1PCT/ JP2011/ 052276 DESCRI PTI ON COPPER FO L FOR PRI NTED Cl RCU T 5TECHNI CAL
FI LED [ 0001] The present invention relttes to a copper foPCTAB201pOS227E€d
circuits; nore specifically relates to a copper foil for printed circuits,
in which powder fall fromthe copper foil can be reduced and the peeling

strength 10 and heat resistanc | Qproved, prepared by formng a
primary particle |ayer of coppeﬁ%ﬁag?@rw&ce of a copper foil, and then

form ng a secondary particle |ayer based on copper-cobalt-nickel alloy

plating thereon. c ' r.printed circuits of the
present invention is 15993P%§ﬁ:£|ﬁ3§(§%iI:EFEINT;[S&I%QLH& exanple, a
fine-pattern printed circuit and a FPC (Flexible Printed Grcuit) for
magneti ¢ heads. BACKGROUND ART 20[ 0002] Copper and copper alloy foils
(bBereinafter referred to as "cldpPEINICAL FILERAve contributed significantly
to the advances in the electric- and electronic-related industries and
becone essential, in particular, as materials for printed circuits. In

generjgdo1]a COppﬁte cﬁr@dehamw@itﬂm Sepitepatocd byppehésil erhprir&étinai‘mm$ a
copper foil for pri nt ed ci rcwts onto a 25f%li3bstrate such as Retl C

resin boar d"ge SPEGTGRIY, relates tenBeFRRRe ORiRJHNtEAeSEGH Swm
W t hout usg&gv@ér £NesHhY the Eaﬁgeﬁ fOIF CARSHE Bfeebééé!“énd ﬁwep'bb@hﬁé éﬂéhéthe

steps of st application and exposure, followed by etching treatnent for
dbi mi nat i n@nsheat eesigiancensan ¢ dmﬂranedntpéﬁa@tﬁCbuvawmmngorau ﬁameyy

e o LR, BB AL 00 B Bk Bl aM Pl

boar ds for ectro I'CS I'ces a co er foil
for print ed;etcondary pardiols layedi bhsedninbetoppen- m)bualdr-hwkel (aldmghdabdg
surface) tg be bonded to the resin base material, and a non-bondi ng surface
(gl ossy su h ©9"- a nunber of methods have been 35proposed for respective

surfaces. 2PCTrhb°2@é§¢él528ﬁ6fdrOQﬁﬁﬂtE@rcﬁ6@m@l@f tABi ?ré@éml ligventicn fier the
roughened surface formed on a copper foil include: no OX|dat|ve

dbscol or at |Rﬁﬁt'@‘m|ﬁ|r|ﬁgs‘é*ﬁ®t?'§g@r fon egamﬂl%,u @nft'”?r@@ftt%ﬂ rF@'HbtteH cifeith&andya
substrate fUHER (@ é)ﬁﬁlehPﬂﬂfécf ? Uﬁz%le tiRthe VS Pprocessing, soldering,
I 'ke; E % no

chem cal treat nt and t so-cal l ed | am nation stains,
whi ch may occur after the |am nation onto a substrate and etching

treatment. BACKGROUND ART

20  [0002] Copper and copper alloy foils (hereinafter referred to as "copper foil")
have contributed significantly to the advances in the electric- and
electronic-related industries and become essential, in particular, as
materials for printed circuits. In general, a copper clad laminate is
prepared by adhesively laminating a copper foil for printed circuits onto a

25 substrate such as a synthetic resin board or film under high temperature
and high pressure with or without using an adhesive. Then a necessary
circuit is printed via the steps of resist application and exposure, followed
by etching treatment for eliminating unwanted portions to form an intended
circuit.

30 Finally, desired elements are soldered to form various types of
printed circuit boards for electronics devices. Although a treating method
of a copper foil for printed circuit boards is different between a surface
(roughened surface) to be bonded to the resin base material, and a
non-bonding surface (glossy surface), a number of methods have been

35 proposed for respective surfaces.



Rougheni ng treatment of copper foil has an inportant role in determ ning
t he adhesi veness between the copper f8il and the substraPET/JPBO11{0aR276
rougheni ng treatnent, copper roughening treatnment in which 10copper is
el ectrodeposited was initially enployed, but then various other

techngl ogi es have been proposed. Now, coppes-nickel rougheni Lr nment has
becond%dt abl i %g'aeggnbﬁﬂg, %fa'f'hrc?q“é'm%@%t@(ri hg W‘@J’[ S r}%HSdfz’{i!ﬁtnr?dorder
to inprove gmersappderdil imglfdd eyt okiddtivendistboragod dekigsaragea(?)

oxi dation resjstance. 15The present applicant has r{;,rag osed copper - ni ckel

rougheni ng $4fEgient MeqlseiEeraiie A0AMK b sITpte Hie icughdigaiRaratye
results. A r?é’:?qﬂ?q],'\nbi:E‘?bcééﬁﬁé?@o%ﬁr@%ﬁéﬁﬁ:‘él WA e llikeBhd! i s
of the co I ed

bl ack col or per-nickel treat’ed surface i's now acknow edged as a
prioduct synidplnaiso-callgshlamination stainsewhieh Imayrodousafterethauigmmation

20[ 0004] The P + nj l.. [0 j ment is superior in terns of

t her mal pee?'ﬁﬁgggppghéﬁ?ngx‘%{ggﬁaoﬁg?gégg{'ance and hydrochloric acid

resi stance; butRetghenmgnitréatamerm kil icoppehi fudl SEsutamnimpditaht hate biecone
increasingly inmportant for fine pattern treatnent in recen ears ecomnes
difficult, determing esadRFRivRnePS @%?éwﬁﬁaégéoc%aﬁérfo&u?’i‘%éﬁ%r?élb%’ tion
of 25fine pagt @RS r&ﬁ’gh@ﬂinbwre@ﬁr@n&,c@o?bekeﬁ)_%ghening Agcatriengliy  whidh fine
pattern treatnment, the present applicant previ ous@[é’y devel oped Cu-Co

thleat ment (GRRPETAScRieChOoderesited wag imsaditemplayesntoud)thgndvaticup other

{reatment (SEAnBUAOL RGUHRen!lorofBesH. | ONGAEN oBB kT SALRBI ruIHENHFH

better etching propértie al et ching properties an
hydr ochl or i tceatmnent eas beaoowe ebtablishedaas boenaf thieateprheentativeciseatigent

h d \when . | i hesi.: i dati
7esi ot ance HELVIAR TLGEFL R vadbermal bandnensreatlr nuftelaRGab D ccome
bl ack but wasidiaawra 4l g)aigj&tibhqw@ist{aﬂ@@_S] Pursuant to the trend of finer

patterns and diversification of printed 35circyits in recl'?eqr;t éeaﬁs,. t he
I8 | owi ngs are 1@t REpseRigARRIEANt) hage MFAPOSSRCELPPLITMAIR)5SOHENBRIY ng

strength (pt?ééﬂn?%ﬂt‘?{aééé W@?éhtalﬂoéﬁﬁﬁéﬂéel)?Qhé%r\sﬁluicédl&%@eséﬂﬂ results. A

hydr ochl ori c- aci si stance should be’'conparable to those for the case of

the Cu-N teapperemckebireateshsugacs takemonlaklpck soten agddbisubliask coh@uefd be
possi bl e t r QLN { TG i a 0 J or
5 less, 3) Otg% %g@ﬁgﬁl%ls{f§%gééd sﬁigt#caé] g% '?%gr 8%@6\?@39%0‘ :aésiag éﬁatj&{tsﬂ;

oxi dat i on igyrabobekrin atariédiérf miledXfoififouflexiblasubstrabes.case of the Cu-Ni
treat ment, and the treat r&ent sh?\ul d%é)rﬁdu% a, bl ack surface %,?n%n 1Ihe
Hse BP04Ihe cu- Net PRRPRERICKE ottdNGRRd HEPAUIBPES S wiRSHRE 18 ¥Rt Yecomes
finer, the wergudltptensls sQ@endth MekRIART |neshaghcof anduaylirochibyidr aci ori c
acid etching solution, so that such peeling off needs to be prevented. Wen

the circui tresistanee; buhetchingavith @suakkalj elghingnaglutionmyyhicB 4139 beperie of
due to the :hi . : i 0 ch

peel i ng of f'ng%oélﬁg&?ﬁ%ﬁ%%ﬁ&rg{/ﬁp ég.éﬁthﬁjé t% ﬁé‘%m ﬁtﬁ%ﬁt{%eaﬁhg%eghﬁi ts
ar e i ncr easdiffigult, mtcbrrenigluekSremaisr on dhetrerfed Ipyentedngi theuformadiginngf a

pattern of 150 %W itﬁh or L] ﬁs Wit the‘ 5 e of, for exanple, a Cud 2

et°chi ng sol 1% 8 ?En% YU, S HIE PAIY A 'S %qui rement, and alkali etching is
al so be_corr} ng aA@@gneﬁnsA@lg?/ fcﬁqtﬁﬁfnpatteheclmaagees,i sthe goesehe bppécamt]?

i ncreasingly varied. ack surface is al so beco re i nportant from
t he vi ewpoi W@V&Q%MpG?&%‘P@ﬁdn_&L&'&?petfeatmﬁ'?toi(?e%né]a%tg&%m@%t2i @k der
to inpr Ovediggf%' 'R JHeRf Qg'aﬁ!dod?uﬁl"@-m%éatﬁ?&ﬂ(sbgqﬂateﬂw@wwrﬁeﬁ?ﬁPO”?e to

such deman the present applicant successfu evel oped a nmethod o

treating a coppBhesei fQuatienisgntreatmieats shewed balter eichingopwinertieskel
ald oy plateg Lavstning §i¥p%rfleBntN 18RRI 8 rRYidiafie, but it was found
that thermal peeling strength was decreased when an acrylic adhesive
was used, and oxidation resistance was not sufficient as desired, and the
color tone did not become black but was brown to dark brown.
[0005] - Pursuant to the trend of finer patterns and diversification of printed
35 circuits in recent years, the followings are further required; 1) thermal



25 after being subject to copper roughening treatnent via a

copper-cobalt-nickel alloy plating, s& that: the copper POTUPPHISHEZIES naNy
of the above general properties as the copper foil for printed circuits and
particul arly possesses the properties described above which are conparabl e

to those in the Cu-N treatnment: thermal peeling strength is 30, not
reduced whaiPRIE g teknathr (RATECUACIWASN (R RUfEr SHBERVRadS stsssh; and
oxi dati on ragirstAReE-adiddcsiftanedRBbUIPDE comipAed|é akBfostf thbagsensd
col or (see Patent Docunen Preferably, after formng the

cobal t pl attB@ %;I‘_éirtfsatmﬁtatS%)batqhimdfkiéh' a8 pbiplippteheng isption sheufst ber
treat ment igh<apfbl @dprd ARSI AL DUrEAE Hallth o3l REALIPRE 180l Inf BleATOXI de

al one or c ating treatment w h the m Xxture rome
o%i de and Zésg, Sdozidationc resistiencd 0goB]ISubseiupraved (heinderesistahbgoent of

| ect roni ' 0t _ad , j t.or, devi ' i.ngly-b
i1 or " and A By AR STRT BT aRER oS MR 4 E i EnsE SRR icG r or
treat ment s trgmtidentp andefufias treatme np shoais pedd i de Seblaickné i thdd BeUhtthe and

heat is gener ate%d wh8n l}L]ISi ng a gr oduct in which such sem conductor devices
are i ncor p&aseed thesCH-Nidghtmebhe decrease in bonding strength between a

coppgpoded! | andndothe$! Word Skhéh &heScidit BetBRRANFABH &% éir@tﬁigtﬂiﬁgé thn

| i ght' of "the above, the present applicant inventively Inprove 0 thermal
g€el i ng r esneteagesily paeieoffrstusotp faohydranidorig anigppiching solusionprsonthat

per for mad S50 R ofiTedts IPBUTIRYeited " WHei vt BRUARELCAR IS ARREP™ ' °
al | oy pl at ithg cirnit slscdbads tpinadrededsilyepeel off duehtal therighdenadraturpladt ed

| ayer is thereafter forned. 0009] Thi s, net hod for treating copper, foil
oy “pri nt ed PIOCERS SUPE S s0ldRunG e aringh ShcBoner e ik s fiesg Spicabeq
layer is fQragan@id erAPgid préddrst fmeoWBBRNIRLLIlS 8RS IFRdtbabMgly Dechatifgof a
copper foil_ via copper-cobalt-nickel allo atin hen a_ zi nc-ni ckel

| . and t

4Pl oy pl at dieragening arriintrercirarihavinga patiam o5t ﬁ@ﬁt_gmypi&h eelgsgewith

| Avent i on, tﬁ@%é@bﬁrfoﬁ'?%(a%g%%egm‘.ﬁg%ﬁéﬁiﬂg LQufiBhNgG 4IRYER) aANedé&niqw one
coppér-fol t Fo

of the major products o ( oil”circu mat eri al s. r produci ng
a copper - f dgefuicemeants ant alkals etohing ieadsa henoming @ netessargceqsiroemesdf t

etching th [ rf.ac pper.circuit Lng _an ' | .yut.i on
cont ai i ng PERRGR: BB ind BBLRE, riRibERInb VePde™" KK duTart o
circui tdi S meﬁbonﬂnglh_mmainlspmammre:;n tllhyviewgdhhﬁofpmﬁmsﬁctuanradﬁp@m .
occurred that the etching.,solution infljltrated 1.nto. the edge portion of the
Binded | nt dol 200 HEBONVHRG Bopilar Lormbians BOSBENING ETF Breatd deale

pol yi m de. gpsorption. This may be considered as a partial corrosion
of the treated surface 300f the copper foil. Such corrosion is a

si gnil®30Fant pr dBI E@BPSINseetq suchddesandss thendirasent appljcanbsuseessiuly

foil A C . 1o Sobyi . . |
demanded.  [SIRBAEY pirfeltiod B Beptilh £ESEHE 1ol nesBM bitchaR AT qyer; 10
which a or a cobalt-nickbhbtleniptédd Hyevyispioamned baytke cepper fedsafface

?g;;g:?‘cggﬁt{e{rﬁ?ggﬁ% 2|g§ 5ter5fgh%ﬁgfcgpopear S%ngaﬁgni%fg at?eoﬁ%eerntf OIvlia Vi g
copper-cobalt-nickel alloy plating, so that: the copper foil possesses many
of the above general properties as the copper foil for printed circuits and
particularly possesses the properties described above which are
comparable to those in the Cu-Ni treatment; thermal peeling strength is

30 not reduced when using an acrylic adhesive; the copper foil has superior
oxidation resistance; and the copper foil surface takes on a blackened
color (see Patent Document 5).

Preferably, after forming the cobalt plated layer or the cobalt-nickel
alloy plated layer, rustproof treatment is applied, represented by coating

35 treatment with chrome oxide alone or coating treatment with the mixture of



5PCT/ JP2011/ 052276 and then a zinc-nickel alloy plated |ayer is further
formed; the present inventors, after dunerous attenpts, ®GTLEGH (G676

provi ded several major inprovenents in the properties of the copper foil
for printed circuits. The early technol ogi es of the roughening treatnent by

copper - cobal t-ni cke| , 5al |0 | at,i ng .are disclosed in Patent Docunent 7 and

Pat ent DOCLHHHWGBPX'%BEQ]gWgﬁBQéQr?Z'EPl?é‘édec'hg structure of the roughening

parti ﬁbfeﬁt for W@Jt%thé%tl?y%& aR6 delvetsaent bokledtichic epesmenbalivanceke!
ating

alloy p as the nos asi ¢ rougheni n% treatnment is dendritic,, ere
£

was a problsamiceaducher stevices decreasn@lyt PeFeme enalerdst A tHaPWs of

the dendrit; tu 1 i e wder
o s B F e R e T e O e

| @yer treatrmdnbfactappgr praesist ohitbése printey eiretithgandnhert shgeaeratedzed by
havi ng superjor adherence with a.resin.la an i Qr _h . [eSi stance,
the particl'¥8CPhSEAG ﬁayprggé'f’ry'%oW\b'%}fg@@q 1§gm2§$®l#§f)rf g%&éd’e%s e
mentioned GRe¥morade@ NAs 4 akknl, thie dezréasdbn nginding heteemgthobefwedres ont o
the roll, and occurrence of etch residues due to the flakes during the

process. [ 0eRRNerfolliandiainesin syhskals §AI3IBIERRANIZS 2% FpRPIeHal t - ni ckel
al 1oy plating (j i5rangy ﬂwé’atﬁ&ie,?’tﬁe "BrEdags a%licgn?niﬁﬂéﬁﬂ?ely'\'impﬂo@d

mg/ dn2) is 20 perfornmed, techniques are disclosed whi ch copper. fojl is
plcat ed wi t hthisrmal peplieg rpaistarte i the meihed oy freatingcappardre fehrrigiidor

tone darker .in.th . ' ; V. of

ponder 1 al 1T Gp FRCoRfieh ¥ PibhE BolEetty bopRleR"EPbubhEnpREneREREM

Er f)vi ?ed228isf|d5@rfomed s éw@edpbammmnfngWway a]f Icoppar-aobaliorigheht 9
el ow) . n this case rovi di n snoot ayer. o

cobal t - ni ck%lllobﬁract'rﬁ@’(ﬁﬂdé?p I %‘?g‘?@i'%yetfr% gP ah'e'l{ﬁ“%@%@?% P %Fdd? Venting

powder falljg tﬁ@}i@ﬁer fnrey. fall from copper-cobal t-nickel alloy plating

wi || depend on the

e structure of particles in a Pr%‘?garé I.? er of copper
alipl i B608lo coppéhist miethod far treating mewperifel fanhBMpIRY pRFYS |‘%3§PFMOB% of a
cobalt | ayer 0hal ' I el r fepngdaryrmd il e
| ayer there%’ﬂ%q—%m%\%graﬁp{?ﬁggbgle t pé%né%{é%ﬁ%ﬁ?wg?oa desgforlrrmt jg:)n of a
snoot h | ayerowashetriileg dretadmend tto lsagierface f & gopnenfodiig ceppenvahaiaickel

A L el A
Docurent 7: jsPah eslitrdeyeffecve PavemiorDoandrenatedials papduesd aaeding to
ol et Appl MG Al 1087986 TpAnBsw o BRec e PhachbeTg! vecdhas:
Publ 1 cat | on" R TE- 96305 Japanese. Lai d- Coen_ Pafent  Publ | cat] on_ No
H10- 18075 JapanEse n_ra'ddc'qgeg ToRRS TG W thah SuEYEDgDBIe dbBNed o ARy
OF T NVENTI OSlrocess of soft etching the upper surface of a copper circuit using an
etching solution containing sulfuric acid and hydrogen peroxide is
25 performed after a circuit is once formed on a substrate. During this
process, a problem occurred that the etching solution infiltrated into the
edge portion of the bonded interface between the copper foil and a resin
substrate such as polyimide.
This may be considered as a partial corrosion of the treated surface
30 of the copper foil. Such corrosion is a significant problem since it
reduces the bonding strength between the copper foil and the resin in a
fine circuit. Solving this problem is also demanded.
[0010] In the treatment of copper foil for printed circuits, in which a
cobalt-nickel alloy plated layer is formed after performing a roughening

35 treatment to a surface of a copper foil via copper-cobalt-nickel alloy plating,



[ Techni cal Problen [0014] The object of the present invention is to provide
copper foil for printed circuits, whi®h can: inhibit uneReWJP284&0PEXT6, and
a phenonenon 15 commonly call ed as powder fall where roughening particles
formed in a dendritic structure via copper-cobalt-nickel alloy plating as

t he nost basic roughening treatnment co of f fr t he, surface of e .copper
foil; increskther ﬁ)é’ém%ﬁ‘gd.%qlr%”@’g Iﬁ’!atﬁg‘élqyﬁﬁr'évg” hel Wéme(ﬁe&espéé]{%m Agp
the devel oppgatiqpl. SHEF{RRERORIBIBRRAL, sdasesrally rovimealveteraldasjares 20

i ncreasi ngl'y becone smnal nore highly integrated, and as. a r?SU| t,
r equi r enentimprovemeats ire therpnopeitiesnefrtitaearnardgitfae SENERG FHEHIR: r ¢dPts are

even nore demandi ng. An.object 0 s | | har] ' a

t echnol ogy %r}ﬁ/cﬁe@grﬂqlgpfeess O?htbgeﬁ%ﬁeﬂﬁ%@é.s F%%}rh??{g?fyt ga EBFE%Bft%bg%I15] The
I0r5_este”éI i _nVeﬂlb_tyit Platingaredd d’Sgtd?dfiu! Patdndocweent Bratﬂd ::’ajem; Ropp@ent & | for
rinted circuits prepare ormng a prijmar rt. Ayer er on
g surlPatd of a 'ﬂ@%&é{gr’f%'Pp?y@ﬁds?%ﬂ”?o&rﬁhr‘?gr%uggﬁec%hgalfayrhgéﬁ fdg eéqjgyer
pased on 1 qhBAufaLd evcsaﬁgpﬁﬁﬂviafcmwafobanphmﬂkm alidy pilatired asrihemeostr i mary

particle | ayer; ereint average particle size of 30 th riary,
particle | dyasiciroughehing toeaimnem '%ﬁ&n@ﬁ@'ca\)tgfaé%é"’ﬁ%rq iWPE'%Pzg‘aaéfthtehe
secondary particle e n I £ opes ek refriticospestureobal t
and ni ckel ﬁr&n&fﬁc%@%&ﬁ?@ﬁﬁh@ uﬁﬁérngg }S:T"%llea FS(::g(')/r’;[)per foil fonr printed

cig cui ts acequsinga pheddpmanonegendrailyi knawe agriawds’ fadkticl e | ayer and the
secondary partigcle layer arg 35el ect Liedd 7P 1/052276
3) The copper fﬂ‘is f Wﬁ?ﬁ nfaéld '%i Fcﬁ@g?%@ggédﬁﬁgﬁgﬁ%o%r 2 4t§§§9ﬂe‘, @
wher ei n t herstRERMGAN Yapar tticdtedi Byosepper-oobaltdecikeli iloypplating @@ngl@wn on

a primary particle. 4) The copper fqil for printed ci.tculi aaq,]ccprdin
to any one @haracterizes %ob@Y'nQWP%?'ﬁraaabﬁﬁqw g"f"lﬂénét Iﬁg%'?' F%%érprl mar y ’

article | . - smQy 80ak ofbrie, 5
'FI)'he Coppera%/%é?ﬁé\‘gﬂe%?i%ﬁﬁﬁﬁé@)’ﬂh@%ér@k%é #&ein SmByBakity wonoe ofbr )

circuits according to_an opie oft 1) &Bg\%
atpve, wherekternale fomediasg mantanact alfoMeneCHSIREr Ua%& Ure 9 ayH "t he
secondary particle | i . / heskRRIzdud € thd or
printed ci r@%?%‘ogcﬁrag{eﬁgg?t% tﬁ%y%ghéﬁggcf;m?{e?mg)l&?ggge, valnereil#] a
roughness, fake®tudinguhkasecessnmed by the primary particle layer and the

secondar article layer is 1. m or, | ess, Ihe )] [ r

print @@%]i Irocui t§ r%\ﬁ'@@%diﬂ?@t tbiaaf'f%'ﬂﬂetrgiaﬁfnf ob%)gaaﬁyoé\}é?&é\:ﬂgﬁgﬁ‘{\eq)aéuéyp

roughness, Eﬁm f (iR ESrhpreet foumed my/ahé, po: Ba8 yngiaini, die 11 &yeg/dIBaie t he

secondary p rt|n§I e layer is 1.0 pmar less. [0016 Thef es dw(t%r%é)n can

pe@vi de copperfofraied, tephniguas &de disclaped in Wi FeRPEY (ﬁ[)lrsn‘ﬁ%ea

cobal t - ni Ckﬁbpé‘é} E&rt@&l?#qﬂ 4 ceOih bREerSeCHRRAr thepeslor abre ldarker basiesl on
“nicke oy p

copper - coba a ating, and further formng fa Zi c-?i ﬁ:keldal | oy
pl at ed | ayeblavkenhivey tratzientiarickto aréwntghg: plyenomenon-of powder fall, an

in which a smooth layer of cobalt or cobalt-nickel is provided as the
outermost layer to prevent powder fall (Patent Document 9 below).

25 In this case, providing a smooth layer of cobalt or cobalt-nickel as the
outermost layer is the main requirement for preventing powder fall.
Rather, powder fall from copper-cobalt-nickel alloy plating will depend on
the structure of particles in a primary layer of copper applied to copper foil,
and the composition and the particle structure of a cobalt layer or a

30 cobalt-nickel layer formed as a secondary particle layer thereon.
However, the Patent Document 9 only provides formation of a smooth
layer as the outermost layer, hardly providing a fundamental solution for

powder fall.

35 [0013] Patent Document 1: Japanese Laid-Open Patent Publication No. $52-145769



20l ayer. The deposited anobunt of cobalt in the cobalt-nickel alloy

pl ated | ayer may be set to 200 to 300® pg/dnR, and the rBCT/OPZ2M1/6512&6t nmay
be set to 60 to 66 mass% The zinc-nickel alloy plated |ayer can be forned
in which the total 25 anpbunt is set in the range of 150 to 500 pg/dn2, the

amount of nickel _is set in the ran e of 5 '
ratio is sdtatept Pagumgné JAPanese @t@ff@%"ggﬁf%ﬂ &@50%&(?0? n? r Eag'? rrgln'? el
| ayer may qia?@ntbﬁof:%gﬁf3oﬂagaﬁe§é P‘étéHth%'llcé‘ﬂldrpNoquthﬂyer 30Wth

regard to this rustproof treatment, for exanple, a coating |ayer of chrone
oxi de al onéPatent Iaocumehhg IJapeness Patent Appligatior,Nog Ry oWﬁﬁl d)é and zi nc

and/orzi n?ﬁghﬂﬁﬂ%gpfgf 9L BEAesd Batd PlliGatich $l' o i’m‘@ie ggyp!ing |ayer may

be fornmed _ yer. opper foil for printed
Cisrcui ts d@alénbldcwlnen%rralﬁpbaessé’atem RiB:rhaamﬁraNour284905%pper cl ad

lam nate in whic thec per foil 5l esi
substrate that ﬁﬁblﬁof"l‘u@? onJﬁP@%?% S HFHS:;}W?’[I'FW? ﬁwéégg by 1'12
adhesi ve. ERRERTDoIMENVENTLERBINEsE LaBOPRA Hyteﬁtemmbliom'enw@mm-oeoa@s
copper foil for Igrlnted circuits, which can; .in h nly
call ed as dﬁt@@t paUMenh 8r eJapanese Laid-Open Patent ubhca?oﬁ I\F 04U doRE™
rougheni ngpar ti cl esf or nedi nadendriticstructurevia copper-cobal t-nickel
alloy plating as the nost basic roughening treatnment 10 cone off fromthe

sior f ace of the copper foil UMMABYN@Ei INVENT{ORecondary particle Iayer);
Increase its peeling strength; and inprove its heat resistance.

Mor eover, since an anount of abnormally grown particles will be decreased,

::s E?ral C|[¢e§hﬁi@a‘{\P|rbbié¢rll niform and its whole surface will be 1500vered;
S ching properties w roved,. and, formtion of

ci r cuP®14econes! PR odigstof the preggnﬁ 'ﬁ‘é{eﬂgf?@l'%ﬁ%ﬁ?v'gfs C&P@&fﬁi%w@h%@ﬁﬁ%%'n?n?n

advances, S&FE gndwmeﬁ ¢ant CRfibfCMRYeRd tredesone andl Iaerpaedonmmnhl ghly
|ntegrated as a result, requirenents for the treatne

S
20manuf act uzomg‘ICtrﬂxes:@H@ldl as apwilercfalt whare @uaNeRnS R%Hﬁ%& F?gm%éﬁ a
dendritic structure via copper-cobalt-nickel alloy plating as the most basic

roughening treatment come off from the surface of the copper foil;
increase its peeling strength; and improve its heat resistance. As the
development of electronic equipment advances, semiconductor devices
20 increasingly become smaller and more highly integrated, and as a result,
requirements for the treatments in manufacturing these printed circuits are
even more demanding. An object of the present invention is to provide a
technology which satisfies these demands.
[Solution to Problem]
25  [0015] The present invention provides the following inventions.
1) A copper foil for printed circuits prepared by forming a primary particle
layer of copper on a surface of a copper foil, and then forming a secondary
particle layer based on ternary alloy composed of copper, cobalt and
nickel on the primary particle layer; wherein the average particle size of
30 the primary particle layer is 0.25 to 0.45 ym, and the average particle size
of the secondary particle layer based on ternary alloy composed of copper,
cobalt and nickel is 0.05 to 0.25 ym.
2) The copper foil for printed circuits according to 1) above, wherein the
primary particle layer and the secondary particle layer are

35 electrodeposited layers.



present invention can provide technical effects to satisfy these denmands.
BRI EF DESCRI PTI ON OF DRAW NGS 25[0019) [Fig. 1] This is BCHIPETHDR276§i ew
showi ng the state of powder fall when roughening treatnent based on

copper - cobal t - ni ckel aI | oy plating was applied on conventional copper foil.

[Fig. 2] shows mati.c. vi ew Q atre er.of the c er f0|I
Lt B o’ povatd GPPPaE Lol By Histh FEE Bl Sebtreing o i 2brkpicifBF

formng a F?ﬁé”?édorRPérS/' EbﬂxdléW%r ofe bhemepppdsndmid pa%ﬂd|etshgrrlomrahna a
secondary particle EX based on copper-cobalt-nickel alloy plating on the

primary paffrineaey paggle [Fig. 3] This shows a mcrograph of the

on copper - thhar CIRERR Lo SE prife i s adibrttcbts ARV SRELAD (B ABARR, ,7a°e
[6ig. 4] lerserehowsbmdmgrscb@'r@h ocﬁfthe lpemsalryfmc{ﬁ latyles anwbiher séaniridasy whi ch

rougheni ng tr copper - cobal t-ni ckel alloy plating was
appl i ed wi tﬂ? M@EBS @fﬁbrg HCYERINPE - and a decreased processing rate.

S[Fig. 3] 5}”'Tﬁe53&>@\p%r%W@ﬂ&%t@l@ﬂ’blrﬁwtsf‘@cddrﬁﬂmetb &Ay ohetdf B to@pEsoveyi |

with no powder fall according to the present invention, which was %epared

by forni ng WgJeifeing ptmqlegestrgyeth o the RHPIRY PiliClealyeThand dPfi ng a
d kel all | at th
secondary I%t%l Crghmbgrﬁligﬁz@,dlsw%@wghsﬁp%@ ni ckel alloy plating on e

primary par ows a m crograph of the treated
llayer of aBrBppeoppeir foifempintegositritst adtordingtaiany one afie tprﬁe)s%bﬂve

coppor 1o 14Merkh BTRY8EREE Rz, bt alAtS Foried By XnP Ry FonfeRs iR 1@

copper - cobarid thecketormddrgypartiaie hayeoris t1h@ o iomdess.particle | ayer and
obt ai ned biﬁ_Hrther |ggﬁ Vinrx:rgnthe roughness.,. 15, DESCRI PTI ODI MENTS

[ 0020] Coppb} ThEiqoPRes teeRIBGHITS 3RRAAIhtANY PRe? etP@l Yool ytic

copper foi 'wf%re"r?'a'r%@lgﬁﬂ@%erzObFaémfﬁéjﬁj’rniédb h@\peum@.q/ mid@mwrrength
20 of the C(zf er after | am nation he surface of the copper foil to

Bé bonded tacm secondayyseartigle ayar is Aa0mbiny of feSs.oughened surface of the
copp 501 | SrRordraLLY ?H@ér@?&n R ﬁv&lflﬂe' &gp;t)ére%ﬂfgm' drfht%' Eifcuits,

el ec p05|t|on I's per or ne e surface of a degreased copper foil
to obt a| n q)répatmédbycfmpangwrcbaaﬁ mEkebaHoyynHatECbmfﬁrOlﬂth Iy

irregularit t the ti ri po e

rei nforced %??lﬁe [?Wgﬁ%ﬁﬁﬂgopr gg?ﬁéﬁfopg"frﬁ%ﬂ ?ﬁgﬁpﬁraégﬂzqé %Mj itttiEr

i rregul ari tfigrming a Helclsiekebppey glatdd sayerebraheotybalt-nickeiealidyoplatedy be
treated sonevvhat differently. As used in the present invention, "roughening

30 treat mAYe"includes such pretreatment and finishing treatnents, and if

desired, any k”ﬂ’(@db{)@@ﬁ@&%é@h%ﬁé’oﬁﬁt Wﬂ@&oﬁ@hlnlél@%w plated [e@i&l]

Thi's roughening treatment is rforned herein using
copper - cobahay biecsat| toa20® o @DQqujdm naﬂﬁéhﬁdﬁﬁl@vﬁfr@tlﬁiémﬁmb@ §at tq B

rougheni ng é ry;,/ based on copper-cobalt-nickel alloy plating is called
35"a secon& 639{;%%| &le layer" to clearly distinguish it fromthe above

The zinc-nickel alloy plated layer can be formed in which the total

25 amount is set in the range of 150 to 500 ng/dm?, the amount of nickel is set
in the range of 50 ug/dm? or more, and the nickel ratio is set in the range of
0.16 to 0.40.

[0017] A rustproof treatment layer may also be formed on the zinc-nickel
alloy plated layer.

30 With regard to this rustproof treatment, for example, a coating layer
of chrome oxide alone, or a coating layer of the mixture of chrome oxide
and zinc and/or zinc oxide may be formed. Furthermore, a silane
coupling layer may be formed on the mixed layer.

The copper foil for printed circuits described above may be used to

35 manufacture a copper-clad laminate in which the copper foil adheres on a



10PCT/ JP20111052276 processes), but powder fall and the |ike would occur by
sinply form ng a copper-cobalt-nickel8alloy plated | ayerponJriogi/csgaper f oi
as descri bed above. [0022]Figure 3 shows a m crograph of the surface of the
copper foil on 5 which a copper cobal t-nickel alloy plated layer is
formed. As shown i.n Fiqure 3, artrcles rown in.a den r|t| structure
hre seen €SB AETAtR. TrouohalieRrecoBPERIOR Dascliae | o1

shown in Fingediatel ByaarPhaALsiKd. under high current density. V\hen treat ed
under such high curient density, particle nucleation is io inhibited at
the initial electrodeposition, causing new particle nucleation to be forned
at the tips of the particl ; and long particles wll be
gradually grown in a dendr??ﬁcégarugﬁﬁﬂgyENThbm#herefore when
ebectroplating is perfornmed under |ower current density to prevent this, as

sho j.n. Fi gur ther are l.ess sh 15 tron and npre trcles
and TlRuTy sndbisp AT N KEnUSE RePURRS sl RHRr Wimtea 3are iR VERR o°
smal | er extant kST éhﬁh@ﬂbﬁhéncﬂ”ﬂ shvewbrilp thped ead, p‘MWd?éT ifall hpeexer,

not enough to achieve the ob ect of the present |nvent| on. [0023] Powder

fall is il Fodghenieg .nprvtm% 1ft>rrm@¢|e dBse @ hadeRdrig coplpesttEBbal\iadni ckel
al | oy plat %ephevgbbb& rt:ekaﬁgr@f E b'thg Jaaéﬁbés.cw rrs’gtr;ffaamentccurs
e e ar e

because fin ritic partic orne on cogper escri bed
above. Thesenuenatfriremctheasuiface of dhe copper yoib(biee rmattdmspf aFenndtsdsy or

conme off a c.panticles
may cause PP 0D Mo fe pERAfe SftEAGLT: AR IHRYEC 1§ heet

fl akes, andesibtdnoeesi dues due to the flakes during the process. [0024]In

t he present inyention, a. secondar rticle | ayer based on_t rnar al | oy
composed of coldieouEbbainceadd MR pb BbGosdiay: BRIV At B ¢ cf o
llayer whi cechedsddTats ParticisWizaaRillobe eARRPM, fand itsMvRbROSaRBge akill 6@ the
surface of copper foil on which these primary particles and secondary

particles gP¥erasknia atcév@oompnerrtreﬁgwrlb b drrtprpr/gdr el (fosmapienopf f%r
details). vr,t!t%h grecrsronhc‘l?cﬁpto%'ceﬁtemaﬁéﬁmé is a copper foil for printed

circuits, enonmenon co call ed as "powder fall" and uneven
t r eat nent ; narm“ls)/ tBtEf I aje\mjordmentto of ubblermg‘brtnrrl aguipmeept ocad@nags, re on
the rol |l due t.Q 11/ 052276_an tch resi eto
the 1 akes >omifoRdTeioh iEegs ot oM < a oo RAlEh Bac] fiRrEabli™ ang
its heat r&ﬁeFtateoe e bgs i npr et [r@Qaﬁbﬁc&embea‘oryttSéIO\treatmdir(arrpﬂres
bel ow, optinmal conditiops to prevent powder fall are the avera rticle

3P ze of ﬁﬁa'iltfaét%wgp £8¢ PHBISS [CRgINIS sare, SuS: |Neoie, a%r@ Qerage
particle 5P¥@séﬁt rﬁv@ﬁtréﬁ c@mzérd?mé %cﬁﬂ?@alsé’ﬁé’&g%kdq 13£]‘tl‘¥<13é?e Hé)t?énctease‘j on

ternary al oy conposed copper, cobalt and nickel e primary particle
| ayer and the secondary partlcle | ayer descri bed

BRIEF DESCRIPTION OF DRAWINGS

25 [0019] [Fig. 11 This is a schematic view showing the state of powder fall when
roughening treatment based on copper-cobalt-nickel alloy plating was
applied on conventional copper foil.

[Fig. 2] This shows a schematic view of a treated layer of the copper foil
with no powder fall according to the present invention, prepared by

30 forming a primary particle layer on the copper foil, and then forming a
secondary particle layer based on copper-cobalt-nickel alloy plating on the
primary particle layer.

[Fig. 3] This shows a micrograph of the surface of the conventional
copper foil on which roughening treatment based on copper-cobalt-nickel

35 alloy plating was applied.



above are fornmed by el ectroplating. This secondary particle is

10characteri zed by being one or nore @endritic particl esPGT/oR2010B52R7HTr | mary
particle. As descri bed above, the average particle size for the
secondary particle layer, which is set to as small as 0.05 to 0.25 pm can
al so be restated as the height of the partjcles. That_is, one of_the

f eat ur es oift:'tgnéﬂ15§-rk%%(§ﬁ'@“ﬁ1\?em'?r&9reaﬁ Qfg{%ﬁé'ff@&eeaf 40€ i GRRRST 1P he

hei ght of t{ifickaeeRPeNnParddtflehtSPasdiorPesbpefiobarusiekef aliby glhtinge
particles is inhibrted. ~[0026] The bonding strength of 0.80 kg/cm or nore,
even 0.90 Kgsappliedoridh & sedueedcnir@nddansity: aad 7 desrgasRe presessiager and
t he secondz?%ye particle layer formed as descri bed above. 20Moreover, with
regard to the 'roughness of the surface forned by the primary particle |ayer
apd the sedbigd&]y [dis shbeslagecrograpbfof thé treatéd dayerenfemcoppepfaibwithess,

b hi eved. " Loveri f h i nhi bits, a ph wd
Fal1 more o eewrsErsh atfedinadBinerngsR svetdiot uEndneS SRERaR Sy Tor
printed cifehhing Baptintary hsardiohs opgst basthendopper d6il eahat ihemh fermiiegeai bed

above. [00271 (Plating. conditions for the prinar rticles of co r
One exanpl &€6PNPREY Pﬁ%“‘d@rﬁ%ﬂ@ﬁ Rased gp W%ﬁ%%”@?ﬁ ?ﬁ?%@'ﬂfn%BBBE?)i s as

fol | ows. ing conditions shown below are nerely an exanpl e
30 of sui’\?)terlgllqéepyg%an@?ﬁ (%%éérand the average particle size of the primary

aopper par {Fig. & f dhiedhowstahmicmgraphiofithe trgatad layes ofra peppentaihygithowder

fall. Therefore, | . 1 i i
o the preSenbov gL fef BcBhhd e hE ARG ET WiishihoS dBbRied By e
o e e fobeeir o S

ver, Vi
I5PCT] Po0/8808888REPRHIIS dpveh besSl DRt 8 e alley Bty BRdps
particles grﬁg% pEdicSeRfas aRtaHtymeEbpfuthét RApIANRg shé neLighress copper

pl ated | ay a copper alloy plated layer. For providing a copper plated
llayer, the nethods of form ng the copper plated |ayer include

el ectropl ati ng where 5 ?E'QC n;s-ﬁﬁwﬁqyp F_q\gggjmwgﬁ-scopper sulfate

cont ai ni ng copper sul fate an ric acid as nain conponents is used, and
el ectropl ati ng where an aqueous sol ution of copper sulfate conbined with

| furi id, | f i f

coti JESant s eopS BOP DEpHy h e BeAt YR AR B R R Bt BB f 20

10Sol ut i on eRWRPToNl idToll&8 dappdt folll o woe;tom imb_ﬂc:\le)tlié)@eg/lihgdtrmgthuri c
en ensi

B o e 2L o) Iminatione hes e 7 e chBret A pe
Bglr E):/\/Cl es) poddLtd B redh 886 ARG iADPA%MelY MRe RorighRaeEosgifac® T thBOWN

copper foil, is normally subject to roughening treatment in which

electrodeposition is performed onto the surface of a degreased copper foil

to obtain a knobbed copper surface. Electrolytic copper foil shows

25 irregularity at the time of manufacturing, but the convex portions are

reinforced by the roughening treatment to further emphasize the

irregularity.

Rolled copper foil and electrolytic copper foil may be treated

somewhat differently. As used in the present invention, "roughening

30 treatment" includes such pretreatment and finishing treatments, and if

desired, any known treatment related to copper-foil roughening. A

[0021] This roughening treatment is to be performed herein using

copper-cobalt-nickel alloy plating (in the following description, the

roughening treatment based on copper-cobalt-nickel alloy plating is called

35 "a secondary particle layer" to clearly distinguish it from the above



are merely an exanple of suitable conditions, the secondary particles is to
be formed on the primary particles, d0d t he average partPCT/@PXN17/652238 a
role in preventing powder fall. Therefore, as long as the average particle
si zgof alls i In_to the range of the present invention, plating conditions are
In no way limte o,the conditionsg, shown bel pw. The pr.esent inveniion
wi |l encomPASEeEHuYe. Uécﬂqu(f%fnpaébﬁ%zh?ﬂ@ﬁ% w?chfE;c%r E)’LS'H}F’?}SJBBEP“?Q ) to 15
g/ L of ni cllpper-dodalonidkkl @nogowtédmu:éga drP tRe 2589p et Foin dsepetabede: 35
to 50C Current density: 24 to 50 A/ dnP ulomb: 34 to 48 As/dnR2 [0029]
(Plating c@®@Vv€ions to form heatproof |ayer 1) The present

I nventd can f I ld : b dﬁiﬁa it
seco %{5612%3 part i%pg%gygbgw&%rﬂ%}?@gﬁéﬁgf Q%Z%Bfﬁg?iengf g@%%t i orllﬂgfbf”o?ﬁt hi s
abe shown lhhiok. a Suippisirarobatipickiet iadiny Hated 2ayey is farmedkeAs ghewngng/ L of

20 A dnb  Faperh cine s s S BRI b dendnib SRR $88h0 CERng °
condi ti ons the fims rpdreialay gedwhaier dgndritic structureltshowreseriguny ehtaren can

further provide an additional heatproof |layer to be fornmed on the secondar
particle | &feduceaindesihial ENtdesYsi or this are shown bel ow. Sol uti ony

Comerature. 30\ RerBAlEPlner sotn fohe iR Sesfiy ook ndciaydr e i on
A/ dnR inhibited at the initial electrodeposition, causing new particle nucleation to
be formed at the tips of the particles. As a result, thin and long particles
will be gradually grown in a dendritic structure.
Therefore when electroplating is performed under lower current
density to prevent this, as shown in Figure 4, there are less sharp
15 projections, and more particles and roundly shaped particles are grown.
Powder fall will be improved to a smaller extent under the condition shown
in Figure 4, which is, however, not enough to achieve the object of the
present invention.

[0023] Powder fall is illustrated in Figure 1 in the case that a

20 copper-cobalt-nickel alloy plated layer is formed as shown in Figure 3.
This powder fall occurs because fine dendritic particles are formed on
copper foil as described above. These dendritic particles are easily
broken at their branches or come off at their root by external force.
These fine dendritic particles may cause flaking due to "rubbing", grime on

25 the roll due to the flakes, and etch residues due to the flakes during the
process.

[0024] In the present invention, a secondary particle layer based on ternary
alloy composed of copper, cobalt and nickel is to be formed on a primary
particle layer which is formed on a surface of copper foil. Micrographs of

30 the surface of copper foil on which these primary particles and secondary
particles are formed are shown in Figure 5 and Figure 6 (see below for
details).

The obtained thereby is a copper foil for printed circuits, wherein a
phenomenon commonly called as “powder fall" and uneven treatment; namely,

35 flaking due to "rubbing" during the process, grime on the roll due to the flakes,



[0031] (Plating conditions to forma rustproof |ayer) The present
i nvention can further provide an addilii onal rustproof | aR@T/JPZDhH0§22a8 i ng
conditions for this are shown below. Conditions for imersion chromate
treatment are shown beI ow but electrolytic chromate 15treat nent may al so

be used. Sol yti,on co i on |um ichromate. 0 to 5
g/ L of zi n@nal-?tcbs r?%' e% ul?tticotﬁetfi?g‘ﬁér ﬁgﬂ:bg in E’Sﬁl’sﬁgﬁ'gh'bgﬂgi ty: 0
to 2 A/dm?b(eflﬁérea%aaréh@rtsqwréra@m@é@tahb@aﬁaﬁedé Drn&@vbanb 0 to 2 As/dn2 (for
i mrersi on chronate treatnment) [0032] (Types of a weat her?r oof | ayer)

i

An eXxeaRsl e rrayﬁtﬁec@mm éh@W@n"bEXQHWHq&é?ﬁJ@We}S’MV‘%'l ¢UMItiops 1O Brr?vent
[0033] Wth, g\ﬂf%r al %ré% g R gega%t?gﬁlte dL&kflo 85140 @%gfnwgrﬁr% ary

secondary ove, a ternar l'ayer ere 10 to
36 ny/ dn @farimcdpplaryer 1éﬂdttb1e3906rqg;¥ qbramtl@lé sigbadt 0 C5) tooOSE@O upy fdnthef

ni ckel are deposited formed hy electr Iyt heat
resi st ancesﬁﬁgna?%lpr?d é[leo Sl 553 uPl Eeérp lL?S' %\?/E@]&%]de ocieﬁggg}?
anount of Gebak drepRidkean 100 pg/ dnR. The dep05|ted 30 anount of Co
exceedi ng 3000 _pg/dn? woul d not be preferred when etic effects need to
be taken into fé@oeﬂmaram%@ lavenaed t@?c?ﬁ‘%?g‘d?{)éupﬁi‘gt"éﬂﬁdaﬁéégﬁﬁwb d

det et or al g d1e! orARP BRCRIGbARRRKCA! T1AS! Skathear Opakidie e

resi stance wou terl orate en t depOsi ted anount of is less than
350 pg/ dn2. cbaradterigetidry baing, on@@renerd dgnaritiperiieles aramoTP0 PROMBIY52276
woul d deter ?{aﬂée when the deposited amobunt of Ni exceeds 500 pg/dnR. That
is, etch r 88 5 remain, and etching can be managed but fine patterning
will be difficwg de’élceibedebbbwed the pasertage @ammde sizeCbon $hé e aomd2090

/ dne, dth f d.d t ed 50 to 300 5pg/ dnP.

R ora: nal parisle ByEr R (oSt to Gk SHhaSo OBLion 25 4l Fon ke B! [ oy

pl ating Ca'ﬂeél%té@a‘th%QﬁéTPhﬂ?ﬁ?tﬁé pRPREIes , mtu@ &w@fméd@amésmbaét and
e

50 to 500 pg/d ni ck he above deposited anpunt of ea.clj|F1 onent in

ihe t er nar Presendy inygrion scan nke efNyidered ray IRBIRITINY ofhe hefd b8nges
are in no way.hhg a}ﬁgﬁw’e %gocﬁ‘é‘hgégl Bﬁt(ggmlé‘?‘@ oi{t@i@%rtrﬁﬁeé%qahllﬁﬂ'e@ n,

etching starns ne I'ns undi ssol ve when ‘et ched with copper
chl ofoate] and dtheh boeslinietrangih ohat8Nkg/@naphmoiedi @6 L0 wWag/sm or
al kal i ne- et ched WI t

order to f&%hCa E&I %{‘WSP{%Q" f?glt]?\ﬁegﬁpﬁawrpgargglle {aycc)arg %'F\%I t‘iga copﬁ?ry

chloride-b eﬁlc@tpgpeﬁg)mwbﬁaj“e@medsebbm ngCI’I bed in the foll ow ng

Exanpl es h t hese etchin utions an i conditio

Bonn uti 11ty MeraavarowiB daed 45468 HARNEEnAN thorms ke fumed By 847t o

these condighinghl§ padickYaM8hd aRBUdddHfarg arkieleSrlyes! RQ of 1.5 or less,
even 1.0 ym or less, can be achieved. Lowering surface roughness

in

inhibits a phenomenon of powder fall more effectively. The present
invention can provide a copper foil for printed circuits having the
25 properties and characteristics as described above.
[0027] (Plating conditions for the primary particles of copper)
One example of plating conditions for the primary particles of copper
is as follows.
Note that the plating conditions shown below are merely an example
30 of suitable conditions and the average particle size of the primary copper
particles formed on the copper foil has a role in preventing powder fall.
Therefore, as long as the average particle size falls into the range of the
present invention, plating conditions are in no way limited to the conditions
shown below. The present invention will encompass those.
35 Moreover, a metal plated layer may be provided between the copper



[ 0036] According to the present invention, a cobalt-nickel alloy plated
| ayer 20can be forned on a roughenedqgurface on which serCTidRA0y1/QE2RT6 Cl es
were formed (after being subject to roughening treatment) as descri bed
above. For this cobalt-nickel alloy plated |ayer, the deposited

amount of cobalt is preferably 200 to 3000 pg/dnR2, and the ratio of cobalt
i s preferafiol anst the PEMEOY tRATEGIef SSIPre ﬁhg RSNV s‘?—f’?ﬁ'@!]est (S t[cc))lr'@z?tdrnent

25can be C%ﬁﬂré%ﬁ%t% ﬁeeﬁ‘oglé)cgdrl'ég%faéd?ﬁéluﬁéeé‘? r plated 3¢S and a

cobalt-nic oy pla yer sh be provided to an extent that the
bondi ng st cepgeh aibtywasatachdayeppeFof oprovidingt ise coppsr r Btated slaysr, the

substantially, reduced. The PQS) . t ; 0
oqi dng wou e eaSHE frann, B8 SORAGEpRtBY Taypt 1dde oiBbraBRRir Ahefy
tgermal peghiyansadqeseis sandigtebecbppet edifate dantainingesoppanselfatedanteni cal
resistance as well as a reddish treated surface. /In afldl Léton thee deposi ted
amount of GSHHMNE a%ige@8iNgBEONRRIHE Rotsed nahdpelest gy Whelg gnetic

effects ne e toghﬁih | 8t Topper sulfate cARBMEY ,widdsubulid aeidseart ching
st ai ns and%ggtggiuglf eteriorat ip(g)n of acid 35resistance %nd chem cal

resi st ance.orgaropulédrecompogdgolayiag ampencarsd 9regpca/SHn achxe 28eNt opal t
is 400 t 7 . £ d Cred cobal t
5 oo SRR FPpATR ) RE e CaYE o8y BfRRER AT of, depos; Led cobs

m ght caus et chi ng. the preferred
nati o of c@uwiltiosaoneosifionn16aor2kglh obosppes &l inet0dd/ bwf suiurictasdi on

during soft_ etchi is djirectly inly caused by a heat proof and
rust proof ISRIEHOR %megﬁ eaEgitﬂgé-}%icgﬁel alloy plated | ayer. Nonethel ess,
adj usting td;@r@ﬁpg@ﬁsigf; cebatARN3 ndi cat ed above is preferred because
cobalt may also cause infiltration during soft etching. ioOn the other

hand, an i fsedlPMh:¢hto 8AoAEMHT deposited nickel woul d decrease thermal
peel i 8(928? rgr,‘%,{b c?ﬁgﬂi%ws%rgﬁé!ﬁb%ﬁggfy ngﬁcggg)m' cal resistance. Noreover,
%ces é 0 dd

an e noun eposi ted nickel wou eteriorate al kali etchin
nsoperti es. TheMefeotheatj tasi deperbed afiave; dhgeﬁléflmn@mﬁt'ﬁﬁﬁaﬁwr\)\% OWhe
cobalt content. 15[0038]T r in dan.c ' ia t

zi nc- ni ckelarﬁlmafgklaﬁ g#%@%ﬁ;@ﬂ%gf% %ﬁr@d%%’ g%céé%% Mﬁyﬁﬂ‘lﬁb%ﬁ Ig ©
pl ating. The fetnaéd amtné mimahepartides; akdlthal Avgrageapediclaydizeihasadt to

150 to 500 pg/dn2, and. the rati f njckel is set t |t
serves as JO?%H‘I BF%ntH}de?Wg?b?%@f ?h%‘%.or%h"f‘%‘eﬂgt §?;t§er?&re Le}%%gg’%ﬁ/%'{e erred
condi tion, apd Qi estokreWHfe of tHE phésetl ingkhtiyn pphdtinggsonditions arseid. |t
wi |l be understood that this zinc-nickel alloy pl_%(lanpqelﬁéeﬂi referre

@onpl ement vy weynlimitedrtoi thet srnditiaas $hovay BRI n. egign witl
tenperat ure_] i in the manufacturing process of printed circuits,
and heat ise'b%%és%?%?g&%n using a product in which 25 printed circuits
are i ncor pagalution dampesiiopl: &0 120 L cdspplerad 40-dapileal atnkel.e? tayler
material where a copper foil and a resin are bonded by thernoconpression,
they are engiys‘gocqchﬁq eat at a tenperature of 300C or higher upon being
bonded. Evgngqur;g such conditions, it is necessary to prevent a decrease
|

in the bon g strength between the,
25 Solution temperature: 35 to 50°C

Current density: 24 to 50 A/dm?
Coulomb: 34 to 48 As/dm?

[0029] (Plating conditions to form heatproof layer 1)
The present invention can further provide a heatproof layer to be

30 formed on the secondary particle layer described above. The plating
conditions for this are shown below.
Solution composition: 5 to 20 g/L of nickel, 1to 8 g/L of cobalt
pH: 2to 3
: Solution temperature: 40 to 60°C
35 Current density: 5 to 20 A/dm?



30 copper foil and the resin substrate, and this zinc-nickel alloy plating
is effective. [0039]Wth the conventil®nal art, in a finePCi/sR11/052@Mpri Si ng
a zinc-nickel alloy plated layer in a double-layer material where a

copper foil and a resin are bonded by thernoconpression, discoloration due

t0|nf|Itr CGQurs t the edge portion of the circuit during soft

etching. Ni @k@‘l’ ﬁ g 9 2(??@@”‘ 16PCT/ JP2011/ 062276 to inhibit infiltration

of agt)o%bph(mtm@eéﬁndlaangqugnﬁ tféaﬁbrdlﬁ Ié?éidiz) on of H2SO4: 10 wt % and H202:
used urlng soft etching. descri bed above, by setting_the

tot aI amount oflhe pregemi tentign §9npitt§tf@1 pa%detsw wilitignaobegipradd, t he
kel rat t 40
R;agsoem a’[ at La&éugger ‘ﬁmeghm t hggﬂﬁgpﬁpaconﬁ/ﬁ Hg\(% grgéﬁlgﬁﬂééﬁ&ltr@?éej t he

z5nc- ni ckeforadhigrepkshven balpsr. cones to be able to serve as a heatproof and

rust proof layer. and exert fe of an etching
agent usedbﬁqeq%cgmqoseq%%e%éo§pog/b %fl Iiatzr{é)d%eg /ltr)r?tf Z?P‘% he bondi ng
strength obHamid@wt due to corrosion. 10 [ 0040] When the total anount of
the zinc- nlckel aIon &ated | ayer _is |l ess than 150 pg/dnR2, the ability of
heat resi sCRHEOKIRMPEEIUR 0P IIAPH'S decreased, and it becomes difficult to
serve as aChLﬁPérerEH d fHstpgRret |ayer. Wien the anount exceeds 500

pg/ dnR, resistance t%@n roc?ﬁqoﬁ?c acid tends to be deteriorated.

15Mor eover Comhembe HetOnZé‘&Sédmratl ointhe alloy layer is less than 16 nass%
at t n during soft etching exceeds
9 pn@gnﬁvﬁla}t'?@né népﬂg g??ggfm%c%#ﬁca# lgﬁ/ér’?he upper limt of 40 mass% f or
t he nickel rat Tdnel preséntminverdiome caa fa.lrtrwv boovidei an atidaioniahaustprief al | oy

pl ated Iay 041 As descrj bed bo e, the pres |nv

D ovi de, | PiRgeddae HAtenEonHORS: o4 ey 2bF BV P Wand udiERGS Tar

zi nc- ni ckeImmelrgwnpémwﬁ’aﬂeaweétm@nﬁswen@\ﬁntﬁelbw bak @%btm fic chromate
copper -cobal t-ni ckel alloy plated |ayer as a secondary particle layer. The

idtal depo¥eatneatbiak also 'é%b@leﬂ and n| ckel in these layers may be
adjusted Sofuidd 20 b eq BTPYUL s (R Iurh HichrorRaR] U s/ gAChft o 300
, t epo te

to 4000 pg e total anount of nickel 1s pref rably set
to 150 to ZB@O pg/an When the total deposited anobunt of cobalt is

| ess than gpp?ﬁg)/ heat resistance and chem cal resistance woul d
deteriorat ot aI deposi ted anmount of cobalt exceedi ng 4000 pg/dn®

m ght causscmmm ngngérawé n50 tdBoecver, when the total deposi ted anpbunt of
ni ckel is less th n 150 p and .chem cal resistance

t
Wul d det efFSusrent enm’@ o agﬁgﬁbs(?‘?re'bﬁilﬁ?ﬁﬁgc‘%\‘rom%ﬁ remedi ng 1500

pg/ dm2 woulce f@mbe 0&oCH AlsEEind Y- immersion chromate treBefeditpbl y, the total
deposi ted anount of cobalt is 1500 to 3500 35pg/dnR, and the total

depo#loged Ahynes oba weatkerpiocpfdageno 1000 pg/ dnR. 17PCT/ JP2011/ 052276 As

long as the ab%\ﬁ[el Onsﬂdéescrl B@ﬁpﬁﬁ%ﬁaﬁ'cﬁdan EH%R%‘[’eéi&%g]éfdﬂet §8utiBnt he

particul ar cond 'S paragrap en rust proof
treatoesl is p¥vitioregard fo thescopmuerrraiat-neckel atibpmdating aea*harmacohdary he

resent inve t|on S at i treatment with, 5 chrone or
Bhating trBattner dedehBEHAh A & TRy Hiphdavst W U I Ep a2 Ple. The
coating tr@@p?sﬂum)ttb BDEO Mugghi e obfcaHIONBO Qi aeoa@g/dzn%@/fzmazetoar@le is a
treatnent to forma rust roof | ayer based on the zinc-chrom um group

m xture coA§Pesitag nogy Pﬁrf@r@ﬁdzbh@%HQiét‘%ﬁ&P H¥tone oxi de by el ectropl ating
using a plati ”th%ahga??ég@{é?idégaﬁﬂ chf ea%pér@i%‘s”\ﬁogfﬂ det&Hisk 88 e ©-

As the plating bat representatively u a m xe gueous sol ution of
at | east otte fdepuositedhaormaurd elicdo ds IK8Srthan 400 Ng&in 07The:r daposited t he

L ot | S BoL 8Tk ab B pUPhe pBLAR: SobluT R B8 BRGGRR T 7o
magnetic effects need to be taken into account, and would cause etching
stains and possibly deterioration of acid resistance and chemical
resistance.
[0034] The heat resistance would deteriorate when the deposited amount of
35 Ni is less than 50 pg/dm?. On the other hand, the etching properties



15pl ating bath conpositions and electrolytic conditions are as follows.

[ 0043] Copper foil obtained in this fnner w |l have supRCT/¢r20t1eF5228
peel i ng strength, oxidation resistance and hydrochl oric acid resistance.
Mor eover, a CuC 2 etching solution can be used to performetching to the

printed circuits wit.h paiter 150 r..l ess nd .even, alXal i

20et chi ng W'Q@%@F'PE;{ F‘ B@ osl %n?& ogr{\l'i ﬁ}(%é?cﬁ%ggﬁglég/ﬁigﬁtl on of

a circuit duatng ssth Fésﬁﬂuég l%ﬁhﬁ‘alhe amidichedg can be htunayedfdutefindi ng

sol uti on, an aqueous sol ution of H2504: 10 wt % and H202: 2 WEI% can 86 used.
he

Processi ng Pettesniagawilbhpdifiiawte JHie peetairas derosfied APPRk Y Coisng

| kal t

consi Lt?ng?%?%ﬂﬁzﬂéﬂ%m gricbthel PRfBRES,gehosiiad affbyl STRAERRIS SCREBQ0
nel/liter, p@mtn Cl 2 solution with 2 nol/liter is known. [0044] Copper foils
bt ai ned f h f
Che Nt rendirsardngy e BEERY dedd i ARt o é@%"%ﬁ?ﬁ@amﬁu dher
posi t i oni nﬁmgye&eﬁhgn%mcbfﬁ?lettoagfomgvm?tcyf chispereX@pte 3000 nyfimEiafcui t h
oards includin an exi ble _bg unted Wi th conponents suc
as IC, a r@@pg{toangnéoéo&%w{w iof a‘eiut 3{% ggo}ﬁ? ited, agﬁ’émgrogcess
chi p mount 'e%%h'éorHEBﬁ@hWtW@'téﬁﬁaW%ﬂb?ga tClsrﬁll'héréQy prefedPE@conditidmi s

time, positioning e copper foil treated 35surface may be performed
tilbr ough a fandntheirciarge skaist chnOW(ﬁytlﬁndi@ldrI@ thosedmdirated BU®Y2276 when naki ng

a thapgn nole 4s SER hardiv, BRUIAEBine mear NaPcAFEmaifle dridiatadeau face

is etter i's’ absor ere ore positioning W |
nmore preci SrmerFathw\nuhe:oppmrchnmm& aandjeto’lgresuﬂlmas thedottdtlyi resnainsen

performed while to 5.t er f ol | the filmfor curing.
If heat isYASH$S OZ&Q%M% Pﬁﬁﬁ, %@@P&Hg"ﬁ'ﬁ e YR %ﬂgﬂggs far-infrared and
infrared radi atjhQerdratf,hhortieto foeatd dige@t,fas ateding etchitd eblumfmaad
treated surface takes on a bl ackened col or. [0045]Fi nal I(i/?, E tﬁ@

flhe pri narya 9gpp@§echb@rldmhasﬁdngtqmgtﬁmm'ﬂ@ 318 U§?P'eﬁ§t

copper foi ' y] %?ﬂass”bsﬁdy%@qh thle%'ée ét&ﬁﬁﬂtgm%fﬁlu!@n@eéﬁ@r Ekshingere a
si | ane coup NG Rgent onto at |east a roughened surface on the
rust pr oof chmelnt:ons hav&draad uttitp | it inytaagerundarstepd dratigardiipna@setnat nent

| ud | d |
el ol PO PR BERSLBL PR A peripiesRa oo
ttht[U@%] be Uz%cotrﬁm fblnmélp@dsémtrmapptlgmng @olsalt- ?mé<e¢<aupy|pigteacgdayter
solution may be either spra i cation
Bhrmr st on. N e SITEERGIG 1ouae sd Byt tace up Wi 3B BrAN:AafiRsT Wsten
S60- 15654 QSﬁﬁgh%ﬁeP 'B%lr@subj”éb'tQd@%@hehﬂgtﬁéaﬁﬂ@ﬁgla&dééém abbebween a

copper foil resin bstrate by perform ng silane coupling treat ment

after applying Forr tiat eobaléariehealt alipy @I&t%u@fﬁnéhesﬂﬁﬁcé‘fte@ RMEYPP il .
or formed 1B0aNd RiSTERIL, 200 RONG | HETCCand R ol p st isTey) P
preferably set to be 60 to 66 mass%. In a broad sense, this treatment
25 can be considered as a type of rustproof treatment.
This cobalt-nickel alloy plated layer should be provided to an extent
that the bonding strength between the copper foil and the substrate is not
substantially reduced. The deposited amount of cobalt of less than 200
ug/dm? would not be preferred because it would result in decreased
30 thermal peeling strength and deteriorated oxidation resistance and
chemical resistance as well as a reddish treated surface.
In addition, the deposited amount of cobalt exceeding 3000 ug/dm?
would not be preferred when magnetic effects need to be taken into
account, and would cause etching stains and possibly deterioration of acid

35 resistance and chemical resistance. The preferred deposited amount of



[ 0046] Now reference is made to Exanpl es and Conparative Exanpl es. Pl ease
note that these Exanples are merely fiér illustrative purPoOFé20aneba2ne
present invention is not limted thereby. That is, other aspects or

30nodi fications included in the present invention are enconpassed. [00471

(Example 1 to Exanple 9) A primany particle layer (Cu) and a secondar
particle | &9@?”(@%&@ ééQQIHQ/gﬁbkel alloy plating) were formed on rol>ll ed

coppefoazPi | unqgs ddiRrCodli ExQIs aliflolLANISS ddpbyitelel
corrpgy t?OI’_lS aﬂg_ lEhe 61 ating conditi gns used heréiegeadrbga;tgﬁﬁfgm catse
[1(93551:;1 J Fzgmmnmwedurmg enf eteBimgh JuepbEhisi thespeafgrmedaiatiogotepkalt F8Rs]

| (A 9 i f primary particle layer (Cu platin
Sol uti on c&ﬁp@g%lﬁm%fg%/ L of copper, 75 g/L of sulfuric gg:i d 5Sol ution
t gnperat ure: 393 Qesceibeddbriiw,yinfitrabobsdudingrsatbdtohing & iregtlyaandne

(B) Formation, of d i.cl e | - Co- Ni__al .atir
Sol ut| gnsciaﬁf%a& ehuRST B eafbtoigs s BNt RV olopPisyfy i el

pH: 0 ) - C .
34 1o a4 Asa}%'[gzebfégggg?fé)?éoﬂégggfg\t@ﬁfé%,grﬁdjdmtty'ue 2mbonBlofAcdbaltCasl onb:

B o e | 0 (Compar 2t e EXaTel o ol on R i RS
during soft etching.

10 On the other hand, an insufficient amount of deposited nickel would
decrease thermal peeling strength, oxidation resistance, and chemical
resistance. Moreover, an excess amount of deposited nickel would
deteriorate alkali etching properties. Therefore it is preferable to
determine in balance with the cobalt content.

15 [0038] The present invention can further provide a zinc-nickel alloy plated
layer to be formed on a cobalt-nickel alloy plating. The total amount of
the zinc-nickel alloy plated layer is set to 150 to 500 pg/dm?, and the ratio
of nickel is set to 16 to 40 mass%. It serves as a heatproof and rustproof
layer. This is also merely a preferred condition, and other known

20 zinc-nickel alloy platings can be used. It will be understood that this
zinc-nickel alloy plating is a preferred complementary condition in the
present invention.

Even higher temperature is required in the manufacturing process of
printed circuits, and heat is generated when using a product in which

25 printed circuits are incorporated. For example, in the case of a so-called
double-layer material where a copper foil and a resin are bonded by
thermocompression, they are exposed to heat at a temperature of 300°C
or higher upon being bonded. Even under such conditions, it is
necessary to prevent a decrease in the bonding strength between the

30 copper foil and the resin substrate, and this zinc-nickel alloy plating is
effective.
[0039] With the conventional art, in a fine circuit comprising a zinc-nickel

alloy plated layer in a double-layer material where a copper foil and a resin
are bonded by thermocompression, discoloration due to infiltration occurs
35 at the edge portion of the circuit during soft etching. Nickel has an effect



conditions used herein are as follows. [Bath conpositions and plating
conditions] (A) Formation of a prim6y particle |ayer (RODER01POZRIHQ)
Sol ution conposition: 15 g/L of copper, 75 g/L of sulfuric acid 20Sol ution
Eg)rrple:ratur_e: 35fC Current density: 1 to 58 A/dn2 Coul onb: 4 to 81 As/dn®
ormati on of a secondar article layer (Cu-Co-N aJlo | at .
condi ti ons}o Zﬁw'htﬂf%at!%?rﬁ%s R ieéﬁb'nQSa%%rllt N EHFEHS %406]/%9 %‘P?‘ﬁ!'(g'géﬁf, 8
g/ L of cobg|s@l1Rwnl shd HLO.LPIRERY WisBd Aiindubftastehmensi ty: 24 to 50
A dn2 Coul ortb: 34 to 48 As/ g 30[ 0050] For the primary particl Ia}/er (Cu
pl ating) and t s desoiitied pboyet byisetiing dhe teigl @mwntmw'f}ﬂ-atq?(ﬁb? I8% t he

copper foil %@pgg%?gsorsf& 5b8 S ARNTRMHE (FoeiPlatd inl i BNGY MferRy 16! ©

size of thé articles, average particle size o secondary
_particles, npasebératf thiel lowsrdimitgarsd #8nyaks %hatthe apper dinvt andl the migkalss

e A e e R i e

(Wit z1:1 $adbicefPeerve as a heatproof and rustproof layer, and exert effects to
inhibit infiltration of an etching agent used during soft etching and prevent
a reduction in the bonding strength of a circuit due to corrosion.

10  [0040] When the total amount of the zinc-nickel alloy plated layer is less
than 150 pg/dm?, the ability of heat resistance and rust-proofing is
decreased, and it becomes difficult to serve as a heatproof and rustproof
layer. When the amount exceeds 500 ug/dm?, resistance to hydrochloric
acid tends to be deteriorated.

15 Moreover, when the nickel ratio in the alloy layer is less than 16
mass% at the lower limit, the amount of infiltration during soft etching
exceeds 9 pym, and it is not preferred. Technically, the upper limit of 40
mass% for the nickel ratio is a limit value to allow formation of a zinc-nickel
alloy plated layer.

20  [0041] As described above, the present invention can provide, if needed, a
cobalt-nickel alloy plated layer and further a zinc-nickel alloy plated layer
in sequence to be formed on a copper-cobalt-nickel alloy plated layer as a
secondary particle layer. The total deposited amount of cobalt and nickel
in these layers may be adjusted. The total deposited amount of cobalt is

25 preferably set to 300 to 4000 ug/dm?, and the total deposited amount of
nickel is preferably set to 150 to 1500 |Jg/dm2.

When the total deposited amount of cobalt is less than 300 pg/dm?,
heat resistance and chemical resistance would deteriorate. The total
deposited amount of cobalt exceeding 4000 ug/dm? might cause etching

30 stains. Moreover, when the total deposited amount of nickel is less than
150 pg/dm?, heat resistance and chemical resistance would deteriorate.
The total deposited amount of nickel exceeding 1500 ug/dm? would cause
etch residues.

Preferably, the total deposited amount of cobalt is 1500 to 3500

35 pg/dm?, and the total deposited amount of nickel is 500 to 1000 pg/dmz.
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[0042]

[0043]

[0044]

As long as the above conditions are satisfied, they are not limited to the
particular conditions described in this paragraph.

Then rustproof treatment is performed if desired. Preferred
rustproof treatment for the present invention is coating treatment with
chrome oxide alone or coating treatment with the mixture of chrome oxide
and zinc/zinc oxide. The coating treatment with the mixture of chrome
oxide and zinc/zinc oxide is a treatment to form a rustproof layer based on
the zinc-chromium group mixture consisting of zinc or zinc oxide and
chrome oxide by electroplating using a plating bath containing zinc salt or
zinc oxide and chromate.

As the plating bath, representatively used is a mixed aqueous
solution of at least one from bichromate such as K,Cr207 and Na,Cr,Oy,
CrOs, and the like; at least one from water-soluble zinc salt such as ZnO
and ZnSO047H,0; and alkali hydroxide. Examples of representative
plating bath compositions and electrolytic conditions are as follows.

Copper foil obtained in this manner will have superior thermal peeling
strength, oxidation resistance and hydrochloric acid resistance.
Moreover, a CuCl, etching solution can be used to perform etching to the
printed circuits with a pattern of 150 um pitch or less, and even alkali
etching can be performed. Moreover, infiltration into the edge portion of
a circuit during soft etching can be inhibited.

For a soft etching solution, an aqueous solution of H2S04: 10 wt%
and H,O,: 2 wt% can be used. Processing time and temperature can be
adjusted appropriately.

As the alkali etching solution, for instance, a solution (temperature
50°C) consisting of NH4;OH solution with 8 mol/liter, NH4Cl solution with 5
mol/liter, and CuCl, solution with 2 mol/liter is known.

Copper foils obtained from all the above processes show a black
color as in the case of the Cu-Ni treatment. A black color is significant in
terms of higher positioning precision and heat absorptivity. For example,
printed circuit boards including rigid and flexible boards are mounted with
components such as IC, a resistor and a capacitor in an automated
process. In the process, chip mounting is performed while reading a
circuit by a sensor. At this time, positioning on the copper foil treated
surface may be performed through a film such as Kapton. Positioning
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[0045]

[0046]

[0047]

when making a through hole is similarly performed.

The blacker the treated surface is, the better the light is absorbed,
and therefore positioning will be more precise. Furthermore, when
manufacturing a board, bonding is often performed while applying heat to
the copper foil and the film for curing. If heat is applied using
long-wavelength radiation such as far-infrared and infrared radiation at
this. time, heating efficiency is better when a treated surface takes on a
blackened color.

Finally, if desired, for the primary purpose of improving the bonding
strength between the copper foil and the resin substrate, silane treatment
is performed where a silane coupling agent is applied onto at least a
roughened surface on the rustproof layer.

Silane coupling agents used for this silane treatment include
olefin-based silane, epoxy-based silane, acrylic silane, amino silane and
mercapto-based silane. Any agent appropriately selected among them
may be used.

A method for applying a silane coupling agent solution may be either
spray by a sprayer, application by a coater, immersion, or flow coating.
For example, Japanese Patent Publication No. $60-15654 describes the
improvement in the adhesive strength between a copper foil and a resin
substrate by performing silane coupling treatment after applying chromate
treatment onto a roughened side of the copper foil. See the reference for
details. Then, if desired, annealing treatment may be performed in order

to improve the ductility of copper foil.

[Examples]

Now reference is made to Examples and Comparative Examples.
Please note that these Examples are merely for illustrative purpose, and
the present invention is not limited thereby. That is, other aspects or
modifications included in the present invention are encompassed.
(Example 1 to Example 9)

A primary particle layer (Cu) and a secondary particle layer
(copper-cobalt-nickel alloy plating) were formed on rolied copper foil under
the conditions and ranges shown below.

Bath compositions and the plating conditions used herein are as
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follows.

[Bath compositions and plating conditions]

(A) Formation of a primary particle layer (Cu plating)

Solution composition: 15 g/L of copper, 75 g/L of sulfuric acid

Solution temperature: 35°C

Current density: 2 to 58 A/dm?

Coulomb: 8 to 81 As/dm?

(B) Formation of a secondary particle layer (Cu-Co-Ni alloy plating)
Solution composition: 15g/L of copper, 8 g/L of nickel, 8 g/L of cobalt
pH: 2
Solution temperature: 40°C
Current density: 24 to 31 A/dm?

Coulomb: 34 to 44 As/dm?

(Comparative Example 1 to Comparative Example 9)

In Comparative Examples, the bath compositions and the plating
conditions used herein are as follows.

[Bath compositions and plating conditions]

(A) Formation of a primary particle layer (copper plating)

Solution composition: 15 g/L of copper, 75 g/L of sulfuric acid

Solution temperature: 35°C

Current density: 1 to 58 A/dm?

Coulomb: 4 to 81 As/dm?

(B) Formation of a secondary particle layer (Cu-Co-Ni alloy plating

conditions)

Solution composition: 15 g/L of copper, 8 g/L of nickel, 8 g/L of cobalt

pH: 2

Solution temperature: 40°C

Current density: 24 to 50 A/dm?

Coulomb: 34 to 48 As/dm?

For the primary particle layer (Cu plating) and the secondary particle
layer (Cu-Co-Ni alloy plating) on the copper foil formed according to the
above Examples, the average particle size of the primary particles, the
average particle size of the secondary particles, powder fall, peeling
strength, heat resistance and roughness (Rz) are shown in Table 1.

The corresponding results from Comparative Examples are also

peg
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shown in Table 1.
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As clearly shown in Table 1, the results from Examples according to
In Example 1, the current density was set to 51 A/dm? and 2 Aldm?,

the present invention are as follows.

[0052]
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[0053]

[0054]

and the coulomb was set to 72 As/dm? and 8 As/dm? to form primary
particles, while the current density was set to 24 A/dm?, and the coulomb
was set to 34 As/dm? to form secondary particles.

Note that the current density and the coulomb to form primary
particles are in two steps because formation of primary particles usually
requires two-step electroplating: i.e. a first step in which particle
nucleation occurs, and a second step in which nuclear particles are grown
by electroplating. The former is an electroplating condition for the
particle nucleation in the first step, and the latter is an electroplating
condition for growth of the nuclear particles in the second step. We will
not mention this for each of the following Examples and Comparative
Examples, because it applies to all.

The results showed that the average particle size of the primary
particles and that of the secondary particles were 0.25 ym and 0.05 ym
respectively, no powder fall was observed, the peeling strength under
ordinary state was as high as 0.88 kg/cm, the heat resistance (peeling
strength after heating at 180°C for 48 hours) was as high as 0.71 kg/cm,
and the surface roughness Rz was 0.98 uym.

In Example 2, the current density was set to 51 Aldm? and 2 Aldm?,
and the coulomb was set to 72 As/dm? and 8 As/dm? to form primary
particles, while the current density was set to 28 A/dm?, and the coulomb
was set to 39 As/dm? to form secondary particles.

The results showed that the average particle size of the primary
particles and that of the secondary particles were 0.25 ym and 0.15 um
respectively, no powder fall was observed, the peeling strength under
ordinary state was as high as 0.90 kg/cm, the heat resistance (peeling
strength after heating at 180°C for 48 hours) was as high as 0.72 kg/cm,
and the surface roughness Rz was 0.98 pym.

In Example 3, the current density was set to 51 A/dm? and 2 Aldm?,
and the coulomb was set to 72 As/dm? and 8 As/dm® to form primary
particles, while the current density was set to 31 A/dm?, and the coulomb
was set to 44 As/dm? to form secondary particles.

The results showed that the average particle size of the primary
particles and that of the secondary particles were 0.25 ym and 0.25 pym
respectively, and some powder fall was observed at an insignificant level.
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[ 0052] As clearly shown in Table 1 the results from Exarrpl es accordi ng to
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the secondary particles were
10 respectively, no powder fall was observed, the peeling strength under
ordinary state was as high as 0.95 kg/cm, the heat resistance (peeling
strength after heating at 180°C for 48 hours) was as high as 0.73 kg/cm,
and the surface roughness Rz was 1.20 pm.
[0056] In Example 5, the current density was set to 35 A/dm? and 3 A/dm?,
15 and the coulomb was set to 77 As/dm? and 12 As/dm? to form primary
particles, while the current density was set to 28 A/dm?, and the coulomb
was set to 39 As/dm? to form secondary patrticles.
The results showed that the average particle size of the primary
particles and that of the secondary particles were 0.35 ym and 0.15 pym
20 respectively, no powder fall was observed, the peeling strength under
ordinary state was as high as 0.96 kg/cm, the heat resistance (peeling
strength after heating at 180°C for 48 hours) was as high as 0.74 kg/cm,
and the surface roughness Rz was 1.20 ym.
[0057] In Example 6, the current density was set to 55 A/dm? and 3 A/dm?,
25 and the coulomb was set to 77 As/dm? and 12 As/dm? to form primary
particles, while the current density was set to 31 A/dm?, and the coulomb
was set to 44 As/dm? to form secondary particles.
The results showed that the average particle size of the primary
particles and that of the secondary particles were 0.35 ym and 0.25 pm
30 respectively, and some powder fall was observed at an insignificant level.
The peeling strength under ordinary state was as high as 0.98 kg/cm, the
heat resistance (peeling strength after heating at 180°C for 48 hours) was
as high as 0.75 kg/cm, and the surface roughness Rz was 1.51 uym.
[0058] In Example 7, the current density was set to 58 A/dm? and 4 A/dm?,
35 and the coulomb was set to 81 As/dm? and 16 As/dm? to form primary



15 respectively, no powder fall was observed, the peeling strength under
ordinary state was as high as 0.88 kpgcm the heat resi siauFo(pEeRiang
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surface roughness Rz was 1.51 pm [0058]1n Exanple 7, the current density
Was set tors8ullldrin2 and 4 A/dnR, 35and the coul omb was set to 81 As/dn?

and 16 As/dn2 g E8rIPhatiPEBxample 1, the current density was set to 47 A/dm?
and 1 A/dm?2, and the coulomb was set to 66 As/dm? and 4 As/dm? to form
primary particles, while the current density was set to 24 Al/dm?, and
coulomb was set to 34 As/dm? to form secondary particles.

35 The results showed that the average particle size of the primary



23PCT1JP20111052276 particles, while the current density was set to 24
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The results showed that the average particle size of the primary particles
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30 [0064] In Comparative Example 4, the current density was set to 47 Aldm?
and 1 A/dm?, and the coulomb was set to 66 As/dm? and 4 As/dm? to form
primary particles, while the current density was set to 34 A/dm?, and the
coulomb was set to 48 As/dm? to form secondary particles.

The results showed that the average particle size of the primary

35 particles was 0.15 pm, and that of the secondary particles was as large as
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30 printed circuits was evaluated as inferior in general.

[0067] In Comparative Example 7, the current density was set to 58 Aldm?
and 4 A/dm2, and the coulomb was set to 81 As/dm® and 16 As/dm? to form
primary particles, while the current density was set to 34 A/dm?, and the
coulomb was set to 48 As/dm? to form secondary particles.

35 The results showed that the average particle size of the primary



35The results showed that the average particle size of the primary
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48 hours) pagicteswas 04§ wm, anekthadf Hire sSRCARABNCRAT D WAS 35 {39€1 el s of

Exanpl es. b rsfsglﬂaﬁﬁt i %Etrrfér?@eogw Ta"‘ci&rqeo%%'&%lsoﬁd’mela%ﬂl ay8€ @sserved. Pm

Thi s coppe for tircurts was eval dated as 1nferior 1 n general.
[0068] | n CPhpapexling stheagth eindlertdrdinanyrsiate aeass0t98 kgicrse@ndotr®l haatine and

T pr i mar yrnisenerabeaing Sardth aferotedfid AL 1807 Clor a8 R et By 7
The resul t ggeRAPWBBtH feft whith avercagemparabld ¢o stheelevfels hof Examplgspaiti cl es

was 0.25 pm no powder fall was observed, and the peeling strength under
ordi nary s@@@@'c\méh@.Sgﬂfal@ﬁlfé’h'ﬂhﬂﬁﬁ%%W@(ﬁﬁﬂﬁéﬁ’%@ﬁé Sg HHe | MEQPB?r

Exanpl es, ; tni ' | N i aétgar 15 heating at
180C for 4 %"tlﬂrrbgﬂm\%gsc'éc‘ﬁgﬂﬁi ?g%ﬁ/tal(mr@gdef}gggé{cgﬂgfﬁ kg/ cm In addi tjon,
the poB8ace rohgl@mspami\maExame%thiﬁmlsfr%@fp@@ﬁsmbwasf ot i DAtRERI rcui ts
was eval uate pnberior, | ' z ws a
convent i onaf‘g«?:é(%'ﬂe’ %‘hﬁ?&h%%\??'ﬁ@%é%as LQPE@%%@%@%%@BE@ aytecgf?/?\nht?h no
poi mary paptiverg pirdelesTonly, whilefror sebosd@@cparticlashwecafoemeddensity was

set to 50 A/d and the coul o set to 25 As/dn? . sec¢ ry
particl es. n%h?héesf‘gg%lsg‘é’ %P?tﬁ%ta\ﬁ@ggvgéi{fie ps&%%i éféﬂ%l;grgrﬂgﬂ? t he
secondary Eéfﬂdléé E\ﬁag"a@.%sf)hﬁr 88 pswlepGaRnvagndbsgelvadyeardmbat peélimpwder
fall was observed. The peeling strength under ordinary state vvashge. i‘?
180C

kg/cm  25stadgthandestordinarytstate Wase8199h 594 e MYEN 23S CORWRATR
for 48 h 0 f b | h |
or 0“&?% elé%ﬁnog ?&ﬁ%@%t hirQ) P@Qt Qaslégé]ﬁcéqwénﬁmgsﬁéé%ﬂw afteevel s

of the Exanp e surface roughness Rz pm This
L®pr esent sheating aaipll 80 Havfon gt hobrenwasusibnificamtlyaiesiicadotm 0. 24 Kedeer

fall, and thus this copper. foil i Cj reul t s t
i nferior 3 ﬁdagf%}’a%,e lﬂf(ﬁ%ﬁ Aguélﬁ{l%% >|;-&tsﬁl0\?m1 6;@ %@ﬁp\;ﬁ?ﬁg}/ arrpflggsfa\fm' th
Conpar at i vgrikxedrBlreaits ey ebeidatddvs, infdriordapgemerbbi | according to the
present invention prepared by formng a primry. particle. layer, of. copper on
a sufG088k of t KOrERAREIVE BXaMPIRd str}fg’}']s P&%Wﬁ'&”é@%ﬂﬁ%? C%@f P?Xﬁ”@ ?ayer
35based on HidleCRYBPSAith Ho PPRReR, paRK tsigeid Thekes, for tHie
27Pm2011f%§é§%wp?%ntg?1$ pg_rgt icle Ia?er [ np\yni ch the average gar icle
g0ze of theape; the gupant density aas sekia508/dm pang tb%%ﬁom eVEs SEALR
particle si,ze, of 0 rtic | ayer based on ternary all oy
conposed o?%d%%ggﬁ%cgﬁg] gg%%d%?’céée@%f‘e?o.05 to 0.25 pm i found to be
capabl e of haviThg results showed that the average particle size of the secondary
particles was as large as 0.60 ym, and a large amount of powder fall was
observed. The peeling strength under ordinary state was 0.90 kg/cm,
25 and the heat resistance (peeling strength after heating at 180°C for 48
hours) was 0.73 kg/cm, both of which were comparable to the levels of the

Examples. In addition, the surface roughness Rz was 0.78 ym. This

represents an example having problems such as a large amount of powder
fall, and thus this copper foil for printed circuits was evaluated as inferior
30 in general.
| [0070] As clearly shown by comparing Examples with Comparative
Examples described above, the copper foil according to the present
invention prepared by forming a primary particle layer of copper on a
surface of the copper foil, and then forming a secondary particle layer
35 based on ternary alloy composed of copper, cobalt and nickel on the



5 superior effects to inhibit a phenonenon called powder fall and uneven
treatnent, increasing its peeling stgength, and inprovi iRCTVIP20N1EE0R276

resi stance. | NDUSTRI AL APPLI CABI LI TY 10 [0071] The object of the present
invention is to provide copper foil for printed circuits capable of having
superior effects to inhibit uneven treatnment and a phenonepon called powder
fal | in whptimaryuearésiedayel in whishgthenaverage particle sizeset oe RTEMEbhe of f
fromthe s p El 1 f ! Vi icle
| ayer comPedRi€ Beh i, 62808 0.5 plf'Sha o UeaR Gl w2 Tomeid

t r eat nent ) seeovddnyr pheiclesviaygr ibaseshondteraary rajlayt conasesh®fi earered heat

resi stance. |n addjtign, Si n unt o bnar nal | il s wil
be decreas%ﬂpalitt%“i)é‘r'a?édl'é @i%?e?%(ﬁggﬁémuﬂ%f@}‘ﬂ? @geﬁgﬁ%l gflshtl?lrvﬁafe will
be cover edsypésoebfeichd toNARMIL Beshahbmendn ballédrpowdst, fadhdnd uneven

hi gh-precision circuit can be fornmed. Therefore, it is useful @s\ngﬁgél nt ed

circuit natreptrapnt.orinereasingnits QRAINGertiEeRFn ARG JIRTRYING d d and
hi ghly int pé;bxigtra%qesem conductor devices. 25 28PCT/JP20111052276 CLAI M5

[Claim 1] A copper foil for printed circuits prepared by formng a primary
particle | ayer of copper on a surface of a copper foil, and then 5 form ng

a secondary particle Iayem@@&q'&gpﬂ%%ﬁuﬁy conposed of copper,
ry

cobalt and nickel on the particle layer; wherein the average
particle size of the primary particle layer is 0.25 to 0.45 pm and the

average particle size of_ fhe secondar article | ayer based. : y

al | o}P0¢d osed-l_g‘le %Sﬁbet%‘B@S_tenéHa’ LTINS tpsorfﬂal%%o?‘ggb@gg{)k\ﬁh?% ai m
2] The coppgfrcfié lcababldPbf RBOECELEbS AR @ Milhio ublediem tieatnhenteamd t he
primary particle layer and the secondary particle Iaéer are el ectr.opl ated

| ayers. [ Cagtharsymagopsabed rawder gl iprWhtchoraahaning PRERIPSIHE ™Mo NF ai m 1
or 150 ai m %ndmgrﬁrﬂcﬁff’g E&man Yroﬂﬁ”t[%ckﬁrfhé O8F tRE EBpFerdemnitiers
particles 8 own Oon a primary particle. al m4€]5The copper foil for printed
chrcui ts atmonidgraseoondgropartisie Giyemeomposed of wieppsircobationigkahaley engt h

kg cm of nBRENGGroesenrg) Farteshe Aol iins) N hchipBked beethdly g

to any oneggbngtiiafel inpovad Wbat essistanechordi agdisionesgide ah ameupt iofrar y

particle | %%%E)rr%gﬂytgreovsﬁcganrctji%f S %htégl gec':ra aesred', Sltso'p%ortilélgl SR willPhé-
uniform, and its whole surface will be covered; its etching properties will

20 be improved, and a high-precision circuit can be formed. Therefore, it is
useful as a printed circuit material for electronic equipments with

increasingly downsized and highly integrated semiconductor devices.

25



[ A ai m 6] The copper foil for printed circuits according to any one of
Claims 1 to 5 wherein a roughness, g, of a surface fomroadPray11105e276
25prinmary particle layer and the secondary particle layer is 1.5 pmor

|l ess. [Caim7] The copper foil for printed circuits according to any one of

Clainms 1 to 5 wherein a roughness, Rz, of a surface fornmed by the pri
_ , mar
particle | ayer and the secondary @A'i'\@e | ayer is 1.0 pm or §0I essl.o Y

[Claim 1] A copper foil for printed circuits prepared by forming a primary
particle layer of copper on a surface of a copper foil, and then
5 forming a secondary particle layer based on ternary alloy composed
of copper, cobalt and nickel on the primary particle layer; wherein
the average particle size of the primary particle layer is 0.25 to 0.45
um, and the average particle size of the secondary particle layer
based on ternary alloy composed of copper, cobalt and nickel is

10 0.05 to 0.25 ym.

[Claim 2] The copper foil for printed circuits according to Claim 1,
wherein the primary particle layer and the secondary particle layer
are electroplated layers.

[Claim 3] The copper foil for printed circuits according to Claim 1 or

15 Claim 2, wherein the secondary particle is one or more dendritic
particles grown on a primary particle.

[Claim 4] The copper foil for printed circuits according to any one of
Claims 1 to 3, wherein a bonding strength of the primary particle
layer and the secondary particle layer is 0.80 kg/cm or more.

20 [Claim 5] The copper foil for printed circuits according to any one of
Claims 1 to 3, wherein the bonding strength of the primary particle
layer and the secondary particle layer is 0.90 kg/cm or more.

[Claim 6] The copper foil for printed circuits according to any one of
Claims 1 to 5, wherein a roughness, Rz, of a surface formed by the

25 primary particle layer and the secondary particle layer is 1.5 pm or
less.

[Claim 7] The copper foil for printed circuits according to any one of
Claims 1 to 5, wherein a roughness, Rz, of a surface formed by the
primary particle layer and the secondary particle layer is 1.0 pm or

30 less.



