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Description El ect rodeposited Copper Foil with Carrier, Method
for Produci ng the El ectrodeposited Copper Foil, and Copper-Cad 5

Lam nate Formed by Using the El ectrodeposited Copper Foi

Technical Field The present invention relates to el ectrodeposited
copper foil wth carrier; to a nethod for producing the 10

el ectrodeposi ted copper foil with carrier; and a | am nate and a
similar product enploying the el ect PE&EF3RLELR copper foil Wt h
carrier. Background Art 15

Conventional ly, el ectrodeposited copper foil with carrier has been

enpl oyed as a E?%%E'Eﬁhep%iQéﬂdESbBQrp%-w;leQi.th ca¥irishd ﬂ%@?ﬁl& £Y ch are
wi dely used in e electric and electronic industries. I'n géneral,
el ect r odepoB¥FP8Y¥ciBgpéhe Electypdeppedted Frppers FRidduaad Sfpsﬁﬁdﬁﬁjdv/

copper ¥oil, Lahinagke F20mekdt byr ¥ssngg thenkdeat redepbsiteald Foppsul &Foiilg

pol ymer mat eri al substrate such as gl ass-epoxy substrate, phenolic
pol ymer substrate, or polyimde, to thereby forma copper- cl ad
| am nate, and the thus-prepared '%gkﬂﬁE%aESFHEQQ for produci ng printed

W ring boards.
The present invention relates to electrodeposited

copper foil with carrier; to a method for producing the
10 electrodeposited copper foil with carrier; and a laminate and
a similar product employing the electrodeposited copper foil

with carrier.

Background Art

15 Conventionally, electrodeposited copper foil with
carrier has been employed as a material for producing printed
wiring boards, which are widely used in the eléctric and
electronic industries. 1In general, electrodeposited copper
foil with carrier is produced by bonding copper foil, through

20 hot-pressing, onto an electrically insulating polymer
material substrate such as glass-epoxy substrate, phenolic
polymer substrate, or polyimide, to thereby form a copper-
clad laminate, and the thus-prepared laminate is used for
producing printed wiring boards.

25 In hot-pressing, a copper foil, a prepreg (substrate)
which is semi-cured to be a B-stage, and press plates for
lamination (hereinafter referred to as simply "press plates")

are laid-up in a multilayered manner, and the copper foil and



25 In hot-pressing, a copper foil, a prepreg (substrate) whi ch

Is sem-cured to be a B-stage, and press plates for | am nati on
(hereinafter referred to as sinply "press plates") are laid-up in a
mul til ayered manner, and the copper foil and

1 the prepreg are hot-press-bonded at high tenperature and

pressure (hereinafter the step may be referred to as "press-

forning"), tPRePESPLG ﬁ'irﬁghz?tcgﬁﬁérs- bordedy@ith igh \Reawperaturg jand es are

in turn generated in_the copper foil to be 2 pressed, cracks are

gener ated PReSRYTSE |(|’?I9Iré’&“ﬁ(§rtﬁror?§e step Fﬁé’r«?ﬁyrﬁtfﬁllﬂ‘%/ o FS n@ IR EEdi ng

of resin froma pr§pre gpen circuit of g fornmed electric circuit

during a pd9gFming’ 'et |rﬁ§Ystf¢9§“ﬁ‘1‘F\Folavé’(?ﬂpﬁ pieddee it Pt Ers  dfeR i nt ed

W ring The thinner ,the_cop er f0|I“ he nnre serious
t he p?”GﬂF‘g‘r’rﬁ céﬁ?e&nb}“\ﬁ"u ﬁl?l“&fa&?ﬁerlé’t & & dddr %

Thus, the copper th carrier has been trac attentlon
becauise ¢ hBLEBRRGS gﬁsw&‘gn 58 gerinribed L hbe er%‘@%&ggr&é?&sr ‘ati on of
foreign na% hrou Lqe copper fg | 15 s Prevent throu hout the
process of hgfe Fé? d y ca s1ng leedlng o resin from a p epreg, Or

open circuit of a formed electric circuit during a post-
etching step involved in production steps of printed wiring
boards.

10 The thinner the copper foil, the more serious the
problems caused by wrinkles generated in the copper foil.
Thus, the copper foil with carrier has been attracting
attention because these problems can be eliminated, and
because penetration of foreign matter through the copper foil

15 is prevented throughout the process of hot-pressing.
Specifically, the electrodeposited copper foil with carrier
has a structure such that a carrier foil is bonded to an
electrodeposited copper foil so as to form a sheet. Such
foils are subjected to press-forming as they are, and the

20 carrier foil is removed just before the copper foil is etched
to produce a copper circuit. Thusg, there can bhe prevented
generation of wrinkles in the electrodeposited copper foil
during handling or pressing thereof, as well as surface

staining of a produced copper-clad laminate.

25 Carrier foil this term is used throughout the present

description is used in a form such that one surface of the

carrier foil were as if bonded to one surface of an



Specifically, the electrodeposited copper foil with carrier has a
structure such that a carrier foil is bonded to an el ectrodeposited
copper foil so as to forma sheet. Such foils are subjected to
press-formng as they are, and the 20 carrier foil is renoved just before
the copper foil is etched to produce a copper circuit. Thus, there can
be prevented eneration of winkles in the el ectrodeposited cogper

foil kel ?theng%P%gglﬁ@y?ﬁeregke agaﬁéFFra§°éﬁ fhag the

stai ning of a produced c¢co per cl ad [am nate. Carrier foil this

termis useﬂh?ﬁ?ﬁhﬁﬁbﬁfl?ﬁ desesthed bel°ﬂesc??p?¥6ﬂr|§°uEEﬂdPﬁeatP6rn1such

that one surface of the carrier foil were as if bonded to one surface
of an electrodepos1ted copper foil w1t§ carrier according to the

el ectrodeposited co | ayer. The "carrier foil" has th
Char act er | RTRESRESLRYBRELER! 0SPPPRE of BoP LeBEEPORREABLERG on one surface

| ectrod ted f th carrier accordin resent
?nsgngféﬁpqi p%%?c gpggﬁfg#%ﬁigosT?gﬁ'oﬂto 838h, PR esurgaﬁ? PhetBSrrier
foil. Thus, _at e,surface o (rier égg t|s electrically

conduct i ve. *%h 167 £°e¥etfr% 55§f?%£y%oﬁﬁﬁﬁu?ngepas hrough a

conti nuous electPoSeHSEiQQd'éQSpe%”Qon”SAQQeSftﬁ?gug rrlggntghLohg the

production line, and bonding of the carrier foil to the
copper foil is maintained at least until completion of the
10 production of a copper-clad laminate. The carrier foil
facilitates handling of the electrodeposited copper foil and
is very effective in reinforcing and protecting the copper
foil. Therefore, the carrier foil must exhibit a certain
level of mechanical strength. Any material may be used as
15 the carrier foil, so long as the material satisfies the
aforementioned conditions, and generally, metal foils may
serve well as the carrier foil. However, the carrier foil is
not limited only to metal foils.
Electrodeposited copper foils with carrier are
20 generally divided into two types; i.e., peelable type and
etchable type. Briefly, the difference between the two types
of foils lies in the method for removing the carrier after
completion of press-forming. In peelable foils, the carrier
is removed by peeling, whereas in etchable foils, the carrier
25 is removed by etching.
However, the peel strength of conventional peelable

foils after completion of press-forming varies considerably,



copﬁer foil is maintained at least until conpletion of the 10 production
of a copper-clad |lamnate. The carrier foil facilitates handling of
t he el ectrodeposited copper foil and is very effective in reinforcing
and protecting the copper foil. Therefore, the carrier foil nust
exhibit a certain | evel of nechanical strength. Any material may be
used as 15 the carrier foil, so Ion% as the material satisfies the
af or enent | 3R8d ac BFGEETARIe EAFoFOTd 8T PO -300a9E/ 5 dspgpnerallysrye wel
as the carrier foil. However, the carrier foil is not limted only to
netal foil &equired. Incsomer 38553 PeFadFiFer o3l Sapmot & Hemovak 20
generally divided into two types; i,.e., peelable type and et.chabl e
type. BriefFP™ the GePPErefde@dpdefed? tene MY Sy FOOventiopalk peedanls | |
the met hod _for renoving the carrier after conpl eti on of .press-form ng.
I n peel abl EORGE Bavena CIARPACK: 1-6g LATEREd PP IpEEmeRg AuIE oas i n
etchable fqils, the carrier, 25 (s renoyed. by etching. . However ,
the peel sgﬁgﬁd‘t"l’ﬁ&f too &Rt Ponal® eé’lré‘fﬂ\‘{’é“’k ¥>ref"(ﬁnltf e MIEEFNTRIDN of
press-form ng varies cqnsiderably,, . . . 3
and a pref BPAOPE HRe RAER 5P RIGG FORPEE Joitd: i peelable carrier
employed for general use.
Causes of variation in peel strength of a carrier foil
will next be described. Conventional electrodeposited copper
10 foil with carrier, regardless of whether the carrier is
peelable or etchable, have a metallic—e.g., zinc-
containing——adhesive interface layer between the carrier
fcil and the electrodeposited copper foil. The amount of
metal components forming the adhesive interface layer
15 determines, with slight dependence on the type of the carrier
foil, whether the formed copper foils with carrier are
peelable or etchable.
In many cases, such a metallic adhesive interface layer
is formed electrochemically; i.e., through electrodeposition
20 by use of a solution containing a predetermined metallic
element. However, in electrodeposition, controlling the
amount of deposition on a very minute level is difficult, and
reproduction of the deposition is unsatisfactory as compared
with other methods for forming the adhesive interface layer.
25 In addition, the boundary line of the required deposition

amount determining whether the formed copper foil with

carrier becomes peelable or etchable is difficult to adjust;



reqUi red. In some cases, a carrier foil cannot be renoved fromthe
copper-clad | am nate. Thus, conventional peel able foils have a
drawback; i.e., target peel strength is 5 difficult to attain. The
drawback prevents the w despread use of the electrod eposited copper
foil with peelable carrier enpl oyed for general use. Causes
of variatign in peel strength of a carrier foil wi || next be

descri bed. ic8nveSMaddaVadidtiod$ dfodmaddte ffpdr mef@ildiq SAMBPRERY i er,
regardl ess of whether, the carrier, is, eel abl e or_etchabl e, have a
metal |ic ecgntaiprd in the;gghgsdiviey iafesdiare ilav&s AoF 9 B&e FawdeiPe he
carrier foil and the el ectrodeposited copper foil. The unt of.
metal compSiiefRe ETHETy CORPTIHEIL, #hth GATINER -ay dibusys RRsLing (1
slight dependence on the type Qqf the carrier , fqjl, whether the forned
copper foi PETWHETAOLS MY i’lee difficuld 49 &% & chdifiom LAt POIRE nany
cases, such _a netallic_ adhesive interface |ayer i s farned

ol ot F cheREcNeY SUER & FATEHTolZodl ddfe TRREVADRY R AR ALFET,

sol ution contai,ning _a predetermgned netalli.c | ement . However, in

o ect r odep GEMPILSH 080 BERSRG XHELTS CRATAL 4 Hego i TIRSH AL Ay
mnute level, 1s diffieylt, _and . reproductign, of the, deposition is
unsat i sfac?‘d’rg Y &&?pgrgader high RrsgﬁgfenﬁPaOasLPoB PBPPr'an t he adhesive

ntertace l@igonerds batddiliony e ARy ddse Ala bAsiu v

deposition nount” det érm ni ormed cop W th

carrier beqoiRs iRRY 3R nd St dosildd Idotder FAY Yy mutually

10 diffuse through the adhesive interface layer. Such mutual
diffusion strengthens the adhesion, thereby enabling an
increase in peel strength.

In recent years, ever-increasing demand for downsizing
of electronic and electric apparatus has led to strong demand

15 for an increase in the number of layers in printed wiring
boards serving as essential parts of devices; an increase in
density of circuits formed from copper foil; and an increase
in the density of mounted elements. Since the amount of heat
released from mounted elements increases, printed wiring

20 boards which serve as internal parts in the devices must have
high heat resistance. Thus, heat-resistant substrates such
as a substrate formed of BT resin, a Teflon substrate, and a
polyimide substrate have been employed. 1In general, copper-
clad laminates for fabricating printed wiring boards tend to

25 be pressed at higher temperatures. In consideration of the
situation as described above, use of conventional

electrodeposited copper foils with peelable carrier might be



4 I.e., small variations in amount of a netallic conponent
contained in the adhesive interface | ayer determne the type of the
formed copper foil with carrier. Thus, stable peeling per f or mance may
be difficult to attain. From another point 5 of view, such a carrier foil
I's renmoved by peeling after conpl etion of press-formng, typically at
a tenperature as hi gh as 180[err] C under high pressure and 1 to 3
hours. fu%ﬁﬁ&néﬁf“ét@ tained in the carrier foil and copper atons
contained in the el ectrodeposited copper fail may rrut ual | 10 diffuse
through t he adh&&aR¥hidiesr CopParfailsqydirhnfticliable capgigyirgauire
strengt hens the adhesion, therehy .enablin . increase in peel
strength, dedicated Ier‘icfhéegntfaféétlé:leévetag‘ldn&h@aéﬁ% (Té’l‘ﬁaﬁ(?sftorfo%mm zi ng
of electronic.and electric tus has l.ed to rong _demand 1?&{/or an

i ncrease | ﬁ"Fﬁ‘énﬁuﬁﬁgr CSPSI@? P’n eFPERSd i 1 | i?é‘ pﬁ ing as
essenti al parts 0 '

f d f ts f d
from coppeFOoPBEF: £R4ds s ﬁ'ltﬁcFé"zfé‘@ rl%ascglrﬁlteﬁe r&e‘r‘%nstsgy’% %ﬁ‘(?%ﬁ[l d elsengp{n:

Si nce the anb | eased fr.om nount el . |ncr ea
orint ed mpfﬁéucf@%gP&stw TG e PROIURE B A S (B iR SRR o Srust
have  DigBiNGALpEaTY 0 Grollitt 1oy WV, RN tsr aéfestasrugce

products.

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

electrodeposited copper foil with carrier. Fig. 2
illustrates a method for preparing a sample which is
subjected to TEM observation. Fig. 3 shows a TEM image of an

15 adhesive interface layer of the sample. Fig. 4 is a
schematic cross-sectional view of an electrodeposited copper
foil with carrier. Each of Figs. 5, 6, 11, and 12 is a
schematic view of a laid-up structure subjected to press-
forming. Fig. 7 is a schematic cross-sectional view of a

20 typical electrodeposited copper foil serving as a carrier
foil employed in the present invention. Each of Figs. 8 to
10, 13, and 15 is a schematic cross-sectional view of an
electrodeposited copper foil with carrier. Fig. 14 is a
schematic view of a circuit formed by etching a copper foil.

25 Each of Figs. 16 to 20 is a schematic cross-sectional view of
an apparatus used for producing an electrodeposited copper

foil with carrier.



as a substrate formed of BT resin, a Teflon substrate, and a pol yi m de
substrate have been enployed. |In general, copper- clad | am nates for
fabricating printed wiring boards tend to 25 be pressed at higher
tenperatures. In consideration of the situation as described above,
use of conventi onal el ectrodeposited copper foils with peel able
carrier mght be 5

further |imted. Meanwhi | e, copper foils with etchable carrier
require dedi cated etching facilities, and the, time and cost for
etching are considerably expegg?WQrYTﬂEsth%nﬁ?ﬁ?ﬂﬁh?nof 5 copper f0|Is

wi th etchable carrier raises the overall 4£(xh1t|on CcoSt s ,targ

products, and sddf RFSRETL ApienfPrs ha‘?eeaﬁﬁr} |ee%nl%s"pr% ?%n“bf a
Descri bt 1 oREdER ﬁ%ab%ﬁxm rghe Probiens 95 copventiante ke ARG onal
! Ut 3t S RPRE 10 oM ine SRR TS %&»ﬁﬁ%w. e diveileann bagey 1o Teu
Observatlonrevf%us f“B?%%&%éT M W%% tro&%p081ted copper foil with
carrier in which the carrier foil and the copper foil are

bonded via an organic adhesive interface, which maintains the

peel strength at a low level. However, recently, a copper-

10 clad laminate has been produced from a substrate such as a

double-layered flexible substrate or a Teflon

substrate and an electrodeposited copper foil with carrier,

by pressing these layers at a temperature higher than 300°c.

The present invention will be described hereunder in
15 consideration of the essential requirement; i.e., a higher
pressing temperature.
In claim 1 of the present invention, there is provided
an electrodeposited copper foil with carrier comprising a
carrier foil, an organic adhesive interface layer formed on
20 one surface of the carrier foil, and an electrodeposited
copper layer serving as a copper foil deposited on the
adhesive interface layer, wherein the organic adhesive
interface layer is formed by use of thiocyanuric acid.
As shown in the schematic cross-sectional view of Fig.
25 1, the electrodeposited copper foil with carrier described in
claim 1 compfises a carrier foil and an electrodeposited

copper foil, as if one surface of one foil were bonded to one



15 adhesive interface |ayer of the sanple. Fig. 4 is a schemati c

cross-sectional view of an el ectrodeposited copper foil with carrier.
Each of Figs. 5, 6, 11, and 12 is a schematic view of a |aid-up
structure subjected to press- formng. Fig. 7 is a schematic

cross-sectional view of a 20 typical electrodeposited copper foil serving
as a carrier enpl oyed in_the present invention. Each of Figs. 8

to 10,s“f§,a°§n]:?%|1|5‘hies ofhean &pdili-c ThFoushoyt & RRSSF an
el ectrodepgsited copper foil wth carrier. Fi gs.i 14 is a __.Sghematic view
of a circufeseEiptdony dheniteFms CeIsStrosfiePosisedGopPrsT Fyd” Ado 20 is
a schematic cross-sectiqnal view of _ . an egplpar fus useqlef oranProduci ng an
el ect r odepoSHEEFrOGSPOsited cogper,ifol: Jayes" refer to t - same
'?'he pr esenPOFERroAS 1y &0 RS @'&té’glr%'wr iﬁ%(ﬁ%g IIiI rr‘]i‘\éledmnlc_oa&ir&ﬁr 2P| ve
AT e b R R UL S LN
posi ted Coqgggftqilfﬂéjglternative expressions are appropriately
employed depending on descriptiomns.
The electrodeposited copper foil with carrier according
to the present invention comprises an adhesive interface
10 formed of thiocyanuric acid between a carrier foil and an
electrodeposited copper foil. The electrodeposited copper
foil with carrier serves as a peelable foil in which the
carrier foil can be peeled off stably by a considerably low
peeling force, even though the copper foil with carrier has
15 been subjected to press-forming at temperatures as high as
over 300°C during production of copper-clad laminates.
Briefly, an adhesive interface layer formed of
thiocyanuric acid provides a carrier-peel strength of a
manually peelable level, even after press-forming is carried
20 out at temperatures as high as over 300°C during production
of copper-clad laminates. Peeling failure and remaining of
carrier foil fragments on a copper-clad lagminates after
peeling, which are observed when a conventional metallic
adhesive interface layer is employed, are completely
25 prevented. Furthermore, such features cannot be attained by

employment of an adhesive interface layer formed of another

organic compound such as benzotriazole or



carrier in which the carrier foil and the copper foil are bonded vi a
an organi c adhesive interface, which nmaintains the peel strength at a
| ow | evel . However, recently, a copper- 10 clad |am nate has been
produced from a substrate such as a doubl e-l ayered fl exi ble substrate
or a Teflon substrat eand an electrodeposited copper foil with carrier,

by pressing these |layers at a terrperature her than 300[err]C. The
present i n\FérﬁbI"BW%‘!"’i°bEe‘a(fé°§(?r'l %r‘b‘iﬂ’r’ § (PUES HRRT e AR of the

essential requirenent; i. gher pressi ng tenperature.
I'n clai m 1B&ekard litss ek 31OrR/SnPFoH°WFFfe|t§mP§rﬁ|tb‘\?e&ed an

el ectrodeposited copper foil wth carri (of0) I n carrier,foil,

an organic adheé’f‘\Fé’P' eer?%’t‘éﬁle’rn‘?%?tf?e‘beo‘{? %"B%% Qi FrdecpnyRie
carrier f0|I_ nd an ectrode osi ted er serving as a
copper f oi [2dépodttetf ffusi ni’fo’?’(@sﬁ’*/é’ %E eta%/ ‘{Vﬁ{éI’EI n the
organlc adhesi v te face | ay I s, formed by use of thIOC uch
o Os RIS NS aaepasited, i ik e iR BievARtEd A s
1, the el ectrode posited co er foil with carrier descrlbegghp The claiml
conpri ses XTERTIEITHAY- nar?telteed‘lpreo‘?fet“d?fsﬁt froi FP®as i f

gne Surfacedﬂ;é¥¥%ffﬂéer ace (§y¥¥j&oes not increase bonding strength

between two foils by heat, and serves as a barrier layer
against mutual diffusion between two foils. Although the

10 bonding strength increases slightly during production of
electrodeposited copper foils with carrier, the peel strength
can be maintained at a level which permits use as a
electrodeposited copper foil with peelable carrier until
completion of press-formation.

15 Thus, for an illustration purpose only, an adhesive
interface layer was formed by use of thiocyanuric acid on a
carrier foil of a thickness of 35 MHm, and an electrodeposited
copper foil layer of a thickness of 9 Um on the adhesive
interface, so as to prepare a sample. The peel strength of

20 the sample is 5.0 gf/cm before heating and 9.2 gf/cm after
heating at 300°C for one hour. Although the peel strength
increases, the manually peelable feature which is required
for peelable foils is still maintained.

Next will be described the methods for forming an

25 adhesive interface layer on a carrier foil by use of the

aforementioned thiocyanuric acid. Specifically, the adhesive

interface layer may be produced by dissolving the



surface of the other foil. Throughout the present description, the
terns "el ectrodeposited copper foil" and "el ect rodeposited copper foi
| ayer” refer to the sane portion, as is the case with "carrier foil"
and "carrier foil 5 layer"; and "adhesive interface" and "adhesive

I nterface | ayer." The alternative expressions are appropriately

enpl oyed dependi ng on descriptions. The el ectrodeposited c er
foil with eFOFementdoRed fpiccyamuyi,@acideddh@ SRR ton H?Pp
adhesive interface 10 fornmed_of thiocyanuric acid betmeen a carrler f0|

and an 8 SPEFEESAERIS e e R iR Ofh #RRTCMD dfo it ’ﬁfbp'ié?

foil with carrler serves as a peelable foil in whic carrier foil
can be peelS3Ffgce é’tnat‘ﬂhs?‘%aﬁ‘ @(ﬂ:?ﬁst}é’reaﬂ'layqrov?ls to Il’ﬁ'eeqq GeorFOUTR

t hough the copper f0|I h LY rier has 15 bee ect ed press-formng
at tenper af§® g‘é’ howerjng, SRHAY gitﬁqqﬂ#gt |on of

copper-clad_l anin esi ve nt erfac I a%

formed Of elec?fﬂ%&fﬂﬁ:ﬁo@ aC|Ta‘ep|"t?\e}'1h(f}/é% 6?': fh“&ngpet& ¢ SIHST
L 1A L et o

copper-cla Iam nat es. Peel f Iur rema n f car r f.oll
fragnents (%n 35161§r1-ccla z;%glmt(’it'l is prepfgeqia%l 0vvhollc élrgt :Pd

observed whe ntional adhesi v |282P fazcbe

enpl oyed, g ﬁﬁﬁ"lﬁ qé"é: 3:ee|ﬂp§d‘"atﬂfret it r?orrgf gﬁ’ féeat L;alﬁlr?ot

be attaine%o@%entratlon of thiocyanuric acid is not particularly

10 limited, and a solution of high or low concentration can be
employed without raising any particular problem.

As described in claim 5, in order to form the adhesive
interface layer by use of thiocyanuric acid, the
aforementioned method for applying thiocyanuric acid may be

15 repeated, whereby the thickness of the adhesive interface
layer is regulated with higher precision.

The thiocyanuric acid agent is considered to be formed
firmly on a surface of the carrier foil in accordance with a
possible mechanism of formation of the adhesive interface

20 layer. For example, when an adhesive interface layer of
thiocyanuric acid is formed on a carrier metal foil, the
thiocyanuric acid agent is adsorbed onto the metal oxide
layer formed on the carrier foil and forms chemical bonds
with oxygen species contained in the metal oxide layer,

25 thereby stabilizing thiocyanuric acid forming the organic
adhesive layer. Therefore, the higher the concentration of

thiocyanuric acid, the higher the rate of adsorption of

10



enpl oynent of an adhesive interface |ayer forned of another organic
conpound such as benzotriazole or 8
car boxybenzotriazol e, which provides sufficiently stable ~ peelability
at 300[err]C or |ower tenperatures. When the adhesive interface
is formed of thiocyanuric acid, nutual diffusion between a carrier
foil and an _5 el ectrodeposited copper foil is effectively Erevented during
press- forniﬁﬁl°%¥%ﬂ“§%°téﬁbérEPuFB§ ARgRéRTt Rakl300PEirFiPThey, theadhesive
|nterface Ia er does not increase bonding strength  between two foils
by heat, BeepeLation phr Fhipcyaperic aciggipndetaumidpddinf usion

bet ween tmn foils. Althpugh the 10 bonding strength increases slightly
during proddCtPERanree witherhe: sBaefolft EhecBppercEsPRslipel cEhei Simet he
peel strengt E can mai ntained at a |evel which permts use as a

el ect r odepo% t%ﬁnEﬁﬁbe?eFB??anPﬁ PREF4BFefedtr pRf EHF|F°1“t1°Eonplet|on of

f ti L1 lustration purpaose only
23ﬁ2§iv T °nFﬁf%??%cghf3§¥?nﬂﬁ§°f6thdlﬁyaﬁ§8 SFtFﬁPbE93n3¥|EhacF896ﬁ a
carrier f0|I a thickness o [err]m and an ele ctrode503|ted
copper foil ?ay%? %f°§gfﬁf3ﬂn éEeOfaﬁd[b?r?ﬁ?ﬁﬁlFﬁelﬁdﬂﬁgF ally 5-

seconds.
In consideration of the aforementioned conditions, when
the concentration is below the lower limit; i.e., 0.01 g/1,
10 complete adsorption of thiocyanuric acid within a short
period of time is difficult to attain and the thickness of
the formed adhesive interface layer varies, resulting in
failure to maintain the quality of the final product. When
the concentration is in excess of the upper limit; i.e., 10
15 g/l, the adsorption rate does not increase in proportion to
the amount of added thiocyanuric acid. Such an excessive
concentration is disadvantageous from the viewpoint of
production costs.
When the aforementioned thiocyanuric acid is used, the
20 amount thereof for forming an organic adhesive interface
layer is readily controlled and peel strength between a
carrier foil and an electrodeposited copper foil can be
adjusted to within an appropriate range. 1In addition, the
formed adhesive interface layer has excellent thermal
25 stability, and an appropriate peel strength can be assured
after press-forming.

After a carrier foil is peeled off from an

11



inte}face, SO0 as to prepare a sanple. The peel strength of 20 the sanple

Is 5.0 gf/cm before heating and 9.2 gf/cm after heating at 300[err]C
for one hour. Although the peel strength i ncreases, the nmanual ly

peel abl e feature which is required for peelable foils is stil

mai nt ai ned. Next will be described the nethods for formng an 25
adhesi ve interface_|l ayer o carrier foil g use of the
aforenentioﬁgﬁcFﬁ?8ﬁ9éﬁbFFa qepRershaiis i EhrPgYaphigqnredfyis interface

I b d d ol vin .
o o " P g“%?%ﬂeﬁPFéﬁgheYﬁvg£9sﬁu9Fctaeialﬁﬁta°§speéﬁﬁedaﬁapper
I mrer si ng arrier f i n the sol E%lon or, p@fﬁlng the solution to a

surLace OE ﬁﬂt?g rﬁﬁﬂ%sF€é°F§§EPrf§ 26 CPGEFEE dEOgﬁhlc seﬁﬁgﬁoéthd
For form ngt neaPhi EpFasaton fayRR P gﬁﬁof°aaﬁri§ 12r y Bhent BogeyeRuTic

o/l to fo Soi8fiimag ntﬁ EBHR FuncrRnkerapE, BPETRr it LRy 2B28bEer 1)
i ted. and‘gg‘qé%%t?‘gﬁﬂg bRSRYERY] BErEchbahir et aRtaptatintear ) oyeq

wi t hout rajﬁ*@go %onétégfharaRéOQLSQ]not affect éﬁed8§8ahggloh s%la|n15

in order t orm
of printed wiring boards.

From another important point of view, at present, the

10 aforementioned thioc¢yanuric acid 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.

15 Thiocyanuric acid, which itself is an organic compound,
serves as a material having an electrically insulating
pProperty rather than electric conductivity. As mentioned
above, the electrodeposited copper foil with carrier
according to claim 1 is produced by cathodically polarizing a

20 carrier foll per se to thereby form on the carrier foil an
organic adhesive interface layer comprising thiocyanuric acid
and electrodepositing copper directly on the thiocyanuric
acid adhesive interface layer. Therefore, the adhesive
interface layer must permit conduction of electricity. Thus,

25 the thickness of the adhesive interface layer formed of
thiocyanuric acid has a limitation, and must be adjusted to a

thickness which ensures appropriate peel strength and which

12



interface | ayer by use of thiocyanuric acid, the af orenenti oned met hod
for applying thiocyanuric acid may be 15 repeated, whereby the thickness

of the adhesive interface llayer is regulated with higher precision.
The thiocyanuric acid agent is considered to be forned ~ firmy on a
surface of the carrier foil in accordance with a possi bl e nmechani sm of

formation of the adhesjve interface 20 |ayer. For exanple, when an
adhesi ve i ntBFr34Re8 ?5§Q}eo?leCtr°§ﬁPBE§5hﬁF|EfaEPEPP§ -formed on a carrier

nmetal foil, the t hi ocyanuric acid agent is adsorbed onto the netal

oxi de IayerI?théﬂ Sﬁg?heCEBFFPEFanPP and FSPﬁ§m§ﬁ§nFé&E Bégés
th ox en_,speci es contain in the netal oxide layer, 25 there

21ab|I|¥?ng ﬁ?%% BEHF @Gt ds?%?ﬁ+ﬂﬁ epRloygdnie f°rm1%€h6§|9€hP§yEP

Therefore, the higher.the concentratiop of t hi ocyanuric acid, the
hi gher the *%}%;%? %X?EI%EeOF ather 1ns1gn1flcant, gut the thlcknes§0
fojl. Prlnctgall , the concentration

o OISR T 0B FiudSle ELLSSLES ke cendBORCRL a0
product o 4 Ead! "Ene el P Bl PR BT TS Oh kel b
adhesive interface layer is important. Thus, according to
claim 6, the adhesive layer preferably has a thickness of 1
nm to 1 Mm.

10 When the thickness falls within the aforementioned
range, appropriate peel strength can be assured even after
press-forming at high temperature, and electrodeposition of
copper can be performed stably. Specifically, when the
amount of thiocyanuric acid used to form an organic adhesive

15 interface layer (thickness) is below the lower limit; i.e., 1
nm, the thickness of the adhesive interface layer varies, and
the adhesive layer encounters difficulty in providing a
homogeneous organic adhesive interface layer. As a result,
appropriate peel strength cannot be attained after press-

200 forming, and in some cases portions of a carrier foil cannot
be peeled off.

In contrast, when the thickness is in excess of the
upper limit; i.e., 1 Mm, electric current flowing in the
carrier foil in the course of electrodeposition of copper

25 becomes unstable. Thus, an electrodeposited copper foil

layer of uniform thickness is difficult to form. Even though

copper is deposited over a long period of time, reel strength

13



of the production Iine, and in practice is generally 5-60 seconds.

In consideration of the aforenenti oned conditions, when t he
concentration is below the lower limt; i.e., 0.01 g/I, 10 conplete
adsorption of thiocyanuric acid within a short period of tine is
difficult to attain and the thickness of t he fornmed adhesive interface

A VA S Sl VD g o LS LR AR WA
1S s W B S T A S BRRAAEL
e sa0vamageate, LEORAIS M SO ey SN ULSHIR 1 ey o
or 10019 20 S8t SR NG G en ot Hpd iy AT A
CORPE 101 a2 s AL Bt BT A0 ORI AN D, v

25 stabil it a n.appronriate peel .strenath can be red after
press-formmr%jns Q& 3 tﬁ%ﬁ?’ﬁ rSlémcae(rirelcé:rr oi clrso%eo %d 0 'frc')rr%ean
11

analytical method is described with reference to Fig. 2. The
electrodeposited copper foil with carrier according to the
present invention is cut along line A-A' as shown in Fig.

i0 2(a), to thereby prepare fragments. As shown in Fig. 2(b),
gallium ions are simultaneously sputtered in the directions
represented by arrows B and B', thereby thinning a portion
such that the thickness permits observation under a TEM.
Thus, in portion C, the adhesive interface layer sandwiched

15 by the electrodeposited copper foil layer and the carrier
foil layer can be observed directly.

The portion C was observed under a TEM, and the
thickness of the adhesive interface layer was obtained
through measurement by use of a photographic image thereof.

20 Fig. 3 shows a photographic image of the portion C. 1In Fig.
3, the thickness of the adhesive interface layer varies from
approximately 7 to 25 nm. On the basis of results of TEM
observation, the practical thickness of the adhesive
interface layer of an electrodeposited copper foil with

25 carrier having an appropriate peel strength has proven to be
1 nm to 1 Mm.

In the present description, the term "appropriate peel

14



el ectrodeposited copper foil, thiocyanuric acid is transferred onto

the surface of the el ectrodeposited copper foil, formng thiocyanuric
acid coating film which serves as an anti-corrosion |ayer of the
copper foil. The thiocyanuric 5 acid filmcan be readily renoved by
washing with an acidic solution such as diluted free sulfuric acid or
di | uted ¥ ochl Lc_acjd, and does not affect the E 8duct%ﬁn SLERS
of printed ﬁf? fﬁ ers to’'a peef, §hrangtier 2aPnPSRERRE pBPnEREs POFAR,

have mo ok @%%rg 5@%?&? o ?ﬁ@dg%%ﬁgty?n b aBgeotopaneiiabef sl 1
ooy ot ehaRSidarabi o ol SRER00RPRRLERY S0pBeEDTPi g Ba?—ﬂaPFsgagﬁeps’
product on of -, COPREICE| Bl °°nven§é?es%lzsbsew%%?‘?“%‘a% ; 1gﬁ1-“l‘?f' e
oot on 3'"Yh'nZ%"é@%'ﬂ?ﬁeb%?%c?ﬁggé’tﬁ%%ir?EQGESEB% Pas t\%n ﬁﬁggﬁf ghty- A
FSr S ) o AR BEP L 4 LA

| nterface 'g%%i SQP?%%E?”thQh°8¥§PHrh&sf?édgoaaﬁtgﬁﬂ e'@§ r?Q%BQSELE”Q

copper dir y on hi'écyanurri ¢ esiveé in ace | ayer

Therefore, £Q§%3§QF§£¥€h at ah”iﬁEL?E&cLaﬂéEwHEﬁtaPSEEkEeEOEQHEtbﬂﬁ gh

electricity
electrodeposited copper foil, the easier the peeling of the

10 carrier foil from the copper foil.

However, when the peel strength is less than 1 gf/cm, a
carrier foil is spontaneously peeled partially from an
electrodeposited copper foil during transport of a roll in
the production process of the copper foil with carrier or

15 during production of copper-clad laminates, thereby causing
generation of failures such as blisters and slippage. When
the peel strength is in excess of 200 gf/cm, a carrier foil
is difficult to peel off, and peeling the carrier foil off
requires a particular peeling apparatus. This situation

20 differs from that made possible by the features of the
present invention.

Alternatively, the thickness of an adhesive interface
layer may be measured through a method such as quantitative
analysis, measurement of surface resistance, or measurement

25 of polarization potential.

In gquantitative analysis, thiocyanuric acid contained

in an adhesive interface is dissolved in a solvent, and the

15



25 the thickness of the adhesive interface |ayer forned of
thi ocyanuric acid has a limtation, and nust be adjusted to a
t hi ckness whi ch ensures appropriate peel strength and which
12 attains stable el ectrodeposition of copper. In
this case, concentration and treatnent tinme of a t hi ocyanuric acid
sol ution enployed in fqQrm.,ng gn adhesiyve . interface | ayer are rather

1 Horafdh BHmeas 9%

i nsi gni fi cEREY ARG [Fe lutio8, 8 quantifatiyely, ang bé’_ Rfe Ynterface
LTSt o) TR onrohsomnagd o e SR, sl 21
1O i pemace 4h R Topyante L \edd Bas Ay i ke i 4, e 5 (AL B
af orenenti gped range,, appropriate peel strength can be a re en
trer R e R O DA AS ekl A ARG oD 1
copper can beagerfor d Sta§|¥P SgeﬁificalLﬁ, when thg . anount of

t hi ocyahur P9/%r d28s QR EIRPY: FRERUSPIHPRCAGRES e 2RE2Y S rer f ace | ayer

(r1ckress) | SUAAT SV e dodordh a aflle HE 4 LEEDRERAL
diffiCU|tyﬂé1éyw%ﬂfHﬁg}ﬁi, product of Dia Instruments). Specifically,
a cut piece of an electrodeposited copper foil with carrier
is placed on a Teflon plate such that the copper foil side
10 contacts the Teflon substrate, and a voltage of 10 V is
applied to the foil. Although surface resistance varies
depending on the type of carrier foil, the appropriate
surface resistance is less than 10° Q when an
electrodeposited copper f£oil with carrier is produced by
15 forming an electrodeposited copper foil having a thickness of
9 Um on a copper carrier foil having a thickness of 18 Hm.
When polarization potential measured by use of a
solution containing free sulfuric acid (70 g/l1) and copper
sulfate (250 g/l) at a solution temperature of 40°C and a
20 current density of 5 A/dm® (vs. Ag/AgCl as a reference
electrode) is less negative than -100 mV, formation of an
appropriate thiocyanuric acid adhesive interface layer has
been proven.
No particular limitation is imposed on the material of
25 the carrier foil which can be employed in the present
invention, and examples of the material include aluminum,

copper, and metal-coated resin £ilm. In addition, the

16



honﬁgeneous organi ¢ adhesive interface layer. As a result, appropriate
peel strength cannot be attained after press- 20 formng, and in sone

cases portions of a carrier foil cannot be peeled off. ~ o In
contrast, when the thickness is in excess of the upper limt; i.e., 1
[err]m electric current flowing in the carrier foil in the course of

el ectrodeposi tion of copper 25  becones unstable. Thus, an _,
el ect r odeposhrieknesppef e carrierfeil ofs ReEoPRFEAFRAABLE 1émitedicult

to form Even though poPper,is deposited over  a_long period of tine,
peel streng??Pm an "industrial point of view, materigis having a

required for, conpletin ress-formng safely is not attained. When t he
t hi ckness ofh}FERSSH e vgo?n*%r?ﬁc%eﬁﬁy%¥ei%%?%5%%§Y called,failts, and
conduction of electrjcjty is never attained. Since the adhesive
interface |28rMARRTIALHi PRARS aBPLloved; £° 250925 nhhey S3RePrefRI APt he

t hi ckness if nfasured by means of a transm ssion el ectron m croscope
(TEM . The “°**®unalytical nethod is described with reference to Fig. 2.

P sont 1 cveey | HEROELELLSARREL LR AL RLES S TRECRSLEY 12,605 ean
t her eby pr%8§r§ éé@'f@?t§61f6m§§°¥£'éﬂ'ﬁi@ra?QQIﬁ copper foil having a
thickness of 12 Um or less, or a copper foil having a
thickness of more than 12 HUm. Conventional electrodeposited
10 copper foils with carrier are employved so as to provide
ultra-thin copper foils. Thus, electrodeposited copper foils
with carrier containing an electrodeposited copper foil layer
having a thickness of more than 12 HMm, which foils may be
included in the present invention, have not been supplied
15 commercially. Electrodeposited copper foils with such thick
carriers can be prepared, since an adhesive interface layer
formed of thiocyanuric acid provides appropriately easy
peelability even after press-forming at high temperature. 1In
addition, as described below, new use of the electrodeposited
20 copper foils with carrier can be provided.

In practical application of the copper foil with
carrier, typically, copper microparticles are uniformly
deposited on the outer surface of the electrodeposited copper
foil involved in the electrodeposited copper foil with

25 carrier as described in claim 1 for preparing copper-clad
laminates and printed wiring boards, except for particular

use. The copper microparticles are similar to those formed
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galliumions are sinultaneously sputtered in the directions

represented by arrows B and B', thereby thinning a portion such that
the thickness permts observation under a TEM Thus, in portion C, the
adhesive interface | ayer sandwi ched 15 by the el ectrodeposited copper foi

| ayer and the carrier foil layer can be observed directly.

The portion C was observed under a TEM and the t hi ckness of the

adhesive i rt®rt SRRPTEIONRL dbearrederosited, seBRe el chBRP BhigBedof a
phot ographi c i mage thereof., 20 Fig. 3 shows,  a photographic i nage of the
portion C. F¢fHpgsubstrage %ﬁéb?ﬁﬁ%ﬂnesgh%fm%ﬁ%°%ﬂﬁ5§?%%s|RF%Y% feaPayer
varies from oxinately 7 to.25 nm On the basis of results of TEM
observationan?m%rdggﬁ??EaF ﬁg%kh%%geﬁfs?h%tﬁﬂﬁ%siG% thereby RreueRt| sher
of an el ectrodeposjited ¢ er foil with _25 carrier having an appropriate
peel strendgtHPHBE ?Eﬁ%&ﬁé) fpreper fﬁl%n#fﬁﬂlF?%§+}¥1Peelgng of Prn t he
resent descrlpt on,_the propriate
b 10181 A oF oFBR SPPBRSRb CLRVERF LAGe hEBET rd8SBFENLBR% he
basi s S C-6481, of 2 e (s calculated in
cans: dor at 1 SHSerEcdeRenbtedt CoPRer £0L1 orfuh of £ dppr S8 56g' 4

carrier foil, an adhesive interface layer formed by use of
thiocyanuric acid on both surfaces of the carrier foil, and
an electrodeposited copper layer serving as a copper foil

10 deposited on each surface of the adhesive interface layer.

As shown in Fig. 4, which is a schematic cross-sectional view,
the electrodeposited copper foil with carrier described in
claim 2 has a structure in which an electrodeposited copper
foil is as if bonded to each surface of a carrier foil,

15 whereas the electrodeposited copper foil with carrier
described in claim 1 has a structure in which an
elec£rodeposited copper foil is bonded to one surface of a
carrier foil.

By use of the electrodeposited copper foil with carrier

20 as described in claim 2, use of press plates may be omitted
during production of copper-clad laminates, and migration of
impurities into a shiny side of a copper foil during press-
forming is completely prevented. A typical method for
producing a double-sided copper-clad laminate is shown in Fig.

25 5. As shown in Fig. 5, a unit comprising a press plate which
is obtained by mirror-finishing a sheet of a heat-resistant

material such as stainless steel; a copper foil; one or a
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carrier which have conventionally been used. Specifically, 5 the range has
been obtained in view of peel strength which has enpirically been
considered to be appropriate and i deal peel strength which users
desire to attain. The |l ower the peel strength at an interface between
a carrier foil and an el ectrodeposited copper foil, the easier the
peeling of the 10 carrier foil fromthe cog per foil However ,
when t he pé%4“§§}bﬁ§t%f|%r?%§%9?haﬂ §°5P?Enf i1; and a3 prepsiplptpsare
spont aneously peeled partially_f el ectrodeposited co Eer foi
during transfRritefly tapinaped (1a%ﬂé“5}oBﬁEY?6ﬂ bVBcBEEsﬁfn?hg EBﬁﬁer
foil with carrier or _15 durlng producti on of cogg ad | am na g

t hereby caudibgeauentlynthe; La1diup prLFRsaEHCRT SBFI YePe2aRfiqof| FBfage.

\Wh th | t f 200 qgf/
OO 11 cun e s Tae PLEROE htdrad, FAcRESn "LafprEdthEr) Bor érgfweaaheg a

bossi bl & byPERES [ SaFEPRERb{of nEhe PEeRFaLEn FAVEA Fon. coppes Foif afd e

Al ternative] % t he thickness of an adhesive interface | ayer may be
measured t ht %gﬂrﬁpﬁﬁ?ﬁoﬁrﬁu%ﬁeﬁ§ PRREFt ati ve anal ysi s, neasurenent
of surface resistance nent ., 2 olarlz tlo potentla

In quantitative éﬁ%?yghg ?E nBrF%t8§|8°8 At ai neg 2tn ATAA4dhesi ve

Hgterface léegééfgégegn QlélﬁoﬁvfgteméfgyéH? press plates other than the

uppermost and lowermost ones may be omitted. Specifically,
10 as shown in Fig. 6, a conventional electrodeposited copper
foil or the electrodeposited copper foil with carrier
described in claim 1 is employed as the uppermost or
lowermost layer of the laid-up units, and the
electrodeposited copper foils with carrier described in claim
15 2 are employed as internal layers other than the two layers.
After press-forming is completed, each unit can be separated
by peeling from a carrier foil.
The thickness corresponding to the omitted press plates
increases the number of units which comprise a copper foil
20 and a prepreg and can be placed within the daylight between
two heating plates, and the number of copper-clad laminates
produced per press operation can be increased. 1In addition,
thermal conduction through the laid-up units increases,
thereby enhancing productivity. Typically, the thickness of
25 an employed press plate is 0.8-3.0 mm, that of a copper foil
3-50 Um, and that of a prepreg 30-180 Um. In consideration

of thickness conditions, productivity of copper-clad
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resul tant solution is guantitatively anal yzed by nmeans of l'iquid

chromat ography. Wien the adhesive interface | ayer formed of

t hi ocyanuric acid has a thickness of 1 nmto 20 nm the | ayer contains
t hi ocyanuric acid in an amount of 1-100 5 ng/nferr] , as obtained through
guantitative anal ysis. Surface resistance is nmeasured by neans of
a resistance nmet er (HIRESTER roduct of Dia Instrunents).
Specificall&?mlnateﬁ RaY Deeremir aﬁlﬁléEFF688ﬁ03|ted copper foil with
carrier is placed,on_a Teflon plate sych that the_ copper foil side 10
contacts the Tef FBnclabBt PaP, thRAPEFERLadBVEPLIORY FheTe isapyovdded the
foil. Although surface resjstance varies depending on the type of

carrier foif? ?ﬁ%cﬁﬁﬁﬁﬁﬁ?FéFEd coppef fgid VéEFsFaﬁEéercPﬂg§1FH§ﬁ #0[err]
EE”%o?"rlfRggéﬁrwsc?%ﬁ&%é’ﬂﬁﬁeeaﬁséﬁﬁﬁéhiﬁ'a'v;t%“gteg FhrmRcty wpe of T
When poar | AL POK-POE it FEL S neRcRREqPRGEALE OF Ghe SarEiph: FBRLeARSi ni ng
{emper it ur €8 %?a%?%i?ftgaﬁ?alaﬁﬁoafﬁﬁ?rsh?c‘aiﬁé{ewsa?zgoaﬁ bherpafegdve’ ' o"
fg/AgO as % Eefggge Cfave g éro e% iﬁ | e p negatiy g c.-100 nv.n
ormation o apBFEpr FATetRPBEYS u??e §&i gﬁﬁggf &1 RBePPE¥E™Sayer
has as an electrodeposited copper foil. '

In claim 4 of the present invention, there is provided

10 an electrodeposited copper foil with carrier comprising a
carrier foil, an adhesive interface layer formed by use of
thiocyanuric acid on each surface of the carrier foil, and
copper microparticles alone electrodeposited on each adhesive
interface layer, the deposited copper microparticles serving

15 as an electrodeposited copper foil.

Fig. 7 is a cross-sectional view of a typical
electrodeposited copper foil. As shown in Fig. 7, the copper
foil comprises a bulk copper foil assuring electrical
conductivity; copper microparticles serving as a surface

20 treatment layer assuring adhesion stability to an insulating
substrate; and an anti-corrosion layer. In electrodeposited
copper foils with carrier according to claims 3 and 4, a bulk
copper layer serving as a conductive layer of the
electrodeposited copper foil as described in claim 1 or 2 is

25 removed. As shown in Figs. 8 and 9, only copper

microparticles are deposited on each adhesive interface layer

formed of thiocyanuric acid. These electrodeposited copper

20



been proven. No particular limtation is inposed on the materia
of 25 the carrier foil which can be enployed in the present

i nvention, and exanples of the material include alum num copper, and
nmetal -coated resin film In addition, the

16 t hi ckness of the carrier foil is not particularly limted.
From an industrial point of view, materials having a t hi ckness of 200
[err]m or %%kl%fﬁlgEn%?ﬁ¥+?rC%PYeBefBF?@ inny mannegz gimpiari bPsthay be
enpl oyed so | ong as they can be called 5 foils. The

el ect r odepo¥PR LAY S phef ¥%$Ie%ﬁ?Eﬁ°?§P?615%dpF%EEﬂr f°116nwthaFPF€?eF0|
may be an u tra-f.hin copper f0|I havi ng a thi ckness _of 12 [err]m or
Iegs or Tﬁ%ﬁbT%l*np 2ips ot and %hlcﬂh%%scﬁPpﬁﬁrElfﬂana@infEFF]ﬁFe
Conventlonal %ectéodep03|ted 10 gg r foils,with carrier are enpl oyed
so as to pr%ﬁ? jgeed, a PYTREeHi hSc foxeLusiyely EPEPPBEEpOSited

copper EO' th carrier containing an el ectrodeposited copper foi
| ayer Tﬁﬁﬁ?ﬁfﬁ.fﬁ}%ﬁhess of nore than 12 [err]m which foils may be
included in the pre i nventio have pot been suppli.ed, 15
commercial ly. Ef%cEgﬁdgﬁgg?fﬁd°£0558¥u?g??g ﬂftﬁréggﬁdtﬁFERng boards,
a wiring-board maker removes a carrier foil and can form a
bulk layer of a predetermined thickness through an arbitrary
plating method in accordance with the timing of the purpose.
10 For example, such an electrodeposited copper foil with
carrier in which the electrodeposited copper foil is formed
exclusively of copper microparticles is transformed into a
copper-clad laminate, and a bulk copper layer can be formed
on copper microparticles through a panel plating method after
15 a carrier foil is removed. 1In the method, the thickness of
the bulk copper layer can be adjusted in accordance with the
type of circuits to be formed, and etching can be carried out
appropriately in accordance with a target pitch of wirings in
the circuits. Accordingly, the finer a target circuit, the
20 more effective such a method for producing printed wiring
boards. Thus, high-density printed wiring boards can be
readily fabricated.
Electrodeposited copper foils with carrier according to
claims 7 to 10 of the present invention will next be
25 described. 1In all cases, an electrodeposited copper foil is

employed as the carrier. For the sake of understanding of

description, a conventional electrodeposited copper foil
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carriers can be prepared, since an adhesive interface |ayer formed of

thiocyanuric acid provides appropriately easy ~  peelability even after

press-formng at high tenperature. In addi tion, as described bel ow,

new use of the electrodeposited 20 copper foils with carrier can be

provi ded. I'n practical application of the copper foil with

carrier, tyﬁicallz, c0ﬁ£er m croparticles are uniform.y deposited on
S ng|

the outer sRFPEERSoPeY | 88t PofiRpBirTefiotbppitl be degpribado fésfﬂf-ghe
SRS ML S R A R
07 T enrouditan S ERP PR R P CRF PRARRRS Rt BUTEBEBOFTPOERSBA 85AR ch
PRt R AR R A et
of t ho. i ooTht SFRVERETaR, Soadr BT KRS BbpHERES an aﬁifefzeae»?saef,gep{sgf‘i"egig?e?
| ayer Torned by tRciRparatld, for prafirindien shesbrndcnprated GoopRe
?g{{ier fo'foifgmhore p@@cfégft[OgeggfktfgyggpgﬁrtﬁgygieggggaggogitgdCOpper
copper foil, comprises a rotating drum cathode, and lead
anodes facing each other and at least partially surrounding
10 the drum cathode, and a cell contains a cupric sulfate
solution. During electrolysis, copper is electrodeposited on
the rotating drum cathode, to thereby form copper foil
through peeling from the rotating drum cathode. The thus-
obtained copper foil is hereinafter referred to as a "drum
15 foil." §Since the drum foil has not been subjected to any
surface treatment such as anti-corrosion treatment, the foil
having a highly activated surface readily undergoes oxidation
by oxygen contained in the air.
The drum foil surface which is peeled from the cathode
20 is glossy and smooth, since a mirror-polished surface of the
rotating cathode is transferred to the foil surface. The
thus-obtained surface is called the shiny side. 1In contrast,
the surface configuration of the other surface, on which
copper is electrodeposited, is rough, since the growth rate
25 of copper varies depending on the deposited crystal plane.

Thus, this surface is called the matte side. The matte

surface serves as a surface onto which an insulating material
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10 deposited on each surface of the adhesive interface |ayer. As
shown in Fig. 4, which is a schematic cross-sectional view, t he

el ectrodeposited copper foil with carrier described in claim2 has a
structure in which an el ectrodeposited copper foil is as if bonded to
each surface of a carrier foil, 15 whereas the el ectrodeposited copper
foil with carrier described in claim1 has a structure in which an

el ect r odepddi tRapdeshirimg IPYeduniRi Qb HRPRRRY Rrdflaminatecyr i gr
foil. - By use of the el ectrodeposjted copper foil with carrier 20
as descri b&prGapraioftmthe presgnt ARsCHinhian mhe by t'tmatte sidet ity
production of copper-clad |am nates, and mgration of I mpurifies into
a shiny si GPRK¥O¥EE FRFerdasiTiviig Ry TRuEy -surface phithe i drwp ittt el y
prevented. A typical nethod for produci ng_a doubl e-sj ded copper-cl ad

| aminate is shoWPRERIgRELIYS the makte pide i of B Arem £othitSconprising a
press plate whjch I s obtai ned bQ’ mrror-finishijng a sheet of a

heat - r esi st8fftiected 1o fYrfacy, FHreptngnt i bl sARFLer Joiat™eRt 1299 ne or

ur al j

grepregs; AHIFRFTIHIR SHRE U SHess 'If}?%?@%"r]ear tre"’}"efbee‘g‘!t e?ﬂyt}F%rﬂ??f\té'f%d

(1'ai d-up) bsei:[ale\eeins tc\la.vorl:[:):{ee Sguq_g tﬂlzagt?g' electrolysis in a copper sulfate
solution under burnt deposit conditions, thereby depositing
copper microparticles on the matte side so as to form a rough

10 surface. Immediately after completion of burnt deposition,
seal plating is carried out under smooth plating conditions,
so as to prevent release of deposited copper microparticles.
Thus, the matte side coated with electrodeposited copper
microparticles is called a "nodular-treated side." The term

15 "nodular-treated side" is also employed in the present
description to refer to a copper-microparticle-deposited side
of an electrodeposited copper foil with carrier.

Next, anti-corrosion treatment is carried out on both
sides of the copper foil through plating with zinc, zinc

20 alloy, or chromium, and the thus-treated foil is dried and
wound into a roll, thereby providing an electrodeposited
copper foil as a target product. The thus-treated foil is
generally called a "surface-treated foil." In the present
invention, although the aforementioned drum foil itself is

25 generally employed as a carrier foil, the surface-treated
foil may also be employed. Hereinafter, electrodeposited

copper foils with carrier described in claims 7 to 10 will be
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Subsequently, the laid-up units are pressed by neans of the pressi ng
pl ates heated to high tenperature, to thereby nelt a 5 resin conponent of
the prepregs. Thus, the copper foil and the prepregs are press-bonded.
When the el ectrodeposited copper foil with carrier described in claim
2 is enployed, press plates other than the upper nost and | ower nost
ones may be omtted. Specifically, 10 as shown in Fig. 6, a conventional
el ect r odepS&istcEFdbeSpper foil or the electrodeposited copper foil with
carrier described in claim1l js enployed as the uppernost or

| ower nost | ayer S¥Vandd ISHBFEeFIRah il of elegqderRHYS Y ed copper
foils with carrier_ described in claim 15 2 agre enpl oyed as interpal

| ayers ot h&CRRSH fotd 8 W HhyRaxrier andyg etrypdrc'easls[g)lcﬁ%ﬁ’?&jﬂi%"% et ed,
each unit can be separated by peeling frqma, carr,jer, foil

The t hi ckn&SPPER F&%oﬁdﬁengﬂt%“’t He& J'rﬁgcst‘e%"br“gﬁaapﬁ%‘i%’sptmn' i 10t SRR t he
nunber of units which conpri,se a copper foil 20, .,and a prepr and can be
bl aced i ¢ MEPRHESERAHAR HATe VoW (S ARy T 0% kPSR HRinber

f - cl | am d d fi
et onced. HLERRA | Spvever. dfL ARk EHARAAh TGE (AR uni ts
[ , . b h i, tJd Vit Typi t-he thj f
25 an enpiPsRi At € FRRYAHE AT (0f 1R et Gl UOHREE oG
[errlm an%ittgiatai%f A0 es%rr%s?’. 's>1/8a0 [oq{trérqﬂoé él%% CL%\%J Uhrface of

t hi ckness condi ti"orfs, productivi copper-c
19 treatment is completed. 1In the case of an electrodeposited
10 copper foil with carrier, at least one anti-corrosion-treated
layer serves as an outermost laver of nodular-treated
electrodeposited copper foil.
In claim 7 of the present invention, there is provided
an electrodeposited copper foil with carrier as described in
15 any one of claims 1 to 6, wherein an electrodeposited copper
foil having a thickness of 12 Um to 210 Mm is emploved.
Claim 7 is based on the observation that use of an
electrodeposited copper foil as a carrier foil provides a
variety of advantageous effects which conventional
20 electrodeposited copper foils with carrier have not provided.
The following effects are considered to be advantages
in use of an electrodeposited copper foil as a carrier foil.
Firstly, when a carrier foil which is obtained through
rolling; e.g., rolled aluminum material, is employed, the
25 carrier foil must be stained with rolling oil or is coated

with an oily material so as to prevent oxidation. The oily

material affixed on the foil, which affects deposition of
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| am nates may be remarkably inreased. In claim3 of the present

I nvention, there is provided an el ectrodeposited copper foil with
carrier conprising a carrier foil, an adhesive interface |ayer forned
by use of 5 thiocyanuric acid on one surface of the carrier foil, and
copper mcroparticles alone el ectrodeposited on the adhesive I nterface
| ayer, the deposited copper mcroparticles serving as an

el ect r odepoSPPRETcBBpkhef grFrier foil, mpgtcpgi kemoyedt AR pr €sakAin step.

invention, there is provided 10 an el ectrodeposited copper foil wth

carrier conPRi StRgtaodeposiked; eprper| £odh . aWhdshydsi Rrednged wiyhoutor ned

by use of thi ogcyanuric acid on each surface of the carrier foil, and

copper i crBp8rPFcPRL s af BnBOE| dBEVEHRPOYI FERIBRIHARDagRdsi 9B Possibly

interface |ayer, .the gepgsited cogper m_croparticles servin 15 as an
¥naacoxide 3

. C g . .
el ect r odepo cBHp ip can be readgly rempyed thyeugbepirkddmoyvi ew of
a typic

I ectrQdeposited copper foil. As shown in Fig. 7, the copper
foil coﬁbrigggrg 5uFﬁ838 ﬁgrtgﬁiPu €5r PhgSEPREt AREafacilitasing. cppitepl

copper mcro aFﬁiclgs serving as a surface 20 treatnent |ayer assuring
adhesi on stggi £y°t8P8n insul ating substrate; and an anti-corrosion

| ayer. In electrade Lted copper .foils wth_ carrier accaording to
clains 3 and 4, gnbgﬁélklon, when QR electrodeposited copper %011 s

employed as a carrier foil, both the carrier foil and the
copper foil onto which the carrier foil is bonded are formed

10 of copper and have identical physical properties. Thus, both
foils can be etched with a common etchant. In one
application, an etching resist layer is formed on a carrier
foil of a copper-clad laminate obtained from the
electrodeposited copper foil with carrier and a printed

15 circuit is formed by etching without peeling off the carrier
foil. The carrier foil may be peeled off after completion of
formation of the circuit. In this manner, the surface of a
circuit formed from a copper foil is prevented from staining
and affixing impurities, and reliability in post operation

20 such as plating can be remarkably improved.

Furthermore, the electrodeposited copper foil serving

as a carrier fgil has a purity of 99.99% or more. 1In
addition, the electrodeposited copper foil with carrier
according to the present invention contains no metallic

25 element other than copper in the adhesive interface therein.
Thus, peeled-off carrier foils can be recycled and do not

generate unnecessary industrial waste. The carrier is
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copper |layer serving as a conductive |layer of the el ectrodeposi ted
copper foil as described inclaiml or 2is 25 renoved. As shown in
Figs. 8 and 9, only copper m croparticles are deposited on each
adhesive interface |ayer formed of thiocyanuric acid. These

el ectrodeposi ted copper 20

foils with carrier may he used in a manner sim_/|lar to that enpl oyed
for the el 88VRABEAEESHEed c ¥3f¥r ooy ifopfeatali drotecti@dsc, B9y in cl ai ns
1 and 2. \Wen copper-clad | amnates are , produced, a prepreg i s bonded
excl usi vel §¥BBPdEppRLeled ot GaZried £91ils are collegterh d&meljed
production of printed wring boards, a W_.ring-board maker_ renoves a
carrier foffP ZRIMCEAPPEFMERIOLS. HiEerRAtivEedyy d EETHSTe £ i BRG

t hrough an_arhi.trar . _.plating thod in accordance with the tim ng of
e’ par poske 338508Ypa.ini dresy S LN Tare Crlone O HHeT S RESRARS Rt §
carrier_in which the el ectrqdeposited.cqopper foil is forned
exclusi%el§°8Pefoﬁﬂgfaﬁfcﬁ883Fﬁpﬁiégafslﬁréﬁbfgfﬁgdﬁsnfosgurce %opper - ¢l ad

Ianinate,_aﬁd 2 balk capRer | a er. ¢an be forned on copper
ni croparti EFESER Sﬁﬁﬁlg gaﬁ@?‘ﬁla%?ﬁdsﬁethod af ter

The thickness of the electrodeposited copper foil
serving as a carrier foil is in the range of 12 Hm to 210 Hm.
In order to prevent wrinkle generation in an ultra-thin

10 copper foil having a thickness of 9 Hm or less and serving as
a material for supporting the thin copper foil, the
electrodeposited copper foil has a thickness of at least
approximately 12 Um. When the electrodeposited copper foil
has a thickness greater than 210 Hm, the foil is almost a

15 copper plate, which is difficult to wind into a roll.

In claim 8 of the present invention, there is provided
an electrodeposited copper foil with carrier, wherein an
adhesive interface layer is formed on a shiny side of an
electrodeposited copper foil serving as a carrier foil, by

20 use of thiocyanuric acid and an electrodeposited copper foil
layer is deposited on the adhesive interface layer. The
cross-sectional view of the electrodeposited copper foil with
carrier is shown in Fig. 10. In the electrodeposited copper
foil with carrier, two electrodeposited copper foils are

25 bonded together via an adhesive interface layer such that one
shiny side of a typical electrodeposited copper foil faces

the other shiny side. 1In claims 7 to 10, the
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15 a carrier foil is renoved. In the nmethod, the thickness of t he

bul k copper |ayer can be adjusted in accordance with the type of
circuits to be fornmed, and etching can be carried out appropriately in
accordance with a target pitch of wirings in the circuits.

Accordingly, the finer a target circuit, the 20 nore effective such a

met hod for producing printed wiring | boards. Thus, _high-density printed
Wi ring boardSctHrdsPosited capner f;?ﬂ?'r]i epcappasses both B LARRRKR1Y ed

copper foils with carrjier according tq clains, 7 to 10 of the present

i nventi on Wia¥ethSOMRTE sing §dy@ bulk, coppex e, fnd ¢ Sited

copper foil ,is .enpl qyed as the carrier. For. the sake of understandi ng
of dedbaramaRt e dAvaT AR %IGARRST GRS (Y T SRAPTAFIRG only

21 I 0OGesSs ser\vi s a carrier foil will be described
briefly. 2 °°ppe‘%"“1’ﬁré’é’r?é:rté‘lcﬁgeela]€é’t%‘deposi ted copper foils produced

t hrough_an el ectyoff.arm ng step, and a surface treatnent ste are
enpl oyed as a bJrs'b Shierd €14 nﬁ}ﬁﬁ i TatTHY %F’r#]t%’a a %ur%/\?‘??hbr%%‘é?és used
oL, o B 55 A L ¥gqenaied R AR
layer of t@%fTﬁ”HﬁP@%&&?‘éﬁlre is no difference in roughness between
the shiny sides of these two types of foils. Fig. 10(a)
shows a schematic cross-sectional view of the
10 electrodeposited copper foil with carrier in which a drum
foil is employed as a carrier foil, and Fig. 10(b) shows a
schematic cross-sectional view of the electrodeposited copper
foil with carrier in which a surface-treated foil is employed
as a carrier foil. Selection of the carrier foil in the
15 electrodeposited copper foil with carrier; i.e., a drum foil
or a surface-treated foil, determines the mode to employ for
producing copper-clad laminates.
Possible modes for employing the electrodeposited
copper foils with carrier for producing copper-clad laminates
20 in both cases will be described. Firstly, a method for
producing copper-clad laminates by employing a drum foil as a
carrier foil will be described. The schematic cross-
sectional view of the electrodeposited copper foil with
carrier is shown in Fig. 10(a). As is clear from Fig. 10(a),
25 the surface of the foil on which copper microparticles are

deposited during surface treatment can be bonded to a prepreg.

Thus, a copper-clad laminate can be produced by laying-
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copper foil, conprises a rotating drum cathode, and | ead anodes facing
each other and at least partially surrounding 10 the drum cathode, and a
cell contains a cupric sulfate solution. During electrolysis, copper
is el ectrodeposited on the rotating drum cathode, to thereby form
copper foil t hrough peeling fromthe rotating drum cat hode. The thus-
obt ai ned copper foil is hereinafter referred to,as a "drum 15 foil."
Si nce the 8PufbFoPleRiEofsPosddRds sopPeredoid ¥ifh carrdery,@e PGEPRSHENt
such as anti-corrosion treatnment, the foil having a ,highly activated
surface red@ PFeRraSr §86s agxiaieraql subsgyabe, yhen: Sormingy 3t WEEL,i .
The drumfoil surface which is_peeled fromthe cathode 20 is _glossy and
smooth, 5i ROBPATIIAVST. B8 PsMEd WrkeRATe SHPSABES) + angh REGTS PIARRR 4%
transferred ,to the fqil surfgce. The . _thys-aobtained syrf,ace is called
the shiny SPO¥R AR Edfirr 3sand Press:Eorming. 4R & MRQRER SoMarH 2
surface, on i ch copper i s el ectrodeposited, i,s rough, since th
growt h 1 at §m\gggyegf wREB0&r c\?&?’l"’é‘é“(?é‘ﬁén(ﬁ’f"ﬁ 5n Ho4d d‘@pé‘flet%éd ialyysﬁseﬁ ane.
Thus, this urf?ce s called the matte .si. e..{ e matt.e sur face ,serves
80 riftlgr de'| carrilier,

|
as a surfad&Sf CERPLS LSS CoPPRS press - forming

22 may be carried out without use of internal press plates, as
shown in Fig. 11. Specifically, press plates are disposed at
the top and the bottom layers, each of which directly

10 contacts heating plates, and the electrodeposited copper
foils with carrier and prepregs disposed between the two
press plates are laid-up.

Each of the top layer and the bottom layer of the laid-
up layers is the electrodeposited copper foil with carrier.

15 As shown in the enlarged view in Fig. 11, two
electrodeposited copper foils with carrier are bonded to each
other such that the carrier foils are directly bonded to each
other and each nodular-treated electrodeposited copper foil
contacts a prepreg. After press-forming is completed, a

20 carrier foil is peeled off from an adhesive interface,
thereby forming an outer copper foil of a double-sided
substrate or a multilayer substrate.

Secondly, a method for producing copper-clad laminates
by employing a surface-treated copper foil as a carrier foil

25 will be described. The cross-sectional view of the
electrodeposited copper foil with carrier is shown in Fig.

10(b). As is clear from Fig. 10(b), the surface of the foil
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I s bonded during production of a copper-clad |am nate. Thr oughout the
present description, the term"natte side" is enpl oyed for describing
a rough surface of the drumfoil. Subsequently, the natte side of
a drumfoil is 5 subjected to surface treatnent; i.e., nodul ar treatnent
and anticorrosion treatnent. The nodul ar treatnment on the matte
side is carried, out through.,electrolysis in a _copper sulfate sol ution
under burnPndggéggtCBBRGFtP&ﬁ§?pﬁﬁéﬁgﬂfsdéﬁﬁsFﬁpﬁﬁlted quFipe, surface
m croparticles on the na%te s%gg so as to forma rou%g_ 10 surfac
| mredi at el YXRREBPREO AP LPOROBA%FulRt 208568 0N, 12 1§e§PsﬁPa99€}is
carried out under smpoth plating conditiong, so _as t.Q pr.event release
of deposi { BREEBEBEF fiBropAPFi SrEEEToderonited copbRy Foid #dde, AR SHY
el ectrodeposited._c nicroparti%%es IS call%d a "nodul ar-treated

e

si de. " The°F§FﬁFr138QSL8&3FarFngﬁt3& §Pge?PPY e, S8F 88SI-0oyed in the present

description to ref.er..to copper.-m croparticl e-depasited si, of an
electrg%eposite r&&E&Ek %&ﬁ 4%%ﬁ$5§§§|Q§5téa COPH%r 4&5%,“€§§i9%§ﬁ%%%ion

treatnent i3 GALLLedaOU, BRRGLE rwo rPpdER10kuklkacRORRE, oo I thr ough
t | G"% Poy or*&n

plating w nc, Zinc , rom am and the thus-treated foi

s dried apdoerroalBnd el Qobpkdl leoihUeLERN REQY G0 ¢ GGlaIGHAS Led

copper foil as a targef pro . The us-tre generally

called a "glplane 40ed! ednkQicl wilth BASHPLEEEY,  Thud!,"LBRL Q13 UGN
ti ol PeC 28 g

t he af orenen ned drum I'tsel enerally “enployed as a carrier

foil, the ﬁa&féggbtﬁéébédas a Lﬁ%bt%%ﬁeﬁb%Q;Q% S%BbQXBQ ifeld nafter,
el ectrodeposite copper foils wth Carrier escrlbeg inclains 7 to 10
will bﬁ) copper-clad laminate. 8Such a structure provides the
following mode of use.
Thus, a copper-clad laminate can be produced by laying-
up the electrodeposited copper foil with carrier, a prepreg
(a prepreg and an internal substrate when forming an outer
15 copper layer of a multilayer substrate), and press plates as
shown in Fig. 12 and press-forming. By use of the
electrodeposited copper foil with carrier, press-forming may
be carried out without use of internal press plates, as shown
in Fig. 12. Specifically, press plates are disposed at the
20 top and the bottom layers, each of which directly contacts
heating plates, and the electrodeposited copper foils with
carrier and prepregs disposed between the two press plates
are laid-up.
Each of the top layer and the bottom layer of the laid-
25 up layers is the electrodeposited copper foil with carrier or
a conventional copper foil. As shown in the enlarged view in

Fig. 12, each surface of the electrodeposited copper foils
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descri bed. Several cross-sectional views of

el ectrodeposited copper foils with carrier and a typical
el ectrodeposi ted copper foil are shown in Figs. in the description

t hese

5 cross-sectional views, a view of an anti-corrosion layer is

om tted. However, an anti-corrosion |layer is typically provi ded fo
preventing oxidation of a copper foil by contact | with air, and ser
as an out eVt cpEFderaplaced psadarernal dayerfe s PIYUGhH é8® In the
case of an electrodeposited 10 copper foil wth carrier, at |east one
anti - cor r oSPB%aCte sy a Prepxeg- sEFEES -fOTI nGurCERE qaFFdredHout

nodul ar-treat ed el ectrodeposi ted copper _foi

Inclaim?7

. In

r
ves

of

the presen¥ithoutt POR1oMIDG: integnali dFEss Platesy o Aftede RIS TIH RS

foil with carrier _as described. in 15 3gy one of clains 1 to 6, wherei
ng ~a

el ect r odepd&i CORPLESSEr @ cargder faxl

pegladhodd from aneAdhRsiye 1

[err]mis enpl oyed. aim7 i,s based on the observation th e o0
1 ect 1 RiopdBHERT SCaypEPerEEEY FOTRIaH Ao G SORRAIL S OF o dpiihy
advant ageous effec%%twhl ch conven IQq.%lye 20 el ectrode&%sel tmeoocllecqlpéoer fo

with carri &8 &Y

10

15

20

25

r substrate. also

EIBEG Pfed. BULEL
advantageous in that no scrap is produced.

As described above, the mode for employing the
electrodeposited copper foil with carrier according to the
present invention; i.e., a method for press-forming, can be
attained by maintaining low the peel strength of
electrodeposited copper foil with carrier at the adhesive
interface layer and stabilizing peelability. Accordingly,
advantages of the electrodeposited copper foil with carrier
according to the present invention provide a great effect to
the printed wiring board industry and great contribution to
reduction of costs for producing copper-clad laminates.

When the electrodeposited copper foil layer deposited
on an electrodeposited foll serving as a carrier foil is
formed into a ultra-thin layer, etching of the copper foil
layer can be completed in a short period of time so as to
form a circuit having wiring pitches of approximately 50 Um
by use of a copper-clad laminate wearing the ultra-thin
copper foil. Thus, a microcircuit of a favorable aspect
ratio can be formed.

In claim 9 of the present invention, there is provided

an electrodeposited copper foil with carrier, wherein an
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The following effects are considered to be advant ages In use of an

el ectrodeposited copper foil as a carrier foil. Firstly, when a
carrier foil which is obtained through rolling; e.g., rolled alum num
material, is enployed, the 25 <carrier foil nust be stained with rolling
oil or is coated with an oily material so as to prevent oxidation. The
oily materi,al affixed on_the faoil, which affects depasition of

24 adhesive,dpterdpaend avey ii& fofmed Ak MR 4t FAAE (9 £Rertain
st ep. An el ectrodeposjted copper, foil, which is produced w thqut

use of oil Pli%wad%?é\ﬁ%lvpﬁe&?ﬁaiwﬁ%vdm AP ﬁ%ﬁ%ﬂﬁz foil, ¥ ned

oxide filmcan he readily renoved through pickling, 5 thereby reducing
the nunber Y6f &fefigcyamuniG aaidy ad’(ﬁtar’blele"tr%ﬁepc%tﬁde )pper foil

|1, 29011 0 e, 20 S SO RROT P ROPRSE, ‘et Bhce 1L OMRES 2
Car T st RO 26 et o WORARSE R 4 e
CEnnt TR oty YTy U (IR SRRl BT, 3 T
el ect rOdep%siictr%%a%%%%qresf Oairle Vgetp%sci‘%rer. %rn q_'rhde "%n I’t:ientse':n. e of the
surface-treated foil.
The schematic cross-sectional view of the
10 electrodeposited copper foil with carrier according to claim
9 is shown in Fig. 13. As is clear from Fig. 13, the ultra-
thin electrodeposited copper foil layer is formed on the
matte side of an electrodeposited copper foil serving as a
carrier foil such that the rough profile of the matte side is
15 transferred. In other words, the electrodeposited copper
foil layer assumes a wavy form. Thus, when a copper-clad
laminate is produced by use of the copper foil, the wavy form
is transferred in a press-formed product. The shape is very
advantageous for forming a microcircuit. Modes for employing
20 the electrodeposited copper foils with carrier for producing
copper-clad laminates are similar to those described in claim
8; therefore, repeated description will be omitted.
Physical properties which are required for forming a
microcircuit will be summarized briefly to the following four
25 points: (1) assurance of favorable adhesion to an etching
resist; (2) assurance of favorable exposure conditions; (3)

short etching time; and (4) appropriate peel strength
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15 circuit is formed by etching without peeling off the carrier foil.

The carrier foil nmay be peeled off after conpletion of formation of
the circuit. In this manner, the surface of a circuit formed froma
copper foil is prevented from staining and affixing inmpurities, and
reliability in post operation 20 such as plating can be renarkably

| mpr oved. Furt hernore, the electro ep05|ted C er_foil V|ng
as a carri e‘fl’f‘&“}d% %Fsdl.ﬁ‘iac‘v:%ft%fr%%‘fﬁ %D The, el e“p‘P TR HHE e

el ectrodeposited c er foil with carri acco di.n the esen

i nventi on c‘iﬂﬁ%ﬁ& Sl QAT okeT eslaetr?eﬁﬁy digt Q atﬂ'1 %‘Fe’f‘ tE’rﬁéﬂe
adhesi ve interface thereln Thu peel d-off carrjer fpils can be
recycl ed aRF®EToeS: rtgiees eriﬁ | R TP AR 3 GRParri er

Vew of enfiddnASTEAS & evavvorP%rPre&mg}&fhfp% asp%*m%a’gﬂ%%?f? or

foils are co Ithed and r f orm copper Al ternatively,
the carrier® 5% t-'é:hlbneq (ﬁessslosfiile':'lcf1 no 17 66 su?rfgu‘%'lo%m d, to thereby

Prepare @ oer teg@,gpgf% ftee SOt A0 418l SadSoBEYE BSpBesOHELE O
assuming a wavy form in a copper-clad laminate enhances
adhesion between a resist and the surface of an
electrodeposited copper. More specifically, when the

10 adhesion to an etching resist is enhanced, undermining of an
etchant into an adhesive interface between a copper foil and
an etching resist can be prevented, thereby forming a circuit
exhibiting a cross-section of a favorable aspect ratio. Thus,
impedance-controlled microcircuits are readily formed. In

15 addition, the surface of the electrodeposited copper assumes
a matte-like surface rather than a typical flat shiny side,
due to its wavy shape. Thus, excessive scattering of
exposure light in an etching resist for forming a pattern can
be prevented, and exposure broadening in pattern edge

20 portions is mitigated.

When an copper-clad laminate employing én
electrodeposited copper foil assuming a wavy form is plated,
peel strength between the copper foil and the plate layer has
proven to increase. Thus, the electrodeposited copper foil

25 with carrier enhances adhesion of a plate layer. Furthermore,
the peel strength between the electrodeposited copper foil of

claim 9 and an FR-4 substrate increases by approximately 3
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The thickness of the el ectrodeposited copper foil serving as a carrier
foil is in the range of 12 [err]mto 210 [err]m In order to prevent
wrinkle generation in an ultra-thin 10 copper foil having a thickness of 9
[err]mor |ess and serving as a material for supporting the thin
copper foil, the el ectrodeposited copper foil has a thickness of at

| east approximately 12 [err] m_\Wen the el ectrodeposited copper foi
has a t hi ckHesdm FEAUPATRH Whth [Ehe |5PReRe foil ¢§ A :Rt8a 15 copper
plate, which is difficult_.to wind into aroll. In claim@ of the
present inventi o¥ 2 HEeEu}E. pFeTYeepn be BReveRted obRpodetenieEpperayoi|
wth carrier, wherein an, adhesive interface |ayer,is forngd on a shiny
side of aniB asRELTHADRT (2 LTUDHeTCF PR RF \FHC WL LtRak r18rCRBFed py
20 use of thiocyanuric acid and an el ectrodeposited copper foil | ayer

i s deposi t ST HPERAMESGR £ MO rimRl el dpicngpircuits R e ef ohal view

of the el ectrodeposited copper foil wt cafrjer is_shown. in Fig. 10.
" the 5 eciattapomeh cipberodctosited cormetabtiLr SHAARI et Fbaeposi Lo
copper foils are 25 bonded .t ogether via gf q%% sive interface | ayer such
1ect?o %
he

that one 2SP&Hf KASTUSCH %F? Pradte betoRy TR ¥RBPFUFACces

Ege Otherfﬂgggﬁéﬂfgg iﬂ‘éﬂégéghghé(%ééésé 1s suppressed, edge portions

of the formed circuit are sharp. Thus, microcircuits are
readily formed.

10 Sharp edge portions of the circuit are shown in Fig. 14.
In Fig. 14, the linearity of both upper edge portion and the
lower edge portion are straight, and whole edge portions of
circular circuit portions such as a land pad employed for
mounting parts to fabricate printed wiring boards are smooth.

15 When a straight circuit is formed with uniformity, migration
of copper when the fabricated printed wiring boards are
operated can be prevented, and electrons discharged from tips
of edge portions when high-frequency signals are applied can
be suppressed.

20 In claim 10 of the present invention, there is provided
an electrodeposited copper foil with carrier, wherein an
adhesive interface layer is formed on both a shiny side and a
matte side of an electrodeposited copper foil serving as a
carrier foil, by use of thiocyanuric acid, and an

25 electrodeposited copper foil layer is deposited on each
adhesive interface layer. Thus, the copper foil of claim 10

has characteristics of the copper foil of claim 8 and that of
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elebtrodeposited copper foil enconpasses both a copper foil | ayer

conprising a typical bulk copper |ayer and a copper- m croparticle

| ayer, and a copper foil layer conprising only a copper-mcroparticle
| ayer. 5 In this case, either a drumfoil or a surface-treated

foil may be enployed as an el ectrodeposited copper carrier foil. In
fact, there |s ng difference in roughness between the shiny sides of
these two Bé? §f foils. Fig. 10(a) shoms a schematic cross-sectional

view of the 10 t rodep |ted co per. fo th carrier in which_a, drum
foil is enpl oye&lé'gﬁé tg’re nfg" 1%\"( " sgﬂov%hea carrier ot c

S R Y ok eseq% rc&paae@ef
SRR UL KUE AT R L R MR
e SRR e s, SRR pzzrc%;em%t%dc Lz;*psz?tsf%z.awm vien r’c? il
o 90c1 10 880t O DR Sl c ol AP Wl A7 bty

drumfoil gy, sa%%%c %gjpo‘ﬁter %%e%et rdfe%%%lt-g% cso‘iﬂaee B3 055-

sect i onal V|eW/of e el ecty osi ted copper carrier is

shown in Fig. 1Q4a) o%%elé fQJ %.a J 'UBH Ged Jg)claﬁrﬁ & vidid 35&?‘ cffa the

foil on which copper cropart A%s are oSl te durlng S ace

treat ment gaRyReBANdEY & %r@%%p@%}med through a method as shown in

10 Fig. 12, the method being one of the aforementioned methods
for producing a copper-clad laminate by use of the
electrodeposited copper foil with carrier as described in
claim 7. The aforementioned second method for producing a
copper-clad laminate can be applied. The mode for employing

15 the electrodeposited copper foil is substantially identical
with the aforementioned mode.

In this method, the electrodeposited copper foil with
carrier as described in claim 11 is emploved instead of that
described in claim 8. Thus, a copper-clad laminate can be

20 produced by laying-up the electrodeposited copper foil with
carrier, a prepreg (a prepreg and an internal substrate when
forming an outer copper layer of a multilayer substrate), and
press plates, and press-forming. By use of the
electrodeposited copper foil with carrier, press-forming may

25 be carried out without use of internal press plates, as shown
in Fig. 12. Specifically, as shown in Fig. 12, press plates

are disposed at the top and the bottom layers, each of which
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Thusl a copper-clad | am nate can be produced by | aying-

27 up the el ectrodeposited copper foil with carrier, a
prepreg (a prepreg and an internal substrate when form ng an outer
copper layer of a multilayer substrate), and press plates as shown in
Fig. 5 and press formng in a manner simlar to that 5 enpl oyed when a
conventlonal Eger foil is used. By use of t he el ectrodeposited
copper foil ¢ &XrFPEFaCEFegganPﬁlﬁ&ates' Aagd EBeCSFPF§€°§Fr°®lFﬁ§ut use
of internal ress | at es, ,as shown in Fig. 11. Specifically, press

pl ates are 88888§e8°é§s withi GarripgraAnd; REeBSEESNAiaDesed batesn iech

directly 10 contacts_heating plates, and the el ectrodeposited copper
foils with Eg?rPEFsﬁnﬁlﬁFEﬁrégg alEpsaagep¥: hedh - tRe two press plates
a0 e o B Soat thash aedBishih bR K Bl
o FEMR e FedP, B b s pepnecc S BIER SR
A Y R RN I S 1 L
s Conpletegitﬁ carrier according to claim 10 is disposed as an internal
layer of the laid-up product and alternately laminated with
prepregs. Thus, press-forming can be carried out without
10 employing internal press plates. After press-forming is
completed, a carrier foil is peeled off from an adhesive
interface, thereby forming an outer copper foil of a double-
sided substrate or a multilayer substrate.
As described above, the mode for employing the
15 electrodeposited copper foil with carrier according to the
present invention can be attained by maintaining low the peel
strength of electrodeposited copper foil with carrier at the
adhesive interface layer and stabilizing peelability.
A method described in claim 11 is preferably employed
20 for producing electrodeposited copper foils with carrier as
described in the aforementioned claims 1 to 10. Since the
carrier foil is typically rolled, the carrier foil is
preferably treated continuously, in view of production yield
thereof.
25 The present inventors have emploved a method for

producing an electrodeposited copper foil with carrier, which

method comprises pulling a rolled carrier foil from one
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20 carrier foil is peeled off froman adhesive interface, t her eby
formng an outer copper foil of a doubl e-sided substrate or a

mul til ayer substrate. Secondly, a nmethod for producing
copper-cl ad | am nat es by enpl oying a surface-treated copper foil as a
carrier foil 25 wll be described. The cross-sectional view of the

el ectrodeposited copper foil with carrier is show in Fig. 10(b). As
is clear fR4FPEEdONIORY) PasRdngu g SagFitre frdily in an apparatus

28 on whi ¢h copper ntcropartlcles are dep05|ted dur,i

surface  Whegpdl: ReNRTd&SYhOIHbAFES 071 Eoramgy an slas Hﬁéﬁt
surfaces; i.e., the el ectrodeposited copper f0|I si de d Lhe ) carrier

foil side, COBPEE £83ifhd 365, 87 cPAEEPUCUSLY dispgseg fp-limes i.e.. a

el ectrodeposited co er foil with carrier repared by bondi ng two
Cypi cal SUPREEIIpGoRaz:. an a@lhéé"tlf’&d SpeEagec SRy HALR Ao

shlny S|des are brougl&g @p tact Wi t,h eacg. éger Thu the
carri er® f orplocyangrdc g a& IéE?P@ﬁeﬁo COERSE 1 ﬁr(ﬁoza

10 copper-clad |.am_nat ture pr oW ng

mde of usgerve ab ek eiacr PoabeReRiiad idrhel BouleIary, 4 mniiar Ty
laying- o edRnel? Blath FRICRRYsST iR RYpreY milrohaG¥ 1% b R €Y
bulk copper layer, an anti-corrosion-treatment bath, and a
drying portion are disposed in-line with appropriately
10 provided water-rinsing baths, to thereby continuously form a
thiocyanuric acid adhesive interface layer and an
electrodeposited copper layer on the carrier foil.
According to the present invention, in a first method,
a carrier foil is unwound from a roll and travels, in a
15 winding manner, in a bath for forming an electrodeposited
copper foil layer and travels along the process line as shown
in Fig. 16. The foil sequentially travels in an adhesive-
interface-forming bath, a bath for forming a bulk copper
layer serving as a copper foil layer, a nodular-treatment
20 bath for depositing copper microparticles on the bulk copper
layer, an anti-corrosion-treatment bath, and a drying portion.
In a second method, an unwound carrier foil travels
horizontally, in a floating manner, along the process line as
shown in Fig. 17, where an adhesive interface layer, an
25 electrodeposited copper layer, and a nodular-treated layer
are sequentially formed.

Either method is employed, depending on the thickness
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(a brepreg and an internal substrate when form ng an outer 15 copper
| ayer of a nmultilayer substrate), and press plates as shown in Fig. 12
and press-form ng. By use of the el ectrodeposited copper foil with
carrier, press-form ng may be carried out w thout use of internal
press plates, as shown in Fig. 12. Specifically, press plates are
di sposed at the 20 top and _the bottom | ayers, each of which directly
contacts ©f Hhe@arFigmtieil andn e fddtstodiardate® SHTET 9% with
carrier and prepregs di sposed between the two press pl ates are
| ai d-up. travels 1m &, Wmdig marnes; &Y [EHLHAtHHIm 16 - t e ai d-
25 up layers is the el ectrodeposited coquer foil with carrier or _, a
convent i ondePEHPerh & 1short AR Thehh I SRgeen ity Fan regdily he
each surface of the el ectyrodepqsited copper foils .
29 controljad, ad ANk APRETATh i TSR RESHERRAE Bt o
contact_with a prepreg. .Press-formng_can be rried out | t hout
onpl oyi Bg. IGRAEAEH A6k Shey LRI Ony ( ABER QBLANGR RFS denezatad AR The o
carrier foil s e%eiglr(@‘ froman adhesiyv 5.4 nterfacge theretﬁ/ f orm ng
an outer cfﬁﬁé‘”r"%oi ° rdlf’(?olrg -aveallngs’i atgtf s%sr]i%‘ieecboértvﬁe%ﬁ §d gae
Substrate.aggagﬂgk%éfiz¥é¥%es, thereby generating unevenness in
electrodeposition. Thus, constant electrodeposition is not
attained. In addition, in the first method, an
10 electrodeposited copper foil layer can be formed on each side
of the carrier foil as described in any one of claims 2, 4,
and 11, by disposing anodes so as to sandwich the foil.
If formation of a bulk copper layer in a bulk-copper-
layer-forming bath is omitted, an electrodeposited copper
15 foil with carrier in which an electrodeposited copper foill is
formed from copper microparticles can be readily produced.
Similarly, such an electrodeposited copper foil is also
produced through the second method, as described below.
The second method is employed exclusively for producing
20 an electrodeposited copper foil with carrier in which an
electrodeposited copper foil layer is formed on one side of
the carrier foil. In the second method, within each bath a
solution contained therein springs from space between
elements such as anodes disposed in parallel and facing the
25 carrier foil. 8ince the carrier foil travels on each

springing solution in a floating manner, fluttering {(up-down

movement of the carrier foil) is caused during traveling,
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advant ageous in that no scrap i s produced. As descri bed above,

t he node for enploying the el ectrodeposited copper foil with carrier
according to the 10 present invention; i.e., a nmethod for press-form ng,
can be attained by maintaining | ow the peel strength of

el ectrodeposited copper foil with carrier at the adhesive I nterface
| ayer and stabilizing peelability. Accordingly, advant ages of the

el ect r odepbSeredYc FEHETHtINg HoEyelnessein £ eftdfasmes ittd e Jreddift

i nvention provide a great effect to the printed wring board jndustry
and great E6FOPSLIERRdyo aPPLicatdem ofh PR £ &rhepr‘:@&%&ieﬁg fYpers ¢l ad
| am nates. _, __. When t he el egtrodeposj,ted copper, foil |ayer. deposited
on an el ecBifSFHt &F CoOMPATEA, Mifhad termeft&qd'i s c%’%%ﬁ?éﬁpi 0 a
ultra-thin | ayer, etchin f. e pper__fqil ., l.ayer .can be conpleted in
a short pefe&gigm tlism§‘°§% %s}fi%cu ¥ %"m%ﬁ‘eciflpc’ﬂi tl%g\’\lﬁ‘d‘%"ri ng pitches
of approxinmately 50 [err]m b se af a_c er-.cl ad l.am nate wearing

t he ultga-gﬁfﬁe%°re'c P s ﬁﬁ#ﬁéazfﬁﬁQﬁéﬁaj it %ﬂp¥§yF%€3gﬁble aspect
25 ratio c aim9 of the present invention,

f . . |
there is p?‘%\?:aﬁ‘é&%r rée%h&r?kelcgftrl"&feggg’l ‘ed copper foil with carrier,

wherein an Pickling is carried out in ordeéﬂko completely remove

oily matter deposited on a surface of the carrier foil
(degreasing) or to remove a surface oxide film coated on a
10 metallic foil. The carrier foil is cleaned by passing in a
pickling bath so as to attain uniform electrodeposition in a
subsequent step. The acid solution employed for pickling is
not particularly limited, and solutions such as hydrochloric
acid solution, free sulfuric acid solution, and free sulfuric
15 acid-hydrogen peroxide solution may be employed. The
appropriate conditions, such as concentration of the solution
and solution temperature, may be determined in accordance
with characteristics of a production line. In addition,
pickling is generally required for a drum foil which is to be
20 employed as a carrier foil. In contrast, a surface-treated
carrier foil containing corrosion-inhibiting elements on the
surface does not require pickling.
An organic adhesive interface is formed on at least one
surface of a carrier foil by use of a bath containing
25 thiocyanuric acid. Several methods may be employed; i.e.,
(1) immersing a carrier foil in a bath filled with a solution

containing thiocyanuric acid; (2) applying a thiocyanuric
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adhesive interface layer is forned on a matte side of an

el ectrodeposited copper foil serving as a carrier foil, by use of

t hi ocyanuric acid, and an el ectrodeposited copper foil | ayer is
deposited on the adhesive interface |ayer. The 5 carrier foil enployed
herein is typically the aforenentioned drumfoil and is rarely a
surface-treated foil, since cop nlcropartlcles are deposited on the
matte S|deaSFdfﬁéntalni§9rF&&@tﬁPéaFQdaféwrface on which,ansadbagive
cross-sectional yiew of the 10 electrodep05|ted copper, foil, with carrier
accordi ng t£8YEFaif to begiprmeds.thrqugnys P?erA§9|§rcﬂ§8PpﬁHﬁnHﬂg? 13,
the ultra- i.n el ectrodepqgsited copper .foil s fqornmed_ on_the
matte S|decﬁﬁlanaéﬁeéPPo&é68§FPéﬁp8§ﬁﬁéng5PP°§€P@|ﬁé°a§°&d in & Bathy

foil such that t rough profile of_the natt side i 15 tra err

ot her “vor ds. -t heLées b0 ok terfacy S Fenedan, "
form Thus a_copper - eis produced by use of the
copper 0|Fhetﬁ§°%59$%£6PHFd manP§rfr5n§P§%r€3 PPfT, a press-formed product.
The shape |s ver advant ageou for for oci rcuit des for
enpl oyi ng 13¥fhe éel]eec‘i ﬂ f‘ﬁ EQFF‘F °P0F{\’/groduci ng
copper-clad Ian1 m | ar._to hose de r|be I n.clai.m

are s
t her ef or e, 835 %§ggéwﬁpepgﬁrfafﬁ %ayenltteg particular ﬁﬁmlﬁﬁﬁldn

propertieslgf Ppy ?br q%hregpg% ffngL%%ugge emﬁto&% CHEF%'%&TQ'C%%%

sunmmari zed 1) "assurance

favorabl e 3d3gs.88:hepg s8tel Ba o solG¥idn o 355 VRBEE GhrliaNy a0l ©

exposure con It
10 solution or copper pyrophosphate solution may be used. For

example, a copper sulfate solution comprising copper (30-100
g/l) and free sulfuric acid (50-200 g/l1l) is employed at a
solution temperature of 30-80°C and a current density of 1-
100 A/dm®, and a copper pyrophosphate solution comprising

15 copper (10-50 g/l1) and potassium pyrophosphate (100-700 g/1)
is employed at a solution temperature of 30-60°c, a PH of 8-
12, and a current density of 1-10 A/dmz. In practice, an
organic adhesive interface-formed carrier foil is immersed in
a copper-source solution. The carrier foil per se is

20 cathodically polarized, while anodes are placed so as to face
an adhesive surface of the carrier foil in parallel. Thus,
copper species for forming a bulk copper layer are
homogeneously and smoothly deposited on the organic adhesive
interface layer. The anode configuration is also emplovyed in

25 other baths in which electrolysis is carried out.

After formation of the bulk copper layer is completed,

the carrier foil is treated in a copper-microparticles-
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short etching time; and (4) appropriate peel strength

31 (i ncluding resistance to chem cals). The el ectrodeposited
copper foils with carrier satisfy nost of the aforenentioned
properties. Among these foils, the el ectrodeposited copper f ol

assum ng a wavy form predom nantly assures favorable 5 adhesion to

et ching resi st ,and_ exposure condi tions ) Enpl,oynent of suip

el ect r odep5SFMEBICBALE, SPopf to f°§§sGHPR&ramW€€9PFgEﬁFﬁﬁS oo B 3I§ﬂ

| am nat e enhances adhesi on beL%e ﬁ resist and the surface of an

el ect r odepGSPPEY LB¥BEr . NBF@ §B§€F teat y EnPFﬁgest £ox keI™3R% o an
etching resist is enhanced Q 190 % % I nto an adhesive
i nterface 88PREEnmé°5885§FiFEFF ARgiudes §ns§F8hPﬁg F? ingn cppPer
prevent ed, thereby. fornn ir I_bi ting.a_crgss-sectia of a
Pvor anl e BLEERPAFLLE3e=THA, the uﬁ?‘nﬁeagﬁseqexﬁfr BReR RESPOSE S8PLs ar o
readlly for t he.surfac t he electrod%p03|ted

dd
copper Bﬂgglng 80 aﬁa$9e5%F§§h§uFF&885FaP eaepﬁgﬁtgdtyﬁngl flat shiny

si de, vy shape. Thus, excessive scattering of
exposure IlgﬁfoPn gﬁ%%m%hlng resist for formng a pattern can be

prevented, and gxpgsure brLeade iy tihPUpet Gd% oparticles on the

bulk copper layer, a solution similar to a sclution placed in
the aforementioned bulk-copper-foil-forming bath is used as a

10 copper source. Bulk-copper-foil is formed under smooth
prlating conditions, whereas copper microparticles are
deposited under burnt deposition conditions. Typically, a
solution employed for depositing copper microparticles on the
bulk copper laver has a concentiation lower than that of a

15 solution for forming a bulk copper layer, so as to readily
attain burnt deposition conditions. No particular limitation
is imposed on the burnt deposition conditions, and the
conditions are determined in consideration of characteristics
of a production line. For example, a copper sulfate solution

20 comprising copper (5-20 g/l), free sulfuric acid (50-200 g/l),
and an optional additive such as ®-naphthoquinone, 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

25 microparticles with copper under smooth plating conditions so

as to prevent release of deposited copper microparticles.

Thus, a solution similar to that placed in the aforementioned
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20 portions is mtigated. When an copper-clad | am nate enpl oyi ng
an el ectrodeposited copper foil assumng a wavy formis plated,

peel strength between the copper foil and the plate |ayer has proven
to increase. Thus, the el ectrodeposited copper foil 25 wth carrier
enhances adhesion of a plate |layer. Furthernore, t he peel strength
bet ween the el ectrodepagsited copper_ foil ,of claim9 and an FR-4
substrate PHekeSSRBeBy £Qppr ERFMANE| Pash is used as a c°Pper source. No

32 ) f/cm,as conpared with the copper fq of claim 8.

As a resulP?rFHQPgaEaﬁlﬂétBFé?BnPéd1PRQSGQt8P|5 ﬁtPBﬁf°rm deROFILAON rati o

of a cross-seﬁﬁlon of C|rc%bt that..is cau g.formation of 50

[err]m pit ERPREELGBEY cBPEs BBE G§8d6F18n55aESnQ@ﬁFF@ﬁEFgePBCtrodep03|ted

foil i ti b tt d. .| ddi t
e ey nobra aeae bR nE cRaTARCRR LgEaELGE: BsPEPORE ARy 1a08ey. Fotye
portio formed ci

readi|95foPﬁaﬂpﬁeloa °°Ppe§h5PB%8&5eSB§P?ﬂsnscsvpfﬁélgbf%§%%5%?'3§h§wn n
Fig. 14. 14 | t f d t dth
Mover sugefdl RBR Sreterratiric araaePs 1o, /EE ik, SaBiphed W20 e

cireut portiuglon gmggrgthggdogagOenggyand a current density of 10-

50 A/dm’.

The anti-corrosion treatment prevents oxidation-induced

10 corrosion of a surface of an electrodeposited copper foil
layer so as to prevent failures in the course of producing
copper-clad laminates and printed wiring boards. Both
organic anti-corrosion treatment making use of a compound
such as benzotriazole or imidazole and inorganic anti-

15 corrosion treatment making use of a substance 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. When an
organic compound is employed in anti-corrosion, such an

20 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 substitution deposition.

25 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
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rmuhting parts to fabricate printed wiring boards are snmooth. 15 Wen a

straight circuit is formed with uniformty, mgration of copper when
the fabricated printed wiring boards are operated can be prevented,
and el ectrons di scharged fromtips of edge portions when

hi gh-frequency signals are applied can be suppressed. 20 In

claim 10 of the present invention, there is prqovided , an
el ect r odepb&eddedsp P WsG 10fniziP car SRsCiiffaldivy & Z21nC ByjipRlIQRPhate

interface layer, is_forned on both a shi nés s3i de @Qd a natte side of an
el ect r odep®Latdd 9 B3y cogprisdng fdngs @-30 9/ddr A% BYIASSP yse of

t hi ocyanuric acid, and an _ 2 el ectrqdeposi ted copper fail J|ayer is

deposi t ed Wr@g&qsp%ateao(ﬁ&%p@ igr(tc"'ér f’e?ceen}pailfé’re.dc'ﬁﬁﬁsa, § er foil of
claim10 has characteristi.,cs of the cgpggr foil of claim %&%nd t hat of
33 temperatjurenof 20-50°C, a gH Pfa7P 14+t RBIBpFEFTRGE d§PSEEY m 9,
the carrier faqil | oyed herein is the aforenentioned drum foil

si nce c%pp@F %‘3'1ﬁb§V%%E'electrodeposited on the matte side of the carrier

5 foil. As is clear frqma schenmatic. .cross-sect al vi.ew.of Fig. 15,
an el ectrodeposiﬁe% Y eercq‘roﬁlle‘se’%rov’ilnglsagaassceaér rti'%elFough ‘et

aforementioned bath containing a treatment solution, the
thus-formed electrodeposited copper foil with carrier is
dried in order to coil to a roll. Specifically, the thus-

10 formed wet electrodeposited copper foil with carrier is
passed through a heat-drying furnace.

The electrodeposited copper foils with carrier
described in claims 1 to 10 are produced through the above
steps. These electrodeposited copper foils predominantly

15 serve as material for producing printed wiring boards. Thus,
in claim 12, there is provided a copper-cladllaminate or a
printed wiring board produced by use of the electrodeposited
copper foil with carrier as recited in any one of claims 1 to
io0.

20 In the present specification, the terms "copper-clad
laminate” and "printed wiring board" encompass a single-sided
substrate, a double-sided substrate, and a multilayer
substrate. 8Such substrates may be fabricated from a rigid
substrate, a hybrid substrate, or a flexible substrate

25 including a particularly designed substrate such as TAB or
COB.

Examples
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foil is sandw ched by outer el ectrodeposited copper foils. The

copper foil as described in claim10 having such a structure can be

press-forned through a nmethod as shown in 10 Fig. 12, the nmethod bei ng one

of the aforenentioned nethods for producing a copper-clad | am nate by

use of the el ectrodeposited copper foil with carrier as described in

claim?7. The afg&g nti oned _second nethod for_ producin ,Cop er-clad
B i BhadC

| ani nate can be F@Sntfh§°ﬁ083rfgﬁn§nﬁp5yF PESSER, g SRYERESS:
' Ehi s nePRsh, BEnacBrEtPPdieposi ELE CoBberLPs F%Hggerg@t{,@gg ¢ m)de

B Thus, o %8@%%?%3&5% S RECEaERR OB 5 o026 oBPBAuEE Loy PR, FREFAE n£C' o
nternal oCBe: PagEeRRoRnven 1% %Pﬁgcgﬁg%rﬁt 8780 ppBISRE S8 PoPRIcHt FrPRyer
ol cct 1 oopsalt ShecspsdbBRs ol FRrady, (811 1Y S?ﬁ]eBy u%edeffﬁtr%eéaru ed

out m”Fhou%lgﬁgsggﬁ%&%g%ﬁfkfgggigYBE?L%ibnagfsQﬂgnf01ls.'nTﬁ' ca rlF

Speci fi cal di"'spose

gzp and th?oggthgghkﬁﬁgﬁsinegﬁg lewghﬁgg examples is formed of an

electrodeposited copper foil. 1In the Figs., when possible,
identical portions are denoted by the same reference numerals.
i0
Example 1l: In the present embodiment, an electrodeposited
copper foil with carrier 1 according to claim 9, which is
shown in Fig. 10(a), will be described. An apparatus 2 for
producing an electrodeposited copper foil with carrier 1 is
i5 shown in Fig. 18. 1In the apparatus, a carrier foil 3 is
unwound from a foil roll and travels, in a winding manner,
along the process line to thereby produce an electrodeposited
copper foil layer 5. A drum foil having a thickness of 18 Hm
and classified as grade 3 was employed as the carrier foil 3,
20 and the electrodeposited copper foil layer 5 having a
thickness of 5 Mm was formed on a shiny side 4 of the carrier
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
25 disposed in-line.
Firstly, the carrier foil 3 taken from the foil roll

was transferred into a pickling bath 6 filled with a diluted
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directly contacts heating plates, and the el ectrodeposited copper
foils with carrier and prepregs di sposed between the two press plates
are alternately | aid-up. Each of the top layer and the bottom

| ayer of the | aid- 5 up layers is the el ectrodeposited copper foil with
carrier or a conventional copper foil. One el ectrodeposited copper
foil with carrier according to claim10 is disposed as an |ntern

| ayer of tE&epapy¥léprproasdd &ﬁguéPPQrH&FéP§ RafPREEEGTRLiRD of

Thus, press-forging can be carried out without 10_ enploying |nternal
press pl at 8§. 3°A@terTb¢e§§r¥b¢ﬁ1ﬁ@llswas inperpedt £ar A0cBPFPBASFOEP is
peel ed of f from an adhesiv I nterface, thereﬁﬁyforn1n an outer ipper

foil of a YBMAVE-oily mg; &86 anfserxEacs, oxifs EiLm Eromshe, sugtace o

As descri bed above, the g for enploying the 15 el ectrodeposited copper
foil with & FrFéFrAEEoFBFﬁ to the present invention can be attained
by naintaining Low the peel n ngt b of electrod |te copper foi
with catrier at A{%ﬁgr the garxdere °r'|'§ %f §fé‘r zfﬁ(? dfﬂ

peel abi | it od de cri be aimi1l |s pre ab

ol oyed | PACKERSPBEHL Fhg tBPedPrIABse 3&5%85589 10 By B s,
described i,n,th aforenent on cl,ai 1.to, Slnc the carrler f0|
i's typlcalﬁﬁtfaﬁfgﬁ toRR ggrrlgp POF lgd W1 pre Z% WL 5°1ut1

contlnuouslé n view of. product,i t her he
X

present inVé FECKAGBTATHREY d‘gﬁnégth%nglntalnﬁ 08ﬁ0|§g an The
eIeCtrOdepggkgqgrcgeggr f%ﬁs Whhhl %Brkir’ﬁthcgnd immersed for 30

10 seconds, thereby forming on a surface of the carrier foil 3
an adhesive interface layer 8.

After the adhesive interface layer 8 had been formed, a
bulk copper layer 9 was formed on the adhesive interface
layer. A bulk-copper-layer-forming bath 10 was filled with a

15 copper sulfate solution having a free sulfuric acid
concentration of 150 g/1 and a copper concentration of 65 g/1
and maintained at 45°C. The carrier foil 3 having an
adhesive interface layer 8 was passed through the solution so
as to form a bulk copper layer 9. In order to deposit copper

20 uniformly and smoothly on the adhesive interface layer, as
shown in Fig. 18, anode plates 11 were placed such that the
anode plates faced one surface of the carrier foil 3 in
parallel. Electrolysis was carried out for 60 seconds under
smooth plating conditions and at a current density of 15

25 A/dm’. 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 the carrier foil 3 per
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met hod conprises pulling a rolled carrier foil from one

35 : direction and passing the carrier foil in an apparatus
wherein a variety of baths for form ng an el ectrodeposited copper foi

| ayer are continuously disposed in-line; i.e., a pi ckling bath, an
adhesi ve-interface-form ng bath containing 5 thiocyanuric acid, a bath
for formng a bulk co per | ayer to serve as an el ectrodeposited copper
foi |l |ayer 5€atQodulc@thode. treatment bath for depositing copper

m croparticles on the bul k copper | ayer, an antl-corr05|on t r eat ment

bath, and a Ather FPTR i of ¢he FIRRYT AYRE P d’tﬁﬁoprl ately 10
prOV|ded wat er-rinsing_baths, to therehy continuously form
t hi ocyanur CO™REe¥eddnh oy EarTies £y é’yé"iasar'fd’aé‘ﬁferreaellé’d:ﬁ @d%?’éd
oo o el ey eéw%% L otedta ol
e Bt o T 8 LR B o211
AN TNR i AR S i e
as a COpperfofr(rjnlzl.lng %%rh %,n%%l%rloq.rvetsr %atprg?sr}.tlng copper microparticles 13
on the bulk copper layer 9 (step 14A) and seal-plating so as
to prevent release of the copper microparticles 13 (step 14B).
10 Step 14A, depositing copper microparticles 13 on the
bulk copper layer 9, employed a copper sulfate solution (free
sulfuric acid concentration of 100 g/l, copper concentrati&n
of 18 g/1, temperature 25°C) similar to that employed in the
bulk-copper-layer-forming bath 10, and electrolysis was
15 carried out for 10 seconds under conditions for forming burnt
deposit at a current density of 10 A/dm®’. In this case, as
shown in Fig. 18, anode plates 11 were placed such that the
anodes plates faced the bulk-copper-layer-déposited surface
of the carrier foil 3 in parallel.
20 Step 14B, seal-plating so as to prevent release of the
copper microparticles 13, employed a copper sulfate solution
(free sulfuric acid concentration of 150 g/l1, copper
concentration of 65 g/l, temperature 45°C) similar to that
employed in the bulk-copper-layer-forming bath 10, and
25 electrolysis was carried out for 20 seconds under seal
plating conditions and at a current density of 15 A/ém?. 1In

this case, as shown in Fig. 18, anode plates 11 were placed
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20 bath for depositing eoepper—meroparticles on the bul k copper | ayer,

an anti-corrosion-treatnent bath, and a drying portion. In a second
nmet hod, an unwound carrier foil travels horizontally, in a floating
manner, along the process |line as shown in Fig. 17, where an adhesive
interface layer, an 25 el ectrodeposited copper |ayer, and a

nodul ar-treated | ayer are se uentialuy f or med. ) Ei t her net hod
i s enploye&?c@bﬁ@ﬁﬁ ﬁfqngqﬂq§1ﬂﬁ fﬁgce the copper-microparticles

36 of the carrier foil. In the first nethod, a carrjier foi
travel s in @33i-#eReihathSunipcresfs e G IGF Yl 3 e Parallgdysi on of
a short portion _of the carrjer foil can readily be control |l ed, and
wri nkl e gener at iW’i'scc’rrereﬁﬁ’IC_ip PrERATSRE RS Qo‘g/’é‘b‘rﬁdr Aty g 13k al’é‘h’_s‘l on.
e S SLJh, 16 WO S 2 AR
VeSS (oo, SRS o Wi, W SR i AR
o ect oD LU % WS (R SR e 07 1
di sposi ng %@%%%%é%%é?%&é)é¥“¥¥géﬂ1£tgié(gdti-corrosion-treatment bath

15. The electrolysis was carried out in a zinc sulfate

solution comprising free sulfuric acid (70 g/1l) and zinc (20

10 g/l), at a temperature of 40°c for five seconds and a current

density of 15 A/dm’.

After completion of the anti-corrosion treatment, the
carrier foil 3 was passed through, over 40 seconds, a drying
portion 17 where the atmosphere had been heated to 110°c, to

15 thereby produce an electrodeposited copper foil with carrier
1, which was then wound into a roll. During the
aforementioned steps, the carrier foil ran at 2.0 m/minute.
The foil was then washed with water in a water-rinsing bath
18 capable of performing about 15 sec. water-rinsing and

20 disposed between 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

25 of 150 Mm were laminated to thereby produce a double-sided

copper-clad laminate. The peel strength at the organic

adhesive interface 8 between the carrier foil layer 3 and the

46



If formation of a bul k copper layer in a bul k-copper- | ayer-form ng
bath is omtted, an el ectrodeposited copper 15 foil with carrier in which
an el ectrodeposited copper foil is formed from copper mcroparticles
can be readily produced. Simlarly, such an el ectrodeposited copper
foil is also produced through the second nethod, as described bel ow
The second net hod is enpl oyed excl usively for prodUC|n 20 _ an
eIectrodepo§#?§&r€éﬁBQP1F6ﬁlGWPPﬁrcéPFPeﬁaVﬁrwﬁl@ﬁsaﬁe suregd-ectiPSdeposi t ed
copper foil layer is_fornmed on one sid the carrier foil. In the
second nethéaerﬁFFhFH1€§Bﬁs§aPﬁ ghe adh§§ﬂ8@|&Ht@6§P§Fné&YFHeNéﬁ1QSEWPngs
from space between enents such as anqdes %fsposed in parallel and
facing the T88§ rEéPFtéraFﬁlFh°w§|ﬁBeTPHée§aﬂr|éW 0i | travels on each
springing solution in a floating manner, fluttering (up-down novenent
of the carrier foil) is caused during traveling,

37 t h ti | t

the 5 scEaABSHELAS, 1 i beccRERO  SERAIBR A R COAFETERSRT A
difficult d.with the first method.. .Control|i f t

more i 111 CHPPORRGACLAC "M CRETLREnAoRoC SRR BroFde hd s ERUTE R hod | <

preferably gﬁghoygg %1g. 10(a), will be described. An apparatus 2' for
producing an electrodeposited copper foil with carrier 1 is
shown in Fig. 19. 1In the apparatus, a carrier foil 3 is
10 wunwound from a foil roll and travels horizontally, in a
floating manner, along the process line to thereby produce an
electrodeposited copper foil layer 5. In the apparatus 2°',
divided anodes 1l1' were disposed in at least a bulk-copper-
layer-forming bath 10 and in a surface-treatment bath 14 such
15 that the anodes faced in parallel one surface of the carrier
foil 3.
From slits formed by the divided anodes, an electrolyte
is allowed to issue such that the carrier foil 3 can be
floated and that the electrolyte contacts one surface of the

20 carrier foil 3. Such slits are also formed by similar

elements— ot necessarily anodes in other baths so as to
float the carrier foil 3. Herein, a drum foil having a
thickness of 70 MHm and classified as grade 3 was employed as
the carrier foil 3, and the electrodeposited copper foil

25 layer 5 having a thickness of 5 Um was formed. Hereinafter,

production conditions of electrodeposited copper foils with

carrier will be described with reference to an apparatus
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handling a thick carrier foil. Pickling is carried out in order
to conpletely renove oily matter deposited on a surface of the carrier
foil (degreasing) or to renove a surface oxide filmcoated on a 10
metallic foil. The carrier foil is cleaned by passing in a pi ckling
bath so as to attain uniforn1e|ectrodeposition in a subsequent step.
The acid solution enployed for pickling i not particularly limted,
and sol uti ofteZBLR asvﬁyaFGEhPSrPéths ar&cF8n§6PHPPSHY FF§8°§6Ff&P|&¥%ﬁ(j
solution, and free sulfuri¢c 15 aci -hydrogen per oxi de sol uti,oqn na
enpl oyed. The Flrs&ﬁﬁroﬁPFaFérE&ﬁ&'FP&&S Sasrna Erogh &g EoditoF the
sol ution and sol ution tenperatyre, ,may_be_determ.ned i,n_accqrdance
with charaCVéﬁl§FPE§f6Fr§dpFBBGCF| ﬁckpﬁég Pﬁtgdélﬁﬁ&AEd W1thpﬁcﬂll &
general |y reQU|red for ymfoil whichis to enpl.oyed 3 ?
carrier foif eelﬁ“&éﬁfﬁ&s?°19 §8?P§&8ntpégﬂ€§ 2" °°n€§FFF§F1P PEc drlai%ditng
corrosion- |nh|b|th% el enent s_aqp face does not uire
pi ckl i ngg ~ and main ﬁﬁnﬁﬁgéﬁléoaﬁhesT@% ?ﬁ?ﬁ}?ﬁcg°?§ Vﬁ?néﬂm% sef Fgﬁst one
surface of a_carri.er fg gy % a _bath cont ai, ¢ thIOC r c
acid. SevePRPTREIFBEE ¥ad éesﬁﬁ Byed® FeBOYe oi Y( ﬁﬁé?&.n& Prier

foil in a bath.,filled th a_sol uti.on ont ai ni.n th| cvanuric aC|d
(2) applying* éthféﬁ ¥%Pm dne®surrade of thecAriad ¥d11°%° 38

After the carrier foil 3 had been treated in the
pickling bath 6, the foil was passed over an adhesive-

10 interface-forming bath 7 containing a 5 g/l aqueous solution
of thiocyanuric acid (pH 5), at 40°C. The carrier foil 3
traveled horizontally while contacting an aqueous solution
containing the organic agent which is allowed to issue from
the adhesive-interface-forming bath 7 for 40 seconds, thereby

15 forming on a surface of the carrier foil 3 an adhesive
interface layer 8.

After the adhesive interface laver 8 had been formed, a
bulk copper layer 9 was formed on the adhesive interface
layer. A bulk-copper-laver-forming bath 10 contained a

20 copper sulfate solution having a free sulfuric acid
concentration of 150 g/l and a copper concentration of 65 g/l
at 45°C. The carrier foil 3 having an adhesive interface
layer 8 was passed over the solution to form a bulk copper
layer 9. In order to deposit a bulk copper laver 9 uniformly

25 and smoothly on the adhesive interface layer 8, as shown in
Fig. 19, anode plates 11' were placed such that the anode

plates faced in parallel one surface of the carrier foil 3.
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acid-containing solution to a surface on which an adhesive | ayer is to

be formed, through showering or dropping in a cell; and (3)
electrodep03|t|ng thi ocyanuric acid in a bath. After the organic
adhesive interface layer is formed in 5 the aforenenti oned manner, a bul k
copper | ayer el ectrodeposited copper foil is formed on the
organi ¢ adhesive interface layer. No particular limtation I S_inposed

on the coppE?eF5ﬁ°§35FEewéﬁpF8§€aan°th5PE &8pperonds uPQ?érSFBPﬁPng bat h,
and a solutlon such as _copper sulfate 10 solution Qr copper roghosghate
sol uti on ma® BElﬂgeG°nﬁbF1°ns aEQaﬁﬁlé CHrESBﬁePe§ﬁFF¥tQfsépug/éﬂ

conpri sing co nd,fre ric,acid (50-200 S
ool oyed ot CHEE caby) aFi dpapkRBPALARaLEn S8 k0t s PREBERIRLPG FPANACY
density of 1- [ and.,a co I, r.o hat e qutlon
Conpr | 3 ng WAEBCEPBeRoFLBeBEay LY ~Hnaifa; SBEF aﬁ5§§P33 §§sﬁaws (*0700 g/1)
Is enpl oyed at _a _sol ution teggerat re 0 30-

and a coir cRETESRET EYPBEIEE) brpPLadize tRe! brgrigh 10113, per g5

adhesive in erfacet%oaned carrier foil is |nnersed in a copper-source
sol ution. 8 RaFfré&P Foi | per se is 20 cathodically polarized whil e
anodes are placegfio a§or%afa % of th%nb%QQeS|P%F§urf Fge carrier
foil in parallel Opper specl €5 bu K copper | ayer

are hoHBﬂﬁTS@Eﬁ'ytﬁ dcé?? EQ'¥o§?pQShBSd QQSEBG 9 QaQ!%oBBQ?Q'Ve
I nterface | aye e anode con rguration s arso I N

microparticle-forming bath 14 in order to form copper

10 microparticles 13 on the surface of the bulk copper layér 9.
This treatment, carried out in the copper-microparticle-
forming bath 14, involves depositing copper microparticles 13
on the bulk copper layer 9 (step 14A) and seal-plating so as
to prevent release of the copper microparticles 13 (step 14B).

15 Step 14A, depositing copper microparticles 13 on the
bulk copper layer 9, employed a copper sulfate solution (free
sulfuric acid concentration of 100 g/l1, copper concentration
of 18 g/1, temperature 25°C) similar to that employed in the
bulk-copper-layer-forming bath 10, and electrolysis was

20 carried out for 15 seconds under conditions for forming burnt
deposits at a current density of 10 A/dmz. In this case, as
shown in Fig. 19, the anode plates 11' were placed such that
the anodes plates faced the bulk-copper-layer-deposited
surface of the carrier foil 3 in parallel.

25 Step 14B, seal-plating so as to prevent release of the
copper microparticles 13, employed a copper sulfate solution

(free sulfuric acid concentration of 150 g/l, copper
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25 ot her baths in which electrol ysis is carried out. After

formation of the bul k copper |ayer is conpleted, the carrier foil is
treated in a copper-mcroparticles- 39
formng bath so as to form copper microparticles on the bul k copper

| ayer. More specifically, the process for formng copper

m croparticles includes a St{f of depositing cop;)e,r . mcroparticles on
the bul k coppgentmatiomPh & &/ bf cemperatyret4h§)sFimday fo it

rel ease of deposited copper m croparticles. ., n a step of
deposi ting e "c‘?o‘%g? tt?‘blr’é’sc%?P?’Fl'elayer'g‘H’Rl%ptﬁ)%'fhl%\@Er?n‘i sol ution
simlar to solution,glacedin e_af orenenti oped

. th
bul k- copper® YRR FE ¥R hg iRt FRTRISARHBESE 40 TOPRRAIS srfien, seal
Bul k- copper-foi)] is formed under_snpoth | ati ng condifion yher eas
copper Pnpcr%ﬂ‘?%l%%“%’r%mns and % eTPIFRR ‘B?H%’?t%le%gsﬁi%za’&dndi{’fons

VPSR LY, Buig ndf) VA SR B O FSPEBAL I £OPRCL, 120 ke o
2ol ut 190 Shud A AP oS BBEL AP B and VAF AP trqmarBhiah”
the burnt deposiidon. cond | opsee 808 L carri&P"EbL1 OFSiA" SafgRLTI N 110
Anti-corrosion treatment was carried out over an anti-
corrosion-treatment bath 15, by use of zinc as a corrosion-

10 inhibiting element. In the bath, a zinc plate serving as a
.soluble anode 16' was employed, to thereby maintain the
concentration of zinc in the anti-corrosion-treatment bath 15.
The electrolysis was carried out by use of a zinc sulfate
solution comprising free sulfuric acid (70 g/l1l) and zinc (20

15 g/l), at a temperature of 40°c for 20 seconds and a current
density of 0.3 A/dm?.

After completion of the anti-corrosion treatment, the

carrier foil 3 was passed through, over 40 seconds, a drying

portion 17 where the atmosphere had been heated to 110°C, to

20 thereby produce an electrodeposited copper foil with carrier
1, which was then wound into a roll. During the
aforementioned steps, the carrier foil ran at 2.0 m/minute.
The foil was then washed with water which was allowed to
issue from a water-rinsing bath 18 capable of performing

25 about 15 sec. water-rinsing and disposed between successive
operation baths, thereby preventing the solution from being

carried over from the previous bath.
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of a production line. For exanple, a copper sulfate solution 20 conprising

copper (5-20 g/l), free sulfuric acid (50-200 g/l), and an optiona
addi tive such as a-napht hoqui none, dextrin, glue, or thiourea is

enpl oyed at a solution tenperature of 15-40 C and a current density of
10-50 A/dnferr]. Seal plating is a step for uniformy coating

copper 25 nicrgfarticles w th copper under snmooth plating conditions so
as to prevent r&headdus e e LFARGP I I h £AMRGRLOLL Withh s g
solution simlar tq that&g!a% d in the afaorenmentioned

e -

hegits. oy MRid BHAPTES JRNng 2 tsimeatur ce.

40 carrier {apdc Sy

No particular limtation is inposed on_the uniform depositiaon
condi ti onsfadd 0 Har ¥sxe degisated & &heredby produce & slgubdegisedy
characteristics of _.a prodyction |ine. For

5 exa}:rr}rgl e, ?’Fﬁo oper Sulfate
sol ution cGRBPESI 3o dFar - 2e56-80 The PegA PrIfRI et @319 (50- 150
g/l) is_enployed at ,a solutiqn te rat ure .of -.20C and curJent
densitysof‘E‘J‘.lg‘}ésn’e 1§GeEF5ﬁFe§r%9 ween the °ﬂﬁ§¥%ﬁ;¥% g&%ﬁﬁ:% r#hﬁ
prevents oxi.dation-induyce 10 _corraqsiqn_of surface of
el ect rodepc?g‘l""tcxt-lfr _°rc&3}5’|8§r1ctte%i copper Ifr&’ér q‘?&’ e§s%;t 35 &R “rfe% urd€ in the
course of %@%%%%%thickness of the adhesive interface layer was 8 nm.

The results are shown in Tables 1 to 4.

10 Example 3: In the present embodiment, an electrodeposited
copper folil with carrier 1 according to claim 10, which is
shown in Fig. 13, will be described. An apparatus 2 employed
in Example 3, shown in Fig. 18, was the same one employed in
Example 1. In Example 3, the side of a carrier foil 3

15 unwound from a roll was reversed, and an electrodeposited
copper foil layer 5 was formed on the matte side 20. The
carrier foil travels, in a winding manner, along the process
line to produce an electrodeposited copper foil layer 5. &a
drum foil having a thickness of 18 Um and classified as grade

20 3 was employed as the carrier foil 3, and the
electrodeposited copper foil layer 5 having a thickness of 5
Hm was formed.

Since production conditions employed in Example 3 are
similar to those employed in Example 1, repeated description

25 will be omitted and only essential and important points will
be described. No substantial changes were made in relation

to conditions for a pickling bath 6, an adhesive-interface-
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copper-clad | am nates and printed wiring boards. Both organic
anti-corrosion treatnent making use of a conpound such as
benzotriazole or imdazole and inorganic anti- 15 corrosion treatnent
maki ng use of a substance such as zinc, chromate, or zinc alloy may be
accept abl e. These net hods may be selected in accordance with the

pur pose of enpl oyment of t he el ectrodeposited copper foil_wth
carrier. WAOAT4RY bathoTgadnd GofFaufy ROyt | MRS orfFsitde such
an 20 organic agent may _be applied through inmersion, showerl n

el ectrodep@didei Gmto which an \g&etHodapigdic ‘%y'se

corrosi on- I nhi bi.ting el enent Jgﬁ be deposited on_ a_n eI ect rodep05| ted

copper foi [FormeduR &hecmaditRsisd 4 1, FRamARS on (fé’ﬂ’(?sﬁ £o%5 For

| | at at h h bat h,
Zinc cyani 626 '”%%ﬁ%ﬁf%iéﬂ%%ﬁ@ 8 |%9“F?Jtalh4%)ra ]
ar Ve tor cantd, ”%afﬁ%rﬁ%%m £ gﬂ?ﬁ“l%&aﬁ}f &1 plesaghysis

pyr ophosphat e C r|s ng zinc (5-30 g/l)_ .and ota.sswm
pyr ophosph¥B& ("?6 @/“It) gr?p ‘iﬂ(p S racd GRS

having a free sulfuric acid concentration of 150 g/1 and a
copper concentration of 65 g/l, at 45°C and a current density
of 15 A/am’.

10 Step 14A, depositing copper microparticles 13 on the
bulk copper layer 9, emploved a copper sulfate solution (free
sulfuric acid concentration of 100 g/l, copper concentration
of 18 g/1, temperature 25°C) similar to that employed in the
bulk-copper-layer-forming bath 10, and electrolysis was

15 carried out for 10 seconds under conditions for forming burnt
deposit at a current density of 10 A/dm’.

Step 14B, seal-plating so as to prevent release of the
copper microparticles 13, employed a copper sulfate solution
{free sulfuric acid concentration of 150 g/l, copper

20 concentration of 65 g/l, temperature 45°C) similar to that
employed in the bulk-copper-layer-forming bath 10, and
electrolysis was carried out for 20 seconds under smooth
plating conditions and at a current density of 15 A/dm?.
Anti-corrosion treatment was carried out in an anti-

25 corrosion-treatment bath 15 comprising a zinc sulfate
solution containing free sulfuric acid (70 g/1l) and zinc (20

g/l), at a temperature of 40°c for 20 seconds and a current
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tenperature of 20-50[err]C, a pH of 9-12, and a current density 5 of
0.3-10 Aldnferr]. After the carrier foil is passed through the

af orenenti oned bath containing a treatnent solution, the t hus- f or ned
el ectrodeposited copper foil with carrier is dried in order to coil to
aroll. Specifically, the thus- 10 formed wet el ectrodeposited copper foil
wWth carrier is passed tQrough a heat-drying furnace. The

el ect r odep8snedgycOFpdr-3f /88 wi th carrier described in clains 1 to 10
are produced thr ough the above These el ectrodep03| t ed copper

foils predoni naftyey this - W%?%@H‘%qudft 8% SARReTy TR htd i ri ng

boards. Thus in claiml12, there i s provided a_copper-clad Iamnate or

a pri REET LR i g P& e EF’G&E@eG’fbeuéePEFW & c’intgo&eri?écrké’(f

copper foil with carrier as recited in any one of clains 1 to 20

In the pre8&nt58plm wexs: lanirated é"PnﬁheESbéfePré’ldéEd’e a dquﬁ’l%eﬁétléedand
ted trat .

doubl 51 dEAPRRESEiate LG A eyl B gREL Ss'treeega Ec%ses&?,rﬁeagu%st rates

may be fabricated froma ri at a_h bstr

(1 oxi bl o SARLREIYE SFeR okt hermgRh AR SARFL éif%&gd 85 Pacr L P as

IQB or elg%%rodep051ted copper foil layer 5 was ﬂQ%sured. The

average thickness of the adhesive interface layer was 8 nm.
The results are shown in Tables 1 to 4.

10
Example 4: In the present embodiment, an electrodeposited
copper foil with carrier 1 according to claim 11, which is
shown in Fig. 15, will be described. An apparatus 2 employed
in Example 4 is shown in Fig. 20. In the apparatus, a

15 carrier foil 3 is unwound from a foil roll and travels, in a
winding manner, along the process line to thereby produce an
electrodeposited copper foil layer 5. A drum foil having a
thickness of 18 Um and classified as grade 3 was employed as
the carrier foil 3, and the electrodeposited copper foil

20 layer 5 having a thickness of 5 Mm was formed on both the
shiny side 4 and the matte side 20. 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-1line.

25 S8ince production conditions employed in Example 4 are
similar to those employed in Example 1, repeated description

will be omitted and only essential and important points will
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Enbodi nents for carrying out the present invention will next be
described. In the follow ng exanples, nethods for produci ng the

el ectrodeposited copper foil with carrier of t he present invention and
copper-clad | am nates produced from 5 the el ectrodeposited copper foi
with carrier are described, along with results of evaluation of the
foils. The carrier foil described in the follow ng exanples is forned
of an be| descadbsssi t 89 Sybpsdantdigl chinges mege m%ﬁ%&@&ﬂtﬂl@n

i dentical portions are denoted by the sanme reference nunerals.

Exanpl e 1: to| Fondd tirase foTe R Bdkeing Ritd Sot AFUSHAXINE - 1nte§§ﬁﬁﬁﬂ f 0i |

with carrier 1 according to claim9, which s shown in Fig. 10(a),
will be defermiag. bAr‘Fhagpalaﬁ‘ldué ?I’rydrng P°rtr}t°6'dd(,7| ng BayeNedot Bddeposi t ed
copper foil with carrier 11is shown in Fig I n the _ apparatus, a

carrier fO|e|1e§t|r§depos1&%&@@%1'0”‘10&]{ &lalyelrolsl 1§nd"°tr|"‘§\75'el°:,’1 h ha%drf‘cﬁ

manner, the praocess _li,ne_to thereby roduce n el ectro 03|ted
copper 7 oi PE| §§‘€r %grrAea-r Fidoid i FXagPL e dirc % dfe°p 1 and
classified_as de3was rrploye as the.carrier f0|I d,the

el ect rodep&?rvte c&ﬁp&o %1 Y5 ORg, iSigle, of the rﬁatﬁi‘lr?‘ﬁs f&"‘ errim

was fornmed onashlnyglde4 f the carrier I naf ter

product i on EE3MRLE & U8 e MR FEFSRGLTERE oF arlodels 17°'¢a+ carrying

out electrodeposition must be modified.
A bulk-copper-layer-forming bath 10 was filled with a
10 copper sulfate solution having a free sulfuric acid
concentration of 150 g/1 and a copper concentration of 65 g/1,
and maintained at 45°C. As shown in Fig. 20, anode plates 11
were placed such that the anode plates faced one surface of
the carrier foil 3 in parallel, and a bulk copper layver 9 was
15 deposited on the shiny side 4 and the matte side 20 of the
carrier foil. Onto both sides, electrolysis was carried out
for 60 seconds and a current density of 15 A/dm2 under smooth
plating conditions.
Step 14A, depositing copper microparticles 13 on the
20 bulk copper layer 9, employed a copper sulfate solution (free
sulfuric acid concentration of 100 g/l, copper concentration
of 18 g/1, temperature 25°c) similar to that employed in the
aforementioned bulk-copper-layer-forming bath 10, and
electrolysis was carried out on the shiny side 4 and the
25 matte side 20 for 10 seconds under conditions for forming
burnt deposit at a current density of 10 A/dmz. Arrangement

of anodes 11 is identical with that employed for depositing a
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copper foils with carrier will be described with reference to an
apparatus wherein a variety of baths are continuously 25 disposed

i n-1ine. Firstly, the carrier foil 3 taken fromthe foil rol

was transferred into a pickling bath 6 filled with a diluted

43 free sulfuric acid solution having a concentration of 150
all, at _30[err]C _The carrier foil was i mersed for 30 seconds, to
renove 0|I9“HﬁtFQPP&Hd1§HPFace oxide filmfromthe surface of t he
carrier foil 3. After the carrier foil 3 had been treated in the

pi ckling bath 6StFPe1ﬁﬁ | 5FRd FFéH@*%ﬁF@UaFnFG BYeY§idsinpdease of the
Interface-formng hath 7 fllled i.th a 5 /1. aqueous sol ution
th|ocyanurFBPEEde6§H°§?r§HH ﬁﬁlﬂ?&lﬁ@@ e@oa[éPPPer Piyd fate s@&ﬂﬁ%&“'f0|
3 was run into the 2 h and . inmrersed for 30 t her eby forn1ng on
a surface OFTEReSVAFPFeF PSFF §°n°ent5ﬁtéﬁﬂe§|v |n€QFfa€8PP aFer

After the adhesive interface Iayer 8 had been forged, a bulk copper
| ayer §5wa§°PSFH§HaGA°Ph8faéﬁe§|Ge temperatyre 45 f)ygimijar to that

S ARG R RSN S EE
10, and electrolysis was carried out on the shiny side 4 and
the matte side 20 for 20 seconds under seal plating
conditions and at a current density of 15 A/dm’.

10 Anti-corrosion treatment was carried out in an anti-
corrosion-treatment bath 15 comprising a zinc sulfate
solution. In the bath, a zinc plate serving as a soluble
anode 16 was also employed, to thereby maintain the
concentration of zinc in the anti-corrosion-treatment bath 15.

15 The electrolysis was carried out in a zinc sulfate solution
comprising free sulfuric acid (70 g/l1l) and zinec (20 g/l), at
a temperature of 40°C and a current density of 0.3 A/dmz.
During the aforementioned steps, the carrier foil 3 ran at
2.0 m/minute.

20 The thus-formed electrodeposited copper foil with
carrier 1 and two sheets of FR-4 prepreg having a thickness
of 150 Um were laminated to thereby produce a double-sided
copper-clad laminate. The peel strength at the organic
adhesive interface 8 between the carrier foil layer 3 and the

25 electrodeposited copper foil layer 5 was measured. The
average thickness of the adhesive interface layer was 10 nm.

The peel strength of the shiny side 4 and that of the matte
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concentration of 150 g/l and a copper concentration of 65 g/l and
mai ntai ned at 45 C. The carrier foil 3 having an adhesi ve interface
| ayer 8 was passed through the solution so as to forma bul k copper
| ayer 9. In order to deposit copper 20 uniformy and snoothly on the
adhesive interface |ayer, as shown in Fig. 18, anode plates 11 were
pl aced such that the anode plates faced_gne surface of the carrier

foil 3 in side g4 areeseraratelyl phiown da abliesy ofe for 60 seconds under
snooth plating conditions and at a current density of 15 25 A/dMerr].

In this case, at |east one tension roll 12 mai nt ai ni ng contact with
the running carrier foil 3 served as g current-supplier.so as to
pol ari ze t%éﬁgggﬁkéé f ™ t@epggesent embodiment, an electrodepositedy

se to a cathode After, formation qf the bulk c pperhilc%yeirSQ was

. . ] f
conpl et ed, SPRBSEafPidr ¥i&Y C3TRAET: LaRSrORERS 1 F 2T ger ¥
' ti -form b i n.qr.d to for, 5m ticl 13
o't he S ur Fhgwnoit Adenad G spidiaRe @eHiBNPEn AbRRrARE Gy (i od out

in th -0 icle. . . formng.bath 14, deposi t i
[Done COPRELR PR Sathbe g, ] RS HClet e O el SRR

seal -pl ati99.39.93%, foi1' 9 RECUENoULY $335 O £1S GRSl FoORATY O 50 13
(step 14B).
a winding manner, along the process line to thereby produce
an electrodeposited copper foil laver. A surface-treated
10 foil having a thickness of 18 Um and classified as grade 3
was employed as the carrier foil 3, and the electrodeposited
copper foil layer 5 was formed on the shiny side 4.
Since production conditions employed in Example 5 are
identical with those employed in Example 1, repeated
15 description will be omitted.
A plurality of the thus-formed electrodeposited copper
foils with carrier 1 and FR-4 prepregs having a thickness of
150 Mm were laid-up and press-formed as shown in Fig. 6,
thereby producing double-sided copper-clad laminates. In
20 order to measure the peel strength at the organic adhesive
interface 8 between the carrier foil layer 3 and the
electrodeposited copper foil layer 5, copper-clad laminates
which were to be subjected to measurement of peel strength
were prepared. The average thickness of the adhesive
25 interface layer 8 was 11 nm. The peel strength at the

organic adhesive interface 8 between the carrier foil layer 3

and the electrodeposited copper foil layer 5 of the samples

56



10 Step 14A, depositing copper mcroparticles 13 on the bul k
copper layer 9, enployed a copper sulfate solution (free sul furic acid
concentration of 100 g/l, copper concentration of 18 g/l, tenperature
25[err]C) simlar to that enployed in the bul k- copper -1 ayer-form ng
bath 10, and electrolysis was 15 <carried out for 10 seconds under
conditions for form ng burnt deposit at a current density of 10

A dnierr]. 2F8 EhPYnciBeTakdes 1 tondwn in Fig. 18, anode plates 11 were

pl aced such that the ., . anodes plates faced the

bul k- copper - | ay&®- @&dd&iicag &her present igventors,NRaguqsd | 3 in parallel.
20 Step 14B, seal-plating so,_as_.to prevent rel ease of the K |, copper
nicropartiEF8§tf§§eBRﬁF6?édCgpgﬁﬁbéPléﬁl Atd SarFiegy under comdd tdams,, | ¢
acid concentration of 150 g/l, cgp er, concentration of 65 g/l,

t enper at ur §1HIEBFY @) LEPFE §PPLE F%aﬁn Exa“?&ﬁliye&%@ﬁthé at
bulk-cquer-lgyer-fornin ba&h 10, and_ 25 _ electrolysis was carrjed out
for 20 SecGRISOINBERZOERFAZ0Le Az EARLOYRG: PR ef Ve ARt Fensi ty

of 15 A/dnferr]. n .this case, .as shown i.n Fig.. 18, .anode pl ates 11
were pl ace orming bath 7 instead of' t 1ocyanur1c4§CQd. These ¢ % hat

the anode plates_faced the copper-mcroparticle 3).-deposi_t
surface onPﬁ sc&??ﬁef"% FF%§%i§°p§F3FP§ ment o peelA%%F¥€@%%Bsﬁ§ the

treat ment %%%u&%%rggg %ﬂ%whni%nT%%HEE 1 to 4 in the columns of

Comparative Example.

10
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corrosion-treatnent bath 15, by use of zinc as a corrosion- 5 inhibiting
elenent. In the bath, a zinc plate serving as a sol ubl e anode 16 was
enpl oyed, to thereby maintain the concentrations of zinc in the
anti-corrosion-treatnment bath 15. The electrolysis was carried out
a zinc sulfate solution conprising free sulfuric acid (70 g/l) and
zinc (20 10 g/l), at a tenperature of 40 C for five seconds and a current
density of 15 A/dm[err]. After conpletion of the anti-corrosion

in

treatment, the carrier foil 3 was passed through, over 40 seconds, a
drying [ BBFFl&A 17 where the atnosphere had been heated to 110[err]C
to 15 thereby produce an el ectrodeposited copper foil with carrder

Heatpdntht# ¥ &d st eps,

1, which was then wound into a roll. During the

the carrig¢r Toil rdn at 2.0 nipeadt BtrengthTAE h@hksiee iheBrvasBed el
water in mater-rlhg?%ﬁuﬁﬂﬁh 18 capabhgapingeibeyphpg about 15 sec
wat er - ri n$iSRpRIRE Am%edﬁﬁi%o ed— €T FUCTESF| VEOPGpat o gigat trs ’IEUE'Fby
preventing the solytio n1be|nﬁ carrli.ed pv from revi
bat h- ?hr I. II€JQ- T UI 1 Dn ;néSr\n‘i i;%é.u U IP[JIRCI T I ImJ\;Adgtl 8!§
carrier 1fand t hﬁgt of H 90 haV| g 2 i gpe 2 5?
[err]mwele Ia AR % therebé B S o %e- ﬂ dg T @pper- ad
| am nat e. Thn$nn| str nnnf h t—t hn ol n:\nl fa a_dﬁ_ﬁ;es:j\/e i Irt_e#f ace—8
bet ween the carrier f0|£ Iayer 2 and the
46 Example .5 4.8 5.0 4.7 5.2 5.5
Example 3 9.2 9.0 8.7 10.0 9.7 10.3
Example 4
(shiny side) 5.1 5.0 5.0 5.0 4.9 5.7
Example 4
(matte side) 10.0 10.2 9.9 9.9 10.3 10.9
Example 5 7.0 6.0 6.0 6.2 6.9 7.2
not not not
Comp. Example 5.0 64.7 248.8 | peel- | peel- | peel-
ed ed ed
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el ectrodeposited copper foil layer 5 was neasured. The
t hi ckness of the adhesive interface |layer was 8 nm
shown in Tables 1 to 4. 5 Exanple 2
el ectrodeposi ted copper foil with carrier
which is shown in Fig. 10(a), will be described. An apparatu
produci ng an el ectrodeposited copper foil with carrier 1is
Fig. 19. Inf®akdeyHaratus, a carrier foil 3 is 10 unwound from a
and travels hori zontally, in a fl oati ng manner, along t he
y

The resu
In the present enbodi nen

aver age

Its are
t, an

1 according to claim9,

s 2' for
shown in
foil roll

rgcess l'ine

14

—

N

to thereby produce an el ectrodeposi ted copper fBeptedyat 3 51% the
apparatus [Z27, di vi ded an0@%%11%tr@ﬁb@hﬂh&p%%ﬁ@ih@eaﬁﬁk@¥¥éd% after
bul k- coppgr - Iayeﬁsﬂﬁﬁﬁlng bath 10 andyiell +3 nFur(g@esd) eat ment bath
such 15 tjhSamphes g ert IIE pa dl"{ﬁ pregyur frace ot thegpar
foil 3. 3 éﬁ %% f or med py di vided anoé@s an elevtr&LXte
is all owed—to—issue uuw haf fngglrtl —f il can n RN E‘}POM h&llurm
t hat the electrolgte contacts one su face off the 0 arrler f8I| 3., Suc
slits are |al so FBAMRYSHY sini|ar-? el éhents bt |nededsari Py®anpdéd-Fn
ot her baths—so as to flJﬁﬂ_iiu;4Fu444gfr4&443.4ﬁ. } drumfoil
havi ng a t hi ckness _of 70 [er%]n1and cl assifieq as gr de 3 wap enpl oyed
as Example 2 4. 5.0 4.9 4. 8.2 19.7
Example 3 9.2 9.0 8.7 9.2 16.9 28.8
Example 4
(shiny side) 5.1 6.1 5.5 5.0 9.9 20.5
Example 4
(matte side) 10.0 10.0 10.0 11.2 15.3 30.0
‘Example 5 7.0 8.2 6.7 7.0 10.0 25.2
not not not not not
Comp. Example 5.0 peel- | peel- | peel- | peel- | peel-
ed ed ed ed ed
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the carrier foi

a thickness of 5 [err]mwas formed. Hereinafter
of el ectrodeposited copper foils with

ref erence

to an appar at us

carrier wll

3, and the el ectrodeposited copper foi

25 layer 5 having
producti on conditions

wherein a variety of baths are continuously disposed in-Iline.
was transferred

Firstly,

|ntoap|c

arrier foi

d o

RS SR

3 taken fromthe foi
h 6 filled with a dil uted

sol ution haV|ng a concentration of 150 g/l

The carrier foi

was i mmrer sed

for

r ol

be described with
47

free sulfuric acid

5 and nai nt ai ned at 30[err]C
yHozted ahdi90t% renpve

appr oxi mat el

oily matt¢r and surface OxbEe Etk&h&tﬁ”henadﬁuéﬁaee1ﬁEeE§§céa&Eté&
foil 3. Ad¥%?sFﬁ%dcarr|er f0|I 3 Hggt@ﬁgn(gggah¢d in the
pi ckl i ng halammles e %; S[ PagSEU[ O agfesiivesy L 20
i nterfaceq{form ng Qat %%’ ontjai A 5. /I aqleous tionm. .
t hi ocyanu “ﬁ*aﬁ+1r\rnluv?g *uﬁgggl .§$%% ,a9ﬁ321 ‘égtyB 24 Havered-
hori zont alll meh¥ ntacting a queo s solut o ont gjining t
organi ¢ agent TPTS &l | oved ?’03 £ ofn 1628 theg’f Y'Y 2.6
adhesi ve- | n'Liﬂ A&svﬂ%da fhereby Riﬁtﬁr@ e a
surface off the carrier foil 3 an adhpsiv interface ljayer
Example 2.5 5.% 12.1 1%.% %% 21.8
Example 3 9.2 11.1 17.8 23.3 30.4 40.7
Example 4 5.0 | 5.4 | 8.3 | 10.6 | 20.0 | 23.0
{shiny side)
Example 4
(matte side) 10.0 11.1 15.7 19.2 25.5 33.3
Example 5 7.0 10.0 19.9 25.3 32.3 45.7
not not not not not
Comp. Example 5.0 peel- | peel- | peel- | peel- | peel-
ed ed ed ed ed
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After the adhesive interface |ayer 8 had been formed, a

| ayer

9 was formed on the adhesive interface

ayer. A

bul k copper

bul k- copper-1layer-form ng bath 10 contained a 20 copper sulfate solution
having a free sulfuric acid
concentration of 65 g/l

adhesi ve i
copper

nt erface

In order to deposit a bul k copper

concentration of 150 g/l

at 45[err]C. The carrier foi
| ayer 8 was passed over the solution to forma bulk

and a copper

3 having an

| ayer 9 unlforn1y

25 and snoothly on the adhesive interface |ayer 8, as shown in i g.
19, anode plates 11' were placed such that the anodeHeatedpF5t§§°f%ced in

paral l el dne surfade of the _chpbeetr sk@ehg8h at adhesive interface after
48 ﬁlEEFFBF?@lb was carried gggtggg Qg £yea9nds under smooth
pl ati ng coriRmPLES ciﬁéggiﬁb r?nt fergp ty Tof UTEET T g g™ 12001
case, at lleast one jtensiLon rojl 19 mhint.ainin contac . wL.th I he,
hori zont alHy rﬂnn.rg:cg%rﬁer ol ﬁegggh qn e%i%c.t %ﬁ%n; eP%gb WS
to polaride the_carrjer foil er. se to h ge. Af t
f or mati on |of thﬁxﬁﬂ?#{ec pper | aye® 9o wds © 2?0 et(31 43 thé%drj &0% | 3
was passed—ever—a—copper m-cr-oparticla fermrv bat-h—14-in-order to
f orm copper
PP Example 2 4.5 14.4 28.8 25.2 88.8 110.0
Example 3 9.2 22.1 34.4 51.3 97.2 150.4
Example 4 5.1 | 9.9 | 32.1 | 49.9 | 89.9 | 110.7
(shiny side)
Example 4 10.0 | 18.9 | 33.3 | 53.6 | 100.1 | 133.3
(matte side)
Example 5 7.0 23.5 43.7 63.1 102.0 | 157.3
not not not not not
Comp. Example 5.0 peel- | peel- | peel- peel- peel -
ed ed ed ed ed

As is clear from the results, the electrodeposited
copper foils with carrier produced in Examples 1 to 4 exhibit
a considerably low peel strength at the adhesive interface
between the carrier foil and the electrodeposited copper foil,
and the peel strength is more stable than that of

conventional electrodeposited copper foils with peelable
carrier,

10 even after the foils are heated to high temperature.

Thus, the electrodeposited copper foils with carrier can be
employed in a manner which has never been attained. The

present inventors have further investigated 30 or more lots
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10 mcroparticles 13 on the surface of the bul k copper |ayer 9. Thi s
treatnent, carried out in the copper-mcroparticle- formng bath 14,

i nvol ves depositing copper mcroparticles 13 on the bul k copper |ayer
9 (step 14A) and seal -plating so as to prevent rel ease of the copper
m croparticles 13 (step 14B). 15 Step 14A, depositing copper

m croparticles 13 on the bul k copper | ayer 9, enployed a copper

sul fate sol Bfi BRO@pFEE correspepding 40 @achneBRodimest of the @resendpper
concentratign . of 18 g/l, tenperature 25[err]C) simlar to that

enpl oyed i n*PKgRtion, apd BgxEefopade thas: fhggPESLh sStaengst disectrol ysis
was 20 carried out for 15 seconds under conditions for form ng burnt
deposits at ™3iBLALBRE 8LEnePPy9dy choox) dpper PREors bepsisgscangseven shown
in Fig. 19, the anode plates 11' wege placed such that t he anodes

pl ates faceBfFRE BEREiIRGpPEr 2RAydF0dEposTRell casesyfpecpeelt fiaitureier
foil 3i§1 parallgl. 2 Step 14B, seal -plating so as to prevent

rel ease “of YR& © serXSEper m croparticles 13, enployed a copper sul fate

sol ution (free sulfuric acid concentration of 150 g/l, copper
49 concentration of 65 g/l, tenperature 45[err]C) simlar to
t hat

Effects of the Invention
In the electrodeposited copper foil with carrier

according to the present invention, a carrier foil can be

10 peeled off from an electrodeposited copper foil layer by
application of a considerably small peeling force at the
interface therebetween. Thus, the peel stability at the
interface can be maintained even after the foil is treated at
high temperature. Such a feature has never been attained by

15 use of conventional electrodeposited copper foils with
peelable carrier. 1In addition, since the peel strength of
the adhesive interface is maintained at a low level even
after the foil is treated at high temperature, the
electrodeposited copper foil with carrier can readily be

20 employed for producing high-temperature-press-formed
substrates such as an adhesive-less polyimide substrate and a

Teflon substrate.
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enpl oyed in the bul k-copper-1ayer-forming bath 10, and el ectrolysis
was carried out for 20 seconds under seal pl ati ng conditions and at a

current density of 15 Aldnferr]. 1In ' as shown in Fig. 19,
anode plates 11' were placed suchrﬂ‘jmm'l@EWH‘ | at es faced the
copper-m croparticles (13) - deposi d e carrier foil 3 1in
paral lel. Anti-corrosion treatnent was carried out over an anti -

corrosi on- t5&3tMent bat h 15, by use of zinc as a corrosion- 10 inhibiting
element. |In the bath, a zinc glate serving as sol ubl e, anode 16' was

. a ., .
enpl oyed, to theteby®efheaFhoteROs:ted .ORRAY r £+ b WHFRZFRET AT he
anti-corrosion-treatnent bath 15, , The eleptrq%Xsis was carfied out by
use of a ziFRPRIATHRAS 2 cartie® Fohl e MO F radhett Yo FREQEF /R 70 o/ 1)
d zi 0 15 /| at a tenperature_of. 40[err]C for, 20 seconds and a
corrents ayap sdindg & Sog SRR St ne CaT i 6 Bt AT R or Lhe
ti- ' t t i h arrier foil 3 was passed ihrough, over
70 secofds SIaritdapostted Forner TAde MetPing o od RSB RA £ BEn heat od
to 110 . 2 t her eb roduce, an electrp deposited copper foil with
bor i or " dend i df of NS MRl UL CLAe SIS | Pa R i ST £ PEIE
f ti i ' i | 2 1t The f oi
a0 eTont | e Pl Do LA S0 0 Uy 28l Y g ot
ter-ri i 30 " f f ] 25 bout 15 .
wat er - ri nsi gk Jnaﬁggggggg%e of performng abou sec

water-rinsing a et ween successive operation baths, thereby

preventing the splutigne]Lerbetpdsicea 6855LE%:8YE wiERMELEE: VI OUS

10 comprising a carrier foil, an adhesive interface layer formed
by use of thiocyanuric acid on both surfaces of the carrier
foil, and an electrodeposited copper layer serving as a
copper foil deposited on each surface of the adhesive
interface layer.

15 3. An electrodeposited copper foil with carrier
comprising a carrier foil, an adhesive interface layer formed
by use of thiocyanuric acid on one surface of the carrier
foil, and copper microparticles alone electrodeposited on the
adhesive interface layer, the deposited copper microparticles

20 serving as an electrodeposited copper foil.

4. An electrodeposited copper foil with carrier
comprising a carrier foil, an adhesive interface layer formed
by use of thiocyanuric acid on each surface of the carrier
foil, and copper microparticles alone electrodeposited on

25 each adhesive interface layer, the deposited copper
microparticles serving as an electrodeposited copper foil.

5. An electrodeposited copper foil with carrier
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50 The thus-forned el ectrodeposited copper foil with

carrier 1 and two sheets of FR- t hi ckness of 150
[errfmwere |ami nated to thereb Iﬂmﬁmal m@"ﬂE si ded copper -cl ad

| am nate. The peel strength at the argani e esive interface 8 between

the carrier foil layer 3 and the el ectrodeposited copper foil layer 5
was neasured. The aver age thickness of the adheS|ve I nterface | ayer
was 8 nm accorgigg &qany ane GHofiaimerdy through, 4 whergin ghey)| o 3

In the present enbodi ment, an el ectrodeposited ﬁper foil with
carrier 1 adhesdiviey iInFenfach Aervemiih qrmed by 9 ’d’cli%n“%‘?l be
descri bed. An apparatus 2 enplo e %E' shown, in Fig. 18 was
the same o€ idmtRFargh repea qﬁ?ﬁaé%%ﬂ OEYQIriG A€

carrier foil 3 15 unvvoundfroma roII was reve sed, A .

el ect r odeposi ted® - c‘ﬂpﬁf‘eﬁ'r?‘%ﬁ?“f’a %"‘b%%rf ‘?’r?ed”’o":}‘t?laer%?’fe si de 20.
The carrier_foil travels, a MAndI nner. | 0 thﬁ pr.ocess

line topr ddﬁ‘gelté’ctar‘B’dé’ﬁ’c?sﬁ f IT°1}g<f§/e"? qgaf ein "th& ymfoi |
having a thi ess 18 [.er S|f|ed as, grade was_ enpl oyed
as the car raidg'ﬂ‘e eaFnd‘st PF]@rme e‘J1 ’r°oc&'eaﬁ'8‘§’t‘gc?°c’o$paé}df 1% 3 ayer 5

having a thi qu:ensesssOfofsl nm to 1 Hm.

7. An electrodeposited copper foil with carrier

according to any one of claims 1 through 6, wherein the
10 carrier foil is electrodeposited copper foil having a
thickness of 12 Hm to 210 Hm.

8. An electrodeposited copper foil with carrierx
according to claim 7, wherein an adhesive interface layer is
formed on a shiny side of an electrodeposited copper foil

15 serving as a carrier foil, by use of thiocyanuric acid, and
an electrodeposited copper foil layer is deposited on the
adhesive interface layer.

9. An electrodeposited copper foil with carrier
according to claim 7, wherein an adhesive interface layer is

20 formed on a matte side of an electrodeposited copper foil
serving as a carrier foil, by use of thiocyanuric acid, and
an electrodeposited copper foil layer is deposited on the
adhesive interface layer.

10. An electrodeposited copper foil with carrier

25 according to claim 7, wherein an adhesive interface layer is
formed on both a shiny side and a matte side of an

electrodeposited copper foil serving as a carrier foil, by
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[erT] mwas formed. Si nce production conditions enployed in

Exanple 3 are (I8 se enployed in Exanple 1, repeated
description 25 u"m”wrﬂmmmmmnd only essential and inportant points
wil | be desctilbfed.t N¥ seibstanti al changes were nade in relation
to conditions for a pickling bath 6, an adhesive-interface-

51 formng bath 7, and a dryi n%éoortion 17. However, for. the
si de onto WSEcREathdrsyPRIFdfodted ATTh@T rdivchrafeposited copRey fRfibn
the matte side in Exanp condi ti ons el ectrodepositi ng copper

le 3, for, \
may be adj d&¥EF t& SePRRtefeRegachs adhesivie, intgnface,di¥ey ayer - f or ni ng

bath 10, ol ot T 9IS el Feor oy 90 4SSl dh et
nd e, Pyt g Sl e o o s
oD ekt A Wibinca, RS SHPS LU S SRR ey
Cone et Saatas”s, ity SSTEAAE B TRQ ARG R
was passing the carrier foil in an apparatus wherein baths for
forming an electrodeposited copper foil layer are
continuously disposed in-line, the baths including a pickling
10 bath, an adhesive-interface-forming bath containing
thiocyanuric acid, a bath for forming a bulk copper layer to
serve as an electrodeposited copper foil layer, a nodular-
treatment bath for depositing copper microparticles on the
bulk copper layer, an anti-corrosion-treatment bath, and a
15 drying portion, with water-rinsing baths appropriately
provided, to thereby continuously form a thiocyanuric acid
adhesive interface layer and an electrodeposited copper layer
on the carrier foil.
12. A copper-clad laminate or a printed wiring board
20 which is obtained through use of an electrodeposited copper

layer on with carrier as recited in any one of claims 1

through 10.
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15 carried out for 10 seconds under conditions for formng burnt

deposit at a current density of 10 A/dnferr]. Step 14B,

seal -plating so as to prevent rel ease of the copper mcroparticles 13,
enpl oyed a copper sulfate solution (free sulfuric acid concentration
of 150 g/l, copper 20 concentration of 65 g/l, tenperature 45[err]C)
simlar to that enpl oyed in the bul k- copper-layer formng bath 10, and
el ectrolysis was carried out for 20 sER¥¥ERStinder snooth pl ating
conditions and at a current densi of 15 A/dnfer rI] Ant i - corrosion
treatment was c3PrAZ@TOYE Pfen L 1"’2’5°fc5rﬁ9§i et fedtthé@ftarh 15
conprising a zinc sulfate solution containing free gulfuric acid (70
g/1) and zPKesg2formingyaft) a &?erF@ﬁﬂéﬁapﬁﬁéeﬁft nC398rc2OP§@€oﬁG§ and a
current densi t

0.3 A dnfefFpPility belngTﬁedFﬁﬂ’é’aF&r Réd cé’PéfEP:t&&é‘B&sﬁl&d’téf&S‘ﬁé’P dvmth
carrier_1 and two _sheets havi n t hi cknes of 150
[err]nfher8°PBﬁFn§Pé t81F epgﬁéag G@%I&eﬁbu . HouRFOV: %fbﬁﬁbr-clad

| am nat e. eel strenth at the _or ad eS|ve|n

bet ween thg Eﬁgflogfpf’gl"l FayoPPETa£81 hé’\”%h CAFTIEE A8 BELC e(T é’@tﬁfé‘re’? oi |

layer 5 ma%ogﬁagghegé Eggled stably by application of a small peel
force. The objects are attained by use of an
electrodeposited copper foil with peelable carrier in which
10 an adhesive interface layer is formed on a carrier foil by

use of thiocyanuric acid and an electrodeposited copper foil

layer 5 is deposited on the adhesive interface layer.
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average thickness of the.adhesive interface |ayer was 8 nm The
results are shown in Tables 1 to 4. 10 Exanple 4. In the present
enbodi ment, an el ectrodeposited copper foil with carrier 1 according
to claim1l, which is shown in Fig. 15, wll be described. An
apparatus 2 enpl oyed in Exanple 4 is showmn in Fig. 20. In the
apparatus, a 15 carrier foil 3 is unwound froma foil roll and travels, in
a wi ndi ng manner, along the process-line to thereby produce an
el ectrodeposited copper foil layer 5. A drumfoil having a t hi ckness
of 18 [err]mand classified & grade 3 was enpl oyed as the carrier
foil 3, and the electrodeposﬁied copper foil 20 layer 5 having a thickness
of 5 [err]mwas forned on bo&b t he shiny side 4 and the matte side 20.
Herei nafter, production ‘condi tions of el ectrodeposited copper foils
with carrier wll be dedcribed with reference to an apparatus wherein
a variety of baths are gontinuously disposed in-line. 25 ~Since
production conditions gnployed in Exanple 4 are simlar to those
enpl oyed in Exanple 1, orepea description will be omtted and only
essential and inportan& points Wll : - 53
(=3 .

1 3 copper micro

carrier foil

9 bulk copper
'3

copper microparticles

13

{

electrodeposited copper foi

FiG. 1



be described. No substantial changes were made in relation - to
conditions for a pickling bath 6, an adhesive-interface- form ng bath
7, and a drying portion 17. However, an el ectrodeposited copper foi

| ayer 5 is forned on both sides 5 of the carrier foil 3 in Exanple 4,
whereas the copper foil | ayer 5 i.s formed on only one side of the
carrier foil in Exanpl e 1. Thus, the arrangenent of anodes 11 for
carryi ngFl—QOEZeI ectrodeposition nust be nodified. . A

bul k- copper ye™formng bath 10 was filled with a 10 copper sulfate
solution having a free sul f uriefec@6defosited copprite@Ryéat i on of 150 g/1 and a
copper concentration-of 65 g/l, and nmai ntained at 45[err]C. As shown
in Fig. 20, anode plates 11 fer e pl aced such that the anode pl ates
faced one surface of the/carrier foil 3 ian parallel, and a bul k copper
layer 9 was 15 deposited on the shiny side # and the matte side 20 of the
carrier foil. Onto both ges, el ectrol ysi gwas carried out for 60
seconds and a current d&gsi 9 A dnl&rr] under smooth, - pl ati ng
condi tions. i i --oper mcroparticles 13 on the
20 bul k copper | ayer, ftion (free

sul furic acid concg- ation of 18
g/l, tenperature 2 s ifn ]
af or ement i oned bulk-copper-laye r'-rning bat h IH?.F“- / el ectrol ysis was
carried out onn;pemshlny side 47and tT 5 matte sideA0{for 10 seconds
under conditio fgr formng ~ burnt deposr+at .aufyent density of 10

A dnf er r] carriéiiy@Rggmrent

(a)

adhesive interface layer
C

\
e\\\\\\\\\\~B,
//,__/

carrier layer ' (b )

.



of anodes 11 is identical with that enployed for depositing a
54 bul k copper | ayer. Step 14B, seal -plating so as
to prevent rel ease of the copper mcroparticles 13, enployed a copper
sul fate sol ution (free sulfuric acid concentration of 150 g/l, copper
5 concentration of 65 g/l, tenperature 45[err]C) simlar to that

enpl oyed in the aforenentioned bul k-copper-I|ayer-form ng bath 10, and
el ectrolysis was carried out on the shiny side 4 and the matte side 20
for 20 seconds under seal plating conditions and at a current density
of 15 mq;r] 10 Anti-corrosion treatnent was carried out in an
anti - orrvSion-treatnment bath 15 conprising a zinc sulfate

solution. In the bath, a zinc plate serving as a soluble anode 16 was
al so enpl oyed, to thereby maintain the concentration of zinc
anti-corrosion-treatnent bath 1]Esasetgd ‘

zinc sulfate solution CONPK nd zinc
(20 g/1), at a tenperature 3

Aldnierr]. During the afor ran at
2.0 Mmnute. 20 The thu | with

carrier foil layer

adhesive interface layer
(organic compound)

electrodeposited

copper foil layer T~




carrier 1 and two sheets .of FR- 4 prepreg having a thickness of 150
[errfmwere | am nated to thereby produce a doubl e-si ded copper -cl ad

| am nate. The peel strength at the organic adhesive interface 8
between the carrier foil layer 3 and the 25 electrodeposited copper foi

| ayer 5 was neasured. The aver age thickness of the adhesive interface
| ayer was 10 nm The peel strength of the shiny side 4 and that of the
matt e 55 side 20 are
separately shown in Tables 1 to 4. Exanple 5: In the present

enbodi nent, an el ectrodeposited copper foil with carrier 1 according
to claim9, which is 5 shown in Fig. 10(b), will be described. An
apparatus 2 enpl oyed in Exanple 5 is shown in Fig. 18. In the

appar at us, a carrier foil 3 is unwound froma foil roll and travels,
in a wi ndi ng manner, along the process |line to thereb§ produce an
el ectrodeposited copper foil layer. A surface-treated 10 -Eoil having a

t hi ckness of 18 [err] mgand cl assified as grade 3 was &npl oyed as the
carrier foil 3, and th& el ectro osited copper foil payer 5 was

formed on the shiny S|§? 4. Si nce production conEitions enpl oyed
in Exanple 5 are

B O

1 3 copper

1 3 copper micro

g bulk copper

copper microparticles

13
13

/ copper microparticles

{
]
{

3
carrier_f011
5

electrodeposited copper foil

Fic. 4

electrodeposited copper foil



identical with those enployed in Exanple 1, repeated 15 description wll
be omtted. A plurality of the thus-fornmed el ectrodeposited
copper foils with carrier 1 and FR-4 prepregs having a thickness of
150 [err]mwere | aid-up and press-fornmed as shown in Fig. 6, t her eby
produci ng doubl e-si ded copper-clad Iamnates. In 20 order to neasure the
peel strength at the organi ¢ adhesi ve interface 8 between the carrier
foil IaygF:f(gp el ectrodeposited copper foil layer 5, copper-clad
| am nat e h were to be subjected to neasurenent of peel strength
were prepared. The average thickness qf the adhesigve 25 interface |ayer 8
was 11 nm The peel strength at the organi ¢ gdhesive interface 8
between the carrier foil |ayer 3 and the el eqt rodeposited copper foi

| ayer 5 of the sanples 0
are shomnmhﬂngﬁMkeS’I”Pg 4, In addition, the present {nventors
pr oduced el ectrodepbsi ted copper foils with carrier under ¢onditions
simlar to those oyed |n‘Exaane 1, except fhat 5 car boxybenzotri azol e
was enpl BYfi éﬂp?ﬁ'gﬁHEEHES-v: reihmes T P T

copper foil (top layer)
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forning bath 7 instead of thiocyanuric acid. These copper foils were

subj ected to neasurenent of peel strength, and the results are shown
in Tables 1 to 4 in the colums of Conpar ative Exanple. 10
57 '
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[ Tabl e 1] ' Heated at 250[err]C
Peel strength at - adheS|ve I nterface after Measur ed
heating (gf/cn) Sanpl es Heat i ng 0 10 30 60 90
120 time mn mn mn mn mn mn
Example 1 5.0 5.0 4.9 4.9 5.0 5.5 Exampl e 2
4.5 4. 5.0 4.7 5.2 5.5 Exampl e 3 9.2 9.0
8.7 10. 3 Exanpl e 4 5.1 5.0 5.0 5.0
29 5 7%:]G$h7y si de) 5 Exanpl e 4 10.0  10.2
9.9 10. 3 10. (matte side) Exanpl e 5 7.0
6.0 6- 0 6.2 6. 9 5 elt?ctl-%deposned copper foil
not not not Conp. \Exanpl e 5.0 64.7 248.8 peel - peel-
peel - e .ed | ed
1 3 copper microparticles
20
matte side

i N\

9 drum foil

4
glossy side

FiG. 8

1 3 copper microparticles

8 adhesive interface




58 " [Table 2] - : | Heat ed
at 275[err]C : Peel strength at adhesive interface after

Measur ed heating (gf/cn) Sanpl es Heat i ng 0 10
30 60 90 120 time mn mn mn mn
m n m n Example 1 5.0 5.4 4.4 3.9 9.8 21.8
Exanpl e 2 4.5 5.0 4.9 4.5 8.2 19.7 Exampl e 3
9.2 9.0 8.7 9.2 16.9 28.8 Exanpl e 4 5.1 6.1
5.5 5.0 9.9 20.5 (shiny side) Exanpl e 4 10.0 10.0
10.0 11.2 15.3 30.0 (matte side) Exanpl e 5 7.0
8.2 6.7 7.0 10.0 25.2 &
' g

E

L

2

-
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]

[+ ¢}

/,\y/
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copper microparticles

13
1 3 copper microparticles

/Xo VNPT
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carrier foil

FiGg. 9



not not not not - not ~Conp. Exanple 5.0 peel - peel

peel - peel - peel- ed ed ed
ed 59
[ Tabl e 3] " Heated at 300[err]C
Peel strength at adhesive interface after Measur ed
heating (gf/cm Sanples Heating 0 10 30 60 90
time mn mn mn mn mn mn Exanmple 1 5.0
10. 2 Sl]_F:fEEQ 1%6)6
- g bulk copper
13 copper 8 adhesive interface
microparticles
5
electrodeposited {
copper foil } ' ; (a)

4
glossy side

3
carrier foil = drum foil

5 _ bulk copper
1 3 copper microparticles

5
electrodeposited { L

copper foil

carrier foil = surface-treated foil

1 3 glossy side

8 adhesive interface

(b)

ed

120
5.8



Exampl e 2 4.5 5.5 12.1 15.0 20.0 21.8 Exampl e 3

9.2 11.1 17.8 23.3 30.4 40.7 Exanpl e 4 ‘5.1 5.4

8.3 10.6 20.0 23.0 (shiny side) Exanpl e 4 10.0 11.1
15.7 19.2 25.5 33.3 (matte side) Exanpl e 5 7.0 10.0
19.9 25.3 32.3 45.7 not not not not
not Conp. Exanpl e 5.0 peel - peel- peel- peel- peel-

o Y FiG. 111

prepreg

M " \_ ¢lectrodeposited

(Jﬂyxxy/\M/\,r\,/~\/"\:] o E

carrier foil

.
electrodeposited copper foil




[Tablem4] . ' Heat ed at

360[err] C Measured Peel strength at adhesive 'interface after
Measured heating (gf/cm Sanpl es Heati ng 0 10 30 60
90 120 time m n m n m n m n m n m n
Exampl e 1 5.0 9.0 26.3 43.5 80.0 104.5 Exampl e
2 14. 4 28.8 25. 2 88.8 110.0 Exampl e 3

9.2 22 1 %4 é 3 97. 2 150.4 Exanpl e 4 5.1

9.9 32. 1F 'l 110.7 (shiny side) Exanpl e 4
10.0 18.9 33.3 53.6 100.1 133.3 (ratte Bide)

Exampl e 5 7.0  23.5 43.7 63.1 102.0 | 157.3 l

not not not not not Conp._Exanmpl § 510 peel - peel -
peel - peel- peel- ed ed ed ed

ed Agprepreg|l ear fromthe result 1 ne ErecTT oaeposi TE 5

copper foils with rier produced in Exan a

strength at the hé'?\ﬁ;e"n'ter‘f'ae'""be'tmeen t he

consi derably | ow'peel\strength at the aghestye-imterface =

carrier foil | ect rodeposited ¢opperioil _and the heel
strength is re stablie than that of <o Jent+ onat -6l ect+ @deposi t ed

L/VWW\/\J/\ carrier foil

“electrodeposited ‘
/\J copper foil

Fic. 13

g bulk copper

1 3 copper 8 adhesive interface

microparticles

5
electrodeposited {
copper foil

matte side

. \

glossy side 3_ ]
copper microparticles



10 carrier, even after the foils are heated to high tenperature.

Thus, the el ectrodeposited copper foils with carrier can be enpl oyed
in a manner which has never been attained. The present inventors have
further investigated 30 or nore lots '

61 of products corresponding to each enbodi ment of the
present - I nvention, and have found that the peel strength is

mai nt ai ned at 200 gf/cmor | ess before heating, and even after heating
at 225-360‘5HKEF. |1 cases, no peel failure 5 was observed.

Ef fects of *tHe 1hvention In the el ectrodeposited copper foil with
carrier according to the present invention, a carrier foil can be 10

peel ed of f from an el ect rodepos'h]‘tpggtgﬁ
of a considerably small peeling rce
Thus, the peel stability at the [
the foil is treated at hi gh t enper

C?r%{dﬂf oi luppexyedpe fmyrtion application

e i nterface therebetween.

v,

. $lch a feature has never been

attained by 15 use of COﬂV‘ii;W“ﬁcw§§y NS vw§§$ with
\\ \\\\\\\ lowe) _d
pad \\ @
\
substrate surface
FiGc. 15
electrodeposited
13 copper foil | bulk copper s adhesive interface
electrodeposisted {
copper foil
‘20
matte side 3
gloss; side = — — carrier foil = drum foil
i

1a/c'opper
microparticles  ® bulk cOPPer 5 . qheqive interface



peel able carrier. In addition, since the peel strength of t he adhesive

interface is mainntained at a | ow | evel even after the foil is treated
at high tenperature, the el ectrodeposited copper foil with carrier can
readily be 20 enployed for producing high-tenperature-press-forned
substrates such as an adhesive-less polyimde substrate and a Tefl on
substrate. 62

Cl ai ns: 1. An electrodep05|ted copper foil with carrier
conprising a carrier foil, an grganlc adhesive interface . ~layer forned
on one surface of the carrier f8oil, and an 5 el ectrodeposited copper

| ayer serving as a copper foil #
| ayer, wherein the or gani ¢ adhe
of t hi ocyanuric acid.

depasited on the adhésive interface

i terface | ayer is.formed by use
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2. An el ectrodeposited copper foi
an adhesive interface |ayer forned
foil,

foil,

on both surfaces of the carrier
| ayer serving as a

adhesi ve
foil
| ayer forned

foil, and copper

interface | ayer, the deposiﬁ%
el ectrodeposited copper foil®
conprising a carri
by use of thiocyanuric ati
m croparticles
t he deposited
el ectrodeposited copper f o4

with carrier
f or med

foil, and copper
interface | ayer,

wWth carrier

with carrier

copper foi
interface |ayer.
conprising a carrier foil

15

with carrier 10

conprising a carrier

by use of thiocyanuric acid
and an el ectrodeposited copper

deposited on each surface of the

An el ectrodeposited copper

an adhesive interface

by use of Jhiocyanuric acid on one surface of the carrier

m croparti & es al one el ectrodeposited on the
m croparticles

Fic. 17

C‘
to any one of clains 1 thr@ugh 4i mhergﬁ

unwinding

i
|
1

d\copper

foi |,
on each surface of the carrier
25 each adhesi ve

adhesi ve

serving as an
4. An el ectrodeposited copper foi

an adhesive interface |ayer

ne el ectrodeposited on

m croparticles serving as an
5. An el ectrodeposited copper foi
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adhesive interface |layer -is formed by use of thiocyanuric aci d,

t hrough repeated application of thiocyanuric acid. 6. An

el ectrodeposited copper foil with carrier 5 according to any one of
claims 1 through 5, wherein the adhesive layer is formed of

t hi ocyanuric acid and has a thickness of 1 nmto 1 [err]m

7. An el ectrodeposited copper foil with carrier according to any one
of clainms 1 through 6, wherein the 10 <carrier foil is electrodeposited
copper foil having a t hi §kness of 12 [err]mto 210 [err]m

8. An el ectrodeposited coppergfoil with carrier according to claim?7,
wherei n an adhesive interface®*|l ayer is formed on a shiny side of an
el ectrodeposited copper foil ~15 as a carrier foil, by use of

t hi ocyanuric acid, and osited copper foil layer is
deposited on the adhesi ve interf | ayer. 9. An

el ectrodeposited copper foil with carfler according to claim?7,
wherein an adhesive interface Layér is 20 forned on a matte side of an

el ect rodeposi ted copper faoj serving as a carrier foil, by use of
t hi ocyanuric acid, and S an el ectrodeposited copper foil |ayer is
deposited on the adpesi ve interface | ayer. 10. An

el ectrodeposi ted copper(Toi l
wherein an adhesive i ‘ ¥Ce
a matte side of an
foil, by

25 gaccording to claim?7,
—— L.ormed on both a shiny side and
:oppéz foi I€serving as a carrier
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use of thiocyanuric acid, and an el ectrodeposited copper
foil | ayer is deposited on each adhesive interface |ayer.
11. A method for producing an el ectrodeposited copper foil with
carrier, said electrodeposited copper foil with 5 carrier as defined in
claims 1 to 10, which nethod conprises unwi nding a rolled carrier foi
fromone direction and passi the carrier foil in an apparatus
wherein baths for -form ng an=zel ectrodeposited copper foil |ayer are
conti nuously di sposed in-Iline, thé bat hs including a pickling 10 bath, an
adhesi ve-interface-form ng bath cgntainin t hi ocyanuric acid, a bath

0
for formng a bul k copper |ayer to qab as an el ectrodeposited copper
N—#or depositing copper

64

foil layer, a nodular- treat ment bat
m croparticles on the bul k copper+ayer, an anti-corrosion-treatnent
bath, and a 15 drying portion, w wat er-rinsing baths appropriately
provided, to thereby continuoughy forma thiocyanuric acid adhesi ve
interface layer and an el ectrodeposited COpper | ayer on the carrier
foil. 120 A copper-_J%dﬁgaﬂLnate of a pEl ntedgwiring board 20
which is obtained through use (@t mn—ete? rodépﬁs:EEd cogper | ayer on
wWith carrier as recited in any one of ains|1 - g
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