Description <Title of Invention> LIQUID CRYSTAL POLYMER-COPPER CLAD LAMINATE AND
COPPER FOIL USED FOR LIQUID CRYSTAL POLYMER-COPPER CLAD LAMINATE <Technical Field>
[0001] The present invention relates to a liquid crystal polymer copper-clad laminate and, particularly,
to a liquid crystal polymer copper-clad laminate used for a high frequency printed circuit board. Also, the
invention relates to a copper foil used for the liquid crystal polymer copper-clad laminate. [0002]

Copper and copper alloy foils (hereinafter collectively referred to as copper foil) greatly contributes to the
development of electric and electronic-related g&%@gg,’g%\g particularly, serve as an indispensable
material as a printed circuit material. In general, a copper foil for printed circuit board is laminate-bonded
to a substrate such as a synthetic resin board and a film under high temperature and pressure with or
without an adhesive agent to produce a copper-clad laminate. After that, in order to forma desired circuit,
a resist coating Stéf Bnd°dn EXpo6RIrE Etep are performed to print a necessary circuit, and then etching for

eliminating unneeessayJIoriens is periormedo120@3lcrap A NakiRyref RiiBtecheirsuit beards for electronic
devices are obtained by finally soldering desired elements. The copper foil for printed circuit board should

meet various déhandsCwhichRare differeiitbefiveeBRsuifata o béondedtord Fesin substrate (a
roughened surface) and a surface not to be bonded to the resin substrate (a shiny surface). [0004]

For example, among the demands for the roughened surface formed on the copper foil, predominant
demands are lxnesistanee toroxidative discoloration during storage, 2) satisfactory peel strength with the
substrate after high temperature heating, wet treatment, soldering, a chemical treatment, and the like, 3)
free from a so-cdllléei’étching residue which is generated after lamination with the substrate and etching,

and the like. The present invention relates to a liquid crystal polymer

copper—-clad laminate and, particularly, to a liquid crystal
polymer copper—-clad laminate used for a high frequency printed
circuit board. Also, the invention relates to a copper foil
used for the liquid crystal polymer copper-clad laminate.
[0002]

Copper and copper alloy foils (hereinafter collectively
referred to as copper foil) greatly contributes to the
development of electric and electronic-related industries and,
particularly, serve as an indispensable material as a printed
circuit material. Ingeneral, acopper foil for printedcircuit
board is laminate-bonded to a substrate such as a synthetic
resin board and a film under high temperature and pressure with
or without an adhesive agent to produce a copper—-clad laminate.
After that, in order to form a desired circuit, a resist coating
step and an exposure step are performed to print a necessary
circuit, and then etching for eliminating unnecessary portions
is performed.

[0003]



[0005] Since there is an increasing tendency that the circuit is easily peeled off due to a hydrochloride
etching liquid along with the development of fine pattern in a printed circuit of a printed circuit board, i.e.
along with thinning of the circuit, prevention of the peeling is required. Also, when the circuit is thinned,
since the circuit is easily peeled off due to a high temperature during treatment such as the soldering.
Thus, prevention of the peeling is also required. As the fine pattern is being further developed nowadays,
capability of etching of a printed circuit having a circuit width of 150Jimpitchorless with a CuC12 etching
I|qU|q, for example, is %%QPi%Sét%né'ﬁl {;%THE%E%E%@'@H aq_ja@mg&gl becoming ane of the
requirements in association with the diversification of the resist and the like. [0006] In order to meet
the demands, the applicant-suciteedet:in developigla methodfon dreatingra coppemnfoikincluding the
steps of performing roughening process on a surface of the copper foil by copper-cobalt-nickel alloy

plating, and theh Yorfiikg @cdbalt pidtedP el oF £ CobA-niERe &0y piatedtayér. ife thod enables

not only to fulfilthe abave-describadmany:gengralproperties as the,ceppsrieilfor guated circuit, but
also to provide inhibition for decreasing in heat-resistant peel strength when an acrylic adhesive agent is

used and excellerntoxidatiory eggistan cex(seeBatemd iteratire). f0007 sur Preferably, tafter forming the
copalt plated Ia%%r f%r %ho?e (_)Q%It-&cekerl éaélgx pslaﬁggtlaggre, gﬁgl-ggrirgswg t&atgé nt of_ is performed._The
typical exampleso e anti-corrosive tréatment include si gle coaﬁ’ng treatment using chrome oxide and
mixed coating treatment using chrome oxide, zinc, and/or zinc oxide. [0008] Further, with the
development of electronic appliances, the demand for improvement in heat-peeling resistance of the

copper foil circuit boar& ﬁéﬁé@ﬁ%@%@y@@@@%aﬁ%ﬁdﬁw ﬁﬁf&%ﬁ%ﬁQrﬁﬁé\ﬁééﬁing a method
for treating a copper f9il for. printing excellent in heat resistance, which includes perfarming a roughening

treatment on a surface of the copper foil by copper-cobalt-nickel alloy plating, forming a cobalt-nickel alloy
plated layer, anddtheri ferming aizine-hickel alloyiplated kayer {Patent ldteratifre2)odNisawas a very
effective invention and is one of the predominant products of the current copper fail circuit materials.

[0009] Late? orf: &g With G8Rmibng aid mghSmdgity bFBBRTIEIHTctti devides & Frequency of an

electric signal of glegtronic appliances has progressively shifted 1o higher leyel.Ageordingly, a liquid
crystal polymer which is excellent in dielectric property is used as a high frequency substrate in place of a

polyimide film whiek Hashetetofore beed ased ascandndulatingresin substratea Fod ex@mple, Patent
rare 3 desplpes oo O (g esuepoy pned et bomd i e posie o
[0005]
Since there is an increasing tendency that the circuit
is easily peeled off due to a hydrochloride etching liquid along
with the development of fine pattern in a printed circuit of
a printed circuit board, i.e. along with thinning of the circuit,
prevention of the peeling is required. Also, when the circuit
is thinned, since the circuit is easily peeled off due to a high
temperature during treatment such as the soldering. Thus,
prevention of the peeling is also required. As the fine pattern
is being further developed nowadays, capability of etching of
a printed circuit having a circuit width of 150 pum pitch or less

with a CuCl, etching liquid, for example, is now an essential

requirement, and alkali etching is becoming one of the



copper foil and to form a fine pattern on the copper-clad laminate. <Prior art literature> Patent Literature
[0010] Patent Literature 1: Japanese Patent Application Publication No. 6-54831 Patent Literature 2:
Japanese Patent No. 2849059 Patent Literature 3: Japanese Patent Application Laid-Open No.
2006-210689 <Summary of Invention> <Problem to be solved> [0011] However, in the printed circuit
board using the liquid crystal polymer, in the case of using the copper foil for printed circuit referred to in
Patent Literature 2, which is obtained by performing roughening treatment with copper-cobalt-nickel alloy

Maﬂngcn1asuq%%%ggg%%gggpq%kgsgggyggfbn with the diversification of the
resist and the like.
[0006]

In order to meet the demands, the applicant succeeded in
developing a method for treating a copper foil including the
steps of performing roughening process on a surface of the
copper foil by copper-cobalt-nickel alloy plating, and then
forming a cobalt plated layer or a cobalt-nickel alloy plated
layer. The method enables not only to fulfill the
above-described many general properties as the copper foil for
printed circuit, but also to provide inhibition for decreasing
in heat-resistant peel strength when an acrylic adhesive agent
is used and excellent oxidation resistance (see Patent
Literature 1).

[0007]

Preferably, after forming the cobalt plated layer or the
cobalt-nickel alloy plated layer, anti-corrosive treatment of
is performed. The typical examples of the anti-corrosive
treatment include single coating treatment using chrome oxide
and mixed coating treatment using chrome oxide, zinc, and/or
zinc oxide.

[0008]

Further, with the development of electronic appliances,
the demand for improvement in heat-peeling resistance of the
copper foil circuit board has been increasingly severe. The
applicant succeeded in developing a method for treating a copper

foil for printing excellent in heat resistance, which includes



cobalt-nickel alloy-plated layer, and then forming the zinc-nickel alloy-plated layer, there arises a problem
of roughening patrticle residue which is generated on the liquid crystal polymer resin surface after the
circuit etching in the fine pattern circuit of the copper-clad laminate is detected. Therefore, it is desired to
solve the problem. [0012] Accordingly, an object of the present invention is to provide a copper-clad
laminate including a copper foil bonded to a liquid crystal polymer wherein a roughening treatment with
copper-cobalt-nickel alloy plating is performed on the copper foil, which shows excellent peel strength and

s e from rougheningrpaticle residye,on.a surtace.at e fauid.qrysial palymey fesinafter copper fo

circuit etching. Another objéct of the present invention is to provide a copper foil which'is suitable for
production of suchi topperoladelaminatel t <Soltian tol Prgblemest j00],3] fihenpresent invention provides
the following inventions: (1) A_copper-clad laminate comprising a copper foil bonded to a liquid

crystal polymer S@RRt&in the Copger 1oi RS primary PartiefedayBF 8f E8pPerdna bonding surface to the

liquid crystal pOMH@LQBQ@§%PI@§‘?GJ%%@&'@A%@ pb acternary alloy Compsising £9Pper, cobalt and
nickel formed on the primary particle layer, the primary particle layer having an average particle size of

0.25 to 0.45 RM: andithessecoridary parnticle tayer havingarraveragetpartiele Sizeiofa@.05 to 0.25 pin

(2) The copper-clad laminate accordin todg ), wherein agﬁhof the primary particle layer and the
secondary parti%feo%lﬁlceF is 8% eﬁggtrgbll%fee %aycéorpper (% 3 égﬁbpé#c%%t%%%gfé according to (1) or
(2), wherein the(secendary particle is a dendritic particle or a plurality of dendritic particles which grows or
grow on the primary patrticle. (4) The copper-clad laminate according to any one of (1) to (3), wherein

bonding strength to the"idiid ctYstaf peRAEE S0 BoWémiaenre, high integrity of

semiconductor devices, a frequency of an electric signal of
electronic appliances has progressively shifted to a higher
level. Accordingly, a liquid crystal polymer which is
excellent in dielectric property is used as a high frequency
substrate in place of a polyimide film which has heretofore been
used as an insulating resin substrate. For example, Patent
Literature 3 describes a copper foil for high frequency printed
circuit board in which it is possible to produce a copper-clad
laminate by laminating a liquid crystal polymer film and a
copper foil and to form a fine pattern on the copper-clad

laminate.

<Prior art literature>
Patent Literature
[0010]
Patent Literature 1: Japanese Patent Application
Publication No. 6-54831
Patent Literature 2: Japanese Patent No. 2849059

Patent Literature 3: Japanese Patent Application



(5) The copper-clad laminate according to any one of (1) to (4), wherein roughness Rz of the bonding
surface of the copper foil to the liquid crystal polymer is 1.5 RM or less. (6) The copper-clad laminate
according to any one of (1) to (5), wherein roughness Rz of the bonding surface of the copper foil to the
liquid crystal polymer is 1.0 RM or less. (7) The copper-clad laminate according to any one of (1) to
(6), wherein the copper-clad laminate is used for a high frequency printed circuit board. (8) A copper
foil to be bonded to the liquid crystal polymer, wherein the copper foil has a primary particle layer of

copper on a boggip@_%g%c%q the liguid Grystal polymer and a secondary particle layer of a ternary alloy
comprising copper, cobalt and nickel formed on the primary particle layer, the primary particle layer

having an average particle size of 0.25 to 0.45 pm and the secondary particle layer having an average
particle size of 0.05 to 0.25 (9) The copper foil according to (8), wherein each of the primary patrticle
layer and the secONi4H paticle N8I i< 4R electroplated layer. (10) The copper foil according to (8)

or (9), wherein bepding-strengthtotheJiguid crystal polymer is 0.60 kg/cm or more. (11) The copper
foil according to any one of (8) to (10), wherein roughness Rz of the bonding surface of the copper foil to

the liquid crystal polyinher is 1.5 RM or less. (12) The copper foil according to any one of (8) to (10),
wherein roughness sz?f the bonding surface.%fttgg cop er foil to th§ Illthwd cr %tgl R?l mer is 1.0 RM or

Aowever 1 the .Qri it boar S 1 Ul .
less. [0014] Also, it Is possible to prowge a copper oil for printé circlit, wherein & cobalt-nickel alloy

plated layer is fepnedal polymer, in the case of using the copper foil for printed
circuit referred to in Patent Literature 2, which is obtained
by performing roughening treatment with copper-cobalt-nickel
alloy plating on a surface of the copper foil, forming a
cobalt-nickel alloy-plated layer, and then forming the
zinc-nickel alloy-plated layer, there arises a problem of
roughening particle residue which is generated on the liquid
crystal polymer resin surface after the circuit etching in the
fine pattern circuit of the copper-clad laminate is detected.
Therefore, it is desired to solve the problem.
[0012]

Accordingly, an object of the present invention is to
provide a copper-clad laminate including a copper foil bonded
to a liquid crystal polymer wherein a roughening treatment with
copper—-cobalt-nickel alloy plating is performed on the copper
foil, which shows excellent peel strength and is free from
roughening particle residue on a surface of the liquid crystal
polymer resin after copper foil circuit etching. Another
object of the present invention is to provide a copper foil which

is suitable for production of such copper-clad laminate.



on the secondary patrticle layer obtained by the copper-cobalt-nickel alloy plating. A zinc-nickel alloy
plated layer may be formed on the cobalt-nickel alloy plated layer. [0015] In the cobalt-nickel alloy
plated layer, a cobalt deposition amount may be 200 to 3000 gg/dm2, and a proportion of the cobalt may
be 60 to 66 mass%. There may be formed a zinc-nickel alloy plated layer with a total amount thereof
within the range of 150 to 500 gg/dm2, a nickel amount 50 gg/dm2 or more, and a nickel ratio 0.16 to
0.40. [0016] An anti-corrosive treatment layer may be formed on the zinc-nickel alloy plated layer. In
the anti-corrosive treatment,.a single coating treatment layer of chrome oxide or a mixed coating
treatment layer of chrome oxide and zinc and/or zinc oxide may be formed. Further, a silane coupling
layer may be fofmedsdn the mixed coating treatment layer. <Advantageous Effects of Invention> [0017]
A copper-clad laminate according to the present invention has excellent peel strength with a liquid crystal

polymer (LOP) and had BpF3eity bf O GenerAtigd 16GGheRm§ ParidieYédiaue dn 8 Zuiface of the

liquid crystal polymer aftey circuisgtehings [0018]1 2+ AlSQ,Since; ahgormally growa particles are
reduced, particle size becomes uniform, and it is possible to cover an entire surface, etching property is
improved, makihgritpdssible 1o forat accivetie Witk highe accuraeye 001193 coppdan§withithe development
of electronic apgliances, downsjzing and high ir%te ration of se icorgéiuctorlge%/icees Iggv&further

progressed. Théréis A sevérer demand 16r the rea%ﬁjroeenﬁsoﬁler%rr%% J“|Ir11gprsodruc%f::m proceseses of printed

circuits for the sergiconduetordaviees.yiie present inventien hasdhe techrologicat effects which meet the
demand.

ternary alloy comprising copper, cobalt and nickel formed on

the primary particle layer, the primary particle layer having

an average particle size of 0.25 to 0.45 um and the secondary

particle layer having an average particle size of 0.05 to 0.25

um.

(2) The copper-clad laminate according to (1), wherein
each of the primary particle layer and the secondary particle
layer is an electroplated layer.

(3) The copper-clad laminate according to (1) or (2),
wherein the secondary particle is a dendritic particle or a
plurality of dendritic particles which grows or grow on the
primary particle.

(4) The copper-clad laminate according to any one of (1)
to (3), wherein bonding strength to the liquid crystal polymer
is 0.60 kg/cm or more.

(5) The copper-clad laminate according to any one of (1)
to (4), wherein roughness Rz of the bonding surface of the copper
foil to the liquid crystal polymer is 1.5 Uum or less.

(6) The copper—-clad laminate according to any one of (1)

to (5), wherein roughness Rz of the bonding surface of the copper



<Brief Description of Drawings> Fig. 1 is a conceptual diagram illustrating a cause for an etching
residue in case where roughening treatment with copper-cobalt-nickel alloy plating is performed on a
conventional copper foil. Fig. 2 is a conceptual diagram illustrating a copper foil treated layer of the
present invention, in which the copper foil treated layer is obtained by forming a primary particle layer on
a copper foil and forming a secondary patrticle layer including a copper-cobalt-nickel alloy plating on the
primary particle layer, whereby an etching residue is suppressed,. Fig. 3 is a microscope photograph

of a surface in case where the [9%%*1%”@93}5%%}@% mgoggeﬁ-ggb&l&-@gk(ileaglé)y plating is performed

1
on a conventional copper foil. Fig."4 is a microscope photograph of a surface in case where a current
density and a processing speed wereaeduted whehrperformmngrthenrpughening treatmerit)with
copper-cobalt-nickel alloy plating on a copper foil. Fig. 5 is a microscope photograph of a copper foil

treated layer of the présentinvEntion in WhiAthe Catsher¥Bit teeted fayeiae ditained By forming a

primary particledayer,ona,coppek foil inadvanceand forming a secondary particle layer of a
copper-cobalt-nickel alloy plating on the primary particle layer, whereby the etching residue is

suppressed. Fig. 6(i8)a ficraseepehotograpte obarsirfacecoftwhichimughnessds fdrther improved in

the layer of the copper foil treated sur(iace of the p%%sielnt]?invention in which the copper f%il treated layer is

obtained by for in rﬁeﬁrim“é}rl)? ]ﬁ%%t?clté gycé?%%ear copper 6il in fdtvianrll%]éyaﬁa ]%rlmlng a s\éc]f)ndary particle

layer of a copperrcebalt-sickel alloysplating onithespemayyasticletayer cwhetehy the etghing residue is
suppressed. <Description of Embodiments> [0021]

and a secondary particle layer of a ternary alloy comprising

copper, cobalt and nickel formed on the primary particle layer,

the primary particle layer having an average particle size of

0.25 to 0.45 um and the secondary particle layer having an

average particle size of 0.05 to 0.25 um.

(9) The copper foil according to (8), wherein each of the
primary particle layer and the secondary particle layer is an
electroplated layer.

(10) The copper foil according to (8) or (9), wherein
bonding strength to the liquid crystal polymer is 0.60 kg/cm
or more.

(11) The copper foil according to any one of (8) to (10),
wherein roughness Rz of the bonding surface of the copper foil
to the liquid crystal polymer is 1.5 Uum or less.

(12) The copper foil according to any one of (8) to (10),
wherein roughness Rz of the bonding surface of the copper foil
to the liquid crystal polymer is 1.0 Um or less.

[0014]
Also, it is possible to provide a copper foil for printed

circuit, wherein a cobalt-nickel alloy plated layer is formed



A liquid crystal polymer to be used as an insulating substrate forming a copper-clad laminate is not
particularly limited, and examples thereof include wholly aromatic polyester obtainable by
homopolymerization or copolymerization of aromatic hydroxylcarboxylic acid, aromatic dicarboxylic acid,
aromatic diol, aromatic hydroxylamine, aromatic diamine, aromatic aminocarboxylic acid, and the like.
The liquid crystal polymer is ordinarily provided in the form of a film. Bonding between the liquid crystal
polymer and a copper foil may generally be performed by thermocompression bonding. [0022] The

copper foil to be Used é'n the (Qrggg%r}t i]ggggggq énepéygrargjgkeacg%gicog}ogpl%r foil or a rolled copper foil.

Roughening treatment is ordinarily performed on a surface of the copper foil to be bonded to a resin

substrate, i.e. oncreughened surface by @lectrodeposition inZ khob*shapelon alswrface of the copper
foil after degreasingBin order to improve peel strength of the copper foil after lamination. The electrolytic

copper foil has tHé bhpSWherprodited @it tHe bltips & turtier Eiflarged BY Rirftbféing the convex

portion of the elegtrolytic copper foil by the roughening treatment. [0023] The conditions of the
treatment may be a little varied between the rolled copper foil and the electrolytic copper foil. In the
present inventidr, O'taughening treatment” includes these pre-treatment and finish treatment, and also

known treatment relating tq copper fail roughenijng treatment performed as appropriate. [0024] The
roughening treatment %gbe?%ermgeoc%ﬁ%%o%%%—%%b%ﬁt%gkgl?a E)eydfplgﬂﬁar(fn %eg%qf%%\};mg description, the

roughening treaisesd of the coppercohalt-pickel @alloy platingus ref€rregdde as psegendarnynparticle layer"
in order to clarify the difference from the preceding treatment). However, as described above, the problem

of etching residté dritPtHeRlike Eaftect oflthediduid erystat polyiier stiffdcevier firel 2

copper-cobalt el alloviplatedhaysr Js siouny fgyned.or fhe caupen ol 0251, .. Shown in Fig. 315 2

microscope photograph of a surface of the copper foil on which the copper-cobalt-nickel alloy plated layer
is formed. As shawh:in Eige 3; fing=pafticles densbitiqallycgrowa maykke ehserveds tngeneral, the dendritic
fine particles shown in Fig. 3 are formed by a high current densitg/. [0026]

or more, and a nickel ratio 0.16 to 0.40.

[0016]

An anti-corrosive treatment layer may be formed on the

zinc-nickel alloy plated layer. In the anti-corrosive

treatment, a single coating treatment layer of chrome oxide or

a mixed coating treatment layer of chrome oxide and zinc and/or

zinc oxide may be formed. Further, a silane coupling layer may

be formed on the mixed coating treatment layer.

<Advantageous Effects of Invention>
[0017]

A copper—-clad laminate according to the present invention
has excellent peel strength with a liquid crystal polymer (LCP)
and has a property of not generating a roughening particle
residue on a surface of the liquid crystal polymer after circuit
etching.

[0018]



In the case of the high current density processing, nucleation of the particles in the initial electrodeposition
is suppressed, and a new patrticle nucleus is formed at the particle tip. Therefore, the particle dendritically
grown has the thin and long shape. In case where the dendritic roughening particles shown in Fig. 3 are
formed, since the particle has the sharp wedge shape, the roughening particles are driven into the inside
of the liquid crystal polymer substrate, and the excellent adhesion with the substrate is exhibited.
However, on the other hand, a problem that the fine roughening particle penetrated into the substrate
remains as a residue ogltgg,regrhglérfg%% after fi}@ Cg%i&?%@?&%@é‘ésa@gz@ éﬁ:gg&qmgly, when the
electroplating is performed at a reduced current density in order to prevent the residue, the sharp rising
edge disappeansaas shawnsihzieigo<k; the asumbepofpasticles is increased, and-theround shaped particles
are grown. However, though the powder falling is suppressed under the circumstances shown in Fig. 4,

the peel strength\ith Thé fighRF Ery st Po)Mer S UnsatisfaR P To0sE]” "FhB%atise for the generation

of the etching residue;in casg where the-copper-cohalt-nickel platedlayer shown in Fig. 3 is formed is
shown in the conceptual diagram of Fig. 1. The dendritic fine particles are formed on the copper foil as

described above?8amnd) since apart of the branch of each of the dendritic particles is easily broken or the
dendritic particles fall ozzflféom t‘p&%asf%gy an gﬁterpnglnftor%% thfedcq:nrdorgic Cp%rticheis trggglsto remain after the
etching. Also, the fine dendritic particles can be the Cause of dirt on a roll die to Sﬁ’lpplng and a stripped

powder generatestBy 1rbingn dutingnthe, treatment {092 Yem i cbnthe-prasertinventiansafter forming the
copper primary particle layer on the surface of copper foil in advance, the secondary particle layer made
from a ternary dloySormaerorEsiTers cobAlSarTd hitkel fREfGrRTEd 8RTRE Priftaryparticle layer. Shown in

Fig. 2 is the congeptual diagram,of the present invention., Shown.in Eigs. 5:and 6,are microscope

photographs of a surface in which the primary particles and the secondary particles are formed on the
copper foil (details-arel destribedch daten).i [0030] ct orAteotdiag.to theepresertminventiontdescribed above,
the dirt on the roll and the etching residue due to the stripping and the stripped powder caused by the
"rubbing" during'five tré&thenRtare efififdted’ Furthiera copper fdil H}%iapﬁr?ﬁ&ﬂfency printed circuit
board which has the properties of the excellent peel strength with the liquid crystal polymer and not
generating the roughening particle residue on the liquid crystal polymer surface after the circuit etching is
obtained. As usedirthierei®<high fregoeney” geaetallysmeans 1 GHz or more and typically 5 to 30 GHz.

Fig. 1 is a conceptual diagram illustrating a cause for
an etching residue in case where roughening treatment with
copper—-cobalt-nickel alloy plating is performed on a
conventional copper foil.

Fig. 2 is a conceptual diagram illustrating a copper foil
treated layer of the present invention, in which the copper foil
treated layer is obtained by forming a primary particle layer
on a copper foil and forming a secondary particle layer
including a copper—-cobalt—-nickel alloy plating on the primary
particle layer, whereby an etching residue is suppressed, .

Fig. 3 is a microscope photograph of a surface in case
where the roughening treatment with copper—-cobalt—-nickel alloy
plating is performed on a conventional copper foil.

Fig. 4 is a microscope photograph of a surface in case



[0031] As is apparent from the working examples described later in this specification, the optimum
conditions for preventing the etching residue includes an average patrticle size of the primary particle layer
of 0.25 to 0.45 pm and an average patrticle size of the secondary particle layer made from the ternary
alloy formed of copper, cobalt and nickel of 0.05 to 0.25 RM. [0032] Each of the primary particle layer
and the secondary particle layer may be formed of an electroplated layer. The secondary particle has the
characteristics that it is a dendritic particle or a plurality of dendritic particles which is/are grown on the

primary partile(s). 1003314 descriied: aboye, the averane partple.size. oLte secondaty particl layer s

0.05 to 0.25 Jim, which is relatively small,"and the particle diameter is in other words a height of the
particle. In shonbcarie oftheychiasacterigticsiofdhe prasent inventiondsie suppress the height of the
secondary particle for suppressing the stripping of particles (powder falling) which becomes the cause of
the etching residueYererationJais, Yuerthe déubie structure of the primary particle layer and the

secondary particle layer of the presentipyention, the exgelient peel %‘&EEBQ‘P £ambe.enswgd. [0034]
The copper foil having the primary particle layer and the secondary particle layer formed as described

above attains boating strehgtiywitheliquid eaystalqyolymeriof G160 kgterprsrmiore [0085F<d  Also, as for
roughness Rz olf the surface on who'{ ht e]_primar)é article Iagerﬁ?nd #helsecondarg article layer are
formed, it can be™¥.5'RM or [ess, or furthermore it can be 170"RM or less. Thé rediction of surface
roughness is meorg effestive femsuppressing-thenetching residue yWith-the-use of the-cepper foil according
to the present invention, it is possible to provide a copper-clad laminate for high frequency printed circuit
board having the°&b6ve-geseribed titffity and Propeéries! J0036]H{CoperPimary Patfidie Plating

Conditions) layer, whereby the etching residue is suppressed.

Fig. 6 is a microscope photograph of a surface of which
roughness is further improved in the layer of the copper foil
treated surface of the present invention, in which the copper
foil treated layer is obtained by forming a primary particle
layer on a copper foil in advance and forming a secondary
particle layer of a copper—cobalt-nickel alloy plating on the
primary particle layer, whereby the etching residue is

suppressed.

<Description of Embodiments>
[0021]

A liquid crystal polymer to be used as an insulating
substrate forming a copper-clad laminate is not particularly
limited, and examples thereof include wholly aromatic polyester
obtainable by homopolymerization or copolymerization of
aromatic hydroxylcarboxylic acid, aromatic dicarboxylic acid,

aromatic diol, aromatic hydroxylamine, aromatic diamine,

10



One example of the copper primary particle plating conditions is as follows. The plating conditions are not
more than the preferred example, and the average particle size of the copper primary particles formed on
the copper foil has the role of preventing the powder falling which is the predominant cause of the etching
residue. Therefore, plating conditions other than those described below are not inhibited at all Insofar as
the average particle size is within the scope of the present invention. The present invention encompasses
such plating conditions. Liquid composition: 10 to 20 g/L of copper, 50 to 100 g/L of sulfuric acid

Liquid temPera%‘{%m%w'@%oa%%%ﬂ%@x@eﬂ%tyaQ«J&’ 58 Adm2 Coylomb %’?ﬁ&”ﬂhﬁ&%m As/dm2 [0037]

(Secondary Particle Plating Conditions) As Is the case described above, the plating conditions are not
more than the preferted examplerahs thedaverageyparticle size hastthe rote-of prexenting the powder
falling. Therefore, plating conditions other than those described below are not inhibited at all insofar as

the average paﬁf&rljéjéfi% RETHRRthe Scdpeibf the prédett iRVERTIGT. TRE preS8RPVentibh encompasses
such plating copgitionsne r » LiGUIdLYBPESitign: 10,1020 ghoab6pRRET 5o 15,94 of nickel, 5 to 15 g/L of

cobalt pH: 2to 3
[0022]

The copper foil to be used in the present invention may
be an electrolytic copper foil or a rolled copper foil.
Roughening treatment is ordinarily performed on a surface of
the copper foil to be bonded to a resin substrate, i.e. on a
roughened surface, by electrodeposition in a "knob" shape on
a surface of the copper foil after degreasing in order to improve
peel strength of the copper foil after lamination. The
electrolytic copper foil has the bumps when produced, and the
bumps are further enlarged by reinforcing the convex portion
of the electrolytic copper foil by the roughening treatment.
[0023]

The conditions of the treatment may be a little varied
between the rolled copper foil and the electrolytic copper foil.
In the present invention, “roughening treatment” includes these
pre-treatment and finish treatment, and also known treatment
relating to copper foil roughening treatment performed as
appropriate.

[0024]

The roughening treatment is performed by
copper—-cobalt-nickel alloy plating (in the following
description, the roughening treatment of the

4

copper—-cobalt-nickel alloyplating is referred to as “secondary
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Liquid temperature: 30C to 50C Current density: 24 to 50 A/dm2 Coulomb amount: 34 to 48 As/dm2
[0038] (Plating Conditions for Forming Heat Resistant Layer 1) In the present invention, a heat
resistant layer may be formed on the secondary particle layer. The plating conditions are as follows.
Liquid composition: 5 to 20 g/L of nickel, 1 to 8 g/L of cobalt pH: 2 to 3 Liquid temperature: 40C to 60C
Current density: 5 to 20 A/dm2 Coulomb amount: 10 to 20 As/dm2

particle layer” in order to clarify the difference from the

preceding treatment). However, as described above, the

problem of etching residue and the like can occur on the liquid

crystal polymer surface when the copper-cobalt-nickel alloy

plated layer is simply formed on the copper foil.

[0025]

Shown in Fig. 3 is a microscope photograph of a surface

of the copper foil on which the copper-cobalt-nickel alloy

plated layer is formed. As shown in Fig. 3, fine particles

dendritically grown may be observed. In general, the dendritic

fine particles shown in Fig. 3 are formed by a high current

density.

[0026]

In the case of the high current density processing,

nucleation of the particles in the initial electrodeposition

is suppressed, and a new particle nucleus is formed at the

particle tip. Therefore, the particle dendritically grown has

the thin and long shape. 1In case where the dendritic roughening

particles shown in Fig. 3 are formed, since the particle has

the sharp wedge shape, the roughening particles are driven into

the inside of the liquid crystal polymer substrate, and the

excellent adhesion with the substrate is exhibited. However,

on the other hand, a problem that the fine roughening particle

penetrated into the substrate remains as a residue on the resin

surface after the circuit etching occurs.

[0027]

Accordingly, when the electroplating is performed at a

12



[0039] (Plating Conditions for Forming Heat Resistant Layer 2) In the present invention, the following
heat resistant layer may be further formed on the secondary particle layer. The plating conditions are as
follows. Ligquid composition: 2 to 30 g/L of nickel, 2 to 30 g/L of zinc pH: 3 to 4 Liquid temperature:
30C to 50C Current density: 1 to 2 A/dm2 Coulomb amount: 1 to 2 As/dm2 [0040] (Plating Conditions for
Forming Anti-corrosion Layer) In the present invention, an anti-corrosion layer may be formed. The
plating conditions are as follows. The conditions in the case of a dipping chromate treatment are

described below it an elegirolysis chromase;treament maybe eMpIoyEd: resique, the

sharp rising edge disappears as shown in Fig. 4, the number of
particles is increased, and the round shaped particles are grown.
However, though the powder falling is suppressed under the
circumstances shown in Fig. 4, the peel strength with the liquid
crystal polymer is unsatisfactory.

[0028]

The cause for the generation of the etching residue in
case where the copper-cobalt—-nickel plated layer shown in Fig.
3 is formed is shown in the conceptual diagram of Fig. 1. The
dendritic fine particles are formed on the copper foil as
described above, and, since a part of the branch of each of the
dendritic particles is easily broken or the dendritic particles
fall off from the base by an external force, the dendritic
particles tend to remain after the etching. Also, the fine
dendritic particles can be the cause of dirt on a roll due to
stripping and a stripped powder generated by “rubbing” during
the treatment.

[0029]

In the present invention, after forming the copper
primary particle layer on the surface of copper foil in advance,
the secondary particle layer made from a ternary alloy formed
of copper, cobalt and nickel is formed on the primary particle
layer. Shown in Fig. 2 is the conceptual diagram of the present
invention. Shown in Figs. 5 and 6 are microscope photographs
of a surface in which the primary particles and the secondary

particles are formed on the copper foil (details are described
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Liquid composition: 1 to 10 g/L of potassium bichromate, 0 to 5 g/L of zinc pH: 3 to 4 Liquid temperature:
50C to 60C Current density: 0 to 2 A/dm2 (for dipping chromate treatment) Coulomb amount: 0
to 2 As/dm2 (for dipping chromate treatment) [0041] (Types of Weather Resistant layer) A silane
coupling treatment of coating a silane coupling agent on at least a roughened surface of an anti-corrosion

layer may be performed. The silane coupling agent is appropriately selected from examples thereof
including olefin-based silane, epoxy-based silane, acryl-based silane, amino-based silane, and
mercapto-baset%g,yggg.. As a coating method, the silane coupling solution may be coated by spray

coating, a coater, dipping, casting, or the like. Since these methods are well-known technologies (see, for
example, JapanesesEkxamined Patent Publication No. 60-15654), details thereof are not described herein.

[0042] As the copper-cobalt-nickel alloy Elating used as the ,
A O the present invention described above, the

ccording t
dirt on the roll and the etching residue due to the stripping
and the stripped powder caused by the “rubbing” during the
treatment are eliminated. Further, a copper foil for high
frequency printed circuit board which has the properties of the
excellent peel strength with the liquid crystal polymer and not
generating the roughening particle residue on the liquid
crystal polymer surface after the circuit etching is obtained.
As used herein, “high frequency” generally means 1 GHz or more
and typically 5 to 30 GHz.

[0031]

As is apparent from the working examples described later
in this specification, the optimum conditions for preventing
the etching residue includes an average particle size of the
primary particle layer of 0.25 to 0.45 um and an average particle
size of the secondary particle layer made from the ternary alloy
formed of copper, cobalt and nickel of 0.05 to 0.25 um.
[0032]

Each of the primary particle layer and the secondary
particle layer may be formed of an electroplated layer. The
secondary particle has the characteristics that it is a
dendritic particle or a plurality of dendritic particles which
is/are grown on the primary particle(s).

[0033]

As described above, the average particle size of the
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secondary particles, a ternary alloy layer containing copper in a deposition amount of 10 to 30 mg/dm2,
cobalt in a deposition amount of 100 to 3000 gg/dm2, and nickel in a deposition amount of 50 to 500
gg/dm2 is formed by electrolytic plating. [0043] When the Cu deposition amount is less than 10
mg/dm2, it is difficult to form roughening particles having a satisfactory size, and, therefore, a substrate
adhesion tends to be deteriorated. When the Cu deposition amount exceeds 30 mg/dm2, heat resistance
and chemical resistance among substrate properties tend to be deteriorated. [0044] When the Co

deposition amoggggnlggém{qggglgg%r_a £lching.propery fends 1o pe deterigrated, The Co

deposition amount exceeding 3000 gg/dm2 is not preferred in case where it is necessary to consider the
influence of magnetism,aand deteriarationl ef atidrresistancel andtéhemical desistantercould be

considered. [0045] When the Ni deposition amount is less than 50 gg/dmz2, heat resistance is
deteriorated. Ofrtfie BHfiérfiand, W_Hénsﬁn%rﬁ'r d8pGsitibn AtfioliffteREesds 866 Ghy/m2; tfe etching

property is deteriorated. Thatds,theetching residdeds generated, and formation; et a.fine-pattern
becomes difficult though it is not too difficult to make it impossible to perform the etching. A preferred Co
deposition amonat maylbe 500 toU2006 geidm2t andH piafeired mickekdepositon Gmodistimay be 50 to

300 gg/dm2. [OfO%JI . In view of the above, it may be sagd ttggt the gtesirable deposition amounts in the

copper-cobalt—nlcakle larfl%g/ ;ﬂgtllr(fg}f a}?g Jto3 }rlﬁeg ?c?‘mieofocopper, 166 6%%()]6@5’6 dm2 of cobalt, and 50

to 500 gg/dm2 gthiskek Depositiopameuats of the temaryaliay-layen asedotinerg thaa desirable
conditions and do not deny ranges which exceed the desirable conditions. [0047] In general, in the
case of formingPaEfréditcah3RaliRE ©teRthg fiGORFaRd & espperehloride-isiséd eteRingIituid described in

e ki XSIOES A ST b e g ol e vl and
[0034]

The copper foil having the primary particle layer and the
secondary particle layer formed as described above attains
bonding strength with liquid crystal polymer of 0.60 kg/cm or
more.

[0035]

Also, as for roughness Rz of the surface on which the
primary particle layer and the secondary particle layer are
formed, it can be 1.5 um or less, or furthermore it can be 1.0
Um or less. The reduction of surface roughness is more
effective for suppressing the etching residue. With the use
of the copper foil according to the present invention, it is
possible to provide a copper—-clad laminate for high frequency
printed circuit board having the above-described quality and
properties.

[0036]
(Copper Primary Particle Plating Conditions)

One example of the copper primary particle plating

15



[0048] In the present invention, after forming the secondary particles (after roughening treatment) as
described above, a cobalt-nickel alloy plated layer may be formed on the roughened surface. [0049]

The cobalt-nickel alloy plated layer contains cobalt in a deposition amount of 200 to 3000 gg/dm2, and a
cobalt ratio may preferably be 60 to 66 mass%. The treatment is considered to be a type of anti-corrosive
treatment in a broad sense. [0050] The cobalt-nickel alloy plated layer should be formed to the extent
which does not substantially deteriorate the bonding strength between the copper foil and the substrate.

The cobalt deposifign.amaunt of less than 200 gg/dmz, isnot preferalle a5.the beatyesistant peel

strength is decreased, acid resistance and chemical resistance are deteriorated, and reddening of the
processed surfatceaoccurs. jo0e5¢l red Aegahalt €le positiorhamountexcaeding S3000sggkdm2 is not
preferred in case where it is necessary to consider the influence of magnetism and deterioration of the

acid resistance @it CRBRfiCaP ISR e comkside et " PrefefrBd CSBAIEHepositidn 8iBnt is 400 to

2500 gg/dm2. [0@32] o 24 the other bapd, when anickehdepesition anquntis-seall, the heat-resistant
peel strength is deteriorated, and the anti-oxidation resistance and chemical resistance are deteriorated.

In case where theusiekelldepesitibnlaimountisitdedargéhalkafi @tehinglpriopbestycisndetetiorated. [0053]
In the present in\é ntior]dhaazing-nickel aIIo?/ at%d kIjaeyleor ma¥ebe forme%igg) the obalt-rli kel alloy plating.

P
A total amount of the zin¢nicke OaﬁFoydﬁlsé ed aeyer IS Maintained 16 be 0% Oaé:g/%m , and a nickel

ratio is maintainadstorbe 16 tord0 smasshe The-zinericket alloy plated layae hasoa goler asna heat resistant
anti-corrosion layer. The conditions are not more than preferred conditions, too, and other well-known
zinc-nickel alloyppREAE May e Gsed.- It SHsulgbeSGadersto6d tHathe ARERPIEES alldy Plating is a

preferred additiggglting conditions.

Ligquid composition: 10 to 20 g/L of copper, 50 to 100 g/L
of sulfuric acid

Ligquid temperature: 25°C to 50°C

Current density: 1 to 58 A/dm?

Coulomb amount: 4 to 81 As/dm?

[0037]
(Secondary Particle Plating Conditions)

As is the case described above, the plating conditions
are not more than the preferred example, and the average
particle size has the role of preventing the powder falling.
Therefore, plating conditions other than those described below
are not inhibited at all insofar as the average particle size
is within the scope of the present invention. The present
invention encompasses such plating conditions.

Liguid composition: 10 to 20 g/L of copper, 5 to 15 g/L
of nickel, 5 to 15 g/L of cobalt

pH: 2 to 3

Liquid temperature: 30°C to 50°C
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condition in the present invention. [0054] A temperature in the treatments performed in the printed
circuit production process is becoming increasingly high, and heat generation during the use of an
appliance after the production should be considered. For example, a so-called two-layer material, which is
obtained by bonding a copper foil to a resin by thermocompression bonding, is subjected to heat of 300C
or more in bonding. It is necessary to prevent deterioration of a bonding force between the copper foil and
the resin substrate, and the zinc-nickel alloy plating is effective for the prevention. [0055] In case

where the total amounthlfr@gnzgn(&gﬂ%&egﬁlloy Lpl@gedSI@ygp is less than 150 gg/dm2, a heat-resistant
anti-corrosion property Is deteriorated to make it difficult to attain the role as the heat resistance

anti-corrosion layer. When theitotahamauntexceedss506 gatdm?2, the hydrochloric acid resistance tends
to be deteriorated. %'0056] As described above, in the present invention, the cobalt-nickel alloy plated
layer and, furthéro,q & Zinc-nickel alloy plated layer may be formed in this order as appropriate on the

copper-cobalt-nigkel @llgy piated: layer funclioning as.thegecondary particle layer. Itis possible to adjust a
total cobalt deposition amount and a total nickel deposition amount in the layers. It is preferable to
maintain the total cobalindepesiticrsamouintof800°to 4800°gd/dm2 ancktie totalkmickel deposition amount
of 150 to 1500 %%/dm%.(g OS}Q < When the cc%blaCI;LtGOEaI de osi%’ ount is less than 300 gg/dmz2, the

0 na
heat resistance and the Chemicar resistante are deteriorated: When %q;aFo]tgpc%%%ﬁl&elﬁgssltion amount

exceeds 4000 gg/dmz; etehingwstains can occur. Also, when the total nickel deposition amount is less
than 150 gg/dm2, the heat resistance and the chemical resistance are deteriorated. When the total nickel
deposition amount excééd8 1B0PHHRIMS Lte: efcHifigdesidie S getérated JOOBS] 9/L Preferably, the
total cobalt depgsition. amount is 1500 to 3500 gg/dm2, and the total nickel deposition amount is 500 to
1000 gg/dm2. Insofar as the foregoing conditions are satisfied, the conditions of the present paragraph
are not limitative. pH: 2 to 3

Liquid temperature: 40°C to 60°C

Current density: 5 to 20 A/dm?

Coulomb amount: 10 to 20 As/dm?

[0039]
(Plating Conditions for Forming Heat Resistant Layer 2)

In the present invention, the following heat resistant
layer may be further formed on the secondary particle layer.
The plating conditions are as follows.

Liquid composition: 2 to 30 g/L of nickel, 2 to 30 g/L
of zinc

pH: 3 to 4

Liquid temperature: 30°C to 50°C

Current density: 1 to 2 A/dm?

Coulomb amount: 1 to 2 As/dm?

[0040]
(Plating Conditions for Forming Anti-corrosion Layer)

In the present invention, an anti-corrosion layer may be
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[0059] Subsequently, anti-corrosive treatment is performed as required. Preferred anti-corrosive
treatment in the present invention is coating treatment using chrome oxide alone or a mixed coating
treatment using chrome oxide and zinc/zinc oxide. The mixed coating treatment using chrome oxide and
zinc/zinc oxide means treatment of coating an anti-corrosion layer of a zinc-chrome mixture formed of
zinc or zinc oxide and chrome oxide by employing electroplating using a plating bath containing a zinc salt
or zinc oxide and a chromate. [0060] As the plating bath, a mixture solution of at least one of

dichromates sugh a5.1s2Cr207 andNagerantand (103 At leagh ong of water-sluble zing.salts such as
ZnO and ZnS04117H20, and an alkali'hydroxide is typically used. Typical plating bath composition and

electrolysis contlitiohs aresdestribeddaterdncthisspeeificationm¢@@6dte de Acecopprer feil obtained as
described above has excellent peel strength with liquid crystal polymer and has anti-oxidation resistance

and hydrochloricHeid PeSistrce o The liqhidBR/stal Poiger Surfieé diferthe Gt etching. Also, the
copper foil enables etching.of 2 Rrinted ircuif:naving socieitwidih.f LaQ.Rin:pitch,Qk less when a
CuC12 etching liquid is used and also enables the alkali etching. [0062] As the alkali etching liquid,
liquids such as NH40H: ®/folL, NH4C1: 5 mol/L, and CuC12: 2 mol/L (temperature: 50C) are known, for
example. [0063] Fin I_Iygm&i)nlx for the purpose of improvement in bonding force between the copper
foil and the liquid cryst§I polymer, silane treatment of coating a silane coupling agent is performed at least
on the roughened surface;an dhe anti-cerrosion layer. o dheexamples of silane coupling agent include
olefin-based silane, epoxy-based silane, acryl-based silane, amino-based silane, and mercapto-based
silane. They can be Current density: 0 to 2 A/dm? (for dipping chromate
treatment)
Coulomb amount: 0 to 2 As/dm? (for dipping chromate
treatment)
[0041]
(Types of Weather Resistant layer)
A silane coupling treatment of coating a silane coupling
agent on at least a roughened surface of an anti-corrosion layer
may be performed.
The silane coupling agent is appropriately selected from
examples thereof including olefin-based silane, epoxy-based
silane, acryl-based silane, amino-based silane, and
mercapto-based silane.
As a coating method, the silane coupling solution may be
coated by spray coating, a coater, dipping, casting, or the like.
Since these methods are well-known technologies (see, for
example, Japanese Examined Patent Publication No. 60-15654),
details thereof are not described herein.

[0042]

As the copper-cobalt-nickel alloy plating used as the
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appropriately chosen and used. [0064] As a coating method, the silane coupling agent solution may
be coated by spray coating, a coater, dipping, casting, or the like. For example, Japanese Examined
Patent Publication No. 60-15654 describes improvement in bonding force between a copper foil and a
resin substrate, which is enabled by performing a chromate treatment on a roughened surface of the
copper foil, followed by the silane coupling agent treatment. For the details thereof, reference to the
publication is recommended. After the treatment, annealing is performed in some cases in order to

improve duc““tl_é855@%&99%5!%‘55’&3&“%6%% al, alll_lgreﬂ%;@f the, prasent nyetion. will be

described based on examples and comparative examples he examples are not' more than
exemplification and aremnatilimitativeoThatds, thetprésentinuentioniencompasses ottieriaspects and
variations. [0066] (Example 1 to Example 9) A primary particle layer (Cu) and a secondary particle

layer (copper-c8Baithickél afidy Hatif ?vb‘@r/edfﬁrméa%ﬁ”a Aed - Coppario haviny Fthtkness of 12 pm
under the below-gdesgribgd w@q%o/@ﬂz 1 Bath-cempgsitionsand, plating ¢anditigps are as follows. [Bath

Composition and Plating Conditions] [0067]
[0043]

When the Cu deposition amount is less than 10 mg/dm?, it
isdifficult to form roughening particles having a satisfactory
size, and, therefore, a substrate adhesion tends to be
deteriorated. When the Cu deposition amount exceeds 30 mg/dm?,
heat resistance and chemical resistance among substrate
properties tend to be deteriorated.

[0044]

When the Co deposition amount is less than 100 ug/dm?,
an etching property tends to be deteriorated. The Codeposition
amount exceeding 3000 ug/dmzis not preferred in case where it
is necessary to consider the influence of magnetism, and
deterioration of acid resistance and chemical resistance could
be considered.

[0045]

When the Ni deposition amount is less than 50 pug/dm?, heat
resistance is deteriorated. On the other hand, when the Ni
deposition amount exceeds 500 Mg/dm?, the etching property is
deteriorated. That is, the etching residue is generated, and
formation of a fine pattern becomes difficult though it is not
too difficult to make it impossible to perform the etching. A
preferred Co deposition amount may be 500 to 2000 ug/dmz, and

a preferred nickel deposition amount may be 50 to 300 ug/dmz.
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(A) Formation of primary particle layer (Cu plating) Liquid composition: 15 g/L of copper, 75 g/L of sulfuric
acid Liquid temperature: 35C Current density: 48 to 60 A/dm2 and 1 to 10 A/dm2 Coulomb amount: 70 to
90 As/dm2 and 5 to 20 As/dm2 (B) Formation of secondary particle layer (Cu-Co-Ni alloy plating)
Liquid composition: 15 g/L of copper, 8 g/L of nickel, 8 g/L of cobalt pH: 2 Liquid temperature: 40C
Current density: 10 to 33 A/dm2 Coulomb amount: 30 to 45 As/dm2 [0068] (Comparative Example 1 to
Comparative Example 9) Bath compositions used in the comparative examples are the same as
those of the ex f@@i?gﬁ- Plating conditions are as follows. [Plating Conditions in Comparative Example 1
to Comparative Example 4]

In view of the above, it may be said that the desirable

deposition amounts in the copper-cobalt-nickel alloy plating
are 10 to 30 mg/dm? of copper, 100 to 3000 pg/dm? of cobalt,
and 50 to 500 ug/dm? of nickel. Deposition amounts of the
ternary alloy layer are not more than desirable conditions and
do not deny ranges which exceed the desirable conditions.
[0047]

In general, in the case of forming a circuit, an alkaline
etching liquid and a copper chloride-based etching liquid
described in the following examples are used. The etching
liquids and the etching conditions have versatility, and it
should be understood that the conditions are not limitative and
can be arbitrarily selected.

[0048]

In the present invention, after forming the secondary
particles (after roughening treatment) as described above, a
cobalt-nickel alloy plated layer may be formed on the roughened
surface.

[0049]

The cobalt-nickel alloy plated layer contains cobalt in
a deposition amount of 200 to 3000 ug/dﬂ@, and a cobalt ratio
may preferably be 60 to 66 mass%. The treatment is considered
to be a type of anti-corrosive treatment in a broad sense.
[0050]

The cobalt-nickel alloy plated layer should be formed to

the extent which does not substantially deteriorate the bonding
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(A) Formation of primary particle layer (Cu plating) Current density: 30 to 47 A/dm2 and 1 to 5 A/dm2
Coulomb amount: 40 to 69 As/dm2 and 1 to 5 As/dm2 (B) Formation of secondary particle layer
(Cu-Co-Ni alloy plating condition) Current density: 10 to 34 A/dm2 Coulomb amount: 30 to 48 As/dm2
[Plating Conditions in Comparative Example 5 to Comparative Example 7] (A) Formation of primary
particle layer (Cu plating) Current density: 48 to 60 A/dm2 and 1 to 10 A/dm2 Coulomb amount: 70 to 90
As/dm2 and 5 to 20 As/dm2 (B) Formation of secondary particle layer (Cu-Co-Ni alloy plating condition)

Current density;, §§é8959q%9%gg%'8@90%!?89”§oﬁ Qa@%%’%‘“%é@?g% hS loGxamples 8.and 9, a

heat resistant layer 1, a heat resistant layer 2, an anti-corrosion layer, and a weather resistant layer were
formed by the fokewing-procedureron tife Yoaghened surdage afithe eopperdoi darwhich the roughening
treatment was performed [0070]

e heat-resistant peel strength is decreased, acid resistance
and chemical resistance are deteriorated, and reddening of the
processed surface occurs.

[0051]

A cobalt deposition amount exceeding 3000 Mg/dﬂF is not
preferred in case where it 1is necessary to consider the
influence of magnetism and deterioration of the acid resistance
and chemical resistance is considered. A preferred cobalt
deposition amount is 400 to 2500 ug/dmz.

[0052]

On the other hand, when a nickel deposition amount is small,
the heat-resistant peel strength is deteriorated, and the
anti-oxidation resistance and chemical resistance are
deteriorated. 1In case where the nickel deposition amount is
too large, alkali etching property is deteriorated.

[0053]

In the present invention, a zinc-nickel alloy plated
layer may be formed on the cobalt-nickel alloy plating. A total
amount of the zinc-nickel alloy plated layer is maintained to
be 150 to 500 Mg/dm?, and a nickel ratio is maintained to be
16 to 40 mass%. The zinc-nickel alloy plated layer has a role
as a heat resistant anti-corrosion layer. The conditions are
not more than preferred conditions, too, and other well-known
zinc-nickel alloy plating may be used. It should be understood

that the zinc-nickel alloy plating is a preferred additional
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(1) Heat Resistant Layer 1 The heat resistant layer 1 was formed on the roughened surface of the
copper foil on which the roughening treatment was performed. Formation conditions of the heat resistant
layer 1 are described below. Liquid composition: 5 to 20 g/L of nickel, 1 to 8 g/L of cobalt pH: 2 to 3 Liquid
temperature: 40C to 60C Current density: 5 to 20 A/dm2 Coulomb amount: 10 to 20 As/dm2 [0071] (2)
Heat Resistant Layer 2 The heat resistant layer 2 was formed on the copper foil on which the heat
resistant layer 1 was formed. Formation conditions of the heat resistant layer 2 are described below.

Liquid composition; 2 {Q 39 g/k; qfyuckel, 24030 gil.at zins pH: 310 4
[0054]

A temperature in the treatments performed in the printed
circuit production process is becoming increasingly high, and
heat generation during the use of an appliance after the
production should be considered. For example, a so-called
two-layer material, which is obtained by bonding a copper foil
to a resin by thermocompression bonding, is subjected to heat
of 300°C or more in bonding. It is necessary to prevent
deterioration of a bonding force between the copper foil and
the resin substrate, and the zinc-nickel alloy plating is
effective for the prevention.

[0055]

In case where the total amount of the zinc-nickel alloy
plated layer is less than 150 ug/dm?, a heat-resistant
anti-corrosion property is deteriorated to make it difficult
to attain the role as the heat resistance anti-corrosion layer.
When the total amount exceeds 500 ug/dn?, the hydrochloric acid
resistance tends to be deteriorated.

[0056]

As described above, in the present invention, the
cobalt-nickel alloy plated layer and, further, the zinc-nickel
alloy plated layer may be formed in this order as appropriate
on the copper—-cobalt-nickel alloy plated layer functioning as
the secondary particle layer. It is possible to adjust a total
cobalt deposition amount and a total nickel deposition amount

in the layers. It is preferable to maintain the total cobalt
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Liquid temperature: 30C to 50C Current density: 1 to 2 A/dm2 Coulomb amount: 1 to 2 As/dm2 (3)
Anti-corrosion layer The anti-corrosion layer was formed on the copper foil on which the heat
resistant layers 1 and 2 were formed. Formation conditions of the anti-corrosion layer are described
below. Ligquid composition: 1 to 10 g/L of potassium dichromate, 0 to 5 g/L of zinc pH: 3 to 4 Liquid
temperature: 50C to 60C Current density: 0 to 2 A/dm2 (for dipping chromate treatment)

Coulomb amount: 0 to 2 As/dm2 (for dipping chromate treatment) (4) Weather Resistant Layer The

weather resistagt [ayer was, formeg, on fhe-caprer fal gn yhich the heat resistantayers, 1 and 2 and the

anti-corrosion layer were formed. Formation conditions are described below.
deposition amount of 150 to 1500 pg/dm?.

[0057]

When the cobalt total deposition amount is less than 300
Lg/dm?, the heat resistance and the chemical resistance are
deteriorated. When the total cobalt deposition amount exceeds
4000 ug/dm?, etching stains can occur. Also, when the total
nickel deposition amount is less than 150 pug/dm?, the heat
resistance and the chemical resistance are deteriorated. When
the total nickel deposition amount exceeds 1500 pg/dm?, the
etching residue is generated.

[0058]

Preferably, the total cobalt deposition amount is 1500
to 3500 ug/dﬂ@, and the total nickel deposition amount is 500
to 1000 ug/dm®. Insofar as the foregoing conditions are
satisfied, the conditions of the present paragraph are not
limitative.

[0059]

Subsequently, anti-corrosive treatment is performed as
required. Preferred anti-corrosive treatment in the present
invention is coating treatment using chrome oxide alone or a
mixed coating treatment using chrome oxide and zinc/zinc oxide.
The mixed coating treatment using chrome oxide and zinc/zinc
oxide means treatment of coating an anti-corrosion layer of a
zinc—-chrome mixture formed of zinc or zinc oxide and chrome
oxide by employing electroplating using a plating bath

containing a zinc salt or zinc oxide and a chromate.
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Examples of a silane coupling agent having an amino group include
N-2-(aminoethyl)-3-aminopropyltrimethoxysilane, N-2-(aminoethyl)-3-aminopropyltriethoxysilane,
N-2-(aminoethyl)-3-aminopropylmethyldimethoxysilane, 3-aminopropyltrimethoxysilane,
3-aminopropyltriethoxysilane, 3-triethoxysilyl-N-(1,3-dimethyl-butylidene)propylamine,
N-phenyl-3-aminopropyltrimethoxysilane, and the like, and the weather resistant layer was formed by
using one or a combination of two or more kinds of the silane coupling agents for coating, followed by
drying. [0072] [Oolgﬁults of an average patrticle size of the primary particles, an average particle size of
the secondary patrticles, peel strength, roughness (Rz), and presence/absence of a residue of roughening
particles in the case of Aerming the ptimanysparticte tayer(Gu plating) ancdthesetoeadaryparticle layer
(Cu-Co-Ni alloy platin%éc?)n the copper foil in each of the examples are shown in Table 1. Peel evaluation

was conducted By preparittfd peet Sirength Bidiadtich Sampie iy laffifafiiy the Toppet 16il having 12 gm
of each of the examples,and the comparative-examples and adiguid grystahgelwnerdiim (MECSTAR
CT-25N) manufactured by Kuraray Co., Ltd. and performing circuit etching. The peel strength evaluation
was conducted oy a Frethodhindwhichca linear eiregit having advidthy o 8amnrhwaisifosmesdthy the above
circuit etching, and bg/ means o%geeiing orff T agirect%o igfigg respe%{ive troi Iigu{d 1P0| mer film. As to
the average diameter of the pr?marfl pearﬁcl%s?/ esacvoerage p%rt?c € Size was measured y employing a
lineal intercept method j which a-swiace of the roughened surface of each of the samples obtained by
performing the roughening treatment on the copper foil was observed with an electronic microscope
(S4700 manufaéfiited by Hitachi High-Technologies Corporation) at magnification of X 30000. More
specifically, 4 vertical measyrement ines,and 4 herizonfal measurement lines were drawy at positions
where a grain boundary was clear and easy to measure, and the average particle size was measured
from the numbers«f partielegtintersecting withdthermeasurementhbmes.nAs ta the average diameter of the
secondary particles, the average particle size was measured by employing a lineal intercept method in

which a surface®8f the fot{heh®y EGfats Tt Sad or tHe sanipiBs thiafmet by perfémiind’the roughening

treatment on the,copperfoil was observed with-an glegiranic-micrascops (S44Q0Jpanutactured by Hitachi
High-Technologies Corporation) at magnification of X 30000. More specifically, 4 vertical measurement

lines and 4 horizénatal niéasyrenrent lineslwera diawn <t positiorsfwhepe angrain boundary was clear and

easy to measure, 399 tgecalvrerg e &?%%Le&l%% as Er)nle%:asgjrerdlfgorg &TQ}% Qurr&%%rf oef b r;qcles intersecting
with the measurément Ines."As the roughness ZIY, contact roug?mess of the copper oif Surface on

which the roughenjng dreatmest was peHorpediuas seasred) by Uusirg anroughness tester
manufactured by Kosaka Laboratories, Ltd. The copper foil of the above copper-clad laminate was
subjected to etcHif§ fémoval using a typical copper chloride solution for circuit etching, and then a liquid

crystal polymer film SUGI%C%P{"eaSaQQE%riVth‘é’EhiI%‘ gg%gﬁl C[piqgégq[&es tcg?%éeg\ée g}i(zﬂiqragion due to
presence/absence of the residue of roughening particles. esults of the comparative examples are
also shown in Tahle' 4, [007Z3] [Tablecl]/1, and CuCl,: 2 mol/L (temperature: 50°C)
are known, for example.
[0063]
Finally, mainly for the purpose of improvement in bonding
force between the copper foil and the ligquid crystal polymer,
silane treatment of coatinga silane coupling agent is performed
at least on the roughened surface on the anti-corrosion layer.
The examples of silane coupling agent include

olefin-based silane, epoxy-based silane, acryl-based silane,

amino-based silane, and mercapto-based silane. They can be
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Primary particle average diameter (urn) Secondary particle average diameter (um) Peel strength (kg/cm)
Roughness Rz (urn) Discoloration

appropriately chosen and used.
[0064]

As a coating method, the silane coupling agent solution
may be coated by spray coating, a coater, dipping, casting, or
the like. For example, Japanese Examined Patent Publication
No. 60-15654 describes improvement in bonding force between a
copper foil and a resin substrate, which is enabled by
performing a chromate treatment on a roughened surface of the
copper foil, followed by the silane coupling agent treatment.
For the details thereof, reference to the publication is
recommended. After the treatment, annealing is performed in

some cases in order to improve ductility of the copper foil.

Examples
[0065]

Hereinafter, the present invention will be described
based on examples and comparative examples. The examples are
not more than exemplification and are not limitative. That is,
the present invention encompasses other aspects and variations.
[0066]

(Example 1 to Example 9)

A primary particle layer (Cu) and a secondary particle
layer (copper—-cobalt-nickel alloy plating) were formed on a
rolled copper foil having a thickness of 12 um under the
below-described conditions.

Bath compositions and plating conditions are as follows.

[Bath Composition and Plating Conditions]
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of liquid crystal polymer substrate resin due to residue of roughening particles Example 1 0.25 0.05 0.62
0.98 Not observed Example 2 0.25

[0067]

(A) Formation of primary particle layer (Cu plating)
Ligquid composition: 15 g/L of copper, 75 g/L of sulfuric
acid
Liquid temperature: 35°C
Current density: 48 to 60 A/dm? and 1 to 10 A/dm?
Coulomb amount: 70 to 90 As/dm? and 5 to 20 As/dm?

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

plating)
Liguid composition: 15 g/L of copper, 8 g/L of nickel,
8 g/L of cobalt
pH: 2
Ligquid temperature: 40°C
Current density: 10 to 33 A/dm?
Coulomb amount: 30 to 45 As/dm?
[0068]
(Comparative Example 1 to Comparative Example 9)

Bath compositions used in the comparative examples are
the same as those of the examples. Plating conditions are as

follows.

[Plating Conditions in Comparative Example 1 to Comparative

Example 4]

(A) Formation of primary particle layer (Cu plating)
Current density: 30 to 47 A/dm? and 1 to 5 A/dm?
Coulomb amount: 40 to 69 As/dm® and 1 to 5 As/dm?

(Cu-Co-Ni alloy

(B) Formation of secondary particle layer

plating condition)
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0.15 0.63 0.98 Not observed Example 3 0.25 0.25 0.64 1.02 Not observed Example 4 0.35 0.05

Current density: 10 to 34 A/dm?

Coulomb amount: 30 to 48 As/dm?

[Plating Conditions in Comparative Example 5 to Comparative

Example 7]

(A) Formation of primary particle layer (Cu plating)
Current density: 48 to 60 A/dm? and 1 to 10 A/dm?
Coulomb amount: 70 to 90 As/dm? and 5 to 20 As/dm?

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

plating condition)

Current density: 34 to 50 A/dm?

Coulomb amount: 46 to 55 As/dm?

[0069]

As to Examples 8 and 9, a heat resistant layer 1, a heat
resistant layer 2, an anti-corrosion layer, and a weather
resistant layer were formed by the following procedure on the
roughened surface of the copper foil on which the roughening
treatment was performed.

[0070]

(1) Heat Resistant Layer 1
The heat resistant layer 1 was formed on the roughened

surface of the copper foil on which the roughening treatment

was performed. Formation conditions of the heat resistant
layer 1 are described below.

Liquid composition: 5 to 20 g/L of nickel, 1 to 8 g/L of
cobalt

pH: 2 to 3

Liquid temperature: 40°C to 60°C
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0.65 1.20 Not observed Example 5 0.35 0.15 0.66 1.20 Not observed Example 6 0.35 0.25 0.67

Current density: 5 to 20 A/dm?

Coulomb amount: 10 to 20 As/dm?
[0071]
(2) Heat Resistant Layer 2

The heat resistant layer 2 was formed on the copper foil
on which the heat resistant layer 1 was formed. Formation
conditions of the heat resistant layer 2 are described below.

Liquid composition: 2 to 30 g/L of nickel, 2 to 30 g/L
of zinc

pH: 3 to 4

Liquid temperature: 30°C to 50°C

Current density: 1 to 2 A/dm?

Coulomb amount: 1 to 2 As/dm?
(3) Anti-corrosion layer

The anti-corrosion layer was formed on the copper foil
on which the heat resistant layers 1 and 2 were formed.
Formation conditions of the anti-corrosion layer are described
below.

Liquid composition: 1 to 10 g/L of potassium dichromate,
0 to 5 g/L of zinc

pH: 3 to 4

Ligquid temperature: 50°C to 60°C

Current density: 0 to 2 A/dm? (for dipping chromate
treatment)

Coulomb amount: 0 to 2 As/dm? (for dipping chromate
treatment)

(4) Weather Resistant Layer
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1.51 Not observed Example 7 0.45 0.05 0.66 1.21 Not observed Example 8 0.45 0.15 0.67 1.54

The weather resistant layer was formed on the copper foil
on which the heat resistant layers 1 and 2 and the anti-corrosion
layer were formed. Formation conditions are described below.

Examples of a silane coupling agent having an amino group
include N-2-(aminoethyl)-3-aminopropyltrimethoxysilane,
N-2-(aminocethyl)-3-aminopropyltriethoxysilane,
N-2-(aminoethyl)-3-aminopropylmethyldimethoxysilane,
3-aminopropyltrimethoxysilane, 3-aminopropyltriethoxysilane,
3-triethoxysilyl-N-(1,3-dimethyl-butylidene)propylamine,
N-phenyl-3-aminopropyltrimethoxysilane, and the like, and the
weather resistant layer was formed by using one or a combination
of two or more kinds of the silane coupling agents for coating,
followed by drying.

[0072]

Results of an average particle size of the primary
particles, an average particle size of the secondary particles,
peel strength, roughness (Rz), and presence/absence of a
residue of roughening particles in the case of forming the
primary particle layer (Cu plating) and the secondary particle
layer (Cu-Co-Ni alloy plating) on the copper foil in each of
the examples are shown in Table 1. Peel evaluation was
conducted by preparing a peel strength evaluation sample by
laminating the copper foil having 12 um of each of the examples
and the comparative examples and a liquid crystal polymer film
(VECSTAR CT-25N) manufactured by Kuraray Co., Ltd. and
performing circuit etching. The peel strength evaluation was

conducted by a method in which a linear circuit having a width
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Not observed Example 9 0.45 0.25 0.67 1.60 Not observed Comparative Example 1 0.15 0.05 0.49 0.87
Not observed

of 3 mm was formed by the above circuit etching, and by means
of peeling off in a direction of 90° respective to a liquid
polymer film. As to the average diameter of the primary
particles, the average particle size was measured by employing
a lineal intercept method in which a surface of the roughened
surface of each of the samples obtained by performing the
roughening treatment on the copper foil was observed with an
electronic microscope (S4700 manufactured by Hitachi
High-Technologies Corporation) at magnification of X 30000.
More specifically, 4 vertical measurement lines and 4
horizontal measurement lines were drawn at positions where a
grain boundary was clear and easy to measure, and the average
particle size was measured from the numbers of particles
intersecting with the measurement lines. As to the average
diameter of the secondary particles, the average particle size
was measured by employing a lineal intercept method in which
a surface of the roughened surface of each of the samples
obtained by performing the roughening treatment on the copper
foil was observed with an electronic microscope (S4700
manufactured by Hitachi High-Technologies Corporation) at
magnification of X 30000. More specifically, 4 vertical
measurement lines and 4 horizontal measurement lines were drawn
at positions where a grain boundary was clear and easy to measure,
and the average particle size was measured from the numbers of
particles intersecting with the measurement lines. As the
roughness (Rz), contact roughness of the copper foil surface

on which the roughening treatment was performed was measured
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Comparative Example 2 0.15 0.15 0.49 0.88 Not observed Comparative Example 3 0.15 0.25 0.51 0.90
Blackening was observed

by using a roughness tester manufactured by Kosaka Laboratories,

Ltd.

The copper foil of the above copper-clad laminate was

subjected to etching removal using a typical copper chloride

solution for circuit etching, and then a liquid crystal polymer

film surface was observed with an optical microscope to observe

discoloration due to presence/absence of the residue of

roughening particles.

Results of the comparative examples are also shown in

Table 1.
[0073]
[Table 1]
Primary Secondary Peel strength Roughness Discoloration
particle particle (kg/cm) Rz (um) of liquid
average average crystal
diameter (um) | diameter (um) polymer
substrate
resin due to
residue of
roughening
particles
Example 1 0.25 0.05 0.62 0.98 Not observed
Example 2 0.25 0.15 0.63 0.98 Not observed
Example 3 0.25 0.25 0.64 1.02 Not observed
Example 4 0.35 0.05 0.65 1.20 Not observed
Example 5 0.35 0.15 0.66 1.20 Not observed
Example 6 0.35 0.25 0.67 1.51 Not observed
Example 7 0.45 0.05 0.66 1.21 Not observed
Example 8 0.45 0.15 0.67 1.54 Not observed
Example 9 0.45 0.25 0.67 1.60 Not observed
Comparative 0.15 0.05 0.49 0.87 Not observed
Example 1
Comparative 0.15 0.15 0.49 0.88 Not observed
Example 2
Comparative 0.15 0.25 0.51 0.90 Blackening
Example 3 was observed
Comparative 0.15 0.35 0.52 0.91 Blackening
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Comparative 0.15 0.35 0.52 0.91 Blackening Example 4

Example 4 was observed
Comparative 0.25 0.35 0.64 1.15 Blackening
Example 5 was observed
Comparative 0.35 0.35 0.66 1.50 Blackening
Example 6 was observed
Comparative 0.45 0.35 0.66 1.55 Blackening
Example 7 was observed
Comparative 0.25 0 0.57 1.10 Not observed
Example 8

Comparative 0 0.60 0.65 0.78 Blackening
Example 9 was observed
[0074]

As is apparent from Table 1, the results of the examples
are as follows.

For the formation of the primary particles in Example 1,
the current density was maintained to be 51 A/dm? and 2 A/dm?,
and the coulomb amount was maintained to be 72 As/dm? and 8 As/dm?.
Also, for the formation of the secondary particles, the current
density was maintained to be 24 A/dm?, and the coulomb amount
was maintained to be 34 As/dm?.

[0075]

Each of the current density and the coulomb amount was
changed in the two-stage manner for the formation of the primary
particles, and the two-stage electroplating is ordinarily
necessary for the formation of the primary particles. More
specifically, the two-stage electroplating includes the
plating conditions for nucleus particle formation in the first
stage and the electroplating for the growth of the nucleus
particles in the second stage. The first plating conditions
are for the electroplating conditions for the nucleus forming

particle formation at the first stage, and the subsequent
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was observed Comparative Example 5 0.25 0.35 0.64 1.15 Blackening was observed Comparative
Example 6 0.35 0.35 0.66 1.50

plating conditions are electroplating conditions for the growth
of the nucleus particle in the second stage. The same applies
to the rest of the examples and the comparative examples, and
the explanation will not be repeated.

As a result, Example 1 had the characteristics of the
average particle size of the primary particles of 0.25 pum, the
average particle size of the secondary particles of 0.05 um,
the normal peel strength of as high as 0.62 kg/cm, the surface
roughness Rz of 0.98 um, and being free from the discoloration
due to the residue of the roughening particles after the circuit
etching.

[0076]

For the formation of the primary particles in Example 2,
the current density was maintained to be 51 A/dm? and 2 A/dm?,
and the coulomb amount was maintained to be 72 As/dm? and 8 As/dm?.
Also, for the formation of the secondary particles, the current
density was maintained to be 28 A/dm?, and the coulomb amount
was maintained to be 39 As/dm?.

As a result, Example 2 had the characteristics of the
average particle size of the primary particles of 0.25 pum, the
average particle size of the secondary particles of 0.15 um,
the normal peel strength of as high as 0.63 kg/cm, the surface
roughness Rz of 0.98 um, and being free from the discoloration
due to the residue of the roughening particles after the circuit
etching.

[0077]

For the formation of the primary particles in Example 3,

33



Blackening was observed Comparative Example 7 0.45 0.35 0.66 1.55 Blackening was observed
Comparative Example 8 0.25 0 0.57

the current density was maintained to be 51 A/dm? and 2 A/dm?,
and the coulomb amount was maintained to be 72 As/dm? and 8 As/dm?.
Also, for the formation of the secondary particles, the current
density was maintained to be 31 A/dm?, and the coulomb amount
was maintained to be 44 As/dm?.

As a result, Example 3 had the characteristics of the
average particle size of the primary particles of 0.25 pum, the
average particle size of the secondary particles of 0.25 um,
the normal peel strength of as high as 0.64 kg/cm, the surface
roughness Rz of 1.02 um, and being free from the discoloration
due to the residue of the roughening particles after the circuit
etching.

[0078]

For the formation of the primary particles in Example 4,
the current density was maintained to be 55 A/dm? and 3 A/dm?,
and the coulomb amount was maintained to be 77 As/dm® and 12
As/dm?. Also, for the formation of the secondary particles,
the current density was maintained to be 24 A/dm?, and the
coulomb amount was maintained to be 34 As/dm®.

As a result, Example 4 had the characteristics of the
average particle size of the primary particles of 0.35 pum, the
average particle size of the secondary particles of 0.05 um,
the normal peel strength of as high as 0.65 kg/cm, the surface
roughness Rz of 1.20 um, and being free from the discoloration
due to the residue of the roughening particles after the circuit
etching.

[0079]
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1.10 Not observed Comparative Example 9 0 0.60 0.65 0.78 Blackening was observed [0074] As is
apparent from Table 1, the results of the examples are as follows. For the formation of the primary
particles in Example 1, the current density was maintained to be 51 A/dm2 and 2 A/dm2, and the coulomb
amount was maintained to be 72 As/dm2 and 8 As/dm2. Also, for the formation of the secondary
particles, the current density was maintained to be 24 A/dm2, and the coulomb amount was maintained to
be 34 As/dm2.

For the formation of the primary particles in Example 5,
the current density was maintained to be 55 A/dm? and 3 A/dm?,
and the coulomb amount was maintained to be 77 As/dm® and 12
As/dm?’. Also, for the formation of the secondary particles,
the current density was maintained to be 28 A/dm?, and the
coulomb amount was maintained to be 39 As/dm®.

As a result, Example 5 had the characteristics of the
average particle size of the primary particles of 0.35 pum, the
average particle size of the secondary particles of 0.15 um,
the normal peel strength is 0.66 kg/cm which is high, the surface
roughness Rz of 1.20 um, and being free from the discoloration
due to the residue of the roughening particles after the circuit
etching.

[0080]

For the formation of the primary particles in Example 6,
the current density was maintained to be 55 A/dm? and 3 A/dm?,
and the coulomb amount was maintained to be 77 As/dm® and 12
As/dm?’. Also, for the formation of the secondary particles,
the current density was maintained to be 31 A/dm?, and the
coulomb amount was maintained to be 44 As/dm®.

As a result, Example 6 had the characteristics of the
average particle size of the primary particles of 0.35 pum, the
average particle size of the secondary particles of 0.25 um,
the normal peel strength of as high as 0.67 kg/cm, the surface
roughness Rz of 1.51 um, and being free from the discoloration
due to the residue of the roughening particles after the circuit

etching.
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[0075] Each of the current density and the coulomb amount was changed in the two-stage manner for
the formation of the primary particles, and the two-stage electroplating is ordinarily necessary for the
formation of the primary particles. More specifically, the two-stage electroplating includes the plating
conditions for nucleus particle formation in the first stage and the electroplating for the growth of the
nucleus particles in the second stage. The first plating conditions are for the electroplating conditions for
the nucleus forming particle formation at the first stage, and the subsequent plating conditions are
electroplating c%ggiﬂ]s for the growth of the nucleus particle in the second stage. The same applies to
the rest of the examples and the comparative examples, and the explanation will not be repeated. As
a result, Example 1 had thetcharacteristicsnob the laverageqparticte sizelefthenprimanyparticles of 0.25 pm,
the average particle size of the secondary particles of 0.05 pm, the normal peel strenzth of as high as

0.62 kglcm, the StF5EE F6GhAESS B2 of 608 pi nd Birg fee DM 1HE disedictafibiue to the

residue of the rqugheRingparicles aftenthe qircuitbetchingnl0976] e For the fopmation efthe primary
particles in Example 2, the current density was maintained to be 51 A/dm2 and 2 A/dm2, and the coulomb

amount was maiatainéd tarbe 72 Astdmanth8ws/dm?. Alsoforthe Jortnationf the seeondary
particles, the C”JL%”%%%'}%EY S maintained to be %18 fﬁ/g@% aqod t:%e%cwlgrggb amaunt was maintained to

w
be 39 As/dm2. Asa resutlt, x%‘?ﬁﬁl% 2'had the characteristics of the average particle size of the

primary particlesaf 25 pactheraverage-partichesizeref the secongdanyparticles of 0.15 pm, the normal
peel strength of as high as 0.63 kg/cm, the surface roughness Rz of 0.98 pm, and being free from the
discoloration due to thé‘festdtié ot the rétighening partieles aftertvecéiFcuit- fehiity. (007 #EFor the

formation of the primary. particles,in Example 3., the cuyrrent density was maiptajnedfo bg 51 Aldm2 and 2

A/dm2, and the coulomb amount was maintained to be 72°As/dm2 and 8 As/dm2. Also, for the formation
of the secondarypartigles, dhe cuirent density was maitainedtodee 81AkkN2,fand thecoulomb amount
was maintained to be 44 As/dm2. As a result, Example 3 had the characteristics of the average

particle size of tH pRRTAR p&ficles bF 85 Bt 117 aVb i 8 it §Ze8r tHed'§etBhianR particles of

0-2_5 pm, the nOEBl?%l{P&Bé §t@@pg>t1a of as high %%9-@%ffiléc%é@e%@%@lé%%@%%&t%}ro? pm, gnd
being free from the discoloration due to the residue of the roughening particles after the circuit etching.
due to the residue of the roughening particles after the circuit

etching.
[0082]

For the formation of the primary particles in Example 8,
the current density was maintained to be 58 A/dm? and 4 A/dm?,
and the coulomb amount was maintained to be 81 As/dm® and 16
As/dm?’. Also, for the formation of the secondary particles,
the current density was maintained to be 28 A/dm?, and the
coulomb amount was maintained to be 39 As/dm®.

As a result, Example 8 had the characteristics of the
average particle size of the primary particles of 0.45 pum, the
average particle size of the secondary particles of 0.15 um,
the normal peel strength of as high as 0.67 kg/cm, the surface
roughness Rz of 1.54 um, and being free from the discoloration

due to the residue of the roughening particles after the circuit
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[0078] For the formation of the primary particles in Example 4, the current density was maintained to
be 55 A/dm2 and 3 A/dm2, and the coulomb amount was maintained to be 77 As/dm2 and 12 As/dm?2.
Also, for the formation of the secondary particles, the current density was maintained to be 24 A/dm2, and
the coulomb amount was maintained to be 34 As/dm2. As a result, Example 4 had the characteristics
of the average patrticle size of the primary particles of 0.35 pm, the average particle size of the secondary
particles of 0.05 pm, the normal peel strength of as high as 0.65 kg/cm, the surface roughness Rz of 1.20
pm, and being féggﬁrlq{g the discoloration due to the residue of the roughening particles after the circuit
etching. [0079] For the formation of the primary particles in Example 5, the current density was
maintained to be 55 Aldam2-and 3 AfdmZhand ¢hé caoulombiameunt waganaintaied to be 77 As/dm2 and
12 As/dm2. Also, for the formation of the secondary particles, the current density was maintained to be 28

Aldm2, and theTBulomBramdtnt wes! aintaiited tHbESY ASIMS S 1 5 * #y-a 184G, Ekample 5 had the

characteristics ef,the-average particlessizeQf &f&em@@ry@gm%sem@c%@wtﬁ@ average particle size of
the secondary patrticles of 0.15 pm, the normal peel strength is 0.66 kg/cmwhich is high, the surface

roughness Rz dft1ie2e pim, &rdhielss freetfrom-the discoloration due to the residue of the roughening
particles after tl'\ﬁ) 8'%[8 it etching. [0080] For the formation of the primary particles in Example 6, the
current density was maintained to be 55 A/dm2 and 3 A/dm2, and the coulomb amount was maintained to

be 77 As/dm2 and 12 As/dmBcAtsarfer the fermation-ef the-sepandary: particlesx the current density was
maintained to be 31 A/dm2, and the coulomb amount was maintained to beé\ 44 As/dm?2. , As a result,
Example 6 had thé cHaraetetristiRe Ofthe averateparticrsisize BERS prirfary Paftiélds 6f0:35 pm, the

average particle size gf.the Seeondary particles.ot.0.25.am, e porpal peel styepath of ashigh as 0.67

kg/cm, the surface roughness Rz of 1.51 pm, and being free from the discoloration due to the residue of
the roughening Jarticles aftes the foircuit etchinga {0081 t hderthenformatien of the primary particles in
Example 7, the current density was maintained to be 58 A/dm2 and 4 A/dm2, and the coulomb amount

was maintained o' bE 81 ASTdmdaid i@ﬂ%%é?ﬂ%&,%&?h%%&%fan Yrihe e coidary particles, the

current density was maintained,tg,bg 24 A/dm?2;,and the cowlemb amount was maintained to be 34
As/dm2.

As a result, Example 9 had the characteristics of the
average particle size of the primary particles of 0.45 pum, the
average particle size of the secondary particles of 0.25 um,
the normal peel strength of 0.67 kg/cm which is high, the surface
roughness Rz of 1.60 um, and being free from the discoloration
due to the residue of the roughening particles after the circuit
etching.

Further, though the heat resistant layer, the
anti-corrosion layer, and the weather resistant layer were
formed in Example 9, the results are approximately the same as
those in Examples 1 to 7.

[0084]

In contrast, the results of the comparative examples are

as follows.

For the formation of the primary particles in Comparative
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As a result, Example 7 had the characteristics of the average particle size of the primary particles of 0.45
pm, the average particle size of the secondary particles of 0.05 pm, the normal peel strength of as high as
0.66 kg/cm, the surface roughness Rz of 1.21 pm, and being free from the discoloration due to the
residue of the roughening particles after the circuit etching. [0082] For the formation of the primary
particles in Example 8, the current density was maintained to be 58 A/dm2 and 4 A/dm2, and the coulomb
amount was maintained to be 81 As/dm2 and 16 As/dm2. Also, for the formation of the secondary

particles, the C‘E&%’?ﬁpqeensﬂt,y VRS @9@%@?%&%3& Aydma.and the ceulomp amoeunt was maintained to

be 39 As/dm2. s a result, Example 8 had the characteristics of the average particle size of the
primary particlesraf 0.43q¢m, thecaveeageuparticlersize: ofithe secondanyepartictes ©f @.45pm, the normal
peel strength of as high as 0.67 kg/cm, the surface roughness Rz of 1.54 pm, and being free from the

discoloration dufb thefesidue of thiCrougenitg pAnidias hfter te CirGuit SERATRGY  Further, though

the heat resistapt laygr; the aptizcorrosiondayer and, the weathgt resistant dayer werg fegmed in Example
8, the results are approximately the same as those in Examples 1 to 7. [0083] For the formation of

the primary particiéstih Example®, thecsurtentdensitywas radintained t8beé589/dm2 and 4 A/dm2, and
the coulomb amount wgs maintain?d to the 81 As/dm2 and 16 As/dm?2. Alsto, for the formation of the
S a t the %ﬁg

secondary particles the Curtent agnsity Was mantaimed fo bé %JleA/sdlrﬁi and coufdrmb*amount was

maintained to beA4 AsidB2vas (A3 8 resiitaExample 8/had fhe gharacterstics ef the average particle
size of the primary particles of 0.45 pm, the average particle size of the secondary particles of 0.25 pm,

the normal peefstférigiirof e%&g&wm&w Is hiigHT"the StiFfage qu%gﬁlﬁé@m_r@ft_f.% PHF and being free
from the discolgration dye 1a the residug of the roughening pacticles after the circuit.etching. Further,

though the heat resistant layer, the anti-corrosion layer, and the weather resistant layer were formed in
Example 9, the ¢esulis:arerapproximatelyrthedsameasthoselindexdmplesshd¢a 7. {6G84). 49 In contrast,
the results of the comparative examples are as follows.

kg/cm which is low, and the surface roughness Rz was as low as

0.87 pm.

[0085]

For the formation of the primary particles in Comparative
Example 2, the current density was maintained to be 47 A/dm’
and].A/dm% and the coulomb amount was maintained to be 66 As/dm?
and 4 As/dm?. Also, for the formation of the secondary
particles, the current density was maintained to be 28 A/dm?,
and the coulomb amount was maintained to be 39 As/dm®.

As a result, the average particle size of the primary
particles was 0.15 pum, and the average particle size of the
secondary particles was 0.15 pm. Though the discoloration due
to the residue of the roughening particles after the circuit
etching was not observed, the normal peel strength was as low
as 0.49 kg/cm, and the surface roughness Rz was as low as 0.88
um.

[0086]
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For the formation of the primary particles in Comparative Example 1, the current density was maintained
to be 47 A/dm2 and 1 A/dm2, and the coulomb amount was maintained to be 66 As /dm2 and 4 As/dm2.
Also, for the formation of the secondary particles, the current density was maintained to be 24 A/dm2, and
the coulomb amount was maintained to be 34 As/dm2. As a result, the average particle size of the
primary particles was 0.15 gm, and the average patrticle size of the secondary particles was 0.05 gm.
Though the discoloration due to the residue of the roughening particles after the circuit etching was not

observed, the normal pegl sirengih) was,0.49 kg/em whigh is low, and the surfage raughness Rz was as

low as 0.87 RM. [0085] For the formation of the primary particles in Comparative Example 2, the
current density iasumaintainechto berdzAtdm2nand ¢ Akdm2zand dhe edutembearhount was maintained to
be 66 As /dm2 and 4 As/dm2. Also, for the formation of the secondary particles, the current density was

maintained to b%“fBlA%ﬁfﬁ,’aﬂaqﬁ&‘éo%ﬁ&fﬁw%n‘?&?ﬂff%é(?ﬁQi%f&iﬁ@a%doé%ﬁe@?dwdm As a result,

the average padicle size-otthe primary paiticles,was Q.139mnan¢ the average particle size of the
secondary particles was 0.15 gm. Though the discoloration due to the residue of the rougzhening particles

after the circuit etching Wvas notebserved: théencrintal peel steéndgtiviwad daldw asl0X4aikg/cm, and the
surface roughn%%%ﬁ%was asllgvxfoas 0.88 {09%65] o or the f rm:fl?tlon4 gf he/grlgnary particles in

Comparative Example 3, the'clrfent densi y was Maintamed o be 47 Aldm2 3nd'1 ‘A/ldm2, and the

coulomb amount was mainiainegitoje 66AS IM2ant4-Asldm2. Alse, for thedopnation ef the
secondary particles, the current density was maintained to be 31 A/dm2, and the coulomb amount was
maintained to b4 ASidn2vas Oad a idBultethe aleraecpardicle sizeiotthePriRaff pahftles was 0.15

Jim, and the average part 'I§a§j7c§ Of the secondary particies was,0.25 im, The pogmal peel strength was
as low as 0.51 kg/cm, and the surface roughness F%z was 0.90 pm. The blackening due to the residue of
the roughening parnticles was dbsesveth afterdheheirsuit £ickingoand fiewsdroe bas 0.90 um.
The blackening due to the residue of the roughening particles
was observed after the circuit etching and found to be
defective.
[0087]
For the formation of the primary particles in Comparative
Example 4, the current density was maintained to be 47 A/dm?
and].A/dm% and the coulomb amount was maintained to be 66 As/dm?
and 4 As/dm?. Also, for the formation of the secondary
particles, the current density was maintained to be 34 A/dm?,
and the coulomb amount was maintained to be 48 As/dm®.
As a result, the average particle size of the primary
particles was 0.15 pum, and the average particle size of the
secondary particles was as large as 0.35 um. The normal peel
strength was as low as 0.52 kg/cm, and the surface roughness
Rz was 0.91 um. The blackening due to the residue of the
roughening particles was observed after the circuit etching and

found to be defective.
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defective. [0087] For the formation of the primary particles in Comparative Example 4, the current
density was maintained to be 47 A/dm2 and1A/dm2, and the coulomb amount was maintained to be 66
As/dm2 and 4 As/dm2. Also, for the formation of the secondary particles, the current density was
maintained to be 34 A/dm2, and the coulomb amount was maintained to be 48 As/dm2. As a result,
the average particle size of the primary particles was 0.15 Jim, and the average patrticle size of the
secondary particles was as large as 0.35 RM. The normal peel strength was as low as 0.52 kg/cm, and
the surface roughness Rz was 0.91 RM. The blackening due to the residue of the roughening particles
was observed after the circuit etching and found to be defective. [0088] For the formation of the
primary particles in Comparatiwe Exaatplerb othe lctinpentndensity was irsintainechta betil A/dm?2
and2A/dm2, and the coulomb amount was maintained to be 72 As/dm2 and 8 As/dm2. Alsp, for the
formation of the"$88BHdary particles ThE 2hrfsmt Henbityiad MahtHired & be34 Adnis and the

coulomb amountwas Maiptaingd 10,0e-48 AsidMZoun tAR festill: e ayerage particle size of the
primary particles was 0.25 gm, and the average patrticle size of the secondary particles was 0.35 pm

which is large. The ndrivad peel sténgth Was 0564 k§femawhich isfoftthe levebeotaparative to the
examples, and the surface roughness Rz was L1 gm, However the blackening dug o (he residue of the
roughening parﬁaes was observed after the Circut tcVung and found 1o be defective. 89] For the

formation of thespamay: pasticlesin Seuparative kxampia fethe sugent densityiwas maintained to be 55
A/dm2 and3A/dm2, and the coulomb amount was maintained to be 77 As/dm2 and 12 As/dm2. Also, for
thefonnaﬂon(ﬁtheseéén@aﬁﬁSUltr the average particle size of the primary

particles was 0.25 pum, and the average particle size of the
secondary particles was 0.35 um which is large. The normal peel
strength was 0.64 kg/cm, which is of the level comparative to
the examples, and the surface roughness Rz was 1.15 um. However,
the blackening due to the residue of the roughening particles
was observed after the circuit etching and found to be
defective.

[0089]

For the formation of the primary particles in Comparative
Example 6, the current density was maintained to be 55 A/dm?
andiSA/dm% and the coulomb amount was maintained to be 77 As/dm?
and 12 As/dm?. Also, for the formation of the secondary
particles, the current density was maintained to be 34 A/dm?,
and the coulomb amount was maintained to be 48 As/dm®.

As a result, the average particle size of the primary
particles was 0.35 pUm, and the average particle size of the
secondary particles was 0.35 um which is large. The normal peel
strengthwas 0.66 kg/cmwhich is of the level same as the examples,

and the surface roughness Rz was 1.50 um. The blackening due
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particles, the current density was maintained to be 34 A/dm2, and the coulomb amount was maintained to
be 48 As/dm2. As a result, the average particle size of the primary particles was 0.35 gm, and the
average particle size of the secondary particles was 0.35 pm which is large. The normal peel strength
was 0.66 kg/cm which is of the level same as the examples, and the surface roughness Rz was 1.50 RM.
The blackening due to the residue of the roughening particles was observed after the circuit etching and
found to be defective. [0090] For the formation of the primary particles in Comparative Example 7, the

current density was maiptaingd fo he %e%%r&éhae%ﬁ@“ﬁ{h@%i%ﬂ% Ihg coylomb amount ygs maintained to

be 81 As /dm2 and 16 As/dm2. Also, for the formation of the secondary particles, the current density was
maintained to bel34 Aldm2] andttheicoulemb amoumt wasomaiktained tebe 48 As/dm2. As a result,
the average particle size of the primary particles was 0.45 gm, and the average patrticle size of the
secondary parti&fé%%%s 0.35 pm which is large. The normal peel strength was 0.66 kg/cm which is of the

level comparative to the examples,-and the surface roughngss Rz wasas 1arge gs-1-20:RM. The
blackening due to the residue of the roughening particles was observed after the circuit etching and found

to be defective.He092] e 7 IntGemparative Ekanspies the curferitderssitycwasemafhtaifée to be 51
A/dm2 and 2 A’QQ&%; %r}%rtnlae c%gk%[}‘gb amaunt was maijntained to Qgi72 As/dqﬁz rfdAS /dm?2 for the

formation of the primary particales on Ceoélop%ner ?giﬁl@r%lff ﬁ1sempar|lrﬁary ngtigl% aeyer was formed, and there

was no secondapuxpanicles /dm? .Asza sesulk dhe average patticle size ofithe papraryparticles was 0.25
gm, and powder falling was not observed. The normal peel strength was as low as 0.57 kzg/cm. The
surface roughn&ss RWas 1. 1B R DIIRESIstation due tstie fedighe st to be 34 A/dm7,

and the coulomb amount was maintained to be 48 As/dm®.

As a result, the average particle size of the primary
particles was 0.45 pum, and the average particle size of the
secondary particles was 0.35 um which is large. The normal peel
strength was 0.66 kg/cm which is of the level comparative to
the examples, and the surface roughness Rz was as large as 1.55
Um. The blackening due to the residue of the roughening
particles was observed after the circuit etching and found to
be defective.

[0091]

In Comparative Example 8, the current density was
maintained to be 51 A/dm? and 2 A/dm?, and the coulomb amount
was maintained to be 72 As/dm? and 8 As/dm® for the formation
of the primary particles on the copper foil. Only the primary
particle layer was formed, and there was no secondary particle .

As a result, the average particle size of the primary
particles was 0.25 um, and powder falling was not observed. The
normal peel strength was as low as 0.57 kg/cm. The surface

roughness Rz was 1.10 um. Discoloration due to the residue of
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the roughening particles was not observed after the circuit etching. [0092] Comparative Example 9 is
a conventional example in which the primary particle is not present, and only the secondary particle layer
is formed. More specifically, the current density and the coulomb amount for forming the secondary
particles were maintained to be 50 A/dm2 and 25 As/dmz2, respectively. As a result, the average
particle size of the secondary particles was as large as 0.60 RM. The normal peel strength was 0.65 kg/
cm which is of the level comparative to the examples, and the surface roughness Rz was 0.78 RM. The
blackening due tg the residue;of the roughening, particles was.observed afier the circuit gtching and found
to be defective. [0093] As is apparent from the comparison between the examples and the
comparative examplescgeach of the copper-clad laminates of the present invention has the excellent
effects of having the high peel strength with the liquid crystal polymer and being free from the residue of
the roughening%%\?ﬁgiés on the resin surface after the circuit etching. Claims 1.A copper-clad
laminate comprising a egpper-foilikended g adiquid crystal\palymerwherginthe eapper dail has a primary
particle layer of copper on a bonding surface to the liquid crystal polymer and a secondary particle layer
of a ternary alloyhsompiisimgvcasper; cdbalt andonickekformed entheptimatysparticleniayer, the primary
particle layer havirrl Jg;mlav%(gaaé?e articl %ir%e dof 0.251t00.45 Iﬂ/l an lthe sggonda][_yr ggrtticle layer having
an average parﬁca:]e Size of 0705 to 02 Bln < 2 %he (:S(S)ﬁpcer-éga a%ﬁnateeacccuordmg to claim 1,
wherein each ofithespamary particledayerand the secondary particle layer is arvelestroplated layer.
3. The copper-clad laminate according to claim 1 or 2, wherein the secondary particle is a dendritic
particle or a pluPaHty oF ERhdffiE paTERSAWARR GroweoPgrdW &R thefriktary Pitticte. 4. The
copper-clad Iarqjgggeeggngrgﬂ\/g to any one of claims 1 to 3, wherein bonding strength to the liquid crystal
polymer is 0.60 kg/cm or moreé.

As a result, the average particle size of the secondary

particles was as large as 0.60 Um. The normal peel strength
was 0.65 kg/cmwhich is of the level comparative to the examples,
and the surface roughness Rz was 0.78 um. The blackening due
to the residue of the roughening particles was observed after
the circuit etching and found to be defective.

[0093]

As is apparent from the comparison between the examples
and the comparative examples, each of the copper—-clad laminates
of the present invention has the excellent effects of having
the high peel strength with the liquid crystal polymer and being
free from the residue of the roughening particles on the resin

surface after the circuit etching.
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5. The copper-clad laminate according to any one of claims 1 to 4, wherein roughness Rz of the bonding
surface of the copper foil to the liquid crystal polymer is 1.5 RM or less. 6. The copper-clad laminate
according to any one of claims 1 to 5, wherein roughness Rz of the bonding surface of the copper foil to
the liquid crystal polymer is 1.0 RM or less. 7. The copper-clad laminate according to any one of
claims 1 to 6, wherein the copper-clad laminate is used for a high frequency printed circuit board. 8.A
copper foil to be bonded to a liquid crystal polymer, wherein the copper foil has a primary particle layer of
copper on a bonding surface to the liquid crystal pglymer and a secondary particle layer of a ternary alloy
comprising copper, cobalt and nickel formed on the primary particle layer, the primary particle layer
having an average particle:sizeopt 0:25 tal(0.4b Ratanddhesecondary particteflayerdmandag an average
particle size of 0.05 to 0.25 RM. 9. The copper foil according to claim 8, wherein each of the primary

particle layer af®tte $&65Hdary partice RYLYEan SiBEFSRted ayetPPer {61 Th8Tdpper foil according
to claim 8 or 9, wheein bgading.stienaljip e yidauysial polvmer i 060 kuien s mgre. 11, The

copper foil according to any one of claims 8 to 10, wherein roughness Rz of the bonding surface of the
copper foil to theiligiid crystakpolyprerniscl:5RM 6 lessondary? oihé toppet foikacedrding to any one of

claims 8 to 10, wherein roughness Rz of the bonding surface af the copper. foil ta the liquid crystal
polymer is 1.0 gﬁlrgrafregsa Oy comprising COpPpPeRr, cobaoit ando FB_Ckei gormeg on

the primary particle layer, the primary particle layer having
an average particle size of 0.25 to 0.45 um and the secondary
particle layer having an average particle size of 0.05 to 0.25
um.

2. The copper—-clad laminate according to claim 1, wherein
each of the primary particle layer and the secondary particle
layer is an electroplated layer.

3. The copper-clad laminate according to claim 1 or 2,
wherein the secondary particle is a dendritic particle or a
plurality of dendritic particles which grows or grow on the
primary particle.

4. The copper—-clad laminate according to any one of claims
1 to 3, wherein bonding strength to the liquid crystal polymer
is 0.60 kg/cm or more.

5. The copper—-clad laminate according to any one of claims
1 to 4, wherein roughness Rz of the bonding surface of the copper
foil to the liquid crystal polymer is 1.5 um or less.

6. The copper—clad laminate according to any one of claims
1 to 5, wherein roughness Rz of the bonding surface of the copper
foil to the liquid crystal polymer is 1.0 Uum or less.

7. The copper—-clad laminate according to any one of claims
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1 to 6, wherein the copper-clad laminate is used for a high
frequency printed circuit board.

8. A copper foil to be bonded to a 1liquid crystal polymer,
wherein the copper foil has a primary particle layer of copper
on a bonding surface to the liquid crystal polymer and a
secondary particle layer of a ternary alloy comprising copper,
cobalt and nickel formed on the primary particle layer, the
primary particle layer having an average particle size of 0.25
to 0.45 um and the secondary particle layer having an average
particle size of 0.05 to 0.25 um.

9. The copper foil according to claim 8, wherein each of
the primary particle layer and the secondary particle layer is
an electroplated layer.

10. The copper foil according to claim 8 or 9, wherein
bonding strength to the liquid crystal polymer is 0.60 kg/cm
or more.

11. The copper foil according to any one of claims 8 to
10, wherein roughness Rz of the bonding surface of the copper
foil to the liquid crystal polymer is 1.5 um or less.

12. The copper foil according to any one of claims 8 to
10, wherein roughness Rz of the bonding surface of the copper

foil to the liquid crystal polymer is 1.0 Um or less.
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