DESCRI:PTI ON M CROPCROUS COPPER FI LM AND ELECTROLESS COPPER PLATI NG SOLUTI ON
FOR® OBTAI NI NG THE SAME 5 TECHNI CAL FI ELD The present invention relates to a
m croporous metal copper film and nore particularly, to a netal copper
filmhaving a vast nunber of micropores of a micron unit and to an

el ectrol ess copper 10 plating solution capable of obtaining this copper
film The present invention also relates to a plating product provided
with this nmetal copper film BACKGROUND ART 15 A multi-layer
printed circuit board is conventiopastgIperoN actured by first preparing a
copper clad lamnate for the inner |ayer by processing a copper foil on the
copper clad lamnate to forma printed circuit; then subjecting the above

Cobper foll 10 8 WIIRGRRg40nBoLA0 SRl By ORR5TAL YopBERr | sing 20

degreasing, followed a soft etching process as exemnpli by treatnent

with anmoni um persulf@mrm@cbdmrﬁéﬁwbﬁaéﬁmﬁﬁw | EnEnSR de. sulfuric
aci d- hydrogen peroxi de system and the |1ke, as an activating

treatmest); subsequently building an aC|cuIar f|In1of copper oxide or
cuprous oxide on top of the foil 25 by a process such as bl ackening or

br owni ng; ing_a copper clad lamnate for the outer |ayer or copper
foils in wﬁ%‘%’&gg\% PIELs

The present invention relates to a microporous metal copper
film, and more particularly, to a metal copper film having a vast
number of micropores of a micron unit and to an electroless copper

10 plating solution capable of obtaining this copper film. The
present invention also relates to a plating product provided with

this metal copper film.

BACKGROUND ART

15 A multi-layer printed circuit board is conventionally
manufactured by first preparing a copper clad laminate for the
inner layer by processing a copper foil on the copper clad laminate
to form a printed circuit; then subjecting the above copper foil
to a surface roughening treatment (generally comprising

20 degreasing, followed by a soft etching pfocess as exemplified by
treatment with ammonium persulfate, sodium persulfate, cupric
chloride, sulfuric acid-hydrogen peroxide system and the like,
as well as an activating treatment); subsequently building an
acicular film of copper oxide or cuprous oxide on top of the foil

25 by a process such as blackening or browning; and bonding a copper

clad laminate for the outer layer or copper foils in multiple



| ayer:s with a material inpregnated with a thernosetting resin (i.e. a
"prepreg") to fabricate a nulti-layer |am nated board having a high
adhesion strength. Since electric continuity has to be established to each
5 layer of the multi-layer |am nated board manufactured in the above
process, a through-hole plating on holes drilled through the board is

requi red. However, the conventional nethod has had a drawback whereby
penetration of the acid solution used in the catal yst treatnment process for
pl ati ng t hiaughs kakks matgerat ingirconatctdwiehkOt hetnaddatg inglndsion(i.re.t he

el ectrol ess copper plating process tends to dissolve the filmmade from
copper oxi de"preprgy‘duscokabeicatrereyl thubayey dapheabvedimardahbedng pi nk
ring” (i.e. "haloing”"). On the other hand, there is an alternative nethod

i n whi ch aaphigheaiidsicm sticengbhned on a copper clad | anminate using a
copper 15 foil that is_pre-processed by surface roughening to elimnate
the need for surfadeerelgdieiihgoasineity dng ke Bri astabplishes: fongaphocesses
requirgg in the nethod descri bed above, thereby providing{a nultj-Ilayer

print ed® ci FRUPE Bodt™ it sl a0 Re\RAA T HER 6T EB i g s S 8BAV G
el ching. r CBFEEETBr SU3H9B BPLP PARF5RARE POMRoCH o ¢ LeS B P RPRRA he
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Lai d- treatment process for plating through-holes or penetration of the
10 plating solution in the electroless copper plating process tends
to dissolve the film made from copper oxide or cuprous oxide,
thereby causing a phenomenon called “pink ring” (i.e. “haloing”).
On the other hand, there is an alternative method in which
aprinted circuit is formed on a copper clad laminate using a copper
15 foil that is pre-processed by surface roughening to eliminate the
need for surface roughening as well as the oxide film forming
processes required in the method described above, thereby
providing a multi-layer printed circuit board. This method,
however, has shortcomings such as inferior pattern resolution for
20 the printed etching resist or the etching resist for ultra-violet
exposure, which are associated with the surface roughness of the
copper foil.
In order to correct the above shortcomings, the present
inventors have recently developed a method for forming a uniform
25 and acicular copper film with excellent adhesion strength using
electroless copper plating (Japanese Patent Application Laid-

Open No. 116176/1992 and International Patent Application No.



Open'.No. 116176/ 1992 and International Patent Application No. 2
PET/ JP96/ 03829). This technol ogy enabl ed manufacturing of a copper clad
| am nat e having a copper filmw th a high adhesion strength, w thout the
af orenmenti oned shortcom ngs. 5 DI SCLOSURE OF THE | NVENTI ON Wi | e earnestly
maki ng research efforts to inprove on the technol ogy descri bed above, the
present inventors have discovered the fact that, rather than a uniform and
aci cul ar copper film a mcroporous copper film can be produced dependi ng
on the 10 psuyfpesari3seed, THiey elkyhpbduddi srgad eRoppatfatadrimmatatae havi ng
a copper filmw th high adhesion strength. Such a m croporous copper film
IS not yet ckppan atadrleséntte Theeripgeseadppew efitlor ¥ihave High hdhebbomd t hat
not only this mcroporous copper filmcan be utilized for the copper clad
15 | ami nat etbemgtlh s ovitthhiositf khen aferdnfenddionbd shedteamingsstal filter or a
catalyst or its carrier. These findings have led to the conpletion of the
present invention. Accordingly, it is an object of the present invention to
provide_a netal copper film having one hundred thousand to one 20 billion
nicropo§esDﬁé?L%ﬁ@ﬁgdﬁéﬁ@EcéﬂYﬁ @ . Another object of the present
invention is to Qvi de an el ectrol ess co r plating solution conprising a
e ehe

copper ion, a colpréRiSRFIEGEAY, MBKINIEBRG SHSTER P LBRBOTHA A

reduci ng technology described above, the present inventors have discovered
the fact that, rather than a uniform and acicular copper film,
a microporous copper film can be produced depending on the
10 surfactant used, thereby providing a copper clad laminate having
a copper film with high adhesion strength.

Such a microporous copper £ilm is not yet known at present.
The present inventors have further found that not only this
microporous copper film can be utilized for the copper clad

15 laminate but also this film itself can be used as a metal filter
or a catalyst or its carrier. These findings have led to the
completion of the present invention.

Accordingly, it is an object of the present invention to
provide a metal copper film having one hundred thousand to one

20 billion micropores per one square centimeter.

Another object of the present invention is to provide an
electroless copper plating solution comprising a copper ion, a
complexing agent, a hypophosphorous acid compound as a reducing
agent, and a metallic catalyst for initiating the reductive

25 reaction, characterized by further comprising a compound
containing an acetylenic bond.

Yet another object of the present invention is to provide



agent, and a netallic catalyst for initiating the reductive 25 reaction,
chdracterized by further conprising a conpound containing an acetylenic
bond. Yet another object of the present invention is to provide 3 a

pl ati ng product having a m croporous copper film produced by dipping a

pl ati ng object into the above el ectrol ess copper plating solution. 5 BRI EF
DESCRI PTI ON OF THE DRAW NGS Figure 1 is a photograph (nagnification of
5,000) of a crystal structure show ng the outward appearance of the

el ectrol ess ghppiatg birbduet Haweiny esebtropomeiis ebppdd BEN pPMoBECEORDCARRYI NG
OUT THE | NVENTI ON As exanpl es of the conpound containing an acetyl eni c bond
whi ch is fdipplreg egliatinhebglesttindlcess gbppeeletbtrd vy sodbppenplatinge
present invention, conpounds represented by the following forrmula (1) are
given: 15 pelyufiatherein R err] and R err] respectively represent an al kyl
group and Rerr] and R err] respectively represent a hydrogen atomor a

| oner al kyl group. Specific exanples of the conpound containing an

acetylenic_20 bond include aIK¥ne diols such as 2,4,7,9-tetranet hyl - 5-
5 BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a photograph (magnification of 5,000) of a
crystal structure showing the outward appearance of the

electroless copper film of the present invention.

10 BEST MODE FOR CARRYING OUT THE INVENTION

As examples of the compound containing an acetylenic bond
which is formulated in the electroless copper plating solution
of the present invention, compounds represented by the following

formula (I) are given:

15
R. R.
| |
HO—-C—C—=C— C—0OH (I)
! ‘_ | :
RJ R.d

wherein R; and Ry respectively represent an alkyl group and R3
and Ry respectively represent a hydrogen atom or a lower alkyl
group.
Specific examples of the compound containing an acetylenic
20 bond include alkyne diols such as 2,4,7,9-tetramethyl-5-
decyne-4, 7-diol, 3,6-dimethyl-4-octyne-3,6-diol, and the like.
The compounds containing an acetylenic bond are commercially

available under the trademark Surfinol 104 (manufactured by



decyne-4, 7-diol, 3, 6-dinethyl-4-octyne-3, 6-diol, and the |ike. The
conpounds contai ning an acetyl enic bond are commercially avail abl e under
the trademark Surfinol 104 (manufactured by 4 Ni sshin Chem cal

I ndustries Co., Ltd.). Except for the conpound containing an acetylenic
bond as descri bed above, the electrol ess copper plating solution in the
present invention can be prepared fromknown materials for an 5 el ectrol ess
copper plating solution that uses a hypophosphorous acid conpound as a
reduci ng agrbsshforclesdrple Indusopixey doan f.ed. el ectrol ess copper plating
can be obtained fromordinary copper salts such as copper sulfate, cupric
chloride, or copp&gcapt riaire thancormrurichecnbajhing g agenylerainy boodpasind
that can conplex the 10 above copper ions, such as citric acid, tartaric
aci d, mal i cdas¢diberDEROVEuddrokleotrglegsd woprearriad imgedol Wotort Ra the
hypophosphorous aci d conpound as a reduci ng agent, conpounds such as
hypophosphoPb&seniei divgntieni gad i aptarsFedt Eremnkpnraipticsaads Par tae
metallic_ catalyst for initiating the 15 reductive reaction, nmetals such as
ni ckel , %obﬁl??tERl%ﬁﬁ FaEP&™ 1p8 %@%R?%QW-F%@tﬂ@ﬁﬁl%ﬁ“ﬂﬁﬁ@@ﬁﬁh%r%%ﬁts.

Referring to each inﬁrgdient of the electroless copper plating . solution in
t he pr esent 2FhY &MPOHRCFS /i cing %%eerEF‘asF?ﬁ@XﬁE‘B Prit ceBPat y&F ¥or

nitiating Lhe feduct] ve reaction, it 20, L5 BreletakheteidRyeca 50T
salts such as copper sulfate, cupric chloride, or copper nitrate;
and for the complexing agent, any compound that can complex the
10 above copper ions, such as citric acid, tartaric acid, malic acid,
EDTA, Quadrol, or glycine, can be used.

For the hypophosphorous acid compound as a reducing agent,
compounds such as hypophosphorous acid or sodium hypophosphite
can be mentioned. As the metallic catalyst for initiating the

15 reductive reaction, metals such as nickel, cobalt, or palladium
can be used in the form of inorganic salts.

Referring to each ingredient of the electroless copper
plating solution in the present invention, if nickel is used as
the metallic catalyst for initiating the reductive reaction, it

20 is preferable to have a copper ion concentration of 0.007 to 0.160
mol/1 and a nickel ion concentration of 0.001 to 0.023 mol/1, where
the desirable mol ratio between copper and nickel ions is
approximately at 13 : 1.

It is preferable to use a complexing agent in an amount

25 of 1 to 10 times the amount of copper ions by mol ratio. Also,
it is preferable to formulate 0.1 to 1.0 mol/1 of a hypophosphorous

acid compound as a reducing agent.



nol /1. and a nickel ion concentration of 0.001 to 0.023 nol/Il, where the
desirable nmol ratio between copper and nickel ions is approximately at 13 :
1. It is preferable to use a conplexing agent in an amount 25 of 1 to 10
times the anmount of copper ions by nol ratio. Also, it is preferable to
formulate 0.1 to 1.0 nol/I of a hypophosphorous acid conpound as a reducing
agent. 5 In the event that a netal other than nickel is used as the
metal lic catalyst for initiating the reductive reaction, the quantity and
ratio given abovermahebevéapplthad avietaltdichgrmshas uiitckiellei sjueetd 4§ ehecan be
determ ned separately by experinents. 5 The el ectrol ess copper

pl ating solmgtialliicnchbelpsestort indvéating, the mditictive reathipreditésts as
descri bed above, nay be fornulated with various other ingredients as

appr opri at equadrtd tyuehdorhero igigreediabavei may Wrifdrml iggenhiierthoMAst oni ng

t he solution pH 10 It is noted here that an_enbodi nent may be
possi bl e wheridatie ehartitdlessearn bppitat QIdnPAFRATRRN I KRE 7 t
invention is prepared as a concentrated conposition for dilution to several
tinmes o more by Bheli¢iRARrodgsR GIPRRK drladingheot P imFhe BEEFERE The

el ectrol ess copper plating.,in the present invention 15 can be perforned
usi ng the eleNagiBssie FipRadiq ﬁ@gg%‘ﬂﬁr?tosnaﬁféetsr%lgﬁgs%ﬁvﬁ’n@aﬁﬁeon

repared as_descri bed ove . .
prep formulated w? h vériaorlles Io@her ingredients as appropriate. One

such other ingredient is a buffer agent for conditioning the
solution pH.

10 It is noted here that an embodiment may be possible where
the electroless copper plating solution in the present invention
is prepared as a concentrated composition for dilution to several
times or more by a diluent such as water at the time of application.

The electroless copper plating in the present invention

15 can be performed using the electroless copper plating solution
of the present invention prepared as described above, and in
accordance with conventional plating procedures. In performing
these procedures, it is preferable to remove dissolved oxygen
beforehand from the electroless copper plating solution, and to

20 this end, blowing an inert gas such as nitrogen or argon through
the solution prior to commencing the plating process is preferred.

Also, it is preferable that the temperature of the
electroless copper plating solution for electroless copper
plating in the present invention be 40 to 100°C, and that the

25 plating time be 5minutes or longer. Further, for the electroless
copper plating in the present invention, although it is preferable

to use vibrational stirring to prevent unnecessary oxidation of



accordance with conventional plating procedures. In performng these
procedures, it is preferable to renove dissol ved oxygen beforehand fromthe
el ectrol ess copper plating solution, and to 20 this end, blowi ng an inert
gas such as nitrogen or argon through the solution prior to conmencing the
plating process is preferred. Also, it is preferable that the tenperature
of the electrol ess copper plating solution for electroless copper plating
in the present invention be 40 to 100[err]C, and that the 25 plating tine

be 5 m nut esheOlsd10nEeh, afrUirddi® gakohayhglsd ead ieleassoCOPREItPleaiuisig i n t he
present invention, although it is preferable to use vibrational stirring to
prevent unneeERsar ytxtidat a0d debxhdiziide Sobthexmmpregnit derprefEesaidy al so
be used to simultaneously performstirring and deoxidi zi ng. Furthernore, it
i s preferabiecbotrohttrhs pHihel gHwichhi rartde ofahdge ¢ B theldlé¢gtadiess

el ectrol ess copper plating in the present invention. 5 The

el ectr ol essapmspeplating depddia edesenm iheertbiowe el ectrol ess copper plating
sol uti on has an outward appearance shown _in Figure 1. The nunber of pores
ranges Prom 10[ erFlje 1 erhredefs perrafudid nc 8APPFHEERY T §B8RePBPYS from
3X10[err] to 3XlQ[err] per igyane centineter. Also, the gianeter of

ni cr opor es $XEFES I EEEnT AP D MR HHI1601FHP] M @NgBREVAT T \PRRSHRECE to 10

Lo e I Sl G OB oL ) YIS sl MUIDSL of, L rng! 5 e g
per square centimeter and generally from 3><106 to 3X108-per
square centimeter. Also, the diameter of micropores ranges from

16 0.01 to 100 pm and generally from 0.1 to 10 um.

Such a copper film having a vast number of micropores has
great significance in that this is a novel material which has not
been conventionally known and that the film can be produced in
a chemically simple method.

15 This copper f£ilm has excellent adhesion strength resulting
from the impregnation of a vast number of micropores with a prepreg.
In addition, various applications of the copper film are under
consideration in view of the vast number of micropores.

For example, the copper film is allowed to deposit on a

20 smooth glassplate or aplasticplate and then peeled off toproduce
a copper foil having a vast number of micropores, which can be
utilized as a filter. Furthermore, a material produced by
depositing an adequate metal including a precious metal such as
rhodium or another metal such as nickel, on such a copper foil

25 may be used as a catalyst.

In the electroless copper plating method of the present

invention, it is possible to add an acetylenic bond-containing



been -conventional ly known and that the filmcan be produced in a chemcally
sitnpl e nethod. 15 This copper filmhas excell ent adhesion strength
resulting fromthe inpregnation of a vast nunber of mcropores with a
prepreg. In addition, various applications of the copper filmare under
consideration in view of the vast nunber of mcropores. For exanple, the
copper filmis allowed to deposit on a 20 snooth glass plate or a plastic
pl ate and then peeled off to produce a copper foil having a vast nunber of
mi cr opor es, sihf&dt HandDec18ddd zedapsndsd pht &t APPILded 16 Baid-oBRinNs 2l
produced by depositing an adequate netal including a precious netal such as
rhodi um or ahé1hefl98t,ab. gushrasnal dkél (maufavthrad cgppesstiol Ché&bicainy be
used as a catalyst. In the electrol ess copper plating nethod of the present
i nvention, I[ndistmpiessCbl e Ittd.adtb dheaglstotrediess bmppecoptati imighgoYution
surfactant disclosed in Japanese Patent Application Laid-open No.

116176/ 1992tohfaiga fdopper 465 haninget vasdngpber eShnhcranesaformriist ri es
Co., Ltd.) to the electroless copper plating solution to obtain a copper

fil mhad ngPy ekl AeHsEAast CRY SFdkfoeewnopHed theendrdel shEfee®ar crystal s

grown over the entire surface. Qther features of the invention will becone
apparent in the cethee ¥Faturess of| b niysddenpribh kefcamee apranphhrin
enbodi ments which are % ven for_illustration of the invention and

the course o the following description of the exemplary

embodiments which are given for illustration of the invention and

are not intended to be limiting thereof.

10
Example 1
Preparation of electroless copper plating solution (1):
An electroless copper plating solution was prepared based
on the composition given below, according to the conventional
15 method:
(Composition)
Copper sulfate 0.032 mol/1
Sodium citrate 0.052 mol/1
Sodium hypophosphite 0.270 mol/1
20 Boric acid 0.500 mol/1
Nickel sulfate 0.0024 mol/1
Surfinol 104 1.0 g/1
pH 9.0
* Manufactured by Nisshin Chemical Industries Co., Ltd.
25

Using the above electroless copper plating solution,

electroless copper plating was performed on a copper clad laminate



are not intended to be limting thereof. 10 Exanple 1 Preparation of
etectrol ess copper plating solution (1): An electroless copper plating
sol ution was prepared based on the conposition given bel ow, according to
t he conventional 15 nethod: (Conposition) Copper sulfate

0.032 nol /| Sodiumcitrate 0.052 nol /1 Sodi um
hypophosphite 0.270 nol /I 20 Boric acid

0.500 nol /1 Nickel sulfate 0.0024 nmol /I Surfinol 104

1.0 g/l pHfor the inner layer (FR-4; epoxy9rdsin)Manué@tt Woed3bymixussdsi.n

Chemi cal Industries Co., Ltd. 25 Using the above el ectrol ess copper plating
sol ution, elRcteshessng eppRerptfln wgswasamaiddwied Dscanadpgerladtadn

| am nate 8 for the inner |ayer (FR-4; epoxy resin) at 60[err]C for 30

m nut es. Thelarescbpinyo coppeirrf ithe fasnakaen med niicrhpares axmisipwel 8t r on
m croscope to confirmthe formation of mcropores as shown in Figure 1.
Figure 1.
5 Example 2

Strength of adhesion to a resin substrate:

The strength of adhesion of the microporous copper film
of the present invention to various resin substrates was evaluated
in terms of the peel strength of a multi-layer board which was

10 prepared by adhering the copper film to the resin substrates
through a prepreg after electroless-copper plating using the
composition of Example 1.

As a result, the adhesion strength in case of FR-4 was 1.2

kgf/cm, and the adhesion strength in case of a BT-800 resin
15 (bismaleimide triazine) was 0.7 kgf/cm. These results were

higher than in case of a blackening treatment. In case of a PPE-S

resin (polyphenylene ether), the adhesion strength was 0.2 kgf/cm

when the microporous copper film of the present invention was

provided, whereas little adhesion strength can be obtained when
20 a blackening treatment was carried out.

As is clear from the above results, the microporous copper
film of the present invention is effective for inner layer copper
foil treatment especially for recent resin substrates having high
heat resistance, electric reliability, chemical resistance, and

25 the like.
Example 3

Preparation of electroless copper plating solution (2):



5 Example 2 Strength of adhesion to a resin substrate: The strength of
adhe5|on of the mcroporous copper filmof the present invention to various
resin substrates was evaluated in terns of the peel strength of a

mul ti-layer board which was 10 prepared by adhering the copper filmto the
resin substrates through a prepreg after electrol ess copper plating using
the conposition of Exanple 1. As a result, the adhesion strength in case of
FR-4 was 1.2 kgf/cm and the adhesion strength in case of a BT-800 resin 15
(bi smal ei m de trimzienertnesess Colpbt Phatifbess]l utdsul vss peepabedarsedhan in
case of a blackening treatnent. In case of a PPE-S resin (pol yphenyl ene

et her), thermdhesiconpssiehgt yiven Be2okgfdcmndiey thethe ccapmmduisnedpper
filmof the present invention was provided, whereas |ittle adhesion
strengt h cameth®dobt ai ned when 20 a bl ackening treatnment was carried out.
As is clear fromthe above results, the m croporous copper filmof the
present inventi on(Ganpsisiiddonve for inner |ayer copper foil treatnent
especially for recent resin substrates havi ng hi $i§ resi st ance,

el ectri @ reliabi |$e8Rec¥8Hi8EE resi stance, and- Q }ike. Exanpl e 3

Preparation of electrol ess copper platin | 2
P Sodium citrat pp P ' ng so %t gg &oi/l

Sodium hypophosphite 0.270 mol/1

Boric acid : 0.500 mol/1

Nickel sulfate 0.0024 mol/1
10 Surfinol 104%* 1.0 g/1

Surfinol 465% b.l g/l

pH 9.0

* Manufactured by Nisshin Chemical Industries Co., Ltd.

15 Electroless copper plating was performed on a copper clad
laminate for the inner layer (FR-4) in the same manner as in Example
1. The adhesion strength evaluatedwas 1.3 kgf/cm. The resulting
copper film was examined with a scanning electron microscope to
confirm the formation of small acicular crystals grown over the

20 entire surface including the inner surface of -the micropores.

INDUSTRIAL APPLICABILITY
The microporous copper film of the present invention is
deposited between a base copper foil and each of various resin
25 substrates whereby a high adhesion strength can be obtained.
Various applications are anticipated thanks to the microporous

characteristics.

10



An electrol ess copper plating solution was prepared based on the
conposi tion given below, according to the conventional method:

(Conposition) 5 Copper sulfate 0.032 nol /1 Sodi um
citrate 0.052 nol /1 Sodi um hypophosphite 0. 270
nmol /1 Boric acid 0.500 nol /1 Nickel sulfate

0.0024 nol /1 10 Sur finol 104* 1.0 g/l Surfinol
465* 0.1 g/l pH 9.0 *

Manuf act ured by NisshiprGhendeslcdopdustiie®rfCohe ghedentSinvention ma

El ectrol ess copper plating was perfornmed on a copper clad |am nate ?or t he
i nner | ayerbg PRid)zeq, tfer sxappianney aaseial bxbomifd 1ter or a catalyst
Theadhesi onst r engt heval uat edwas 1. 3kgf/cm The resulting copper filmwas
exani ned width 1&Ss€anhien- el ectron mcroscope to confirmthe formation of
smal | acicular crystals grown over the 20 entire surface including the

i nner surface of the m cropores. | NDUSTRI AL APPLI CABI LI TY The m cropor ous
copper filmof the present invention is deposited between a base copper
foil and each of various resin 25 substrates whereby a hi gh adhesion
strength can be obtained. Various applications are anticipated thanks to
the m croporous characteristics. 10

11



The i croporous copper filmof the present invention may be utilized, for
exanple, as a netal mcrofilter or a catalyst or its carrier. 11 CLAI V5
1. (Deleted) 2. (Amended) A netal copper film having 10[eérr] to10ferrf—5—
m cropores per square centinmeter, which is prepared by dippj |
object into an el ectrol ess copper plating solution conpri si HlﬂWMﬁmM,ﬂﬂ‘mll,
a conpl exi ng agent, a hypophosphorous acid conpound, a netal ki cc cat altys *
for initiating the reductive reaction, and a conpound contai ni ng an
acetylenic bond. 10 3. The mettaiiMsopper fil m having m cropores
according to Caim2, wherein the conpound containing an acetylenic bond is
represented by the formula (l1): [err] wherein Rlerr] and R err]

respectively represent an al kyl group and R[err]5 15 %nd‘R4 respectively
represent a hydr ogenPanebabreapregwédi lml kagvingr d@p. ta. 1 Anbader)rem per

el ectrol ess copper plating solution for preparing a netal copper film

havi ng m croPtEs SRRt eRee®fpri ses a copper ion, a conpl exi ng agent, a
hypopho§phorous a2(:i d _conpound

The metal copper film having micropores according to
Claim 1, wherein the metal copper film is prepared by dipping a
plating object into an electroless copper plating solution
comprising a copper ion, a complexing agent, a hypophosphorous
acid compound, a metallic catalyst for initiating the reductive
10 reaction, and a compound containing an acetylenic bond.
3. The metal copper film having micropores according to

Claim 2, wherein the compound containing an acetylenic bond is

represented by the formula (I):

R, R.
! |
HO-C—-C=C- C—OH (I)
1 1
R R.

15 wherein R; and Ry respectively represent an alkyl group and Rs
and Rq respectively represent a hydrogen atom or a lower alkyl
group.

4. An electroless copper plating solution comprising a
copper ion, a complexing agent, a hypophosphorous acid compound

20 as a reducing agent, and a metallic catalyst for initiating the
reductive reaction, as characterized by further comprising a
compound containing an acetylenic bond.

5. The electroless copper plating solution according to

. THES SUEEET WAS BEEN. |
- REBLATED ¥




20 -as a reducing agent, and a netallic catalyst far_initiating the
reductive reaction, as characterized by further conprising a conpound
contai ning an acetylenic bond. 5. The el ectrol ess co ﬁq‘ "nﬂuﬂﬂ tion
according to 12 Claim4, wherein the conpound con enic
bond is represented by the forrmula (I): [err] wherein R[err] And*R®rr]
respectively represent an al kyl group and Rlerr] 5 and R err] respectively
represent a hydrogen atomor a |ower alkyl group. 6. An electroless plating
met hod conpiafhng: wieppingtlee ploabbngd obgreciningoaanadtgdiendkelssnd apper

pl ati ng sol ution conprising a copper ion, a conplexing agent, a 10
hypophosphoepussadial boynpbanfiorreuleet(@)l:i c catal yst for initiating the
reductive reaction, and a conmpound containing an acetyl enic bond to deposit
a mcroporous copper film 7. The electroless plating nethod according to
Caimé6, wherein the conpound containing an acetylenic bond is represented
15 by the formulagl): [err] ereln Rlerr] and R err] respectively
represent an al kyl group and err] and Rlerr] respectively represent a

hydrogen atompp a ¢owel —alkyl gr 4y (I)
‘ —

!
R R«

wherein Ry and Ry respectively represent an alkyl group and R3
5 and Ryg respectively represent a hydrogen atom or a lower alkyl
group.
6. An electroless plating method comprising:
dipping a plating object into an electroless copper plating
solution comprising a copper ion, a complexing agent, a
10 hypophosphorous acid compound, ametallic catalyst for initiating
the reductive reaction, and a compound containing an acetylenic
bond to deposit a microporous copper film.
7. The electroless plating method according to Claim 6,
wherein the compoﬁnd containing an acetylenic bond is represented

15 by the formula (I):

R R
) ]
HO-C—C=ZC—_-C—-0OH (I)
i T I
RJ Rd

wherein R; and Rp respectively represent an alkyl group and Rj
and R4 respectively represent a hydrogen atom or a lower alkyl

group.
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13 8 A plat|ng_pLQducL_hav+ﬂg—a—n1croporous copper filmwhich is

prepared by di pping a Into an el ectrol ess copper plating
sol ution conpri sing ‘ﬁﬁwj!ﬂu @ ‘jﬂ[ conpl exi ng agent, a hypophosphorous
acid compound, a ne or 5 initiating the reductive
reaction, and a conpound containing an acetylenic bond. 9. The plating
product having a m croporous copper filmaccording to Caim8, wherein the

conmpound contai ning an acetylenic bond is represented by the formula (1):
10 [err] wherei n8 R ar plating Rjerductr eapead i & ehieroporesentopmeral fikiyilm gr oup

and Rlerr] and Rlerr] respectively represent a hydrogen atomor a | ower
al kyl grouwhidvis prepared by dipping a plating object into an electroless
copper plating solution comprising a copper ion, a complexing
agent, a hypophosphorous acid compound, a meﬁallic catalyst fdr
5 initiating the reductive reaction, and a compound containing an
acetylenic bond.
9. The plating product having a microporous copper film

according to Claim 8, wherein the compound containing an

acetylenic bond is represented by the formula (I):

10
R. R,
! I
HO-C—-C=C— C—OH ()
f |
Rl! R4

wherein R; and Ry respectively represent an alkyl group and Rj
and R4 respectively represent a hydrogen atom or a lower alkyl

group.
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