Elecrrodéﬁgéited Copper Foil with Carrier and Copper-C ad

, Lam nat e
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Technical Field 5 The present invention relates to el ectrodeposited
copper foil with carrier and to a copper-clad | am nate forned fromthe

el ectrodeposited copper foil with carrier. :
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Background Art

Conventionally, electrodeposited copper foil with
carrier has been employed as a material for producing printed
wiring boards, which are widely used in the electric and
electronic industries. In general, electrodepésited copper
foil with carrier is bonded through hot-pressing, onto an
electrically insulating 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.

Electrodeposited copper foil with carrier resists
formation of wrinkles in the copper foil during ho£ pressing,

and therefore prevents generation of cracks in the copper

" £foil, which initiate from wrinkled portions. As a result,

25

bleeding of resin from a prepreg is prevented. Thus, the
copper foil with carrier has been attracting attention

because these problems can be eliminated, and because foreign
matter is prevented from penetrating into copper foil

throughout the process of hot-pressing.



bl eedi ng of resin froma prepreg is prevented. Thus, the copper foi
With carrier has been attracting attention 25 because these problens can
be elim nated, and because foreign matter is prevented from
penetrating into copper foil t hroughout the process of hot-pressing.
Specifically, the el ectrodeposited copper foil with carrier has a

structure such tdadofepaaitp] Rk e788t2BacposLaCopigRoFolad vagaper foil
forma sheet as 1T surfaces of foils were bonded to each
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carrier fo removed Just before the copper foil is etched for
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el ectrodeposited copper foil during handling or pressing her eof, and
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Carrier foil, this termis used throughout the present description, is

used inst heyfifdRidet tORoEUpE868 86 thEy are,Cahlli Bhef Bhkrisragoih handed
to one surface of an el ectrodeposi ted copper |ayer. Copper is

el ectrodeposdi e ®Nyud® bOPEré UthaCeophet ot r Lk tbhbl SBra?rb@.uEQh@ a
copper foil. Bonding of the carrier foil to the carrier foil is
mai nt ai ned copper circuit. Thus, generation of wrinkles in the
electrodeposited copper foil during handling or pressing
thereof, and surface staining of a produced copper-clad
10 laminate can be prevented.

Carrier foil, this term is used.throughout the present
description, is used in the form that one surface of the
carrier foil is as if bonded to one surface of an
electrodeposited copper layer. Copper is electrodeposited on

15 one surface of the carrier foil so as to form a copper foil.
Bonding of the carrier foil to the carrier foil is maintained
at least until completion of the production of a copper-clad
laminate. The carrier foil facilitates handling of the
electrodeposited copper foil and is very effective in

20 reinforcing and protecting the copper foil. Therefore, the
carrier foil must exhibit a certain level of mechanical
strength.

Any material may be used as the carrier foil so far as
the material satisfies the aforementioned conditions, and

25 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



at | east until conpletion of the production of a copper-clad | am nat e.

The carrier foil facilitates handling of the el ectrodeposi ted copper
foil and is very effective in 20 reinforcing and protecting the copper
foil. Therefore, the carri.er foil must exhibit a certain level of
mechani cal st rengt h. Any material may be used as the carrier
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and etchable foils. The present 1nventors have propose

peel abl e el eRLr edepeairt %@Lﬁomar thel oot i &ird %5&%&&1 via an!he
carrier foil and the copper foil are bofnded via an organi c adhe5|ve
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releasability of the carrier foil from the copper foil.

However, in recent years, Ehere has been increasing
demand for a copper foil which permits easy handling during
10 the etching and stacking processes employed in the production
of printed wiring boards from a copper-clad laminate. This
is because ever-increasing demand for downsizing of
electronic and electric apparatus leads to strong demand for
an increase in the number of layers in printed wiring boards;
15 an increase in the density of a circuit formed from copper
foil; and an increase in the packing density of mounted
devices.
In order to further increase the density of a circuit
formed from copper foil and the packing dénsity of mounted
20 devices, copper wirings for forming circuits are made finer
and a number of substrates are stacked. Interlayer
electrical.connection is established by means of contact
holes such as through holes (PTH), interstitial via holes
(IVH), and blind via holes (BVH), whiéh are formed by making
25 predetermined holes in a printed wiring board. Although
hole-making is conventionally carried out by means of a

mechanical drill, high-precision processing by means of a co,



demand -for  a copper foil which pernits easy handling during 10 the

etching and stacking processes enployed in the production of printed
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has a glossy surface and therefore reflects laser beams.

Brief Description of the Drawings

10 Fig. 1 is a schematic cross-sectional view of an
electrodeposited copper foil with carrier. Fig. 2 shows SEM
images of copper microparticles deposited on carrier foils.
Fig. 3 shows cross-sectional views of via holes observed
after laser processing. PFig. 4 is a graph showing the

15 relationship between lightness and reflectance of developed
surfaces of electrodeposited copper foils after the carrier
foils have been released. Fig. 5 is a graph showing the
relationship between reflectance and surface roughness of
developed surfaces of electrodeposited copper foils after the

20 carrier foils are released. Fig. 6 is a graph showing the
relationship between reflectance and lightness of developed
surfaces of electrodeposited copper foils after the carrier
foils have been released. Fig. 7 is a schematic cross-
sectional view of an apparatus used for producing an

25 electrodeposited copper foil with carrier. Pig. 8 shows
cross-sectional views of via holes as observed after laser

processing. Fig. 9 shows cross-sectional views of via holes



gas |l aser or the like has been enployed in recent years so as to form

a fine circuit fromcopper clad | am nate. _Processing with a

| aser is very advantageous in that fine processing can be carried out
wi th hi gh precision. 5 However, determ nation of processing conditions
Is quite difficult because copper foil used in printed wring boards
has a gl 0SsYeS SednNd £iler 95065 dceidey iser beans. .

Bri ef Descr|¥[s)t iuf(;%g%f et h'g t‘Iiarawi r?%se %8'1 d_lgag. 1is a schematic _
cross-sectional view of an el ectrodeposited copper foil with carrier.
Fig. 2 shows SEM i mges of copper mcroparticles deposited on garrler
foils. Fig. 3 shows crossggffdiPNeE VhEWnPEnkkgnhol es observe
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the carrier foils have been released. Fig. 7 is a schematiC cross-
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copper foil with carrier. Fig. 8 shows

interface between the carrier foil and the electrodeposited

10 copper foil. Another 6bject of the invention is to provide
an electrodeposited copper foil with carrier exhibiting
excellent performance suitable for etching or laser
processing carried out after preparation of a copper-clad
laminate. The present invention has been accomplished to

15 attain these objects. The invention will next be described
hereunder.

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 a

20 surface of the carrier foil, and an electrodeposited copper
foil layer deposited on the adhesive interface layer, wﬁerein
copper microparticles are deposited on the surface of the
carrier foil onto which the organic adhesive interface layer
and the electrodeposited copper layer are formed.

25 As shown in the schematic cross-sectional view of Fig.
1, the electrodeposited copper foil with carrier described in

claim 1 comprises a carrier foil and an electrodeposited



cross:sectional views of via holes as observed after |aser processi ng.
Fig. 9 shows cross-sectional views of via holes

4 as observed after l'aser processing.

Summary of the Invention The present inventors have previously
proposed a 5 peelable electrodeposited copper foil with carrier in which

the carri ercBBPEraEG%EUea%oﬁﬁeroﬂcemslu at%hebQﬁd%LeViPoﬁn were bcﬁ{c?%@niifg one

adhesive interface. us, an object o e present I nve
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carrier exhibiting excel I ent perfornmanc ng or | aser
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The inventi ggrwibh,ngst 1ke td@eSchlskedith "8 BUY6i1 and "carrier foil
layer"; and "adhesive interface" and "adhesive interface
layer.". The alternative expressions are appropriately
employed depending on descriptions.._
The electrodeposited copper foil with carrier according
10 to the present invention comprises a carrier foil having a
surface onto which copper microparticles are deposited.
Typically, these copper microparticles are deposited on a
surface of a carrier foil through electrodeposition.
Conventionally, the technical idea of depositing copper
15 microparticles directly onto a surface of a carrier foil of
an electrodeposited copper foil with carrier has never been
proposed.
The reason why copper microparticles are deposited on a
surface of a carrier foil will be described. In general, an
20'_e1ectrodeposited copper foil with carrier is pfoduced by
forming an adhesive interface layer on a surface of a carrier
foil and electrodepositing copper on the surface of the
carrier foil, thereby forming an electrodeposited copper foil
layer. Therefore, when copper microparticles are formed on a
25 surface of é carrier foil onto which copper has been
electrodeposited in advance, the shapes of the microparticles

are transferred to the surface of a copper foil which is



In claim1 of the present invention, there is provided an _

el ect rodeposi ted copper foil with carrier conprising a carrier foil,
an organi c adhesive interface layer formed on a 20 surface of the carrier
foil, and an el ectrodeposited copper foil layer deposited on the
adhesive interface | ayer, wherein copper mcroparticles are deposited

on the surfagengh Uﬂean adﬁl Fivelli nltUl e WY O I hd Mo 93 S fg{]&?lgg

interface | ayer el ectro ep05|ted copper layer are r med

As shown Intaeemieh}esamc%%s 12610l iU Wdfsfldbed to the [dpper

el ectrodeposited copper foil carrier

conpri ses afSﬁirhﬁEanhE %Qgr&%rek%ﬁﬁrQQ?@@Téégé ,

5 copper foil, as if one surface of one foil were bonded to
one surfacgneh e Qoppled Fdil mrwwléﬁqé)rf&?iHated with a
descrlptlon the terns "el ectrodeposited copper foil _
eleCtrQﬂep9§biﬁds9999§EtEObb h@iebrdﬂ%fﬂb1&héiﬁhéﬂygir1é} (F" ) I'S

the case with "carrier foil" and "carrier | ayer adhe5|ve
interface" padleiadhesic¥e Eﬁbeﬁﬁﬁﬁﬁlve sﬂd@V%Mrfaég“ﬁfﬂﬁﬂawﬁﬂﬂﬁ@% foil
expressions are appropriately enpl oyed dependi ng on descri ptions.

serves as the top surface of a copper-clad laminate. In this
case, the electrodeposited copper foil layer occupying the
surface of the copper-clad laminate has a rough surface, due

10 to copper microparticles deposited on the surface of a
carrier foil, and the surface of the copper foil becomes
matte. Since such a copper foil has a fine surface roughness
as compared with customary copper foils, the copper foil has
a surface color of brown to black.

15 Preferably, as described in claim 2, the copper
microparticles deposited on the carrier foil appear brown to
black to the naked eye, and have a particle size of 0.01 Hm
to 5.0 Hm. Since the microparticles are deposited through
electrodeposition, the size and color of the particles

20 generally attain a certain level of variance. Throughout the
present description, the term “éopper microparticles"
encompasses those grown in needle-like or dendrite shapes
obtained through electroplating under burnt plating
conditions as well as spherical particles as shown in Fig. 2

25 (a) to Fig. 2 (c). When the microparticles have needle-like
or dendrite shape, the particle size refers to a longer size.

By use of copper microparticles deposited on a carrier



The el ectrodeposited copper foil with carrier according 10 to the present

I nvention conprises a carrier foil having a surface onto which copper
m croparticles are deposited. « Typically, these copper microparticles
are deposited on a surface of a carrier foil through o

el ect rodeposi ti on. Conventional Iy, the technical idea of depositing
copper 15 a8 gheRA iinClFaYy di, e Gldve ¥t Pikcdl G & &H£é8Epdoiledf
an el ectrodeposited copper foil with carrier has never been pr oposed.
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on a surface of a carrier and el ectrodepositing copper on t
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copper foil | ayer. Therefore, when copper microparticles are forned on
a 25 swfaeesalite weiel o 8f Qi/lemOHod WHIgCh X0RNET d1AD REASH for Fig. 2
el ectrodeposited in advance, the shapes of the mcroparticles are

transferred(bp,t haasunbagycaf rarceaper of Qid) WitHedeS results indicate

° that the bond strength at the adhesive interface can be
controlled by modifying the size of copper microparticles
formed on the surface of a carrier foil.

10 The color of the developed surface of a copper foil
after releasing a carrier foil shifts towards dark with
decreasing size of the copper microparticles deposited on thé
carrier foil. When the size of the copper microparticles is
0.01 Mm or less, particle formation and quality control of

15 the formed particles are difficult from an industrial point
of view, whereas when the particle size is 5.0 Hm or more,

- copper particles are grown into dendrite shape which are
readily crushed, thus elevating reflectance and gloss of the
deposited surface,.and hence the surface does not assume a

20 brown to black color.

No particular limitation is imposed on the material of
the carrier foil which can be employed in the present
invention, and examples of the material include aluminum,
copper, and métal-coated resin film. In addition, the

25 thickness of the carrier foil.is not particularly limited.

From an industrial point of view, materials having a

thickness of 200 Hm or less are generally called foils, and



formed. on ‘an adhesive interface. Furthernore, a portion of t he
mcroparticles thenmselves is transferred to the copper foil when the
carrier foil is released. «+ “Wen the copper foil with carrier is
lam nated wwith a 5 resin substrate by hot-pressing and the carrier foi
Is . rel eased off, the adhesive-side surface of the copper foi

serves as tNR, LoD, é%Féf@emQ& ﬂec f&y&hagoliahaasﬁ thBy! Bhd be ca133%FE:
eposi t e e

t he el ectrode copper” forl l'ayer occupying t surface of the
copper - dem%éf%?nate has a rough surface, due 10 to copper mcroparticles
deposited on e surface of a carrier foil, and the surface of the

copper foil becofpsaesorifBa!en SLASR 2/0Ena BQBHﬁ&cf Agkntaasdd i surface

roughness as conpared with customary copper t he copper foil has
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claim 2, the copper m croparticles deposited on the carrier foil
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0.01 [err]m to 5.0 [err]m Since the mcroparticles are deposited
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generally attain a certain level of variance. Throughout the pr esent
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in needle-1ike or dendrite shapes obt ai ned through el ectropl ating

under bur nteditpdunddls may K&Véli 4| gassestueht.asspebeEieal 193" bublses tatedOWN
in Fig. 2 25 (a) to F|g 2 (c). Wien the mcroparticles have needle-1|ike
triazloes are preferably used. Examples include 1,2,3-

10 Dbenzotriazole (hereinafter referred to as BTA),
carboxybenzotriazole (hereinafter referred to as CBTA), N',
N'-bis(benzotfiazolylmethyl) urea (hereinafter referred to as
BTD-U), 1H-1,2,4-triazole (hereinafter referred to as TA),
and 3-amino-1H-1,2,4-triazole (hereinafter referred to as

i5 ATA) .

Examples of preferably employed sulfur-containing
compounds include mercaptobenzothiazole (hereinafter referred
to as MBT), thiocyanuric acid (hereinafter referred to as
TCA), and 2-benzimidazolethioi (hereinafter referred to as

20 BIT).

Monocarboxylic acids are preferably used as the
carboxylic acids. Examples include oleic acid, linoleic acid,
and linolenic acid.

Next will be described the modes for employing the

25 aforementioned organic compounds in formation of an adhesive

interface layer on a carrier foil. Specifically, the

adhesive interface layer may be produced by dissolving the



or dendrite shape, the particle size refers to a longer size. By
use of copper mcroparticles deposited on a carrier

7 as shown in Fig. 2, several pieces of the

el ectrodeposi ted copper foil with carrier according to the present

I nvention were produced. The peel strength between the carrler|f0|
and the el egepedaRA%H: bggdcg%%rn if il etaSs riqla (To W-Tele aﬁnf mterd £54l 1S
were 9.8 g/ gmbf orﬁlg |5' 2 (a) ) ag?/ecm %u > b:%‘]i rd:t.hioég{ ﬁren
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quality control of 15 the fornmed particles are ¥rom an
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or nore, copper particles are grown into d € shape whi are
' mentioned above, the concentration is preferably 0.01 g/1 to

10 g/1, and the liquid temperature is preferably 20-60°C.
The concentraﬁion of the organic agent is not particularly

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

The afofeﬁentioned organic agents are considéred to be
formed firmly on a surface of the carrier foil in accordance

15 with a possible mechanism of formation of the adhesive
interface layer. For example, the organic agents are
adsorbed on a metal oxide 1ayef formed on the carrier foil
and form chemical bonds with oxygen species contained in the
metal oxide layer, thereby stabilizing the organic agents

20 forming the organic adhesive layer.

Therefore, the higher the concentration, the higher the
speed of adsorption of the organic agents to the carrier foil.
Principally, the concentration of the organic agents is
determined in accordance with the speed of the production

25 1line. The time for contact between the carrier foil and the
solution containing the organic agents is also determined by

the speed of the production line, and in practice is

10



readi'ly crushed, thus elevating reflectance and gl oss of the deposi ted
surface, and hence the surface does not assune a 20 brown to black color.

No particular limtation is inposed on the material of the carrier
foil which can be enployed in the present i nvention, and exanpl es of
the material include alum num ~ copper, and netal -coated resin film In

addition,t&giiﬁ%}%§rgq&@eéécgg?éhe carrier foil is not particularly

limted. an industri point of view, materials having a

thi ckness of 20%@&%1%0505?@&@5@ sﬁn%atuoﬁah;hsdli,%&smm i.e.,

8 any materials may e enpl oyed | ong as they can be
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used for m ‘ng fﬁe organi c esive interface layer is one or nore
5 speci es Ssﬂﬂcﬁcé %LH&&"&*.tEﬂﬂé’”l&O&iﬁBbGQtOESaEhEaEH”HHH“@ﬁe thickness

sul fur-contal ni ng organi ¢ conpounds, and carboxylic acid Anong
these cgNMPQYMUshe [FBridd ' HUEEs £POT £h £é PBa8E I8RYEx vanegrm@umd&naaxohave a

substltuent Specifically, substituted
maintain quality of the final product. When the
concentration is in excess of the upper limit; i.e., 10 g/1,
the adsorption speed does not increase commensurate with the
amount of added organic agents. Such an excessive
10 concentration is not advantageous from the viewpoint of
production cost.

The adhesive interface layer may be formed by use of
the aforementioned organic agent under the afprementioned
condiﬁions. As described in claim 3, the organic.adhesive

15 interface layer preferably has a fhickness of 5-100 mg/nf in
terms of the weight of the adhesive laver per unit area of
the electrodeposited copper foil with carrier. A thickness
falling within this range does not impair the conductivity of
the carrier foil during formation of an electrodeposited

20 copper foil layer. When the thickness is 5 mg/mz or less,
the adhesive layer encounters difficulty in providing
appropriate peel strength, whereas when the thickness is 100
mg/m2 or more, conduction of electricity in the carrier foil
in the course of electfodeposition becomes unstable. Thus,

25 when the thickness falls within the aforementioned range, an
appropriate peel strength can be assured and

electrodeposition of copper can be performed stably.

11



triazl oes are preferably used. Exanples include 1,2,3- 10 benzotri azol e

(hereinafter referred to as BTA), car boxybenzotri azol e (hereinafter
referred to as CBTA), N, N - bi s(benzotriazolyl methyl) urea
(hereinafter referred to as BTD-U), 1H1,2,4-triazole (hereinafter
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sul fur-contai ni ng conmpounds i ncl ude mner capt obenzot hi azol e (hereinafter
referred 6\%&‘ Ashmgowélﬁuahcaaia@c( ek Giaaht %hchefa%r rd%‘ilit%@s
TCA), and 2 enzi m dazol ethiol (hereinafter referred to as 20 T).

Monocar boxyi i fe@Fi dSadig Qi-eﬁﬂﬁl?é& H9adodR1bRec acidiahR@X¥des iiﬁitds

Exanpl es include oleic acid, linoleic acid, and Iinolenic acid.
Next wi |l beegleser iRE0ptHRuERISS Eeéperrakoisraatbtaewﬁe&ngah%mntI@rted
organi ¢ conpounds in formation of an adhesive interface |layer on a

carrier 5f Ol dre €] f thé! h¥oréfi€ntioneddBeghritc! agehftacaak,ey%ermxpmen
produced by dlssoIV|ng t he
to provide no adverse effect on the production steps of
printed wiriﬁg boards such as a variéty of resist application
steps, plating steps, and mounting steps.
The'aforementipned adhesive interface layer is formed
10 on the carrier foil having a copper microparticles-deposited
surface. Subsequently, an electrodeposited copper layer is
formed on the adhesive interface layer. The electrodeposited
copper layer, which is a bulk copper layer, is forméd
directly on the carrier foil By cathodically polarizing the
15 carrier foil per se in a copper electrolyte. Examples of
copper electrolytes which can be used include copper sulfate
and copper pyrophosphate.
The electrodeposited copper foil comprises a bulk
copper layer and a surface-treated 1éyer. The bulk copper
20 layer serves as a conductor when the layer is formed into a
circuit, and Ehe surface-treated layer maintains adhesion
during lamination of the copper foil to a substrate. Thus,
after formation of the bulk copper layver is completed, the
surface of the copper laver is subjected to nodular treatment
25 to provide an anchor effect during bonding tq a substrate and
to passivation, namely anticorrosive treatment to prevent

oxidation. Thus, the electrodeposited copper foil with
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af oreirenti oned organic agents in a solvent and i mersing a carrier

foil in the solution or applying the solution to a surface on which
an adhesive |layer is to be fornmed, through nmet hods such as showering,
spraying, trickling, and 5 electrodeposition. The nethod for formng
the interface layer is not particularly limted. For any of the

agent s cafBRbiroBedo2I%e thheneoReld; fna% a%[béxgcolrygg Olg aéﬂe/a&% g/l to

10 g/1, and the liquid tenperature |s prefe
concentration of Alehe r0RIJIperI¥iad Sld?ﬁtna%_f t:!s“ﬂ:?&d ced by 488 L&, cRRD 2

solution of high concentration or a solution OM/concentratlon can

be enpl oyedeVebBpEhepddiitld @B¥per £013' Wi QSJ szyg.%ql e@l} > cary ngé}ﬁbn a

af orenenti oned organi c agents are consi dere rne

surface of t{hergdbhikeln.f Oklinicl %‘ﬁEO'E:Q@:'}q_%r oivydy 3 e J@%fm of
formati on of the adhesive I nterface |ayer. For exanpl e, the organic

agents are coope2dfm®tkBga®Rid1dB! AreOded®did e, ftal éﬁ?ﬁ %#gifgﬂféﬁr fO'l

and form chenical bonds w th oxygen species contail

oxi de | ayerthéhengby fobrabil raubfl e rac@aRire 33aMsFerdda ity HHY d¥ race
or gani ¢ adhesi ve | ayer. Therefore, the higher the concentration,

the higher dbethe elépeeddepoddtePiopped’ ol ,0RAIUNC 2RMMeS I Bdlfwn to
carrier foil. Principally, the concentration of the organi c agents 1Is

det er mi ned braékcesUspce Phehstipeaspeadsoh Hi%hﬁ&o‘ﬂizlﬁh't‘é” rotghrddle, The
time for contact between the carrier foil and th sol ution contalnlng
t he organi ccagehhg ifchBentdeighs BedrB¥lect turbulently. The brown to

10 black color results from light absorbed by the surface of the
copper foil. Such a minute surface roughness is considérably
advantageous for forming a fine circuit pattern.

The physical properties of an electrodeposited copper
foil required for forming a fine circuit pattern will be

15 broadly summarized; i.e., 1) good adhesion to an etching
resist; 2) good exposure conditions; 3) high etching rate;
and 4) peel strength (including resistance to chemicals).

The electrodeposited copper foil with carrier of the present
invention satisfies the aforementioned physical properties.

20 Particularly, the copper foil with carrier predominantly
provides good adhesion to an etching resist and good exposure
conditions.

When the adhesion between the copper foil and an
etching resist increases, leaking of an etchant into the

25 adhesive interface is prevented. Thus, the formed circuit
exhlblts a cross-section having a good aspect ratio, and a

fine circuit can be formed with well-controlled impedance.

13



the speed of the production line, and in practice is

10 generally 5-60 seconds. When the concentration
is below the lower limt; i.e., 0.01 g/l, conplete adsorption of the
organi c agents within a short period of time is difficult to attain

and the thickness 5 of the forned adhesive interface |layer varies,

fail to [ in of ctan:et q,_qH&; e
cghcgﬂgratlgﬁ Fggﬁﬁaggbegé oflahg prer%:rkq &¥ %iﬁwﬁibﬂp to ?ﬂe
adsorption §E@ﬁ§ngo§§s'1%tt 't%%%ai%&%@mtaﬂﬁ t{b“on can? unt  of

added organi c agents. Such an exCessive 10 concen

advantaQGOU?rgggﬁbgbe g WQOEEE Yoppe ﬂHf%ngﬁffHEéxﬁgﬁK?éﬂatte S?J¥E%e

adhesive interface |ayer forme use of or enent 1 oned

organi ¢ agegg uaﬂgarbhewaftﬁr%ﬂ%msm%@d side ayer %eﬁ%d@% PeELT,

claim 3, the organic adhesive 15 intertace

t hi ckness o@haslograaa@hqwa dfnex oseldNTyHY 4@“%ﬂmﬂéggfﬁgﬁévmt eg1 ve

| ayer per unit area of el ectrodeposi t ed copper carr|er
A thicknessgircuit pattern can be mitigated.

Furthermore, the electrodeposited copper foil layer
which is obtained from the electrodeposited copper foil with
carrier according to the present invention has a minute

10 surface structure. Therefore, when the copper foil is
further plated, bond strength at the interface between the
plated layer and the copper foil increases.

A most remarkable effect of the copper foil has also
been observed. Specifically, the surface roughness of the

15 aforementioned copper foil layer is also highly advantageous
for laser hole formation employed for forming contact holes
such as through holes (PTH), iﬁterstitial via holes (IVH),
and blind via holes (BVH).

Since the electrodeposited copper foil layer obtained

20 from the electrodeposited copper foil with carrier according
to the present invention has minute surface roughness,
exposed light including a laser beam is effectively absorbed
By the surface. Figs. 4 to 6 show relationshipé between
properties of the copper foil surface.

25 As shown in Fig. 2, copper-clad laminates were formed
from carrier foil having copper microparticles of several

different types formed thereon. The present inventors have

14



falli'ng within this range does not inpair the conductivity of t he
carrier foil during formation of an el ectrodeposited 20 copper foi

| ayer. Wien the thickness is 5 ng/nferr] or |ess, t he adhesive | ayer
encounters difficulty in providing appropriate peel strength, whereas
when the thickness is 100 ng/nmferr] or nore, conduction of electricity
in the carrg | i e o] | %,

unstabl o fraici@ted eno Job Bl BESEngLpFLCELE PRBEE boPS, EEERERLCs

range, an gy SgH &aﬁﬁép§§£f%&éeggéaiﬁﬁgngfggf§Héegoﬁﬁgr foil with

el ectrodeposition of copper can be perforne : _

11 three parametdfs| Of "BJ, OLGANLEaHRES YEghR)REsSABnRe shieFdidey
renoved by washi ng mnt% an acidic solution such as diluted sul furic
acid or dilig.eth gk ochloric acid, and does not affect the production
steps of printed wring boards. At 5 present, the aforenentioned organic

agents ?ave beenypiPVePpes of L SuPELVIHGePOCBPBRESEoshkeol @Bpplad -RNQHICTI ON
steps o printed W ring boards such as a variety of resist application

steps, platidjghd €S wébél dPaihaPgast ePe reflectancdhe1afntagrali oned

adhesive interface layer is fornmed
surface roughness, and laser hole formability of each foil

are shown in Table 1. For the purpose of judging
relationships between parameters and simplicity in

10 description, data from four sémples are employed.

[Table 1]
Surface
Sample No. Reflectance Lightness roughness Laser que
(%) formability
/Ra (Hm)
A 71 7.99 0.368 good
B 86 30.00 0.331 fair
C 93 40.01 0.443
D 95 47.18 0.222 poor

The laser hole formability shown in Fig. 1 was

15 evaluated through observation of the shape of a cross-section
of a small hole formed by laser processing as shown in Fig. 3.
The photographs shown in Fig. 3 correspond to cross-sections
of small holes formed in samples A to D. The employed
conditions for laser processing were: apparatus: LCO-1A21"

20 (CO? laser, product of Hitachi Seiko); wavelength: §.3 Hm;
frequéncy: 2000 Hz; mask: 5.0 mm-diameter; pulse widfh: 1
shot, 20 Ms, 20 mJ; and offset: 0.8. The shapés of the

cross-sections are evaluated as "good" for sample A; "fair"

15



10 on the carrier foil having a copper mcroparticles-deposited

surface. Subsequently, an el ectrodeposited copper |ayer is formed on

t he adhesive interface |ayer. The el ectrodeposited copper |ayer, which
is a bulk copper layer, is fornmed directly on the carrier foil by
cathodically polarizing the 15 <carrier foil per se in a copper

el ectrol yt ggop &€8Pfang _poSePEsE shRpiER! ¥t 8RavhI. chs@ﬂeeb%hused

i ncl ude copper sultfate nd copper pyrophosphate.

el ectr odepagidPre £ ARRFE _§0b eseérartéeéna Qub\s proce88BRE! kR¥GE and a
surface-treated | ayer. The bul k copper 20 [|ayer serves as a conductor

when the |%tdg°r5ﬂi£re£lhbﬂt91ﬁs in thef6Htbr fhdebh@oppelageitreatrgd | ayer

mai nt ai ns adhesi on during lam nation of the copper foil to a
substrate. gdWsral, th@fffﬁsfééﬂaﬁéoﬂa&é Ismsobnl kyceiBeeskaver ekposure
conpl eted, the surface of .the copper layer is subjected to nodul ar
treatnegt P a ladePVHESmAN anchor ef f ect during bonding to a substrate
and - to passivation, namely anticorrosive treatnment to prevent
oxidation. Thus,rhéeré&lgeibRIRPES| betweeAPthel Balrateltlrs were _

12 carrier according to the present invention is obtained.

investigated on the basis of the data shown in Table 1. 1In
Fig. 4, lightness and surface roughness are plotted. As is
clear from Fig. 4, no clear relationship between lightness

10 and surface roughness can be obtained. Although lightness
and surface roughness do not correlate, lightness and laser
hole formability correlate in consideration of evaluation of
hole formability.

In Fig. 5, reflectance and surface roughness are

15 plotted. As is clear from Fig. 5, no clear relationship
between reflectance and surface roughness can be obtained.
Although reflectance and surface roughness do not correlate,
reflectance and laser hole formability do correlate, in
consideration of evaluation of hole formability.

20 In Fig. 6, reflectance and lightness are plotted. As
is clear from Fig. 6, a logarithmic relationship between
reflectance and lightness is found. The higher the lightness,
the closer the reflectance approaches 100%. Thus, the
present inventors have conducted a number of experiments

25 employing a number of samples, and have found that when a
copper foil of a copper-clad laminate has a surface having a

reflectance of 86% or less and lightness (L value) of 30 or
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After a copper-clad laminate is produced by use of the

el ectrodeposited copper foil with carrier, the carrier foil S

rel eased. Since the carrier foil has a surface on which 5 cooper

m croparticles are deposited, the characteristics of t he thus-forned
rough surface are transferred to the surface - of the el ectrodeposited
copper 1 0l Iyl oIt 855 U{1EGn enOb8 EaiPing withifCK £8695n aBg i 546l 85° dis 2
hi ghly m nute roughness, causi ng r1nci ent to ref

turbul ent |y, The pyown.1e s&QcPJ;f&# ﬁ@Lﬂraaesykw Lﬁew aﬂhhabsw bed by

the surface of the copper m nute surface roughnéss is
consi der abl gy ¢ 5 g £a SEYAP t%?@@ﬂ %f@ f8£ﬂkﬁglﬂt§'eﬁncbécﬂtta@ﬂhheraudglng

The physical properti€s ectrodeposi ted copper required

for form Ngefyd | fife Cé:EEP&éoP@Eé&ré‘u%é' lheméS 601 04! xhaumeaﬂgﬁudn e.
1) good adhesion to an etching resi st good exposure con itions;

hi gh etghl hd Aérm "1igRPReds Pﬁ%afﬁé?ﬁg}gpéégehﬂg' Bf §gaks! %&C%hteo Lab
cheni ca The el ectrodeposited copper wth carrier of

present coi&waaﬁéewhsa&hﬁéﬁeﬁst#§a3i9reﬂsmsyeae@ophx$a§ahtahgpertIes
20 Particularly, the copper foil with carrier predom nantly provi des

good adhesi@yrdmaicLifand 185hehessd UPRE 8MBRSYER colorCaitrer@nte
When t he adhesi on between the copper foil and an et ching resi st

i ncreases, fald Ngh P s AIES COGREahHE 0ok hﬁlpﬁén pahsAbXE kBhgbhace is
prevented. Thus, the forned circuit exhibits a cross-section having a

good aspect ratipn @ngim 5, thérseigi pedilidednaheeleefrddepblited
wel | -control | ed i npedance.
10 copper foil with carrier described in any one of claims 1 to
4, wherein copper microparticles are deposited on the surface
of the carrier foil onto which the organic adhesive interface
layer and the electrodeposited copper layer are formed, the

copper foil surface exhibiting a laser beam (CO, laser,
15 wavelength of 9.3 Mm) reflectance of 86% or less after
releasing the cafrier foil.

As is clear from the above description, the lightness
of the outer laver copper foil of a copper-clad laminate is
also a suitable index for monitoring laser hole formability.

20 Thus, in claim 6, there is provided an electrodeposited
copper foil with carrier described in any one of claims 1 to
4, wherein copper microparticles are deposited on the
surface of the carrier foil onto which the organic adhesive
interface layer and the electrodeposited copper layer are

25 formed, the copper foil surface exhibiting a lightness of 30
(CO, laser, wavelength of 9.3 Um) or less after releasing the

carrier foil.

17



13 : ' In addition, excessive scattering of exposed light to an

etching resist to be patterned during exposure can be prevent ed,
since the copper foil surface has a matte surface as conpared with
the shiny side of conventional copper foil. 5 Thus, broadening of
‘exposed |ight at an edge portion of a circuit pattern can be

m tigat ed. Farti dihéz*l & Mhfen 0 & g‘g..t% 8%{%?&# aeﬂn&f’fﬁﬁéoxfxgi% kﬁygr

whi ch i s obtaine e "él’ect rodeposi t arri

accordi ng teobbsrp&%wtanan;a %ub%:fm acdn er p;ljrgg[ g d%J&g&% %{y&twe

Theref ore, when the copper fur rength at

the i nter  aggndgbeREN ghbRess cowaqtt%dsavaﬁ A% A8 LOMBIGd Bt JdELgASES.

A rmost remarkable effect of the copper fo Peen observed
Speci fi cal | beale r3Haliate om0 UGN daip ol it %usaf Y2 N 6 SO ;f foi |
| ayer is also highly advant ageous | aser e fornatlon oyed

for formg ngfseﬂga%nh%%m at SWCHA AT %&%faéﬁ%esmterst'“a'

via holes (IVH), g lind via holes (BVH). I nce the

e|eCtr0d9p0§bE8ﬁ15QEBﬁﬁ fQEltbiyﬁbIQQt%fgﬁkormed in the outer copper
foil layer without attaining uniformity at an initial stage,
uniform holes cannot be formed in the substrate and the thus-
formed holes come to have rough inner surfaces.

10 The substrate is formed of a prepreg, which typically
comprises glass fiber impregnated with a resin such as an
epoxy resin or a melamine resin, the resin being semi-cured.
The prepreg and a copper foil are hot-pressed and completely
cured, to thereby-prepare a copper-clad laminate.

15 The completely cured prepreg is a type of fiber-
reinforced plastics, and glass fiber therein forms glass
clbth. The glass cloth and the resin in the prepreg differ
in laser hole formability; and uniform laser beam irradiation
is required. Thus, a copper foil exhibiting high laser beam

20 absorption (low reflectance) at an initial stage is employed
in a copper-clad laminate so as to form uniform, flat holes
in the copper foil. As a result, the substrate is subjected
to unifbrm irradiation with a laser beam, and holes can be
formed with higher precision.

25 Preferably, a resin layer is provided on the copper
foil in the electrodeposited copper foil with carrier

according to the present invention, and a circuit substrate
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20 fromthe el ectrodeposited copper foil with carrier according to

the present invention has mnute surface roughness, exposed i ght
including a |laser beamis effectively absorbed by the surface. Figs. 4
to 6 show rel ati onshi ps bet ween properties of the copper foil surface.
25 As shown in Fig. 2, copper-clad | am nates were forned from

carrier foi '(15%5:”909@&%%@1%&0%% xﬁﬁzio-fla%f‘e‘&erﬂinted wiiifd Shatypes

formed thereon. The present inventors have

14 u a tyi Iﬁgﬁ{ A& i40! € guen
formati on, is bon;/ig?o%grft%% ?Jr%glggrlfaa@gg%?n Itions o *e copper fort wit h
three parangpgis-cbated 'éqfelc?:‘ilo%@i)%’sn.lﬂﬁ"t %lsw:ﬂclﬁfecafrlef oMgness.
5 Four types of outer |ayer copper foll's of copper-cla

| am nat es wWggeveyal Hat @qu-ﬂ&%:.'h%f lr%(‘st:l."i’incf1.%’yél:l m§11ng no Sd.%é@é:e tl% bl e

roughness, and | aser hole formability of éach foil are own I'n

1. For the peeRess ehel bHtierd and 1n&1%|xatdo?§>u%rri' RS 08 WRAR, R PE déeé&ﬁid

sinplicity in 10 description, data from sanpl es are enp
layer, further improving laser hole formability.

In claim 7, there is provided a copper-clad laminate
employing an electrodeposited copper foil with carrier
described in any one of claims 1 to 6. The copper-clad

10 laminate employs the aforementioned electrodeposited copper
foil with carrier. No particular limitation is imposed on
the laser source employed for processing thé aforementioned
copper-clad laminate, and an argon gas laser or a CO, gas
laser may be employed. When the laser irfadiation has a

15 comparatively short wavelength, the absorption thereof.is
comparatively high, making the laser abration more effective.
Laser radiation conditions may be selected in consideration

of the material and substrate thickness.

20 Examples
Embodiments for carrying out the present invention will
next be described. In the following examples, methods for
producing the electrodepositéd copper foil with carrier of
the present invention and copper-clad laminates produced from
25 the electrodeposited copper foil with carrier are described,
along with results of evaluation éf the foils. The carrier

foil described in the following examples is formed with an
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[Table 1) Sur f ace Sanpl e
No. Reflectance Lightness roughness formabl e

/Ra (P1m formability A 71 - 7.99 _ 0. 368
good B 86 30. 00 0.331 fair

C 93 40. 01 0. 443 D 95é_ ]
47.18 1802234 £ R0 Qo foi1. Wie disuidiole ﬁum diy18hown
in Fig. 1 mgs ° §3§sﬁafed t Fgﬁéhogbservatlon of’ ﬁ] e’o

Cross- SeCt'Qaentlcanp%r%E%hl ngedgwaﬂﬂalg?|Eﬁ#”séﬂé“¥3fﬂf§hé§ fﬁﬂﬂ%ﬁin
Fig. 3. The phot ographs shown in Fig correspond to cross-sectlions

of small holes forned in sanples Ato D. The enpl oyed - conditions for
| aser processing were: apparatus: LCO 1A21 20 (CX2 |aser, product of

Hi tachi Sei kﬁh.fm@&l en@ha eQeétksasbmsltea c F‘B‘l'i‘e'ﬁﬁl %ﬁ%@n I JERSKC :85 0

mm di ameter; pulse wdth shot, [err of fset:

The shapes gkcbb@ing tocwsspse%mn&n%reelﬁw WAhad RS deady éd)rwfa{m' e A
"fair" for sanple B

and poor fofeSefphae €oardgl. 15 naa E%aratusSWoers piRIR Sy adlEded
one-shot processing, these phot ographs show fins in the outer |ayer
copper foilisl Bhown in Fig. 7. In the apparatus, a carrier foil 3 is
unwinded from a foil roll and travels, in a winding manner,
along the process line for forming an electrodeposited copper
10 foil layer 5. A drum foil (electrodeposited copper foil that
had not been subjected to any surface treatment) having #
thickness of 18 Hm and classified as grade 3 was employed as
the carrier foil 3, and the electrodeposited copper foil
layer 5 having a thickness of 5 Mm was formed on a shiny side
15 4 of the drum foil.

The shiny side 4 of a drum foil is essentially formed
on electrodeposited copper foil thfough the following process.
Specifically, a drum foil is produced in an eiectro-forming
cell which comprises a rotating drum cathode, and a lead

.20 anode facing and at least partially surrounding the drum
cathode, and contains a copper sulfate solution. During
electrolysis, copper is electrodeposited on the drum as
copper foil, which is continuously transferred to a foil
surface through peeling from the rotating drum cathode.

25 The drum foil surface which is touched on the cathode
is glossy and smooth; since a mirror-finished surface of the

rotating cathode is transferred to the foil surface. The
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general, the fins can be nade snooth by successive exposure 5 to a laser

beam The rel ationshi ps between the paraneters were .
i nvestigated on the basis of the data shown in Table 1. In Fig. 4,
| i ght ness and surface roughness are plotted. As is clear fromFig. 4,

no clear relationship between lightness 10 and surface roughness can be

obtai ned. AhhBoHBRalRh@A 3%3%ace 1sa%%1&léré a5 'ARUIRresHLo. gmra &I{PA%&

| i ght ness and | aser hol e formability correlate”i n consi 1 on

eval uation ghe surfgehecBﬁ%g?QE5%3$n of the otﬂé}léd}ﬁéie, §¥1n0 E e and

surface roughness are is clear from ear

rel ationshi Eopper gt m%@t'f%gi%?gsﬁ@%% and SIRSACE Ji (g}ﬁ'@;ss  gro agor ate . e,

obt ai ned. Al t hough refl ance and surface rou

refleCtanceoénéobﬁaﬁrvHQEGSfQEB%hhhhgonPﬂﬁ@”&ﬂﬁﬂé&tﬁ§‘cﬁﬁﬁté¥1§ié§£at'0”

of evaluation of hole formability ect ance and
lightness aggupl othed. sufface isl 2ahed’ thleOMalEtl Q&deal 'ﬁé?ﬂ%; %
rel ationship bet ween refl ectance and lightness iIs fou i ghe

the |lightnesérves astBesahe8ee bHgo" #hlieh! %%C@.n@%ﬁ%%ﬁgeia]t%@ Thys, t he
present inventors have conducted a nunber of experinents 25 enploylng a

number of spoRE6E. daREngapeoliabRdohhdlE WedpRer- c1a@OARGinadd. Of @

copper-clad | am nate has a surface having a refl ectance of 86%or |ess

and |ight neséréinastée) Prodliclion conditions of electrodeposited copier
foils with carrier will be described with reference to an

10 apparatus whe:e a variety of baths are continuously arranged
in-line.

Firstly, the carrier foil 3 taken from the foil roll
was transferred inﬁo an acid pickling ce11.6 filled with a
diluted sulfuric acid solution having a concentration of 150

15 g/l at 30°C. The carrier foil was immersed for 30 seconds,
to remove oily matter and surface oxide film from the surface
of the carrier foil 3.

After the carrier foil 3 was treated in the acid
pickling cell 6, the foil was transferred into a copper-

20 microparticle-forming bath 7 filled with a solution having a
copper concentration of 13.7 g/l and a sulfuric acid
concentration of 150 g/1 at 25°C. In the bath 7.
electroplating was carried out at a current density of 5-15
A/dm® (10 A/dm® in the present embodiment) for 10 seconds,

25 depositing a copper microparticles layer 8 on one surface of
the carrier foil 3. 1In this case, the carrier foil 3 per se

was polarized to serve as a cathode, and, as shown in Fig. 7,
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less; i.e., lightness falling within a region defined by the chain

line and specified with an arrow shown in Fig. 6, sati sfactory laser
hole formability can be attained, judging fromthe extrapol ated curve
in Fig. 6. In the description, 5 the term"lightness (L value)"
represents an index of the Lab color system which is w dely enpl oyed

for eval uatjnohe plangO{@tJ,gféy fehi fbt Q%Séo fBEeCBRbO%GEface of the

col or-difference met er was err product of N ppon Denshoku
Kogyo) . carx ier ! fofiasMp. pabﬁfeis PERYI QaéfaeeeESﬁhﬂ%ﬁ@sbtfecéhelo

copper foil carrier described in any one of clains
wher ei n CCW¥E¥méH(%6E5E£'ﬁi@foﬁéftﬂé?@§'iﬁ?e?nsthéréuhBaﬁQled toof the
carrier foil onto which the organic adhesive interface | ayer and the

el ect rodepqgi éfgkfﬁg@@rtﬁ@ygrsﬁéﬁhfQﬁﬂpﬂg .the(). copper foil surface
exhibiting a laser beam (CJerr] |aser 15 mavelength of 9.3 [err]m

reflect ?nce of 8PpOF tREScatter f£oill 8l 833 Beehheredteldinf Ane
As is clear fromthe above description, the |ightness of the outer

| ayer coppesoggis- :Qic@o§ SPPEE1EL aflobAThEabELhS7, thedks@iawali t abl e index
for monitoring | aser e formability. 20 Thus in claim6, there is
provi ded an@i®stdPEEPOFAtS80an adhesive-interface-forming bath 9 £illed
with a 5 g/1 agqueous solution of CBTA (pH 5) at 40°c. The
carrier foil 3 was run into the 5ath and immersed for 30
10 seconds, forming on a suiface of the carrier foil 3 anm
adhesive interface layer 10 having a thickness corresponding
to 30 mg/m’®. |
Subsequently, a bulk copper layer 11 of the
electrodeposited copper foil was formed on the adhesive
15 interface layer 10. A bulk-copper-forming bath 12 was filled
with a copper sulfate solution having a sulfuric acid
concentration of 150 Q/l and a copper concentration of 65 g/1
at 45°C. While the carrier foil 3 having an adhesive
interface layer 10 passes through the solution, a bulk copper
20 layer 11 is formed. In order to deposit copper uniformly and
smoothly on the adhesive interface layer 10, as shown in Fig.
7, anode plates 13 weré placed such that the anode plates
faced in parallel one surface of the carrier foil 3.
Electroplating was carried out for 60 seconds under uniform
25 plating conditions and at a current density of 15 A/dmz. In
| this case, at least one temnsion roll 14 maintaining contact

with the running carrier foil 3 served as a current-supplier
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copper foil with carrier described in any one of clainms 1 to 4,
wherei n copper mcroparticles are deposited on the surface of the
carrier foil onto which the organi c adhesive interface |layer and the
el ectrodeposited copper layer are 25 formed, the copper foil surface
exhibiting a |lightness of 30 (C®2 | aser, wavelength of 9.3 [err]m or

less after é@lfsasé@gpéi‘@rlze tﬁérééffléi" Eo:.l 3 per se to a cathode.

17 Particul arly, when hol es are formed sinmultaneously

in a Coppegfégi.»'caﬁﬂlaﬁuhsafaksrﬁae%ht Bl BIpA1KORRS e elquer 11

| ami nate, process conditions at an initial stage of |aser beam

| rradiation ar&omh ﬂﬁEﬁé&ﬂttthaérriQf Boi es3nyak Qfansier&@ﬁ”&ﬂtﬁnhfor”|y at
an initial stage of laser beam irradiation. If the holes are forned in

the outer Gfiplar tredOhént AEERM ENPH! oRBER Eb“ﬂo&:‘ﬂ' BAEHbYY cBbpak i niti al
st age, uni form hol es cannot be forned in the substrate and the thus-

formed Bol gfi &RUPat Qi fEYE {19USH tREeLusEabac8e théObulk co§5ersula%&at1q i's
formed of a prepreg, which typically conprises glass fiber inpregnated

Wi th a resighé WhclSr dfopper RPEX¥paPELB1EE 85NBLATFECHEAAING EREen@TH)
bei ng sem - cur ed.
between the copper foil and a substrate during production of
a copper-clad laminate. The treatment carried out in the
nodular treatment bath 16.involves depositing anchor copper
10 microparticles 15 on the bulk copper layer 11l(step 16A) and
seal-plating so as to prevent dropping out of the anchor
: coppér microparticles 15 (step 16B).
Step 16A, depositing anchor copper microparticles 15 on
the bulk copper layer 11l employed a copper sulfate solution
15 {sulfuric acid concentration of 100 g/l, copper concentration
of 18 g/1, temperature 25°c) similar to that employed in the
bulk-copper-forming bath 12, and electroplating.was carried
out for 10 seconds under conditions forming burnt deposit at
a current density of 10 A/dmz. In this case, as shown in Fig.
20 7, anode plates 13 were placed such that the anodes plates
faced the anchor-copper-deposited surface of the carrier foil
3 in parallel.
Step 16B, seal-platin§ so as to prevent dropping out of
the anchor copper microparticles 15, employed a copper
25 sulfate solution (sulfuric acid concentration of 150 g/1,
copper concentration of 65 g/l, temperature 45°C) similar to

that employed in the bulk-copper-forming bath 12, and
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The prepreg and a copper foil are hot-pressed and conpletely cured,
t hereby prepare a copper-clad |l am nate. 15 The conpletely cured
prepreg is a type of fiber- rei nforced plastics, and gl ass fi ber
therein fornms gl ass cloth. The glass cloth and the resin in the
prepreg differ in laser hole formability, and uniformlaser beam

i rradi atio ectraﬁléf«f&r@g diFied GGPPEL:! 8b! sSéBhﬁbt Ligek thlffm{

beam 20 absorption lectance) at an initial stage Is enployed

in a copperglathd 3y €1 s 3and O é%”l:&?kéﬂf:”heﬁls%yh%eis A/apPD thg

copper f0|I As a resu e su strate I'S subjecte uni f or m
| rradi atloruwg Nedsd a8§£ Qﬁéﬂ PRIr{Q! €6, Caho8e plateéoaaﬁc&e\ﬁfet Ella'c@laer
preci sion. Preferably, a resin layer is provided on the copper

to

foil in th%lf‘él?%ﬂ&é’%?é'iﬁé’d&é’pﬂfétég' Ea¥kinehar bhehor - copperPadpbgiked he

present invention, and a circuit substrate
18 5 surface &f W& CRFRiORI£6i Rl 30inapg¥hiiehayer printed wiring

boar d) I's bonded via the resin | ayer serving as an adhesive. Such a

resin-coated el ep4§Q0¢RESbhEInEREDGT ahipii L cWirkBs§Bn! k2eat@Bnt was Provi de an

insul ating resin |ayer containing no glass cloth
carried out in a passivation bath 17, by use of zinc as a

corrosion-inhibiting element. The concentration of zinc in
the passivation bath 17 was maintained by employment of a

10 zinc plate as a dissolving anode 18. The electroplating was
carried out in a zinc sulfate bath (sulfuric acid
concentration of 70 g/l1l, zinc concentratioan of 20 g/l1,
temperature of 40°c) at a current density.of 15 A/dmz.

After completion of the anti-corrosion treatment, the

15 carrier foil 3 was passed through, over 40 seconds, a drying
furnace 19 where the atmosphere was heated to 110°c, to
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.

20 The foil was then rinsed with water in a water-rinsing bath
20 capable of performing about 15 sec water-washing and
disposed between successive operation baths, thereby
preventing the solution from being carried over from thé
previous bath.

25 On the thus-passivation-treated electrodeposited copper
foil with carrier 1, a resin layer having a thickness of 70

Um was formed, to thereby obtain a resin-coated
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5 between the outer and inner copper foils serving as a second | ayer,

further inmproving laser hole formability. In claim?7, there is
provi ded a copper-clad | am nate enpl oyi ng an el ectrodeposited copper
foil with carrier described in any one of clainms 1 to 6. The

copper-clad 10 lam nate enpl oys the aforenenti oned el ectrodeposited copper

foil with cgfyuéeg%;:g a¥3 JRAtldd Wopdrd EdiAl Wity sca%@afeedl o0 rne thdl. | aser

source enpl processi ng the aforenentlone copper-c

| aminate, agg:a3n3600RHRT IRV 1 GAesse 'a "B GneODLLYP

When the laser irradiation has a 15 conparatlv y short wavel engt

absorption Eﬂ@EQOfah51nner QQ @Wf@ﬂﬂ&iﬂéﬂhgrﬁﬂgﬁﬁgféﬁaﬂ§§@ @Pfé&égn

nore effective. Laser iation conditions selecte

consi derati gg therery tf@)‘i‘mmit YopPer A a4 Bt i3 £ d r1'15:\}<:i.r}f'gs ur If-)%e s. .
Exanpl es nbodi nents for carrying out the present |nven Ion wil |
next be Sjes‘i'hébSQtelrn coppelrOlfcaW %&t@&arﬂgl%%sﬂfé e dHier fof OSULLQT

t he el ectrodeposited copper foil with carrier of the present 1 nvention
and copper - gbgtleb2gheat 8% Baeduned frlq@héésst hee eziaectarxﬁii%éfdc&ﬁp@fr
foil with carrier are descri bed, along with results of eval uation of

the foils. Iherssa&lt%les nalOlal plEaGIRCG i tdlelfOJ l(PVang BARES | S
formed with an
strength at the adhesive interface 8 between the carrier foil
layer 3 and the electrodeposited copper foil layer 5 was

10 measured. The peel strength of the electrodeposited copper
foil with carrier 1 was 60.0 gf/cm before heating, and 61.3
gf/cm after hot-pressing at 180°C for one hour. 1In addition,
via holes were formed through laser processing. As shown in_
Fig. 8, good hole-formability was attained.

15 Furthermore, the present inventors repeated the
experiment, except that palmitic acid, stearic acid, oleic
acid, linoleic acid, linolenic acid, or mercaptobenzoic acid
was used as the aforementioned organic agent instead of CBTA.
The results of peel strength as measured on the interface 8

20 between the carrier foil layer 3 and the electrodeposited
copper foil layer 5, before and after heating, are summarized
in Table 2. 1In addition, via holes were formed in each
electrodeposited copper foil with carrier through laser
processing after releasing carrier foil. As shown in Fig. 8,

25 good via holes were obtained.

[Table 2]
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Example 2 The procedure of Example 1 was repeated, except
that the composition of the solution employed in the copper-
microparticles-forming bath 7 and electrolysis cqnditions
were changed. Thus, the solution employed in the copper-
microparticle-forming bath 7 will be described, and
descriptions of other details are omitted.

The copper-microparticles-forming bath 7 was filled
with a solution having a copper concentration of 7.0 g/l, a
sulfuric acid concentration of 80-110 g/1, and an arsenic
concentration of 1.8 g/1 at 25°C. 1In the bath 7,
electroplating was carried out at a current density of 5-15
A/dm® (10 A/dm® in this case) for 15 seconds, depositing a
copper microparticle layer 8 on one surface of the carrier
foil 3.

In this case, the carrier foil 3 per se was

polarized to serve as a cathode, and, as shown in Fig. 7

r

anode plates 13 were placed such that the anode plates faced
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el ectrolysis, copper is electrodeposited on the drum as copper foil,

which is continuously transferred to a foil surface through peeling
fromthe rotating drum cat hode. 25 The drum foil surface which is
touched on the cat hode is glossy and snooth, since a mrror-finished
surface of the rotating cathode is transferred to the foil surface.
The i1 in parallel. 20 t hus- obt ai ned
surface |s<xﬁl the shiny side. In contrast, t he surface

configuration of ﬁh@thQﬁﬁssﬂ£§§§€at98nwﬁkﬁgted eleGQBB%EPb%ited copper
electrodep05|ted I's rough, since the growh rate copper varies

dependi ng %uhewﬂﬁp%ﬁfpefwstél r&sPRC1aye? hdb¥ag hhthisuhbaseoies 70al | ed

the matte side. The matte sid serves as a surface onto which an
insul ati ng ygatald aéoﬁﬁe d&swﬂnpaoﬁegihoeoaeea copper - cl ad
| am nat e. Her el na ier production conditions of electrodeposited
copper s elé@&f&adbwl@@aré@ﬁpa&“fobf WEeERr bhedivkt b rekgeeRaasto an 10
apparatus where a variety of baths are continuously arranged i n-1ine.

Firstly, trEbééﬁﬂé&”céﬁbér3f6ﬁ$e@a§rHSttﬁﬂgégéh #2th a core material
sheet, an inner layer circuit being formed on both surfaces,
to thereby form a copper-cléd laminate having four layers.
The outer copper foil after releasing carrier foil 3 had a

10 reflectance of 82% and a lightness of 26, and copper
microparticles formed had a particle size of 1-2.0 Hm. The
peel strength at the adhesive interface 8 between the carrier
foil layer 3 and the electrodeposited copper foil layer 5 was
measured. The peel strength of the electrodeposited copper

15 foil with carrier 1 was 58.0 gf/cm before heating, and 58.0
gf/cm after hot-pressing at 180°c for one hour. 1In addition,
via holes were formed through laser processing. As shown in
Fig. 9, good hole-formability was attained.

Furthermore, the present inventors repeated the

20 experiment, except that palmitic acid, stearic acid, oleic
acid, 1ino;eic acid, linolenic acid, or mercaptobenzoic acid
was used as the aforementioned organic agent instead of CBTA.
The results of peel strength as measured on the interface 8
between the carrier foil layer 3 and the electrodeposited

25 copper foil layer 5, before and after heating, are summarized
in Table 3. In addition, via holes were formed in each

electrodeposited copper foil with carrier through laser
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was transferred into an acid pickling cell 6 filled with a di luted
sul furic acid solution having a concentration of 150 15 g/l at 30 C. The

carrier foil was imersed for 30 seconds, to renmove oily matter and
surface oxide filmfromthe surface _of the carrier foil 3.
After the carrier foil 3 was treated in the acid pi ckling cell 6, the
foil was transd é%éfﬁb'ntﬁbasﬁgﬂﬂe{n r2§. §1C§883r5&ﬁlﬁo&Q%”hQeréanined.
filled with a solution having a copper concentration of 13.7 g/l and a
sul furic acighyye 3foncentration of 150 g/l at 25 C. In the bath 7,
el ectroplating was carried out at a current density of 5-15 A/dnfprr]
(10 A/dni grr] ©ngantcpagenht enbodi ment) ﬁ@ﬁlﬂ?&kﬁkﬂkﬁ;(gﬁﬁpmhep05|t|ngfa
copper m gr ofaxmigigesadh@sdror8 dn one surface t he rri oil 3. fn
th!og case,| the chnteefateil 3 pier 2’ for &l}ﬁaas ’ﬁ’(ﬂ arilzed ?gggﬁrggagyg
cat hode, gnd, as shkgsya i n Fi g. 21
anode pl atles 152 T¥Ri €18 ggggrso as tqlrjce”on(ra surface of the 101 carrier
fQI | 3 i n p::u al t@arlhl%ﬁ}a racy t’-Umjl t TOTgs; O t1he formed™ -fg)ppET _
m cropartijeres ie:l.c 2 ¥ HTea—T0o 100 approxtyrate—t ||u5£1§||UV'Vﬁ—I—ﬁ—‘
Fig. 2 (b)k
linoleic acid 74 93
linolenic acid 82 91
mercaptobenzoic acid : 80 85
BTD-U 41 43
MBT 49 59
TCA 37 39
BTA 56 70
BIT 34 48
TA 50 67
ATA 51 54
Effects of the Invention
5 The electrodeposited copper foil with carrier according

to the present invention enables releasing of the carrier
foil layer from the electrodeposited copper foil layer at the
interface between the two layers with little peel force. The
copper foil with carrier maintains stable releasability of

10 the carrier foil from the interface, whereas conventional
peelable electrodeposited copper foils with carrier have not
attained such releasability. When the carrier foil is
removed, the developed surface of the electrodeposited copper
foil with carrier is readily improved in absorptivity of a

15 laser beam. Thus, forming holes by laser processing is
easier and the yield of production of printed wiring boards

can be remarkably improvéd.
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5 "~ After the carrier foil 3 had been treated inthe —
copper-mcroparticles-formng bath 7, the foil was transferred into an
adhesi ve-interface-formng bath 9 filled with a 5L|‘||“meml“]ﬂﬁﬁmt i on
of CBTA (pH 5) at 40[err]C The carrier foil 3 wa i IRAS th
and i mersed for 30 10 seconds, formng on a surface &f fhe carrier foi

3 an agh@agimee i nterface |layer 10 having a thickness correspondi ng

to 30 ng/nferr]. Subsequently, a bul k copper layer 11 of the

el ectrodeposit ed 10DDS d1ide ARferdol 1Yl Wo s HDLE! ¥Pen Iarkiler f ace
| ayer 10. A bul k-copper-form ng bath 12 was filled wth a copper

f | dbi i ' sfd 166 3aCI ' | and a
sul fate sol dbimpRiB3VigN@ %asz‘illllelir £5i46] Gip org%%ﬁl}f%%‘ﬂ@é %?%?Péar

copper concentration of 65 g at 45[err]C foil 3
having an agdhgeirVvEormed ioh! & e dcy Jr khPansasi d e, theasgiution, a
bul k copper 20 layer 11 is forned. |In order to deposit copper uniformy

and 5 SMRdkkkYodepbiad tadhevppry HaaMf qce?yé:axfé(féﬁ téd S }%%%%ine

7, anode plates 13 were placed such that the anode plates I n

paral l el ongngerfaee 2hyels ehara@iterdided in thatE &PPP dd ApdRS: SPLLT ed

out for 60 seconds under uniform 25 plating conditions and at a current
density of apeAGepbelitkd bi the su¥facedsE tiHe |RAS INEILNDrb hicH4

mai nt ai ni ng cont act with the running carrier foil 3 served as a
current - suppheebrganic adhesive interface layer and tie electrodeposited
copper layer are formed.

10 2. An electrodeposited copper foil with carrier
according to claim 1, wherein the copper microparticles
deposited on the carrier foil show brown to black to the
naked eye, and have a particle size of 0.01 Hm.to 5.0 Um.

3. An electrodeposited copper foil with carrier

15 according to claim 1 or 2, wherein the organic adhesive
interface layer has a thickness by weight of 5 mg/m2 to 100
mg/m?.

4. An electrodeposited copper foil with carrier
according to any one of claims 1 through 3, wherein the
_20 organic agent used for forming the organic adhesive inﬁerface
layer is one or morelspecies selécted from nitrogen-
containing organic compounds, sulfur-containing organic
compounds, and carboxylic acids.
5. An electrodeposited copper foil with carrier

25 according to any one of claims 1 through 4 including copper

microparticles deposited on the surface of the carrier foil

onto which the organic adhesive interface layer and the
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so as to polarize the carrier foil 3 per se to a cathod After
conpl etion of formation of a bulk copper |ayer 11 \ﬂ t he

carrier foil 3 was transferred into a nodul ar
order to form anchor copper 5 mcroparticles 15 o x ace’ of the
bul k copper | ayer 11. The anchor copper mcropar¥i cles 15 assure

bondi ng st r@i@é&odepo@fﬁ&‘ﬁeaoBBGrc99985 heel fapshed, S%%tr'é@r.tnet‘ifg |d¥bper

producti on of a copper-clad | amnate. The treat ment carried out in the

nodul ar tregd{enty, PaLlh éﬁh?ﬁ@lﬁeﬁ eﬁgﬁé'l%@f‘m Cf%’?féctéa@ce of 86%

m croparticles 15 on t copper fayer 11 (step 16A) and

seal - pl ati ngr Sfe 88 £Pt9£e¥éﬁ8v91089'EﬂeOHBrQEeEh%oéﬂChor copper
mcroparticles 15 (step 16B). Step 16A, depositing anchor copper

mcroparticles 1p onap elehhﬁoaﬁbbsﬁgaae'&ob@é‘if £b} 18RRI tBY R A iEpper
sulfate solution 15 (sulfuric acid concentration of 100 g/l, copper

concent at | foordin@f td8afly! onkeBREERREME 2okArbhgh 'Ih'c@.'i:dtl(ﬁgt Rdpper
enpl oyed in the bul k- copper-form ng bath 12, and el ectroplating was

carried mi@képdPtidfescqepdsitadebnCendi bue#s ckobH RebWar idePE ity at
a current density of 10 A/dnjerr]. In this case, as showmn in Fig. 20 7,

anode pl at esndé wiei&h PtRECSrgaflict Hahebhocanadey rakat 2ayer anliaad the
anchor - copper - deposited surface of the carrier foi
electrodeposited copper layer are formed, wherein the copper
foil surface exhibits a lightness of 30 or less after removal
10 of the carrier foil.
7. A copper-clad laminate employing an

electrodeposited copper foil with carrier as described in any

one of claims 1 through 6.
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3 in parallel. - Step 16B, seal-plating so as to prevent dropping

out of t he anchor copper mcroparticles 15, enployed a copper 25
sul fate solution (sulfuric acid concentration of 150 g/l, copper
concentration of 65 g/l, tenperature 45[err]C) simlar to t hat

enpl oyed in the bulk-copper-formng bath 12, and

23 el ectroplating was cgidigd.out for 20 seconds under
uni form plating conditions and at a current density of 15 A/dnierr].
In this case, as shown in Fig. 7, anode plates 13 were pl aced

such that the anodes plates faced the anchor-copper-deposited 5 surface

of the carrier f@blgéobgdgaﬁﬁlkﬁbctrode gs1te%@%%ﬁﬁ@¥(¥blﬂuﬁﬁﬂﬁ/carr1er

anti-corrosion treatnment was carried out I1n a passwatl on bath 17 'by

use of zi ”C:.filswﬂ;ch eléeEi-QéhQ”chHbE'tEbﬁgh‘é'l‘é'ge'%hchﬂ&% CAVSIYH 3d 1Yk Of

zinc in he -passivation bath was mai ntai ned by enpl oynent of a 10
zinc plate @15'1'1@) di §ﬁ9é¥b€9t§9§?d6138hol-'ége (Va9 aRldeb11%hd'e3 a hold? Ii ed
out in a zinc sulfate bath (sul furic acid concentration of 70 g/l,

zinc concen{pgfj OBaRf b&O0r@hlily formed@ner ii'h!ér e n¥entiber phiovides? anHr I ent
density of 15 A/dnferr].
electrodeposited copper foil with carrier comprising a
carrier foil, an organic adhesive interface layer formed on a
surface of the carrier foil, and an electrodeposited copper
10 foil layer deposited on the adhesive interface layer, wherein
copper microparticles are deposited on the surface of the

carrier foil onto which the organic adhesive interface layer

and the electrodeposited copper layer are formed.
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After conpl etion of the anti-corrosion treatnent, the 15 carrier foil 3

was passed t hrough, over 40 seconds, a drying furnace 19 where the

at nosphere was heated to 110[err]C, to .t her.eby produce an

el ectrodeposited copper foil with carrier 1, which was then wound into
aroll. During the -af orementi oned steps,. the carrier foil ran at 2.0
mmnute. 20 The foil was then rinsed with water in a water-rinsing bath
20 capabl e of perform ng about 15 sec water-washi ng and di.sposed

bet ween successive operation baths, thereby preventing the solution
frombeing carried over fromthe previous bath. 25 On the

t hus- passi vation-treated el ectrodeposited copper foil with carrier 1,
a resin layer having a thickness of 70 [err]mwas formed, to thereby
obtain a resin-coated 24 -

el ectrodeposited copper foil with carrier 1. The thus- obt ai ned copper
foil 1 was hot-pressed with a core nateri al sheet, an inner |ayer
circuit being formed on both surfaces, to thereby forma copper-clad
| am nat e having four |ayers. 5 The outer copper foil after:rel easing of

carrier foil 3 had a

5 electrdeposited copper foil
(electrdeposited copper foil layver)

10 interface

o ' (interface
N laver)

\

|

3 carrier foil (carrier foil laver)

- FiG. 1

1/9



refl ectance of 84% and a Iightness'of 28, and forned copper

m croparticles had a particle size of 1-2.0 [err]m The peel strength
at the adhesive interface 8 between the carrier foil | ayer 3 and the
el ectrodeposited copper foil layer 5 was 10 neasured. The peel strength
of the el ectrodeposited copper foil with carrier 1 was 60.0 gf/cm
before heating, and 61.3 gf /cmafter hot-pressing at 180[err]C for one
hour. In addition, via hol es were fornmed through | aser proceSS|ng As

shown in Fig. 8 good hol e- fornablllty was attained. 15

Furthernore, the present i nvept s atetabbesauseoXxperi ment, except
that palmtic acid, stearic ok R ebadsiinar "_f; oleic acid, linolenic
acid, or nercaptobenzoic aci = RS 1_°;srenent|oned organic

agent instead of CBTA dppieedatt SRt et Masb B0t h as nmeasured on the
interface 8 20 betweéa)the % A $2i®¥ the el ectrodeposited
copper foil layer 5, before : 2 : - rized I n Tabl e
2. In addition, via hol es wergiie : ctrodeposited copper
foil with carrier through | adiemegiss q & Y%: rel easing carrier
foil. As shown in Fig. 8, 25 good la BBt ai ned. [ Tabl e
2] 25

(b)

(c)

Fic. 2

2/ ¢
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CXganic agént ~ Peel strength (gf/cm form ng adhesi on

I nterface bef ore heating after heating CBTA
60 61 palmtic acid 104
110 stearic acid 78 85
oleic acid . - 105 118 l'inoleic acid
82 102 linolenic acid 97
106 mer capt obenzoic acid 78 85
BTD- U 46 48 VBT
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44 BTA 68 83
BIT _ 40 55 TA
62 of pt
that the c enpl ;
m cropartij ctro
changed. : in i
m cropartij descs s of
ot her det The ng
bath 7 was TillTed Gatton h of 7.0
g/l, a 16 ; | on G& L S C
concentr atg t he el ectropl ati ng was
carried ou i -15 14 in
this case)” BCONTS~fe a yer 8
on one surface of the carrier
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15 foil 3. In this case, the carrier foil 3 per se was - polarized to
'serve as a cathode, and, as shown in Fig. 7, - anode plates 13 were

pl aced such that the anode plates faced _

26 : the foil in parallel. On the

t hus- passi vation-treated el ectrodeposited copper foil with carrier 1,
a resin |layer having a thickness of 70- [err]mwas fornmed, to thereby
obtain a resin-coated 5 el ectrodeposited copper foil with carrier 1. The
t hus- obt ai ned copper foil was hot-pressed with a core materi al

sheet, an inner layer circuit being forned on both surfaces, to
thereby form a copper-clad | am nate having four |ayers. The outer
copper foil after releasing carrier foil 3 had a 10 refl ectance of 82% and
a lightness of 26, and copper m croparticles forned had a particle
size of 1-2.0 [err]m The peel strength at the adhesive interface 8
between the carrier foil layer 3 and the el ectrodeposited copper foi

| ayer 5 was measured. The peel strength of the el ectrodeposited copper
15 foil with carrier 1 was 58.0 gf/cm before heating, and 58.0

(Ra:um)
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gf/cmafter hot-pressing at 180 C for one hour. In addition, via hol es
were formed through | aser processing. As shown in Fig. 9, good

hol e-formability was attained. Furthernore, the present inventors
repeated the - 20 experinent, except that palmtic acid, stearic acid, oleic
acid, linoleic acid, linolenic acid, or mercaptobenzoic acid was used
as the aforenentioned organi c agent instead of CBTA The results of
peel strength as nmeasured on the interface 8 between the carrier foi

| ayer 3 and the el ectrodeposited 25 copper foil layer 5, before and after
heating, are summari zed in Table 3. In addition, via holes were forned
in each el ectrodeposited copper foil with carrier through | aser

27 processing. As shown in Fig. 9, good via holes were
obt ai ned. [ Tabl e 3] Organi ¢ agent Peel strength
(gf/cm form ng adhesi on bef ore heati ng after heating
interface CBTA 58 58
palmtic acid 95 101 stearic acid
67 79 oleic acid 100
118 ' ' linoleic acid 74 - 93
| i nol enic acid 82 .91 mer capt obenzoi c
acid 80 85
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-BTD- U ' 41 - ' 43 MBT

49 ' 59 TCA 37
39 BTA 56 - 70
BIT 34 48 _ TA
50 ) 67 ATA 51
54 ' Ef fects of the Invention 5 The
el ectrodeposited copper foil with carrier according to the present
invention enables releasing of the carrier - foil layer fromthe
el ectrodeposi ted copper foil |ayer at the interface between the two
| ayers with little peel force. The copper foil with carrier naintains
stable releasability of 10 the carrier foil fromthe interface, whereas
conventi onal peel abl e el ectrodeposited copper foils with carrier have
not attained such releasability. Wien the carrier foil is
renoved, the devel oped surface of the el ectrodeposited copper f oi
with carrier is readily inproved in absorptivity of a 15 |aser beam
Thus, form ng holes by |aser processing is easier and the yield of
production of printed wiring boards can be remarkably inproved.
28 (%) : :
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C ai s 1. An electrodep05|ted copper f0|I W th carrier

conprising a carrier foil, an organic adhesive-interface | ayer forned

on a surface of the carrier foil, and an 5 el ectrodeposited copper foi

| ayer deposited on the adhesive interface layer, characterized in

t hat copper mcroparticles are deposited on the surface of the

carrier foil onto which t he organic adhesive interface |ayer and the

el ect r odeposi t ed . copper |ayer are fornmed. 10 2. An

el ectrodeposited copper foil with carrier according to claim1, _

wherein the copper mcroparticles deposited on the carrier foil show

brown to black to the naked eye, and have a particle size of 0.01

[errfmto 5.0 [err]m 3. An el ectrodeposited copper foil with

carrier 15 according to claiml or 2, wherein the organi c adhesive

interface layer has a thickness by weight of 5 ng/nm2 to 100 ng/ nferr]
4. An el ectrodeposited copper foil with carrier accordi ng

to any one of claims 1 through 3, wherein the 20 organic agent used for

form ng the organi c adhesive interface | ayer is one or nore species

sel ected from nitrogen- cont ai ni ng organi ¢ conpounds,

sul fur-containing organic conpounds, and carboxylic acids.

5. An el ectrodeposited copper foil with carrier 25 according to any one

of clainms 1 through 4 including copper

Fic. 7

7/9



m croparticles deposited on the surface of the carrier foil" ont o whi ch
the organi c adhesive interface | ayer and the _

29 el ectrodeposited copper |layer are fornmed, wherein the
copper foil surface exhibits a CJerr] gas |l aser beamrefl ectance of
86% or less after renoval of the carrier foil. 6. An

el ectrodeposited copper foil with carrier 5 according to any one of
clainms 1 through 4 including copper m croparticles deposited on the
surface of the carrier foil onto which the organi c adhesive interface
| ayer and the el ectrodeposi ted copper |layer are fornmed, wherein the
copper foil surface exhibits a lightness of 30 or less after renoval
10 of the carrier foil. 7. A copper-clad | am nate enpl oying an
el ectrodeposited copper foil with carrier as described in any one of
claims 1 through 6.
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