DESCRI PTI' €N ELECTROLESS COPPER PLATI NG SOLUTI ON AND

METHED 'FOR ELECTROLESS COPPER PLATING 5 ~ TECHNI CAL FIELD

The present invention relates to an el ectrol ess copper pl ati ng
solution and a nethod of electroless copper plating utilizing this
solution, and nore specifically, to an electroless 10 copper plating
solution and a nethod of el ectrol ess copper plating, whi ch toget her
can have a uniform and acicul ar copper film deposited on the surface

of a plating object, and therefore a@EsCRIPTION used for inproving the
strength of adhesion between various metal s" and resins including bondi ng
of a copper foil to a resin 15 as applied in a conductive circuit such

as a nulti-layer print ' ' i eswPl ated | am nat e;
as well as to plated E%Fgﬁﬁg?gé%ﬁ#@ﬁ”@gﬁﬁggﬁ@ﬁt§P%339§§ é%?d met hod.
BACKGROUND ART METHOD FOR ELECTROLESS COPPER PLATING
5
TECHNICAL FIELD

The present invention relates to an electroless copper
plating solution and a method of electroless copper'plating
utilizingthissoiution,andnmrespecifically,ix)anelectroless

10 copperplating solutionanda method of electroless copper plating,
which together can have a uniform and acicular copper film
deposited on the surface of a plating object, and therefore can
be used for improving the strength of adhesion between various
metals and resins including bonding of a copper foil to a resin

15 as applied in a conductive circuit such as a.multi—layer'printed.
circuit board or in a copper-plated laminate; as well as to plated'

products which can be obtained by said method.

BACKGROUND ART

20 A multi-layer printed circuit board is conventionally
manufactured by first preparing a copper—plated laminate for the
inner layer by processing a copper foil on the_cepper—plated
laminate to form a printed circuit; then providing the above
copper foil with.a sufface roughening treatment (generally

25 comprising degreasing, followed by a soft etching process as
exemplified by treatment with ammonium.persulfate, sodium |

persulfate, cupric chloride, sulfuric acid-hydrogen peroxide



20 v “i*Amlti-layer printed circuit board is conventionally
manudf act ured by first preparing a copper-plated |amnate for the I nner
| ayer by processing a copper foil on the copper-plated | am nate to
forma printed circuit; then providing the above - copper foil with a
surface roughening treatnent (generally 25 conprising degreasing,
foll owed by a soft etching process as exenplified by treatment with
anmoni um persul fate, sodi um persul fate, cupric chloride, sulfuric
aci d- hydr ogeystpsr aridleche like, as well aysammciidratied itreatmsntel| as an
activating treatnent); __ subsequently building an acicul ar film of
copper oxi deulgequgntdusbuildingagcagirulsy 6ilnied ¢ceppenhpxideacedpreatth as
bl ackeni ng or browni ng; and bondi ng a copper-plated | amnate for the
out er | ayeroxEgyon difieof dies foalnhyt f ppECtesersich 35 ®lagkeping or _
| npr egnat ed .Wth a thernosettin resin(ﬁi.e, a "prepreg") to fabricate
a7 Ul (REEGISA PR REPOITEG T OPREN TR o LAl EPE Rhe R Haver
Since aR electric continuity has to be established tq each . | ayer , of
Che mul O 195 ORRT ASEES BEPUTARAR SEUSFBqvH i haatsrdal imPreriia” o
through-hol.e; o af 1 A3 Hesli fd (£ N OUIME NG RPN £6 fabricate a
multi-layer laminated board having a high adhesion strength.
Since an electric continuity has to be established to each
layer of themulti-layer laminated board manufactured in the above
10 process, athrough-hole plating on holes drilled through the board
is required. However, the conventional method has had a drawback
where penetration of the acid solution used- in the catalyst
treatment process for plating thi:ough—holes or penetration of
the plating solution in the electroless copper plating process
15 tends to dissolve the film made up from cépper oxide or cuprous
oxide, thereby causing a phenomenon called “pink ring” (i.e.
“haloing”) .
On the other hand, there has been an alternative method
of manufacturing a multi~layer printed circuit boafd whereby a
20 printed circuit is formed on a copper-plated laminate using a
copper foil that is pre—-processed by surface roughening to
eliminate the need fof surface rdughening as well as the oxide
film forming processes required in the method described above.
This method, however, has shortcomings such as inferior pattern
25 resolution for the printed etching resist or the e'tching resist

for ultra-violet exposure, which are associated with the surface

roughness on the copper foil.



Is requirted. However, the conventional nethod has had a drawback wher e
penetrati'on of the acid solution used in the catal yst treat nent
process for plating through-holes or penetration of the plating
solution in the electrol ess copper plating process 15 tends to dissolve
the filmmade up from copper oxide or cuprous oxi de, thereby causing a
phenonenon cal l ed "pink ring" (i.e. "hal oi ng") . On the '
ot her hand, there has been an alternative nethod of manufacturing a
mul ti-layer printeg gecenitt ybaasy mbgicly have2Beefir d8¥€Tbpdd @y corgetor med
on a copper-plated |l am nate using a -copper foil that is. pre-processed
by surface thegileovergnendioned shomicmtisgshen magpadmiplatefatanimaiggreandg as
wel | as the oxide filmform ng processes required in the nethod

descri bed alyovenhance thgiadhasiodsthengtie by weklszing contays pagthcadar
inferior pattern 25 resolution for the printed etching resist or the

et chi ng resitypes of &lectyolegs\FAPRAT PBESRE LTAFASEH NG ZJ%E%%?%PQHGRH h

the surface roughness on the_ copper_ foil.
5 §°° application Latd-Open Nos. 1598071986, 15981/1986, and
41775/1986) .

The above electroless copper plating process, however, in
pract'ice requires formalin as an essential reducing agent and
presents problems .such as (a) abnormal copper deposition on the

10 substrafe resin, (b) unstable plating bath, or (c) an obnoxious
odor as well as a potential carcinogénicity.

The present invent.ors have recently developed a method for
forming a uniform and acicular copper filmwith excellent adhesion
strength using electroless copper plating '(Japainese Patent

15 Application Laid-Open No. 116176/1992). While this technology
enables manufacturing of a copper-plated laminate having a high
adhesion strength and without the aforementioned éhortcondngs,

. surfactants that can be used in the process are limited and the
benefit of the invention has not always been available.

20 Acéordingly, it has beeh necessary to improve the above

technology to present a technology which is able to provide better

adhesion strength and is more versatile.

F_INVEN N
25 While earnestly making research efforts to improve on the
technology based on the Japanese Patent Application Laid-Open

No. 116176/1992 as described above, the present inventors have



In recent :years, nmethods have been devel oped to correct t he above
imenti‘ohed “short com ngs on copper-plated | am nates and to enhance the
adhesion strength by utilizing certain particular types of el ectroless
‘copper plating processing (Japanese Patent .5 Application Laid-Open Nos.
15980/ 1986, 15981/1986, and 41775/ 1986) . The above

el ectrol ess copper plating process, however, in practice requires
formalin as an essential reducing agent and presents probl ens such as
(a) abnor nebieepperedephsi indiuenfddte thht asdbshiameiorsi®, extiyens1st abl e

pl ati ng bath, or (c) an obnoxi ous odor as well as a potenti al
car ci nogeni eiftfgective in facilifbeetinge semoppevrefitidmswhblea naciefidny ahelvel oped
a met hod for form ng auni form and aci cul ar copper filmw th excell ent
adhesi on  acisulangshrughurs <l Ebis ginsk othepEmdiingsi.ngpe¢obbierlsly Phatnt
15 Application Laid-QOpen No. 116176/1992). Wile this technology i
enabl es nanBYRIHRING bt W pERRIASAN LR dhenRt «CHRRAGRF GORPERPLlating
adnest on St LeNELE 2Nd WL hout L oL o et Lofied, Shord CATLgSy sctcutar
Denet o Wil Bl (R A nieshe UL e corateds,
present a t%&Qﬂ%&OQXn8@§CQriéiéﬁ”éfﬂéiﬂ%%?%kﬂ?l@ﬁ&t€§pe surfactant other
than the polyoxyethylene type surfactants containing acetylene
residue employed in said technology have consummated the
10  invention as hereunder stated.
Accordingly,.an object of the present invention is to
provide an electroless copper plating solution which is based
on an electroless copper plating_solutionlcomprising a copper
ion, a complexing agent, a hypophosphorous acid compound as a
15§ reducing agent, and a metallic catalyst for initiating the
reductive reaction, charadterized by further comprising a
lithium ion. |
Another object .of the preslent invention is to provide an
electroless copper plating solution which is Eased'on an
20 electroless copper plating solution comprising a copper ion, é
complexing agent, a hypophosphorous acid compound as a reducing
agent, and a metallic catalyst for initiating thé reductive
reaction, characterized by further comprising.a polyoxyethylene
type surfactant and a lifhium jon.
25 Yet another object of the present invention is to provide

~a method for electroless coppér plating which deposits a uniform

‘and acicular copper film on the surface of a plating object by



adhesi on’ strength and is nore versatile. DI SCLOSURE OF |I'NVENTION 25
VWhi I’é earfiestly making research efforts to inprove on the t echnol ogy
‘based on the Japanese Patent Application Laid-Open No. 116176/1992 as
descri bed above, the present inventors have di scovered the
unique fact that a lithiumion is extremnely effective in facilitating
a copper filmwth a uniform and aci cul ar structure. This and ot her
findi ngs, specifically that ' by having a lithiumion present in the

el ectr ol essusdppethelaiovg nehtiohatli @le@srqliessc coppdriplstainy tsedhndbagy, a
uni form and aci cul ar copper filmw th excell ent adhesive strength can.
be obt ai nedand alsei theprevidg yplated produstisy osypghydbdendigpel .sur f act ant
ot her t han the pol yoxyet hyl ene type surfactants containing acetyl ene
resi due enpl oyed in said technol ogy have consummated the 10 ‘invention as

her eunder stat ed Accordlnl an object of the present
invention | 88L& DESCRIBLLEN ¢ teedd es® copper plating solution which
i s based . . ' . . .

5 Figure 1 is an electron microscope picture showing the

crystal structure of a copper film obtained with the electroless -
copper plating solution of Example 1. Figure 2 is an electron
microscope picture showing the crystal structure of a copper £ilm
obtained with the electroless copper plating solution of Example
10 2. f‘igure 3isan electron microscope picturé showing the crystal
structure of a'.copper film obtained with the electroless copper
plating solution of Example 3. Figure 4 is an electron microscope
picture showing the crystal structure of a copper film obtained
with the electroless copper plating solution of Example 10.
15
While a variety of lithium salts such as lithium hydroxide,
lithium carbonate, lithium sulfate, lithium chloride, lithium
bromide, lithium fluoride, or lithium hydride can be used as a
20 lithium source for supplying a lithium ion to the electroless
copper plating solution in the present invention, lithium
hydroxide and lithium carbonate are preferred from a handling
point of view, as will be explained later, and because of the
fact that there are no other counter ions remaining in the
25 solution.
| It is preferable to apportion a lithium ion at a ratio of

0.1 to 200 g/1, particularly between 1 and 100 g/1, in equivalents



on an el'ectrol ess copper plating solution conprising a copper lon, a
conpl’ eéxi n§ agent, a hypophosphorous acid conpound as a 15 reducing agent,

and a netallic catalyst for initiating the reductive reaction,
:characterized by further conprising a l'ithiumion. Anot her
.0bject of the present invention is to provide an el ectrol ess copper

pl ati ng solution which is based on an 20 electroless copper plating

sol ution conprising a copper ion, a conpl exi ng agent, a
hypophosphosgusi eieiudn henposihdeain anr etleictngless copgentplaticho soktitionc
catalyst for initiating the reductive reaction, characterized by
further conprisi njlckepthpgorbevayl tbleium ion ygam der Addedninabbe afdim iuim
ion. 25 ' Yet another object of the present invention is to provide

a met hod folithéumrbyésexidpper lgitdijugrg cagbenatiepbsiaksa sgnvfeomm a PH and

aci cul ar copper filmon the surface of a plating object by
4 adjuster for the electroless copper plating solutlon, in which

5 case sodiumhydroxide or potassiumhydroxide may be used together.
Meanwhile, for the polyoxyethylene type surfactant to be
included in the electroless copper plating solution in the present
invention, compounds that can be cited include a polyoxyethylene
type surfactant containing acetylene residue, a polyoxyethylene
10 adduct of an élkyl phenol, a polyoxyethylene'adduct of a fatty
acid amide, a polyoxyethylene-polyoxypropylene block polymer,'
a polyoxyethylene—polyoxyprbpylene adduct of ethylenediamine,
and a secondary alcohol ethoxylate. Of these, the preferred
surfactantsincludea;xﬂyoxyethylenetypesurfactahtcontaining
15 acetylene, a polyoxyethylene adduct of an alkyl phenol, and a
polyoxyethylene adduct of a fatty acid amide.
For the polyoxyethylene type surfactant'containiﬁg
- aéetylene residue mentioned in the above listing of
polyvoxyethylene type surfaétants, exemplar§ compounds may
20 include those prépared by adding an alkylene oxide such as
ethylene oxide to an alkynedibl Such as 2,4,7,9-tetramethyl-
5—decyné—4,7—diol,or3,6—dimethyl—4—octYne-3,6—diol,wherethe

preferred examples can be expressed in the formula (I) given

below:
I‘{l [l{z . )
HO—C HzCHzO)*;r(E—CEC—?—(OCH:CH:)—...—OH
Rs  Ra



u5|ng t he.’above nentioned el ectrol ess copper plating solution, and
al’'sd t'o provide plated products usi ng sai d method. BRI EF DESCRI PTI ON
OF THE DRAWNGS 5 , Figure 1 is an electron m croscope picture

show ng t he crystal structure of a copper filmobtained with the

el ectrol ess . copper plating solution of Exanple 1. Figure 2 is an

el ectron m croscope picture showing the crystal structure of a copper
film. obt ai ned wi.th the el ectrol ess copper plating solution of ‘Exanpl e
10 2. Fi guwleeBeirs Rjnaatier] mepresentsabpel pyodupss Fjoand Rt hepeeyshal a
structure of a copper filmobtained with the el ectrol ess copper

pl ati ng solhydorger abcampireadlowdmaddyd grogp, einsciiloandid egeopenbers

picture showing the crystal structure of a copper film obtained wth
t he el ect r o¥ke@se coppeks paalngosdl-at ton38f Exanple 10. 15 BEST MODE -
FOR CARRYI NG OQUT THE | NVENTI ON VWiile a variety of lithiumsalts

“such as |ithium hygﬁm%@oxyethth%tm S GRAeBE ‘F‘PIEtPﬁJtRﬁTQJPFaFléleIP‘Ft hi um

sed a6 s "%%51#9% GRBFFSSAAD FBF SR ST (L e SRLYGRpREhyiens ™" ©°
et s e R L8 OLPLLOB | BRI (LRUEILLAT,
view, as wi b$p§§e§é(95@éﬂﬁ%ﬂpa_ﬁ% tlaﬂ(iaq%g-%ﬁﬁ N%f ff'@l?G/ 1992, including,
: for example, surfactants sold under trademarks such as Surfinol
440, Surfinol 465, or Surfinol 485 (all manufacture_d by Nisshin
10 Chemical Industries Co., Ltd.), which are available for actual
application with satisfactory results.
For -the polyoxyethylene aldduct of an alkyl phenol,
-exemplary compounds include those prepared by adding an alkylene
oxide mentioned above to an alkyl phenol such as-nonyl phenol
15 or octyl phenol, where the preferred examples can be expressed

in the formula (II) given below:

RsOO—(C H:CH.O)}=r H

wherein R, represents an alkyl group and n2 is an integer between
2 and 110. |
The polyoxye_thylene adduct of an alkyl phenol expressed
20 in the above formula (II) includes, for example, surfactants sold
undei trademarks such as Emulgen 985 (manufactured by Kao
Corporation), Nonion NS-270 .(manufactured by Nippon 0il & Fat

Co., Ltd.), Newcol B-10 (manufactured by Nihon Surfactant Co.,



fact, that: there are no ot her counter ibns remaining in the 25 solution.

I't \i's preferable to apportion a lithiumion at a ratio of 0.1 to 200
g/I particularly between 1 and 100 g/l, in equivalents

of lithium hydroxide in .an el ectroless copper plating
solutlon : Note the above lithiumion can be added in the form of
lithium hydroxide or |ithiumcarbonate to also serve as a pH adj uster
for the electrol ess copper plating solution, in which 5 case sodium
hydr oxi de qrgt)gsshidhhyde oxvdehatybe ﬁuﬁxhdumam:hppllcatlon. Meanwhi | e,
for the pol yoxyethyl ene type surfactant to be I ncluded in the
el ectrol ess coppefopldie mplymxyeithylenet Addpcesenta fatty @madtammde,
conpounds that can be cited include a pol yoxyethylene t ype surfactant
cont ai ni ng eacaipllagyecompounds lacénﬂyd‘amyr%eClbYaﬁﬂﬂM‘tg ah adrkvdiemg
phenol , a pol yoxyet hyl ene adduct of a fatt acid am de

a
pol yoxyet hydxdifte atly asyperophanaceabewr Eogoﬁ?%y acid amide such as stearyl
ol yoxyet hyl e I
POty yS yamlr:iee po?: %?.)é%).r gg\_{ldg?ewﬁggg Ctghé) fpreép&re egelxgnnl}afes can be

expressed in the formula (III) given below:

| /( CH:CH:0)=r H

Re—C—N o

0  XCH:.CH:0)=H
wherein R, represents an alkyl group and m3 and n3 are numbers
whose sum is equal .to 1 to 60.

10 ~ The polyoxyethylene adduct of a fatty acid amide expressed
in the above formula (III) includes, for example, surfactants
sold under trademarks such as Esomide HT-60 or Esomide 0-15 (both
manufécturéd by Lion Corporation) which are available for actual
application.

15 - "Furthermore, polyoxyethylene type surfactants other than
those mentioned above may j.nclude polyoxyethylene—l
'polyoxypropylene block polymers sold under trademarks such as
Pluronic P-85 or Pluronic L-44 (both manufactured by ASAHI DENKA
KOGYO K.K.); polyoxyethylene-polyoxypropylene adducts of

20 ethylenediamine sold under trademarks such as Tetronic TR-704
(manufactured by ASAHI DENKA KOGYO K.K.); secondary alcohol
ethoxylates sold under trademarks such as. Adekatol 80-145
(manufactured by ASAHI DENKA KOGYO K.K.); alkyl ethylene oxide

adducts of carboxylic acids sold under trademarks such as PO



and @ serhdary al cohol ethoxyl ate. Of these, pr, ferred surf
actfants include a pol yoxyet hyl ene type surf acta el&&d-

acetyl ene, a pol yoxyet hyle Ry 'ph : .
pol yoxyet hyl ene adduct of ?@&?}’%ﬁ?&ﬂfgﬂ '
pol yoxyet hyl ene type surfack ant RERLAG ; acetylene re5| ue nentloned

i n the above |isting of pol yoxyet hyl ene type surfactants, exenplary
conpounds may 20 include those prepared by addi ng an al kyl ene oxi de such
as et hyME6218 dmathofactutdd hydNbkks Hendsa2 s4CT, 91itek.) anelhhglt are
5-decyne-4, 7-diol, or 3, 6-dinethyl-4-octyne-3, 6-diol, where the
preferred emrqml@hﬁarfd@:eaekpaésepnlltnatiW-f ormula (1) given bel ow.
[err]

It1spreferabletocmmpoundthegbovepolyoxyethylenetype

surfactant in an electroless copper plating solution in the_ ratio
5 of approximately 0.001 to 20 g/1, in particular between 0.01 and
10 g/1. | l.

Additionally, the above mentioned polyoxyethylene type
surfactants such as a naphthalene sulfonate-formalin
condensatien product sold under trademarks such as Demor N

10 (manufactured by Kao Corporation), or a sodiﬁm alkyl naphthalene
| sulfonate sold under trademarks such as Perex NB-L (manufactured
by Kao Corporation) may.aiso be used.

While a coppef film having an'acicular-crystal structure
can be obtained in the electroless copper plating accerding to

15 the present invention:by using a lithium ion alone and withont
the help of a nonionic surfactant, it is preferable to use a
nonionic surfaetant, particularly a polyoxyethylene type
surfactant containing acetylene, for reaeons of stability as well
as plating bath life. |

20 Except for the lithium ion and the polyoxyethylene type
surfactant as described above, the electroless copper plating
solution in the present invention can be prepared,with known_
materials for an electroless copper plating solution that uses
ahypophosphorousac1dcompoundaseareduc1ngagent Forexample,

25 a copper ion for electroless copper‘plating'can;be obtained from
ordinary copper salts such as copper sulfate, cupric chloride,

or copper nitrate; and for the complexing agent, any compound



mhereln R[err] and Rerr] represent alkyf groups, Rerr] and R[erf}

représent " a hydrogen atomor a |ower alkyl group, and ml and nl are
nunber s whose sumis equal to 3.5 to 30. The

pol yoxyet hyl ene type surfactant containing acetylene 5 residue expressed
in the above formula (1) is the pol yoxyethyl ene t ype surfactant

contai ning acetyl ene resi due as disclosed in the Japanese Pat ent
Appl i cation Laid-Open No. 116176/1992, i ncluding, for exanpl e,

sur f act ant s thaltd candeompl exletine kaboue lcappeSuibngel such agddi tiSiuo facial, 465,
or Surfinol 485 (all manufactured by Nisshin 10 Chem cal Industries Co.,
Ltd.), whicltaateracaadizhl malaoc aitd;aEDTA, Quagpbilend ghyeind caathefugsedor y
results. For the yoxyet hyl ene adduct of an al kyl phenol, :
exenpl ary conpound&y ﬁbﬁm%@hﬁﬁébél%%‘iow%aﬁrﬁ EPRYrERg agenthXI de
menti oned above to an al kyl phenol such as nonyl! phengl 15 or octyl -
phenol , \/\heF@mPﬁé‘nBFeF%F?e%s SYROPpPeSPRaRoRE asdst g§s§ad1um XR?Hhr?éppéitﬁ'ul a

(81 SLen Betok betklonea. np g HSESINLRASHSREE AR MnIIREP o
adduct of ang é@c'rmvghfggét 0! §2R8Ts Sbn b hDBKEPOVRHLILTHA dhbhaium

i-ncl udes, surtactants -So
can be used in the form of inorganic salts.

Referring to each ingredient of the electroless eopper
plating solution in the present invention, if nickel is used as

10 the metallic catalyst for initiating the reductive‘reaction, it
is pteferable to have the copper ion concentration at 0.007 te
0.160 mol/l and the nickel ion eoncentration at 0.001 to 0.023.
mol/1l,. where the desirable mol ratio betweeh copper and nickel
ions is approximately at 13 : 1.

15 It is preferable to use 1 to 10.times the amount of copper
ions by mol ratio as a complexing agent. Also, it is preferable
to formulate 0.1 to 1.0 mol/1 of a hypophosphorous acid compound
as a reducing agent. |

In the event that another metal is ﬁsed as the metallic

20 catalyst for'initiating'the reductiﬁe reaction, the quantity and
ratio given above may be applied while the most suitable
quantities can be determined later by experiments.

The electroless copper plating solution in the present
invention, in.addition to- ingredients as described above, may . -

25 Dbe formulated with %rarious other ingredients as appropriate. One .
such other ingredient is a buffer agent for conditioning the

solution pH.

10



under trademarks such as Enul gen 985 (nmanufactured by Kao o
Cor porat +on), Noni on NS-270 (manufactured by N ppon Q| & Fat Co:

Ltd.), Newcol B-10 (nmanufactured by N hon Surfactant Co.

7 Ltd.), which are available for actual appllcatlon

For the pol yoxyet hyl ene adduct of a fatty acid am de, . exenpl ary
conpounds include those prepared by addi ng an al kyl ene oxi de such as

menti oned above to a fatty acid am de such as stearyl 5 am de or ol eyl
am de, where the greismetbdkenrpl €lsatan brbodimerX magssehadsible Whenal a
(11r1) given below [err] wherein R err] represents an al kyl
group and nBheareleXmalessucdpper platingosd wuion in dinegpreserit tiovédtion
ié prepared as a concentrated composition for'dilution to several
times or more by a diluent such as water at the timé of application.

S - The electroless copper plating in the présent invention
can be pe_rforxﬁed using the electroless copper piating solution
of the_pi:esent invention prepared as described above, and in
accordance with cdnventional plating procedures. Upon
performing. the procedures, it is also preferable to remove

10 dissolved oxygen beforehand from the e.'_l.ectroless éopper plating
solution, and to this end, blowing the solution .with an inert
gas' such as nitrogen or argon prior to éommencing the plating
process is preferred. |

Also, it is preferable that the temperature'of the

15 electroless copper plating solution for electroless copper
plating_in. the present invention be 40 to 100°C, and that the
processing time be 5 minutes or lbngér. Further, for the

- electroless copper' plating in the present invention, although-
it is preferable to use oscillation stirring fo prevént

20 unnecessary oxidation of the solution, an inert gas may also be
used to simultaneously perform stirring and deoxidizing.

Furthermore, while the pH .employed in conventional
electroless copper plating is il to 14, for electroless copper
plating of the present invention, it is preferable to control '

25 thepH wiﬁhin the range .of' 8 toil'O_. The electroless copper plating

~ in the present inve_ntion, if Ipe'rformed at le.ss. than.the

conventional pH range, will not produce the acicular déposition

11



10 . * The pol yoxyet hyl ene adduct of a fatty acid am de expressed

i theé above fornula (111) includes, for exanple, surfactants sol d
under trademarks such as Esom de HT-60 or Esom de 0-15 (both

manuf act ured by Lion Corporation) which are avail able for actual _
application. 15 _ Furthernore, - pol yoxyet hyl ene type surfactants other
t han t hose nentioned above may incl ude pol yoxyet hyl ene- _

pol yoxypropyl ene bl ock pol yners sol d under trademarks such as’ Pl uronic
P-85 or Pl unoni thée-ddh¢sintrn sinrenfgidt wsedebyra@AH DENKA KOGYO K. K.);
pol yoxyet hyl ene- pol yoxypr opyl ene adducts of 20 ethyl enedi am ne sol d under
trademar ks such adunTéheomiectiRlEGs copper (phafuingc faireeb i migmHachENKAL KOGYO
K. K.); secondary al cohol et hoxyl ates sol d under trademarks such as
Adekat ol 80depgsition thatnwas@aFddgrbdi seonaragERRANeeNes ¥t knyenkprs;

et hyl ene oxi de adducts of carboxylic acids sold under trademarks such
as PO the general tendency was that phgsphorous acid as \g.rggsgidon

( nath acg ur Egp%dx'}'i:lé l%)uiq]tfsm.u%aif t%%’ plz!f%:c.lﬁ& bat iv%{]tl?rr%peated use of the -
solution, and that the acicular crystal structure of the plated
film disappears relatively quickly. |

By comparison, with the electroless coppér plating |
.so'lu.l'tion in the prese_,nt invention, thanks fo the function of a _
10 lithium ion, the acicular crystal 'structure. produced is both
densely built in itself and is capable of lasting longer to pérmit
an extended use of the bath to the tune of almbst four times as

long as the previous invention.

15- EXAMPLES
In the following descriptioﬂs, a more detaiied explanation -
of this invention will be presented based on numerous examples.
However, the present invention is not iﬁ any way restricted

whatsoever to those described in the examples.

20
Exampie 1
Preparation of electroles.s copper plating solution (1):
An electroless copper plating solution is prepared based
on the composition giveﬁ below and according to the conventional
25 method: |

(Composition)

Copper sulfate (pentahydrate) 8.0 g/1

12



avai | abte *for actual application. It is preferable to conpound
t he-above. pol yoxyet hyl ene type surf actant in an el ectrol ess copper
plating solution in the ratio 5 of approximately 0.001 to 20 g/l, in
particul ar between 0.01 and 10 g/l. - Addi tional ly, other
surfactants than the above nenti oned pol yoxyet hyl ene type surfactants
such as. a napht hal ene sul fonate-formalin condensati on product sold
under trademarks 10 such as Denor N (rmanufactured by Kao Corporation), or
a sodium citsal&ydcivhpmidmimriratel)f onat e 19Qlodgydider trademarks such as '
Per ex NB-L (manufactured by Kao Corporation) may al so be used.
Whil e a copp@t 4q! riypephasrborasiscakcad cr\dt-8 md¥duct ure can be
obtained in the electrol ess copper plating according to 15 the present
i nvention b§oEk¢mcEdlithiumion alone andMwilt 84kt ~  the help of a
nonionic surfactant,_ it is preferable to use a noni oni ¢ surfactant,

parti cul ar | §igkeb| spkiakeiharahvgsate)  s@-6 gddant containi ng acetyl ene,

for reasons_of stapiljity as well . as plating. bath [ife. 20 :
Except for %“Ef+?$£i% ion and the polyoxyékﬂyﬁgﬁe type surfactant as

descri bed apoye, the el ectrol ess conper plaLing. ~solution in the
present inv hF?%%PE%Xﬁ%ﬁ§%#%ﬂ) 1% 8%%§%ﬁtﬁﬁog%'g g/lnaterials for an
electroless(éﬁpper plating solution that useg a hypophosphorous acid
compound as reduci ng agent. For exanple, ~° :

Using the above electroless copper'plating solﬁtion,
elegtroless copper plating was provided on a copper-plated
10 laminate (a 35 um copper foil base) built on top of an epoxy resin
substrate, at 70°C, with oscillation stirring applied at a speed
of 80 cm/min. The result was examined with an electronmicroscope
to confirm the formation of uniform and aci_cular crystals as shown
in Figure 1. | |
15
‘Example 2
Preparatioh of electroless copper plating solutiQn (2)5
Based on the electroless copper plating bath of Exampie
1, an_electroless copper plating_solution was prepared in exactly
20 the same manner except fdr changing'Surfinol'465 to Emulgen 985.
Using this electroless copper plating solution,
'electroless copper plating was provided 6n a copper-plated
laﬁinate built on top of an epoxy resin substrate with exactly
the same conditions as in Example 1. The \result was examined with
25 the electron microscope to confirm a uniform and acicular

depositibn' as shown in Figure 2.
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25 a copper lon for electroless copper plating can be obtained from
ordlnary copper salts such as copper sulfate, cupric chloride, - or
copper nitrate; and for the conplexing agent, any conpound

9 . that can conplex the above copper ions, such as citric
acid, tartaric acid, nmalic acid, EDTA, Quadrol, or glycine can be
used. For the hypophosphorous acid conpound as a reducing
agent, conpounds such as hypophosphorous acid.or sodi um hypophosphite
5 can be nemxampde. 3As the netallic catalyst for initiating the

reductive reaction, netals such as nickel, cobalt, or palladium can be
used in t he Prepargtionopfanlectupless copper platipgf gpiihgorolach '
i ngredient of the el ectroless copper plating_solution in the present

i nvention, if nicl@sed q;gé@eaglegpro}.qa@s rﬁﬁP&lelrl @1é5#§9y§@t11* Rt iERAmPALI ng

t he reductlve reaction, _it 8£eferable to have the c egﬁg i on
concentratidn @R 9(396’6?09-855 COPR?rlB 19 BOARELPR&AS RRRPAT B&FCEMYat i on

at 0.001 tOt%esamemannerexceptforchanglngSurf:Lnol465toEsom1deHT 60.
_US1ng this electroless copper plating solution,
electroless copper plating was provided on a copper-plated
laminate built on top of an epoxy.resin substrate with exactly.
the same conditions as in Example 1. The result was examined with
10 the electron microscope to confirm a uniform and acicular

deposition as- shown in Figure 3.

Example 4
Preparatibn of electroless copper plating solution (4):

15 Based on the electroless copper plating bath of Example'
1, an electroless copper plating solution was prepared in exactly

thesamenhnnerexceptforchangingSurfinol4651x)PluronicP—85.

Example 5

20 Preparation of electroless'copper plating solution (5):
| Based on the.electrbless copper plating bath of Example
1, an electroless coppér plating sblution was prepared in exactly
the same manner except for changing Surfinol 465 to Tetronic
TR-704.

25
Example 6

"Preparation of eleCtroless copper plating solution (6):

14



mol /I, where the desirable nol ratio between copper and nickel lons is
approxi mately at 13 : 1. 15 ' It is preferable to use 1 to 10 tines
t he amount of copper ions by nol ratio as a conplexing agent. Al so, it
is preferable ‘to fornulate 0.1 to 1.0 nol /Il of a hypophosphorous acid
conpound as a reduci ng agent. ' In the event that another

nmetal is used as the netallic 20 catalyst for initiating the reductive
reaction, the quantity and rati o given above may be applied while the
nost suitable Bagednont tks elkacthmildsisecopped phieind\pbabtpefi BEransle

‘The el ectrol ess copper plating solution in the present I nvention, in
addi tion toli rigr elleehreless ¢opperipd tibgveolution #8s prepegetdmesdciyh
vari ous other ingredients as appropriate. One _such_ot her ingredient
i's a buff er thged@me JpaRRAW| SHWRIhForhehanging ofurfpep 465 to Adekatol

10 It is noted here that an enbodi nent may be
possible whéfPslds.

5
Example 7
Preparation of electrbless copper plating solution (7):
Based on the electroless copper pléting bath of Example
.1, an électroless copper plating solution was prepared in exactly
10 the same manner except for changing Surfinol 465 to AKYPO

MB-2621S.

Examp'le 8
Preparatioh of electroless copper plating solution (8):

15 . Based on the eléctroless copper plating bath of Exainple
1, an electroless copper piat__ing solution was prepared in exactly

the same manner except for changihg Surfinol 465 to Demor N.

Example 9
20 Preparation of electroless copper plating solution (9):
Based on the eléctroless copper plating bath of Example
1, an electroless copper plating solution was prepared in exactiy

the same manner except for changing Surfinol 465 to Perex NB-L. -

25 Example 10
Preparation of electroless copper plating solution (10):

An electroless copper plating solution was prepared based

15



the el ectrol ess copper plating solution in the present invention IS
prepared-as a concentrated conposition for dilution to several tines
or nore by a diluent such as water at the tinme of application. 5

The el ectrol ess copper plating in the present invention can be
performed using the el ectrol ess copper plating solution of the present
i nvention prepared as described above, and in accordance with
conventional plating procedures. Upon perform ng the procedures, it is
~al so pref erabltthd composytiod @iveinskel eve énoxyoerrdigip tehdm chbngant henal

el ectrol ess copper plating solution, and to this end, blow ng the

sol uti on wiméthedi ner't gas such as nitrogen or argon prior to
commenci ng the plating process is preferred. Al.so, it is
preferabl e {(RerPefttiemberature of the 15 el ectrol ess copper plating
solution for electro]ess co lating in the present invention be 40

er
to 100[ er r ] €°PRAH §%ga1gehe(;§)epntahmd5@§§gi ng &-%&/Pe 5 ninutes or |onger.
Further,.for.th L ectrol | at,i inth nt i tion,
' thoug  Ci e acfefetinag dioe obciii-Di o stirhing to prevent 20
Unnecessaryseéigégggf?éﬁ$é%§%5¥gd§ia g 326¥n3{hﬂggs may al so be . used

to simultaneous rring an idiz
‘Further nor eg oLl g-{he pH enpl oyed in con%ﬁnqﬁ%pgl el ectrol ess copper
plating is %3 to 14, for electrol ess copper pl ati ng of the present

nvention, jick&1psei 2468 erd:arHael) 0.6 g/l
Lithium hydroxide (monohydrate) 28.8 g/l
10 (pH) | | 9.0
| Using the above electroless copper plating solution,
electroless copper plating was provided'on- a copper-plated
laminéte (a 35 um copper foil base) 'built oh top of an epoxy resin
substrate for .10 minutes at 70°C, with oscillation stirring
15 applied at a speed of 80 cm/min. As a result, a copper deposition
| of 1.55 p.m was observed. A subsequent observation on the copperx
.film with an electron mi_croscépe_ confirmed the formation of

. uniform and acicular crystals as shown in Figure 4.

20 Comparative Example 1
Preparation of comparati’vé eleétroless copper plating solution
(1) :
Based on the electroless copper plating bath of Example
i, an’elecﬁroléss copper plating solution was prepared in exactly
25 the same manner except for changing lithium hydroxide to sodium -
hydroxiae . The amount of sodium hydroxide required to adjust the

pH to 9.0 was 26.9 g/1 ( 0.67 mol/1).
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.25 the pH within the range of 8 to 10. The el ectrol ess copper plating

‘inm t'hé ‘preésent invention, if performed at |ess than the conventional
pH range, will not produce t he aci cul'ar deposition nor the
adhesi on strength as desired. In the electrol ess copper plating
for obtaining acicular deposition that was earlier discovered by the
present inventors, the general tendency.was that phosphorous acid as a
reaction 5 byproduct builds up in the plating bath with repeated use of
the solution, and that the acicular crystal structure of the plated
filmdisappears relatively quickly. By conparison, with the

el ect r ol essCompasativetBaagple 2 solution in the present invention, thanks
to the function of a 10 lithiumion, the acicular crystal structure
produced i sPpeparation gdhsempapative |61e|qt§@llﬁ5§n@0939%@délﬂ1@90$olla§mfhg

| onger to permt an extended use of the bath to the tune of aInDst
four times &3): | ong as the previous invention.
5 .' - An electroless copper plating solut:Lon was prepared based

oh the composition _given below and according to the conventional
method: | |
(Composition)
Copper sulfate (pentahydrate) 8.0 g/1
. 10 Citric acid (dihydrate) ' 15.6 g/1

Hypobhosphorous acid (monohydrate)29.0 g/1

Boric acid - ' 31.0 g/1
'Nickel sulfate (hexahydrate) 0.6 g/1
Sodium hydroxide 19.0 g/1

15  (pH) 9.0

' Test.Examples
To examine performahce of electroless copper plating
solutions of Examples 1 through 10 and comparative electroless
20 copper plating solutions obtained in Comparative Examples 1 ahd
2, test pieces were prepared using copper-plated laminates (35
pm copper foil base) built on epoxy resin substrates according
to.the conditions as described below, and were evéluated for the
deposition film thickness, deposition éppearance, and the peel-
25 strength of multi-layer_laminated_boardé prepared after
electroless copper plating by press-bonding each test piece using

prepreg.
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15 EXAMPLES ~ In the follow ng descriptions, a nore detail ed
explanation of this invention will be presented based on nunerous

- exanpl es. However, the present invention is not in any way restricted
what soever to those described in the exanples. 20 Exanple 1
Preparation of electroless copper plating solution (1): " An

el ectrol ess copper plating solution is prepared based on the
conposition given bel ow and according to the conventional 25 nethod:

( Conposi tion) Not<Ceppesibsid baketprasayubpatreplati®y Wag/ provided by

12 Citric acid (nonohydrate) '11.0 g/l 50% aq.
Hypophosphariggpdingcin a 93Q.#H bhth for 10Buminutexcatl 70°C, with oscillation 31.0
o/ stirring applied at a speed of 80 cm/min. The test results are
summarized in Table 1. |
5 (Preparation conditioné of test pieces)
Sample 1 |
Electroless copper platihg was performed right after the
preparation of a fresh e'lectroless_ copper plating bath according
to Example 1. |
10 Sample 2
| Based on the electroless copper plating bath according to
Example i, electroless.copper plating was performed using the
plating bath which had been used for approximately one turn(¥*)
while analyzing and replenishing the spent portions of copper
15 sulfate, hypophosphOrdus acid, nickel sulfate, and pH (i.e.
| lithiumhydroxide) . TheamountofphosphorousaCidcompound(i.e.
reaction byproduct) accumulated in the electroless éopper |
-plating bath as analyzed at.this stage was 0.12 mol/1l.
Sample 3
20 | Based on the electroless copper plating bath according to
Example 1, electroless copper plating was performed using the
plating bath which had been used for approximately four turns (*)
while analyzing and replenishing the spent portions of copper
sulfate, hypophosphorous acid, nickel sulfate, and pH (i.e.
25 1lithiumhydroxide). Théamountofphosphorousacidcompound(i.e.
reaction byproduct) accumulated in the electroless copper

plating bath as analyzed at this stage was 0.46 mol/l.
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Ni ckel sul-f at e' (hexahydr at e) 0.6 g/l 5 Surfinol 465

0.1 g/I C Li t hi um hydr oxi de (nmonohydrate) 28.8 g/! (pH

9.0 : Usi ng the above el ectrol ess copper plating solution,

el ectrol ess copper plating was provided on a copper-plated 10 lamnate (a
35 [err] mcopper foil base) built on top of an epoxy resin substrat e,
at 70[err]C, with oscillation stirring applied at a speed of 80

cmimn. The result was exam ned with an el ectron m croscope to confirm.
t he formati Gampfleudi f orm and aci cul ar crystals as shown in Figure 1.
15 Exanpl e 2 Preparation of electroless copper plating solution
(2): - Bikrqtned asge copPper Rl alsing Upgaaelpf@meﬁb rhghh afteaxihgl e

1, an el ectrol ess copper pl ati ng solution was prepared in exactly 20 the
sane manner PEEPSFALAGR ehankFeR) shertreleassoppermil einsth according

Using this el ectrol ess_copper plating solution, el ectrol ess copper

pl ati ng was aﬁ\? €ofi*a copper - pl at ed Iam' nate built on top of an
epoxy resin uﬁ;gr te with exactly the sane conditions as in Exanple
1. The resul xam ned with 25 the electron mcroscope to confirma

uniformand aci Cu'ﬂectrole%%oggbbégrbfa%lﬁbows'ﬂeff%eed Zight after the

preparation of a fresh electroless copper plating bath according
to Example 3.
Sample 6
10 Elec'troless copper plating was performed right after the
preparation of a fresh electroless copper plating bath according
to. Example 4.
Sample 7 |
Electroless copper plating was performed right after the
15 préparation of a fresh electroless coppér plating bath accordihg
to Example 5. | | |
Sample 8 |
Electroless copper plating was perfofmed right after the
preparation of a fresh electroless copper plating bath according
20 to Example 6.
Sample 9
Electroless copper plating was performed right after the
prepar.ation of a fresh electroless copper plating bath according
to Example 7.
25 Sample 10
Electroless 'copper plating was pe.r.form'ed ri(jht after the

preparation of a fresh electroless copper plating bath according
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3 . - o Exanpl e 3 Preparation of el ectrol ess copper plating
sol ut'ion (°3): ' - Based on the el ectrol ess copper plating bath of
Exanpl e 1, an electrol ess copper plating solution was prepared in
exactly 5 the same manner except for changing Surfinol 465 to Esom de
HT- 60. Using this electrol ess copper plating solution, :
el ectrol ess copper plating was provided on a copper-pl at ed | am nat e
built on top of an epoxy resin substrate with exactly t he sane '
condi ti ons &s ErailpbepBe 1. The result was examined with 10 the electron
m croscope to confirma uniformand aci cul ar deposition as shown in
Figure 3. SampleEkdnple 4 Preparation of electroless copper plating
solution (4): _ ) .
: Electroless copper plating was performed right after the
preparati_én of a fresh electroless copper plating bath according
5 to Example 9. |
Sample 12
Electroless copper plating was performed right after the
preparation of a fresh electroless copper plating bath according
to Example 10.
10 Sample 13
. Electroless copper plating was performed right after the
preparation of a fresh electroless copper plating bath according
to Comparative Example 1. |
Sample 14
15 Based on the electroless copper plating bath according to
Comparative Example 1, electroless copper plating was performed |
using the plating bath which had been used for approximately one
turn(*) while analyzing and replenishing the spent portions of
copper sulfate, hypophosphorous acid, nickel sulfate, and pH (i.’e.
20 lithiumhydroxide). The amount of phosphorous acid compound (i.e.
reaction byproduct) accumulated in the electroless copper
plating bath as analyzed at this stage was 0.11 mol/l.
Sample 15 |
Based on the electi:oless copper plating bath according to
25 Comparative Example 1, electroless copper plating was 'performéd

using the plating bath which had been used for approximately four

" turns(*) while analyzing and replenishing the spent portions of

20



15 . . 'Based on the el ectrol ess copper plating bath of Exanple 1,
an'el ect ro1 ess copper plating solution was prepared in exactly t he
same nmanner except for changing Surfinol 465 to Pluronic P-85.

Exanple 5 20 Preparation of electrol ess copper plating solution (5):

Based on the el ectrol ess copper plating bath of Exanple 1, an

el ectrol ess copper plating solution was prepared in exactly t he sane
manner. except for changing Surfinol 465 to Tetronic TR-704. 25
Exanpl e 6 coppérepal fdtignhpbophesihartessacihpri chéhbulfate) ahdpH (H)e.

14 Based on the el ectrol ess copper plating bath of
Exanpl e 111:,hla1mle_\.rdam}mieess The pawupt atf php sphlancusraciabcpmppand dii a.
exactly the sanme manner except for changing Surfinol 465 to Adekat ol

reaction byproduct) accumulated in the electroless copper
plating bath as analyzed at this stage was 0.49 mol/l.
5 Sample 16 .
Electroless copper plating was performed right after the
preparation of a fresh electroless copper plating bath according

‘to Comparative Example 2.

10 (*): A “turn” refers to a condition where the ingredients in a
freshly prepared plating bath have all been spent and replaced.
Specificaily, “one turn” is the point at uhich an amount of copper
sulfate equivalent to that used in the original bath was
replenished, and “four turns” likewise means that the cumulative

15 replenishment is four times that used in the original_ bath.

(Results)
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80-145..° .5 ~ Exanple 7 Preparati on of el ectrol ess copper plating

sol ut'i ofl (7): Based on the el ectrol ess copper plating bath of
Exanpl e 1, an el ectrol ess copper plating solution was prepared in
exactly 10 the same manner except for changing Surfinol 465 to AKYPO
MB- 2621S. Exampl e 8 Preparati on of el ectrol ess copper plating
solution (8): 15. Based on the el ectrol ess copper plating bath of
Exanpl e 1, an el ectrol ess copper plating solution was prepared in
exactly t he sanme manner except f @abdeadgi ng Surfinol 465.to Denor N.
Exanple 9 20 Preparation of electroless copper plating solution (9):
Based on the el ectrol ess copper plating bath of Exanple 1, an _
el ectrol esg copper |meposhgia®Irilngn Was prepared i n exdcldebl strengthe |sanme
manner excgpsafple dhangi ng Sur f i nql De@BitdoPArPeakBrdte 25 Exanpl e |10
Preparatiof of el edt rEGRE€kaesHMWr [pl ating sol ution (10);  (kgf/cm)
' 1 1.21 Acicular deposition 1.50-1.65
2 1.20 Acicular deposition 1.48-1.60
Acicular deposition
3 1.02 | partly mixed with 1.30~1.45
granular deposition
4 1.25 Acicular deposition - 1.48~1.63
5 1.17 : Acicular deposition 1.46-1.59
6 1.21 -Acicular deposition 1.30-1.45'
7 .1.20 Acicular deposition 1.29-1.45
8 1.19 Acicular deposition 1.28-1.46
] 1.18 Acicular deposition 1.35-1.50
10 1.22 Acicular deposition 1.32-1.47
11 ~1.19 Acicular deposition 1.30-1.44
12 1.55 Acicular deposition 1.20-1.35
Acicular deposition
13 1.25 partly mixed with 1.40-1.52
granular deposition
14 0.97 Mixed granular/ _ 0.91-1.08
_ acicular depositions
15 0 No deposition - 0.38-0.45
le 1.1 -~ Granular deposition 1.10-1.19

The above results cleariy indicate that the samples using
5 the electroless copper plating solution in the present invention
(i.é. Samples No. 1, 4 through 12) demonstraté sufficienﬁ metal
depositions that are of acicular form and have excellent adhesioh

strength. It is also obvious that the above performance is well.
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An e\li_ectrol ess copper plating solution was pr epared based

15° on the conposition given bel ow and according to the
.conventi onal nmet hod: ( Conposi tion) Copper sulfate

‘(pent ahydrate) 8.0 g/l 5 Citric acid (nonohydrate) - 11.0 g/l
'50% aq. Hypophosphorous acid 31.0 m /I Boric acid '
31.0 g/l Ni ckel sul fate (hexahydrate) 0.6 g/l Li t hi um

hydr oxi de (nmonohydrate) 28.8 g/l 10 (pH) .
Usi ng the abptadneet 4 piessepopbed uskatsdigpleel 26haB) to indékatkbrdiassy

copper plating was provided on a copper-pl ated

copper foil ivasedustiritloappbpcatiaems epByycorbrast, in sthstocadparheivél
mnutes at 70[err]C, with oscillation stirring

10

15

20

electroless copper plating solution, while a certain degree of
performance exists at the beginning (Sample 13), such performance
tends to be degraded with repeated use (Samples 14 and '15),

sﬁggesting a disadvantage in actual industrial application.

INDUSTRIAL APPLICABITLITY

The copper film obtained through the electroless copper

plating in the present invention has a uniform and acicular

structure that provides excellent adhesion to the prepreqg resin.
In addition, since the coating is made up of metallic copper as

opposed to copper oxide or cuprous oxide which are the products

of conventional methods, there is hardly any occurrence of a “pink '

ring” (or “haloing”) in the through—hole plating process.
Accordingly, the electroless copper plating solutioh and
the method for an electroless copper plating of the present
invention can be advantageously utilized in manufacturing
various electronic pafts such as multi-layer printed_circuit
boardé for industrial use, multi-layer substrates for build-
up systems, flexible sﬁbstrates, IC packages, or input/output
terminals; as well as for such purposes as enhanciné metal to
resin bonding in manufactu:ing other industrial products. such

as electromagnetic shields or molds.

23
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15 ap, llied at a speed of 80 cminin. As a result, a copper deposition
of * 1755 "[érr] m was_observed—A-stbsequent observatlon on the copper -
filmw th an el ectron m croscope confirned the_fornmation of uni form

‘and acicul ar cry ﬁ'ﬁa I‘E Figure 4. 2AISConpEr AhS VBEERdapl e 1

Preparation of co rol ess copper plati @htH i ON (1):
Based on the el ect plating bath o_&aﬁﬂﬁ 1, an

manner except Tor changi ng ©ithi um hyazzadge to- sodi amd TN Illlﬂillllllllﬁﬂﬂlh

anount of sodi um hydroxide required to adjust the gH fo 5. O"was 26.9
g/l ( 0.67 mol/1). - 16
Conpar ative Exanple 2 - Preparation of conparative el ectrol ess copper

plating solution 1. An electroless copper plating solution which is based
on an electroless copper plating solution comprising a copper
5 ion, a complexing agent,: a hypophosphorous acid compound as a
reducing agent, and ametallic catalyst for initiatinga reducfive
reaction, characterized by further comprising a lithiunll. ion.
2. An electroless copper plating solution which is based
on an electroless copper plating solution comprising_ a copper
10 ioh, a complexing agent, a hypophoéphorous acid compound as a
reducing agent, and ametallic catalyst for.initiating a reductive
reaction; characterized by further comprisihg a polyoxye.thylene
type surfactant and a lithiuxﬁ ion.
3. The electroless copper plating solution according to
15 claim 2, wherein said polyoxyethylene type surfactant is a
polyoxyethylene type surfactant containing acétylene residue,
a polyoxyethylene adduct of an alkyl phenol, or a polyoxyethylene
adduct of a fatty acid amide.
4. The electroless copper piating solution according to
20 claim 2, wherein said polyoxyethylene typé surfactant is a
- polyoxyethylene type surfactant containilng acetylene residue

which can be represented by the formula (I) given below:

Rx Rz
HO‘(CH:CH:O)'_I"C C_C C"(OCH:CH ¥+ OH
R, | R.

wherein R, and R, represent alkyl groups, R, and R, represent a

hydrogen atom or a lower alkyl group, and ml and nl are numbers
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(2):

on’ the conp05|t|

An e}ectr0r€§§ copper plating solution was prepared based

RYafd according to the conventional

~met hod: Copper sulf 8.0 g/l
Citric acid (d| hy H!“ \nl\ “\ 15.6 g/ | S o S

“aci d( monohydr at e) Boric acid REPLACED 31.0 g/l
Ni ckel sul fate (hexahydrate) 0.6 g/l - um hydr oxi de

19.0 g/1I 15 (pH 9.0 - Test Exanples
To exam ne phoker samcesoéqedkbcto A Sstac@iper plating - sol utions of

Exanpl es 1 through 10 and conparative electroless 20 copper plating

sol uti ons obt ai ned. Theorpectrovess eonres plagidg soluRion emcqndemgstmere
prepared using copper-plated | am nates (35 err] mcopper foil base)
built on ep§%9lme5

descri bed bel ow, and were evaluated for th

v nwheBein agaid mlafcaimhylenet YPReSBBRFEaRnsi S

10

deposition fil mthickness,

deposi ti on BPP¥SKEREBYIang adduchad an Eékyétﬂb&?&ll’(‘lﬁfcwlﬁ be|rgpreserteHat ed

boards pgepare

test piete

10

15

20

given be

R,«.#@-o.—fcmcmohr-n

wherein R, represents an alkyl group and n2 is an integer between

Be formu

2 and 110.

6. The electroless copper plating solution according to

claim 2, wherein said polyoxyethylene type surfactant is a

polyoxyethylene adduct of a fatty acid amide which can be

represented by the formula (III) given below:

_ACH:CH.Oy=rH
~N

Re—C—
I

0 \CHzCHzoh—,—H

- wherein Ry represents an alkyl group and m3 and n3 are numbers

whose sum-is equal to 1 to 60.
7. The electroless copper'plating solution according to
any one of claims 1 through 6, wherein the source of a lithium

ion is either lithium hydroxide or lithium carbonate.

8. The electroless copper plating solution according to

any one of claims 1 through 7, wherein the solution’s hYdrogen
exponent (pH) is between 8 and 10.

9. A method for electroless plating comprising dipping an

25

g after 1la (fiectrole $5,,60pper plati'ng by press-bonding each



prepreg s 17

Not et e “above &‘hleSHeEt(HaeB&n plating was provided by '

9.0 pH bath for O[err] “llm ili I
applied at a spe ’H nﬂi@ The tegmglé@ﬁt gb‘%aégtﬁ l | “llll
Table 1. 5 (Preparation conditions pf t et Sanp e

El ectrol ess copper plating was performed ri ght af t er the prepar ation

of a fresh el ectrol ess copper plating bath according to Exanple 1. 10
Sanple 2 object for Resadnon inhanektettoblsss copypr Platting Ballutacnor di ng
to Exanpl e 1, electrol ess copper plating was performed using the

pl ati ng bat¢ompxtHitad coppeuskons & capplexingt afgnione hypaphpsphorowdhi | e
anal yzi ng and repl eni shing the sgent portions of copper
acid compound, a metallic catalyst for initiating a reductlve
reaction, and a lithium J.on, thereby depositing a uniform and
S acicular copper film on the object.

10. A method for electroless_plating comprising dippihg
an object for plating in an electroless_copper plating solution
comprising a'copper ion, a'compleking agent, a hypophosphorous
acid compound, a metallic catalyst for initiating a reductive

10 reaction, a polyoxyethylene type surfactant, and a lithium ion,
thereby depositing a uniform and acicular copper film on the
object.

11. A plated product of which the surface is coated with
a uniform and acicular copper film that is obtained by dipping

15 the product in an electroless copper plating solution comprising
‘a copper ion, a cofnplexing agent, a hypophosphorous-acid compoimd,
a metallic catalyst for initiating a reductive reaction, and a
" lithium ion. |

12. A plated product of which the surface is coated with
20 a uniform and acicular copper film that is obtained by dipping
the product in an electroless cdpper plating solution comprising
a copper ion, a complexing agent, a hypophosphorous acid compound,

a metallic.catalyst for initiating a reduétive reaction, a

polyvoxyethylene type surfactant, and a lithium ion.
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15 sul fat'e, hypophosphorous acid, nickel sulfate, and pH (i.e.

| it frirdrrhydr oxi de).  Theanount of phosphor ousaci dconpound(i . e. reaction
byproduct) accumul ated in the el ectrol ess copper pl ati ng bath as

anal yzed at this stage was 0.12 nol /1. - Sanple 3 20 Based on
the el ectrol ess copper plating bath according to Exanpl e 1,

el ectrol ess copper plating was perforned using the pl ati ng bath which
had been used for approximately four turns(*) " while-analyzing and
repl eni shing the spent porti DISCRQEUREe, hypophosphorous
acid, nickel sulfate, and pH (i.e. 2 | i thi um hydroxide). The anount of
phosphorous acid conpound (i.e. reacti on byproduct) accunulated in

t he el ectrol ess copper pl ati ng bath as anal yzed at this stage was :
0.46 nol /1. An electroless copper plating solutign which is based orsanpl e

4 El ectrol ess copper plating was perfornmed.right after the
pr epar at i on2BfeleGHrodiess| EePPeT S taBgpePLPHT FETBELALIRE D ICIPRET 1on,

5 a complexing agent, a hypophosphorous acid compound as a reducing

ABERTRACTC QYD &l

agent, and ametallic catalyst for initiating a reductive reaction,

as characterized by further comprising a lithium ion or both a
lithium ion and a polyoxyethylene type surfactant, and a method

for electroless coppér plating using the same, as well as a plated

10 product made by such a process. The electroless copper plating
_ solution in the present invention enables a uniform and acicular
copper film to be deposiﬁed on the surface of a plating object,
and therefore can be used for improving the strength of adhesion
between various metals and resins, including bonding of a copper

15 foil to a resin as applied in a conductive éircuif such as a

multi-layer printed circuit board or in a copper-plated laminate.
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to Examl g* 2. 5:Sanple 5 "El ectrol ess copper plafing was

per forimed right after the preparation‘of a fresh el ectrol ess copper
pl ati ng bath accordi ng to Exanple 3. - Sanple 6 10

El ectrol ess copper plating was performed right after the preparation
of a fresh el ectrol ess copper plating bath according to Exanpl e 4.
Sample 7 : " El ectrol ess copper plating was performed right after
the . 15 preparat|on of a fresh electroless copper platlng bat h accordi ng
to Exanple 5. Sa; % AN ‘qzi L4 A br pl ati ng was

_ bct rol ess copper
pl ati ng bath accordino '
El ectrol ess copper -pl
of a fresh- electroles
Sampl e 10

t he

preparation
to Exanple 7. 25
g ormed right after




prepapathbn-of a fresh el ectrol ess copper plating bath according -

19 to Exanple 8. Sampl e 11 El ectrol ess

- copper plating was perforned right after the preparation of a fresh .
el ectrol ess copper plating bath according 5 to Exanple 9. Sampl e 12
El ectrol ess copper plating was performed right after the preparation
of a fresh electrol ess copper plating bath accordi-ng to Exanple 10.
10 Sanple 13 El ectrol ess copper plating was performed right
after the pr epar aty i~ Fov o b §| gom = cap . pl ating bath

accordi ng to Conpa

\]

“ i S
% .
f&' - It “5 . ." A |




15 : ¢ ‘Based—Oﬂ—the~e+ee%#oless copper plating bath according to

Corparat i vey, . ctroless copper_plating was perforned UQng',
the plating ﬁﬁw zﬁ'ﬁﬂi"eﬂeemﬂﬁﬁemﬁmsﬁa\pproxi mately one . turn(*) while

analy2|ng an t he gporti ophs of copper sulfate,
hypophosphor auﬁgggg;gu“u pH (i.e. 20 1ithiunmhydroxide).
TheannuntofphosphorousaC|dconpound (i. . ‘reaction byproduct) .

accunul at ed S p S d at thls
atage vas. oo g oREr ?ﬁﬁer tra@éﬁfﬂ% R 4 RERGNEEY Ol e

copper bl at 07 8! InAReartingd By ZEanEORRAl B ERTE) S W%_ecﬁhﬁgfé{rm ess

copper plating was perforne using t been

used for apprlesidmieinbxiQdtes solaUﬁﬁaér)tm&@aﬁ@ls\{ﬁhnqsaﬂaeks%fm shi ng.
the spent portions of

copper sul fme1431y@@@immuﬁ:@u5bycz\slmnlmﬁtAsmidmex rang ahﬂk L e.
l'ithium hydroxide). The anobunt of phosphorous acid conpound (i.e.

reacti on bygriogierie cadcemakduedsi oft barledxeyliolasisisc goier under

‘trademarks such as PO MB- 26213 (manufactured by Nikko

Chemicals Co., Ltd.), which are available for actual

appiication. -

It is preferable to compound the above polyoxyethylene

"type surfactant_in an;electtcless copper plating solution in

the.ratio-of apptoximately 0.001 to 20 g/l, in particular.
" petween 0.01 and 10 g/1. o |

_ Additibnaily, otner surfactants than the above

mentioned-polyoxyethYlene type surfactants such as a
'naphthalene sulfonate-fcrmalin condensation product sold

under trademarks such as Demor N (manufactured by Kao
- Corporation), or a sodium alkyl naphthalene sulfonate sold
- under ttademarks.such as Perex NB-L (manufactured by Kao

Corporatlon) may also be used

While a copper f£ilm having an acicular crystal structure

- can be obtained in the electroless copper plating according

to the present invention:by using a lithium icn'alone and

without the help of a nonionic surfactant, it is preferable

to use a nonionic surfactant, partlcularly'a polyoxyethylene

typesurfactantcontalnlngacetylene,forreasonsofstablllty

as well as platlng bath llfe.

Except for the lJ.th:Lum ion and the polyoxyethylene type



15 [

platlng bat h as an zed t thig=

5 Sanple 16
ETectroIess c‘?)i’as de

prepar ation

of a.fresh eI er pIatlngREBhRS ECCOfd ng to Conparative '
Exanple 2. urn" Tefers to a condltlon wh "l m ﬂ s
in-a freshly prepared pl ati ng bath -have all  been spi “H ﬂ“l “ﬂlu I
Speci-fically, "one turn" is the point at whi ch an anount Copper

sul fate edqyjm t.4sed in the original bath was - repl eni shed, .
and "four turﬁiig %RIEEQ ﬁ%ans that the cunulative 15 ‘repl enishnent is

four times that usedahBnkbg) &b & Ay copper plé@?.ﬁb”sto'ihtlon for

obtaining a unlform and acrcular copper film which is based:
on an electroless copper platlng solutlon comprlslng a copper
ion, a complexrng agent, a-hypophosphorous acid compound as
a reducrng agent, and a metalllc catalyst for initiating a

. reductive reactlon, characterlzed by further comprlsrng a
lithium ion.

(Amended) an electroless copper platlng solution for
obtainlng a uniform and ac1cular copper film which is based
on an electroless copper plating solution comprising a copper
ion, a complexing agent, a hypophosphorous ac1d compound as
a reducing agent, and a metalllc catalyst for 1n1t1at1ng a
reductlve reaction, characterlzed by further comprlslng a |
polyoxyethylene type surfactant and a llthlum ion.

3. The electroless copper-platlng solutlon-according
to claim 2, wherein said polyoxyethylene type surfactant is
a polyokyethylene type.surfactant'containing'acetylene
residue, a polyokyethylene.adduct of an alkyl phenol, or a
polyoxyethylene adduct'of a fatty acid amide.

4, The electroless copper platrng solutlon accordlng
.to claim 2 whereln said polyoxyethylene type surfactant is
a polyoxyethylene type surfactant containing acetylene
"residue which can be represented by the formula (I) given.:

below

A4



21
Deposi tion Fi |'m
Deposi ti on Appear ance

. Table 1
HAS BEEN Strength Sanple

et o AN ) 14l

".THlS SHEET
21 - R Et

Qa—\-r

(kgf/cn) 1 .

1.20 _ Aci cular dep05|t|on
AC|cuIar deposi tion : 3 1. 02 partly n1xed mnth
1.30-1.45 o RJ ul ar dep05|t|on - 4
1. 25 Aci cul ar deposition 1. 48- 53 5 C1.17
Aci cul ar deposmm?mcmmw«gc c—c@—(ocazcnza:r-r—on Aci cul ar
depositio Aci cul ar
deposition 1.29-1.45 Bs R«1.19 - Aci cul ar
deposi tion 1.28-1. 46 9O 1.18 Aci cul ar

deposi tion Whereinl-R35§rild ﬁ represerillpalkyl grou%s 2% and R, PepEEL&NL
deposi tion Acl cul ar

deposition g hydro%eﬁgtlam% a lower a].])%/l group, and n5l5and nl ard’Giabé 2§
deposition - - Aci cul ar

deposi ti on whose sl is equal $025.5 to 30. partly m xed with

1.40-1.52 granul ar deposition 14
0.97 . M xBd 'Zmearu]]wt/roless copﬁeﬁ:lp]]atﬂl&g solution according
aci cul ar dep03|t|on3' 15 "No deposition

0.38-0. 45" to claim 2, wherein said polyoxyethylene type surfactant is -
a polyoxyethylene adduct of an alkyl phenol Whlch can be

represented by the formula (II) given below:

_m@‘-c)—('cﬂzcmoa—vﬁ

wherein R, represents aﬁ'aikyl group and n2 is an integer
‘between 2 and 110. - | | |

6. The electroless copper plating solution according
to claim 2, Wherein said.polyOXyethylene type surfactant is
a polyoxyethylene adduct of a fatty_ecid amide.which can be

represented by the formula'(IIi) given below:

/(CHzCHzO')‘“T'H
N

Re—C—
Il

0 \CHzCHzohs-H

wherein R, represents an aikyl’ group and m3 and n3 are numbers
‘whose sum is equal to 1 to 60.
7. The electroless copper plating solution according

to any one of claims 1 through 6, wherein the source of a lithium

heet Has Been Replaced

T



R T —c =TTl ar. deposition 1.10-1T7t—v-- = .

The above Se%cﬂtﬂsﬂbbxeméblayedl ndi cat-e that the sanples m "
olectrol s I ﬂlfﬁ W e, i‘!’!!” i ttﬂt.

that are of acicu ar d hay si on _ strength
al so obvious that the above perfornance Is well _

22 ' a t (San d 3) to
i ndi cate utlcfn 13 el%ﬁ%& h%gug{" ﬁg?f %aitll%ﬁtsh 'con raggg in the
conparative gl eﬁte_r Ql18%% r59RRS! cBbBL in
degree of . performance. exists at ﬁé [)kglgl nni nQSQ)?'g Pegci‘g?ﬁﬂﬁ

performancee aufyerde be beadagr adegr gl -/remetxednus:ﬁe( s8It £6n 14 and 15)
suggesting a di sadvantage in actual i ndust’ri al appl i cation.
| NDUSTRI AL }Amdg@%BIe&pa{ent (pH) is between 8 and 10.

9. A method for electroless plating comprlslng dipping
an obj ect for platinginan electroless copper plating solution '
comprising a copper ion, a.'_compl'exinty agent, a hypophosphorous
.acid.co.mpound, ‘a metallic catalyst for init:iatincj a. redoctive |
reaction, and a lithium ion, thereby depositing a uniform and
acicular copper film-'on the obj ect.

10. A method for electroles's plating comprising dipping
an object for plating in an electroless copper plating solution |
comprising a copper ion, a'comp.lexing agent, a hypo.phosphorous
acid compound, a metallic catalyst for initiating a reductive
reaction, a polyoxyethylene type surfactant', and a lithiumion,
thereby depositing_ a uniform and .acicular copper film on the
object. _ | | | | _ |

1i . A plated product of tnhich the surface is coated with
a uniform and acicular copper £ilm that is obtained by dippi_ng'
the product in .an eiectroless copper plating solution |
comprising a copper ion, a complexing agent, a hypophos'phofous |
acid compound, a metallic catalyst for initiating.a reductive |
reaction, and a lithiunt ion.

12 . Aplated product of which the surface is coated with -

a unlform and acicular copper fllm that is obtained by d:tpplng
the product in an electroless copper plating solution h

comprls.mg a copper ion, a complexing agent, a hypophosphorous

26



rThe*copper film obtai ned through the eIeCtreIess—Edpper 10'“bTartng'in'the

excert ent o IRHVINTIDNRIIN Soreg o0 |nT’%“h5“%“£" Bl O

coating is ntde® ug of* nétarllﬁ ' opp OXIde or

cuprous oxide which are tihe 9 of conv s, there is

hardly any occurrence off a (or.' haI0|ng ) in the
t hr ough- hol e Iatln pro rdi ngl . the e| ect.,rol ess
copper pl aFth “@n 3ﬁ‘thtalllctﬂ%t?rJeY§1%§°Fo’rn Gper
pl.ati ng of _the resent inventi.on can_be adyan ousl utlllzed in
nanufacturFﬁa tPon v%r@?&%?%ﬁ Z%ﬁ%e %Hgﬁt§u§§3ﬁ£3§€ 4,ﬁzﬂh§hﬁ&m nt ed
circuit 9 Boards for industrial use, multi-layer substrates for build- .
up systens, flexible substrates, |C packages, or input/output
termnals; as well as for such purposes as enhancing netal to - resin
bondi ng i n manuf acturing ot her |ndustr|al products such - as
el ectromagneti ¢ shields or nDIds S
23
2 R
- £
; g}: ) P 5 4 *
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WHAT | S CLAIVED TS 1. (Amended) An el ectrol ess copper plating
sol ut'i on forThlsSheet ﬁa unr for m and aci cul ar copper filmwhich is

based on i on conprising a copper
ion, 5 a.co BHEﬂh@A ¢y d conmpound as a reducing

agent, and a st for IREPLP&EDH a_Yeductive reaction,
characteri zed by further conprr um i on. 2. (Anmended)
An el ectrol ess copper plating solution for obtai ning a uniform and

aci cul ar o219 [(FanhEsbtiseddyeNikko CHemdzadlseCh I pligsk )Gophech @ i ng
sol ution conprising a copper ion, a conpl exi-ng agent, a
hypophosphargilakide dozoaptuall apphicadimm .ng agent, and a netallic
catalyst for initiating a reductive reaction, characteri zed by further
conprising a poII)tokg'@u:hgfbeable)H@ecompoursiltlﬂa(ﬁbaﬁﬁ midroamerthhrilgneitame 15

3. The el ectrol ess copper ting solution accordin claim2,

wher ei n saﬁtﬂ:mmmﬁyﬂ@f@cnwﬁmmwﬂamna §0 Utlﬁ’él inkpetiahiene type
surfactant containing acetyl ene resjdue pol yoxyet hyl ene_adduct of

an al kgl pheapprosimately &&ly‘ész;?& ﬁﬂen)en M&é?%?r styeap §cP4 and de.
10 g/l. '

Additionally, other surfactants than the above mentioned
polyoxyethylene type surfactants such -as a naphthalene |
sulfonate-formalin condensation product sold under trademarks

10 such as Demor N (manufactured by Kao Corporation), or a sodium
alkyl naphthalene sulfonate sold under trademarks such as Perex
NB-IL (manufactured by Kao Corporation) may also be used.

While a copper film having an acicular crystal stfucture

can be obtained in the electroless copper plating according to

15 the present invention by using a lithium ion alone and without
the help of a noniqnié surfactant, it is preferable to use a
nonionic surfactant, particularly a polyoxyethylene type
surfactant containing acetylene, for reasons of stability as well

 as plating bath life. |

20 Except for the lithium ion and the polyoxyethylene type
surfactant as described above, the eleétroless copper ﬁlating
solution in the present inventiﬁn can be prepared with known
materials for an_electroless éopper plating solution that uses
a hypophosphorous acid compound as a reducing agent. For example,

25 a copper ioﬁ for electroless copper plating'can,be obtained from
ordinary cdpper salts such as copper sulfate, cupric chloride,

- or copper nitrate; and for the complexing agent, any compound



—

20 4. The, eIectrolese,gnppee—ﬁ+arrﬁ”§6Tution according to

claim2, wherein said pol yoxyeth Ien factant is a

polyoxyethylene type surfacta !“ Eﬁgtylene resi due whi ch can
be represented by the fornulal [err]

24 wherein R err ahd R[err] represent al kyl groups, Rerr]
and R err] represent - a hydrogen atomor a |ower al kyl group, and mL and
nl are nunbers whose sumis equal to 3.5 to 30. 5. The

el ect r ol esgaamopE e MMED ass:ol uti on according to 5 claim2, wherein said
pol yoxyet hyl ene type surfactant is a pol yoxyet hyl ene adduct of an al kyl

phenol whi ch cani be{AmepidesPnheadelectbyléde doppad plaktihggsout e der [err]
obtaining a uniform and acicular copper film which is based on
an electroless copper plating solution comprising a copper ion,
5 a complexing agent, a hypophosphorous acid compound as a reducing
agent, and ametallic catalyst' for initiating a reductive reaction,
characterized by further comprising a lithium ion.
2. (Amended) An electroless copper plating solution for
obtaining a uniform and ecicular copper f£ilm which is based on.

10 an electroless copper plating solution comprising a copper ion,

a complexing agent, a hypophosphorous acid compound as a reducihg
agent, and ametallic catalyst for initiating a reductive reaction,
characterized by further comprising a polyoxyethylene type
surfactant and a lithium ion.

15 ' 3. The electroless cepper'plating solution according to
claim 2, wherein said polyoxyethylene type surfactant is a
polyoxyethylene type surfactant containing acetylene residue,
a polyoxyethylene adduct of'an alkyl phenol, or a

- polyoxyethylene edduct'of a fatty acid amide.

20 4. The elecﬁroless copper plating solution according to
claim 2, wherein said polyoxyethylene tyée surfactant is a
po;yoxyethyiene“type surfactant containing acetylene residue

which can be represented by the formula (I) given below:

Rx R:
HO-{-CH:CH:O)‘—r—C ~C=C- C-(OCH:CH:-)—*I'OH
R: R4

24
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viherein Rlerr] represents an atkyt—group and n2 is an integer between 2

and 110. 10 6. The electr i\l i'ng sol ution according to
cl-aim 2, wherein said pol yoxyet h@‘@ﬂ“ﬂmﬁﬂu‘,‘m\mt ant is a
pol yoxyet hyl éne adduct of a fattysadcd d iamtdeswhfch can be repr esent ed

by the formula (111) given below [err] wherein R err] :
represents an al kyl group and n8 and n3 are nunbers 15 whose sumis equal

to 1 to 60. 7. The el ectrol ess copper plating solution according

to  anykeeeDh K| andB R] 65 Lelgent®, a VBT &g, SQUREE Rf redrdddntm
ilon is either |ithium hydroxide or |ithiumcarbonate. 8. The

el ectr ol ess hgeppeenpstom vy 8AoeroalREL @rdiupy and ml and nl are numbers
# whose sum is equal to 3;5 to 30.
5. The electroless copper plating solution according to
5 claim 2, wherein said polyoxyethylene type surfactant ig a

polyoxyethylene adduct of an alkyl phenol which can be represented

by the formula (II) given below:

Rs"@“()"(C_HzCHzO')’RT H

»;rherein R, represents an alkyl group.and n2 is an integer between
2 and 110. |

10 ' 6. The electroless copper plating solution according to
claim 2, wherein said polyoxyethylene type surfactant is a
polyoxyethylene adduct of a fatty acid amide which can be

represented by the formula (III) given below:

/(C H:CH:0})=rH

Rs—ﬁ—-N
0 -\(‘CHzCHin’n—a'H

wherein R, represents an alkyl group and m3 and n3 are numbers
15 whose sum is equal to 1 to 60.
7. The electroless copper plating solution according to
any one of claims 1 through 6, wherein the source of a lithium
ion is either lithium hydroxide or lithium carbonate.

8. The electroless copper plating solution according to

25



any 'one of clainms 1 through 7, wherein the solution's hydrogen

exponent (pH) is between 8 and 10— 9. A nethod for el ectrol ess
pl ating conprising dipping an obij plating in an el ectrol ess
copper platihg solution 5c¢ m“ ﬂmﬁ‘ﬂr ion, a conplexing agent, a
hypophosphor ous acid conpé ) «C catalyst for initiating a
reductive reaction, and a lithiumion, thereby depositing a uniform
and aci cul ar copper. filmon the object. 10. A method for
el ectrol eanypbati of) cloins 4i bhrdughi hg whkreianthbj eslufidn’s dyidiggen an

el ectrol ess copper plating solution conpri'sing a copper ion, a
conpl exi ngxpgeent &phHypophostprerrods and 10aci d conpound, a netallic catal yst
for initiating a reductive reaction, a pol yoxyethyl ene type
surfactant, and % Rinéthod ifon electralessepyatibpsd siomprd sangrdirpingman

aci cul ar copper filmon the 15 object. 11. A plated product
of whi ch tkhdestr fatepiattomt i ap tHectrolesgnFPBPRT Rt BERE BA tdeper. fil m
that is obtained, by dipping |, the product in an el ectrol ess copper

pl ati ng sSPEPTOALBENPraPRTF 100, @ X41gh ag§NE o | RERAROSHEREL OU
hypophosphor.ous aci d conpound,. 20 a netallic cafalyst for injtigting a
et voofide trBRovafq B et iR redalysh, ot SAi&idPing W retudkive™

reaction, and a lithium ion, thereby depositing a uniform and
acicular copper film on the object.
10. A method for electroless plating comprising dipping
10 an object for plating in an electrolesé copper plating solution
comprising a copper ion, a complexing agent, a hypophosphorous
acid compound, a metallic catalyst for initiating a reductive
reaction, a polyoxyethylene type surfactant, and a lithium ion,
thereby depositing a uniform and acicular copper film on the
15 object. |
11. A plated product of which the sufface is coated with
a uniform and acicular copper film that is obtained by dipping
.the product in an electroless copper plating solution comprising
, acopper ion, a éomplexing agent, a Hypophosphorous acid compound,
20 ;a metallic catalyst for initiating’a reductive reaction, and a
lithium ion.
12. A plated product of which the surface is coated with
a uniform and acicular copper film that is obtained by dipping
the product in an electroless copper plating solution comprising
26 acopper ion, a complexing agent, éhypopho-sphorous acid compound,
a metallic catalyst for initiating a reductive reaction, a

polyoxyethylene type surfactant, and a lithium ion.

26
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oated with a unif and
iing t he product inqgﬁg

12. A plated product of whic 8
aci cul ar copper filnlthat'isqg i ‘n/‘S

el ectrol ess copper plating doljuti on conpri sijn 25 a copper ion, a
conpl exi ng agent, a hypophogpHor duisi&i 28icofpound, a netallic catal yst
for initiating a reductive rlegction, a p¢l yoxyet hyl ene type
surfactant, and a l'ithiumiqgn. ' ' 26

MB-2621S (manufactured.by'Nikko Chemicals Co., Ltd.), which are
available for actual application.

It is preferable to compound the above polyoxyethylene type
surfactant in an electroless copper plating solution in the ratio

5 of approximately 0.001 to 20 g/1, in particular between 0.01 and
10 g/1.

Additionally, other surfactants than the above mentiocned
polyoxyethylene type surfactants such -as a naphthalene
sulfonate~formalin condensation product sold under trademarks

10 such as Demor N (manufactured by Kac Corporation), or a sodium
alkyl naphthalene sulfonate sold under trademarks such as Perex
NB-L (manufactured by Kao Corporation) may also be used.
While a copper film having an acicular crystal structure
can be obtained in the electroless copper plating according to
15 the present invention by using a lithium ion alone and without
the help of a nonionic surfactant, it is preferable to use a
nonionic surfactant, particularly a polyoxyethylene type
surfactant containing acetylene, for feasons of stability as well
as plating bath life. |
20 Except for the lithium ion and the polyoxyethylene type
surfactant as described above, the electroless copper plating
solution in the present invention c¢an be prepared with known
materials for an electroless copper plating solution that uses
a hypophosphorous acid compound as a reducing agent. For example,
. 256 a copper ion for electroless copper plating can be obtained from
ordinar& copper salts such as copper sulfate, cupric chloride,

or copper nitrate; and for the complexing agent, any compound



