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1 <&.. COMPCSI TE COPPER FO L, PROCESS FOR PREPARI NG THE SARGs AN

"COPPER- CLAD LANINATE AND PRI NTED W RI NG BOARD USI NG
THE SAVE 5 1 FI ELD OF THE | NVENTI ON The present
i nvention rel ates ‘general |y to making and using ultra-thin copper foi
and, nore particularly, to a conpositle foil which facilitates handling
of uItra- thin copper foil in the production of printed wring 10
boards. The invention also relates to a conposite foil in which an
organi c rel ease | ayer mnth unlfornlbondlng strength |s dlsposed
between a netal | i COME ‘ ROCES REBJ :

processes of prOdUCIngh ‘énd usi ng such a co‘}05|te f0|I 15
BACKGROUND OF THEAMEBLENAND) COPPER-CLAD \\LAMINATE , 30 -

densi ficati on of el ectronic

and

) ern mndths and spaci ng
of ‘printed wiring boards h&?&t ’ 2R, a result, 20 the
copper foil used has tended to becone thinner, for exanple, 12 [err]m
t hi ck foils rat her than conventional 35 . [errlmand 18 [err]mfoils.
Recent |y, e?]need for this coppeerp or IeE DRFEmbségased and ultra-thin
copper foils have been trie Handl ing .a copper foil of 12 [err]mor
| ess, however, 25 {heUpiésdanid tmveﬁeiozewmat@s geneRal 1Y itk k@ hgt ear
whi | e bei ng produced and/or handled. Simlar problens occur

when an ul tra-t hiamdcoppeg dbira-thinsedpper tfvd lowndr, mayerparticularly,
. to a composite foil which ﬁacilit;tes handling of ultra-
thin copper foil in the productibn of pfinted witing
10 boards. The invention also relates to a composite foil
in which an organic release layer with uniform bonding
strength is disposed between a metaliic carrier and an
ultra-thin copper foil, and the processes of producing
and using_sﬁch a composite foil.
15 | |
BACKGROUND OF THE INVENTION
With the recent miniaturization and densificatién of
electronic equipment, the pattern widths and spacing of
printed wiring boards have become smaller. lAs'a'result}
20 the copper foil used has tended tb become thinner, for
example, 12 pum thick foils, rather than cohventional 35
pm and 18 um foils. Recently, the need for thié'copper
foil has increased and ultra-thin copper foils have been
tried. Handling a copper foil of 12 pm or less, however,
25 is difficult. For example, it can wrinkle or tear while
being produced and/or handled. Similar problems occur

when an ultra-thin copper foil is used as the outer layer



2 of a multi-layer printed wiring board. A nethod of

“preventing these problens with handling ultra-thin copper foil is
needed. There has been previously proposed a conposite foil 5
in which an ultra-thin copper foils is supported on a metal carrier

| ayer so as to allow the copper foil to I separated fromthe carrier
| ayer. Several carrier netals and types of release |ayers have been
suggest ed. Producing printed wring boards from such supported 10
ultra-thin copper foil(s) could be done by electrolytic deposi tion of
a copper |ayer b@vangurti-layiercpinted wixing boped; | A geathiod pftal carrier
| ayer haV|ng a thickness of 18-70. pm then _applying the surface of the
copper layer topxzeventing dihesg probkens ‘fé?-'-‘cﬂ Baud] dngif whickar BiBx §OPREY n or

the 15 like, and_lam natjing by hot pressing. Finally, the netal
carrier layer wEerd b%’¥¥§¥¥gted | eavi ng a copper-cl ad | ami nat e from

whi ch ted rd b heet
Used as b carrier, cORFQMAfmoen Brigysaly proposed A\ GbaARRERiE I !¢

used as a rel ease ayer

bet ween t he 5oPRE whggh at Qi e Aeni Rec6ppPREdiald L8N shpye¥tedorNas been
di scl osed or exanpl e, Japanese Patent Application Publication

(Exam ned) No. S@taﬁ?’ciﬁ&?&r layer so as #bt&klwmt ithel poppénenfeillutionbe i s
used as the carrier- | ayer, several types of release |layers have been
25 proposed, fcveparatpiefrom the carrier layer. Several carrier metals
and typés of ;eléase layers have been suggested.
Producing printed wiring boards from such 'éﬁﬁpbrted
1'0 ultra-thin copper foil(s) could be done by electrolytic
deposition of a éqpper layer having a thickness of 1-12
Lﬁn onto a metal carrier layer having a thickness of 18-70
m, then applying the surface of the copper layer to a
prepreg, -such as A glasé—reinforced epoxy resin or the
15 1like, and laminating by hot pressing. Finally, the metal
carrier layer would be s’eparatéd, leaving a copper-clad
laminate from which a printed wiring board can be made.
When a copper sheet is used as a carrier, a chromium
layer may be used as a release layer between the copber
20 foil and the copper carrier layer, as has been disclosed
in, for example, Japanese Patent Application Publication
(Examined) No. Sho 53-18329. -
Alternatively, when aluminum is used as the carrier
layer, several-types of release layers have been

25 proposed, for example:



3 1. arelease layer of the sulfides or oxides of Cr, Pb,

Ni and Ag (for exanple, in U S Patent No. 3,998, 601); 2.

a release |layer fornmed of nickel or nickel 5 alloy plating after zinc

i mersion (for exanple, in U S Pat ent No. 3, 936, 548); 3. a
rel ease | ayer of alum num oxide (for exam8e, I n Japanese Patent

Appl i cation Publication (Exam ned) No. Sho 60-31915 and U. K. Pat ent

No. GB 1,458,260); or 10 4, a release layer of silica (for

exanmple, in U S. Patent No. 4, 357,395). Such conventi onal

supported .copper foil®. hawe releasehbaperrof ithenshdtides oo:proas'éas pEobl ens.
When the release layer is not uniformover the 15 surface of the carrier
| ayer, bond strefgt hPbetNleamd Bg (for examnlieor iPalef. frEee Ng-tra-thin

copper foil is uneven ' Consequent |y, when the carrier |layer is peeled -
of f after a?‘?%acorrposﬂefml sone of the ultra-thin

copper foil may remal Jﬁwéo&%t:]ee]{:eﬁlr :}l g(r)}ﬁégy%n&)erd %%ngﬁgifl 2& 1'1:?<e arrier

| ayer may remain on t Case, the

required of o5 ¢ aBSblhlating aftanOtnDCRR oL (Ebe! xaaaﬁ%bqadusbrength

may cause an tra-thin copper foil to partially or entlrely separate
fromthe carrier paggft HoliNPIT,GA8GEI on and use of the 25 conposit'e
foil. When oxi des, sul fides, chrom umor inorganic

materials, such as chBom Lan xeledtne [l.akex: ef ealigwighugs oxide (for example,

1n Japanese Patent Application publication (Examlned) No.
Sho 60-31915 and U.K. Patent No. GB 1,458,260); or
10 4, a release layer of silica (fof example, in U.S.
Patent No. 4,357,395).
-Such‘conventional supported copper foils have,
however, Seen foﬁnd to present_probiems.
When the release iaYer is not uniform over the
15 surface of the carrier layer, bond strength between the
carrier 1ayer and the ultra-thin copper foil is uneven.
Consequentlf, when the carrier layer is peeled off after
laminating a composite foil, some of the ultra-thin
coppef foil may remain on the carrier layer or some of
20 the carrier layer may remain on the ultra-thin copper
foil. In either case, the required circuit pattern
cannot be made. Further, weak bond strength may cause an
ultra-thin copper foil to partially or entirely separate
from the carrier layer during broduction and use of the
25 composite foil.
When oxides, sulfides, chromium or inorganic

materials, such as chromium or the like, are used as



4 rel ease | ayers, sone of the inorganic material remains on t he
surface of the ultra-thin copper foil after the carrier layer is

peel ed off. This

i norgani c materi al nust be renmpved before the circuit

patterns are made, 5 making it necessary to add extra processing steps.

Finally, when th
an epoxy prepreg
peel off the car
of ultra-thin 1
I ndustry at pres
Accordingly, an

e conposite foil is lamnaged to a substrate, such as
at high tenperatures, It often becones difficult to
rier |ayer. Because of these problens, conposites
O copper foil on a support layer are not generally used in

28l eade Spayérd h&oRicOBESEKe NEHIWfAMijcUmhterial deainisetn
obj ect of the present invention is to provide_ a

conposite foil wthehsorfacenst thee ultobttnin ddppedi foddsafitemdihe and a

process for naki
present inventio
by using - S
enpl oyi ng such a
i nvesti gat ed ghe
conventionally b
In the prior art.

ng such conposite foils. Another object of the
fargies laver ig peededacfbppSFhis dporgapiat®at@niad i s made

%ﬁgegos 0sSi t(i fo: |, ? %ﬂgocnpcu:ﬂ':[ ed Vt\ﬁA ri ng boar di .
I n I h
3%%&§ ;gg géégssary'togggglggse ayersg? % cd%%05|te foils

| ayer from an u ?%f n c%b%gl%ng I“? ?éf@e% Iﬁal:e"'lc1)?58!3?;1 tg?%ggon

been | am nated t
strength i-s vari

10

15

20

25

gsbl%esr g%& Qt' " on can%g%o§£§%£$t High tempe:_pé‘@lres,

it.often becomes difficult to peel off the carrier layer.

Because of these problems, composites of ultra-thin
copper foil on a support layer are not generally used in
industry at present, despite the proposed methods just
discussed.

Accordingly, an object of the present invention is
to provide a composite foil which overcomes.the problems
discussed above and a process for making such composite
foils. Another object of the ﬁresent invention is to
prov1de a copper—clad laminate whlch is made by using
such a comp081te f01l and a pr1nted wiring board
employing such a copper-clad laminate.

The inventors have investigated the metals and/or
metai compounds which have conventionally been suggested
as release layers for composite foils in the prigr art.
They have found that when peeling off a support layer
from an ultra-thin copper foil after the copper foil has
been laminated to a resin substrate by hot pressing, the
peel strength is variable and the bond can be too strong.

Also, when a release layer is not uniformly formed, or



Al so, when a release layer is not uniformy formed, or

5 when heat is used during lamnating, the nmetal used in t he
rel ease | ayer may be diffused into both the support | ayer and the
ultra-thin copper foil. The inventors have al so investigated
organic, 5 conpounds which is suitable f& a release |ayer of the
conposite foils which is used for preparing printed W ring boards.

In U S Patent No. 3,281, 339, benzot hiazol e (BTA) was, di scl osed to be

useful as a stripping agent in 10 production of copper sheets or foils by
el ectrodeposi ti owhefihkest iixciusal deeind BEiinarinpo thé«eonetal usedsible a
conti nuous production of a copper sheet using a revol ving drum cat hode

i n which the coppbe salease layvex| mayrbelcpiffused dnta Path dhea SYPeAFEace of

the revolving 1 drumgat hode i s coptinuously separated fromthe surface.
e Sl

However, the U. SiaﬁﬁFe?ﬁ‘ i FarEpiR SFORRAT he conposite foils
used for preparing prij eﬂu)’lx{tio% REL $1 50 inves%@.g EP& &'[: IJdies and
he re ?aye & Tor

materials suitable forf ease r's us e conposite
foils. 20 5 oohBBuRESSAcH 1%CREL LRI SEC R rERdEs8aPHFLORE e

present inventors' finding that it is possible to enploy certain
or gani ¢ conpoundgompokliter fdiias ahliehcis @$ed Nfor prepatdngoatrintddil s,* even
when they are subjected to the el evated tenperatures required for

lami nation of prwirdeg Boards cuit boards.
. In U.S. Patent No. 3,281,339, benzothiazole (BTA)
was discloéed to be useful as a stripping agent in

10 production of copper sheets or foils by |
electrodeposition. The principal use of BTA was to maké
possible a continuous production of a copper sheet using
a revolv.:_'.ng drum cathode in which the copper sheet |
electrodeposited on a BTA-coated surface of the revolving

15 drum cathode is continuously separated from the surface.
However, the U.S. Patent is completely silent on the
composite féils used for preparing prihted wiring boards,
and the properties and z'nalterials suitable for the releasé
layers used for the composit'e foils.

20 The présent invention has been made based on the
present inventors' finding that it is possible to employ
certain organic compounds as the release layers of the
composite foils, even when they are subjected to the

elevated temperatures required for lamination of printed

25 circuit boards.

SUMMARY OF THE INVENTION



SUMVARY OF THE | NVENTI ON 6

As used in this invention, the term"peel strength (A" refers to the
force required to separate the carrier | ayer fromthe ultra-thin
copper foil which has been | am nated on a substrate. The term "peel
strength (B) 5 refers to the force requirgd to separate the ultra-thin
copper-foil froma substrate to which it has been | am nat ed.

The present invention relates to a conposite foil with a new rel ease

| ayer of an organic conpound and the 10 release |ayer generally has the

following features. as used irl.thiEheénvehedse, |theerh €peyl tetiinth
2. The peel strength (A) between the ultra-thin copper foil and the

carrier layer is (mi'f cefferanto hdse £orce reghinted dioy sleparaté vthe arganied t o
the peel strength (B) of 15 the copper foil after lam nation to a
substrate. layer from\the anktea-théni soppeyr divtlpWaRrhnb2s Pethove an
I norgani c materigllt whi ch _remai ns .on the surface of ultra-thin

copper foil is ng anpnated, Py gi%qgte. T fn%?ﬁ%n'%’%e&aféf?’é?tlfs(ﬁ}§ed.
Thus, the forgatiQl ol .t%oth%"e%éfcge RALEEB] E%_éé;%]{a'f%hgﬂébﬁlffg—%ﬂi@ t he

nunber of processing s / ] peel strength (A)
is low it is coppet-ifogn e Both Oa RubERFatacRe i@ i@f nhBendbhra-thin

copper foil fromthe carrier layer during handling.
1aminatgd.

The present invention relates to a composite foil
with a new release iayer of an ofganic compound and the

10 release layer generally has the followiﬁg features.

1. The release layer is easy to apply.

2. The peel strength (A) between the ultra-thin
copper foil and the carrier iayer is uniform, and has a
relatively low vélﬁe cdmpared to the pééi strength (B) of

15 the copper foil after lamination to a substrate.

3. Mechanical polishing and pickling to remove an
inorganic material which remains on the surface of an
ultra-thin éopéer foil is not neceésary.since no
inorganic material is used. Thﬁs, the formation of

20 wiring patterns is simplified by reducing the number of
processing steps.

4, Although peel strength (&) is low, it is
sufficient to prevent sepération of the ultra-thin copper
foil from the carrier layer during handling.

25 5. The composite foil has sufficient peel strength

(B) after lamination to a substrate and the ultra-thin



25 5. The conposite foil has sufficient peel strength (B)
after lamnation to a substrate and the ultra-thin

7 copper foil does not separate fromthe substrate during

processing into a printed circuit board. 6. The carrier |ayer
can be separated fromthe ultra-thin gopper foil even after |am nating
at elevated 5 tenperatures. 7. It is easy to recycle the
carrier |ayer after it has been separated from since the residua

rel ease | ayer is easy to renove. Organi ¢ conpounds whi ch

have been found wsgbul £di1 MbesRbLNSef @RS f:on! RhbSBYEAAL diitng

foll owing characteristics. They are believed to forma
chem cal bond W plrocessit@pittio a printed cirkuit Beaydretain the ability to
separate a copper 15 carrier froma copper foil even after exposure to

t he t enper at ur e§ . usethe caratieralayer t¢an depseparatedt fram the

i nsul ating substrate, preferably at a tenperature of -not | ess t han
150[ err] C, parti &dcxprFhin eopperyfgiloevapsufter laminabing gy qlevered 20
3. They for€1a chem cal bond with the ultra-thin copper foil and
the carrier | yeﬁfmﬁﬁaagP§%§‘a peel strength (A) of the carrier |ayer

fromthe ultra-thin "7, fORAPTed bo"bbohols difd Yulrktet Loy yRALed 1

it has been separated from since the residual release

* *

layer is easy to remove.
Organié compqunﬂs“which have been found useful in

10 nﬁking composiﬁe foils may have the foliéWing
characteristics. |

1. They are believed to form a chemical bond with
copper.
2. They retain the ability to separate a copper

15 carrier from a copper foil even after exposure to the
temperatures used in laminating the copper foil to an
insulating éubstfate, preferably at a temperature of not
less than 156°C, particﬁlarly in the range of about
175 - 200 °c.

20 3. They form a chemical bond with the ultra-thin
copper foil and the carrier layer, and gives a peel
strength (A) of the carrier layer from the ultra-thin
copper foil which is relatively low compared to the peel
strength (B) between the ultra-thin copper foil and the

25 insulating substrate. The peel strength (A) is
sufficient to prevent their separation during handling

and lamination, but low enough to permit the carrier



strength (B) between the ultra-thin copper foil and the 25 insulating

substrate. The peel strength (A) is sufficient to prevent their
separation during handling and | am nation, but |ow enough to permt
the carrier - 8 | ayer to
easily be renoved after the conposite foilghas been | am nated to the

substrate.

4. They provide a very thin rel ease | ayer which

permts uniformel ectrodeposition of the copper foil on 5 the carrier

| ayer.

Preferred organi c conpounds include nitrogen

cont ai ni ng conpounger &bl E&éi%ﬁ'ﬁéiﬁhageaowcﬁx@%mositéafckIQ()lidsC

aci ds. : Preferably, e nitrogen-containi ng .conpounds are 10
conpounds ' havi ng bkeetilainihated , tc WHe sabktrage! e conpounds having a
substituent. Exanples of the triazole conpounds having a substituent

i ncl ude CBTA, BTD-U add The\rqwidle di veygsthin (rdleaseolayer omdmd) . The

sul fur- cont

di scussi on bel owRF™itE Yr

aci ds be npnogzcar
i ncl ude ol ei c¥aci
one aspect, the i

rel ease | ayer having the

di sposed between
an

10

ai ni ng conggunds i'ncl ude MBT,. TCA and BIT gseg A5
ym elqctirodgpepitiely ¢hdihe gepper foil qihyy|ic
1§9xyric.acigs. Exanpl es of - nono- car boxyli ¢ acids
ot o o T o= o3 o and linol enic acid. I n

nve”tﬂr%&eﬁgaigﬁéaﬁ&@%%{ﬁﬁs,f&cl& 'hﬁgx’geﬂ an organi c
!  characteriStics just described, mhlch_ls
containdndebalpsaidd £ su1Fnerconba Lii i \orlpdAnls @ndoi |, and
carboxylic acids. '

Preferably, the nitrogen-containing compounds are
compounds having a substituent, such as triazole
compounds having a substituent. Examples of the triazole
compounds having a sﬁbstituent include CBTA, BTD-U and

ATA (see discussion below for acronyms). The sulfur-

‘containing compounds include MBT, TCA and BIT (see

15

20

25

discussion below for acronyms). It is preferred that the
carbogylic acids be mono-carboxylic acids. Examples of
mono-carbox&lic acids include 61eic acid, linolic acid,
and linolenic.acid.

In one aspect, the invéntion provides a composite
foil having an organic release layer héving the
characteristics just described, which is disposed between
a metal carrier layer,'which may also be a foil, and an
ultra-thin copper foil.

In the other aspect, the invention provides a
process for producing a composite foil for preparing
printed wiring boards by the steps of forming an organic

release layer on a metal carrier layer and thereafter



ultra-thin copper foil. =~ " In the other aspect, the invention
provides a 25 process for produiing a conposite foil for preparing

printed wiring bd&sdheepyas ! of form ng an organic rel ease
| ayer on a netal c |l nd thereafter '
9 ~formng a opper foilgon the organic rel ease
| ayer by el ectrodeposition. A copper-clad | am nate for preparing
printed wring boards of the present invention conprises the conposite
5 foil according to the invention |am nated to an i nsul ati ng
substrate. Al tergahing! dm ditreUBRIhS8SpHEL foil oil itha bhhanL®RAleakal |

| am nated to the insulating. . substrate which remains after peeling off
the metal- Cdlalie’ biragbéctrddepositioi. printed wiring board of the
present invention conprises the copper clad |am nate having the
ultra-thin copped tobpexgleskdaminabpafern innerardngepuineed wigringayer
and a wiring pattern can_be fornmed frqogmthe, exposed copper fojls-just

described. 15 boardghef;the pueseny; igvenRbiFRFARRISEE. FBF FOMRIS b g

wi ring board gsi .Lhe printed wiring.board.as fdescrib above. .
That 1's, the Tl HRATSEPeRRIE & et ABvBB6H & peted co py, 20y
lami nating on at j:£a3Gc9Rg éag&ﬂteesn hRR8inatfely AUY BABEILL WU ch
wiring patterns were previously -

ultra-thin copper foil laminated to the insulating

substrate which remainé after peeling off.the metal
carrier layer.

10 A printed wiring board of the presént invention
comprises the copper clad laminate having the ultra-thin
copper foil expésed by-separating the metal carrier layer
and a wiring paftern can be formed from the exposed
copper foils juSt.deScribed.

15 The invention also provide a multi-layer printing
wiring board using the printed wiring board as described
above. .

That is, the multi-layer printed wifing board can be
formed by laminating on at least oﬂe side of an inner

20 1layer board on which wiring patterns were previbusly
formed a composite foil according to Claim 1 to obtain a
copper clad laminate, separating the metal carrier layer
from the copper clad laminate to expose the ultra-thin
copper foil, and forming a wiring pattern on the ultra-

25 thin copper foil. A plurality of the multi-layer printed

wiring boards of the invention can be laminated a multi-

THIS SHEET HAS BEEH
REFLACED f

—




fornmed a conposite foil as described above to obtain a copper clad

| am nate, separating the netal carrier |ayer fromthe copper clad

| am nate to expose the ultra-thin copper foil, and formng a wiring
pattern on the ultra- 25 thin copper foil. A plurallty of the

mul ti-layer printed Wi ring boards ofl0®he invention can be | am nated a
mul ti - 10 | ayer printed wring
board havi ng a hi gher nunber of the | ayered- wi ring patterns.

The multi-layer printed wiring board of the i nvention can al so be
formed by | ani nafleggrappinted iviging béapd ibaddgviar haghgoanweber afhéhe

I nventi on. BRI EF ‘DDESCRI PTI ON OF DRAW NGS Fig.

1 shows a schenaﬂ@&e€ﬁésgléiﬂﬁ|R§¥§PrVFeM/of an enbodi nent of the _
conposite copper foil for nt ed ring b s according to
thgppresent Pﬁventlon 7h8" m] & yI‘—"‘rg“gp nE%%v%l’ﬁL@c% ﬁl ga‘]_’ BRs sectlongl
view of an mg%%m % 41@% % Egi}m&h"ﬁ% | BRiRAE 508 PIGRARI o 'g

printed wiring boards accor ngtot € present I nvention.

shows a schenfti @rin@ed weEihd BYardseWeothdNinventi®modi ment of the pri nt ed
Wi ring board according to the present invention. Fig. 4

shows a schematic cross sectional view of anot her enbodi nent of * t he
copper-clad laninate for preparing printed wiri ng boards according to
the present 20 invention. E&IL—L-SSEQIRIIQN——Q—ERA—MF ESCR. F
i Fig. 1 shows a schematic cross sectional view of an’ '
embodiment of theé composite copper foil for preparing
10 printed wiring boards according to the present invention.

Fig. 2 shows a schematic cross sectional view of an
embodiment of the COppe:-clad laminate for preparing
printed wiring boards‘according to. the present invention.

Fig. 3 shows a schematic.cross sectional view of an

15 embodiment of the printed wiring board according to the
present invention.

Fig. 4.showé a schema;ic cross sectional view of
another embodiment of the copper-CIad-laminate.for
preparing prihted wiring boards according to ﬁhe present

20 invention.

Fié. 5 shows a schematic cross sectional view of an

embodiment of the multi-layer printed wiring board

according to the present invention.

25 DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS
In general, the composite foil for preparing printed

wiring boards of the present invention is generally



Fig. 5 shows a schematic cross sectional view of an enbodi nent of the

multi-layer printed wiring board according to the present invention.
25 DESCRI PTION OF | LLUSTRATI VE EMBODI MENTS . In
general, the conposite foil for preparing printed W ring boards of
the present invention is generally 11 characterized by having
an organic release | ayer between’ a nmetal carrier |ayer and an
ultra-thin copper foil. Fig. 1 shows a schematic cross sectiona
vi ew of an enbodi ment- of the copper foil of the invention and, as 5
shown in Fig. 1, didseactepbzsedcoy didvihgoant begamindielease layex doetwienpy
formng on a netal carrier 2, an organic ' release l'ayer 3_and an

ultra-thin copper® Msitel4caprier slaver agdgap ultra-thin coppefRefodenti on,
the organic rel ease | ayer 10 referably satisfies the characterigstics
di scussed above. e ?‘eflé%'g% 8 fg?wglﬁncﬁ?%%rﬁeé%&Wﬁguﬁﬂ?w of ‘an:
particul arly | L - canial ni 0 ngs, |1y aLgn
conmpounds, and car (?;dy I g@ag_?dgﬁé Epet gBQ%&?ht-'el'%rJre:"td(;l&lrer'{'\:gB%:‘ar ri 'e%‘ﬁ ayer,

copper or a C8PPEihowkd indlFigY 15 tH& LYtdSESi BINGE he bRbS&RRed@Yer 15
believed to chemcally bond to copper. An organic conmpound used in

the present invenis asadenpyb€oppihg ash taometal carsigp@,t amnbeganicot her than

copper or a copper all oy, for exanple, copper-plated al uminum O her
met al s coul d release layer 3 and an ultra-thin copper foil 4 in this

order. |
In the invention, the organic release-layer
10 preferably satisfies the characteristics discqssed above.
The release layer is ;n'organic compound, particularly
nitrogen-containing compounds, sulfur-containing
compounds, and carboxylic acids.
As the metallic carrierllayer, copper or a copper
15 alloy is preferably used since the release layer is
believed to chemically bond to copper. An organic
compound uséd in the present invention may be applied to
a support ma#efial dﬁher-than_copper or a copper alloy,
for.exampie, copper-plated aluminum. Other metals could
20 be used, provided the release layer forms a uniform
chemical bond with that metal as well as with the ultra
thin copper foil. The thickness of the supporting
metallic layer is not considered to be critical, and it
may be a foil from about 18-70 um thick. Since a typical
25 carrier layer is relatively thin, it will also be
referred to as a foil, but it is to be understood that

the support layer could be thicker than ordinary foils.



20 be used, provided the release layer fornms a uniform chem cal bond

with that netal as well as with the ultra thin copper foil. The

t hi ckness of the supporting | nmetallic layer is not considered to be
critical, and it may be a foil fromabout 18-70 [err]mthick. Since a
typical 25 <carrier layer-is relativelyighin, it will also be

referred to as a foil, but it is to be understood that t he support

| ayer could be thicker than ordinary foils.

12 For exanple, heavier carrier sheets up to about 5 mm t hi ck

may be used. For examplle, Mhdaticiticaretel aslesetmnyupb&oanbeheci mudeposi t ed
copper foil which typically has a rough or matte side and 5 snooth or

shiny side. Thehidkeaew bayesedn which the ultra-thin copper foil is
deposited can be forned on the . mtte or sgiPni-n urfacg. Wign f he
el ectrodeposi tion i s The mekal  ¢a¥rifn 16¥erHBRY H qiiff&p FREFSh the |

hi ide, th Ltapt ultra-thin ' t Qs 10
Iso:/vn?/oughnezls :n%"‘?éaeé 'c’tliéltbfAr ;?%rt%a*/ﬁaﬁ':lﬁgﬁggf %é?él@%ﬂa\?% ﬁgﬁg@e glﬁig\rﬁaqupi t ch.
Wien the el egtr Ogrﬁ@ﬁ:ietdrogg}i?%ﬁ?{éé..ed MUY r@lease laydie dntWBieR tryer forned

on the matte side, res ultra-thin copper foil has high

roughness and cagitFfaMthit coppertfeiPasl debbsiifed ¢dl) He @orikd onsthating
substrate. 15 The thi cﬁness of the ultra-thin copper foil to be

forned on the orgatte orlshdadnpayerface gefheal thenelegtyagiepositionahs 12
[er]mthick, and-may ‘be nuch thinner, for exanple, 5-7 [err]mor
| ess. A copper fegrriedion en bhekneleass layeg formed on the shiny

side, the resultant ultra-thin copper foil become to have

10 1low roughness and is suitable for a wiiing pattern having
fine pitch. When the electrodepésition is carried out on
the release layer formed on the matte side, the resultant
ultra-thin.copper foil has high-rqughness and_cag improve
the peel strength (B) from_the insulating substfate.

15 The thickness of the ultra-thin copper foil to be
formed on the organic release layer is ggnerally not more
than 12 pm thick, and may be much thinner, for éxamp}e,
5-7 um or less. A copper foil having a thickness of more
than 12 um cén be produced by conventional processes, and

20 can be handled without a carrier layer. The ultra-thin
copper foil is formed by electrodeposition and the ultra-
thin copper layer thus obtained is suitable for Taking
circuit patterns and has acceptable peel strengths (A)
and (B).

25 Certain nitrogen-containing compounds and sulfur-
containing compounds have been found to be useful as an

organic release layer, particularly heterocyclic



than 12 pm can be produced by conventional processes, and 20 can be
handl ed wi thout a carrier layer. The ultra-thin copper foil is
formed by el ectrodeposition and the ultra- thin copper |ayer thus
obtained is suitable for naking circuit patterns and has acceptabl e
peel strengths (A and (B). 25 13 Certain nitrogen-containing
conpounds and sul fur- cont ai ni ng conpounds have been found to be
useful as an organi c rel ease layer, particularly heterocyclic

13 conpounds. This class of the nitrogen-containing conpounds
are preferably nidompgandsontThis rdassnpbuthls nitrogeavicaptaitingrti onal group
and, anong them particularly preferred are triazole conpounds havi ng
a functional 5 Qﬁmnﬁpndgu%¥ﬁeE?Qﬁ%ﬂ&b%ybéhﬁ%ﬂ9¢Qnﬁﬂn§a€E£ﬂ$0°°WPQ§“ s

bi s(benzotri azol rea (BT or 3 triazol e
(ATA).tTBi S c|t ﬁs§‘ "3’ )g‘im‘&%’rﬂ%%gﬁ up an cd?f‘b‘?ﬂ%&%‘ c?ﬁ’ﬁ%icul arly

mer capt obenzot hi

2- benzi m dazol et %Zto%fe%%?% arel%flazm& parg?‘ﬁgﬁ#a%%/aq%%%f err ec’ aroenﬁ\;BT and
TCA.  Some or ganigroup, sﬁQHpQHf@&meBESErim t@eerask fhgability to

rel ease ultra-thin copper foil froma copper carrier as i s shown

in the fol | owi ng FReiRinedtriazolylmethiloubes (BEEU)0forcGramnimeisimhi ch have
been found to 15 be useful as an organic rel ease | ayer are carboxylic
aci ds whi ch i ncl utie? Hi-dixdazobé e CATAY. WIhdkst ctas@otx@lalxi-fur-conmlmg Armng

t he carboxylic acids, preferred_are nono-
compounds include mercaptobenzothiazol (MET),

thiocyanuric acid (TcA), and 2-benzimidazolethiol (BIT),
10 and particulariy preferred are MBT and TCA. Some organic
compounds have been found to lack the ability to release
ultra-thin copper foil from a copper carrier as is shown
in the following Examples.
Another class of compounds which have been found to
15 be useful as an organic release 1ﬁyer are carboxylic
acids which include higher molecular weight carboxylic
acids. Améng the carboxylic.acids, preferred are mono-
carboxylic acids, such as the fatty acids, which can be
derived from animal or vegetable fats or oils. These may
20 be either saturated or unsaturated. Not all carboxylic
acids are useful, however, as will be seen in the
following Examples. -
Carboxylic acids which have been found to be useful
as release layers are fatty acids (higher molecular
25 weight mono-carboxylic acids), especially unsaturated
fatty acid, such as oleic acid, linoleic acid, and

linolenic acid. Other acids which have been found to



carboxylic acids, such as the fatty acids, which can be derived from
ani mal or vegetable fats or oils. These may 20 be either saturated or
unsaturated. Not all carboxylic aci ds are useful, however, as wll
be seen in the fol |l ow ng Exanpl es. Car boxylic acids which
have been found to be useful as rel gape |l ayers are fatty acids

(hi gher nol ecular 25 wei ght nono-carboxylic acids), especially

unsat ur at ed fatty acid, such as oleic acid, linoleic acid, and

| i nol enic acid. OQther acids which have been found to

14 l.ack t headibidld Bbidite! €aSeldasedul bra- € ejoppeir! £64DNErom a
copper carrier are shown in the foll owi ng Exanpl es. When neasur ed
in accordance wi thoppex Jepariescare shawaigatte) fSLIWURL Exampleange of the
peel strength (A) 5 of the netal carrier fromthe ultra-thin copper foil
in t he conposite Whan egeurad imagaordarrs whbhtthe depapese

kgf/ f bl 05-0 f/ t h I

can be separ at od PEEHHE R FactRin T S%%‘éreeo% e o5t stzeBfbhafihng  he
te foil

Eg?})g?r: teheo:oeseonoentﬁgs‘h{ét’aclll @qff&%gl S SO we%kﬁ?'ﬁr?hgﬂ? éo} tc??.agepara I ng of

t he ul tra-thiReC sift@ lfoli¥ OF CtHe Q.%ﬁﬁlbﬁnl@m \Wi.bbs2p.3 -

substrate or during punching or drilling of a |lam nate or acircuit
board. Wen great kgfyémn greXdegblen?. 008-hdnkgf)bm, sto cagrd thae thege
that it may be necessary to provide . a special treatnment when .

separating the necgarrierrlayer can be separated from the ultra-thin copper
foil after lamlnatlng the compos;te ‘foil on an insulating
10 substrate. When less than 0.005'kgf/cm; the peel
strength (A) is so weak that bulging or separating of the
ultra-thin copper foil may occur during lamination with a
substrate or during punching or drilling of a laminate or
a circuit board. When greater than 0.3 kgf/cm, the bond
15 strength is so large that it may be necessary to provide
a special treatment when separating the metal carrier
layer as, fér example, the use of an aéneous medium in
U.S. Patent No. 3,886,022,
A composite foil for preéaring printed wiring boards
20 of the invention has little or no variability in the peel
strength (A) between the metal carrier layer and the
ultra-thin copper foil. The bond strength is cohsistent
both across individual composite foils and among multiple
examples of the composite foil.
25 Since only a thin organic layer is attached to the
surface of an ultra-thin copper foil after separating the

supporting metallic layer, removal of the organic £ilm is



| ayer as, for exanple, the use of an aqueous nediumin U S. Patent

No. 3, 886, 022. A conposite foil for preparing printed wiring
boards 20 of the invention has little or no variability in the peel
strength (A) between the netal carrier layer and the ultra-thin
copper foil. The bond strength is consist &t bot h across individual
conposite foils and anong nultiple exanpl es of the conposite foil.

25 Since only a thin organic layer is attached to the surface
of an ultra-thin copper foil after separating the supporting netallic
| ayer, renoval ofpassibdeghyi eleéanind yith a dilute acid solution. A

15 possi ble by cleaning wwth a dilute acid solution..A har sh
pickling step is }Pﬁﬁg%é’éé’géé’r‘ .S58 JFIPPEORSERESATY - ¢ Hks! gflﬁ‘él%‘? i c | ayer

ot 1 on, 10 o4t 258Pbebbise ol LoRat LA RO bbbl gt

carrier has been renov € as a passivator

oxi dati on. R £ LIRS coBhBF SFd il laFt@2S¥hb Ocd St a8 BHER OFdnidikd
nmetallic |ayer after it has been separated, the production and

envi ronnment al 5pr oddue Ngexflics @isS aefasdBitcd’ €0 prevéntdi dlddatidf. I n
produci ng the conposite foil of the invention, the organic rel ease
| ayer is formed oFuxthemsirsl, sinceécit is ealsyybo, regyclehar suppertime °

ultra-thin copper |layer, is deposj ted on the organic rel ease |ayer.
Prior to the mebalkiq Javer aReehrifatiae beprasePIERkad, thej s preferabl e

15 to remve anypgggggtgio%x Ia% gﬁvipgnn%elilxqa C%rg 1<tamhse ég.estc%ssed above are

avoided.
10 In producing the composite foil.oflthe invention;
the organic release layer is formed on the metal carrier
layer, and thereafter the ultra-thin copper layer is
deposited on thé organic release layer. Prior to the
formation of the organic release layer, it is preferable
15 to remove any copper oxide on the surface of the metal
carrier layer to assure that a uniform-bond strength is
achieved. This may be done, for example, by rinsing the
carrier in a dilute acid solution, e.g., dilute sulfuric
acid. The organic release layer may be applied to the
20 metal carrier la§er by dipping or coating, or any method
by which a uniform layer is formed on the carrier, for
example, by dipping the metal darrier layer into an
agqueous solution of the selected organic compound to form
the organic release layer. Concentration of the organic
25 compound in the aqueous solution is preferably about
0.01-1% by weight, or about 0.1-10 g/L, and dipping time

is preferably about 5-60 seconds. Although higher



carrier layer to assure that a uniformbond strength is achi eved.
This nmay be done, for exanple, by rinsing the carrier in a dilute
acid solution, e.g., dilute sulfuric acid. The organic rel ease |ayer
may be applied to the 20 netal carrier |ayer by dipping or coating, or
any net.hod by which a uniforn1|ayeﬂfis formed on the carrier, for
exanpl e, by dipping the netal carrier layer into an aqueous sol ution
of the sel ected organic conpound to form the organic rel ease | ayer.
Concentration of the organic 25 conpound in the, agueous solué'on S

pref erably about concentyntipngoapgd leigat AipPingobt™es A*FoPYFELPERY di ppi ng

ti [ bl t 5-60 d Al t ol .
1670 concontheY| H St PrERgEred iry o ROL tHtBRp costs’ |
are not preferr ed. i BLe-LNRY il e L DG PASALRAR! Semoving Uheleat pase

productivity. After renoving the carrieéer romthe solution, it is
preferabl e that themexs€SsolRtiod, i€NDyqskdPerablai thawithe waicesssbet hat

only a very thin - | ayer bonded to the carrier surface renmains. The
t hi ckness of § herembredfberrinsisignygits whtdn ol that only anwesyr thin
accurately, but it is believed to be about 30 - 100 A, preferably 30 -

60 A. The thi ckndevesfbended 1p the| easeienyawiggs EeMATRZUr gy, for

exanpl e, using an_, i mage_oht ai ned by SI M,(Scanni.ng.l pn. M.Gr osco or
TEMer (Tr angm' ﬁlﬁﬁnEF%g‘f# o"ﬁ"%f&%‘sﬁgbﬁ x é’ﬁgaﬁﬁgdb?&acc‘g(eépggbl gy)

t hi cknesses of the_r a | S ts Iaf ) r_is too
thin, the ultra- tnﬁaﬁgggpgg?&f%ﬁe%ww Ppgaﬁﬁgg%%ﬁ?ﬂé?ght ﬁér&g%raﬁogrtéé{%ni le if

the rel ease | ayer;ges &, 08rbBbfdbly 30 UNEDOKM ehRsitnadrAgss tommmel copper s
not feasi bl e. The ultra-thin copper foil preferably is
10 release layer can be measured by, for example, using an

image obtained by SIM (Scanning Ion Microscopy) or TEM
(Transmission Electron Microscope). The range of acceptable
thicknesses of the release iayer is not known, but if the
layer is too thin, the ultra-thin copper foil will adhere
15 to the carrier, while if the release layer is too thick,
' uniform electrodeposition of copper is not feasible.

The ultra-thin copper foil preferably is
electrodeposited on top of the organic release layer
which has beeh placed on the metal carrier. There are

20 several metﬁods of electrodeposiﬁing copper, such as
using a coﬁper éyrophosphate electrodepositing bath or an
acidic copper sulfate electrodepositing bath, among
others. While any type of electrodepositing bath may be
used to form the ultra-thin copper foil, some types are

30 preferred. To avoid undesirable pin holes and/okr
porosity, initial depositing may be done in an
electrolytic bath substantially free of acid, such as a
copper cyanide bath or a copper pyrophosphate bath, which
give more uniform electrodeposition of copper. The

35 electrodeposition using copper pyrophosphate is preferred



el ectrodeposited on top of the organic rel ease | ayer whi ch has been
pl aced on the netal carrier. There are 20 several nethods of

el ectrodepositing copper, such as usi ng a copper pyrophosphate

el ectrodepositing bath or an acidic copper sulfate el ectrodepositing
bat h, anong ot hers. Wile any type df7 el ectrodepositing bath may be
used to formthe ultra-thin copper foil, sone types are 30 preferred.
To avoi d undesirabl e pin holes and/or porosity, initial depositing
may be done in an el ectrolytic bath substantially free of acid, such
as a .copper siyeai e Hamt hdvantagep perthpyespacs ptl::attétebanmrmeﬂm:

give nore unlfornlelectrodep03|t|on of copper. The 35 el ect rodeposi tion
usi ng copper pyropR@sprtrty of pperatiens. If two copper

17

since it has advant,ages with respect .to,the envi and
safety of operati ShECSTTS ?Rﬂ?l?gﬁﬁe?teps arxﬁpélc?FP'Od &hokF R} e§fr§ tlﬁ‘?“'e ‘hsed
t f dt
{hi ckness 5 of Sﬁfga%?"%e‘fse%%%fg&g%r aiting, PROERREHdhe” b BRERIGE 00, 0
a copper pyr gehgagpieds: RAshumf bk é’f@f&ﬂ?& .82¢00%um, is done in

el ectrodepositing step using a copper sul fate bath to provi de t%e

desired thi cknesscopper epyrgptdsphatéobdh | efidlldwed byod ddvond tra-thinm
copper foil. 10 The condi.tions for the el ectrodeposition using
copper pyrophosph3ﬂecared¢mn8ﬂkﬂn§esbdptusing(aﬂcpbpar smlfate bath ppeferred,

Dot e about 10 BEOFEe S CRRELE Bhubfoess, 2 SRRBEL, RY WL
of the ultra-thin copper foil.

10 The conditions for the electrodeposition using
copper pyrophosphate are not believed to be critical. It
is preferred, however, that the copper concentration iﬁ
the copper pyrophosphate bath be ébout 10-50 g/L and the
potassiuxﬁ pyrophosphate about 100-700 g/L. The pH of the

15 electrolytic solution preferably should be about 7-12.
The bath temperatﬁre should be about 30-60°C, and the
current density about 1-10 A/dm2.

Electrodepositions of cépper' using sulfate baths are
édvantageous if one cons.iders productivity and cost, and

20 generally they have been used successfully without first
depositing a thin layer of copper from a pyrophosphate
bath. The conditions for the electrodeposition Uusing
acidic copper sulfate are also not considered critical.
It is preferred, however, that the coppef concentration

25 in the copper sulfate bath be about 30-100 g/L, and that

the sulfuric acid be about 50-200 g/L. The bath



pot assi um pyrophosphate about 100-700 g/L. The pH of the 15 electrolytic
-solution preferably should be about 7-12. The bath tenperature should
be about 30-60[err]C, and the current density about 1-10 A/dnferr].

El ect rodepositions of copper using sulfate baths are advant ageous i f
one considers productivity and cost, and180 generally they have been used
successfully without first depositing a thin |ayer of copper froma
pyr ophosphat e bath. The conditions for the el ectrodeposition using
acidic copper sulfate are also not considered critical. It is

preferred, howeveempéhatutd @ eppatrsDACRN Igoduitddn Abeferabliyhdscappet
sul fate bath be about 30-100 g/L, and that the sul furic acid be about
50-200 g/L. The Bat+R0°C and the current density about 10-100 Afgm2.

tenperature of electrolytic solution preferably is about 30-80[err]C
and the current densiIp erdsn tpoembenqaseoﬁﬂlﬁﬁﬁm of the ultygrthige, o
enhance adhesion of the_u

f t
substrate, a bon&°89ﬁ5n€?ﬁt) tqsa'“t F‘Eﬁl"?@ﬁni%e}{bos Olﬁtgéeaalg%ﬂélhe y | ?agt hin
foil t |
SO rent i n i EFohEheRY SAPHEhRBG O R HACRNRS Sodiflh! Y17 N

al'ar® coppeé eposite surface of t he

foil by adjusti nQa%%CBSrOQ@ﬂéﬁittﬂdi‘ﬁl methé@80i didi%s ANnedvletizigly a
nodul ari zing treatnent may 10 be found in U S. Patent No. 3,674, 656 In

addi tion, the trestibaceinfwiivh @ hodulii ncopgpensf deboaatyed)ears tdveect ed
to . a conventional passivation treatment to prevent oxidation . of .
the ultra-thin ccﬁsmﬁac{eoplf thea hkoida i aéuuehmg eekeatmodepositing

conditions. An example of a nodularizing treatment may

10 be found in U.S. Patent No. 3,674,656. In addition, the
surface of the ultra-thin copper foil may be subjected to
a conventional passivation'ﬁreatment to prevent oxidation
of the ultra-thin copper foil. .The passivation treatment
nay be done singly or aftef the nodularizing treatment.

15 fThe passivation treatment is generally carried out by
depositing zinc, zinc chromate, nickel, tin, cobalt and
chromium on.the surface of the ultra-thin copper foil.
An example of such methods may be found in U.S. Patent
No. 3,625,844.

20 The-surfgée of the treated ultra-thin copper foil
produced by the meﬁhods just described will be laminated
to an insulating substrate using heat and pressute to
obtain the copper-clad laminate for preparing pxinted
wiring boards df the invention.

25 Fig. 2 shows a schematic cross sectional view of an
embodiment thereof. As shown in Fig. 2, the copper-clad

laminate 5 is made by laminating on an insulating



may be done singly or after the nodularizing treatnment. 15 The
-passivation treatnent is generally carried out by deposi ting zinc,
zinc chromate, nickel, tin, cobalt and chrom umon the surface of the
ultra-thin copper foil. An exanpl e of such nethods may be found in

U S. Patent No. 3,625,844. 20 19 The surface of the treated
ultra-thin copper foil produced by the nethods just described wll be
| am nat ed to an insulating substrate using heat and pressure to
obtain the copper-clad | am nate for preparing printed W ring boards

of the inventiOngyhedGate 6 thél CompositeVEod1SE@IBEHGCHASPigect ] Al Vi ew
of an .~ enbodi nent .thereof. As shown in Fig. 2, the copper-clad

| ami nate -5 is neale ty rake Bhéi htea-tdin n@pbarlﬂgnl 4 of the compos1te

19 substrate 6 the conposite foil 1 as shown in Fig. 1, so as
to make the ultrfeihil teogpataébiwith dthet subgbnpbeib e foil 1to
contact with the substrate_6. Typically, the |am nating

tenperature is 150[er']i’31¥€*°6‘|11Y5 ﬁh@h%ﬁml%“t"‘gcﬁ?’a??fla‘i“?? isrdfpes rﬂIC As the

i nsul ating strate, t esi 0® bstrates which are used to
make circuit “bod ﬁ Yor @ré"&f’ %Yh’g?.ﬁr %‘a etg‘seansufat Mich resin

substrates may 'E&ﬁé‘gﬁas an%nﬁéiis%é'ﬁln su%ﬁtﬁgeéé()whﬂﬁppa&ep ga8! L&

paper - epoxy, pon| e metal carrier layer 1s t hen
separated, |eavifigke circuitoppasds! ser |slEdtonicoBGuEbhdtEt Yant Be ykéda-thin

copper foil and |nsulat|ng Ssubstrate. -
Such resin substrates may include FR—4 (glass-flber—
epoxy), paper-phenolic, paper-epoxy, polyimides and_. the
10 1like. The metal carrier layer is then éeparated, leaving
a copper-clad laminate consisting of the ultra-thin
copper foil and insulating substrate.

When described with reference to Fig. 2, the range
of the peel strength (A) (in Fig. 2, indicated aé A) of

15 the metal carrier 2 from the ultra-thin copper foil 4,
measured in accordance with JIS-C-6481, is lower than the
peel strengﬁh {(B) (in Fig. 3, indicated as B) of the
uitra—thin copper foil 4 from the substrate 6, to assure
that the carrier Iayer 2 can be separated from the ultra-

20 thir; cdpper foil 4 after laminating the coﬁposite foil 1
on the insulating substrate 6.

Because the ultra-thin copper foil is too ﬁhin and
weak to directly measure the peel strength (B) in
accordance with JIS-C-6481, the additional copper

25 deposition, for example, up to a total thickness of 18

Mm, is applied to the ultra-thin copper foil.



When described with reference to Fig. 2, the range of the peel

strength (A) (in Fig. 2, indicated as A) of 15 the netal carrier 2 from

the ultra-thin copper foil 4, measured in accordance with JI S-C 6481,

is lower than the peel strength (B) gin Fig. 3, indicated as B) of

t he . ultra-thin copper foil 4 fromtB® substrate 6, to assure

that the carrier |ayer 2 can be separated fromthe ultra- 20 thin copper

foil 4 after lam nating the conposite foil 1 on the insulating

substrate 6. Because the ultra-thin copper foil is too thin and
weak to directly neas®he Gﬂ@?ﬁ@'&la@t ﬂéﬁg@ht‘—? Bys |ﬁ¥1tab1¥ weedrirthce with

JIS-C- 6481, the additignal deposi t ] for exanple, up to a

c

total thickness &*epgring a Bﬁf nted éﬁiﬁl"f‘gdb?%r ‘ne ultra-thin copper foil.

20 ' The co er . | ang,na r reparin
. . el Tl bRl el AU HaEH [0 che | DT SPAT 19

a printed wiring boar exanpl'e nted wring board of

the i nventi Ci'}ni‘eﬁih% Hﬂﬂ%@ﬁnﬁ@w BpbEend tHa vi1kr-B-ERPR & opper f OI |
of the copper-clad | am nate of the invéntion by separati ng t%e net al

carrier |ayer5ancdedilr fngha vbpperclad lpaih&td ¢f whd Havexpbsedbropper
foil just described. Fig. 3 shows a schematic cross sectional

vi ew of an esrppdiating bhethetyk icaradewi Layer ok cfomungeap«m 10
i nvention and, as shown in Fi , the printed wiring

conprises a s'ubstﬁ’aa‘%‘é*rﬁl zfﬁemagbﬁm Fpﬁger f°1]pa1"tsé:r ﬁ‘e8cF6Pﬂ§d t her eon.

Fig. 3 shows a schematlc ‘cross sectional view of an
embodlment of the prlnted wiring board of the present
10 invention and, as shown in Fig. 3, the printed wiring
board 7 combrises a substrate 6 and a printed wiring
pattern 8 formed thereon.
The printed wiring board 7 can be made by exposing
the ultra-thih copper foil 4 of the copper-clad laminates
15 5 shown in Fig. 2 by separating the metal carrier layer
2, removing the remaining release layer 3 from the
surface of éhe ultra-thin copper foil 4, if present, and
forming a wiring pattern 8 from the exposed copper foil
4. |
20 A multi-la?er printed wiring board can be easily
prepared by using the printed wiring board prepared as

described above.
For example, the multi-layer printed wiring board
can be made by using a copper-clad laminate formed by
25 laminating on at least one side of an inner layer board
on which wiring patterns were previously formed the

composite foil of the invention to obtain a copper clad



The printed wiring board 7 can be nade by exposing the ultra-thin
copper foil 4 of the copper-clad lamnates 15 5 shown in Fig. 2 by
separating the nmetal carrier |ayer 2, renoving the renaining rel ease
| ayer 3 fromthe surface of the ultra-thin copper foil 4, if present,
and . forming a wiring pattern 8 fromlhe exposed copper foil 4.
20 A nmulti-layer printed wiring board can be easily prepared b
using the printed wiring board prepared as descri bed above.

For example, the _nulti-layer printed wring board can_be nade by
using a copper - clanipatenfPargtisg the vefal SRITALENLBYH FrFeEEL one side

of an inner |ayer_ board Qn ich wring patterns were previously
forned the c%ﬁﬁ&ﬂ?fltﬂ‘“flnﬁygt ﬁg ?W/%ﬁﬁgi iig Pgt?):%t ain & copper cl ad

21 | am natg,:qSe | : ' | | f : copper
clad | am nate totfg%%ésgﬁéﬁfeéﬁﬁr{gg?t ﬁlg%ﬂé%g%ée‘{rﬂ% O%%/glhle,ﬁg? '{‘kglrlrrrl\ ng-a

W ring pattern or rUEbL{B:-thin copper foil. 5 The multi-I|ayer
printed wiring board of the . i nvention can al so be fornmed by | am nating
a plurality o8  prhstedlvi+laygrbezinsedfwirting boartii ofi. the That
I's, the multi-layer printed wiring board can be . formed by | am nating

on at |east one dsinyengsfiophean jalsqbienformed byglaninadisg anelyraldiy of t he
composite foll o ¥ NErily Boards o2 SReivdnioPer clad lamnate,
Thét ié,.the hulti—iayer printed wiring board can be
formed by laminating on at least one side of the

10 printed wiring board.of the invention the composite foil
of the invention to obtain a copper clad laminate,
separating the metal carrier layer from the copper clad
laminate to exposé the ultra-thin copper foil, and
forming a wiring pattern on the ultra-thin copper foil.

15 In both cases of preparing ﬁhe multi-~layer printed
wiring board of the inventién, a plurality of the multi-
layer printéd wiring boarcis may be further laminated

_ to obtain a multi-iayer printed wiring board having a
plural of the layered wiring patterhs.

20 Fig. 4 shows a scheﬁatic cross sectional view of
another embodiment of the copper-clad laminate of the
invention, which is used for preparing a multi-Ilayer
printed wiring board as shown in Fig. 5. In Fig. 4, the
copper clad-laminate 11 of the embodiment is formed by

25 laminating a composite foil 1 on an inner layer board 12

via a substrate (prepreg) 6 by the process as described

above..



separating the netal carrier layer fromthe copper clad - —l-amnate to-.
expose the ultra-thin copper foil, and formngavmrlng pattern onthe
ultra-thin copper foil. 15 In both cases of prepa sahlthasBeenReI

mul ti-layer printed wiring board of t he inventi on,
mul ti- | ayer printed wiring boards 2x@y be further Ia

obtain a nulti-layer printed wiring board having a pl ura

| ayered wiring patterns. 20 Fig. 4 shows a schematic cross
sectional view of anot her enbodi ment of the copper-clad | am nate of
t he i nvention, Tie cdonpositedfdbl x)rmriilsgsaarmétal | cayraniex layer
printed wring board as showmn in Fig. 5. In Fig. 4, cop

cl ad-1 aminat e 112ef apfea criRAseeABYRS 3(#41%@%9‘1"—25"4‘%?&39% f&’-éoﬁpom te
foil 1 on anlnner | a er board 12 : a substrat prepre 6 by the
process as descri BEHe %%&%rler layeraz in t?x?. ge:.( qIQ‘). q}m

22 I t gl
2, and a rel ease %§§§$f§°§%ngp%§ﬁ%hl B aﬁﬁgp%é%gzsper Q wﬁﬂﬂd ‘ifa t@ér?ﬁred on
the carrier lgyerg:2 igBrkhdl ScHdih. The tﬂ@eéopper-clﬁ@.aiﬂmﬂx?a@é)rm“ the 2

substrate 6' andawrrlng pattern 5 , formed thereon. In the
copper-cl ad | am rateatthih hdopper fotitltaaofhttlte cwppesitai foill f fidres *
conposite foil 1 faces the wiring pattern 8 of the inner board 12 .
via the sulider wiving pattern 8 othge anémmaadséaemmhe:r 0SS

sectional view of an
substrate 6.

Fig. 5 shoﬁs a schematic cross sectional view of an
10 embodiment of the mnltiélayer wiring board of the
invention, which is made frbm the copper-clad laminate 11
shown in Fig. 4. When described with reference to Figs.
4 and 5, the production of the multi-layer printed wiring
board 13 is carried out by separating the metal carrier
15 1, removing the remaining release layer 3 from the
surface of the ultra-thin copper foil 4, if present, and
forming a wfing patter 8 on the exposed ultra-thin copper
foil 4.
In the cépper-claa laminate 11 as shown in Fig. 4,
20 the inner layer board 12 may be the printed wiring board
7 as shown in Fig. 2. In such a case, it can be said
that the multi-layer printed wiring board 13 shown in
Fig. 5 comprises two printed wiring boards of the
invention laminated with each other.
25 The present invention will beldescribed in further

detail with reference to the following examples.

THIS SHEET HAS BEEN
REPLACED




10 enbodi nent of the multi-layer wiring board of the i nventi on, which
I's made. fromthe copper-clad lamnate 11 shown in Fig. 4. Wen
described with reference to Figs. 4 and 5, the production of the

mul ti-layer printed wiring board 13 is carried out by separating the
metal carrier 15 1, renoving the remain28g rel ease layer 3 fromthe
surface of the ultra-thin copper foil 4, if present, and . formng a
wring patter 8 on the exposed ultra-thin copper foil 4. In
the copper-clad Iamnate 11 as shown in Fig. 4, 20 the inner |ayer board
12 may be the printed wiring board: Examplelbwn in Fig. 3. In such a
case, it can be said that the nmulti-layer printed wiring board.13
shown in Fig. 5 &snprieeal iqarrierniavedi rammplrcdredysicahy

i nvention | am nated w,th _each other,. .25, Th resent . pnvention wll
be described in ffROFdEed copPPef EQil RAVing 7 &f 55 f’%e:’#o‘lu\“d’i’/ﬁ%g

exanpl es. . .

Exanmple 1 PEEPRS eg ‘me %?h c%orlrllsert YP%@%HY al?la&g? Sef 8F§llt ?Ea‘f‘?@te

deposi ted copper d;Qid ahaYhNBméoth)dkRedsy0Lide. [ 8fHddN W@S organi Pl €par ed.
Such foils typically have a rough or matte 5 side and a snmooth or shiny

side. Then, an ongddase layet eh&f Sform@debn\eke f stiimd sdidet b€ ehénfosl de of
the foil, followed by a first copper depositing step, a second
copper deposi ti ngfatlewedaboadf brdtarmriprgrt depesthing @tkpa a2 secpadsi vati on
tref';.tt ment, using éct]p%efrmdleg\gsggire; C)sctee(;::ur gsi)ond énhancing treatment, and a ‘
. . 8 ’ p ?
passivation treatment, uéing the fdllowing procedures.
10 ~a. ion ' Oor ic Release Laver
The 35 pm copper foil was dipped into 2 g/L
carboxybenzotriazole (CBTA) aqueous solution at 30°C for
30 seconds, removed, and rinsed in deionized water to
form an organic release layer of CBTA.
15 The thickness of the organic release layer was
measured from an image obtained by SIM (Scanning Ion
Microscopy) and found to be 60 A.
B. First Copper Depositing Step
A ¢athodi¢ electrodepositing treatment was carried
20 out with a current density of 3 A/dm? by using a
pyrophosphate electrodepositing bath, with a bath
temperature of 50°C and a pH of 8.5. The bath contained
17 g/L of copper and 500 g/L of potassium pyrophosphate.
An ultra-thin copper foil having a thickness of 1 um was

25 deposited on the organic release layer.

C. Second Copper Depositing Step



10 A Formati on O The Organi c Rel ease Layer The 35 [err]m
copper foil was dipped into 2 g/L car boxybenzotri azol e (CBTA) aqueous
solution at 30[err]C for 30 seconds, renoved, and rinsed in deionized
water to forman organic release |ayer of CBTA. 15 ‘The

t hi ckness of the organic rel ease | ayer wag measured from an i mage
obt ai ned by SIM (Scanning |on M croscopy) and found to be 60 A

B. First Copper Depositing Step A cat hodi c el ectrodepositing
treatment was carried 20 out with a current density of 3 Aldnerr] by

using a pyr ophegaehader &t G @HePDSjuh i Wik aithinwebpper bdil was
tenperature of 50[err]C and a pH of 8.5. The bath contai ned 17 g/ L of
copper and 500 g/inseid pntdetéoninresl wagkersaghdtthen electmpdgpesitediat @opper
foil having .a thickness of 1 [err]mwas _25- deposited on the organic

rel ease | ayer. current densityef @Sppdfnbapisia @ngoppep sulfate

i nsed in dei oni SR HRROEPSARIP NRAFIMBERB R o SPRERARREe S8 noll
density of 6Q A/dnferr kD C f I sitifg bath
havi ng a batg tearrrfragercadtfra ?‘3?85%? eg?ﬁ)gwﬁgk %‘g %:%Ontga/?"n%%L%gggg/#_é%%pper and
150 g/L sul furice@cddbosit abbft ®QASithidkALks Sof eédggert, hichkpesg of cepper,

t her eby obtaining an ultra-thin copper foil having a total
thi ckness of abosbt#idigig b ultra-thirBeetperhaoll rigavitentamental
. - thickness of about 6 uﬁu. B ' o

D. Bond Enhancing Treatment

10 The bond eﬁhancing treatment was cérried out on the
surface of the ultra-thin copper foil by a conventional
nodularizing surface treatment using a copper sulfate
electrodepositing bath. The current density was
increased to form nodules of copper on the surface of the

15 ultra-thin copper foil.
E. Passivation Treatment

A passivation treatment was applied to the surféce

of the bond enhanced ultrafthin.copper foil by depositing
zinc chrsmaée from solution by cpnventional

20 electrodeposition methods to obtain a composite foil
ready for lamination.

The composite foil was laminated on four sheets of

0.1 mm thick FR-4 prepregs, and then hot pressed under a
pressure of 25 kg/cm? at 175°C for 60 minutes to obtain a

25 copper-clad laminate. The peel strength (A) of the 35 um
copper carrier layer from the ultra-thin copper foil was

measured in accordance with JIS-C-6481, and found to be



10 The bond enhancing treatnment was carried out on the surface
‘of the ultra-thin copper foil by a conventional nodul ari zi ng surface
treatment using a copper sulfate el ectrodepositing bath. The current
density was i ncreased to form nodul es of copper on the surface of the
15 wultra-thin copper foil. E. Pagsi vati on Treat nment A
passi vation treatnment was applied to the surface of the bond enhanced
ultra-thin copper foil by depositing zinc chromate from sol ution by
conventional 20 electrodeposition nethods to obtain a conposite foi

ready for |am nafigd® kgf/cm. The BippeeBasiié&r Riyer@sullanéasiBg van four

sheet s of 0.1 mmthick FR-4 prepregs, and then hot pressed under a
pressure of 25 kefparated] fadm 1tthd eropperf-olad(lamingtes apdotheaipesl 25
copper-clad lamnate. The peel strength (A) of the 35 [err]m . copper
carrier |ayer frefiengthyl(d) awamfounshper bponnifemm across ghagseamel

accordance with JIS-C 6481, and found to _be

25 0. 015 kgf/cm The copper car%?@FQ;%y% could easily be

separated frgmthe cgppel ;"58 %g Iﬁp{ n%}aes x289 1hePeelame manﬁéjéength (A) was
found to be Uniform &cross t Exanpl e
2 5 A conpasidie f1Qi |ex¥9@1§t n@?éi: 'a.rﬁ Bﬂﬁaﬁmm 189ebNwas Exanpl-e
1, except that an organic rel ease [ayer was formed by using an aqueous

sol uti on of 2 g/ bﬁédby usindi & hefredius ssdhyiontély|d green,§BFD-U) i nstead
of bis (benzotriazolylmethyl) urea (.B'I‘D-U) instead .o_f
cafb&&benzb_—triazol'e (ClBTA)' .
10 The composite foil was laminated oﬁ four sheets of
0.1 mm thick FR-4 prepregs, as in Example 1, using a
pressure of 25 kg/cm?, and a temperature of 140°C for 60
minutes to obtain a copper-clad laminate. The peel
strength (A) of the 35 um copper carrier layer from the
15 wultra-thin copper foil was measured in accordance with
JIS-C-6481 and found to b'el 0.025 kgf/cm. The copper
carrier couid eas_ily be separated from the copper-clad

laminate, and the péel strength (A) was uniform across

the sample. Then, the copper-clad laminate was post—

20 cured at 175°C for 60 minutes.
X e 3
A composite foil was made in the same manner as in
‘Example 1, except that the organic release layer was
formed by using an aqueous solution of 2 g/L

25 Dbenzotriazole (BTA) instead of carboxybenzotriazole

(CBTA) .



_car boxybenzo-triazole (CBTA). 10 The conposite foil was | am nated on
four sheets of 0.1 mmthick FR-4 prepregs, as in Exanple 1, using a
pressure of 25 kg/enR, and a tenperaturé of 140[err]C for 60 . m nut es
to obtain a copper-clad | am nate. The peel strength (A) of the 35
[err]mcopper carrier layer fromthe 156ultra-thin copper foil was
measured in accordance with JIS-C- 6481 and found to be 0.025 kgf/cm
The copper carrier could easily be separated fromthe copper-clad

| am nate, and the peel strength (A) was uniform across t he sanpl e.
Then, the copper-cl aBhe fenpasiteafopbswas lLaminateddont faws[sheets pP6r 60

m nut es. Ex A composite

- | le 3
foil was made i Q- thEmsHchFRér PrePYRgs. aargg_%(m@lﬁ,le%sé‘&g fhat the
organic rel ease AU uRse o5 i LR T UNSEOD B0 OGRS SOLUARD 01 2

g/L 25 benzotrrazo car boxyben: i azol e @BTA) .
26 Boppephplad  FarfifialteasThe Heell atrefgtRUlAE eRlthed 35 E.m 0.1
mmthick FR-4 prepregs, as in Exanple 1, using a . pressure of 2

kg/cnferr] af l4dppet] atpied QapicrUEesmt thohiltiva-2thin cofPeP HoiQl agas

| am nate. The peel strength (A) of the 35 [err]m 5 copper carrier |ayer
fromthe ultra- measuwregpin dehidrdange with JEIintd8li andcfoumthice bei t h

JI S-C-6481 and found to _be '0.043 kgf/cm' The copper carrier could
easily be L 943 ak88/ FR om Thife CORRPHERE iG] qowddpeasiky kgt h (A)

separated from the laminate, and the peel strength (a)
'~ was uniform across the sample. Thereafter, the ié.minate'
10 was heated at 175°C for 60 minutes to postcure it.
Example 4

A cdmpos'ite foil was made as in Example 1, except
that an organic release layer was formed by using a mixed
aqueous solution of 2 g/L carboxybenzotriazole (CBTA) and

15 0.5 g/L benzotriazole (BTA).

The composite foil was laminated on two sheets of
polyimide pfepregs, each having a thickness of 0.1 mm,
using a pressure 25 kg/cm? at 216°C for 270 minutes to
obtain a copper-clad laminate. The peel strength (A) of

20 the 35 um copper carrier layer from the ultra-thin copper
foil was measured in accofdﬁnce with JIS-C-6481 and found
to be 0.009 kgf/cm. The copper carrier could easily be
peeled off from the laminate, and the peel strength (A)
was uniform across the sample.

25 Example 5

Composite foils produced by the method of Example 1

were laminated on both surfaces of an inner layer,



was uniform across the sanple. Thereafter, the Famnate 10 was heated at
175[err]C for 60 mnutes to postcure it.

Exanpl e 4 A conmposite foil . was nade as in Exanple 1, except
that an organic rel ease | ayer was for rred@llo% using a m xed aqueous
solution of 2 g/L carboxybenzotriazole ( A) and 15 0.5 g/L

benzotri azol e (BTA). The conposite foil was | am nated on two
sheets of pol yi m de prepregs, each having a thickness of 0.1 mm
using a pressure 25 kg/cnR at 216[err]C for 270 minutes to obtain a
copper-cl ad | ani mﬂe@rmlh@rqoubncbwmmmyemsmrevmsjar pedrbaeRopper
carrier layer frogmthe ultra-thin cg\%)rh é was neasured in
accordance with 5P ereing g Polfidm thick FRp3 BERIFLES M The copper

carrier could eaihwné?eealatfeorl 88! £t ALY QILLECa AP Bna®s oo

strength (A across

Exanpl e 5 e amntidsS f RELSr m&ﬁ%@da%t hendgidad sef-ebyenpl € 1
wer e | am nat ed on both surfaces of an i1nner |ayer,

27 mater i 4A) oof vithe I35n\itm ngtalliecerrieryilavet yEiwal theenltra-
formed, using a 0.18 mmthick FR-4 prepreg as an - internedi ate | ayer

and by pressing &hin7&bpperd Codidwas mepsudest ip accordamcesvitbn JI8sC-Af t er
cool ing down, the Eeel strength 5 (A% of the 35 Jerr]mnetallic carrier
layer fromthe ubfBh-and found tocbppRr03LiNotism . neBher BPRIFiNGor dance with

INsC 6481,m% ali unfia}ec:)r lg:ou dog.'gs:. /Cmse-ll;g.%aé &8 Pzr'gnlt e

| " laminate, and the peel str_ength (A) was uniform.
10 | Example 6
Using a copper-clad laminate prdduced.by the methods

of Example 1, a dﬁill having a diamgter of 0.3 mm was
used to make holes in the lamihate. A conventional
desmear treatment with potassium permanganate solution

15 was done to remove epoxy resin. Then, the panel was
plated to a thickness of 15 pum. A circuit pattern was
formed (l_ine width/line space = 50 um/50 pm) to obtain a
printed wiring board. The wiring pattern was found to be
£ree of shorts or open spaces. Two of these printed

20 wirihg boards were laminated together using a 0.18 mm
thick FR-4 prepreg by hot pressing to obtain a multi-
layer printed wiring board having four conductive layers.
There were no problems. The ultra-thin copper foil was
not torn and no wrinkles were formed. Thus, an improved

25 multi-layer printed wifing board was obtained in both

Examples 5 and 6, which had very fine 50 pm circuit lines

and spaces.



metallic |ayer could easily be separated fromthe | am nate, and the
peel strength (A) was uniform 10 Exanple 6
Usi ng a copper-clad | am nate produced by the nethods of Exanple 1, a
drill having a dianeter of 0.3 mm was used to nmake holes in the '

| am nate. A conventi onal desnear atnment with potassium

per manganate solution 15 was done to re ve epoxy resin. Then, the panel
was plated to a thickness of 15 [err]m A circuit pattern was

formed (line width/line space = 50 [err]m 50 [err]n) to obtain a

printed wiring board. The wiring ,pattw;_zgund to be free of
shorts or open spaces. Two of these printe W ring boards were

| am nat ed together ugjnehé A+l8-8Hin coppdrifd1FRndeRéle £ ENRY cBBbeBL €SSi Ng
to obtain a nmulti- | ayer printed wring -board having four conductive
| ayers. Thaad Iekhbtnadttes) adeein . EXdldd a5t hcoppeppets foi | was

not torn and no winkles were forned. Thus, an inproved 25 nmulti-Iayer
printed wiring ledectiredepesitead &g antoeah thicknegganf| t& 1IBr-andfegt. whi ch had

\Z/Sry fine 50 [erE! m ci Ecui t I i Ees ﬁp@”@n %:Q%%?csbopp% %%%FFP& hin

foil I
i?gl,oezzopgler :/vgses traF % epoé”rtegdl{l a&ﬁ@—%ﬁ,{@ hi céness of ?glrorffn
Next, 5 the pegle %tl'i:‘f:QaEﬂir( @o&:fgerlgaﬁﬁ' €15 téas@eacsppeﬁlé qy@ahofd Qg

substrate was nmeasured 1 n accordance wth JIS-C 6481
it is too thin an_d weak, thus, the add:.t:l.onal copper

depositing is applied to perﬁ{it- the test to be done.

10 A circuit pattern was formed by cOn\fentional etching
methods using acid copper chloride and dry film resist on
the five dopper-clad laminates from Examples 1-5. The
line width/line spacing again was 50 pm/50 um. The °

results obtained are shown in Table 1.

15
Table 1
Peel Strength (B) (kgflcm) Etching Properties

Example 1 1.3 Good
Example 2 1.2 Good
Example 3 1.3 ' : -~ Good

. Example 4 1.0 ' . , Good
Example 5 1.3 Good

™

The above results show suitable performance of the
20 copper-clad laminates for electronic equipment. It can
be concluded that the peel strength (B) of the ultra-thin

copper foil is comparable to conventional thick copper



The ultra-thin copper cannot be tested by this nmethod as it is too
t hus, the additional copper depositing is applied to

thi n and weak,

permt the test to be done. 10 A circuit pattern was formed by

conventional etching

resi st on

line wdth/line spacing again was 50 [err]nm 50 [err]m The results
obtained are shown in Table 1. 15 Table 1
Peel Strength (B) (kgf/cm Etching Properties Example 1

1.3 . foils, &@PGmch greater W'tﬂx&peel strengthl.(3)

Good Exanple 3 1. Good

Exanpl e 4 measute@ between the ultra-thﬂﬁo@@pper and thebcanpliers

1.3 ' Good ‘The above results show suitable
perfornmance of tRAaveyes PRypharmersd Fh%%aﬁt%*&leseWEE?r%ﬁﬂftd dquivperdt . It
can be concluded that the peel stren the&P) of %Re a-thin

copper foil is cHﬁﬁXrﬁB?%F*?F vahEi Batte no.opens

29 foids, andamieh o atqhe ﬁeatahgn@%aahaegetw . measur ed
bet ween the u tra t hi'n~ copper e car ayer urt her nor e,

met hods using acid copper chloride and dry film
the five copper-clad | am mages from Exanples 1-5. The

these | am nates were'found to yleld Ex¥fisde Uperior circuit patterns in
that they had no opens 5 or shorts at a line width and spaci ng of 50

[err]m An electrolyticallixaeposited copper foilh having a
el ectrolytically dep05|ted copper foil having a t hi ckpess. of 35 %Frr]m
was used as a nmetFHKREEFPL|IR ¢ wag used as a metal carrier layer.

10

15

20

25

the shiny side of the f011, a release 1ayer was formed,
followed by a cépper depositing step to 6btain a'

composite copper foil, using the following procedures A

and B.
The 35 um copper foil was first acid washed for 30
seconds in an aqueous solution of H3S804 (150 g/L), after

which the foil was rinsed in distilled water for 15

seconds to remove residual acid. Then, the rinsed copper

foil was dipped in an aqueous solution of CBTA (5 gfL) at
a temperature of 40 °C for 30 seconds, removed and rinséd

in deionized water to form an organic release layer of

CBTA.
B. Copper Depositing Step ' "

On the organic release-layer, copper was
electrodeposited with a current density of 5 A/dm? by
using a copper sulfate electrodepositing bath having a
bath temperature of 40 °C, and containing 250 g/L of

copper sulfate and 70 g/L of sufuric acid, for 150



the~shiny side of the foil, a release layer was fornmed, 10 followed by a

copper depositing step to obtain a conposite copper foil, using the
foll owi ng procedures A and B. A. Formation of the Organic Rel ease
Layer The 35 [err]mcopper foil was first acid washed for 30 1
5 seconds in an aqueous solution of Hery9pSOerr] (150 g/L), after

which the foil was rinsed in distilled water for 15 seconds to renove
residual acid. Then, the rinsed copper foil was dipped in an aqueous
solution of CBTA (5 g/L) at a tenperature of 40 [err]C for 30
seconds, reWDVEdséadndéﬂselﬁhusgoa ban@@sm Fd1wdhewhiéh fHrdepperoEgabi C

rel ease |ayer of CBTA pper ‘Depositing Step On

the organic rel ehs¥ingyerthickness ﬂés3 Pm'Waﬁeﬁ@E@Féd@%o&hﬁeﬁflﬁﬁﬁﬁ a current
density of 5 A/dn[err] by 25 u3|ng a copper sulfate e|ectrodepositing
bath having a aYeBa‘t’ﬁSt irdnedyr eThe W‘{W°Qﬁﬂsb‘éﬁltf£% ¥§s250 g/ L

20 S endEvath Eeé”g%?m%#t ger8tne [aripityl RoBh 48 madg and
having a thic 5<ne§%t32 gzeLE{ % B@f:n?sis% Re i?':ﬁﬁﬁﬂ; s, by f¥

obt ai ned. The resultant conpos eval uated for tﬁelr release

ability, both astmgﬂgogngw1§§egfdyédhggt(@g to either 155 [err]C for 16
m nutes, by using the foll owi ng procedure (C).

To the uitra—thin cqpﬁef foil iﬁ the coméosite-foill
a Scoﬁch tapé was aéﬁéfédQu'Thén,“tﬁé'adherea Scotch tépe
10 was peeled off from.the composite foil and observed
whether the ultra-thin copper foil was sepérated from the
copper carrier layer along with the scotch tape or not
(whether the separation condition is acceptable or not).

The results are shown in Table 2.
15

In each Examples 9-12, a composite foil was made in
the same maﬁner as in Example 8, except that an organic
release layer was formed by uéing an agqueous solution (5
g/L) of a mnitrogen- and/qr sulfur-containiﬁg compound

20 other than CBTA shown in Table 2.

The resultant composite foils were evaluated in
their release ability in the same manner as in Example 8.

The results are shown in Table 2.

c i le -3
25 In each Comparative Examples 1-3, a composite foil
was made in the same manner as in Example 8, except that

an organic release layer was formed by using an agqueous



Eval uati on procedure To the ultra-thin copper foil .in-the—————-
conposite foil, a Scotch tape was adhered. Then, the adhered Scotch
tape 10 was peeled off fromthe conposite foil and obsenmenmarhsBammkmheﬂ

the ultra-thin copper foil was séparated fromthe cop
along with the scotch tape or not (whtt her the separat

acceptabl e or not). The results are shown in Tabl

Exanples 9 - 12 and Reference Exanples 1 and 2 In each Exanpl es
9-12, a conposite foil was made in the same manner as in Exanple 8,
except that an osgamtion (5 gildl efsa nisxegenTs &Pé!ﬁﬁds%f%%t&ﬁ\naaﬂeous
solution (5 ) g/L) of a mtrogi‘ag aEd/or sul fur-containing conpound 20
other than CBTA SRBRAUPA sheym The resul tant conposite foils

were evaluated in Tlilﬁt hgsul reI e%%gp %u:e txéilolll%ab g_esggglmaer as in

Exanpl e 8. FEsLh are*s _
Conpar ati ve Examh%arlreléasg%blllty ihntﬁé%:@mﬂh@;:" ¥¢ faRhpielsd, a
conposite foil was nade 1 n the same manner as in Exanple 8, except
t hat an§or gani c Thel gaselta\ale WASwWH OIferhdle @Si Ng an aqueous

31 solution (5 g/L) of a nitrogen- and/or sulfur-containing
conpound shown in Table 2. Examplescddl +ak% conposite foils were
eval uated in their release ability in the same manner as in Exanple

8. 5 The resdi SaghcEXaIRhes A3TEB} ca composite foil was made in

the same manner as in Exa.mple 8, except that an organ:Lc
release layer was formed by using an aqueous solution 5
10 g/L) of a carboxylic acid compound shown in Table 2.
The resultant composite foils were evaluated in
their release ability in the same manner as in Example 8.
The results are shown in Table 2.
rative e 5
15 In each Examples 9-13, a composite foil was made in
the same manner as in Example 8, except that an organic
release layér was formed by using an aqueous solution (5
g/L) of maleic acid (Co. Ex. 4) or 1,4-butane
dicarboxylic acid (Co. Ex. 5).
20 The resultant composite .foils were evaluated in
their release ability in the same manner as in Example 8.

~

The results are shown in Table 2.

THIS SHEET HAS BEEN
REPLACED




15
t he sanme manner

Exampl es 13 -
‘made in

rel ease | ayer
carboxylic acid conmpound shown in Table 2.
conposite foils were evaluated in Rei r
manner as in Exanple 8.
Conpar ati ve Exanples 4 and 5

5, a conposite foil was nmade in
except that an organic
solution (5 g/L) of malonic acid
di carboxylic acid (Co. Ex. 5). 20
were evaluated in

as. in Exanple 8,

4) or

I n each Exanpl es 13-15, a conposite foi

was

except that an organic
was formed by using an aqueous solution (5 10 g/L) of a
The resul tant
rel ease ability in the sane
The results are shown in Table 2.
I n each conparative Exanples 4 and
t he sane manner as in Exanple 8,

rel ease | ayer was formed by using an aqueous
1, 4- but ane
resul tant conposite foils
their release ability in the sane manner as in

Exanpl e 8. e Tesut ts—are Stiown Tn Tabl e Z. _
32 Compiainide 2 .Release Abilidpwhpolind
Rel ease Ability |- itk gpmReataimingi ng ﬂssﬂ&ié'r &gg:g;__aﬁ%i,@g
As Made After 135C Ex. ﬁBIAr«nmthnuubenzotrla, €) cceptable
Accept abl e BTD- U|(&%.8 -lcBra BarBoxybinstbbayaé) i az¢lagteprbbld ) dresptable
Accept abl e = Accept abl e $O(n, WBI( 2- mer capt obenz ¢t hlg%g%% Acce abl e
Accept abl e Ex. 11 | BFCA( tlsisd tiriazobyimgihyl)urea) Jg ég ea | e
Ex. 12 ATA (3- ani|n@ec. 161 BB (d-sekéditobenzotiazeld)abll dccdmab BTA
(1,2, 3-benzotri ajabell frca (Hcidepimipi € acliaccept aljlaeceptable Accegtable -
Ex.12 JATA (3-amino-1H-1,2,4-triazole) | Acceptable Accegtgb:_l.e
Ref.l [BTA (1,2,3-benzotriazole) Acceptable [Unacceptable
Ref.2 [BIT (2-benzimidazolethiol) Acceptable [Unacceptable
Co.Ex.1)|1-hydroxy benzothiazole Unacceptable Unacc_:eptable
Co.Ex.2[1H-1,2, 4-triazole UnacceptablefUnacceptable
ICo.Ex.3|N,N'-ethylenethiourea Unacceptable Unaccegtgb'le
poids As Made |After 180°C
Ex.13 [0Oleic acid Acceptable | Acceptable
Ex.14 |linoleic acid Acceptable | Acceptable
Ex.15 {linolenic acid Acceptable | Acceptable
Co.Ex.4dmalonic acid nacceptable cceptable
Co.Ex.5|1,4 butane dicarboxylic acid IUnacceptablelUnacceptable




Ref.2 BIT (2-benzim dazol ethiol) Acceptabl e Unacceptable Co.Ex.1

‘1- hydr oxy benzot hi azol e Unaccept abl e Unacceptable Co. Ex.2
1H1,2,4-triazole Unaccept abl e Unaccept abl e o
N, N -et hyl enet hi our ea Unaccept abl e Unaccept abl e T Sikt Fas Been Roptaced
As Made After 180[err]C Ex.13 oleic ad3 Uml,“mw“iﬂmble
Acceptable Ex.14 linoleic acid Accept a
Ex.15 linolenic acid _ Acceptabl e Acceptable Co. Ex.4
mal onic acid Unaccept abl e Unacceptable Co.Ex.5 1,4 butane
di carboxyl-ic acid Unaccept abl e Una
33

el ectrolytically depdst t@&cﬁGBﬁgFl?%Hy Wﬁ@tﬁd coppex iﬁ°@‘an3§¥1?ﬁ 35
[err]m was used ?gyer @Iofcggr gﬁfwééx&rea Q@ a metal GarBide1alde, Ofol he

foil, a rel ease fornme fol l owed by a copper depositing

step, a bond e”héﬂé'xﬂ&te sidel B%%H?nfo;lan% Feldask Ry WasCEbiRAs, 1 O
obtain a . conposite copper using the foll ow ng procedures A-

D. A Por mebluewéd By@ Goppaicadidsiatngl ayep, d(bond enhahbeng5 [errlm
copper foil was first acid washed for 30 . seconds in an agueous

sol ution of H er t¥&&fment, (akSD agphpsivdtiam treatmehtcho tdhtdiam b was ri nsed
in distilled water for 15 seconds to renove_residual acid. Then, the

rinsed copper  comppgite \gepnerySedl; rusing fiheofolieViRg Fresedenes A5 g/ L)
at 15 a tenperg ure of 40 ferr]C for 30 seconds, renoved and rinsed

I n deionized water to forn1an organi c rel ease. Iayer of CBTA. B
Copper Depositing Sk

AL Iayer copper was
10 The 35 ﬂm copper foil was first acid washed for 30
seconds in an agueous solufion of H2804 (150 g/L), after
which the foil was rinsed in distilled water for 15
seconds to remove residual acid. Then, the rinsed copper
foil was dipped in an agqueous solution of CBTA (5 g/L) at
15 a temperature of 40 °C for 30 seconds, removed and rinsed
in deionized water to form an organic release layer of
CBTA.
oppe /=5 iting Ste
On the 6rganic release layer, copper was
20 electrodeposiﬁed with a current density of 5 A/dm? by
using a copper sulfate.electrodepositing bath having a
bath temperature of 40 °C, and containing 250 g/I of
copper sulfate and 70 g/L of sufuric acid, for 150

seconds. Thus, a composite foil in which a copper foil

25 Thaving a thickness of 3 um was formed on the release

layer was obtained.

D. Bond Enhancing Treatment
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20 electrodeposited with a current density of 5 Aldnferr}--by-- using a
copper sulfate el ectrodepositing bath having a bat h tenperature of 40
[err]C, and containing 250 g/L of copper sulfate andTmﬁﬂg&EhQEwnmwhwd

sufuric acid, for 150 seconds. Thus, a conposite foi
copper foil 25 having a thickness of 33[4;rr]mwas forrred mgﬂﬁﬂ#ﬂ
| ayer was obt ai ned. C. Bond Enhanci ng Treat nent

34 The bond enhancing treatnment was carried out on the
surface of the ultra-thin copper foil by a conventional nodul ari zi ng
surface treatnent usiThe dondppshascingitreatment| was rcmiapiesi buhgohatie The
current density was 5 increased to form nodul es of copper on the surface
of the . ultraurfaee (,prr%lﬁ ultra-thirpgeppest fohl s mepventional A

passi vation treat ni plied to the surface . of theugond enhanced
Ultra thin coppePoRBH TN SUEFAFRET SRFRERE, BELRE o RSt USORER on by
convent i onal eléééf&i %es%ih&TﬁQtﬂm RS 4.9 89#%& &oupgsite foil

ready for |am nati osite n1nated on a sheet

of 0.1 . mmt mhekeg&&l Ry %&ﬁgm@@ﬂeg "GN daBbel' 65 Gk Wil ofSthe
pressure of 25 kg/cn2 at 175[err]C for 60 mnutes to obtain a

copper-cl ad | am natea-thin copperThe peel strength (A) of the 35 pm cepper
carrier . . -

A-passivﬁtion treatment was ;pplied to.the surface
of the bond enhanced ultra-thin copper foil by deposztlng

10 zinc chromate from solutlon by conventional
electrodeposition methods to obtain a composite foil
read& for lamination..

The composite foil was 1aminéted on a sheet of 0.1
m thick-FRf4 prepreg, and then hot pressed under a

15 opressure of 25 kg/cnﬁ at 175°¢ for 60 minutes to obtain a
copper-clad laminate.

The peél strength (A) of the 35 um copper carrier
layer from the ultra-thin copper foil was measured in
accordance with JIS-C;6481, and found to be 0.03 kgf/cm.

20 The copper:carriér layer could easily be separated from
the copper-clad laminate, and the peel strength (A) was
found to be uniform across the sample. -
To the ultra-thin copper.foil in the copper-clad
laminate, copper was electrodeposited to a total
25 thickness of 18 um. Next, the peel strength (B) of 18 um

thick copper layer from substrate was measured in

accordance with JIS-C-6481 and found to be 1.6 kgf/cm.
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| ayer fromthe ultra-thin copper foil was neasured in accordance with
JIS-C-6481, and found to be 0.03 kgf/cm 20 The copper carrier |ayer

could easily be separated from the copper-clad | am nate, and the peel
strength (A was found to be uniform across the sanple. To
the ultra-thin copper foil in the copper-X$ad | am nat e, copper was

el ectrodeposited to a total 25 t hi ckness of 18 pm Next, the peel
strength (B) of 18 [err]m t hi ck copper |ayer from substrate was
measured in accordance with JIS-C-6481 and found to be 1.6 kgf/cm

35 : As denbhsisnansfrabgdcabevry jtheeAPVERtHPR \RERYELdeS an

organi c rel ease [ayer. between _almet'al{?i c carrier atirdl.an . ultra-thin
copper foi | . TheChURRiS TEIRHAS 16VER PRrReiha metallyd carrior anda Al (he
l[tra-thin copperl L]y o é/"‘if'd?u oF AP a i

gt ri ppedI of f. PP hlg%ugfﬁé%pte?a-ftgﬁ?gg%per %!&Frﬁﬁ%ﬁl&lg@r}%{%é@gl ﬁgﬁd: ;Sng

properties has beew ehedicash thae eheawl€rd-alEas@cppkel foil isSadtbe very
easily fornmed by dipping or coating an aqueous sol ution containing the.

sel ect ed orgdhi c dah8gedowipsnurthe metal carrile leglezrade btwippdd ofdt.
inorganic, and only a thin organic layer remains on the ultra-thin
copper foil aftefhus, anecwhtra-ithin: gepper sfoidahaving iyprovedh handddng

cl eani ng with dilute e&_(x:i d.to renoye the organic residue is needed. 15

Furthernore, si n?_é'°98rﬁé?§l 38 hespyPradenedy o B OTE)EF release dgyer
supporting metal lj¢ Léy%n? aga'.s&:ﬁ.yr %ﬁlesdb}?néiip\’&%ge or éoating an-

aqueous SOIutibn'containiﬁg the selected organic
10 compound.

The release layer is not inorganic, and only a thin
organic layer remains on the ultra-thin copper foil after
separating the metal carrier layer. Thus, only cleaning
with dilute acid to remove the organic residue is needed.

15 Furthermore, since no metal is used in the release layer,
the supporting metallic layer can be recycled and waste
solution diéposal is easy, without causing environmental

problems.



B S S 1 TN <

preparing printed wiring oar S, ¢ conpmi sifng*an organi c rel ease | ayer
uni formy 5 disposed between a netal carrier layer and an ultra-thin
copper foil wherein the release layer is 36rmed of an organi c conmpound

capabl e of formng a chem cal bond with the copper foil and the netal
carrier |ayer. 2. A conposite foil of claim1l, wherein the

rel ease layer is fornmed of an organi c conpound capable of 10 formng a
cheni cal bond wi WA, ES cSIAIMED| F8and sai d metal carrier |ayer and
permts uniformdeposition of - said ultra-thin copper foil; and
wherei n, when the conp05|te foil is lamnated with heating at a
tenperature of not s than rr t. the
ultra-thin copper fm? fac%s %%Jsﬁ‘ e] Fol P ?o%iqsregt %ﬁé % 1'I“'se re%df’ﬁ (A) of
the netal carrlewa&a@ co riﬁ%&lahrarﬁghﬁ%séc@#( than a
peel strength m?he ul'tra-thin copper ron1t e su strate

t hereby permi§ti rai}slpbeedEb&i:wé‘@{ fd fiethdyeariileddayy andpan aiRtd-tdinsai d

copper foil after |amnating. 3. A conposite foil of daim1l
or 2, wherei'n saiappper foilbiease | ayer is selected fromthe group .
consi sting of ni trogen-containing conpounds, sulfur-containing

2. A éémppéite foil of claim 1, wherein the
release ;ajer is formed of an organic compound capable of
10 forming a chemical bond with said copper foil and said
metal carrier layer and permits uniform deposition of
said ultra-thin copper foil; and
whereip, when the composite foil is laminated with
heating at a temperature of not less than 150°C to a
15 substrate so that the ult;a—thin cObper foil faceé to the
substrate, a peel strength (A) of the metal carrier from
the uitra—tﬁih copper foil is lower than a peel strength
(B). of the ultra-thin copper foil from the substrate,
thereby permitting the metal carrier layer to be

20 separated from said copper foil after laminating.

3. A composite foil of Claim 1 or 2, wherein said
release layer is selected from the group consisting of
nitrogen-containing compounds, sulfur-containing

25 compounds, and carboxylic acids.
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25 conpounds,” “"a'nd“"C'ar'bO'X'yI ic acids.

- 37 oil of Caim3, wherein said rel ease
| ayer is a nit ro WHEMﬁ npound. 5. A conposite foil
of claim4, where+n sal ogen- cont ai ni ng corrpound has a
substi tuent . A conposit 27 0i1 of claimb5, wherein said
ni trogen-cont ai ni ng conpound havi ng a substituent is a triazole
conmpound having a substituent. 10 7. A conposite foil of daim
6, wherein said triazol e conpound_ hayi ng ubstituent is. a nenber of
t he © group COﬂSFStI ?ﬂ“‘@é‘ﬁ&x??bén&%tqlﬂéﬁb% iheﬂem aid
bi s(benzotri azol y nd - azol e.

8. A conposite E;Q gégai% ﬁ%ere %Rs% d“']'t&ﬁ'il‘"‘I cg’?‘%aseal ayer is a

sul fur-contai ni ng corrpound. 20 9. "A conposite foil of CaimS8,
wherein said sul fur-contai ning conpound is a nenber of the group
consi sting of mercapsqbengofdipaiite EBLRCYANGIA L AGi hakdin said

2- benzi m dazol et hi ol.. 25 10. A composite foil of Claim3, wherein

sai d 5 nitrogen-containing compound has a substituent.

6. A composite foil of claim 5, wherein said
nitrogen—conﬁaining compo@nd having a substituent is a'
triazole compound having a substituent.
10
7. A composite foil of Claim 6, wherein said
triazole compound having a substituent is a member of the
group consisting of carboxylbenzotriazole, N,N'-
bis(benzotoriaéél&lmethyl)urea and 3-amino-1H-1,2,4-

15 triazole.

8. A composite foil of Claim 3, wherein said

release layer is a sulfur-containing compound.

20 9. A composite foil of Claim 8, wherein said
sulfur-containing compound is a member of the group

consisting of mercaptobenzothiazol, thiocyanuric acid and

2-benzimidazolethiol.
25 10. A composite foil of Claim 3, wherein said

release layer is a carboxylic acid.
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rel ease layer is a carboxylic acid. . 38

‘11. A conposite foil of claim10, wherein said car boxylic aC|d s a
mono- car boxyl i ¢ aci d. 12. A conposite foi Iumnﬁulﬂ “!!HBL re| n
said 5 nono-carboxylic acid is selected fromthe gro g of
oleic acid, linoleic acid, and linolenic38 aci d.

conposite foil of any one of clains 2-12, 10 wherein the peel strength
(A) between said ultra-thin copper foil and said metal carrier |ayer

I s about 0.005- 0.3 kgf/cm 14. A conmposite foil of any
one of clains 1-13, 115 Wheomposid Foidt off chaimek0 /] aherein sapper or
copper al | oy. 15. A conp05|te foil of any one of clains

1- 14, " wher efarkomnd irengidchs ra aonoayparbryvibpiitoated 20 al uni num
16. A composite foil of any one of clains 1-15, wherein the thickness
of said ultra-thin copper foil is not nore than 12 [err]m 25

12. A composite foil of Claim 11, wherein said
5 mono-carboxylic acid is selected from the group
congisting of oleic acid, linoleic acid, and linolenic -

acid.

13. A composite foil of ahy one of claims 2-12,
10 wherein the peel strength (A) between said ultra-thin
copper foil and said metal carrier layer is about 0.005-

0.3 kgf/cm.

14. A composite foil of any one of claims 1-13,
15 wherein said metal carrier layer is copper or copper

alloy.

15. a cdmposite_foil of any one of claims 1-14,

wherein said metal carrier layer is copper-coated

20 aluminum.

16. A composite foil of any one of claims 1-15,
wherein the thickness of said ultra-thin copper foil is

not more than 12 um.
25



39 17. A conposite foil of any one of clains-1-16;— - —wherein

said netal carrier layer has a thickness up to abo 5

18. A conposite foil of Claim17, wherein said we&"ﬂﬁijwu’j;‘m
has a thi ckness of about 18-70 [err]m 19. 1481 of
any one of clains 2-18, wherein said3gltra-thin copper foil has an
exposed copper 10 surface subjected to a nodul arization treatnent to
enhance the peel strength (B) between the ultra-thin copper foil and a
substrate. 20. A conposite foil of any one of clains 1-19, 15

wherein said exposed qgppes béfpckite Fosk 68hMEtdk of 2laims Pabs, vation
treatnent to prevent oxidation of the surface: of the ultra-thin copper

foil. - whe¥einAsab@peetal ashrirderniayef dragpreepivickgeas pp rieed 20
W ring board, conprising a conposite foil of any one of clainms 1-20
| ami nated to a suARAYtaSemm. 22. A copper-clad | aninate for

preparing a printed Wi ring board of Caim2l1l, wherein the netal.
carrier layer 25 has been renpved to expose said ultra-thin copper foil.

5 18. A composite foil of Claim 17, wherein said

metal carrier layer has a thickness of about 18-70 M. *

19. 2 compgéité foil of any one 6f claims 2-18,
wherein said ultra-thin coppe:'foil has én'exposéd copper
10 surface subjected to a nodularization treatment to
enhance the peel strength (B) between the ultra-thin

copper foil and a substrate.

20. A composite foil of any one of claims 1-19,
15 wherein said exposed copper has a surface subjected to a
passivation treatment to prévent oxidation of the surface

of the ultra-thin copper foil.

21. A copper-clad laminate for .preparing a printed
20 wiring board, comprising a composite foil of any one of

claims 1-20 laminated to a substrate.

22. A copper-clad laminate for preparing a printed
wiring board of Claim 21, wherein the metal carrier layer

25 has been removed to expose said ultra-thin copper foil.



40 “Ii’“ nted wiri ng ‘board conprising the copper- cl ad

luﬂnr gai ﬁ. ﬁf (;(C):ngle;n f2(2)| Immﬁmh\"mn,l ; pa:[A\t (ranrjlnt : -SI ayer ];)(r)r rr?[egdocm f?lng boar d

formed by l'am nat | ng oh at I°eadt one side of an inner | ayer board

on which wiring patterns were previously 4frnmed a conposite foil
according to any one of clains 1-20 to obtain a copper clad | am nate,
separating the metal 10 carrier |layer fromthe copper clad lam nate to
expose the ultra-thin copper foil, and formng a wring pattern on
said ultra-thin Copp%fO'A ﬂhe&&hxiﬂmg‘awa&a ofiprising the bapperprinted
W ring board. 5 ti-layer printed wiring board forned
by 1 am nat bmaaamhmaaﬂe of Oolaprily dth whichgabeirig getdedings to
Claim 23 or 24. . 26. A process for producing a conposite foil
for 20 preparllﬁgrqnedm:ecbam& udgrbotiniis capmeyr £oihg: a.

uni formy applying an organic rel ease |ayer to a netal carrier |ayer;
and b. el ectrodepositing an ultra-thin copper |ayer on

said organic fel ease [ayer wherei g the organi £ rel.eas LS. & d of
an organi c 5 corrpégnd %dﬁ;ﬂﬁ li&? fo?’ﬁ]g'hq:ge e %l B%%%?d)fv%dh 5

copper foil and t e e of nner 2Vavey Hdag@ss of
Cl aim 26, wherei n &%a%% at 9_%5&};61{3%%3%/5 ef(gz'r rrea(rj1 3f an oryg';anl c conpound
capabl e of form rg whlch wiring patterns were previously formed a

'composi:e foil according to any one of claims 1-20 to
obtaih'a'ébppef clad'laminate, separating the metal

10 carrier layer from the copper clad laminate to expose the
ultra-thin copper foil, and forming a wiring pattern on
said ultra-thin copper foil, thereby obtaining a multi-

layer printed wiring board.

15 25. A multi-layer printed wiring board formed by
laminating a plurality of printed wiring bqards according

to Claim 23 or 24.

26. A process for producing a composite foil for
20 preparing printed wiring boards, comprising:
a. uniformly applying an organic release layer to

a metal carrier layer; and

b. electrodepositing an ultra-thin copper layer on

said organic release layer.

25

27. A process of Claim 26, wherein the release

layer is formed of an organic compound capable of forming
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41 a chenical bond with said copper foil and said metal

e T
W th 5 heating at a tenperature of not less thart 150[érrfC to0 "a

substrate so that the ultra-thin copper fQI1| faces to the substrate, a
peel strength (A) of the netal carrier from the ultra-thin copper foil
is lower than a peel strength (B) of the ultra-thin copper foil from

the substrate, 10 thereby perrritting the netal carrier layer to be

separated from 5%6 e g:%ﬁ. f) 4 if'sa Ig{a%aﬁﬁéf‘gfo:l.l and said metdx A

process of Claim ereln sal organic rel ease layer is
applied to said red:4icianever add pdries GiieoRRi dupciditdofiedbfl sad ri er

| ayer in an aqueous sol ution of.said organic conpound, thereby |eaving
athin | ayerultfrasathdnocgppex fuiriipoand bonded to said netal

carrier |ayer. 20 29. A process of any one of clains_26-28,

wher ei n sai d or gafieredpapelenl the compesiteffold tife lgméppted with

consi sting of c.nitrogen-containing co ouns su] fur gotaining
conpounds, and ca? g &t,8j fempera (’1‘ hot jjess A:}t?r‘b&é(é é]o‘7f° & ai m 29,

wherein said or gaRiir ate sSORROHhd mr@.mge&&?& % d1h"¥2500P08 ke

substrate, a peel strength (A) of thé metal carrier from
the ultra-thin copper foil is lower than a peel ;trengﬁh
(B) of the ultra-thin copper foil from the sﬁbstrate_,

10 thereby permitting the metal carrier layer to be

separated from said copper foil after laminating.

28. A process of Claim 26 or 27, wherein said
organic release layer is applied to said metal carrier
15 1layer by dipping said metal carrier layer in an aqueous
solution of.said organic compound, thereby leaving a thin

layer of sa1d organic compound bonded to said metal

carrier layer.

20 29. A process of any one of claims 26-18, wherein
said organic compound is selected from the group
consisting of nitrogen-containing compounds, sulfur-

containing compounds, and carboxylic acids.

25 - 30. A process of Claim 29, wherein said organic

compound is a nitrogen-containing compound.

This Sheet Has Been Rep

T [

REPLACED




42 31 A -pr.ocess of clain130, wherein said nitrogen-
cont ai ni ng conpou has a subst i 32. A process of claim

31, wherein sai d n| MH rHﬂ \" II ﬂMEI ni ng corrpound havi ng a substituent is
a triazole stituent. 33. A process

of Claim 32, mhereln said triazole qg@ound having a substituent is a
menber of the group 10 consisting of carboxyl benzotriazole, N N -

bi s(benzotriazol yl net hyl )urea and 3-am no-1H1, 2, 4- triazole.

34. A process of Claim29, wherein said organic 15 conpound is a

sul fur-containing conpppnd.p process of  cBaim éopr%e§§19fsﬂaa'm§% epberein

sai d sul fur- contal ni ng conpound is a nmember of the group conS|st|ng
of nercaptobenzotbbﬁzain1ﬁ§n¢aagaaga|ﬁagcachdﬁyii%uenao benzi m dazol et hi ol .
36. A process of Claim?29, wherein said organic - conmpound is a

car boxylic acid.

32. A process of cléim.Bl, wherein said nitfogen-
5 containing compound having a substituent is.a triazole
compound having a subst;;i.tuent. .
' 33. a proceés o% Claim 32; wheféin said triazole
compound haviﬁg a substituent is 'a member of the Qroup
10 consisting of carboxylbenzotriazole, N,N'-
bis(benzotoriazolylmethyl)urea and 3-amino-1H-1,2,4-

triazole.

34. A process of Claim 29, wherein said organic

15 compound is a sulfur-containing compound.

35. A process of Claim 34, wherein said sulfur-
containing compound is a member of the group consiéﬁing
of mercaptobenzothiazol, thiocyanuric acid and 2-

20 benzimidazolethiol.

36. A process of Claim 29, wherein said ofganic

compound is a carboxylic acid.

25 37. A process of claim 36, wherein said carboxylic

acid is a mono-carboxylic acid.
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25 37. A process— of -cl-aim 36, wherein said carboxylic acid is
nono- car boxylic aC| 38. A process of Caim 37,
vvherel n said m)no- ““mmamﬁumumam d is a nmenber of the group consisting

of ol eic acid! and |1 nol enic acid. 5 39. A
process of any one of clainms 27-28, whergin sai d el ectrodeposition
enpl oys an el ectrolytic bath which is substantially free of acid.

40. A process of Claim39, wherein said 10 electrolytic bath is a copper
cyani de or copper pyr ophosphat e bat h. 41. A process of
Caim40, wherein sagg, a pRI&KEHd QECRLRLLI PN, ivhdreA LRidoRARL at | east
0.5 [err]mof 15 copper on said organic rel ease | ayer. 42. A
process of C ai readboxyldd, aghdriad a meimber of tled @ioupdepnsisting el oys a
first electrolytic bath cont ai ni ng copper pyrophosphate to deposit a
first layer 20 ok#icceppds, linplaigeachd. f and hkinadlendicr egdBosi tion using a
second el ectrolytic bath containing copper sulfate and sulfuric acid
to deposit a second |ayer of copper on said first |ayer.

5 39. A process of any one of claims 27-28, wherein
said electrodeposition employs an electrolytic bath which

is substantially free of acid.

40. A process of Claim 39, wherein said
10 electrolytic bath is a copper cyanide or copper

pyrophosphate bath.

41. A process of Claim 40, wherein said
electrodeposition is used to deposit at least 0.5 um of

15 copper on said organic release layer.

42. A process of Claim 40 or 41, wherein said
electrodeposition employs a first electrolytic bath
containing copper pyrophosphate to deposit a first layer

20 of copper, followed by further electrodeposition using a
second electrolytic bath containing copper sulfate and

sulfuric acid to deposit a second layer of copper on said

first layer.

25 43. A process of Claim 42, wherein said first layer
is at least 0.50 pm thick and the thickness of said first

and second layers is up to about 12 um.



25 43. A process of Claim42, wherein said first |ayer I s at
| east 0.50 [err]mthick and the thickness of said first =~ and second

| ayers is up to about 12 [err]m _

44. A process of Caim 26, wherein said el ect rodepos““l“l "ulullmmtﬂm'
el ectrolytic bath conprising copper fate and sul furiccactd

45. A process of any one of clains 26-44, further conpri si ng the step
of subjecting said ultra-thin copper | ayer to a nodul ari zing treatnment
to i nprove adhesi on of said ultra-thin.copper |layer to a substrate.

10 . 46. A process of Caim45, further conprising the step of
subj ecting said nodul arized ultra-thin copper | ayer to a passivation
treatnent to prevent oxd.dain pRoBéss of caAiieh bl rwhétdin eepmer |ayer.” 15
47. A process of C aim46, wherein said passivation t r eat ment

conpr.i ses deposi t ehectatodepastiitbor apilars ah ehectrolytgicolatbonemstisingf
zinc, zinc chromate, nickel, tin, cobalt and chromumto said

nodul ari zed ul t r aCPPReF copfate and|gydfuric acid.
5 _
| 45, A piocess of any one of claims 26-44, further‘
comprising the step of subjecting said ultra-thin copper
layer to a nodulariéing treatment to improve adhesion of

said ultra-thin copper layer to a substrate.

10
| 46. A process of Claim 45, further comprising the
step of subjecting said nodularized ultra-thin copper
layer to a passivation treatmént to prevent oxidation of
said ultra-thin copper layer.
15

47. A . process of Claim 46, wherein said passivation
treatment comprises depositing at least one member of the
group consisting of zinc, zinc chromate,'nickel, tin,

cobalt and chromium to said nodularized ultra-thin copper

20 1layer.



