) when it
did not meet the foregoing condition.

[0032] The foregoing results are shown in Table 1. As shown in Table 1,
according to the color difference measurement based on JIS Z 8730 and the
calculation result of AE (C), AE (C) was 8, and the copper foil surface took on

25 a uniform red color. Moreover, the generation of black colored "discoloration
streaks" after the evaluation of the weather resistance was not observed at
all, and the evaluation result was “O".

The rate of deterioration in hydrochloric acid resistance was 1.4%,

and the rate of deterioration in heat resistance after 48 hours was 14.7%.

30 The copper foil had favorable hydrochloric acid resistance and heat
resistance. In addition, residual roughened particles were not observed
after dipping in the solution, and the evaluation result with respect to the
alkali etching properties was “O”.

[0033]
35



151 115 114 1149 5,9 125 102 1.39 2.05 2.83 3 -51 076 Rot e of
detef:ontion h7dro: 313511e3. 5si5tano5 (1') 1.4 2 2 55,2 6.5 5.5 Ral.5 of
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[Table 1]
Ni Co Co + Ni| Co/Ni Rate of deterioration in Rate of deterioration | Weathering Alkali Color
content | content hydrochloric acid resistance | in heat resistance test etching difference
(%) (%) properties AE*(C)
Example 1 70 111 181 1.59 1.4 14.7 O (@] 8
Example 2 37 73 110 1.97 3.2 19.4 O (@] 6
Example 3 28 52 80 1.86 4.9 20.0 (@] (@] 3
Example 4 38 38 76 1.00 5.5 21.0 O O 3
Example 5 50 150 200 | 3.00 2.5 15.2 @) 0 9
Comparative
Example 1 0 0 0 — 5.2 35,0 x O 1
Comparative
114 114 . 29.0 6
Example 2 g £ 6, o N
Comparathe | g5 | 774 | 1149 | 2.08 1.0 220 o x 12
Example 3
Comparative
- 25.0 3
Example 4 16 43 59 2.69 5.5 X 0
Comparative
7
Example 5 35 130 165 3.71 1.3 29.5 o) o)
Comparative
) : 25.0 4
Example 6 60 42 102 0.70 5.5 o)

[0034] (Example 2)

w

Copper roughening treatment was performed to a rolled copper foil
under the foregoing (normal) conditions for causing copper to be adhered in
an amount of 20 mg/dmz, and water washing was thereafter performed.
The two-stage plating was performed based on the foregoing cobalt-nickel
plating conditions, and resulted in the cobalt plating amount being 73 Hg/dm?
10 and the nickel plating amount being 37 ug/dm?.  After further water washing,

rustproof treatment was performed, and a silane coupling agent was
subsequently applied and dried to produce a cobalt-nickel-plated copper foil.
The total of the cobalt plating amount and the nickel plating amount
was 110 pg/dm?, and Co/Ni was 1.97. This surface-treated copper foil
15 satisfied the conditions of the present invention; namely, the total amount of
cobalt and nickel is 75 pg/dm? or more and 200 ug/dm? or less, and Co/Ni is
1 or more and 3 or less.
[0035] Under the same conditions as Example 1, the color difference AE (C)
was examined, and also the rate of deterioration in hydrochloric acid
20 resistance, the rate of deterioration in heat resistance after 48 hours, the
weathering test, and the alkali etching properties were examined. The
foregoing results are shown in Table 1.
The color difference AE(C) was 6, and the copper foil surface took
on a uniform red color. The weathering test results were also “O".
25 The rate of deterioration in hydrochloric acid resistance was 3.2%,
and the rate of deterioration in heat resistance after 48 hours was 19.4%.



feS5-1. 0 O flI 1115:8 etch; no properties (15 0 O O O 0015r differencf-,
5E1(01 11 12 4 [0034] (Exanple 2) Copper roughening treatment was
performed to a rolled copper foil undgxr the foregoi ng (necmasb}oiomadidsi ons
for causing copper to be adhered in an anmount of 20 ny/dn2, and water

washi ng was thereafter perfornmed. The two-stage plating was perforned based
on the foregbhegcombel tfoihi bae| favoasihlag hydrabhiarenscidintesisianta eand nheale

cobalt plating. t ing...73 pg/ [ 2 t i t bei
37 pol dhe. ARSIstAT 1B cdien. TEsHIRL FoRglatt P, ARt hRE PSRN, e
and a sil aneafestugiphiit) agené seagiosy karitenteviiuabiphi redukngitidresedtooptheduce a

cobal t - ni ckel - pl ated copper foil. _ The total of the cobalt plating
amount and t#Kakhetabtdng proparigp WABUM - was 110 pgi dn2, and Co/ N was 1.97.

This sl;%g@ceg_txr ¢f3§|§%ﬁcopper foil satisfied the conditions of the present
invention; n n’gl , the total anount of cobalt and nickel is 75 pg/dnR2 or

more and 200 pg/ drfRoppen wsighening Taamentswas perigsnedaoi d ralles copger foil
[0035] Under  { e SREFofRUThG (981t BRAHBAE fdr cdlding BbBetid & aRERd O
an amount of 20 mg/dm? and water washing was thereafter performed.
The two-stage plating was performed based on the foregoing cobalt-nickel
10 plating conditions, and resulted in the cobalt plating amount being 52 pg/dm2
and the nickel plating amount being 28 ug/dm?®.  After further water washing,
rustproof treatment was performed, and a silane coupling agent was
subsequently applied and dried to produce a cobalt-nickel-plated copper foil.
The total of the cobalt plating amount and the nickel plating amount
15 was 80 pg/dm? and Co/Ni was 1.86. This surface-treated copper foil
satisfied the conditions of the present invention; namely, the total amount of
cobalt and nickel is 75 pg/dm? or more and 200 ug/dm? or less, and Co/Ni is
1 or more and 3 or less.
[0037] Under the same conditions as Example 1, the color difference AE'(C)
20 was examined, and also the rate of deterioration in hydrochloric acid
resistance, the rate of deterioration in heat resistance after 48 hours, the
weathering test, and the alkali etching properties were examined.
The foregoing results are shown in Table 1.
The color difference AE(C) was 3, and the copper foil surface took
25 on a uniform red color. The weathering test results were also “O".
The rate of deterioration in hydrochloric acid resistance was 4.9%,
and the rate of deterioration in heat resistance after 48 hours was 20.0%.
The copper foil had favorable hydrochloric acid resistance and heat
resistance. In addition, residual roughened particles were not observed
30 after dipping in the solution, and the evaluation result with respect to the
alkali etching properties was “O”.
[0038] (Example 4)
Copper roughening treatment was performed to a rolled copper foil
under the foregoing (normal) conditions for causing copper to be adhered in
5 an amount of 20 mg/dm?, and water washing was thereafter performed.



was exam ned, and also the rate of deterioration in hydrochloric acid

resi stance, the rate of deterioration in heat resistance after 48 hours,
the weathering test, and the al kali eyghing properties weig @eeqv/dvedss The
foregoing results are shown in Table 1. The color difference Ar(C
was 6, and the copper foil surface took on a uniformred color. The

weat heri ng t &he timessthge pletirg atesope@ormed based o ttlee fategoofy debalt-nmket i on

in hydrochlorjc acid resistance s, 3.2% and the rate of . deterjioration in

eat ' o) ot aRELnEroar RS 07 SoolEn S et cobphmalnbasoeRbs S RecE HEtk D per

foil had favapalhe nleker g@hhgrdnﬁolﬂ%ewg B8t RNGR2 andftbeRirthee WaldaRashingn

addi tion, residual roughened particles were not observed after dipping in
h

t he sol uti onfUSHN@Of hiseaimgniaiasn Resonmedy and raspilane t@uphed apganti vhi ng
properties o i ng%_- 1 [ t ment
wagrpperfor n‘é’%&?%éhgern@?%??l%%%ég:mleg li%)purg lé(r:e ?he g?ﬁ%%?ﬁgé}?ﬂﬁggﬁﬁﬁ
conditions for caukhédotabppthe cobale ptadingr@vount and Aheuvigkedbplatmgngmennt and
wat er washi n t t r ) e t¥o-s i_ng f or med
based ont hePby Lgoldgtorid rrAReraS; 1000y Tihct RfetrBiis” b8BT R
the cobalt phatisfied theotorditisrisngf e pesdntirvedtibivenamnelye theptatal agoanbuoht

por f or medl afebalt 8nY dlfeket BGP o ag Gh e SR LELRRR LG § I e R & i ed
tojproduce aqepbable-diLEerigdsated copper foil. The total of the cobalt

pl ati ng anount and the nickel plating amount 15 was 80 p(g/dmz, and, Co/ Ni

was 1.B639Thi s surlfader theesared coogitiensfasi Examplest.ithg aolyr dber@incedds (6F t he

Ci > H . . ¢
gt ame. or moreSane 3Bty raloSsh I AL ety BT HyBldthRrc Bl
| ess. [0037] tewiktantd)ethearate condetarionsticas irEhaaplresistancheafter 48 bhurEetlece

AE(C) 20was exam ned, .and alsqg the rate of deterioration in hydrochloric
Soi 0 s o aeaneting (Sl i thet ikl et Uho | FToRBHIES aTE  SrBingRy or R
howss, the weréfsingnestieshre shsivit eTadlkal i etching properties were

exam ned. The foreﬂgei ng results are shown in Table 1. The col or difference

bl
AE(C) was 3, and thee &BiRediffesnceshie fae avasodk ap8dhe £IPRES SPISHEACR 8P . The
weat her i ng tSﬁta lﬁJﬁﬁHH red'&dl6r. alﬁ%i";'gé}qhegﬂg t?ﬁ[ reﬂ]ﬁ‘s W@?é‘g%fo ‘@i.er loration in

hydrochl oric acid resistance was 4.9% e rate of deteriforation in
heat resistance afthe ra@ hbdeterigasti@0.in%ydmehledppeid fesdistaheel ias &bl e

e o e e S0 AL S aAa TR TGS ol Al e 0%
't'hgo eval uati Oher esppér Woll hhads feairable tHyeredialic atidhiregistanopeahideheats
(S [O0REL LB e s i6oEB goraEL b e BB g
copper to beafsthalgpthd ™ aRe BN, OAnd O H\ANtatioRN bt Gith WasPeadtdVaise
t hereafter perforned.
alkali etching properties was “O”.
[0040] (Example 5)

25 Copper roughening treatment was performed to a rolled copper foil
under the foregoing (normal) conditions for causing copper to be adhered in
an amount of 20 mg/dm?, and water washing was thereafter performed.
The two-stage plating was performed based on the foregoing cobalt-nickel
plating conditions, and resulted in the cobalt plating amount being 150

30 ug/dm? and the nickel plating amount being 50 ug/dm?.  After further water
washing, rustproof treatment was performed, and a silane coupling agent
was subsequently applied and dried to produce a cobalt-nickel-plated copper
foil.

The total of the cobalt plating amount and the nickel plating amount

35 was 200 pg/dm? and Co/Ni was 3.00. This surface-treated copper foil



13PCTI JP2010/ 072755 The two-stage plating was performed based on the
foregoing cobalt-nickel plating conditions, and resulted in the cobalt

pl ati ng anount being 38 pg/dn2 and thegni ckel plating ampgiiipbeione234$s
pg/dn2. After further water washing, rustproof treatnent was perforned, and
a silane coupling agent was subsequently applied and dried to produce a
cobal t - ni ckekauﬁﬂeﬂetﬂecmpﬂhlorfsobﬂ the present inUeatidt mhmely, theetatalbainbupt af i ng

anount and th upt was 76 n2,  and [ Ni - 00.
Thrs sur f acetavabsnd ridkishis 78 o nr Siecndhe0d ot r B3t apfiE oy Bone
i nventi gnzogqua?lny%rrer}zg]ﬂ gibtrqaéssarmgntcoﬂ\l coballt and ni ckel is 75 pg/der or
nore an prg or €ess an | 1S or or

[ 0039] [0A¢Er t he sadedeiiei sarpasonditiora s xamplenb tB@lC@#OfcﬁlW@ﬂéﬂé\eE o
was- exam ned n h aLe.o0 [ yidr

resi st ance, Y"ﬁg rg)a(t?hﬁ%& dg ér%%?azd?égﬁra%\ ﬁ;%@e[bsf?{sl%ﬂn@eﬂgw&m& %gﬂj rs,

t he weat heri re@lstasd:e, tved rateeofab kt@riorattcrhimdpept opeistanes aiare48xwtiraethe The

f oregoi ng resul are, shown i The col or_differen E'"(O
was 92 and” DREaltisRer 9 18, P ko srching pranp RS iRk efipingrhafhe'
weat hering tfsé <5|agué§§|t9/\@|reesr&jv$rom Table 1. The rate of deterioration in

hydr ochl ori c aC| d resi stance was SCV&band t he raée of detfcy[)l oration | n

heat resistance aftR® C@@r%ﬁ?@r\%@@i sasnpy angrne COppef feibsHITRgR) took

fayerabl e hyeﬁ%%mlﬂfrhpre%c@or esinel RESMPcRRg tbadbsiks hvetaare «¢n addition,
resi dual roughened particles were not obsérved after dipping in the

sol ution, and the %lra@t pHdetesinnatiormiin Mydesghdenic e6id rrReistPRE® iWag am%g

properties wasy [tRig‘%%e PRl ﬁgﬁ%n in J}eerattrﬁgg%gfcregéﬁ%g2§mms|v§/§con € ons

performed to aro copper nor ma
for causing Thepeopper Heilathdr éavdrablen Mauieestilond Qﬂdngésis«lﬁncandnd/aheat

washi ng was t hereafter erforrre e two- was rf or ned, based
on the f oreg'EﬁSr'ﬁja'E%all Ao desiHugy reOaRe g YRS e rRE o e
copalt platiggem g eitR8 oMo ampAisEvanshtionerdyuik@lth Peapbagtcamaint

bei ng 50 pg/dn2. ter further water washing, rustproof treatnent was

perforned, aalakeighing BreRRIPEs W@sa§ent was subsequent !y applied and dried
to pro afyed copper foil. 14PCTI JP2010/ 072755
! @Hgﬁt 8 ﬁ%ﬁa;tﬂb%&i |!9|'e 0 ! :

sati sf I ons presentinvention; nanely, the total anount
of cobalt and ni cKélithi @oﬁqumgil\!ejﬁxamplan‘r ea antle@ G@ppes doik vaas luesd, asaird
CoThi is 1 OE f a,lnd 3,0r leﬁﬁ L %/va der the sarﬁ% con |t|tonstas

Exanmpl e 1, &908%r ’d?'f“f"etaén AE ? BRI n EF OGN S RE VR of
degeri or at i operfornhedlfec Bhasing @qdpérrtestbétameeed tihearr ahmumft afe2@mh@daii on in
heat resistance after 48 hours, weat heri ng tg}eé Re al kal i etch| ng
properties Elo A% H&ja”ﬁhBJSft%rPQ dreimess ere c3 V\He Armeg and a

The col or di §jf ee%ﬁﬁr‘l’r%\e%en‘ﬁﬂﬁag sUBREqLERI L}f%%édf&hél dridd Q@eprbﬁglfeoé‘ a

uniformred col or athering test results were al so
rate of det efdughenedredppeh foif. oclb\lhdﬁr ibeasarde esdiicasas E.a@mples% thﬁwqolphe

e ot AT ke SR ARB" Tl ke Bl oo Alen ¥ ce
| n2@addi t i on, hydrecHioaic amdlgdaa'smhcpat‘rte cdte of wiateriorationlirs eat cesistance after
48 hours, the weathering test, and the alkali etching properties were
examined.
The foregoing results are shown in Table 1. The color difference
AE'(C) was 1, and the copper foil surface took on a red color that was more
30 brilliant than Example 1. The rate of deterioration in hydrochloric acid
resistance was favorable at 5.2%, but the rate of deterioration in heat
resistance after 48 hours became considerably inferior at 35%. In the
weathering test, "discoloration streaks" were observed and the evaluation
result was “x”. The alkali etching properties were evaluated as “O”.

35 [0043] (Comparative Example 2)



15 after dipping in the solution, and the evaluation result with respect
to the alkali etching properties was "0". [0042] (Conparative Exanple 1)
Wth Conparative Exanple 1, a rolled ¢ppper foil was usepmEgrbmioramy e 1,
and, as with Exanple 1, copper roughening treatnent was performed for
causi ng copper to be adhered in an anount of 20 ngidnR. Water washi ng and
rust proof treat netVithe€Contpzeathaf Eammpde fHraradllecrdppes ifdiameasc osgd iasginagent

was subsequent | ied,and drjed to produce a roughened copper foil.
Under the osmeetpfint| S1e 38 Wb ErameR M cCihults: FuRPEDFS, (53R Yas
exam ned, angedbd$ed Ret daisthPEosiadrabiby adherediin dnyainmeciht ef 26 né§/teh?, but

resistance, the rate of deterioration in heat resistance after 48 hours,
the weat heri W§ Fesplating Rragntaves 0 dmn@ngr tiseMNt piatingearpodRwag el 4

The; f or egoi ng /d‘ﬁ@‘ééq%ré‘ihg t?*iﬁ’é"?ar‘n gﬁtlﬁbefoﬂowfﬁgqli&-ﬂi%ﬁatmgfécﬁfo@t%. AE (O was
1; and the co%per foll strface took on a red c¢olor that "was nore 3,0
brilliant than Exahpg platingToeaditone wiéredast fotlpwsat i on i n hydrochl oric acid
resi stance was favg&.a%lte gt .2% but the rate of deterioration in heat
resi stance after 48" h u?g t% ame considerably inferior at 35% In the

weat hering test, "Mi90db@0agion streaks" were observed and the eval uation

result was "x ". E'Eflk Ii etching properties were evaluated as "0",

[ 0043] (Conparati | ﬁ‘hgl e 2) 15PCT/ P2010/ 072755 Wth Conparative
Exanpl e 2, a roll efbrapdR@liref 20ltowascused as in Exanple 1, and as with
Exanpl e 1, copper roughening treatment was perforned for causing copper to
be adhered in an dA®u tQ)W%édfﬁg/der, but the Cu plating anobunt was 10
rng/ drn2 and the ﬁ'in{%]l'%tﬂo@s t was 114 pg/dnR according to the range of
the followng Cu-N"'plating conditions. The plating conditions were as

fol | ows044Tu: 5 t o Uedey theNamd@onditidfs gsLExdinple t,ché chliratiffercacardE (@D to

40cC Dk: 10 to 30 A/ dnP, Tine: tq 5 seconds, [ 0044] Under  t he ne .
condi (1 ons aUSEXSXANIICE. BHE aBPofhel e inde AR eoneld BYIRAENE A5 al so
thes rate of @eistaned, athieoratenofhiidierioftn h debt resisissicangfesr 48enduat et
deterioration in heat resistance after 48 hours, the weathering test, and
the alkali evepthegingrispeanddse | fighingrsgperties were exaningdegoi ng resul ts

are shown in Tabl erde fdfgo (Pé?l.fﬁsf bt %pswnﬂrn( Rbies. " fhe cBddifapespper
color. VWile d

foil surface tpok on a blfac _ the rate of deterioration In
hydr ochl ori cARJCH wass' %t earsktheacorey doihblidace tadkson atdiack enler. ofWhile the

et e or ot Db Dyl SRR Ay BbABh Al PHEBREES SARTEE 8Pl
et@hi ng propieet irate wef edetedbrsdioad ias heat "resistance after 48 hours became
considerably inferior at 29.0%. The weathering test results were “O”, but
the alkali etching properties were evaluated as “x”.
[0045] (Comparative Example 3)
With Comparative Example 3, a plated layer of cobalt and nickel was

25 formed as in Example 1, but the total of the cobalt plating amount and the
nickel plating amount was 1149 ug/dm?, and Co/Ni was 2.06. This surface-
treated copper foil did not satisfy the condition of the present invention;
namely, the total amount of cobalt and nickel is 75 pg/dm? or more and 200
Hg/dm? or less.

30  [0046] Under the same conditions as Example 1, the color difference AE (C)
was examined, and also the rate of deterioration in hydrochloric acid
resistance, the rate of deterioration in heat resistance after 48 hours, the
weathering test, and the alkali etching properties were examined.

The foregoing results are shown in Table 1. The color difference

35 AE’(C) was 11, causing the redness decrease, and the copper foil surface



[ 0045] (Conparative Exanple 3) Wth Conparative Exanple 3, a plated | ayer
of cobalt and nickel was 25 forned as in Exanple 1, but the total of the
cobalt plating anount and the nickel pdating anmount was FAYPpglotbyR755and
Co/Ni was 2,06. This surface-treated copper foil did not satisfy the
condition of the present invention; nanely, the total anpbunt of cobalt and
ni ckel is 75tqud/ cm? sorduskye redaicéeto cpgjrdmZV\tIMIeI &l . reft@0ab|dateroratioe Bame

conditions a anple 1,. the.col or dlff d al so
Che rate of DWTTBRNBIE, At FEsifignRclie, TR7Echy e of TriEOmRR iy, BE8:

det eri or ati ofegidtaR@taffc@S4StINGE RAS efévdr%bhé)lat s22.0be Welaé hﬁé@thgnhgﬂbst and
the al kali etching properties were exam ned The fOégg &th esults

are shown |nrePé1‘HPéveIe e 208 tbe aﬂ?ﬁ*'f%?@ﬂﬁé’rm'@?s\)ﬁsreﬂ’a“@

r ednes g@@rﬁ et r foil surface 10 7.5 20 23 3:7
16?%@8% 27 g t ook E(}%rgﬂgn@k red-violet color.Wile the rate of
deterioration i n Hthdeomearativeckxamplsi 4tapadediayer o wpobalki@ndaiiekalfwas
deterioratiop, jnheat resi fier t Yo The
weatheri ng « RSeAeEEin BRI EbAHE ofE ATHEOER HEHES IS

eval uat ed asnitRal. plbﬂﬁék}mb@nmlsaw \;.@/dinénarhde @Y/Ni was 2.68t Wrﬁbrspa‘aam ve

Exanple 4, a Iatedla r. .of Ita ni ckel medas

but the tot atrggp d; faPR Q‘Pfd&f Ltll?ﬁ C:?r‘n’&"t{%oﬁ%ﬁepreﬁa ign iﬁﬁunt
wag) 59 pg/ dnBamend tkeidial éﬁﬁmt@%oiﬁan%na%é%a%tﬁse RthTePpere bl 266 d not
satisfy the COI’ldlztI on of the present invention; nanely, the total anount of
cobal t and nHeldan” @'sless, pg/ dn2 or nore and 200 pg/ dn2 or | ess. [0048] Under
t he sa onditio admh | r

exam n@g,fﬁand al sgﬁtﬁ% 1Llrﬁgte o§ Céggglr%ﬁgr%%t%anrﬂPre tgregc%h r|ff§9egge

resi stance, whe eaamirefd,danhdr asoathe nrate d)feaieter&xahmranme hyfitaahlot® ra@tds,

The 1 or egol niportats i G@nahacliriordiat it heh JBThIasER A CAEREREMS was

3,1and the capafiering test Whndape dilkesliketoning ﬁreﬁen@bwerbr@tam\medrmre brilliant
t han Exanple 1. The rate of deterjoration in h%f_dr ochl onr:ﬁ] &FSI st ance
was favorable at 5!B4fOIGCING s HiseaALH SB@W@r iNor@beonh: ﬁe%ﬁ 9 &erce

after 48 houp E(@? Rt 3' Bh&rthérco?grve Psd éehﬁ)o‘ﬂe&{ B&EUbISeHat was more

"di scol oration were ob the eval uation result was x "
The al kal i ebgllianiy tmﬂm@xamele ver eTht-‘a\ratealolfedetﬁdoat@Inum dyydsechigric 3[0@3049]

of oobal t anEoNANE R PuPIRbE T P ) S TR e oBuphoh Pl

cobalt plati re;lsaancmtaftencha heurs bhedimpl iaferiog #ndaHt Washd Goegtbédng 2estand

Col N was 3. [71. sur face treate o per foil t satisfy the,
condi tion of r@i‘?@n?” n‘f"?%o yan@:ot}‘ﬂl ey%ug ' rﬁﬁ'rllgvgqﬁj 3 or
l'ess. The alkali etching properties were favorable and evaluated as “O”.

[0049] (Comparative Example 5)
With Comparative Example 5, a plated layer of cobalt and nickel was
25 formed as in Example 1, but the total of the cobalt plating amount and the
nickel plating amount was 165 ug/dm?, and Co/Ni was 3.71. This surface-
treated copper foil did not satisfy the condition of the present invention;
namely, Co/Ni is 1 or more and 3 or less.
[0050] Under the same conditions as Example 1, the color difference AE (C)
30 was examined, and also the rate of deterioration in hydrochloric acid
resistance, the rate of deterioration in heat resistance after 48 hours, the
weathering test, and the alkali etching properties were examined.
The foregoing results are shown in Table 1. The rate of deterioration
in hydrochloric acid resistance was favorable at 1.3%, the weathering test
35 results were “QO”, the alkali etching properties were favorable and evaluated



[ 00501Under the sane conditions as Exanple 1, the color difference AE(C)
was exam ned, and also the rate of deterioration in hydrochloric acid
resistance, the rate of deterioratiom7n heat resistancepafftiepod®7bmmsrs,
the weathering test, and the al kali etching properties were exam ned.
The foregoing results are shown in Table 1. The rate of deterioration in
hydr ochl ori casad@”r aadsthermﬂowdsffefm AH (€)avad f8%rableeatv@abbt then ¢ateesst

results were t he al kal,i hrng roperties were f

eval uat ed 1%@@'7%'9@0‘1‘0?%3;5% aﬁer Rgrﬂ?%@ <85t g%g'r%rf ?%ragr}g@‘q%arq was
favorabl e atatiag Byt the rate of det erioration in heat resistance after 48
hours becane considerably inferior at 29.5% [0051] (Conparative Exanple 6)
W t h depgfar atGarepareting|ExXaspla 631 at ed | ayer of cobalt and nickel was forned
as 4 n Exanple 1 IPanafickdigvay ckel
pl at | ng anount wagw%z nggFa%geqéaxnatﬁﬁcgﬁil?i\%%téd PéyeP%f@ngETraf ace-treated
copper foil fdrmedoas saExample He hedribie tibtah obithe webpt dyating ramﬁémtr%}ﬁ’ th@arrel Y,

Coi Ni 1 d3 | 1
Exanpl ¢ 1, (HERDGr BN o8y S AgechRRE. dDEe AN el T o0Phe sOPeE
deteri orati ofeatedhyelspsrhfair di &n@t C‘satlef?yl shearoaditione of dhe prteselet énjeatiabj on in

heat resistance after 48 hours gﬁ 3t hering test, and the al kali etching
pr operties vaBelx&eNig.1 or more affld 91JR8%0i ng results are shown in Tabl e

1. The[l o6&Jjor di ffqyeasanbEdnte coRditibns %@C’E%aﬁﬁpléf)pﬂﬁé dofirl differehag AR @Ok on a
or that was nore brilliant than Exanple 1. The rate of deterioration

|n hydr ochl owhe exardineski andnaleonde frateorafb etagtoratiay, inp hydiaedlarig: @cist
det t t t % Th
cLer L 7 241 ORI alee o RhBt G ePbl Ao AU PoUEGARE ambesdiot 6 The

weat hering test tesul hing properties were
f avor abl e ande2fheviaguesiedndthe Nmﬂracmngmemamwer@\examw The

surface-treated c er. foil o res inventio t and

ni ckel layer is forifedo@9on® r%%tptl%ag O\gn 'BpE bley lgr I lrﬁﬁvgg E?\/agﬁrs?ﬁ rjp':géct to

fﬁpaoer r OughﬁEéU}) wdsLat BRatthe &P per failissurfef tdoRycﬁT alrédaﬁlﬂbrtthaﬂalabynbm rred
ereon as nee

has superior alkali etchin ertre mai nt aj
favorabl e chiilieftethan |E:)§'=‘F;BIP|eh9dr odf datec °§c‘il%eF @paﬁb}ydﬁ%cg\lor,rceac ance
and weat her Fe%%ééﬁ@{cﬁas a5 Grdde SatCERRE! Hiel t{heatét@W%f fdéteﬁ@ﬂ&'tr@ﬁ' ind hagt he

surface of are And, hrs is particularly suitable for use in a
fl exi bl e subssisitrce afta| é8diodrerlne¢ajna infetior palt 26/ cThe uveatheripgdest

P2010/072755 o5 its were “O", and the alkali etching properties were favorable and

20 evaluated as “O".
INDUSTRIAL APPLICABILITY
[0053] The surface-treated copper foil of the present invention, in which a
25 cobalt and nickel layer is formed on the surface of a copper foil that was

subject to copper roughening treatment, and a rustproof layer is additionally
formed thereon as needed, has superior alkali etching properties, and
maintains favorable characteristics of hydrochloric acid resistance, heat
resistance and weather resistance; and this copper foil allows for achieving
30 the surface of a red color. And, this is particularly suitable for use in a

flexible substrate capable of forming a fine pattern circuit.



CLAI M5 A surface-treated copper foil, wherein a plated | ayer
essentially consisting of cobalt and nickel, in which a total anount of
cobalt and nickel is 75 pa/dnm2 or norgg and | ess than 200 ppgiigpd o560/ Ni
is 1 or nore and 3 or less, is provided on the roughened surface of a
copper foil, The surface-treated copper foil according to claim1,
wherein a rustproof |ayer consistiAiM&B m xed filmof chrom um oxi de and
zinc and/or zinc oxide is provided on the plated | ayer essentially

consi sting of cobalt and nickel. The surface-treated copper foil

accor di n[f@léiﬁw ¢] ai m 2; AReFata-treated @B?p@%! whgréieenpldtsd yey iededniilyt he
rust proof | ayer. o The surface-treated copper foil accordi n(t; to any
one of clains': ¢ansistinghet ephalt gpdorigkelg it which @ talgampepkRE R #Aged on
JIS Z 8730, when,; i r 5131 il ni ng
roatment | s exprosadn el AT e e A B AIE RIS e
el ectropl ati ng tmest amdt3 boress, ¢ gironjded ousthprieophened suriageaddi EORPPER o
perform ng the c]pﬂper roughening treatnent is expressed in A and A E*(A)- A
E*(B) is express@d in A E*(C), A E*(C) is 3 or nore and 9 or |ess,

[Claim 2] The surface-treated copper foil according to claim 1, wherein a

rustproof layer consisting of a mixed film of chromium oxide and zinc
10 and/or zinc oxide is provided on the plated layer essentially consisting
of cobalt and nickel.
[Claim 3] The surface-treated copper foil according to claim 2, wherein a
silane coupling agent is provided on the rustproof layer.
[Claim 4] The surface-treated copper foil according to any one of claims 1
15 to 4 wherein, according to a color difference AE* based on JIS Z 8730,
when a color difference after performing the copper roughening
treatment is expressed in AE*(A), a color difference after performing
electroplating treatment for yielding a rustproof effect in addition to
performing the copper roughening treatment is expressed in AE*(B),
20 and AE*(A)— AE*(B) is expressed in AE*(C), AE*(C) is 3 or more

and 9 or less.



