SURFACE TREATI NG AGENT FOR COPPER OR COPPER
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FIELD OF THE INVENTION

The present invention relates to an agueous solution
type surface treating agent- which forms a chemical film on
the surface of copper or a copper alloy. The surface
treating agent of the present invention is particularly
effective for the treatment of copper circuit of a rigid
printed wiring board (hereinafter abbreviated as PWB) or a
flexible PWB having metallic parts other than copper or a
copper alloy, such as gold- or solder~plated parts.

BACKGROUND OF ‘THE INVENTION

Surface treatment methods of forming a film of an
imidazole compound having a long-chain alkyl group at the 2-
position on the surface of copper or a copper alloy are
described in JP-B-46-17046 (the term "JP-B" as used herein
means an "examined published Japanese patent application"),
JP-B-48-11454, JP-B-48-25621, JP-B-49-1983, JP-B-49-26183,
JP-B-58-22545, JP-B-61-41988, and JP-A-61-90492 (the term
"JP-A" as used herein means an "unexamined published Japanese
patent application"). Surface treatment methods of forming a
film of an imidazole compound having an aryl group at the 2-
position on the surface of copper or a copper alloy are
described in JP-A-4-202780 and JP-A-4-206681.

Other known methods for surface treating copper or a

copper alloy to form a film of a benzimidazole compound

|
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I m dazol e conpound having a | ong-chain alkyl group at the 2- position on
the surface of copper or a copper alloy are described in JP-B-46-17046 (the
term"JP-B" as used herein nmeans an "exam ned published Japanese patent
application"), JP-B-48-11454, JP-B-48-25621, JP-B-49-1983, JP-B-49-26183,
JP- B- 58- 22545, JP— B-61-41988, and JP-A-61-90492 (the term"JP-A" as used
herei n neans an "unexanm ned published Japanese patent application")

Surface t L thods of f fil d
an aryl o1 odgedRdeng DOTRR: pEORSGS: Reme Y DERBERIHRRELo0 P o0 ShBRICEoR | oy

are described_Hg_ég3§é§0é9%§8gnang #Bthod- %96§§1ngCEhQL known net hods for

surface tredf)
alkylbenzimidazole compound, a 2-arylbenzimidazole compound,

a 2-aralkylbenzimidazole compound or a 2-
mercaptoalkylbenzimidazole <compound as disclosed in JP-A-3-
124395, JP-A-3-236478, JP-A-4-72072, JP-A-4-80375, JP-A-4-~
99285, JP-A-4-157174, JP-A-4-165083, JP-A-4-173983, JP-A-4-
183874, JP-A-4-202780, JP-A-4-206681, JP-A~4-218679, JP-A-5-
25407, JP-A-5-93280, J-A-5-93281, JP-A-5-156475, JP-A-5-
163585, JpP-A-5-175643, JP-A-5-186880, JP-A-5-186888, JP-A-
202492, JP—A;5-230674, JP-A-5-237688, JP-A-5-263275, JP-A-5-
287562, JpP-A-5-291729, JP-A-5-287563, JP-A-5-291729, JP-A-6-
2158, JP-A-6-2176, JP-A-6-173021, JP-A-6-173022, and JP-A-6-
173023.

Further, anticorrosion treatment for copper or a
copper alloy with 2-mercaptobenzimidazole is described in JP-
A-55-83157, JP-A-62-77600, and JP-A-63-118598.

Surface treatment of copper or a copper alloy with a
treating agent containing a chelating agent is disclosed in
JP-B-56-18077, JP-A-6-81161, and JP-A-7-166381.

In recent years, in order to achieve high-density
surface mounting on PWB, the number of terminals of circuit
components have been increasing, and the pitch of the
terminals has been made finer. With this tendency, use of
TAB (tape automated bonding), COB (chip on board), and flip

chip bonding has been extending.
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copper alloy to forma filmof a benzim dazol e conpound -2- include a
met hod of using 5-nethyl benzi m dazol e as disclosed in JP-A-58-501281 and
met hod of using a 2- al kyl benzi m dazol e conpound, a 2-aryl benzi m dazol e
conpound, a 2-aral kyl benzi m dazol e conpound or a 2-

mer capt oal kyl benzi m dazol e conpound as di scl osed in JP-A-3- 124395,
JP- A- 3-236478, JP-A-4-72072, JP-A-4-80375, JP-A-4- 99285, JP-A-4-157174,

JP- A-4-165083, JP_A‘4r1;%g§gceJﬁountlng of such components, PWB having a

copper wiring pattern partli plated with gold, silver,
aluminum, tin or solder is-employed, and the surface
treatment of the copper circuit of this type of PWB has been
growing in importance. That is, it has been demanded to
develop a water-soluble surface treating agent which has such
selectivity as to form a chemical film only on the surface of
copper or a copper alloy but no film on the surface of
different metals, such as gold and solder, and which exhibits
satisfactory film-forming properties and requires a reduced
treating timé, i.e., excellent workability.

The conventional surface treatment methods using a 2-
{long-chain alkyl)imidazole compound (JP-B-46-17046, etc.}, a
2-arylimidazole compound (JP-A-4-202780, etc.), and various
benzimidazole compounds (JP-A-3-124395, etc.) each have a
disadvantage that the surface of the different metal (e.qg.,
gold or solder) undergoes change in color or a chemical film
is formed on not only copper or a copper alloy but the
different metal.

Therefore, when a PWB plated, in parts, with gold,
silver, aluminum, tin, solder, etc. is surface treated by
these conventional methods, the surface of the different
metal (e.g., gold or solder) must be previously protected
with a masking tape to prevent color change thereof or
chemical film formation thereon, or a chemical film formed on

the different metal must be removed afterward with an
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183874, JP-A-4-202780, JP-A-4-206681, JP-A-4-218679, JP-A-5- 25407,

JP- A-5-93280, J-A-5-93281, JP-A-5-156475, JP-A-5- 163585, JP-A-5-175643,
JP- A-5-186880, JP-A-5-186888, JP-A- 202492, JP-A-5-230674, JP-A-5-237688,
JP- A-5-263275, JP-A-5- 287562, JP-A-5-291729, JP-A-5-287563, JP-A-5-291729,
JP- A-6- 2158, JP-A-6-2176, JP-A-6-173021, JP-A-6-173022, and JP-A-6-
173023. Further, anticorrosion treatnent for copper or a cogpgr gggg% mﬁtg
2- mer capt obenz azole is crlbed |n JP- A-55-83157, JP-A- an
IP-A 63 118895 q%ﬂﬂfﬁ%& tré COSFENIES TeHFe ™oy 4%

treating ag%%%tgontalnlng a chelatlng agent I's disclosed in

According to JP-B-56-18077 and JP-A-6-81161, a
surface treating agent containing an imidazole compound or a
benzimidazole compound and-a complexon, such as
ethylenediaminetetraacetic acid or
diethylenetriaminepentaacetic acid, has selectivity in film
formation, i.e., forming a chemical film only on the surface
of copper but not on the surface of different metals, such as
a gold-plated surface. In these techniques, a complexon
which captures copper ions in the surface treating solution
to achieve stabilization is used in order to suppress film
formation on the gold-plated surface.

However, a copper ion in the surface treating
solution is a very effective means for improving chemical
film-forming properties on the surface of copper. Therefore,
the surface treating solution used in the above methods is
extremely inferior in chemical film-forming properties on the
surface of copper due to lack of copper ions, requiring 2 to
3 minutes for accomplishment of surface treatment, which is
far longer than 10 to 30 seconds as in the case of using a
surface treating solution containing copper ions. In other
words, the methods achieve selectivity in chemical film
formation at the cost of productivity. il
JP-A-7-166381 discloses a method of using a treating

agent containing an imidazole compound or a benzimidazole
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JP- B-56- 18077, JP-A-6-81161, and JP-A-7-166381. In recent years, in order
to achi eve high-density-'surface nounting on PWB, the nunber of term nals of
circuit conponents have been increasing, and the pitch of the term nals has
been made finer. Wth this tendency, use of TAB (tape autonmated bonding),
COB (chip on board), and flip chip bondi ng has been extendi ng. -3- For
surface nounting of such conponents, PWB having a

compound and a complex between a metal having a higher
ionization tendency than cobper and a pB-diketone. This
method still fails to inhibit chemical film formation on
different metal-plated parts on PWB. Thus, it has been
demanded to develop a highiy selective and productive surface
treating method for forming a chemical film only on the
surface of copper, which is useful for high-density surface
mounting.

In order to mount the latest QFP of small pitch, a
demand for a board having copper circuit and solder-plated
part (hereinAfter, a solder-copper mixed board), in which
solder has previously been supplied on the copper where QFP
is to be mounted, has been increasing. Mounting of QFP has
conventionally been carried out by printing solder paste on
the copper where QFP is to be mounted, and QFP is then bonded
thereto by reflow soldering. Since it is very difficult to
print solder paste for the latest QFP of small pitch, a
solder-copper mixed board previously having supplied thereon
solder on copper by supersoldering (partly solder plating) or
solder plating is employed.

However, when such a solder-copper mixed board is
treated with a known surface treating solution containing an
imidazole compound or a benzimidazole compound and copper
ions, color change of the solder and denaturation of the
surface treating solution occur, making long-term continuous

treatment impossible.
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copper wiring pattern partly plated with gold, silver, alumnum tin or

sol der is enployed, "and the surface treatnment of the copper circuit of this
type of PWB has been growing in inportance. That is, it has been demanded
to devel op a water-sol uble surface treating agent which has such
selectivity as to forma chemcal filmonly on the surface of copper or a
copper alloy but no-filmon the surface of different netals, such as gold

and sol der, and which exhibits satlsfactor filmform ng properties and
requires a reduced FwéaFPH@rtFﬁéngﬁ ef SQQéQFIQﬁttRGr§ LEAer-FoPPRE mixed
conventional_ surface treatnent nmethods-using a %g %Io%% cha

sxlver
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luster to a dirty brown or black color on immersion in the
surface treating solution, and the denaturation of the
surface treating solution as referred to above means a
gradual change in composition as treatment of the solder-
copper mixed board proceeds, sometimes resulting in
precipitation.

SUMMARY OF THE INVENTION

An object of the invention is to provide a highly
selective and productive surface treating method for forming
a chemical film only on the surface of copper or a copper
alloy, which is advantageous for high-density surface
mounting on PWB.

As a result of extensive researches and tests, the
inventors of the invention have found that the above object
of the invention is accomplished by using, as a copper or
copper alloy surface treating agent, an aqueous solution
essentially containing an imidazole compound or a
benzimidazole compound, a complexon and a water-soluble iron
compound. The invention has been completed based on this
finding.

The invention provides a surface treating agent for
copper or a copper alloy, comprising an agqueous solution
containing an imidazole compound or a benzimidazole compound,

a complexon, and iron ions.
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2-arylimdazol e conpound (JP-A-4-202780, etc.), and various benzi m dazol e
compounds (JP- A-3-124395, etc.) each have a disadvantage that the surface
of the different nmetal (e.g., gold or solder) undergoes change in color or
a chemical filmis forned on not only copper or a copper alloy but the
different netal. Therefore, when a PWB plated, in parts, with gold, silver,
alum num tin, solder, etc. is surface treated by these conventiona

nmet hods, the surface of the dlfferent netal oold or solder) nust be
previously protected wit hBBLEE GRLRILLO N6Schange thereof or

'n he c' In1forned on
chem cal f|In1fornB£i8p ihgﬁggs the refatfgns 1p between the treating

time and the film-forming properties on copper of the surface -
treating agent of Example 1.

Fig. 2 shows the reiationship between the treating
time and the film-forming properties on gold of the surface
treating agent of Example 1.

Fig. 3 shows the relationship between the treating
time and the film-forming properties on copper of the surface
treating agent of Example 2.

Fig. 4 shows the relationship between the treating
time and the film-forming properties on gold of the surface
treating agent of Example 2.

DETAILED DESCRIPTION OF THE INVENTION

Typical examples of the imidazole compound and
benzimidazole compound which can be suitably used in the
practice of the present invention include 2-alkylimidazole
compounds, e.g., 2-pentylimidazole, 2-undecyl-4-
methylimidazole, and 2,4-dimethylimidazole; 2-arylimidazole
compounds, e.g., 2-phenylimidazole, 2-toluylimidazole, 2-
phenyl-4-methylimidazole, 2-phenyl-4-benzylimidazole, 2-
phenyl-4-methyl-5-benzylimidazole, 2,4-diphenylimidazole, and
2,4,5-triphenylimidazole; 2-aralkylimidazole compounds, e.g.,
2-benzylimidazole, 2-benzyl-4-methylimidazole, 2-
phenylethylimidazole, 2-(2-phenylethyl)imidazole, and 2-(2-

phenylpentyl)imidazole; 2-alkylbenzimidazole compounds, e.qg.,
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the different metal nust be renoved afterward with an -4- al cohol, etc.
Such count erneasures require nmuch | abor and cost. According to

JP-B-56- 18077 and JP-A-6-81161, a surface treating agent containing an

i m dazol e conpound or a benzi m dazol e conpound and a conpl exon, such as

et hyl enedi am netetraacetic acid or diethylenetriam nepentaacetic acid, has
selectivity in film

2-propylbenzimidazole, 2-pentylbenzimidazole, 2-
octylbenzimidazole, 2—nony15enzimidazole, 2-hexyl-5-
methylbenzimidazole, 2-(Z-hethylpropyl)benzimidazole, 2-(1-
ethylpropyl )benzimidazole, and 2-(1-
ethylpentyl)benzimidazole; -2-(cycloalkyl)benzimidazole
compounds, e.g., 2-cyclohexylbenzimidazole, 2-(2-
cyclohexylethyl )benzimidazole, and 2-(5-
cyclohexylpentyl)benzimidazole; 2-arylbenzimidazole
compounds, e.g., 2-phenylbenzimidazole and 2-phenyl-5-
methylbenzimidazole; 2-aralkylbenzimidazole compounds, e.gqg.,
2—benzylbenzimidazole, 2-(2-phenylethyl )benzimidazole, 2-(5-
phenylpentyl )benzimidazole, 2-(3-phenylpropyl)-5-
methylbenzimidazole, 2-(4-chlorobenzyl)benzimidazole, 2-(3,4-
dichlorobenzyl)benzimidazole, and 2-(2,4-
.dichlorobenzyl)benzimidazole; 2-

(mexcaptomethyl )benzimidazole, 2-(2-aminocethyl)benzimidazole,
2,2'-ethylenedibenzimidazole, 2-(1-

naphthylmethyl )benzimidazole, 2-(2-pyridyl)benzimidazole, 2-
(2-phenylvinyl )benzimidazole, 2-(phenoxymethyl)benzimidazole,
and 2-(phenoxymethyl)-5-methylbenzimidazole.

Typical examples of the complexons to be used in the
practice of the present invention include iminodiacetic acid
(IDA), nitrilotriacetic acid (NTA),
ethylenediaminetetraacetic acid (EDTA), )
diethylenetriaminepentaacetic acid (DTPA),

triethylenetetraminehexaacetic acid (TTHA), 1,2~
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formation, i.e., formng a chemcal filmonly on the surface of copper but
not on the surface of different netals, such as a gold-plated surface. In
t hese techni ques, a conpl exon which captures copper. ions in the surface
treating solution to achieve stabilization is used in order to suppress
filmformation on the gol d-plated surface. However, a copper ion in the
surface treating solution is a very effective means for inproving chem cal

filmf ' t th f f Ther ef t he, surface
Lreati ng SoRBRMOREEE AR RECabE0ROREE RoRGLHe (EXPTANe! IV RPL: PERSFn

chen cal’ 1 LLhoRIL0g.ROOREELI §3:Qn LRELRY! fROR-BlapgRPEr due to lack of
hydroxybenzyl Jethylenediaminediacetic acid (HBED),
ethylenediaminedipropionic acid (EDDP),
ethylenediaminediacetic acid (EDDA),
diaminopropanéltetraacetic acid (DPTA-OH),
hexamethylenediaminetetraacetic acid (HDTA),
hydroxyethyliminodiacetic acid {HIDA),
diaminopropanetetraacetic acid (methyl-EDTA),
nitrilotripropionic acid (NTP),
ethylenediaminetetrakismethylenephosphonic acid (EDTPO), and
nitrilotrismethylenephosphonic acid (NTPO), and salts of
these acids.

Typical examples of iron compounds which are suited
for supplying iron ions indispensable to the practice of the
present invention are iron (II) chloride, iron (III)
chloride, iron (II) bromide, iron (III) bromide, iron (II)
nitrate, iron (III) nitrate, iron (II) sulfate, iron (III)
sulfate, iron (II) perchlorate, iron (III) perchlorate, iron
(II) ammonium sulfate, iron (III) ammonium sulfate, iron
(III) ammonium citrate, iron (III) ammonium oxalate, iron
(III) citrate, iron (III) 2-ethylhexancate, iron (II)
fumarate, iron (II) lactate, and iron (II) oxalate.

In carrying out the present invention, the imidazole
compound or benzimidazole compound is used in an amount of

0.01 to 10% by weight, preferably 0.1 to 5% by weight, based
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3 mnutes for acconplishnment of surface treatnent, which is far |onger than
10 to 30 seconds as'in the case of using a surface treating solution
cont ai ni ng copper ions. In other words, the nmethods achieve selectivity in
chemcal filmformation at the cost of productivity. JP-A-7-166381

di scl oses a nethod of using a treating agent containing an im dazole
conpound or a benzi m dazol e -5- conpound and a conpl ex between a netal

havi ng a hi gher
on the agueous solution; the iron compound 0.0001 to 5% by

weight, preferably 0.001 to 1% by weight, based on the
agueous solution; and the Eomplexon 1 to 10 mol, preferably 1
to 5 mol, per molar concentration of iron ions.

It is preferable that the complexon, irrespective of
the kind, be added in a concentration higher than the
necessary minimum so as to form a stable chelate compound
with an iron ion.

In the practice of the present invention, an organic
or inorganic acid or a small amount of an organic solvent can
be used in combination in order to water-solubilize the
imidazole or benzimidazole compound. Useful organic acids
include formic acid, acetic acid, propionic acid, butyric
acid, heptanocic acid, caprylic acid, capric acid, lauric
acid, glycolic acid, lactic acid, acrylic acid, benzoic acid,
p-nitrobenzoic acid, p-toluenesulfonic acid, salicylic acid,
picric acid, oxalic acid, succinic acid, maleic acid, fumaric
acid, tartaric acid, and adipic acid. Useful inorganic acids
include hydrochloric acid, phosphoric acid, sulfuric acid,
and nitric acid. The acid is added in an amount of from 0.01
to 40% by weight, preferably 0.2 to 20% by weight, based on
the aqueous solution.

Useful organic solvents are those miscible with
water, such as lower alcohols, e.g., methanol, ethanol and
isopropyl alcohol, acetone, and N,N-dimethylformamide.

The surface treatment of copper or a copper alloy

- 10 - his Sheet Has Been Replaced

T




I oni zation tendency than copper and a [err]-di ketone. This method stil
fails to inhibit chemcal filmformation on different netal -plated parts on
PWB. Thus, it has been dermanded to develop a highly selective and
productive surface treating nethod for formng a chemical filmonly on the
surface of copper, which is useful for high-density surface nounting. In
order to nount the latest QFP of small pitch, a demand for a board having
copper circuit and solder-plated part (hereinafter, a sol der-copper n xed
board), in wiitdhtbel surfhge preatdngl pgeasnofuppei pyesenthényeppéenwisr e
QFP is to be nounted, has been increasi-ng. Munting of QFP has

suitably carried out by dipping, spraying or coating at a

liquid temperature of about 20° to 60°C for a contact time of

from 1 second to 10 minutes.

The surface treatiny solution according to the
present invention forms a chemical film selectively on the
surface of copper or a copper alloy but forms no film on the
surface of the different metals, such as a gold- or solder-
plated surface. Accordingly, when used for the surface
treatment of PWB having the parts of different metals, such
as gold-plated parts or solder-plated parts, on the copper
wiring pattern, only the copper circuit can be surface-
treated without masking the different metals. Further, since
the treating solution of the invention exhibits satisfactory
film-forming properties on the copper metal and excellent
stability during use, it brings about a marked improvement in
productivity in the production of PWB of this kind.

The present invention will now be illustrated in
greater detail with reference to Examples, but it should be
understood that the invention is not construed as being
limited thereto.

In Examples, the thickness of a chemical film formed
on a metallic surface, i.e., copper or gold, was measured as
follows. A PWB having a test pattern composed of copper

wiring and gold-plated parts (hereinafter referred to as test

pattern 1) was dipped in a surface treating solution to form
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conventionally been carried out by printing solder paste on the copper
where QFP is to be nmounted, and QFP is then bonded thereto by refl ow
soldering. Since it is very difficult to print solder paste for the |atest
QFP of small pitch, a sol der-copper m xed board previously having supplied
t hereon sol der on copper by supersoldering (partly solder plating) or

sol der plating is enployed. However, when such a solder-copper m xed board
is treated with a knqQwn surface treatln sol ytion ¢ |n|nq an _i_m dazol e

conmpound oraaQQ9$&Qﬁﬁd§i&FbOPOﬁSSUEQPQﬁ ofe)s] QFeléﬁ SISP GrRAGEeSt the

|g'ng?[ and Gengluldl |l QiR o en2 hages" pagt 095 Rhet | 581 a2p14ted B

was cut into a prescribed size, and the cut test piece was
immersed in a 0.5% hydrochloric acid aqueous solution to
dissolve the film. The concentration of the active
ingredient dissolved- in the hydrochloric acid aqueous
solution was measured with an ultraviolet spectrophotometer
and converted to the chemical film thickness.

Unless otherwise indicated, all the percents are by
weight.

EXAMPLE 1

To an aqueous solution Ttontaining 0.4% 2~
octylbenzimidazole, 5.0% acetic acid, and 0.063% EDTA
(2.15 mM) was added iron (III) chloride hexahydrate to give
an iron ion concentration of 10 ppm (0.18 mM), 30 ppm
(0.54 mM), 50 ppm (0.89 mM) or 70 ppm (1.26 mM) to prepare a
surface treating solution having a varied iron ion
concentration. A PWB having test pattern 1 was dipped in
the resulting surface treating solution at 40°C for 30
seconds or 60 seconds, and the thickness of the thus formed
film on the copper surface and the gold surface was measured.

The results were plotted to give a relationship of
film forming rate on the copper surface and the gold-plated
surface vs. iron ion concentration of the surface treating
solution as shown in Figs. 1 and 2. It is seen from the

Figures that chemical film formation on the gold-plated
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treat ment inpossible. -6- The col or change of solder of the

sol der-copper m xed ‘board as referred to above neans a change froma sil ver
luster to a dirty brown or black color on imrersion in the surface treating
solution, and the denaturation of the surface treating solution as referred
to above neans a gradual change in conposition as treatnent of the sol der-
copper m xed board proceeds, sonetines resulting in

surface is substantially inhibited by adding a trace amount
of iron ions to the surface_treating solution containing a
complexon and  that the chemical film formation on the copper -
surface is selectively achieved in a short time.

Further, a solder-copper mixed board was dipped in a
surface treating aqueous solution containing 0.4% 2-
octylbenzimidazole, 5.0% acetic acid, 0.024% of iron (III)
chloride hexahydrate (Fe ion = 50 ppm), and 0.063% EDTA at
40°C for 60 seconds. Color change of the solder,
denaturation of the surface treating solution, and film-
forming propérties on the copper surface as observed are
shown in Table 1 below. -

EXAMPLE 2

To an aqueous solution containing 0.4% 2-
octylbenzimidazole, 5.0% acetic acid, and iron (II) chloride
tetrahydrate of an amount giving an iron ion concentration of
30 ppm (0.54 mM) was added EDTA to a concentration of
0.54 mM, 1.07 mM, 1.61 mM or 2.15 mM to prepare a surface
treating solution having a varied EDTA concentration. A PWB
having test pattern 1 was dipped in the resulting solution at
40°C for 30 seconds or 60 seconds, and the thickness of the
film formed on the copper surface and the gold-plated surface
was measured. The relationship between the EDTA
concentration and the film forming rate orn copper or gold is
shown in Figs. 3 and 4, respectively.

It is seen from the results that the film forming
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precipitation. SUMVARY OF THE | NVENTI ON An object of the inventionis to
provide a highly selective and productive surface treating nethod for
formng a chemcal filmonly on the surface of copper or a copper all oy,

whi ch i s advantageous for high-density surface nmounting on PWB. As a result
of extensive researches and tests, the inventors of the invention have
found that the above object of the invention is acconplished by using, as a

copper or alloy surface freatin t, .an agueous lutlon
essont | al | yERERE LS RTSEY 2hO¥ o tal Pl Bty ofaLling to achisve

requisite film thickness sufficient for anticorrosion of

copper even on dipping at 40°C for 60 seconds, whereas the
film-forming properties on the copper surface is appreciably
improved at an EDTA concentration of 0.54 mM or higher.

The results of Examples 1 and 2 thus prove that a
combined use of iron ions and a complexon in a surface
treating solution containing an’ imidazole compound or a
benzimidazole compound brings about remarkable improvement in
the rate of film formation on copper while inhibiting film
formation on.gold.

Further, a solder-copper mixed board was dipped in a
surface treating agueous solution containing 0.4% 2-
octylbenzimidazole, 5.0% acetic acid, 0.0145% of iron (II)
chloride tetrahydrate (Fe ion = 30 ppm), and 0.032% EDTA
(1.07 mM) at 40°C for 60 seconds. Color change of the
solder, denaturation of the surface treating solution, and
film-forming properties on the copper surface as observed are
shown in Table 1 below.

EXAMPLE 3

An aqueous surface treating solution containing 0.50%
2-(4~-cyclohexylbutyl )benzimidazole, 4.5% formic acid, 0.058%
iron (II) chloride tetrahydrate (Fe ion = 120 ppm), and 0.20%
nitrilotriacetic acid was prepared. The sblution was kept at
40°C, and a PWB having test pattern 1 was dipped therein for

60 seconds. The chemical film formed on the surface of

- 14 -
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benzi m dazol e conpound, a conpl exon and a water-sol uble iron conpound. The
I nvention has been ‘tonpl eted based on this finding. The invention provides
a surface treating agent for copper or a copper alloy, conprising an
aqueous sol ution containing an i m dazol e conpound or a benzi m dazol e
conpound, a conplexon, and iron ions. -7- BRI EF DESCRI PTI ON OF THE
DRAW NGS

copper and that on the surface of gold were found to have a
thickness of 0.25 um and 0.005 um, respectively.

Further, a solder—éopper mixed board was dipped in
the surface treating solution at 40°C for 60 seconds. Color
change of the solder, denaturation of the surface treating
solution, and film-forming properties on the copper surface
as observed are shown in Table 1 below.

EXAMPLE 4

An aqueous surface treating solution containing 0.25%
2?(5—phenylpentyl)benzimidazole, 5.0% acetic acid, 0.043%
iron (III) sulfate (Fe ion = 60 ppm), and 0.20% diethylene-
triaminepentaacetic acid was prepared. The solution was kept
at 40°C, and a PWB having test pattern 1 was dipped therein
for 60 seconds. The chemical film formed on the surface of
copper and that on the surface of gold were found to have a
thickness of 0.31 uym and 0.003 um, respectively.

Further, a solder-copper mixed board was dipped in
the surface treating solution at 40°C for 60 seconds. Color
change of the solder, denaturation of the surface treating
solution, and film-forming properties on the copper surface
as observed are shown in Table 1 below.

EXAMPLE 5

An aqueous surface treating solution containing 0.25%
2-(l-propylbutyl)benzimidazole, 5.0% formic acid, 0.043% iron
(II1) chloride hexahydrate (Fe ion = 90 ppm), and 0.40%

triethylenetetraminehexaacetic acid was prepared. The
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Fig. 1 shows the relationship between the treating tine and the
filmform ng properties-‘on copper of the surface treating agent of Exanple
1. Fig. 2 shows the relationship between the treating tine and the
filmformng properties on gold of the surface treating agent of Exanple 1.
Fig. 3 shows the relationship between the treating tine and the
filmformng properties on copper of the surface treating agent of Exanple
2. Fig. 4 shows the relationship between the treating time and the

fil mform n§Pudden: was &erfoRd 40 °Cheaddr RaP¥E haxingy te§énpasterRadpl e 2.

was dipped therein for 60 seconds. The chemical film formed
on the surface of copper and that on the surface of gold were
found to have a thickness of 0.28 pm and 0.004 um,
respectively. -

Further, a solder-copper mixed board was dipped in
the surface treating solution at 40°C for 60 seconds. Color
change of the solder, denaturation of the surface treating
solution, and film~-forming properties on the copper surface
as observed are shown in Table 1 below.

EXAMPLE 6

An aqueous surface treating solution containing 0.30%
2-nonylbenzimidazole, 6.0% acetic acid, 0.005% iron (III)
chloride hexahydrate (Fe ion = 10 ppm), and 0.034% glycol
ether diaminetetraacetic acid was prepared. The solution was
kept at 40°C, and a PWB having test pattern 1 was dipped
therein for 60 seconds. The chemical film formed on the
surface of copper and that on the surface of gold were found
to have a thickness of 0.35 pum and 0.003 um, respectively.

Further, a solder-copper mixed board was dipped in
the surface treating solution at 40°C for 60 seconds. Color
change of the solder, denaturation of the surface treating
solution, and film-forming prdperties on the copper surface
as observed are shown in Table 1 below. il
EXAMPLE 7

An aqueous surface treating solution containing 0.25%

- 16 - This Sheet Has Been Replaced




DETAI LED DESCRI PTI ON OF THE | NVENTI ON Typi cal exanples of the im dazole
conpound and benzi ni dazol e conpound which can be suitably used in the
practice of the present invention include 2-al kylim dazol e conpounds, e.g.,
2-pentylimdazol e, 2-undecyl-4- nethylimdazole, and 2, 4-di met hyl i m dazol e;
2-arylim dazol e conpounds, e.g., 2-phenylimdazole, 2-toluylimdazole, 2-
phenyl-4 nethylinidazole 2- phenyl - 4- benzyl i m dazol e, 2-

ghin%’l tr| p ré? -f}%{]g'g bldjg'f‘gi % ]lzerﬂ4oﬁg he%ﬁ?{)?ﬁﬁg eeo 3“93% iron
2-benzylim )‘1‘}}% b.e Zé‘ ’%ﬁ{i{e&f% r’r(’lfolaz.on ' leoohen tar}yd dnscba%zol e,

2- (2- phenyl
1,2—dlamlnocyclohexanetetraacetlc acid was prepared. The

solution was kept at 40°C, and a PWB having test pattern 1
was dipped therein for 60 seconds. The chemical film formed
on the surface of copper and that on the surface of gold were
found to have a thickness of 0.24 um and 0.003 pm,
respectively.

Further, a solder-copper mixed board was dipped in
the surface treating solution at 40°C for 60 seconds. Color
change of thé solder, denaturation of the surface treating
solution, and film-forming properties on the copper surface
as observed are shown in Table 1 below.

EXAMPLE 8

An aqueous surface treating solution containing 1.0%
2,4-diphenyl-5-methylimidazole, 5.0% acetic acid, 0.039% iron
citrate (Fe ion = 150 ppm), and 0.24% EDTA was prepared. The
solution was kept at 40°C, and a PWB having test pattern 1
was dipped therein for 60 seconds. The chemical film formed
on the surface of copper and that on the surface of gold were
found to have a thickness of 0.23 um and 0.005 um,
respectively.

Further, a solder-copper mixed board was dipped in
the surface treating solution at 40°C for 650 seconds. Color
change of the solder, denaturation of the surface treating

solution, and film-forming properties on the copper surface

- 17 -
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phenyl pentyl )i m dazol e; 2-al kyl benzi m dazol e conpounds, e.g.,

2- propyl benzi m dazol e, -2- pentyl benzi ni dazol e, 2- octyl benzi ni dazol e,
2-nonyl benzi m dazol e, 2-hexyl-5- nethyl benzi m dazol e, '

2- (2-met hyl propyl ) benzi m dazol e, 2-(1- ethyl propyl)benzi m dazole, and 2-(1-
et hyl pentyl ) benzi m dazol e; 2-(cycl oal kyl ) benzi m dazol e conpounds, e.g.,
2-cycl ohexyl benzi m dazol e, 2-(2- cycl ohexyl et hyl)benzi m dazole, and 2-(5-

cycl ohexyl pent )4 08024 " 2320 Sim 214" ¥ BP0 "BEF52) ©
EXAMPLE 9

An aqueous surface-treating solution containing 1.0%
2-undecyl~-4-methylimidazole, 1.0% acetic acid, 0.029% iron
(I1I) chloride hexahydrate ~(Fe ion = 60 ppm}), and 0.16% EDTA
was prepared. The solution was kept at 40°C, and a PWB
having test pattern 1 was dipped therein for 60 seconds. The
chemical film formed on the surface of copper and that on the
surface of gold were found to have a thickness of 0.44 um and
0.006 um, respectively.

Furtﬁer, a solder-copper mixed board was dipped in
the surface treating solution at 40°C for 60 seconds. Color
change of the solder, denaturation of the surface treating
solution, and film-forming properties on the copper surface
as observed are shown in Table 1 below.

COMPARATIVE EXAMPLE 1

An aqueous surface treating solution containing 0.4%
2-octylbenzimidazole and 5.0% acetic acid was prepared. The
solution was kept at 40°C, and a PWB having test pattern 1
was dipped therein for 60 seconds. The chemical film formed
on the surface of copper and that on the surface of gold were
found to have a thickness of 0.12 uym and 0.006 um,
respectively. The thickness of the film formed on the copper
was insufficient for practical use due to lack of copper ions
in the treating solution.

Further, a solder-copper mixed board was dipped in

- 18 -
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conpounds, e.g., 2-phenyl benzi m dazol e and 2-phenyl -5- net hyl benzi m dazol e;
2-aral kyl benzi m dazol e conpounds, e.g., 2-benzyl benzi m dazol e,

2- (2- phenyl et hyl ) benzi m dazol e, 2-(5- phenyl pentyl)benzi m dazol e,

2- (3-phenyl propyl ) - 5- net hyl benzi m dazol e, 2-(4-chlorobenzyl)benzi m dazol e,
2-(3,4- dichl orobenzyl)benzi m dazol e, and 2-(2, 4- _

di chl or obenzyl ) benzi m dazol e; 2- (nercaptonethyl)benzinldazole

napht hyl ot RyP) BRRSPRCASs RS Sng. FO1THPHy AFnaN o nFbazBPesesondat  Color
(Z(DEG”Y'V'Bxh%pg éknkﬂ% bide%ﬁf QSQ?&¥§ERQ¥'$Pegﬁénkgg§gc 808t ing
phenoxynet y enzi azo_e.
solution, and film-forming properties on the copper surface -
as observed are shown in Table 1 below.
COMPARATIVE EXAMPLE 2

An aqueous surface treating solution containing 0.4%
2-octylbenzimidazole, 5.0% acetic acid, and 0.008% cupric
chloride dihydrate (Cu ion = 30 ppm) was prepared. A PWB
having test pattern 1 was surface treated with the resulting
treating solution in the same manner as in Comparative
Example 1. fhe chemical film formed on the surface of copper
and that on the surface of gold-were found to have a
thickness of 0.20 um and 0.12 um, respectively. The treating
solution exhibited improved film-forming properties on the
copper but, at the same time, a thick film was also formed on
the gold surface.

Further, a solder-copper mixed board was dipped in
the surface treating solution at 40°C for 60 seconds. Color
change of the solder, denaturation of the surface treating
solution, and film-forming properties on the copper surface
as observed are shown in Table 1 below.

COMPARATIVE EXAMPLE 3

An agueous surface treating solution containing 0.4%
2-octylbenzimidazole, 5.0% acetic acid, 0.008% cupric
chloride dihydrate (Cu ion = 30 ppm), and 0.155% EDTA

(5.30 mM) was prepared. A PWB having test pattern 1 was
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Typi cal exanples of the conplexons to be used in the. practice of the
present invention include imnodiacetic acid (IDA), nitrilotriacetic acid
(NTA), ethyl enedi am netetraacetic acid (EDTA),

di et hyl enetri am nepent aacetic acid (DTPA), trlethylenetetran1nehexaacetlc
acid (TTHA), 1, 2- -9- di am nocycl ohexanet etraacetic acid (CyDTA), glycol
et her diam netetraacetic acid (GEDTA), N, N-bis(2-

surface treated in the same manner as in Comparative Example
1. The chemical film formed on the surface of copper and
that on the surface of gol& were found to have a thickness
0.11 um and 0.03 um, respectively. The treating solution
exhibited poor film-forming- properties on the copper because
the copper ions were captured by the complexon.

Further, a solder-copper mixed board was dipped in
the surface treating solution at 40°C for 60 seconds. Color
change of the solder, denaturation of the surface treating
solution, and film-forming properties on the copper surface
as observed are shown in Table 1 below.

TABLE 1
Denaturation Film Forming

Example Color Change of Treating Properties
No. of Solder Solution on Cu Surface

Example 1 slightly no change 20.20 pm
whitened

Example 2 " " "
Example 3 " " "
Example 4 " " "
Example 5

Example 6 " " "
Example 7 " " "
Example 8 " " "
Example 9 " " "

Compara. " " 0.1 um
Example 1

- 20 -
s Sheet Has Been Replaced

BT




hydr oxybenzyl ) et hyl enedi am nedi acetic acid (HBED),

et hyl enedi am nedi propi onic acid (EDDP), ethyl enedi am nedi acetic acid
(EDDA), di am nopropanoltetraacetic acid (DPTA-CH), . -

hexanet hyl enedi am netetraacetic acid (HDTA), hydroxyethylim nodi acetic acid
(HI DA), diam nopropanetetraacetic acid (nethyl-EDTA), nitrilotripropionic
acid (NTP), ethyl enedi am netetraki snet hyl enephosphonic acid (EDTPO, and
nitrilotrisnethyl enephosphonic acid (NTPO), and salts of these acids.

Typi cal exangﬁ&ﬁﬁﬁif&ron conp&GHAEdnNi chPEPELRM:TEREHON 20.20 pm

Compara. " -
Example 3

While the invention has been described in detail and
with reference to specific examples thereof, it will be
apparent to one skilled in the art that various changes and
modifications can be made therein without departing from the

spirit and scope thereof.
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for supplying iron ions indispensable to the practice of the present
i nvention are iron (1l)-chloride, iron (lI1l) chloride, iron (l11) brom de,

iron (111) bronmide, iron (I1) nitrate, iron (111) n “ L““
sulfate, iron (I1l) sulfate, iron (l1l) perchlorate, ”“lﬂ“ﬂl“ll“lﬂ llel | or at e,
iron (11) ammoni um sul fate, iron (I111) amoni um sul fate itroM (F

anmonium citrate, iron (I11) anmmoni um oxalate, iron (I11) C|trate |ron

(rer) 2-ethg§hexanoate i ron (II) fumarate, iron (1l1) lactate, and iron
(11) oxal at &HAT, I8 CLAINEDodE 't he present invention, the inidazol e conpound

or benzi m dgzol e cogpoun sed in an ampunt of 0.01 to 1096 wei ght,
preferably 3 "1 to 5% BT %BFShgreﬁﬁéﬁg dgent for copper and a copper

alloy, comprising an aqueous solution containing an imidazole
compound or a benzimidazole compound, a complexon, and iron
ions. -

2. A surface treating agent according to claim 1,
wherein said imidazole compound is a compound selected from a
2-alkylimidazole compound, a 2-arylimidazole compound, and a
2-aralkylimidazole compound.

3. A surface treating agent according to claim 1,
wherein said benzimidazole compound is a compound selected
from a 2-alkylbenzimidazole compound, a 2-
(cycloalkylbenzimidazole) compound, a 2-arylbenzimidazole
compound, a 2-aralkylbenzimidazole compound.

4. A surface treating agent according to claim 1,
wherein said complexon is a compound selected from
nitrilotriacetic acid, ethylenediaminetetraacetic acid,
diethylenetriaminepentaacetic acid,
triethylenetetraminehexaacetic acid, 1,2-
diaminocyclohexanetetraacetic acid, glycol ether
diaminetetraacetic acid, ethylenediaminediacetic acid, and
salts of these acids.

5. A surface treating agent according to claim 1,
wherein said ion ions are those supplied from iron (II)
chloride, iron (III) chloride, iron (II) sulfate, iron (III)

sulfate or iron (III) citrate.
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on the aqueous solution; the iron conpound 0.0001 to 596by wei ght,

preferably 0.001 to 1%by wei ght, based on the aq | Q0 d the
conplexon 1 to 10 nol, preferably 1 to 5 nol, per Eﬂﬂim wH BHﬂ on of
iron ions. It is preferable that the conplexon Ul ki nd,

be added in a concentration higher than the necessary m nimum so as to form
a stable chelate conpound with an iron ion. In the practice of the present

' nvention, g? Organkcmethod for treating the surface of copper or a

copper alloy comprising coniacting the surface of copper or a
copper alloy with an aqueous solution containing an imidazole
compound or a benzimidazole compound, a complexon, and iron

ions.

Sheet Has Been Replaced
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or inorganic acid or a small anpunt of an organic solvent can be used in
conbination in order to water-solubilize the imdazole or benzim dazol e
compound. Useful organic acids include fornmic acid, acetic acid, propionic
acid, butyric acid, heptanoic acid, caprylic acid, capric acid, lauric
acid, glycolic acid, lactic acid, acrylic acid, benzoic acid,

p- ni trobenzoic acid, p-toluenesulfonic acid, salicylic acid, picric acid,
oxalic acid, succinic acid, maleic acid, fumaric acid, tartaric acid, and

adi pi ¢ acid. Usef ul |norganlégégﬁégzhﬁgkggg—R}éﬁ&@ﬁﬂ&ﬁ ¢ acid, phosphoric

acid, sulfuric aC|3A and. nitric The .ac i s added in an anount of

from0.01 to 40%b vﬁa‘f% ce ptrziﬁ%;r’éfﬁ f‘ﬁa% t Q@P%e]f/\ea} 2 R on

alloy, comprising an aqueous solution containing an imidazole
compound or a benzimidazole compound, a complexon, and iron
ions. The agent forms a chemical film selectively on the

surface of copper while forming no film on other metals.

This Sheet Has Been Replaced
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t he aqueous solution. Useful organic solvents are those mscible with

wat er, such as |ower alcohols, e.g., nethanol, ethanol and isopropyl

al cohol, acetone, and N, N-di nmet hyl f ormam de. The surface treatnent of
copper or a copper alloy with the surface treating agent of the present
invention is suitably carried out by dipping, spraying or coating at a
liquid tenperature of about 20[err] to 60[err]C for a contact tine of from

1 second to 10 m nutes.

Fig. 1 .
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The surface treating solution according to the present invention fornms a
chem cal filmselectively on the surface of copper or a copper alloy but
forms no filmon the surface of the different netals, such as a gold- or
sol der- plated surface. Accordingly, when used for the surface treatnent of
PWB having the parts of different netals, such as gold-plated parts or
sol der-pl ated parts, on the copper wiring pattern, only the copper circuit
can be surface- treated w thout nmasking the different netals. Furth
since the treating solution of the invention exhibits Emeﬁ
filmformng properties on the copper fnetal and excelle wuulng
use, it brings about a marked inprovenent in

Fig. 2 i
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productivity in the production of PWB of this kind. The present invention
with reference to Exanpl es, but

it should be understood that the invention is not construed as being

wll now be illustrated in greater detai

[imted thereto.
netallic surface,

(um)

Film thickness

I n Exanpl es,

. €.

the thickness of a chemical filmforned on a

copper or gold, was neasured as follows. A PVWB

having a test pattern conposed of copper wiring and gol d-pl ated parts
(hereinafter referred to as test pattern 1) was dipped in a surface

treating solution to form

Fig. 3
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a chemcal filmon the copper surface and the gol d-plated surface. Each of
the copper part and the gold-plated part was cut into a prescribed size,
and the cut test piece was imrersed in a 0.5% hydr.ochl oric acid aqueous
solution to dissolve the film The concentration of the active ingredient
di ssol ved-in the hydrochl oric acid aqueous sol ution was neasured with an

ul travi ol et spectrophotoneter and converted to the chem cal filmthickness.
Unl ess otherwi se indicated, all the percents are by wei ght. EXAMPLE 1

Fig. 4
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. o . prgrages OJO .
To an aqueous sol ution containing 0.4% 2- octyl bénzi r@@gz Fe, 5.0% acetic

acid, and 0.063% EDTA (2.15 mM was added iron (
to give an iron ion concentration of 10 ppm (0.1
ppm (0.89 MM or 70 ppm (1.26 m\V) to prepare a s

1) reBtdioh ge pageahy diah
3 p3@0 oPRN 8D (M, Aﬁ?ﬁﬁ
‘AGRAZT @ c--@ﬂ%@@! UL d, O~

g {974

LdIFOHY 40 Alva

T 1
having a varied iron ion concentrationl- A PWB 1a@ﬁ@gg%§%£m ALBES !
dipped in the resulting surface treating solutioh 940 e ,L_ fq[,g P
seconds or 60 seconds, and the thickness of the thus~ R AR S AL
copper surface an o] C S T, S plotted
to give a relati o%gh?gcgf &Ig;ﬂﬁ?n&&grgnc;%g‘frgﬁg gélﬁgﬁ% @%p%é?ﬂgﬁr%éﬁand t he
gol d- pl at ed -

FIELD OF THE INVENTION

The present invention relates to an agueous solution
type surface treating agent which forms a chemical film on
the surface of copper or a copper alloy. The surface
treating agent of the present invention is particularly
effective for the treatment of copper circuit of a rigid
printed wiring board (hereinafter abbreviated as PWB) or a
flexible PWB having metallic parts other than copper or a
copper alloy; such as gold- or solder-plated parts.

BACKGROUND OF -THE INVENTION

Surface treatment methods of forming a film of an
imidazole compound having a long-chain alkyl group at the 2-
position on the surface of copper or a copper alloy are
described in JP-B-46-17046 (the term "JP-B" as used herein
means an "examined published Japanese patent application"),
JP-B-48-~11454, JP-B-48-25621, JP-B-49-1983, JP-B-49-26183,
JP-B-58-22545, JP-B-61-41988, and JP-A-61-90492 (the term
"JP-A" as used herein means an "unexamined published Japanese
patent application”). Surface treatment methods of forming a
film of an imidazole compound having an aryl group at the 2~
position on the surface of copper or a copper alloy are
described in JP-A-4-202780 and JP-A-4-206681.

Other known methods for surface treating copper or a

copper alloy to form a film of a benzimidazole compound
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surface vs. iron ion concentration of the surface treating solution as
shown in Figs. 1 and 2. It is seen fromthe Figures that chemcal film
formati on on the gotd-plated -13- surface is substantially inhibited by
adding a trace anmount of iron ions to the surface treating solution

contai ning a conplexon and that the chgmcal filmformation on the copper
surface is selectively achieved in a rt time. Further, a sol der-copper
m xed board was dipped in a

include a method of using 5-methylbenzimidazole as disclosed
in JP-A-58-501281 and a method of using a 2-
alkylbenzimidazole compouna, a 2-arylbenzimidazole compound,
a 2-aralkylbenzimidazole compound or a 2-
mercaptoalkylbenzimidazole compound as disclosed in JP-A-3-
124395, JpP-A-3-236478, JP-A-4-72072, JP-A-4-80375, JP-A-4-
99285, JP-A-4-157174, JP-A-4-165083, JP-A-4-173983, JP-A-4-
183874, JP-A-4-202780, JP-A-4—206681, JP-A-4-218679, JP-A-5~
25407, JP-A-5-93280, J-A-5-93281, JP-A-5-156475, JP-A-5-
163585, JP-A-5-175643, JP-A-5-186880, JP-A-5-186888, JP-A-
202492, JP—A;5-230674, JP-A~-5-237688, JP-A-5-263275, JP-A-5-
287562, JP-A-5-291729, JP-A-5-287563, JP-A~5-291729, JP-A-6-
2158, JP-A~6-2176, JP-A-6-173021, JP-A-6-173022, and JP-A-6-
173023.

Further, anticorrosion treatment for copper or a
copper alloy with 2-mercaptobenzimidazole is described in JpP-
A-55-83157, JP-A-62-77600, and JP-A-63-118598.

Surface treatment of copper or a copper alloy with a
treating agent containing a chelating agent is disclosed in
JP-B-56-18077, JP-A-6-81161, and JP-A-7-166381.

In recent years, in order to achieve high-density
surface mountipg on PWB, the number of terminals of circuit
components have been increasing, and the pitch of the
terminals has been made finer. With this tendency, use of
TAB (tape automated bonding), COB (chip on board), and flip

chip bonding has been extending.
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surface treating aqueous solution containing 0.4% 2- octyl benzi m dazol e,
5.0% acetic acid, 0.024%of iron (I111) chloride hexahydrate (Fe ion = 50
ppn), and 0.063% EDTA at 40[err]C for 60 seconds. Col or change of the

sol der, denaturation of the surface treating solution, and film formng
properties on the copper surface as obkerved are shown in Table 1 bel ow.
EXAMPLE 2 To an aqueous solution containing 0.4% 2- octyl benzi m dazol e,
5.0% acetic acid, and iron (lI1) chloride tetrahydrate of an anmount giving

an iron ion concentg Al i QN A ShARPiHY ¥ e @orgiifh DTAWR Having a

concentration of
copper wiring pattern partly plated with gold, silver,

aluminum, tin or solder is‘employed, and the surface
treatment of the copper circuit of this type of PWB has been
growing in importance. That is, it has been demanded to
develop a water-soluble surface treating agent which has such
selectivity as to form a chemical film only on the surface of
copper or a copper alloy but no film on the surface of
different metals, such as gold and solder, and which exhibits
satisfactory film-forming properties and requires a reduced
treating timé, i.e., excellent workability.

The conventional surface treatment methods using a 2~
(long-chain alkyl)imidazole compound (JP-B-46-17046, etc.), a
2-arylimidazole compound (JP-A-4-202780, etc.), and various
benzimidazole compounds (JP-A-3-124395, etc.) each have a
disadvantage that the surface of the different metal (e.g.,
gold or solder) undergoes change in color or a chemical film
is formed on not only copper or a copper alloy but the
different metal.

Therefore, when a PWB plated, in parts, with gold,
silver, aluminum, tin, solder, etc. is surface treated by
these conventional methods, the surface of the different
metal (e.g., gold or solder) must be previously protected
with a masking tape to prevent color change thereocf or
chemical film formation thereon, or a chemical film formed on

the different metal must be removed afterward with an
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0.54 MM 1.07 MM 1.61 nMor 2.15 nMto prepare a surface treating sol ution
havi ng a varied EDTA concentration. A PWB having test pattern 1 was di pped
in the resulting solutiron at 40[err]C for 30 seconds or 60 seconds, and the
t hi ckness of the. filmfornmed on the copper surface and the gol d-pl at ed
surface was neasured. The rel ationshi g4-between the EDTA concentration and
the filmfornmng rate on copper or gold is shown in Figs. 3 and 4,
respectively. It is seen fromthe results that the filmform ng

alcohol, etc. Such countermeasures require much labor and
cost. )

According to JP-B-56-18077 and JP-A-6-81161, a
surface treating agent containing an imidazole compound or a
benzimidazole compound and a complexon, such as
ethylenediaminetetraacetic acid or
diethylenetriaminepentaacetic acid, has selectivity in film
formation, i.e., forming a chemical film only on the surface
of copper but not on the surface of different metals, such as
a gold-plated surface. In these techniques, a complexon
which capturés copper ions in the surface treating solution
to achieve stabilization is used in order to suppress film
formation on the gold-plated surface.

However, a copper ion in the surface treating
solution is a very effective means for improving chemical
film-forming properties on the surface of copper. Therefore,
the surface treating solution used in the above methods is
extremely inferior in chemical film-forming properties on the
surface of copper due to lack of copper ions, requiring 2 to
3 minutes for accomplishment of surface treatment, which is
far longer than 10 to 30 seconds as in the case of using a
surface treating solution containing copper ions. In other
words, the methods achieve selectivity in chemical film
formation at the cost of productivity. '

JP-A-7-166381 discloses a method of using a treating

agent containing an imidazole compound or a benzimidazole
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-14- rate is very low at .0 ppmof EDTA, failing to achieve a requisite film
t hi ckness sufficient for anticorrosion of copper even on dipping at
40[err] C for 60 seconds, whereas the filmformng properties on the copper
surface is appreciably inproved at an EDTA concentration of 0.54 nmM or

hi gher. The results of Exanples 1 and &.thus prove that a conbi ned use of
iron ions and a conplexon in a surface-treating solution containing an

i m dazol e conpound or a benzi m dazol e conpound brings about renarkabl e

| Tpr overent o 3 8 cbhpTelObTRG2 3" na2RC Yk 4 MighL N f11m
ionization tendency than cobper and a pB-diketone. This
method still fails to inhibit chemical film formation on
different metal-plated parts on PWB. Thus, it has been
demanded to develop a highly selective and productive surface
treating method for forming a chemical film only on the
surface of copper, which is useful for high-density surface
mounting.

In order to mount the latest QFP of small pitch, a
demand for a board having copper circuit and solder-plated
part (hereinafter, a solder-copper mixed board), in which
solder has previously been supplied on the copper where QFP
is to be mounted, has been increasing. Mounting of QFP has
conventionally been carried out by printing solder paste on
the copper where QFP is to be mounted, and QFP is then bonded
thereto by reflow soldering. Since it is very difficult to
print solder paste for the latest QFP of small pitch, a
solder-copper mixed board previously having supplied thereon
solder on copper by supersoldering (partly solder plating) orx
solder plating is employed.

However, when such a solder-copper mixed board is
treated with a known surface treating solution containing an
imidazole compound or a benzimidazole compound and copper
ions, color change of the solder and denaturation of the
surface treating solution occur, making long-term continuous

treatment impossible.
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Further, a sol der-copper m xed board was dipped in a surface treating
aqueous solution containing 0.4% 2- octyl benzi m dazole, 5.0% acetic acid,
0.0145% of iron (I1y chloride tetrahydrate (Fe ion = 30 ppn), and 0.032%
EDTA (1.07 mV) at 40[err]C for 60 seconds. Col or change of the sol der,
denaturation of the surface treating sglLution, and filmform ng properties
on the copper surface as observed are stiown in Table 1 bel ow. EXAMPLE 3 An
aqueous surface treating solution containing 0.50%

i o A Dot b AmbC BB ERL S Bsngoihy Geoehd oBrdRbip: hlhea
board as referred to above means a change from a silver
luster to a dirty brown or black color on immersion in the
surface treating solution, and the denaturation of the
surface treating solution as referred to above nmeans a
gradual change in composition as treatment of the solder-
copper mixed board proceeds, sometimes resulting in
precipitation.

SUMMARY OF THE INVENTION

An object of the invention is to provide a highly
selective ana productive surface treating method for forming
a chemical film only on the surface of copper or a copper
alloy, which is advantageous for high-density surface
mounting on PWB.

As a result of extensive researches and tests, the
inventors of the invention have found that the above object
of the invention is accomplished by using, as a copper or
copper alloy surface treating agent, an agueous solution
essentially containing an imidazole compound or a
benzimidazole compound, a complexon and a water-soluble iron
compound. The invention has been completed based on this
finding.

The invention provides a surface treating agent for
copper or a copper alloy, comprising an aqueous solution
containing an imidazole compound or a benzimidazole compound,

a complexon, and iron ions.
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nitrilotriacetic acid was prepared. The solution was kept at 40[err]C, and
a PWB having test pattern 1 was dipped therein for 60 seconds. The chem cal
filmformed on the-surface of copper and that on the surface of gold
were found to have a thickness of 0.25 [err]mand 0.005 [err]m
respectively. Further, a solder-copper.ym xed board was di pped in the
surface treating solution at 40[err] C+or 60 seconds. Color change of the
sol der, denaturation of the surface treating solution, and filmform ng

properties on the copper B AGtccRIPTION OF THE DRAWINGS

Fig. 1 shows the refationship between the treating
time and the film-forming broperties on copper of the surface
treating agent of Example 1.

Fig. 2 shows the relationship between the treating
time and the film-forming properties on gold of the surface
treating agent of Example 1.

Fig. 3 shows the relationship between the treating
time and the film-forming properties on copper of the surface
treating agent of Example 2.

Fig. 4 shows the relationship between the treating
time and the film-forming properties on gold of the surface
treating agent of Example 2.

DETAILED DESCRIPTION OF THE INVENTION

Typical examples of the imidazole compound and
benzimidazole compound which can be suitably used in the
practice of the present invention include 2-alkylimidazole
compounds, e.g., 2-pentylimidazole, 2-undecyl-4-
methylimidazole, and 2,4-dimethylimidazole; 2-arylimidazole
compounds, e.g., 2-phenylimidazole, 2-toluylimidazole, 2-
phenyl-4-methylimidazole, 2-phenyl-4-benzylimidazole, 2-
phenyl-4-methyl~5-benzylimidazole, 2,4-diphenylimidazole, and
2,4,5-triphenylimidazole; 2-aralkylimidazole compounds, e.g.,
2-benzylimidazole, 2-benzyl-4-methylimidazdle, 2-
phenylethylimidazole, 2-(2-phenylethyl)imidazole, and 2-(2-

phenylpentyl)imidazole; 2-alkylbenzimidazole compounds, e.g.,
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as observed are shown in Table 1 bel ow. EXAMPLE 4 An aqueous surface
treating solution containing 0.25% 2-(5-phenyl pentyl)benzi m dazole, 5.0%
acetic acid, 0.043% iron (lI1l1) sulfate (Fe ion = 60 ppnm), and 0.20%

di et hyl ene- triam nepentaacetic acid was prepared. -The solution was kept at
40[err]C, and a PWB having test patter-8-1 was di pped therein for 60
seconds. The chem cal filmfornmed on the surface of copper and that on the
surface of gold were found to have a thickness of 0.31 [err]mand 0.003

on Lo LooREpLbHFLhonEiaiiEtona, 71 fehraoans flgsobay e o poec I
octylbenzimidazole, 2-nonylbenzimidazole, 2-hexyl-5-
methylbenzimidazole, 2—(Z-Eethylpropyl)benzimidazole, 2-(1-
ethylpropyl )benzimidazole, and 2-(1-
ethylpentyl)benzimidazole; 2-(cycloalkyl)benzimidazole
compounds, e.g., 2-cyclohexylbenzimidazole, 2-(2-
cyclohexylethyl )benzimidazole, and 2-(5-
cyclohexylpentyl )benzimidazole; 2-arylbenzimidazole
compounds, e.g., 2-phenylbenzimidazole and 2-phenyl-5-
méthylbenzimidazole; 2-aralkylbenzimidazole compounds, e.g.,
2-benzylbenzimidazole, 2-(2-phenylethyl)benzimidazole, 2-(5-
phenylpentyl )benzimidazole, 2-(3-phenylpropyl)-5-
methylbenzimidazole, 2-(4-chlorobenzyl)benzimidazole, 2-(3,4-
dichlorobenzyl)benzimidazole, and 2-(2,4-
dichlorobenzyl)benzimidazole; 2-

(mercaptomethyl )benzimidazole, 2-(2-aminoethyl)benzimidazole,
2,2'-ethylenedibenzimidazole, 2-(1-

naphthylmethyl )benzimidazole, 2-(2-pyridyl)benzimidazole, 2-
{2-phenylvinyl)benzimidazole, 2-(phenoxymethyl)benzimidazole,
and 2-(phenoxymethyl)-5-methylbenzimidazole.

Typical examples of the complexons to be used in the.
practice of the present invention include iminodiacetic acid
(IDA), nitrilotriacetic acid (NTA),
ethylenediaminetetraacetic acid (EDTA), )

diethylenetriaminepentaacetic acid (DTPA),

triethylenetetraminehexaacetic acid (TTHA), 1,2-
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change of the solder, denaturation of the surface treating solution, and
filmformng properties on the copper surface as observed are shown in
Table 1 bel ow. EXAMPLE 5 An aqueous surface treating solution containing
0.25% 2- (| - propyl butyl ) benzi m dazole, 5.0%formc acid, 0.043%iron (I111)
chl ori de hexahydrate (Fe ion = 90 ppm-9-and 0.40%

triethyl enetetram nehexaacetic acid was prepared. The - 16-

diaminocyclohexanetetraacetic acid (CyDTA), glycol ether
diaminetetraacetic acid (GEDTA), N,N-bis(2-
hydroxybenzyl)ethylenediaminediacetic acid (HBED),
ethylenediaminedipropionic acid (EDDP),
ethylenediaminediacetic acid (EDDA),
diaminopropanoltetraacetic acid (DPTA~OH},
hexamethylenediaminetetraacetic acid (HDTA),
hydroxyethyliminodiacetic acid (HIDA),
diaminopropanetetraacetic acid (methyl-EDTA),
nitrilotripropionic acid (NTP),
ethylenediaminetetrakismethylenephosphonic acid (EDTPO), and
nitrilotrismethylenephosphonic acid (NTPO), and salts of
these acids.

Typical examples of iron compounds which are suited
for supplying iron ions indispensable to the practice of the
present invention are iron (II) chloride, iron (III)
chloride, iron (II) bromide, iron (III) bromide, iron (II)
nitrate, iron (III) nitrate, iron (II) sulfate, iron (III)
sulfate, iron (II) perchlorate, iron (III) perchlorate, iron
(II) ammonium sulfate, iron (III) ammonium sulfate, iron
(III) ammonium citrate, iron (III) ammonium oxalate, iron
(III) citrate, iron (III) 2-ethylhexanoate, iron (II)
fumarate, iron (II) lactate, and iron (II) oxalate.

In carrying out the present invention, the imidazole
compound or benzimidazole compound is used in an amount of

0.01 to 10% by weight, preferably 0.1 to 5% by weight, based
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solution was kept at 40[err]C, and a PWB having test pattern 1 was di pped
therein for 60 seconds. The chemcal filmfornmed on the surface of copper
and that on the surface of gold were found to have a thickness of 0.28
[errfmand 0.004 [err]m respectively. Further, a sol der-copper m xed board
was dipped in the surface treating solygion at 40[err]C for 60 seconds.
Col or change of the solder, denaturation of the surface treating solution,
and filmform ng properties on the copper surface as observed are shown in

Table 1 bel gy [RXAVPLE 6. A130U9003 SHLT 358, LeAHbIA4Y 4bbR" c£oBkaLy o

weight, preferably 0.001 to 1% by weight, based on the
aqueous solution; and the Eomplexon 1 to 10 mol, preferably 1
to 5 mol, per molar concentration of iron ions.

It is preferable that the complexon, ir;gspective of
the kind, be added in a concentration higher than the
necessary minimum so as to form a stable chelate compound
with an iron ion.

In the practice of the present invention, an organic
or inorganic acid or a small amount of an organic solvent can
be used in combination in order to water-solubilize the
imidazole or benzimidazole compound. Useful organic acids
include formic acid, acetic acid, propionic acid, butyric
acid, heptanoic acid, caprylic acid, capric acid, lauric
acid, glycolic acid, lactic acid, acrylic acid, benzoic acid,
p-nitrobenzoic acid, p-toluenesulfonic acid, salicylic acid,
picric acid, oxalic acid, succinic acid, maleic acid, fumaric
acid, tartaric acid, and adipic acid. Useful inorganic acids
include hydrochloric acid, phosphoric acid, sulfuric acid,
and nitric acid. The acid is added in an amount of from 0.01
to 40% by weight, preferably 0.2 to 20% by weight, based on -
the aqueous solution.

Useful organic solvents are those miscible with
water, such as lower alcohols, e.g., methanol, ethanol and.
isopropyl alcohol, acetone, and N,N-dimethylformamide.

The surface treatment of copper or a copper alloy
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2-nonyl benzi m dazol e, 6.0% acetic acid, 0.005%iron (Il11) chloride
hexahydrate (Fe ion = 10 ppn), and 0.034% gl ycol ether diam netetraacetic
acid was prepared. The solution was kept at 40[err]C, and a PWB having test
pattern 1 was di pped therein for 60 seconds. The chemical filmformed on

t he surface of copper and that on the .gyrface of gold were found to have a
t hi ckness of 0.35 [err]mand 0.003 [errfm respectively. Further, a

sol der - copper nmi xed board was dipped in the surface treating solution at

for. d lor. ch f.th | d d ' h
ur face tr ol PRoEE8 BLPEACSaRte T FTav 29 pr Ber EFeachh theShbpparts

surface as 9Q§€£¥f9 ééfrfggmguianHQiﬁéﬂng?lQ&aning or coating at a
liquid temperature of about 20° to 60°C for a contact time of
from 1 second to 10 minutes.

The surface treating solution according to the
present invention forms a chemical film selectively on the
surface of copper or a copper alloy but forms no film on the
surface of the different metals, such as a gold- or solder-
plated surface. Accordingly, when used for the surface
treatment of PWB having the parts of different metals, such
as gold-plated parts or solder-plated parts, on the copper
wiring pattern, only the copper-circuit can be surface-
treated without masking the different metals. Further, since
the treating sclution of the invention exhibits satisfactory
film-forming properties on the copper metal and excellent
stability during use, it brings about a marked improvement in
productivity in the production of PWB of this kind.

The present invention will now be illustrated in
greater detail with reference to Examples, but it should be
understood that the invention is not construed as being
limited thereto.

In Examples, the thickness of a chemical film formed
on a metallic surface, i.e., copper or gold, was measured as
follows. A PWB having a test pattern composed of copper
wiring and gold-plated parts (hereinafter referred to as test

pattern 1) was dipped in a surface treating solution to form
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"EXAMPLE 7 An aqueous surface treating solution containing 0.25% -17-

2- phenyl - 4- benzyl i m dazole, 5.0% acetic acid, 0.043%iron (I111) chloride
_hexahydrate (Fe ion = 150 ppn), and 0.50% 1, 2-di am nocycl ohexanet etraacetic
acid was prepared. The solution was kept at 40[err]C, and a PWB havi ng test
pattern 1 was di pped therein for 60 seggnds. The chem cal filmforned on
the surface of copper and that on the surface of gold were

a chemical film on the copper surface and the gold-plated
surface. Each of the coppei part and the gold-plated part
was cut into a prescribed éize, and the cut test piece was
immersed in a 0.5% hydrochloric acid aqueous solution to
dissolve the film. The concentration of the active
ingredient dissolved- in the hydrochloric acid agqueous
solution was measured with an ultraviolet spectrophotometer
and converted to the chemical film thickness.

Unless otherwise indicated, all the percents are by
wéight.

EXAMPLE 1

To an agqueous solution Tontaining 0.4% 2-
octylbenzimidazole, 5.0% acetic acid, and 0.063% EDTA
(2.15 mM) was added iron (III) chloride hexahydrate to give
an iron ion concentration of 10 ppm (0.18 mM), 30 ppm
(0.54 mM), 50 ppm (0.89 mM) or 70 ppm (1.26 mM) to prepare a
surface treating solution having a varied iron ion
concentration. A PWB having test pattern 1 was dipped in
the resulting surface treating solution at 40°C for 30
.seconds or 60 seconds, and the thickness of the thus formed
film on the copper surface and the gold surface was measured.

The results were plotted to give a relationship of
film forming rate on the copper surface and the gold-plated
surface vs. iron ion concentration of the surface treating
solution as shown in Figs. 1 and 2. It is seen from the

Figures that chemical film formation on the gold-plated
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found to have a thickness of 0.24 [err]mand 0.003 [err]m respectively.
Further, a sol der-copper m xed board was di pped in the surface treating
solution at 40[err]C for 60 seconds. Col or change of the solder,
denaturation of the surface treating solution, and filmform ng properties
on the copper surface as observed are -ghown in Table 1 bel ow. EXAVMPLE 8 An
aqueous surface treating solution contairning 1.0%

2, 4-di phenyl -5-net hyl i m dazole, 5.0% acetic acid, 0.039% iron citrate (Fe

P 12 AR, SRR MR PLAREL o Y S0RURLCS HEHcHBhodhe
of iron ions to the surface treating solution containing a
complexon and that the chemical film formation on the copper
surface is selectively achieved in a short time.

Further, a solder-copper mixed board was dipped in a
surface treating aqueous solution containing 0.4% 2-
octylbenzimidazole, 5.0% acetic acid, 0.024% of iron (III)
chloride hexahydrate (Fe ion =50 ppm), and 0.063% EDTA at
40°C for 60 seconds. Colof éhange of the solder,
denaturation of the surface treating solution, and film-
forming propérties on the copper surface as observed are
shown in Table 1 below. -

EXAMPLE 2

To an agueous solution containing 0.4% 2-
octylbenzimidazole, 5.0% acetic acid, and iron (II) chloride
tetrahydrate of an amount giving an iron ion concentration of
30 ppm (0.54 mM) was added EDTA to a concentration of
0.54 mM, 1.07 mM, 1.61 mM ofzb.ls mM to prepare a surface
treating solution having a varied EDTA concentration. A PWB
having test pattern 1 was dipped in the resulting solution at
40°C for 30 seconds or 60 seconds, and the thickness of the.
film formed on the copper surface and the gold-plated surface
was measured. The relationship between the EDTA
concentration and the film forming rate on copper or gold is
shown in Figs. 3 and 4, respectively.

It is seen from the results that the film forming
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was di pped therein for 60 seconds. The chem cal fi} nREPQLAOEMENH SHRET sjur f ace
of copper and that on the surface of gold were foupd rickiness of
0.23 [err]mand 0.005 [err]m respectively. Furthef,}a %gkﬁﬁ;tﬁgp er] m xed
board was dipped in the surface treating solution ht 49[ AWér

seconds. Col or change of the solder, depaturation pfithe surface tirgating
solution, and filmformng properties ©on the coppel surface - 18-

rate is very low at 0 ppm of EDTA, failing to achieve a
requisite film thickness sufficient for anticorrosion of
copper even on dipping at 40°Cc for 60 seconds, whereas the
film-forming properties on the copper surface is appreciably
improved at an EDTA concentration of 0.54 mM or higher.

The results of Examples 1 and 2 thus prove that a
combined use of iron ions and a complexon in a surface
treating solution containing an imidazole compound or a
benzimidazole compound brings about remarkable improvement in
the rate of film formation on copper while inhibiting film
formation on.gold.

Further, a solder-copper mixed board was dipped in a
surface treating aqueous solution containing 0.4% 2-
octylbenzimidazole, 5.0% acetic acid, 0.0145% of iron (II)
chloride tetrahydrate (Fe ion = 30 ppm), and 0.032% EDTA
(1.07 mM) at 40°C for 60 seconds. Color change of the
solder, denaturation of the surface treating solution, and
film-forming properties on the copper surface as observed are
shown in Table 1 below.

EXAMPLE 3

An aqueous surface treating solution containing 0.50%
2-(4-cyclohexylbutyl )benzimidazole, 4.5% formic acid, 0.058%
iron (II) chloride tetrahydrate (Fe ion = 120 ppm), and 0.20%
nitrilotriacetic acid was prepared. The sblution was kept at
40°C, and a PWB having test pattern 1 was dipped therein for

60 seconds. The chemical film formed on the surface of



as observed are shown in Table 1 below. EXAMPLE 9 An agueous

surface

treating solution containing 1.0% 2-undecyl - 4- net hyﬂgpmmgﬁ%ﬁg b acetic

acid, 0.029% iron (111) chloride hexahydrate (Fe |i

0.16%

EDTA was prepared. The solution was kept at 40[err]iC, and a PWB ia i ng test
pattern 1 was di pped therein for 60 segands. The jcherl 2aMAYi199% f or red on
the surface of copper and that on the -sttrface of |gald were foundito have a

t hi ckness of 0.44 [err]mand 0.006 [err]m respedtively. "Further, a

- ' ' inth f i
Loy ] o ngh et he R dabd 5 YIS FHY

thickness of 0.25 um and 0.605 pum, respectively.

sol.uti on at
to have a

Further, a solder~éopper mixed board was dipped in

the surface treating solution at 40°C for 60 seconds. Color

change of the solder, denaturation of the surface

treating

solution, and film-forming properties on the copper surface

as observed are shown in Table 1 below.

EXAMPLE 4

An agueous surface treating solution containing 0.25%

2-(5-phenylpentyl)benzimidazole, 5.0% acetic acid,

0.043%

iron (III) sulfate (Fe ion = 60 ppm), and 0.20% diethylene-

triaminepentaacetic acid was prepared. The solution was kept

at 40°C, and a PWB having test pattern 1 was dipped therein

for 60 seconds. The chemical film formed on the surface of

copper and that on the surface of gold were found to have a

thickness of 0.31 pm and 0.003 um, respectively.

Further, a solder-copper mixed board was dipped in

the surface treating solution at 40°C for 60 seconds. Color

change of the solder, denaturation of the surface treating

solution, and film-forming properties on the copper surface

as observed are shown in Table 1 below.

EXAMPLE 5

An aqueous surface treating solution containing 0.25%

2-(l-propylbutyl)benzimidazole, 5.0% formic acid,
(III) chloride hexahydrate (Fe ion = 90 ppm), and

triethylenetetraminehexaacetic acid was prepared.

0.043% iron
0.40%

The



change of the solder, denaturation of the surface tr fb@ﬁ%gﬁﬁkﬁtgﬁﬁErﬁ

filmformng properties on the copper surface as obs
Tabl e 1 bel ow. COVPARATIVE EXAMPLE 1 An aqueous surf@c

d

treating sol ut|on

contai ning 0.4% 2-octyl benzi m dazol e and 5. 0% acetic|a¢i @ ppayongar di The

solution was kept at 40[err]C, and a PYB having test pattern 1 was d
therein for
and that on the surface of gold were found to have a}|thi ckness of 0.12]

pped
bpher

60 seconds. The chem cal frfmformed on {h

d 0.Q06, ectiyely. The thickoe of the filmfornged on
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was dipped therein for 60 seconds. The chemical film formed
on the surface of copper and that on the surface of gold were
found to have a thickness of 0.28 um and 0;004 pm,
respectively.

Further, a solder-copper mixed board was dipped in
the surface treating solution at 40°C for 60 seconds. Color
change of the solder, denaturation of the surface treating
solution, and film-forming properties on the copper surface
as observed are shown in Table 1 below.

| EXAMPLE 6

An aqueous surface treating solution containing 0.30%
2-nonylbenzimidazole, 6.0% acetic acid, 0.005% iron (III)
chloride hexahydrate (Fe ion = 10 ppm), and 0.034% glycol
ether diaminetetraacetic acid was prepared. The solution was
kept at 40°C, and a PWB having test pattern 1 was dipped
therein for 60 seconds. The chemical film formed on the
surface of copper and that on the surface of gold were found
to have a thickness of 0.35 um and 0.003 um, respectively.

Further, a solder-copper mixed board was dipped in
the surface treating solution at 40°C for 60 seconds. Color
change of the solder, denaturation of the surface treating
solution, and film-forming properties on the copper surface
as observed are shown in Table 1 below. -
EXAMPLE 7

An aqueous surface treating solution containing 0.25%



in the treating solution. Further, a sol der-copper 11§QHABQQFMT§§§EHipped
I n -19- the surface treating solution at 40[err][C for 60 seconds} |Col or
change of the solder, denaturation of the surface t}epnt OrioMay! 1goiyony, Jand
filmform ng properties on the copper surface as obkerved are showt ijn
Tabl e 1 bel ow. COVPARATI VE EXAMPLE 2 Ary.aqueous surface treattmg—sol ytion

containing 0.4%

2-phenyl-~4-benzylimidazole, 5.0% acetic acid, 0.043% iron
(III) chloride hexahydrate (Fe ion = 150 ppm), and 0.50%
1,2-diaminocyclohexanetetréacetic acid was prepared. The
solution was kept at 40°C, and a PWB having test pattern 1
was dipped therein for 60 seconds. The chemical film formed
on the surface of copper and that on the surface of gold were
found to have a thickness of 0.24 um and 0.003 pum,
respectively.

Further, a solder-copper mixed board was dipped in
the surface treating solution at 40°C for 60 seconds. Color
change of the.solder, denaturation of the surface treating
solution, and film-forming properties on the copper surface
as observed are shown in Table 1 below.

EXAMPLE 8

An aqueous surface treating solution containing 1.0%
2,4~diphenyl-5-methylimidazole, 5.0% acetic acid, 0.039% iron
citrate (Fe ion = 150 ppm), and 0.24% EDTA was prepared. The
solution was kept at 40°C, and a PWB having test pattern 1
was dipped therein for 60 seconds. The chemical film formed
on the surface of copper and that on the surface of gold were
found to have a thickness of 0.23 um and 0.005 um,
respectively.

Further, a solder-coppér mixed board was dipped in
the surface treating solution at 40°C for 60 .seconds. Color
change of the solder, denaturation of the surface treating

solution, and film-forming properties on the copper surface



2-octyl benzi m dazol e, 5.0% acetic acid, and 0.008% cupric chloride

di hydrate (Cu ion = 30 ppn) was prepared. A PWB having test pattern 1 was
surface treated with the resulting treating solution indhe—sare—m

in Conparative Exanple 1. The chemical filmformed on t1eREﬂﬁ£&M5NYﬁéﬂEgbper
and that on the surface of gold were f.pgind to have a thickmess—of 0. 20 l

[errfmand 0.12 [err]m respectively. ~The treating sol gtiio r@@p

i mproved filmformng properties on the copper but, at tihe g%gémﬂp

thick film r r urther,} 8

m xed boar ma%g%§%Vé% QFQ %ﬁo %g% ?%a%ﬁ%%lgglutlon Pt 40[err]C for 6
seconds. Col or EXAMPLE 9

An agueous surface-treating solution containing 1.0%
2-undecyl-4-methylimidazole, 1.0% acetic acid, 0.029% iron
(III) chloride hexahydrate (Fe ion = 60 ppm), and 0.16% EDTA
was prepared. The solution was kept at 40°C, and a PWB
having test pattern 1 was dipped therein for 60 seconds. The
chemical film formed on the surface of copper and that on the
surface of gold were found to have a thickness of 0.44 pum and
0.006 pm, respectively.

Furtﬁer, a solder-copper mixed board was dipped in
the surface treating solution at 40°C for 60 seconds. Color
change of the solder, denaturation of the surface treating
solution, and film-forming properties on the copper surface
as observed are shown in Table 1 below.

COMPARATIVE EXAMPLE 1

An aqueous surface treating solution containing 0.4%
2-octylbenzimidazole and 5.0% acetic acid was prepared. The
solution was kept at 40°C, and a PWB having test pattern 1
was dipped therein for 60 seconds. The chemical film formed
on the surface of copper and that on the surface of gold were
found to have a thickness of 0.12 um and 0.006 um,
respectively. The thickness of the film formed on the copper
was insufficient for practical use due to lack of copper ions
in the treating solution.

Further, a solder-copper mixed board was dipped in



change of the solder, denaturation of the surface treptgrng so}utiontgém
filmformng properties on the copper surface as obseyved are showa—iyn
Tabl e 1 bel ow. COVWPARATI VE EXAMPLE 3 An aqueous surfagej treating sol yti
cont ai ni ng 0. 4% 2- oct yl benzi mi dazol e, 5.0% acetic aciyd,| 09GN 8/
chloride dihydrate (Cu ion = 30 ppm, _gnd 0. 155% EDTA (b.30 _nW_was
prepared. A PWB having test pattern 1 -was - 20-

the surface treating solution at 40°C for 60 seconds. Color
change of the solder, denaturation of the surface treating
solution, and film-forming-properties on the copper surface
as observed are shown in Table 1 below.

COMPARATIVE EXAMPLE 2

An aqueous surface treating solution containing 0.4%
2-octylbenzimidazole, 5.0% acetic acid, and 0.008% cupric
chloride dihydrate (Cu ion = 30 ppm) was prepared. A PWB
having test pattern 1 was surface treated with the resulting
treating solution in the same manner as in Comparative
Example 1. The chemical film formed on the surface of copper
and that on the surface of gold-were found to have a
thickness of 0.20 um and 0.12 pm, respectively. The treating
solution exhibited improved film-forming properties on the
copper but, at the same time, a thick film was also formed on
the gold surface.

Further, a solder-copper mixed board was dipped in
the surface treating solution at 40°C for 60 seconds. Color
change of the solder, denaturation of the surface treating
solution, and film-forming properties on the copper surface
as observed are shown in Table 1 below.

COMPARATIVE EXAMPLE 3

An agueous surface treating solution containing 0.4%
2-octylbenzimidazole, 5.0% acetic acid, 0.008% cupfic
chloride dihydrate (Cu ion = 30 ppm), and 0.155% EDTA

(5.30 mM) was prepared. A PWB having test pattern 1 was

d

on



surface treated in the sane manner as in Conparative Exanple 1. The

chem cal filmforned on the surface of copper and that on the surface of
gold were found to have'a thickness 0.11 [errJmand 0.03 [err]m
respectively. The treating solution exhibited poor filmformng properties

on the copper because the copper ions wgre-captured by the conpl exon.
Further, a sol der-copper m xed board was—di pped in the surface treating
solution at 40[err]C for 60 seconds. Col or change of the sol der,

denaturation of¢ t etgyrface.trsgting solution, and filmform.n roperties

, g
on the copp&r i FadERtehdd F88 3 @esWBRHanafaBPeCmeéFéﬁ%V?A%EEmPle

1. The chemical film formed on the surface of copper and
that on the surface of gola were found to have a thickness
0.11 pm and 0.03 um, respectively. The treating solution
exhibited poor film-forming properties on the copper because
the copper ions were captured by the complexon.

Further, a solder-copper mixed board was dipped in
the surface treating solution at 40°C for 60 seconds. Color
change of the solder, denaturation of the surface treating
solution, an@ film-forming properties on the copper surface
as observed are shown in Table 1 below.

TABLE 1
Denaturation Film Forming

Example Color Change of Treating Properties
No. of Solder Solution on Cu Surface

-

Example slightly no change 20.20 pm

whitened
Example
Example
Example

Example

A U s W N

Example
Example 7 " _ " "
Example 8 " " "
Example 9 " " E

Compara. " " 0.1 um
Example 1
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Denat ur ati on Fi | m For m ng Exanpl e Col or Change of Treating

Properties No. of  Sol der Sol ution on Cu Surface Exanple 1
slightly no change [err]0.20 [err] mwhitened Exanple 2
" " Exanple 3 " Exanple 4
" " Exanple 5 21- " Exanple 6
"" Exanple 7 " ~ " Exanple 8
Compara. browned precipitation 20.20 pm
Example 2 .
Compara. " - " "
Example 3

While the invention has been described in detail and
with reference to specific exambles thereof, it will be
apparent to one skilled in the art that various changes and
modifications can be made therein without departing from the

spirit and scope thereof.
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Exanpl e 9 " Conpar a. 0.1
[err]m Exanple 1 -21- Conpar a. br owned precipitation
[err]0.20 [err] m Exanpt'e 2 Conpara. Exanple 3 Wile the invention has been

described In detail and 2 R O Y

WHAT IS CLAIMED IS:

1. A surface treating égent for copper and a copper
alloy, comprising an aqueoﬁs solution containing an imidazole
compound or a benzimidazole compound, a complexon, and iron
ions.

2. A surface tréating agent according to claim 1,
wherein said imidazole compound is a compound selected from a
2-alkylimidazole compound, a 2-arylimidazole compound, and a
2-aralkylimidazole compound.

3. A surface treating agent according to claim 1,
wherein said'benzimidazole compound is a compound selected
from a 2-alkylbenzimidazole compound, a 2-
(cycloalkylbenzimidazole) compound, a 2-arylbenzimidazole
compound, a 2-aralkylbenzimidazole compound.

4. A surface treating agent according to claim 1,
wherein said complexon is a compound selected from
nitrilotriacetic acid, ethylenediaminetetraacetic acid,
diethylenetriaminepentaacetic acid,
triethylenetetraminehexaacetic acid, 1,2-
diaminocyclohexanetetraacetic acid, glycol ether
diaminetetraacetic acid, ethylenediaminediacetic acid, and
salts of these acids.

5. A surface treating agent according to claim 1,
wherein said ion ions are those supplied from iron (II)
chloride, iron (III) chloride, iron (II) sulfate, iron (III)

sulfate or iron (III) citrate.
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with reference to specific exanples thereof, it will be apparent to one
skilled in the art that various changes and nodifications can be nade

therein wthout departing fromthe spirit and scope uﬁwm‘&mnulltﬂl

IS CLAIMED I S: 1. A surface treating agent for

al l oy, conprising an aqueous sol ution-2Zbntaining an im dazot e corrpound or
benzi m dazol e conpound, a conpl exon, &and iron

6. A method for treating the surface of copper or a
copper alloy comprising contacting the surface of copper or a
copper alloy with an aqueohs solution containing an imidazole
compound or a benzimidazole compound, a complexon, and iron

ions.
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ions. 2. A surface treating agent according to claim1, wherein said

i m dazol e conpound is a conpound selected froma 2-al kyl i m dazol e conpound,
a 2-arylimdazol e conmpotind, and a 2-aral kyl i m dazol e conmpound. 3. A
surface treating agent according to claim1l, wherein said benzimdazol e
conmpound is a conpound sel ected from a.p2-al kyl benzi m dazol e conpound, a 2-
(cycl oal kyl benzi m dazol e) conpound, a 2-aryl benzi m dazol e conpound, a

to claiml, Wherein said comé,f &q&@%g&é% ed from

A surface treating égent for copper and a copper

alloy, comprising an agqueous solution containing an imidazole
compound or a benzimidazole compound, a complexon, and iron
ions. The agent forms a chemical film selectively on the

surface of copper while forming no film on other metals.
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nitrilotriacetic acid, ethylenedi am netetraacetic acid,

di et hyl enetri am nepentaacetic acid, triethyl enetetram nehexaacetic acid,
1, 2- di am nocycl ohexanetetraacetic acid, glycol ether diam netetraacetic
aci d, ethyl enedi am nedi acetic acid, aq& salts of these acids. 5. A
surface treating agent according to cl!é4m 1, wherein said ion ions are
those supplied fromiron (Il) chloride, iron (I1Il) chloride, iron (I11)
sulfate, iron (I1l1) sulfate or iron (lI1l) citrate.

FIG. 1

FILM THICKNESS ON COPPER SURFACE
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FIG. 2
FILM THICKNESS ON GOLD SURFACE
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-23- 6. A nmethod for treating the surface of copper or a copper alloy
conprising contacting the surface of copper or a copper alloy with an
aqueous sol ution containing an i m dazol e conpound or a benzi m dazol e
conpound, a conplexon, and iron ions.

22

FIG. 3

FILM THICKNESS ON COPPER SURFACE
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FIG. 4
FILM THICKNESS ON GOLD SURFACE
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