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cqopper clad lamnate and nore specifically to oil for making a
printed wiring board, which is excellent in the adhesion to a base
material (substrate) such as a gl ass-epoxy resin substrate, a polyester
resin substrate, a polyimde resjn.sybstrate, or, an_a ' ubstrate (or
peel strength between a §FFa?@l&ng°thr&85ﬁgrﬁlFébgnbg%E?Sture

resi stance, chemical resistance and heat resistance and a copper clad

| am nate conprising the copper foil and a substrate. Background Art
When usi ng aféﬁﬁﬁﬁﬁ i @iefpr making a printed wiring board, the copper
foil is in genera E%dhgf% to and lamnated wth a substrate such as a

gl ass-epoxy resin mbyredletit anvpakyeat eelaess nts ubsiopye; faijofpirmindking
resin substrate or an- aramd substrate, while applying heat and pressure
thereto to & gpmimrtedppering dobdmiriant @ adpperaclecdHiaminads and wmagsl i ed
to the surface of the foil by the photo inmging process ysing a resist and
a desired wisperifiaaldinh e & eoRRe Dy adtlc HioFy MAkiRY & RaHdYgd wiring |
respect of the quality and characteristi roperti.es, . the.copper_ .foi.l_,for
printed wi rib@%@r‘ﬂy—%}h&ﬂ FRER %ﬁ;rper &SN & %%ﬁ mahfsidh to
a substrate 6§Hb§¥f££é¥ﬂguch as a glass-epoxy resin substrate, a polyester
resin substrate, a polyimide resin substrate or an aramid
substrate (or peel strength between a substrate and the copper
foil), moisture resistance, chemical resistance and heat
resistance and a copper clad laminate comprising the copper

foil and a substrate.

Baékground Art _

When using a copper foil for making a printed wiring
board, the copper foil is in general adhered to and laminated
with a substrate such as a glass-epoxy resin sqbstrate,.a
polyester resin substrate, a polyimide resin substrate or an
aramid subsﬁrate, while applying heat and pressure thereto to
form a copper clad_laminate, then an etching resist is appliéd'
to .the surface of the foil by the photo imaging process using
a resist and a desired wiring pattern is formed by etching with
an etchant.

In respect of the quality and characteristic properties,
the_copper foil for printed wiring boards should satisfy such
reqﬁirements as high adhesion to a substrate (or high peel
strgngth between the substrate and the copper foil), and high

moisture resistance, chemical resistance and heat resistance.
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strength between the substrate and the copper foil), and high noisture
-resi stance, chem cal resistance and heat resistance.

2. This is because the copper foil nust ygthstand the influence of

noi sture, chemicals and heat, to which the foil is exposed or encountered
i n the manufacturing process, for instance, during the formation of an

etching resist, and during pagkagi n suych circuit ., onents. .
Met hods for Thiparts REGAHSS &qu’ed:hi%&ét é}uisls%t iw&%?%r]%@d‘é]ttlﬁ%es inflygnce
copper foil for printed wrin Qar_ds, ar di,scl [ fel: 4
Japanese Un-?ﬁa{ﬁ]rﬁetdl%dt ecfﬂem 3 cagidl %ﬁ%ﬁdst%@%ﬂ&ﬁ%ﬁ% 2%4659%1
Hei 5-16724 ' < : e ' , f

: B "&{coawﬁrt?é)t@ayer é{?%éﬂalnlxof%%r te a@g%ﬁﬁ&éﬁ%dﬂ"%ﬁ%ﬁ, or

i nstance, form ng a meta such as tin, chrom um

copper, iromguEahplthe Zidkmatidnnogkah ebchhfigsvebase anll duedngepatRagihor
printed wiring boards by a wet nethod such as electroless plating or

el ectro-pl atdu¢h circuit Avmpamemten di scussed above, when a |ayer of a
metal or an alloy is formed on the surface of a copper foil for use in
maki ng a printed Wethoglsh @@ impactt ingvehenrdioregodna ieharaat@nistass
plating or electro-plating technique is_insufficient in the uniformty of
el ect r odepoRAARALERE th soppen fod 1gifom pmintes sdding Rasrdshi ess

RGN INE AL MULE 2 S L T

Lgifrgffi gﬁ%%§§é§§¥§¥ﬁgeﬁgiggiﬂgbaggﬁ?gﬁnﬁggeﬁLfé@@959pﬁsi 5.$69908! | ABS
5-235542 and Hei 7-188969 and comprise the step of, for
ihstance, forming a layer of a metal or an alloy such as tin,
chromium, copper, iron, cobalt, zinc and nickel on the surface
of a copper foil for printed wiring boards by a wet method such
as electroless plating or electro-plating.

As has been discussed above, when a layer of a metal or
an alloy is formed on the surface of a copper foil for use in
making a printed wiring board, such a wet method as-the.
electroless plating or electro-plating technique is
insufficient in the uniformity of electrodeposition and
therefore, it is difficult to control the thickness of the
resulting layer or film. More specifically, a large number of

) pinholes are formed on a quite thin metal or alloy layer having
a thickness of not more than 500 nm and the underlying copper
is sometimes partially'exposed or the layer may contain
inclusions. Thus, the resulting printed wiring board is not
always sufficient in the adhesion to a substrate (or the peel
strength between the substrate and the copper foil), moisture
resistance, chemical resistance and heat resistance.

Moreover, the base material such as a resin is sometimes
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i nclusions. Thus, the resulting printed wiring board is not always
sufficient in the adhesion to a substrate (or the peel strength between
the substrate and the copper foil), noistye resistance, chem cal

resi stance and heat resistance. Moreover, the base material such as a
resin is sonetines 3 deteriorated

at the porti I.n i ch the,resin.i.s_adhered. e S f Qi
These probl &}W%eé:riarﬁ %&ee}oi}gl%sndng%e%é‘n?l E;r/llél ﬁ%&sﬁ%g%t%ﬁ%?ed t
t hi ckness of slhayer t i
producti vi tyt}{aér] fes)@s%dwg{oﬁ s% &Eoﬁldal- IT;Ill,elg?ét p?g%gg ﬁlras F%%ﬂg?nte?%eﬂﬁ?%%fég rtr:10

such a | ayergoms ddterdthifknessdatamneofthenehgakeesand it the aRtizds RANAL1BY

| eads to an increase in the time required for etching the resulting |ayer.
I n addition,1afan outmagthere pilobdlkn Womde rindyier prydulet iwdit yraidieds .a
probl em ari ses, which concerns environnental pollution with, for instance,
Crlerr], O Mord spetificaildly, itDtakkssar donferheimaveant fornm such a layer
Accordingly, it is an object of the present invention to provide a copper
foil for us@s theakibigkness therent: ingreases, anghitbdsi sorpespeadinglihe

adhesion to _a substrate ,such as a ass-.epoxy resi ubstrate, polyester
resin subst r§@Es AR &P@éeﬁé§iﬁnsgb§tF&W@'GPqHﬁgﬁBd%PééFﬁcg&BQ?F e (or
the peel strength between the_s .rate a h r foil), | sture
resi stance, v 'Qﬁﬂg'ﬁggﬁgfangg %ﬁggﬁggﬁ’rggﬁgtgﬁggggab? %8k§%n§$ﬁ¥#§ﬂ e
surface of t AN o] WA chram I [ :has hHQr m
tﬁickness a%%g§%$gﬁﬁFggfkgg %Fkgﬁe' 4 pobTen Q!@%eﬂb'ﬁﬂlEﬁ cénderhd
environmental pollution with, for instance, Cr®*, Cr’*' and a

mist.

Disclosure of the Invention

Accordingly, it is an object of the present invention to
provide a coppér foil for use in making a printed wiring board,
which is improved in the adhesion to a substrate such as a
glass—-epoxy resin substrate, polyester resin substrate,
polyimide resin substrate or aramid resin substrate (or.the
"peel strength between the substrate and the copper foil),
moisture resistance, chemical resistance and heat resistance,
by forming, on the surface of the copper foil, a thin chromium
layer which has a uniform thickness and which is free of any
pinhole (or free of any pore) and any partial exposure of the
copper surface.

Iﬁ is another object of the present invention to provide
a copper clad laminate comprising the copper foil and a
substrate.

The inventors of this invention have variously

investigated methods for forming a metal chromium layer on the
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pinhole (or free of any pore) and any partial exposure of the copper
surface. . It 1s another object of the present invention to provide a
copper clad |am nate conprising the coppey foil and a substrate.

The inventors of this invention have variously investigated nethods for
formng a netal chrom umlayer on the

f f foil f [ d Wiri bhoat I '
b 7 S sSheheR0R, kbl FES BT AR, BEPSHR BRal o8,
Lhe foreqo! b OBL254.10! shACHRSSROLC DVERLI 0 cHE-BE.ESATPLLRPES BuiL,

a printed whgiag ftsagadthaecewi @ereeoiﬂg ¥BRaEtd8POEhEi pRebeRRNE AVEnanEn
have thus conpleted the present | nvention. Accordi ng to an aspect

of the presegh bavaetbfplikhedebyi SophoMydadmat&dpphkondun Layernseni the
making a printed wiring board, which conprises a netal chrom um |l ayer .
formed on oserdacebofhascdppenf fohe forl mbkingpar paépbedt waningoborndt ance,
a nmetal chrom umlayer which is vapor deposited by the sputtering nmet hod.
I n the coppeccbedinfotoutbei wapaki dgrasptianetieghniggye pvdr Ba¥ecEhdfng to
t he present. invention, the netal chromium |ayer preferably has a uniform
t hi ckness f &PMPAGLEAt EhE PRESCRENYBVBRLEPBM 5 to 500 nmand is free of any

pore, Wore Ll Challkaihe Bt sh SHLaTLU B ohesRrun bRo bhl ctis
is provided a copper foil for use in making a printed wiring
board, which comprises a metal chromium layer formed on one or
both sides of the foil by vapor deposition, for instance, a
metal chromium layer which is vapor deposited by the sputtering
method.

In the copper foil for use in making a printed wiring
board according to the present invention, the metal chromium
layer preferably has a uniform thickness falling within the
range of from 5 to 500 nm ahd is free of any pore. More
preferably the metal chromium layer has a uniform thickness
ranging from 5 to 50 nm and is free of any pore and translucent..

According to another aspect of the present invention, -
there is also provided a copper.foil for use in making a printed

) wiring board, which is equipped with a carrier. The copper
foil is characterized in that one side of the copper foil is
supported on the carrier through a releasing layer and that it
comprises, on the-other side, a metal chromium layer formed by
vapor deposition, for instance, a metal chromium layer which
is vapor deposited by the sputtering method.

Accordihg to further aspect of the present invention,

there is also provided a copper clad laminate comprising the
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Accordi ng to anot her aspect of the present invention, -there is also

provi ded a copper foil for use in naking a printed wring board, which is
equi pped with a carrier. The copper foilgis characterized in that one side
of the copper foil is supported on the carrier through a rel easing |ayer
and that it conprises, on the other side, a netal chromum|layer forned by

vapor deposition, faor .instanc | chrom um | ayer which is vapor
deposi ted bFQngréEﬁﬁgefpﬁggngyﬁggggkg' According to further aspect of
the present invention, there is also provided a copper clad | am nate

conprising the 5 copper foil and a

substrate. pdRsGHtALROBOEpSREeslakEmbaaeMRARNt The copper foil for
printed wiring boards and the copper <clad |am nate according to the

present inventionThid koppeeuidél fbr pesntéedewdiringoreards aand the copper
Copper foils usable in the present invention for the reparation of a
copper foil dlad lsminateskteording it shewpreagntbbavenkagn pel Bhyheyaunder

i nsofar as they can be used as copper  foils for printed wiring boards and
i ncl ude, fobs gesgFdded épe@PFGIQFEéléopper foils or rolled copper foils.

Norcover. | ine hekagss 0l Eh SARBCtol Shbipk3olat LASERLEPAOSER, BBE

dest 120 VAL LRt SR SLABLE T 1, GERULH ARl 2100 04 W ring

100[err] M poard may be any one insofar as they can be used as copper foils
for printed wiring boards and include, for instance,
electrolytic copper foils.or rolled copper foils. Moreover,
the thickness of the copper foils is not restricted to any
specific range inasmuch as the use thereof does not adversely
affect the desired quality and characteristics of the resulting
printed wiring boards. For instance, the thickness thereof
ranges from about 0.5 to 100 u#m.

In the present invention, the metal chromium layer may
be applied onto one or both sides of the copper foil depénding
on the shape (single layer, multi-layer or the like) of the
printed wiring board formed from the copper foil and the
rust—proofing properties thereof during storage. In addition,
the éopper foil may or may not be subjected to a
surface-roughening treatment commonly adopted for this
purpose. If an electrolytic copper foil is used and a metal
chromium layer is applied to one side thereof, the side thereof
to which the metal chromium layer is applied may be the S face
(the shiny face; the face pealed from the drum surface) or the
M face (the matted face; the face opposite to the S face). In‘

short, it is important to apply a metal chromium layer at least
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In the present invention, the netal chrom umlayer nmay be applied onto one
or both sides of the copper foil depending on the shape (single |ayer,

mul ti-layer or the like) of the printed giring board formed fromthe
copper foil and the rust-proofing properties thereof during storage. In
addition, the copper foil may or may not be subjected to a

sur f ace-roughenj ng_treat nent, conmpnl opted for this O5fedfgan

el ectrol yti OCGbﬁelfaFﬁ'r I ”qﬁ;'scﬁsjeﬁ %%(ﬁ/%af@fﬂ?adc%cﬁr%lrﬁm% Ika%/geérj 'S ea]}plp l?e( to
one side thgrgg@ aE%@ side thereof to which the netal chromiumlayer is
applied may o] tﬁe face (the shiny face; the face pealed fromthe drum

surface) or the Wfagg &6§§bfﬁfdf%ifkécgrihh%dfﬂﬁ@iﬁ@pgéatast;ntwmiéhfannﬂ.
(6]

In short, it is iInportant apply a netal chrom um| ayer at | east

6 to the %§6%1tﬁ@&ébfi§st9ubpokﬁéﬁnb¥ed vhthierbsheougheai atléasing
substrate). In the copper foil for printed wiring boards in which
one side thexeafahd aumpoal exhrdomiame dayeer ishforgadaonetkawpresity dactd
a metal chromumlayer is forned on the opposite face by sputtering, such
a carrier nby lspusteménga supbed tarrier maYpbﬁselEhﬁrlﬁlcpﬁpﬁadﬁpﬂgnPrthe
rel easing | ayer may be fornmed fraom.any ngteﬂ

preparing r@ PAaphyc Filmr, Lyadddion o &nre?%é§£ggg£a§3ﬁé3§Yq%%i ffwed
O oo o B #3Fs T APLrR B hELE PS5 EPRiAp BeyBesnaeed
I e

The copper foil for use in making a printed wiring board
can be prepared by applying a metal chromium layer onto at least
one side of a copper foil by vapor deposition. In this respect,
the vapor deposition method may be selected from, for instance,
sputtering and vacuum deposition methods. The sputtering
method may be any one and examples thereof are DC sputtering,
RF sputtering and magnetron sputtering techniques. These
sputtering techniques may be carried out under the usua;
conditions.

The shape of target to be used is not restricted to any
specific one insofar as they are made of metal chromium. In
short, the éhape of target may be changed depending on the
sputtering device 'used.

The copper foil for printed wiring boards according to
the present invention, which is prepared by the foregoing
method, is coveréd with a metal chromium layer formed, on at
least onie side thereof, by such a sputtering technique, except
for a portion with a sharp and deep incision such as that in

the_copper foil on which a pinhole is formed and the shady side,

with respect to the target, such as the shady side of an
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sputtering and vacuum deposition nmethods. The sputtering nethod may be any
one and exanples thereof are DC sputtering, RF sputtering and magnetron
sputtering techniques. These sputtering techniques may be carried out
under the usual conditions. The shape of target to be used is not
restricted to any specific one insofar as they are nmade of netal chrom um

In  short, th hape, of b h d di . '
devi ce useq Overhaiife RER PoTato PO SEEACer F DO 00 SAERLIoE 1o
: d.VeERanGirs RAfhc | _ aEchr
cover eq w1 £ O T ot R er St nac A ApFeFOReRa, TREFSAn |2 oo

by such a spuifaridd theHAY e eeAhg tak 2aRgell.ONTHUS) anehaidtzand deep
incision such 'as that 1n the copper f6il on whi'ch a pinhole is formed and

the shady sidromMint NdwrsPad firee bE baygpbresexept e thadyfoviedeicig an
7 over hangi ng portion forned by a surtace-roughening treatnent.

Cor r espondi ngintidre switalasc vhoseumilthy shatras aadudieepr incilsiose sadorthehe
side facing the target. Thus, the netal chromumlayer is free of any pore
except for tdmdwregEngf pdiod drstance,aovenbsagni ehds campletelyegovers
I ncisions and the shady sides of, for_ instance, overhangs, and_conpl %%%¥

covers the stfasie Ofe thepSOPPEST L4k daREN CaRs §RSVERe thE SlAdYy

f
any exposed copper surface. According to the present invention, the
copper foil 9€;4%%Nqﬁﬂﬂ§ 4%993%§rbggfg§cgan be inproved in the noisture

According to the present invention, the copper foil for
printed wiring boards can be improved in the moisture |
resistance, chemical resistance and heat resistance by
increasing the thickness of the metal chromium layer. If the
thickness thereof exceeds 500 nm, however, the improvement of
the copper foil in the foregoing properties cannot be expected
any more, while only the production cost increases. On the
other hand, if the metal chromium layer is thin, the production

"line can be operated at a high speed and this results in the
improvement of the productivity. However, if the thicknéss of
the metal chromium layer is less than 5 nm, it would be quite
difficult to form a layer free of any pore and this would make
the moisture resistance, chemical resistance and heat
resistance insufficient. If the thickness of the layer is set
to about 5 to 50 nm, the resulting layer is translucent.

Accordingly, in the copper foil for printed wiring boards
of the présent invention, the metal chromium layer preferably
has a uniform thickness falling within the range of from 5 to
500 nm and is free of any pore. More preferably, the metal
chromium layer has a uniform thickness ranging from 5 to 50 nm

and is free of any pore and translucent. In the present
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resi stance, chem cal resistance and heat resistance by increasing the

t hi ckness of the netal chromumlayer. If the thickness thereof exceeds
500 nm however, the inprovenent of the gopper foil in the foregoing
properties cannot be expected any nore, while only the production cost

i ncreases. On the other hand, if the metal chromumlayer is thin, the
production |line can be operated at

hi gh., d gnd thi t.s.in._th
inprovenent1@WepﬁéoﬁwoG@@tFﬁFFy.uﬂéﬁ§§@L?Hﬁggggés?ﬂpgﬁﬁézgkgf%hﬁsgb%géaf
h ' I , s | t han, 5 it . | d ' i ffigul
Cayer free SEiaR, B0 boarantArl kLt iR RETRS: SPHI98 Plaitianand Tt
chemical reqishngs ad eak - heghs! ARECChASYELALA! SR nlibn! B! Nagkpess of
the | ayer is se t 0 about to nm the resulting layer is translucent.

Accor di ngl y pdrhitthetRePPRindMi st dF hoteleuwsrian ¥ dnd 0bskhehanebeds
I nvention, the netal chromumlayer preferably has a uniformthickness

falling withif thee ineidene§ 1ight raye ahf@0ismuased ke Heeetef aarfiilpofeeelbr e
preferably, the netal chromiumlayer has a uniformthickness ranging from
5 to 50 nm ofhénys pores of any pore and translucent. In the present

8 invention, the term"uniformthickness" nmeans the thickness 2hi%h can
be control | ed wit Ril¥eznagived Yr angeoseing, sadappEherecPRPodiBgR it @éntNereans

h diti [ [ he | ' h ) SSi f | h
10%% and | es OBRE £08% 10T RAATTort Mo PERECRLPE Bha PEozenh T atare
filmfree gﬁﬁ?%%igobﬁepared by th&' PBLLYS ¥y REEALH], N8nkO0s3BR! BE' the

enbodi nent )
copper foil is supported by a carrier through a releasing

layer, while the other side thereof is provided thereon with
a metal chromium layer formed by sputtering and the metal
chromium layer possesses the quality and characteristic
properties such as those discussed above.

The copper foil for printed wiring boards according to
the present invention possesses the foregoing quality and
characteristic properties and therefore, it is improved in the
adhesion to a substrate such as a glass-epoxy resin substrate,
polyester resin substrate, polyimide resin substrate or aramid
resin substrate (peel strength between the copper foil and the

_ substrate)) moisture resistance, chemical resistance and heat
resistance. in addition, the metal chromium layer can maintain
the foregoing quality and characteristics even if the thickness
thereof is reduced and therefore, this makes the etching
thereof easy.

The copper clad laminate according to the present
invention can be made by a process in which said copper foil
was adhered to and laminated with a substrate, while heating

the assembly and applying a pressure to the assembly to form
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copper foil for printed wring boards of the present invention, which is
prepared by the foregoing nethod, one side of the copper foil is supported
by a carrier through a releasing layer, wgile the other side thereof is
provided thereon with a netal chrom um/layer fornmed by sputtering and the
metal chrom um | ayer possesses the quality and characteristic properties
such as those discusseﬂ gbﬁve. £ The copper foil for printed wiring
boar ds accoraiﬁﬁpPSr thd p 2UER?Fnvention possesses the foregoing quality

and characteristi&,propecd ’@S.Lrﬁfé‘iixtlﬁbﬁlr Qﬁﬁieheféuhaek”%é Vel ibddan more

adhesi on to a subs rate suc as a glass-epoxy resin substrate, polyester

resin substrgk@aiPOkyYtRI Héfé?éh@e St@sﬁﬁéltﬁoplov@ir@?‘ wWork B%d NERARSI 8 ephpeel
strength between the copper foil and the substr noi St ure resi stance,

chem cal resthtapeesantd bﬁaéntimlﬁamte.réschédom tieserespectfitom um

| ayer can maintain the foregoing quality and characteristics even if the

t hi ckness tExamplessateglted and therefore, this nmakes the etching

t her eof easy. - The copper clad | am nate according to the present

i nvention can be nmade by a process in which said copper foil was adhered
to and lamn ted f‘ @ a substrate, while heatlng the assenbly and applying
a pressure to*#HR GssSenbly to form 9

a copper clad | am ARt e_'I[ectirolxt'hl Q?)g?)e%s%gﬁ.ll %95%1%0{1' v\ﬁétl,h %ef i%hmbgnd

described in nore ence owr ng wor Ki'ng

Exanpl es, buj thi@ﬁné’és?s&f‘tfa e P hdRungt e h&ieddL dé@&eu?pe&iél c
Exanpl es at all

.example. Moreover, there were used a winding up type
sputtering device SPW-155 available from ULVAC JAPAN, Ltd. and
two chromium targets each having a size of 300 mmX 1700 mm as
targets for the sputtering device.
The following sputtering conditions were used in this
Example:
Ultimate Vacuum, Pu: less than .1 X 10"*
Sputtering Pressure, Par: 0.4 Pa
Electric Power for Sputtering: 51 kWDC per machine;.
2 machines
Taking up Speed: 8 m/min
The thickness of the metal chromium layer formed on the
copper foil surface under the foregoing sputtering conditions
was determined as follows: a plurality of samples for observing
the cross section were prepared for every right, central and
- left regions in the transverse direction of the copper foil
having a width of 1300 mm using an ultra-microtome and the cross
section of each sample was examined by a transmission electron
mic;oscope H-9000NAR available from Hitachi, Ltd. at an |

acceleration voltage of 300 kV. As a result, it was found that
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Exampl e 1 An el ectrolytic copper foil having a width of 1300 nm and
a thickness of 9g mw th nodul ar treatnent was used in this exanple.

Mor eover, there were used a winding up typge sputtering device SPW 155
avai | abl e from ULVAC JAPAN, Ltd. and tw chromiumtargets each having a
size of 300 nmmX 1700 nmas targets for the sputtering device. The

foll ow ng sput.ter,d caondi ti aon re.used in thi Ex X . | timate

Vacuum Pu: qlﬁe]ssoﬁ H%?? fa}f‘pf(?[se Ba t%lcqm§ps_lft toefl? |ar?gﬁ> U%F]égsdsalﬂm e,W al'lrlir£ .4 Pa
El ectric Po r 5ﬂ§gt | Pe 51 MR er;Tot I TER ‘£

2 machi nes V@]:rr&‘?arkl ] tj%r Sﬁg’e%d: m mvﬁléprr' é) ut%hlpcl‘}(tnecsagao?‘l tﬁf\ewarrset al

chrom um | aygdudpriredbeonidhe? 4aPRey thald g .ace under the foregoing
sputtering conditions was determned as follows: a plurality of sanples

for observing thahy osame@ ifatasend phep@ledthral venier cappgt ,faddntweate and
left regions in the transverse direction of the copper foil having a width
of 1300 nm esparahely tsubjeiabest diee tiwed foregoioss opsaatiiomsof  ddnsh anppsie
was exam ned_by a transm ssjion el ectron _mcroscope H 9000NAR avai l abl e
from Hi t achifoik foraprimtes wdirdng: borrds asgersingpdotheapresendylt, it
was found that . 10. all . of, the . sanples
had a thi ckdS&TS R FliSs @TTRARECh MR SaAIhETEE: trafge! AR FIHEA t he
throughput %%ﬂ%fhﬁ%é%%%l of a glass-epoxy resin substrate (FR-4) for 60
minutes; while heating the assembly to 170C and applying a
pressure of 30 kgf/cm’® to the assembly to form a cépper clad
laminate. As a result, the peel strength between the base
material and the electrolytic copper foil (the M face side or
the S face side (provided thereon with the metal chromium
layer)) after copper plating up to 35 um was found to be as
follows: |
1.6+0.1 kgf/cm: for the side of the M face;

1.2+£0.1 kgf/cm: for the side of the S face.

Example 2

An electrolytic copper foil having a width of 1300 mm.and
a thickness of 9]Lm with nodular treatment was used in this
example. Moreover, there were.used a winding up type
sputtering device SPW-155 available from ULVAC JAPAN, Ltd. and
two chromium targets each having a size of 300 mmX 1700 mm as
targets for the sputtering device.

The following sputtering conditions were used in this
Example: _

Ultimate Vacuum, Pu: less than 1X 10 ‘Pa

Sputtering Pressure, Par: 0.4 Pa
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found to be 624 nerr]/hr in this case. The Mand S faces of the

el ectrolytic copper foil were separately subjected to the foregoing
operations. The copper foil for printed %ﬁring boards according to the
present invention thus prepared was adhered to and lam nated with a base
material of a gl ass-epoxy resin substrate (FR-4) for 60 mnutes, while

heating the assenbly to 170[err] C _and applying.a essure_of .30 .

kgf /cnferr] to Eﬁ@cg§§€n8PV Fof%ﬁrﬁPﬁtE%ggBé°cgédeBQHPﬁﬁtgacgénﬁ’result,
the peel strength between the base nmateri al an ggﬁ.ﬁégctrolytic copper
foil (the Mface side or the S face side (provi%e thefeon with the netal

chrom um | ayer el,~C .p | up to 35 gmwas found to be as
fol | ows: 1&ék3£é EBf?Eﬁ?afo?a%égggide of the M face; 1.2 0.1

kgf/cm for the sindpeehlt BBromfiamelayeEXBEREAg2a thicknéBsebechDOl yil Gas
copper foil having a width of 1300 mmand a thickness of 9[err] mwth

nodul ar tre#&oimed vAStiuseatide ofhthe MxBagE ©f Wheecolectrbhet fcvwesppesefbil
wi ndi-ng up type sputtering device SPW 155 avail able from ULVAC JAPAN, Ltd.
and two choodeuwmther Jotregedoly handhtiansize of 300 nmX 1700 nm as targets
for the sputtering device. The follow ng sputtering conditions were
used in this ExakpeecopperufpifafervaEinhedpyiriBgsbparAS1aRcepféns] tea
?puttering Ehgsggggéngagﬁvghéig% thys prepared was adhered to and
laminated with a base material of a glass—-epoxy resin substrate
(FR-4) for 60 minutes, while heating the assembly to 170°C and
applying a pressure of 30 kgf/cm’ to the assembly to form a
copper clad laminate. After copper plating up to 354m, an
etching resist having a width of 0.8 mm was formed by photo
imaging process, followed by etching with an etchant.
The resulting printed wiring board was inspected for the
general characteristic properties, i.e., moisture resistance,
chemical resistance and heat resistance, according to the
following methods: |
Moisture.Resistance:
The printed wiring board was boiled in water for 2 hours
and then the rate of deterioration of the peel strength was
.determined. The moisture resistance was evaluated in termé
of the rate of deterioration of the peel strength. The
rate was found to be 2.0%.

Resistance to Hydrochloric Acid:
The printed wiring board was immersed in a 12% HCl aqueous
solution for 30 minutes and then the rate of deterioration

of the peel strength was determined. The resistance to

hydrochloric acid was evaluated in terms of the rate of



/

Electric Power for Sputtering: 51 kWDC per machi ne;

2 machi nes Taking up Speed: 2 mimn A netal chromum | ayer
havi ng a thi ckness of 200 nmwas forned the side of the Mface of the
el ectrolytic copper foil under the foregoing conditions. The copper

foil for printed wiring boards according to the present invention thus
prepared was adhered to and |lamnated w.th a ba eri.al of a glass-epoxy
resin substrate ‘fﬁmjﬂrqtdro%@rgn% &e,elv\,fﬁqreeq%g}.%t S$&SI ytq'f%
170[err] C and applyin e r ¢ of kgf/cnmferr] to the assenbly to
forma copper clf)%aéllwaa%ﬁ ?a(ﬁ‘{en.dsﬁjt (;%re codgs%ér plating up to 35[err]m an
et chi ng reSiﬁéaEf?%éibéé Ldi h of 0.8 mmwas fornmed by photo inaging
process, followed by etching with an etchant. The resulting printed
Wi ring board wasrHegeiaitel flilritdte bagareials Chadiatiifilddt ither dpendrissd in
i.e., noisture resistance, chemcal resistance and heat resistance,
according to the nalltennistdext leods :indpsicitad €dRedilst pmesence offtanyri nt ed
wiring board was boiled in water for 2 haours and then the rate of
deterioration ofblimtqmwel Howasiesh amys blistepm@mingdd obparvasd Qnurthe
resi stance was evaluated in terns of the rate of deterioration of the
peel strength. BRRrXd- rate was found to be 2.0% Resistance to
Hydrochl ori ¢ Aci d: The printed wiring board was inmersed in a 12% HC
aqueous solution for 30 mnutes and then the rate of deterioration
of the peel ]ﬁﬂ%i iﬁﬁr I.ned. The resistance to hydrochl oric acid
was eval uat e(?fsn:in eérhn%@;g. eérna e of _

An electrolytic copper foil having a width of 1300 mm and

a thickness of 9um with nodular treatment was plated with a
chromium layer having a thickness of 200 nm at a current density
of 30 A/dm’® using a Sargent bath having the following bath
composition: 250 g/l of anhydrous chromic acid and 2.5 g/l of
sulfuric acid. The resulting chromium-plated copper foil was
laminated with and adhered to a glass-epoxy resin substrate
(FR-4) for 60 minutes, while heating the assembly to 170C and
applying a pressure of 30 kgf/cm® to the assembly to fofm a
copper clad laminate. After copper plating up to 35 um, an
etching resist having a width of 0.8 mm waé formed by photo
imaging process, followed by etching with an etchant.

) The resulting printed wiring board was inspected for the
moisture resistance, chemical resistance (resistance to
hydrochloric acid) and heat resistance as the general
characteristics thereof according to the same procedures used
in Example 2. As a result, the following results were
obtained:

Moisture Resistance:

The rate of the deterioration of the peel strength was



. /
12 deterioration of the peel strength. In this case, the rate
was found to be 0.5% Heat Resistance: The printed wiring board was
hum di fied, then imrersed in a nol tey sol der and inspected for the
presence of any blister. However, any blister was not observed on the
board. Conparative Exanple 1 An el ectrolytic copper foil having a
wi dt h of 13%0 ng:%nd a %hickness of 9g mw th nodul ar treatnent was pl ated
with a chroREl QyB? ﬁ ving a thickness of 200 nmat a current density

o aosit I Re5hSUaRAE BoSALAEBENbBERCDANIAY the Toll o ng bath

conposi tion: rous chromc acid and 2.5 g/l of sulfuric

acid. The resul £,80,-gPE08E UK déLsr LOPREIOA 0bF S pédli setedgttht waand
adhered to a gl ass-epoxy resin substrate (FR-4) for 60 m nutes, while

heati ng the assegthdl t6 B€0ierr] C and applying a pressure of 30
kgf/cnmferr] to the assenbly to forma copper clad | am nate. After copper
pl ati ng up HeaB5Resisktancam etching resist having a wwdth of 0.8 mm was
formed by photo inmaging process, followed by etching with an etcggnt.
The resul ting pfheredwerei plgseseed seme i phibekers obra (PRIT RF sthe poard
resi stance, chem cal resistance (resistance to hydrochloric acid) and heat
. resi stance as tﬁﬁrééﬁ%ral characteristics thereof according to the sane
procedures used in Exanple 2. As a result, the following results were
obt ai ned: Mbi sture Resistance: The rate of the deterioration of the

peel strengkgamgie 3
An electrolytic copper foil having a width of 1300 mm and

a thickness of 9um with nodular treatment was used in this
example. Moreover, there were used a winding up type
sputtering device SPW-155 available from ULVAC JAPAN, Ltd. and
two chromium targets each having a size of 300 mmX 1700 mm as
targets for the sputtering device.
The following sputtering conditions were used in this
Example:
Ultimate Vacuum, Pu: less than 1X 10 ‘Pa
Sputtefing Pressure, Par: 0.4 Pa
" Electric Power for Sputtering: 51 kWDC per machine;
. .2 machines
Taking up Speed: 8lm/min
| A metal chromium layer having a thickness of 50 nm was
formed on the copper foil surface under the foregoing
sputtering conditions.
The M and S faces of an electrolytic copper foil were
separately subjected to the foregoing operations. The copper
foil for printed wiring boards according to the present

invention thus prepared was adhered to and laminated with a
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13 found to be 9% Resistance to hydrochloric Acid: The rate of the
deterioration of the peel strength was found to be 4% Heat

Resi st ance: There were observed sonpyblisters on a part of the board
surface. Exampl e 3 An el ectrolytic copper foil having a w dth of
1300 mm and a thickness of 9g mw th nodul ar treatnent was used in this

le. M . .th d i ndi ' '
SPW 155 avalPas BECEORPUL GACaI ABARS EPRRY 2= R BN SREm R bt S Okach
havi [ f. 300 1 t t [ €&
The 1ol | owi REBHor P o BAdEEPanE S PESERBhY ) bo| APOCEREl pRpI¥as e

Utimte Va A 2 X+-10 r p rgn wied
Par: 0.4 Pa%&%@%ugﬁegffﬁg % %ZfﬁfoFésEE%téf?ﬁ@?l¥1t§w%%%§é? Egc i ne;

2 machines 1aminh&ki.ngpePaSpeeditd Ghai peel streAghht Betwbeanithe bawser
having a thickness of 50 nmwas fornmed on the copper foil surface under

t he foregoi mgtespult andngheocabéttvodytic coppdhefdd hrafft¥ aceppef phating
el ectrolytic copper foil were separately subjected to the foregoing
oper ati ons. uph&oc3pper m(the M face side or the S face side (provided
thereon with the metal chromium layer)) was found to be as
follows: |
1.4*0.1 kgf/cm: for the side of the M face;
1.0%0.1 kgf/cm: for the side of the S face.

As has been discussed above in detail, the copper foil
for use in making a printed wiring board according to the
present invention is excellent in the adhesion to a substrate
such as a glass—epoxy resin substrate, polyester resin
substrate, polyimide resin substrate or aramid resin substrate
(the peel strength between the substrate and the copper foil),
moisture resistance, chemical resistance and heat resistance

and therefore, the copper foil can suitably be used in the

production oflprinted wiring boards.
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fail for printed wiring boards according to the present nventi-on—thus-
prepared was adhered to and |lam nated with a

14 base material of a glass-epoxy resinq gubstrate w" J’ “ﬂm“m;nut es,
whil e heating the assenbly to 200[err] C and applyin 0
kgf/cnferr] to the assenbly to forma copper clad |am nate. & result,

t he peel strength, between the base material and the el ectrolytic copper
foi'l after é@ﬁ%@rlil%xgimFéL#Fto 35 [err] m(the Mface side or the S face
side (provided ther Lt 49 ; ' Inteas f 10kt 1o g as
fol | ows: QP'1.4ﬁ€.€6ﬁgggcﬁﬁl%g?ﬂfh%kg?§£Q%¥H?E£%%ﬁ%?%ég . ?26 0.1
kgf/cm for 4o 5i€ier Ded Nh IHACR metal ciomiiamm hegReMiiss ussRibabayeat n
detail, the copper foil for use in nmaking a printed w ring board according
to the prespsst nyeatside if eteeldopper fdille dhvegpom depasistulsirate  such
as a gl ass-epoxy resin substrate, polyester resin substrate, polyimde
resin substrate orThe aropperdioilsfiost useein(mbkipgeh prinhgdhwhringebonpd
substrate and the copper foil), noisture resistance, chemical resistance

and heat resstsgicdortiy imelatisy d, whrsednpptr cOBPrisan duvapprydspogdtgd n

th [ f [ i ri .
15e \%g? u?éﬁ%‘aa}orggi:rérlgu%j lvg;elrn%ot%?naehdsén at least one side of the copper

foil by sputtering.

3. The copper foil for use in making a printed wiring board
as set forth in claim 1 or 2 wherein the metal chrbmium'layer
has a uniform thickness ranging from 5 to 500 nm and is free
of any pore. .

4. The copper foil for use in making a printed wiring board
as set forth in claim 3 wherein the metal chromium layer has
a uniform thickness ranging from 5 to 50 nm and is free of any
pore and translucent.

5. A copper foil for use in making a printed wiring board,
provided with a carrier, characterized in that one side.of the
copper foil is supported by -a carrier through a releasing layer
and a metal chromium layer ié formed on the other side of the
foil by vapor deposition. | .

- 6. The copper foil for use in making a printed wiring board,
provided with a carrier as set forth in claim 5 wherein one side
of the copper foil is supported by a carrier through a releasing
layer and a vapor-deposited metal chromium layer is formed on
the other side of the foil by sputtering.

7. A copper clad laminate comprising the copper foil of

claim 1, 2, 3 or 4.



-2« A copper foil for use in making a printed wiring board chardcteri zed

~tln that a nmetal chromumlayer is forned on at | east one side of the

capper foil by vapor deposition. 2. The, copper foil for use in making a
printed wring board as set forth in claiml wherein it conprises a
vapor - deposited nmetal chrom umlayer formed on at | east one side of the

copper foil by sputtering. 3. The ngg?ﬁﬁégil for use in nmaking a
printed wiring board as set forth in i or 2 wherein the netal

chrom um | ayer has a uni f&ﬁé&i@ﬂeﬁéwgﬁm%f HiNe oAy nm and is free
oi

of any pore. 4. The copper for use In making a printed wiring board

as set forth in cl i%nggwekg%m Ebe gs{egi?cﬁ%g;lgnhlﬁﬁﬁtaaswi%m@i Heard

t hi ckness ranging fro to nm an free “any” pore and translucent.
5. A coppeind @ lcdppleritQ aldn 1aaknA¢ed chmpttied ny they copped: foidviaied with
a.carrier, characterized in that one side of the copper foil is supported
by a carri erhdédeiough sclodeshsimy they eopped £oigt dls direcrectertizged ins fhated
on the other side of the foil by vapor deposition. 6. The copper foi
for use in Rakietglachriomism layengisofoamegr oni asdleask @neasdide ofs tha
forth in claim5 wherein one side of the copper foil is suppqorted by a
carrier thr6opReX feidadvnyarsyererraikiorpor- gbasacteaigedaine 1 (e
| ayer is formed o he other side of the foil by sputteri.ng. .7... ... A copper
clad | am natté oﬁ%rF enﬁopﬁgrcgﬁﬁgrl?oFPPBPrtgga%XI ,CéFr%e%rtﬁFOUQh a
releasing layer and a metal chromium layer is formed on the
other side of the foil by vapor deposition. The copper foil
is excellent in the adhesion to various substrates (the-peellﬁ
strength between the substrate and the copper foil), moisture
resistance, chemical resistance and heat resistance and
therefore, the copper foil can suitably be used in the

production of printed wiring boards.



