NEIecfrodpposited Copper Foi:l with Carrier, Method for Pr oduci ng t he

El ettrodeposi ted Copper Foil, and Copper-C ad Lam nate Formed by Use
of the El ectrodeposited Copper Foil 5 _ Techni cal
Field The present invention relates to el ectrodeposited
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Background Art
COnventionally,.peelable-type electrodeposited copper
. foils with carrier have been widely employed for producing
15 copper-clad laminates, by laminating the copper foil with a
substrate through hot pressing and then peeling off the
carrier attached to the electrodeposited copper foil. The
peel strength at the adhesive interface between the carrier
and the copper foil varies over a wide range. Some
20 electrodeposited copper foils with carriers exhibit easy
peeling during handling thereof, and others exhibit failure
to peel after hot pressing is carried out.
In ordgr to solve the aforementioned problems, the
present inventors have propdsed electrodeposited copper foils
25 with carrier in which the adhesion interface between a
carrier and a copper foil is formed from an organic agent. A

main advantage of the copper foils with carriers is moderate



L . and stable peeling strength at the adhesive interface. The
‘technical idea relating to such el ectrodeposited copper foils - with
carrier will enable production of new types of foils whi ch have not
yet been devel oped. 5 One exanple is an el ectrodeposited copper
foil with carrier produced by form ng an organi c adhesive interface on
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coated foil to anti-corrosion treatment. The
10 electrodeposited copper foil with carrier is used for
producing printed wiring boards in the following manner.

Firstly, a substrate (prepreg) is laminated onto the
electrodeposited copper layer formed of copper microparticles,
followed by hot-pressing, to thereby prepare a copper-clad

15 laminate. Thereafter, the carrier is removed from the copper
clad laminate.

Subsequently, a bulk copper layer which serves as a
conductor of a printed wiring boara is formed on the copper-
microparticle layer to an arbitrary thickness through copper

20 plating followed by a step} e.g., any etching step, thereby
producing a typical printed wiring board as a final product.
This sequence would be considerably effective for producing
wiring boards that satisfy the demand for more finely
patterned wiring boards.

25 However, when the electrodeposited copper foil layer
contained in an electrodeposited copper foil with carrier is

formed exclusively from copper microparticles and an adhesive



25 ‘ . However, when the el ect rodeposi t ed copper foil layer

"contained in an eI ectrodeposited copper foil with carrier is f or med
exclusively from copper mcroparticles and an adhesi ve

2 interface is formed froman organic agent, conditions for
produci ng the copper foil wth carrier nust be carefully controll ed.
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has been investigated thoroughly, and the inventors have

10 found that when the amount of an organic material forming the
adhesive interface layer decreases, the peel strength at the
adhesive interface between the carrier foil layer and the
copper-microparticle layer increases thereby worsening
peelability.

15

Brief Description of the Drawings
Fig. 1 is a schematic cross-sectional view of one

electrodeposited copper foil with carrier according to the
present invention. Fig. 2 is a graph showing the

20 relationship between deposition potential and peelability at
an adhesion interface. Fig. 3 is a schematic cross-sectional
view of an apparatus used for producing an electrodeposited

copper foil with carrier.

25 _ Summary of the Invention
In view of the foregoing, the present inventors have

carried out thorough studies, and have found that a decrease



_vJeM/Bf an apparatus used for producing an el ectrodeposited copper

foil with carrier. 25 Summary of the Invention

In view of the foregoing, the present inventors have carried out

t hor ough studi es, and have found that a decrease _
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el ectrodeposited copper foil"wth carriér conprising a carrier ftoil;
an organi c gdhesk¥€attack by surface treatment bath is provided on an
organic adhesive layer and (2) use of a surface treatment
10 bath which imparts no damage to the organic adhesive layer.
Claim 1 of the invention provides an electrodeposited
copper foil with carrier in which a carrier foil and an
electrodeposited copper foil layer are bonded via an organic
adhesive interface layer in a layered manner so that the
15 carrier foil can be readily peeled off during use thereof and
an electrodeposited copper foil layer exclusively formed_of
copper microparticles, the electrodeposited copper foil with
carrier comprising a carrier foil; an organic adhesive
interface layer formed on the carrier foil; a thin-film
20 copper layer formed on the organic adhesive laye;; a copper-
microparticle layer formed on the thin-film copper layer; and
an anti-corrosion layer formed on the copper-microparticle
layer.
In the claimed copper foil, a_thin-film copper layer is
25 provided on an organic adhesive interface layer, and this
copper layer serves as a barrier against attack by a bath

employed in one of the surface treatment steps described



\|nterface | ayer formed on the carrier foil; a thin-film 20 copper |ayer

‘forhed on the organi c adhesive |ayer; a copper- m croparticle |ayer
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may or may have an arbitrary thickness, so long as the copper layer

with carri ‘%scording to claim
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10 prevents contact between the adhesion interface and a bath
employed in a surface treatment step. However, the thin-film
layer does not require an unnecessarily large thickness. In
cases in which the thin-film copper laver has a thickness of
3 Hm or more, the layer is substantially a customarily

15 employed bulk ultra-thin copper foil, and such a layer may or
may not be called a "barrier layer." Another function of the
barrier layer is to provide deposition sites dedicated for
copper microparticles which are to be electrodeposited on the
barrier surface. Therefore, fine copper particles can be

20 formed with high area density, as compared with copper
microparticles electrodeposited directly on the organic
adhesive layer.

As described in claim 4, the thin-film copper layer
serving as a barrier layer has a thickﬁess of 0.5-1.0 Uum.

25 The lower limit, i.e;, 0.5 Um, is based on the limit for
analyzing film thickness. Thus, it is considered that film

having a thickness less than 0.5 !m may be employed without



may not be called a "barrier | ayer." Another function of the barrier
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pPresent invention is not attained. In addition, when the

any

10 barrier layer has a thickness of 3 Um or more, ;he layer is
substantially a customarily-employed bulk ultra-thin copper
foil.

As described in claim 6, a method for producing an
electrodeposited copper foil with carrier as recited in claim

© 15 1 may comprise'cleaning a carrier foil through pickling;
forming an adhesive interface layer on the cleaned surface by
use of an organic agent; forming a thin-film copper layer on
the adhesive interface layer through electrodeposition;
forming a copper-microparticle layer on the thin-film copper

20 layer through electrodeposition; and forming a anti-corrosion
layer on the copper-microparticle layer.

No particular limitation is imposed on the material of
the carrigr, and customarily-employed metal foil such as
aluminum foil or copper foil or conductive organic film may

25 be used in accordance with the purpose for use thereof. The
organic adhesive interface layer is suitably formed by use of

an organic agent described below. The carrier foil itself



As descri bed in claim6, a method for produ0|ng an el ectrodeposi t ed
copber foil with carrier as recited in claim 15 1 may conprise cleaning a

carrier foil through pickling; form ng an adhesive interface |ayer on
t he cl eaned surface by use of an organic agent; formng a thin-film
copper |ayer on t he adhesive interface |ayer through
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wi t hout anywReABLE€Many problem.

10 The organic agent which is employed to form the organic
adhesive interface is éarboxybenzotriazole (hereinafter this
compound may be referred to as CBTA). Among a variety of
organic compounds, carboxybenzotriazole is employed to attain
smooth peeling of a carrier from the electrodeposited copper

15 foil at the organic adhesive interface with the carrier
according to the present invention.

Next will be described the methods for forming an
adhesive interface layer on a carrier foil by use of the
aforementioned carboxybenzotriazole. Specifically, the

20 adhesive interface layer may be produced by dissolving the
aforementioned carboxybenzotriazole in a solvent, and
immersing a carrier foil in_the solution or applying the
solution to a surface on which an adhesive layer is to be
formed, through methods such as showering, spraying, dropping,

25 and electrodeposition. The method for forming the interface
layer is not particularly limited. The concentration of

carboxybenzotriazole is preferably 0.01 g/l to 10 g/1, and



10 The organi c agent which is enployed to formthe organic

"adhtesi vé interface is carboxybenzotriazol e (hereinafter this conpound

may be referred to as CBTA). Anpong a variety of organi ¢ conpounds,

car boxybenzotriazole is enployed to attain snooth peeling of a carrier

fromthe el ectrodeposited copper 15 foil at the organic adhesive

i nterface 'ﬂh thi garrier according to the present, i nventi on.
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10 Principally, the concentration of CBTA is determined in
accordance with the speed of the production line. The time
for contact between the darrier foil and the solution
containing CBTA is also determined by the speed of the
production line, and in practice is generally 5-60 seconds.

15 In consideration of the aforementioned conditions, when
the concentration is below the lower limit; i.e., 0.01 g/l,
complete adsorption of CBTA within a short time is difficult
to attain and the thickness of the formed adhesive interface
layer varies, resulting in failure to maintain the quality of

20 the final product. When the concentration is in excess of
the upper limit; i.e., 10 g/l1, the adsorption rate does not
increase commensurately with the amount of added CBTA. Such
an excessive concentration is disadvantageous from the
viewpoint of production costs.

25 When the aforementioned carboxybenzotriazole is used,
the amount thereof for forming an organic adhesive interface

layer is readily carried out and peel strength between a



Iayer)is regul ated with higher precision. I n general, the higher

‘'t het condentration of CBTA, the hi gher the rate of adsorption of CBTA
to the carrier foil. 10 Principally, the concentration of CBTA is
determned in accordance with the speed of the production line. The
time for contact between the carrier foil and the solution
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serving as an anti-corrosion layer of the copper foil. The

10 organic film can readily be removed by washing with an acidic
solution such as diluted sulfuric acid or diluted
hydrochloric acid, and does not affect the production steps
of printed wiring boards.

From another important point of view, at present,lthe

15 aforementioned carboxybenzotriazole has been proven to have
no adverse effect on the production steps of printed wiring
boards, such as a variety of resist application steps,
etching steps, plating steps, and mounting steps, which are
carried out after production of a copper-clad laminate.

20 Carboxybenzotriazole, which itself is an organic
compound, serves as a material having an electric insulating
property rather than electric conductivity. As mentioned
above, the electrodeposited coppef foil with carrier
according to claim 1 is produced by cathodically polarizing a

25 carrier foil per se to thereby form an organic adhesive
interface layer comprising carboxybenzotriazole on the

carrier foil and electrodepositing copper directly on the



an appropriate peel strength can be assured after hot 5 pressing.

‘After a'carrier foil is peeled off an el ectrodeposited copper foil,

car boxybenzotriazole is transferred to the el ectrodeposited copper

foil to remain as an organic film serving as an anti-corrosion |ayer
of the copper foil. The 10 organic filmcan readily be removed by washing
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car boxybenzotri azol e on carrier
directly ongfPEoxybenzotriazole solution in formlng a% adhesive

interface layer are relatively unimportant, but the thickness

10 of the thus-formed adhesive interface layer is important. 1In
other words, the amount of carboxybenzotriazole constituting
the adhesive interface layer is important. Preferably, the
adhesive layer has a thickness of 1 nm to 1 Mm.

When the thickness falls within the aforementioned

15 range, appropriate peel strength can be assured and
electrodeposition of copper can be perfofmed stably.
Specifically, when the amount of carboxybenzotriazole used to
form an organic adhesive interface layer (thickness)is lower
than the lower limit; i.e., 1 nm, the thickness of the

20 adhesive interface layer varies, and the adhesive layer
enéounters difficulty in providing a homogeneous organic
adhesive interface layer. As a result, appropriate peel
strength cannot be attained after press-forming, and in some
cases a carrier foil cannot be peeled off.

25 In contrast, when the thickness is in excess of the
upper limit; i.e., 1 Hm, electric current fiowing in the

carrier foil in the course of electrodeposition of copper

10



orgaﬁic adhesive interface |layer. Therefore, the adhesive I nterface
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t he organi c adhesive interface layer fornmed . of carboxybenzotriazol e
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be peeled off. I'n contrast, when the thickness Is in excess of
the Up%écif%&ll&,ethelrhﬁbé] e € beeh! lobtal! g{e@t id lvq.‘@vpg)f bddie
carrier foil in the course of electrodeposition of coppe

10 10 strength which has empirically been considered to be

appropriate and ideal peel strength which users desire to
attain. The lower the peel strength at an interface between
a carrier foil and an electrodeposi;ed copper foil, the
easier the peeling of the carrier foil from the copper foil.

15 However, when the peel strength is less than 1 gf/cm, a
carrier foil is spontaneously separated partially from an
.electrodeposited copper foil during travelling of a roll in
the production process of the copper foil with carrier or
during production of copper-clad laminates, thereby causing

20 generation of failures such as blisters and slippage. When
the peel strength is in excess of'100 gf/em, a carrier foil
is difficult to peel off and peeling the carrier foil off
requires a particular peeling apparatus. This situation
differs from the features of the present invention.

25 After the organic adhesive interface layer is formed in
the aforementioned manner, a thin-film copper layer is formed.

The thin-film copper is formed on the organic adhesive

11



m croparticles on a cathodically polarized carrier foil becomes

‘unst abl e. Thus, an el ectrodeposited copper foil l'ayer of uniform
thickness is difficult to form In the present description, the
term "appropriate peel 5 strength" refers to a peel strength, as
measured on the basis of JIS C-6481, of 1-100 gf/cm The range is

Foi 15 - " WRER=EarR GAYAR, FRTRASE EIRASTAGARAALF tiim, Hoogarticular o'

| fi . Lned i ' f | 10 _ st t h
whi o hae chAMPERELPH BEcARPRReR SRy SpEPes 4D adiide, PRARYIEER oo

oo SR LESR SSBbE MhuprssoRBnely R SR FESIY
N Ta - e e e AL A T
SRR LS T S Ty g—
product | on BbggEse 36108 GIRTLpl ol YA Rele g0 AR b
(21105, U8y B 24y BB PRl e o MR Bl SRR
pecl 10, UICagRRE " ok0h 108/, [ GRY1 5 80 Bo08 5 EULDABRRLL GTRREER

After the og ffsﬁﬂeeégﬁfﬁkﬂgﬁbtgﬁegggzeﬁfhs %Q%%% g}mgxropﬂggiﬁﬁ§e

af orenent i oned manner, Ilmco r ayér

thin-filom cepper766 &P1ieds08mpiBy8aIAR & 8dRGE1%R temperature of 30-

60°C, a pH of 8-12, and a current density of 1-5 a/dm?.

In practice, an organic adhesive interface-formed
‘carrier foil is immersed in a copper plating bath. The
carrier foil per se is cathodically polarized, while anodes
15 are placed so as to face an adhesive surface of the carrier
foil in parallel. Thus, copper species for forming a thin-
film copper layer are homogeneously and smoothly deposited on -
the organic adhesive interface layer.
After formation of the thin-film copper layer is
20 completed, the carrier foil is treated in a copper-
microparticles-forming bath so as to form copper
microparticles on the thin-film copper layer. More
specifically, the process for forming copper microparticles
includes a step of depositing copper microparticles'on the
25 thin-film copper layer and a step of seal plating so as to
prevent release of deposited copper microparticles.

In a step of depositing copper microparticles on the

12



11 I nterface Iéyer through el ectrodeposition. No particular
limtation is inposed on the copper ion source enployed in a

thin-filmcopper |ayer-formng bath, and a solution such as copper
sul fate solution or copper pyrophosphate sol ution may 5 be used. For
exanpl e, a copper sulfate solution conprising copper (30-100 g/l) and

' ' - ' | d at | uti { t
of 3080 C hhA%a aa; drpper 1abesisa pos %é%@@%éf = ‘é“?%‘?re? e
h h LUt ri,sin er..(10- and potassi ym

oy oncesralde 8 Ciernt P O e S il

- a of 8- , 1- -
I'n practice2®aft 8?8‘5ﬁﬁc°§dﬁggpg ;'inﬁt@rfca?(?é’-efrorlr?éh T 1?‘?5?9‘%&%&?‘;’1@
[ i n, |l ati b s arrier foil per se is
e sed | 148 SRRNSLAPLA) N Wi i 01 ST SR OB Rl
For for m ngtabbRrnnibiBokRticles axe dpos el Hhdek harE \adiE SEAR Ry
depostt o0 OBopaehhe. o1 ARPLERSVSP A B LOLSEL SCRARNER: £ ppponselie (o
' ' - . [ Icl.es-faqr.m bat h tto form
copper . tapBeE ARBkoparti ok SRl R In FiTa G R e ¥
speci fi cal | Yonbhg:PLOEEAS 1606 LhERNEHERPRY t{s%flg.g&rogn;]féﬁ?r:ﬁorﬁnéionagga:, u;ﬂ'g;;

step of depositing copper mcroparticle e
and a step phiaeakiRl 8bbPErSRageriOso as to facilitate attainment of

10 burnt deposition conditions. No particular limitation is
imposed on the burnt deposition conditions, and the
conditions are deﬁermined in consideration of characteristics
of a production line. For ekample, a copper sulfate solution
comprising copper (5-20 g/l), free sulfuric acid (50-200 g/1),

15 and a suitable additive such as ®-naphthoqguinone, dextrin,
glue, or thiourea is employed at a solution temperature of
15-40°C and a current density of 10-50 A/dm?.

Seal plating is a step for uniformly coating copper
microparticles with copper under smooth plating conditions so

20 as to prevent release of deposited copper microparticles.
Thus, a solution similar to that placed in the aforementioned
thin-film-forming bath is used as a source of supplying a
copper ion. No particular limitation is imposed on the
uniform deposition conditions, and the conditions are

25 determined in consideration of characteristics of a
production line. For example, a copper sulfate solution

comprising copper (50-80 g/l) and free sulfuric acid (50-150

13



pr event rel ease of deposi ted copper mcroparticles. In a step of
"deposi ting copper nicroparticles on the

12 thin-filmcopper layer, a solution simlar to a solution
placed in the aforementioned thin-filmformng bath is used as a
source of supplying a copper ion. Thin-filmformation I's carried out

under unifor | ati ng condi tions, whereas S copper mcropartd cles are
deposi t ed uﬁz]% BEr REPAL¥ES; AtoR solution,femperatuns,iqfy 4 PG ang i%n
enpl oyed for _d ) croparticles on the thin-filmcopper

Ling. ;
| ayer has acurggg%l:ghggﬁf:?af’rfoﬁr%ﬁfgﬁef?ﬂ%n thﬂ of a sol ;Jti(i)(r)\ fgr f?rm' ng a
thin-fil er..50.as to faciljtate I hnment  of, urn

delp(r;si ![ i (TncggﬁgirP{e%s?fllﬁlobﬁaﬁels&ﬂlgﬂg‘* iam'“leﬁ%ﬁ ﬁl%r §°rm”f%p?f§e$“'bh' t he

consi der at | BREBP SR, AbY8Fr o FhE 1aVer bp SFREH LRI BoErPRAvARGP ORARe,
aora” (50 200" B 1§ 8bB2- gprrasd i inRetheRt Bortl, o ARgdants - 6RtoRion ! ¢
ol utf on  chALH & BPEvsfEs' bhigarion Iadfiosd cobattidh ok Hied) of an

i cropar {1 P22 5FAeRBRRLe8, BokPax Eofa” 1BRer rcl Bn Rl mre A DL

G i tar 1o Thorn8) SRER88, b\ peaRRSial EogRRl- <a® paminachl Bndfialad” o
used as a SQUEERgOboSHBB. Y SR organic anti-corrosion treatment by use

10 of a compound such as benzotriazole or imidazole and
inorganic anti-corrosion treatment by use of a compound such
as zinc, chromate, or zinc alloy may be acceptable. These
methods may be selected in accordance with the purpose of
employment of the electrodeposited copper foil with carrier.

15 | When an organic compound is employed in anti-corrosion;
such an organic agent may be applied through immersion,
showering, or electrodeposition. When an inorganic compound
is employed, a corrosion-inhibiting element may be deposited
on an electrodeposited copper foil through electrolysis or

20 substitution deposition. For example, a plating bath such as
a zinc pyrophosphate plating bath, a zinc cyanide plating
bath, or a zinc sulfate plating bath may be employed for
carrying out anti-corrosion treatment with zinc.
Specifically, a zinc phosph;te plating bath comprising zinc

25 (5-30 g/1) and potassium pyrophosphate (50-500 g/l) is
employed at a solution temperature of 20-50°C, a pH of 9-12,

and a current density of 0.3-10 A/dm®.
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coppe} lon. No particular limtation is | nposed on the ~uniform
‘deposition conditions, and the conditions are 25 deternined in

consi deration of characteristics of a production line. For exanple, a
copper sulfate solution conpri sing copper (50-80 g/l) and free

sul furic acid (50- 150 40 - 13

/1) is enployed | uti.on. .t [a at.ure. of

gurrent density 3@ A/ed‘rﬁcerrc]raop sited copRgx; %#Iwb‘ghd‘é%’?ﬁﬁﬁd a

met hod for n,ant CQrr Q The Ia is formed in a
passi vationgga?ﬁagng % cj'élénn J'ar%tsl PESF" sﬁ%on rroé%ﬁ}he fhth The

TR amene M SRR Zgﬁ‘iésppe'r"” i ‘#:é%% I8 %Zfefpgﬁg%ﬁ -
N er-cla
i ng boar S8PPHB: %Qg%ég'%“%eg%%ﬁc%r%%s."%n B ienita, TRE Pigpdgng

conmpoung; su ng§eaeg§93§bagg A-yolg I m dazol e and i norganic

antl-corrosﬁon treat nen use of a conpound such as zi nc, chronate,

or zinc alloy may b%h@C%‘i@s% 1 opl¥iH carsod PN Je O oslgplqggp £1 o4

accordance with t e pur pose o oymert © 0S

copper fo"l&hiﬁaﬁé“rhﬁﬁ "printed wi@ﬁ% %%aQHga@ﬂ%éqﬂgquﬁwéfh r&”é@ﬁg in

anti-corrosion, such an organi ¢ agént may be app

| mer si on, subst§QQ$erhnaouﬁﬁeekgaErQQS%Q§hE'Onag%hgépOSItegﬁgﬁplc conpound

S enployed a corrosion-inhibiting elenmen on an
el ectrodepogybgeraeaPersdn | sdbs OHPbe ! Ral DY ELBrPbated from a rigid

10 substrate, a hybrid substrate, or a flexible substrate
including.a particularly designed substrate such as TAB or
COB.

Claim 2 of the invention provides an electrodeposited

copper foil with carrier in which a carrier foil and an

15 electrodeposited copper foil layer are bonded via an organic
adhesive interface layer in a layered manner and the carrier
foil can readily be peeled off at use theréof, the
électrodeposited copper foil with carrier comprising a
carrier foil; an organic adhesive interface layer formed on

20 the carrier foil by use of carboxybenzotriazole; a copper-
microparticle layer formed-on the organic adhesive interface
layer; and an anti-corrosion layer formed on the copper-
microparticle layer, the anti-corrosion layer being formed by
use of a plating bath containing a single metallic component

25 or a plurality of metallic components for forming an alloy,
the plating bath having a deposition potential less negative

than -900 mvV (vs. AgCl/Ag reference electrode). The

15



20 substitution deposition. For exanple, a plating bath such as a

'zi nc pyrophosphate plating bath, a zinc cyanide plating . bath, or a
zinc sulfate plating bath may be enployed for carrying out
anti-corrosion treatment with zinc. Specifically, a zinc phosphate

pl ati ng bath conmprising zinc 25 (5-30 g/I) and potassiun1pyrophosphate

Chof o35 e162tredapBlRcC Lobbel HAI WiEH ¢ er%‘ﬁ%"%mz icea 6l fhe ®
th carrier

I
;écordl ng toagﬁgl ﬁ'lflal §°6F83&c<§3'attﬁlﬁgclft r%dﬁrﬁ }rteteaﬂ:éfw%rf Olo"fl'é’n‘élhht I oned
Wi carrier
met hods. Tmi; éggé gdﬁgﬁg %l %tr eg%%%'ratnﬁ.t e&%eﬁlnv Ei%}:‘tﬁ]:g ace fayer {Sl n

serves as ri-a or prodaucin
the present §QEC|f|cat|on t he terns "copper-cl ad | am nat e" and

"printed mnrlng board"” enconpass a single-side . substraLe g

double de subs t | L. bstrate. Such substrates
may be abri cat eghg r %%e?yr}iogle?é 11(3J “{)oﬁpreeﬁ efo:"qL hylbtﬁ FRULLTT 2E° & T]
flexible su | | AN I i gned substrate as
e or © URELERREn 2 1o' BELYERY §uiBliow Aok B OUGAL IS g

eIeCtrOdepO§gt§goducedC PPGke fgklgm Aldor¥losls %ﬂM¥§nyifgyﬂlgﬁigé¥ﬁ and

an 15 electro ep03|te copper ayer ar e bonded Wia an or

adhesi ve i nfg% ERCEm #@m hB Aamays' g@ treggn%&gmct RN ¥ Ve intereddd | CAN

readily be peeled o at use thereo
layer. This concept differs from that of the

10 electrodeposited copper foil with carrier according to claim
1.

The electrodeposited copper foil with carrier according
to claim 2 is produced in a manner similar to that described
in claim 1, except that a thin-film copper layer is not

15 formed. Since the electrodeposited copper foil with carrier
according to claim 1 has a thin-film copper layer serving as
a barrier layer, no particular limitation is imposed on the
solution employed in an anti-corrosion treatment bath. In
contrast, in the case of the electrodeposited copper foil

20 with carrier according to claim 2, which has no thin-£ilm
' copper layer serving as a barrier, thé solution empldyed in
an anti-corrosion treatment bath must be a plating bath
containing a single metallic component or plurality of
metallic components for forming an alloy, the plating bath

25 having a deposition potential less negative than -900 mV (vs.
AgCl/Ag reference electrode).

In the electrodeposited copper foil with carrier
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el ectlr odeposi ted copper foil with carrier conprising a ~carrier foil;
‘an:organi ¢ adhesive interface |layer formed on 20 the carrier foil by use

of carboxybenzotriazol e; a copper- m croparticle layer formed on the
organi ¢ adhesive interface | ayer; and an anti-corrosion layer forned
on the copper- m cropart icle layer, the anti-corrosion |ayer being
formed by

b t tall nent
v Tor o pl BESPEEG R CReCHAN, Zro e kS (TR AhEise rodgposiEadt g
Pa Q\Sob?k%o?%%?%ﬁe& TRge éﬁl&ﬁc‘fﬁ‘i@t&%pérﬁnﬁc”re%aérgfc1es atgen -900

15 ectro p05| copper, f Wth carrier roduced on
t he EPOSIftea concept Yteﬁﬁ aﬁﬂ? féroerd'f e ROTAH W'&%Pure‘

np f | a

:5 arts 'rll'(rjleq'g1 thrE) eﬁlggng %cr:élc}gc)ﬁg&qfezhvrewlﬁnﬁ?te’%aﬁﬁe"éﬁ'ﬂ‘%&%c}?%ﬁ%g‘:ermeaz?ﬁ .
fil roduce

claim2ds Qﬁgd#g&%s arnﬁo"f %hety 'ordani aﬁ_fihea Ve qﬁf‘if%% g

by use or an anti -corrosit. on ayer - orm

damage 10 1 BReRLggNEEs24RTY L3 uell Ul Uikompose | MHarlil Sy SONCE E%%? i

fromthat o 'ec r eposi t cop d carri

to claim 1. An adhesztve -E.tlﬁie?ﬁcéé %%Qf?esd t %](.j Coé)cgﬁé O%;.r% Earil er

accordi ng to claim uced in a manner descri bed

in C'ai”‘11b§Xﬁ§Bto%h%%r%oQQLQﬁQJEPf§y3¥§'Jé@”ﬂﬁéﬁ%f!&tlve;y analyzed by

means of a TEM with an EPMA (Electron Probe Micro Analyzer),
10 to thereby detect a copper component in the adhesive
~interface. Thus, in this case, copper may be incorporated in
the adhesive interface layer in a certain form.
On the basis of the analysié, the inventors have
investigated a variety of anti-corrosion treatment baths, and
15 have found that a specific anti-corrosion treatment bath is
employed so as to reduce damage imparted to an organic
adhesive interface.layer. Furthermore, continuous screening
tests have revealed that anti-corrosion treatment baths
containing a metallic component having a deposition potential
20 less negative than -900 mV (vs. AgCl/Ag reference electrode)
are able to reduce damage imparted to an organic adhesive
interface layer.
The results are shown in Fig. 2. When an anti-corrosion
treatment bath contains a metallic component exhibiting a
25 deposition potential falling.within a left region from the
dashed line representing -900 mV in Fig. 2; i.e., less

negative than -900 mV, no elution of carboxybenzotriazole is
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15 formed. Since the el ectrodeposited copper foil wth carrier

‘aceording to claim1 has a thin-filmcopper |ayer serving as a barrier
layer, no particular limtation is inposed on the sol ution enployed in
an anti-corrosion treatnent bath. In contrast, in the case of the

el ectrodeposited copper foil 20 wth carrier according to claim 2, which
has no thin-film opper. | ayer ser,yvi, as barrier, the solution_ _,
enpl oyed inogservgﬁ’aﬁﬁﬁgg r&%% & A%t AR (CIREALNT 2 iRgtaLtic

i ni ' Li.C . . ' Of l|]ic,
Component o PEPERAPREnE BAPAEHEY & ee%tasﬁiﬁ%“%%!ﬁ#g?%l @H&e%a%'b%gmon
' ls -900 3 . .
G et rode) . £1onE°Rdb8E B3Rk sRe) RbHels aine, mefRaditbans I Gays bre-

16 rdi to.Glaai 2, .there is forped an .
eIectrodepogffgdnegg%gggoﬁ§%P Fgﬁp F&Qeﬁ% Rt ¢ (ﬁﬂﬁﬁéxéh?ﬁ?ﬂﬁﬁﬁ?%?ﬁﬁ are
deposi t I p_a manner to forma porous structure. Thus, a
.conventﬁgnagsaﬁ ?¥%%§§65ion treat ment bath perneates 5 the pores and

' ' ' f . |,bl | .ut
reaches an or gang‘gugqh%ﬂe\/%n{tg-%ror%%es’lotno t'&‘r?aa{:d%etnmerbea% F%wg'?irs% e“y?%rfé:%g 8:\ a

deconpose carboxybenzotTti azo esive 1nt ( (
anal yzed byoRp1oved contpths'Bh Heealrid KupiER A B A0S UgHRel el e Y
Anal yzer), ﬁQeLQiEQGEEQ¥ debatlivd %%BBeK9%%”BRHQQ%J'%§€¥7é¥HF§¥é@%nce
interface T us, I n this case, copper nay be incorporated’ i
electrode). However, since the electrodeposited copper foil
10 with carrier is used in printed wiring boards, corrosion-
inhibiting elements must be carefully selected in
consideration of drawbacks in storage, thermal oxidation
during hot-pressing, and etching.
As a result, as described in claim 5, the following
15 pPlating baths are preferably employed; i.e., an acidic cobalt
plating bath, an alkéline cobalt plating bath, an acidic tin
plating bath, an acidic nickel plating bath, an alkaline
nickel plating bath, or a Zn-Ni alloy plating bath containing
Ni (40 wt.% or more). These elements and solutions do not
20 affect production steps of printed wiring boards and quality
of produced printed wiring boards. In addition, the
solutions are considerably stable for serving aé a plating
bath .
These corrosion-inhibiting elements may be deposited on
25 copper microparticles through any method, such as
electrodeposition or substitution deposition. For example,

when cobalt is plated under alkaline conditions, a plating
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the adhesive interface layer in a certain form On the basis of

‘the anal ysis, the inventors have I nvestigated a variety of
anti-corrosion treatnment baths, and 15 have found that a specific
anti-corrosion treatnment bath is enpl oyed so as to reduce danage
I nparted to an organic adhesive interface Iayer Furt her nore,

conti nuous screenin t ests, have,reyeal t i -cQrrosion treatnent
bat hs Sﬁsaiﬁf 5}%%?%I??Ba@5nﬁéé§§ ng} ap8%6§§FPFOS pot enti al

20 less ne ativ VS g reference eleciro are
able to red§¥§°8 935 atﬁp Spgg do o o é%? ‘i f??ﬂ face | ayer.
The results are shown VMen an gngzé orrosj on treat nent bath

contains a HEPRPER ESWB&ﬂg%tS i bRt PHg© 'd@ﬂggﬁtﬁ&¥ﬁﬁﬂﬁﬂﬂﬁqﬁl';;0 iy
re ntin

LnE g0 B Bepo?sy Tl V8 0) WA S0Bans 16 CRTRESA BRdR T RERAGE |

Cheoved "2BLLEILRE! S praring barh coRRELRiAG, AR o1 3107 g/1) and

conponent eé?hgbg 1q§ggglgsgn5%%t%&5)al fa'“'ﬁ%ﬁ%oye ékr&)so%%gﬁ??ve

region from I|ne representi

t han -900 of_ .C rb yhpenzotri azole S observ

Thus, the gg%msgg%kggfoﬁft?eagéegf %a?ﬁ '%h Caﬁnge curr, ﬁ%l&ﬁ&fﬁﬁ*ﬂ%ﬁfm
an netalllc cQupgn mPaving a deposition potential |ess negative than
-900 nv (vs0 %ngﬁlﬁphreference

When tin is plated, a plating bath comprising tin (5-30

10 g/1l) may be employed at a solution temperature of 20-50°C, a
pH of 2-4, and a current density of 0.3-10 A/dm°.

When nickel is plated under acidic conditions, a
plating bath comprising nickel (5-30 g/l) may be employed at
a solution temperature of 20-50°c, a pH of 2-4, and a current

15 density of 0.3-10 A/dm®’. When nickel is plated under
alkaline conditions, a plating bath comprising nickel (5-30
g/1l) and potassium pyrophosphate (50-500 g/l) may be employed
at a solution temperature of 20-50°C, a pH of 8-11, and a
current density of 0.3-10 A/dm?.

20 When Zn-nickel alloy is plated, a plating bath
comprising cobalt (1-2.5 g/l1l), zinc (0.1-1 g)l), and
potassium pyrophosphate (50-500 g/1) may be employed at a
solution temperature of 20-5o°c, a pH of 8-11, and a current
density of 0.3-10 A/dm?.

25 Claim 7 of the invention is directed to a method for
producing an electrodeposited copper foil with carrier as

recited in claim 2, which method comprises cleaning_a carrier
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eJect}ode). However, since thé'electrodeposited copper foil 10 wth

‘carrier-is used in printed wiring boards, corrosion- I nhi biting .
el enents nmust be carefully selected in consi deration of drawbacks in
storage, thermal oxidation during hot-pressing, and etching.

As a result, as described in claim5, the followwng 15 plating baths are
2ot ok RGOS oy M S Sndite
Dl ating bat Ro¥8R: Brnthg Sarzigy E%%Fp& ¥ e benrast (inkas £ ping
quality 8 BPPBPEqmSEHoBARSAE WA %%ﬁ‘%}se" %aé&‘éﬂe?aoﬁ%%s'?\%eb"”ds e
These corr olREREERRFOLEPRY ERESURPS Sy D50 Hbiey: Al Grbps @d”plpj?gl"\t‘pl'
Subst | 11 tl8ngeégéﬁ?%ﬁ%ﬁofneéﬁpfgpper R RS e S”Ifﬁ%&eqf :
batn  compr PereiBiopafrPrBbidining 2 singie mesatiic CRBAML AR

b of 6- 11, PaBafTRyP8E nBkalidR Wolbneges, SrE RO A MRS kT (s

g} o ed undegepgh dhg coﬁpsaequ(g?“aavin@ 4 9dBoR3H HO Pt IR C RS (530

negative than -900 mV (vs. AgCl/Ag reference electrode).

10 Claim 3 of the invention provides an electrodeposited
copper foil with carrier in which a carrier foil and an
electrodeposited copper foil layer are bonded via an 6rganic
adhesive interface layer in a layered manner and the carrier
foil can readily be peeled off upon use thereof, the

15 electrodeposited copper foil with carrier comprising a
carrier foil; an organic adhesive interface layer formed on
the carrier foil by use of carboxybenzotriazole; a thin-film
copper layer formed on the organig adhesive interface layer;
a copper-microparticle layer formed on the thin-film copper

20 layer and an anti-corrosion layer formed on the copper-
microparticle layer, the anti-porrosion layer being formed by
use of a plating bath containing a single metallic component
or metallic components for forming an alloy and the plating
bath(s) having a deposition potential less negative than -900

25 mvV (vs. AgCl/Ag reference electrode).

The electrodeposited copper foil with carrier according

to claim 3 has characteristics of the electrodeposited copper
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trisodiumcitrate (50-500 g/1) may be enployed at a solution

‘tenperature of 20-50[err]C, a pH of 2-4, and a current density of o
0.3-10 A/dnferr]. When tin is plated, a plating bath conprising
tin (5-30 10 g/l) may be enployed at a solution tenperature of

20-50[err]C, a pH of 2-4, and a current density of 0.3-10 A/dn{err].
compri si ng APaRE AiEbsgasFis T APRr g st iathe 1 ol Ast e e o
of 20-50 C, pH nd.a current 5. density of, 0. 3- 10%@
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and a Cu”eﬂé allic ggﬁg&ﬂem:tshfé 190’%&‘1%6”14 guléLIoXQ the attai.g}ni&%{,lié )

i nvention is |recte an elFe

copper foi l huy§RsCar Bbfbsition poE%ﬁE&%q h%s%lﬂép&%19ﬁ1(ﬂhﬁnﬂggwqunPJQFes

cl eani ng a carrier

foil throughgelgkhl ggfeggﬁghnglggtg.gggryl c adhesive interface | ayer on
the carrier %y use of carboxybenzotriazole; formng

Thus, effects of the present invention are more

10 favorably attained by the electrodeposited copper foil with
carrier of claim 3, in which a thin-film copper foil and the
aforementioned anti-corrosion layer are provided
synergistically. The electrodeposited copper foil with
carrier according to claim 3 may be produced through a method

15 combining the methods for producing electrodeposited copper
foils with carrier of claims 1 and 2. Specifically, there
are produced a thin-film copper layer as recited in claim 1,
and an anti-corrosion layer formed by use of a plating bath
containing a single metallic component or a plurality of

20 metallic.components for forming an alloy, the plating bath(s)
having a deposition poﬁential less negative than -%900 mvV (vs.
AgCl/Ag reference electrode) as recited in claim 2; For the
sake of simplicity, repeated portions of description are
omitted.

25 Claim 8 of the invention is directed to a method for
producing an electrodeposited copper foil with carrier as

recited in claim 3, which method comprises cleaning a carrier
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a. copper-mcroparticle layer on the organi c adhesive I nterface |ayer

‘through electrolysis; and form ng an anti - 5 corrosion |ayer on the
copper-m croparticle |ayer by use of a plating bath containing a
single metallic conmponent or a plurality of nmetallic conponents for
formng an alloy, the metal li c conponent(s) having a deposition
potential |ess negati.ve .t.nan -900 .V (vs. AgC/Ag reference

el ectrode). %oié througd pigklings é”ﬁ"ﬁ\f%ﬁ%r?'fé]%'{ﬁ%g%él'é‘?‘ﬁ’geec’t?‘bﬁﬁﬁﬁg?t ed

copper foil with carrier in which a carrier fail gnd an ., ] .
el ggtrodepo%ﬂ(sg op :5‘ FITEHE &Y P8 @ofﬁféf%ﬂ’ﬁ’%a?%?%ﬁ%ﬁ%°le' f%ﬁ'ﬁéﬁ?ve
I nterface Isy%hiinr]fz%llma)éered nner_ and the carf.ier il can readily

be peel ed off “Upon Use LhEreof e  BFPPEY & rtgbeepoorsqatréiucf gai) Y1 with
Formed on tacerpdcd tevesStortind e ol AR IS AR SE SR RE
coppor - or SEAR Faa” By 1AYLs" SAESRN Rrdb e iBg DY Formify any an
anti - cor osrandy B¥EopTo daYad U5 R Yonper AN AL A R Hng
1oy and the Bl BHAIne"BHep, qonedialiS e o T A AL coighit B o

negative thgn,z399ty23¢ %it%\ii:icp‘g:gn{ ntfsCTEIC ?fo%ln&CiIgr Oiqlg)%]lla?% Fhe The

el ectrodeposi ted copper Wi th carrier according

ggaraCterisbiSEiHB bAen]LFChavdnRO% WePosAMI¥n potential less negative
10 than -900 mvV (vs. AgCl/Ag reference electrode). The method
according to claim 8 has characteristics of the methods for
producing electrodeposited.copper foils with carrier
according to claims 6 and 7;
Claim 9 is directed to a single- or double-sided
15 copper-clad laminate formed by use of the electrodeposited
copper foil with carrier as recited in any one of claims 1 to
5, which laminate is obtained through laminating the
electrodeposited copper foil with carrier on a single-layer
or multilayered prepreg such that at least one outer surface
20 layer of the prepreg is in contact with the electrodeposited
copper foil face; forming into a panel through hot-pressing;
peeling off a carrier foil serving as an outer surface from
the copper foil; and forming through electrolysis or
electroless plating a bulk copper layer to serve as a
25 conductive portion of formed circuits on a copper-

microparticle layer to serve as an outer layer.

The single- or double-sided copper-clad laminate formed
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foils with carrier according to clainms 1 and 2. Accordingly, t he

"el ectrodeposited copper foil with carrier according to claim 3 has
the aforenentioned thin-filmcopper |ayer and an anti-corrosion |ayer
formed by use of a plating bath 5 containing a single netallic conponent
or a plurality of metallic conponents for formng an alloy, the

(v "By hae pfothE slssRaoHRRRmLsan Hovber Yol PN Wanafed 70 e
Popper foi | SarpRaiBs tBoETain o i3 Frnead HREion s iqbp Ao, of |
' i - ' I . i ded
Syner g sti RFPGSES E0k) BRBMuATRG. %ﬁrgé %158%5[1 %ﬁal%%ﬁ’#e"d; 'coepcv?jbs-.ﬁadt h
[ . ai t t . _conbi ni n e
net hods Tor LaRsARERR, BedfeBLRlher e  ToniAare 15 LBiped ﬁeﬁﬁfeﬁpﬁ rof
- ali . LEi Il \ thin-film copper
Cayer as roinfioa PRELiaE 1 1B°E8eea oHE RO | bonas COPEY Lse

Of & Pl AT 00 o Bare 1 1BOTLOLD1 N9 RS LG, UERSLLEGeTORANRLERL @

plurality o nmponents for formng an arloy,

' : ' L ' ' han +900_ mv :
bath(s) miBRYpRELICHEPeSLLEOBoROLEN LA erl BRI L1l v

AgC / Ag referenc as reci inclarm2.

Si”p|iCity,1%§2§aE8dSQQGE!QQSaOEoﬂﬂggEEQEi%@Fﬁgﬁnng f@géfé§%fd?§%inted

Claim8 of t Invention is directed to a producing an

el ectrodepogi $-6ds €0BBEFakohl Yebli¢@E k8" b85S formed O 3L idh YAl Thykey Wi Ch
nmet hod conprises cleaning a carrier 21
10 The bulk copper layer is formed through electrolysis or
electroless plating. No particular limitation is imposed omn
the mode for electrolysis or electroless plating, so long as-
copper is electrodeposited or-deposited to even thickness.
The thickness of the bulk copper layer may be arbitrarily
15 selected in accordance with purpose in use of fabricated
printed wiring boards in consideration of requirements such
as the level of pitch of circuit patterns.
Claim 10 is directed to a multilayer copper-clad
* laminate formed by use of the electrodeposited copper foil
20 with carrier as recited in any one of claims 1 to 5, which
laminate is obtained through laminating the electrodeposited
copper foil with'carrier on at least one outermost surface
layer of a core material in which an internal circuit is
provided via a prepreg such that the electrodeposited copper
25 foils oppositely face one another; forming into a panel
through hot-pressing; peeling off a carrier foil serving as

an outer surface from the copper foil; and forming through
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foil through pickling; form ng an organic adhesive interface | ayer on
‘the carrier by use of carboxybenzotriazole; formng a thin-film
copper | ayer copper on the organic adhesive interface layer; formng
a copper-mcroparticle |ayer on the 5 thin-filmcopper |ayer through

el ectrolysis; and form ng an anti-corrosion |layer on the

-m ' l, b f. a.plati th taj ni
Sihol e ot aPLRECEBRNBEnEropiactrotegs, Riatip B (C Rkt 507 o
f ' Lloy, _th plati bat.h ' d J b tential
O o B Ohyabl arongue iyl PRLE ) Y APEL o Shhh
met hod accardi :Lo gl aim 3 has characteristics of the methods for
pr oduci ng eF‘éSFPBnggE Pe aXSﬁp P £EVE RS R QMHSFH 13Y¥T 5 cor di ng to

| ai 6 and 7. e/ 9. is di d ingl e-. bl e-si ded
15 (r:rzppe??cl ad &R K8EE fS‘Pﬁ'&?lﬁﬁ)eslfséb:ﬁ%%ﬁ%eCfeﬁo%?tyswl n&)"g | xgfers i%?)"lbpgr
foil wt ' Lted i . f.cl ai 1to. '

i nat & 1 SCOBPEF ST Fabfferk ARIAAY, hnassbe apad sonnsion S
foil with cg%g?;tﬁgna sg@glgg-sl_a}g%groug ef-[?eirHJeldt ila eerre_%lgdg%ateﬂgiasach t hat

at | east oné outer surface prepreg Is i t¥t he

el eotrodepogLielea 1o BRRRI ol Ol nl@CCLnLOBIL091LOLE 8oBBREL chlOUOD

hot - pr essi ng; off acarfiér foIl Ser an ou surface

from tbgﬁﬁaaesr a&gia: Enaeﬂ Lgrsgisna rawpu%' ‘i%tn{i%laé:? S lic

h . is
el ectroless plating a copper layer to Serfve as a conductive

portion of ‘g?ﬁrgg gi r.gﬂg_gidog ﬂegepggr the artliCroparticle layer to serve
as an outer [ayer. ? € singl e- or doubl e-sided copper-cl ad

|a”inaﬁ% formed phe term "core material“_is fabricated from a copper-

clad laminate by etching to form a circuit or a shield layer.
The core material constitutes an inner layer in a produced
multilayer copper-clad laminate. The core material may be
used singly or in combination of two or more layers. 1In

15 general, a plurality of core material sheets are employed in
a multilayer copper-clad laminate called a "6-layer
laminate."

Other features of claim 10 are identical to those of

claim 9, and repeated description will be omitted.

20 The present invention will next be described with

reference to embodiments.

Examples
Embodiments of the present invention will next be
25 described. In the following examples, methods for producing
the electrodeposited copper foil with carrier of the present

invention and copper-clad laminates produced from the
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22 by use of the el ectrodeposited copper foil with carrier

‘according to claim9 is produced through a conventi onal process for
produci ng single- or doubl e-sided copper-clad | am nate. Specifically,
a lamnate is forned into a panel, 5 and a carrier foil is peeled off,
to devel op a copper- m croparticle layer. Since the thus-devel oped
copper - arti | ayer seryve

' I , bu) .k

PR o soPyeEEBHbbRERA SHERsR RIS A ey B e RS
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' i LI , ' ' ti Jements suc
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to a ”U|ti|8¥§%a§098§iZC| eingy ﬁﬁ#%ggig ﬂgggegoggsu§550fP%Qg%?goﬁgtof

C
el ectr odeposi copper foi carrrer as recited

claims 1 togpg gmgﬂuggpghim Ba! 8ek?2BER. M fn ! AERUIR LB, BLENT | e

el ectrodeposite er forl w carr €ast “one out er nost
surface = prb@¥€ing'afl COLELHBLEPDR: b MIpBRARoN! Gl LA 1 56
provi ded via a prepreg such that e el ectrodepositéd copper
shown in Fig. 3. In the apparatus, a carrier foil 3 is
10 unwound from a foil roll and travels, in a winding manner,
along the process line. A drum foil having a thickness of 18
Hm and classified as grade 3 was employed as the carrier foil
3, and the electrodeposited copper foil layer 5 having a
thickness of 3 Mm was formed on a shiny side 4 of the carrier
15 foil. Hereinafter, production conditions of electrodeposited
copper foils with carrier will be described with reference to
an apparatus wherein a variety of baths are continuously
disposed in-line.
Firstly, the carrier foil 3 taken from the foil roll
20 was transferred into a pickling bath 6 filled with a diluted
sulfuric acid solution having a concentration of 150 g/l at
30°C. The carrier foil was immersed for 30 seconds, to
remove oily matter and oxide f£film from the surface of the
carrier foil 3.
25 After the carrier foil 3 héd been treated in the
pickling bath 6, the foil was transferred into an adhesive-

interface-forming bath 7 filled with a 5 g/1 aqueous solution

25



25 foils oppositely face one another; formng into a panel t hr ough

‘hot -pressing; peeling off a carrier foil serving as an outer surface
fromthe copper foil; and form ng through

23 el ectrolysis or electroless plating a bulk copper |ayer
to serve as a conductive portion of formed circuits on a copper-

ticl oaN O | ayer.
nhﬁ[???;ygf goﬁgésré %&ngi 8" rlhﬁsf? Ler §°1£oﬁp¥?schﬂ Fﬁﬁ?nﬁpé
havi ng at er than a si
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am nat e,
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" tching to
?gﬁsnr;alsl I‘ICEI IagrrAI g{'%tgﬁ:i (?”I@g% e%%?t%swerhlé’tceozf%cﬁt eal’l{eaﬁ q%%‘f ?ﬁlég an

| nner '%verfagmaaprgdm -£i1m Db A a0 e Al I e iSR! Fe

mat eri al useda singly I nat I on O WO or

In 15 gengﬁggrfgc ggggggy ftﬁf g?ﬁe&és#e§h?%&%raEﬁrﬁHBéf¥sgh 1o 2

mul til ayer copper-clad am nate ca

Qher featupgs 2hackal il 8" 8o mbgt%@ oGl5at2 ts%%‘;h n havidd 3 and

repeat ed description present i nven% Ton will

next be desEﬁiPﬁQl@”EQld conEQBQEQQﬁgn gfqu%dbqugﬁd a copper

concentration of 65 g/l at 45°C. While the carrier foil 3

10 having a CBTA adhesive interface layer 8 passes through the
bath, a thin-film copper layer 9 having a thickness of 0.8 Um
is formed. In order to deposit copper evenly and smoothly on
the adhesive interface layer, as shown in Fig. 8, anode
plates 11 were placed such that the anode plates faced in

15 parallel one surface of the carrier foil 3. Electrolysis was
carried out for 60 seconds under smooth plating conditions
and at a current density of 5 A/dmz; In this case, at least
one tension roll 12 maintaining contact with the running
carrier foil 3 served as a current-supplier so as to polarize

20 the carrier foil 3 per se to a cathode.

After formation of the thin-film copper laver 9 is
completed, the carrier foil 3 was transferred into a copper-
miéroparticle-forming bath 14 in order to form coppef
microparticles 13 on the surface of the thin-film copper

25 layer 9. The treatment carried out in the copper-
microparticle-forming bath 14 involves depositing copper

microparticles 13 on the bulk copper layer 9 (step 14A) and
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Exarrp’l es Enbodi ments of the present invention will next be 25

‘described. In the follow ng exanpl es, nethods for producing . t he

el ectrodeposited copper foil with carrier of the present i nventi on and
copper-clad | am nates produced fromthe _

24 el ectrodeposited copper foil with carrier are descri bed,

along with t I f._eval uatiqn of peel.ing.strengt t an organic
adhegi ve | nfgr§l ég’g-?%?ﬁ‘é‘ & SF onpfeg’re@tdeéé&ﬁ%se%q’p the Vi TRPF &1 erlence_ to
Fig. 1, and rri.en foil cri in 5 the followi ng exanples is
formed of aﬁ'tj‘g?8§ rr5 %;:)Lc?s?i tlé"dd(es P q?%ﬂp‘er foil. Herein, possible best

[ | . ' i1l be d i b A t
2tor o broddds Shalﬁ'eﬁeee%%ﬁi&'@%éeP%ogvﬁv”%%“@lecfﬁ%ﬁéﬁéhase?ﬁ ﬁ%?ﬁ%? ”
[ [ 3. el ' il 3. nwo roma
Fort" o a8 83 SRR AR R ' el ot RIS AT 2
i ' ' .Of I i fied as grade
\?\/;gme];rgiéoygg¥§§gt %g&?g?rﬁigg%%fl% IC%%centia[ta:?BJt tgqcehde: a/rslz'decpo&’s‘l’%red copper
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4 of the carrier ctlo

el ect 1 0depogbedyea inCRRRCEAIAIES I UaRGRT 15k i oA P SG e W 11
reference to an apparat us wherein Reari e y of Ya are con 1nuo‘E|sI y
, disposed inghkBerolysis was carried out for seven seconds under
conditions for forming burnt deposit at a current demsity of
10 15 A/dm?. In this casé, as shown in Fig. 3, anode plates 11
| were placed such that the anodes plates faced the thin-film-
copper-layer-deposited surface of the carrier foil 3 in
parallel.
Step 14B, seal-plating so as to prevent release of the
15 copper microparticles 13; employed a copper sulfate solution
(free sulfuric acid concentration of 150 g/l1, copper
conceﬁtration of 65 g/l1, temperature 40°C) similar to that
employed in the thin-film-copper-layer-forming bath 10, and
electrolysis was carried out for 30 seconds under seal
20 plating conditions and at a current density of 5 A/dm?’. 1In
this case, as shown in Fig. 3, anode plates 11 were placed
such that the anodes plates faced the copper-microparticles
(13) -deposited surface of the carrier foil 3 in parallel.
Passivation; i.e. anti-corrosion treatment ﬁas carried
25 out in an anti-corrosion-treatment bath 15, by use of zinc
-and nickel as corrosion-inhibiting elements, which have a.

deposition potential less negative than -900 mV. The
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Firstly, the carrier foil 3 taken fromthe foil roll 20 was transferred
‘into apickling bath 6 filled with a diluted- sul furic acid solution
having a concentration of 150 g/l at 30 C. The carrier foil was

i mmersed for 30 seconds, to remove oily matter and oxide filmfromthe
surface of the ~carrier foil 3. 25 After the carrier foil 3 had
been treated in the foil was transferred into an

the ., pi ckli,ng bath 6, ;

adhesi ve- CORCPREZALIODS 8?:71%%05#7“1“1]??%&2% the 6?’5""9’/‘”%’&%%{)‘2?%' S

| uti . . ) 0
(pH's) at 4STEREPERtTREtE,1S Has ingatasd-y, The leREroIYean Nt ang
' d f 30, w I ' . f f the . carrier_foi a
CBTA adhesi FBEFABSr PAEo LPaPepigting Bath compnising = iasra St (b -
formed on t RECkARedRod> 8/1) s %ﬁ’%%‘@%qs%%?fp%ﬂh@{p‘iﬂ te 8 §'a71) T e

hin-fil -l -f I NQohath 1Q, was filled with a copper,
b Tt e Sof BERERERENERT o0, BEECx Bape, prctiint oo i hersn b o1
and a copper gnaentration of 65 g/l at 45[err]C. Wiile the carrier
foil 3 10 °ﬁa9?ﬁgAZ BBTA adhesive interface | ayer 8 passes through the

1 110 o TR A B B LA,

formed. In order PoSrt copper eve | ; sixe
et he® S0 i bipale, W0, o0 AbhgIE AL A"
foil 3. El88£EQL¥Si§ w&gre the atmosphere had been heated to 110°c, to
10 thereby finish an electrodeposited copper foil with carrier 1,
which was theﬁ wound into a roll. During the aforementioned
steps, the carrier foil ran at 2.0 m/minute. The foil was
then rinsed with water in a rinsing bath 17 capable of
performing about 15 sec. rinsing and disposed between
15 successive operation baths, thereby preventing the solution
. from being carried over from the previous bath.

The thus-formed electrodeposited copper foil with
carrier 1 and two sheets of FR-4 prepreg having a thickness
of 150 Mm were laminated to thereby produce a double-sided

20 copper-clad laminate. The peel strength at the organic
adhesive interface 8 between the carrier foil layer 3 and the
electrodeposited copper foil layver 5 was measured. The
measured peel strength was 5 gf/cm (PS81l, before heating) and
5 gf/cm (PS2, after one hour heating at 180°c). The present

25 inventors further produced 10 lots of the products under the

conditions employed above and measured peel strength in a

similar manner. The results show that average peel strength
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carried out for 60 seconds under snooth pl ati ng conditions and at a

‘current density of 5 Aldnferr]. In this case, at |east one tension
roll 12 maintaining contact with the running carrier foil 3 served as
a current-supplier so as to polarize 20 the carrier foil 3 per se to a
cat hode. After formation of the thin-filmcopper layer 9 is

' No] d, - . s
P onar ) PR FRRN1REs, 48, 5l 2 T/ fit kshih ToHdang gevieticn
f hi n-fil 2 | 9. The tr mept
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seal -platin preve rel ease of the copper mcroparticles 13
(step 148)_8e§9093a£8e g?gpgkxg}ng posi ting copper mcroparticles 13 on the

hin-fil I | f at e .solution 5 ree
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current density o? ?o 1§ Kpdnferr]. N 8hls case, a fhown i'n (f% Efy
. . t e e
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9 for 60 second under smooth plating conditions at a current

10 density of 25 A/dm®. When formation of 40 Um-pitch

microcircuits was carried out, a remarkably fine pattern

could be formed in the thus-formed bulk copper layer.

Effects of the Invention

15 The electrodeposited copper foil with carrier according
to the present ihvention enables stable peeling at an
interface between a carrier foil layer and an
electrodeposited copper-microparticle layer with a small
peeling force. The electrodeposited copper foil with carrier

20 can be employed for producing copper-clad laminate and can be
adapted to steps for manufacturing printed wiring boards,
even though the copper foil layer exclusively comprises
copper microparticles. In an etching step, a bulk copper
layer of arbitrary thickness can be formed on copper

25 microparﬁicles in accordance with production line
characteristics. Thus, the electrodeposited copper foil ﬁith

carrier according to the present invention enables production
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parall el . : Step 14B, seal-plating so as to prevent rel ease of the
15 copper microparticles 13, enployed a copper sulfate solution :
(free sulfuric acid concentration of 150 g/l, copper concentration of
65 g/l, tenperature 40[err]C) simlar to that enpl oyed in the
thin-filmcopper-|ayer- forning bath 10, and- el ectrolysis was carried
out for 30 s conds under, sea Iatln%, ndi tions .and at a current
density of 8 AP&&P&F?]Wlfﬁng boaz 8RR Fig. 3, anode pl ates
11 were placed . such that the anodes plates faced the

copper-m croparticles (13)-deposited surface of the carrier foil 3 in
paral lel. Passivation, i.e. anti-corrosion treatnent was carried
25 out in an anti-corrosion-treatnent bath 15, by use of zinc and

ni ckel as corrosion-inhibiting el ements, which have a deposition
potential |ess negative than -900 nV. The

27 concentrations of zinc and nickel in the anti-corrosion-
treatnment bath 15 was nmi ntai ned. The el ectrol ysis was carried out in
a plating bath conprising zinc (0.95 g/l), ni ckel (1.45 g/1), and

pot assi um pyrophosphate (100 g/l), at 5 a tenperature of 40 C for five
seconds and a current density of 0.4 Aldnjerr]. After
conpl etion of the anti-corrosion treatnent, the carrier foil 3 was
passed t hrough, over 40 seconds, a drying portion 16 where the

at nosphere had been heated to 110[err]C, to :
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10 thereby finish an el ectrodeposited copper foil with carrier 1,

‘whi ch was then wound into a roll. During the aforenmentioned steps, the
carrier foil ran at 2.0 mmnute. The foil was then rinsed with water
in arinsing bath 17 capabl e of perform ng about 15 sec. rinsing and
di sposed between 15 successive operation baths, thereby preventing the
sol ution frombeing carried over f#gnlthe previ ous bat h. The
t hus- f or ned electrodeposited copper foi ' carrier 1 and two sheets

Cher oby bronned kg 8168 5589398'188&8?1’8%(1[% B
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5 Fur t e ] u
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carrier foil; an organic adhesive interface layer formed on

10 the carrier foil; a thin-film copper layer formed on the
organic adhesive layer; a copper-microparticle layer formed
on the thin-film copper layer; and an anti-corrosion layer
formed on the copper-microparticle layer.

2. An electrodeposited copper foil with carrier in

15 which a carrier foil and an electrodeposited copper foil
layer are bonded via an organic adhesive interface layer in a
layered manner and the carrier foil can readily be peeled off
at use thereof, the electiodeposited copper foil with carrier
comprising a carrier foil; an organic adhesive interface

20 layer formed on the carrier foil by use of
carboxybenzotriazole; a copper-microparticle layer formed on
the organic adhesive interface layer; and an anti-corrosion
layer formed on the copper-microparticle layer, the anti-
corrosion layer being formed by use of a plating bath

25 containing a single metallic component or a plurality of
metallic components for forming an alloy, the plating bath (s)

having a deposition potential less negative than -900 mV (vs.
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was formed on both sides of |aninate t hrough el ectrol ysis by use of a

‘bath enpl oyed for fornming the thin-filmcopper |ayer 9 for 60 second
under snooth plating conditions at a current 10 density of 25 A/dnferr].
When formation of 40 [err]mpitch mcrocircuits was carried out, a
remarkably fine pattern could be forned in the thus-formed bul k copper

| ayer. ffects of the_lnyention The
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29 laygL BEE”L%nghr%qg Q%ag¥%4¥?Q'gﬁﬂgé¥¥é[¥&é§¥face layer in a

. layered manner and the carrier foil can readily be peeled off

upon use thereof, the electrodeposited copper foil with

10 carrier comprising a carrier foil; an organic adhesive
interface layer formed on the carrier foil by use of
carboxybenzotriazole; a thin-film copper laver formed on the
organic adhesive interface layer; a copper-microparticle
layer formed on the thin-film copper layer and an anti-

15 corrosion layer formed on the copper-microparticle layer, the
anti-corrosiog layer being formed by use of a plating bath
containing a singie metallic component or metallic components
for forming an alloy and the plating bath(s) having a
deposition potential less negative than -900 mV (vs. AgCl/Ag

20 reference electrode).

4. An electrodeposited copber foil with carrier
according to any one of claims 1 through 3, wherein the
thickness of the thin-film copper layer is 0.5 - 1.0 Um.

5. An electrodeposited copper foil with éarrier

25 according to any one of claims 1 through 4, wherein the

plating bath containing a single metallic component or

metallic components for forming an alloy and the plating

22 ) ) AR
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bath(s) having a deposition potential less negative than -900
mV (vs. AgCl/Ag reference electrode) is any one an acidic
cobalt plating bath, an alkaline cobalt plating bath, an
acidic tin plating bath, an acidiec nickel plating bath, an
alkaline nickel plating bath, or a Zn-Ni alloy plating bath
containing Ni (40 wt.% or more).

6. A method for producing an electrodeposited copper
foil with carrier as recited in claim 1, comprising cleaning
a carrier foil through pickling; forming an adhesive
interface layer on the cleaned surface by use of an organic
agent; forming a thin-film copper layer on the adhesive
interface layer through electrodeposition; forming a copper-
microparticle layer on the adhesive interface layer through
electrodeposition; and forming a anti-corrosion layer on the
copper-microparticle layer.

7. A method for producing an electrodeposited copper
foil with carrier as recited in claim 2, which method
comprises cleaning a carrier foil through pickling; forming
an organic adhesive interface layer on the carrier by use of
carboxybenzotriazole; forming a copper-microparticle layer on
the organic adhesive interface layer through electrolysis;
and forming an anti-corrosion layer on the copper-
microparticle layer by use of a plating bath containing a
single metallic component or a plurality of metallic
components for forming an alldy, the plating bath(s) having a
deposition potential less negative than -900 mv (vs. AgCl/Ag

reference electrode). e
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Cl.ai ns 1. An el ectrodeposited copper foil with carrier in

which a carrier foil and an el ectrodeposited copper foil | ayer are,
bonded via an organi c adhesive interface layer ina 5 layered nanner so
that the carrier foil can be readily peel ed of f during use thereof and
an el ectrodeposited copper foil | ayer exclusively formed of copper

R A A A AN,

NEIRUY ICISEIER R AR SRR TR

T 8BRE bR e S BT, Slen L, £8P,

T S P B B R SR, S
a

| ayer ed gmnegs_nr,@;& pedEctalia rlef'Oiéor%“%oﬁr %‘\?vi i Iiync'a ’rﬁg(r%oegpeog ]CC]O%?? sTrRPa”
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' foi L ' ' ' f Q.1 formed on the
carrior foi PRoshecbigphlc CMRatYel Hntlertite by dd) Honhdih osior o) o

llayer forneg;QRopartibhe Q%%%%L&naqa SQﬂiﬂJ¥f¥H?%§§ﬂé@“¥é éyukﬁgbug?he

anti-corrosion ﬁayer on the copper-mcroparticle |ayer,

nti - ' saye el f:Qr S nl. atql 25
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conmponent s &gppbeL i BYoplreliak, lra%rphﬁt lu%% ﬁ %( iu)lating g a

deposition potential |ess negative than™-9 VS.

31 10 containing a single metallic component or a plurality of
metallic components for forming.an alloy, the plating bath(s)
having a deposition potential less negative than -900 mV {(vs.
'AgCl/Ag reference electrode).

9. A single- or double-sided copper-clad laminate

15 formed by use of the electrodeposited copper foil with
carrier as recited in any one of claims 1 to 5, which
laminate is obtained through laminating the electrodeposited
copper foil with carrier on a single-layer or multilayered
prepreg such that at least one outer surface of the prepreg

20 is in contact with the electrodeposited copper foil face;
forming into a panel through hot-pressing; peeling off a
carrier foil serving as an outer surface from the copper
foil; and forming through electrolysis or electroless plating
a bulk copper layer to serve as a conductive portion of

25 formed circuits on a copper-microparticle layer to serve as

an outer layer.

10. A multilayer copper-clad laminate formed by use of



Agd /Ag reference el ectrode). The el ectrodeposited copper foil with

carrier is produced on the basis of a concept that a surface treatnent
bat h which inparts no damage to the organi ¢ adhesive interface |ayer

i s used. 5 3. An el ectrodeposited copper foil with carrier in
which a carrier foil and an el ectrodeposi ted copper foil | ayer are

bonded vi a i nterfac ye ayer ed, manngr and
the carri erﬁgo %gr?%ro?alg’% 58 pe@p&f %qlal w“lhprt')an"i?seert ERfitedel

el ectrodepo e opRer,f |I 0_,carri.er co rlsln a carrier foil;
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of car ol per er fo,r d on '
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metal li c conponents an aI
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t hi ckness of the thin- m copper ris O. 5.
An el ectrodeppsitedre@PPEE ir@h th,cacr C t 0, any one of
clainms 1 through 4, wherei ﬁ b 4 Qn %‘hte‘}r SPat d%o%?‘{mr%%g cofly
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10 a bulk copper layer to serve as a conductive portion of

formed circuits on a copper-microparticle layer to serve as

an outer layer.
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32 bat h(s) having a deposition potential |ess negative than
=900, . nv (vs. AgC /Ag reference electrode) is any one an acidic

cobal t pl ati ng bath, an al kaline cobalt plating bath, an acidic tin

pl ati ng bath, an aC|dic ni ckel plating bath, an 5 al kaline nickel

pl ati ng bath, or a Zn-N alloy plating bath containing Ni (40 wt. % or
nore) . 6. A nethod for prod Q%%an el ectrodeposited copper

foil with carrier as recited in claim |S|ng cleanlng a carrier
foil through pic an adhe |nterfac &l on t he

|
cl eaned surface In§5t5g aﬁeg}gSEang a& gﬁ:°HQ§Hﬁc i'n=fil m copper

| ayer on thg hesi v |nterface la 8% thr tr de osi ti.an
formng a cop%%rfgceebetwe png?cF eraéefloﬁ ?h %H%élv%'lnngF§€éﬂiayer

through AFQ&ﬂ?QEpQE EE?@uté”anQEQE@goéﬁéggﬁ ol ib%” | L he

15 copper-nl ropar rclef pro u0|ng an
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or gani ¢ adhgsiy sp&s&i&geakéysarﬁ.gaoughtﬁleesmm' aver; (@10 iy

anti-corrosion ayer on m cropartic by use o
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netalllc
containing a single metallic component or a plurality of

10 metallic components for forming an alloy, the plating bath(s)
having a deposition potential less negative than -900 mV (vs.
AgCl/Ag reference electrode); and (3) methods (1) and (2) are

combined.
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25 cérrponents for formng an alloy, the plating bath(s) having a

‘depqsition potential |ess negative than -900 nV (vs. Agd/Ag reference
el ect rode). . . 33 8. A
met hod for producing an el ectrodeposited copper foil with carrier as
recited in claim3, which nethod conprises cleaning a carrier foil

t hrough pickling; formng organi ¢ adhesive interface layer on the

carrier by use of 5 carboxybengotriazole; formng a thin-film copper
| ayer copper on the organi ckkadhesi-ve interface |ayer; formng a
copper - m croparticle [ayer§on the thin-filmcopper |ayer through
el ectrolysis; and forming. an antigcorrosi on | ayer on the
copper-mcroparticle |layer by useQof a platithg bath 10 containing a

single metallic conmponentt or a pl gr ality of < metal lic conponents for
formng an alloy, the plaling bat g(s) favi ng a deposition potenti al

| ess negative than -900 (vs. @ Agd/Ag-reference el ectrode).

9. A single- or double-sifed copper-clad | afknate 15 formed by use of the
el ectrodeposited copper foioil withid carriEer as recited in any one of
claims 1 to 5, which glam' nat® i s obtai ngd through |am nating the

el ectrodeposi ted copber foil pMth carri%r on a single-layer or

mul til ayered prepreg such th at | eastBone outer surface of the
prepreg 20 is in contaak with t el ect roqgposi ted copper foil face;

forming into a panel thrdfigh hot-ptessinge fgegeling off a carrier foil

serving as an out.er surfzg;e from the copper ¢
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et e

foil; and forming through electrolysis or electroless plating a bul k
-copper |layer to serve as a conductive portion of 25 forned circuits on a

copper-mcroparticle |layer to serve as an outer |ayer. 10. A
mul til ayer copper-clad |am nate fornmed by use of
34 _ the el ectrodeposited copper foil with carrier as recited
I n any one of clains 1 to 5, which lamnate is obtained through
| am nating the el ectrodeposited copper foil with carrier on at | east
one outer surface of .a core material in which an 5 internal circuit is
provi ded via a prepreg such that the el ectrodeposited copper foils
- oppositely face one anot her; formng into a panel through
.hot -pressing; peeling off a carrier foil serving as an outer surface-
fromthe copper: foil; and form ng through el ectrolysis or electroless
plating 10 a bulk copper |ayer to serve as a conductivegportion of
formed circuits on a cdpper-m cgoparticle layer to serve i?T an outer
| ayer. | _ ﬁ : = 1]}
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