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FIELD OF THE INVENTION

The present invention relates to a method of forming
a solder film. More particularly, this invention relates to
a method suitable for forming on a printed circuit board a
solder circuit which is a solder layer formed beforehand on a
ped of a metallic circuit of the printed circuit board for
easy mountiné of electronic parts thereon, or for forming of
.a solder layer on an electronic part.

BACKGROUND OF THE INVENTION

ln recent years, printed circuit boardsl(also

referred to as printed boards) were deVeloped which comprise
an insulating substrate, such as a- plastic substrate_
(including film),.a ceramic sﬁbstrate, or a metal substrate
. coated with a plastic or other substance, and an electronic
circuit formed thereon; and a technique of soldering an
electronic part such as an IC element, semiconductor chip,
resistor, or capacitor to the circuit surface of such a.
| printed board to constitute an electronic device is being
widely employed. | |

. In producing the above-described circuit device
having electronic parts mounted thereon, the ordinary method
for soldering a lead terminal of the electronic pert'to a
predetermlned pad of the circuit comprlses forming a thin

solder layer beforehand on elther or both of the pad and the

.
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(including film, a ceramc substrate or a netal substrate coated mﬁth a
pl astic or other and a

techni que of sol dering an elqa r as an | C- elenent

“sem conductor chip, resistor, the circuit. surface of such a
printed board to constitute an vice is being w dely enpl oyed.
-I'n produci ng the above- descrrb I ce having el ectronic parts

nount ed t hereon, the ordinary nethod for solderrng a lead termnal of the
el ectronic pait to a predeterm ned pad of the circuit conprises formng a
thin sol derléagetemminathapdsdtionting tire didctaforibe padtandntihehen

melting (reflowing) the thin solder layer(s) to solder the
electronic part on the citcuit. o

For the formation of the solder circuit (thin solder
layer), sﬁch methods as platihg, dipping (immersion) in a
solder bath, and printing of a solder powder paste have been
employed. However, as the trend toward the increase in
mounting density, solder.circuits have been required to have
even finer patterns and there also are desires for
improvements in working efficiency and on-specification rate
aﬁd for circuit pattern_miniaturizaticn. It is, therefore,
becoming difficult to COpé with these requirements with the
above methods.

Among those conventional methods, the plating method
is.applicable for formation of solder circuits having highly'
precise and fine patterns.

The plating method is classified into electroplating
and electroless platihg. Use of electroplating, however,
encoupters difficulties in'attaining electrical conductivity
beéauSe,'in actual printed circuit boards, the parts in which
solder circuits are to be formed are present independently
froﬁ the-circuit parts in most cases. On the other hand,
electroless plating has a technical problem that it is
difficult to obtain.a thick solder layer having a thickness
necessary in practical use, although the problem concerning

electrical'conductivity in the electroplating is overcome.



: o
2 lead terninal, positioning the electronic part, and then nelting

(reflowing) the thin sokder |ayer(s) to solder the el ect¥o6ni c part on the
circuit. .For the fornati orfhfSht¢ehHas laghrcuit (thin solder layer), such

nmet hods as pl ating, dipping n a solder bath, and printing of a
sol der powder paste have be m wever, as the trend toward the
increase in_nounting density, solde uits have been required to have

even finer patterns and there also are desires for inprovenents in working

efficiency and on- SB?&EEH%% é¥1ef§é%rostatlcally applying flux-coated

solder powder particles on a_c;rcult part has been.propoSed
in JP-A-3-50853. (The term "JP-A" as used herein means an
"unexamined published Jépanese patent application"{)
However, this method is still unable to easily produce a
high-accuracy fine pattern. |

Another method for the solder circuit formation has
been proposed in JP-A-4-10694, which comprises applying a
flux on a circuit part by printing, adhering a powdered
solder to the flux-printed part, melting the soldér_by
heating it to a temperature not lower than the melting point
of the solder, ond then blowing a gas on the solder melt to
level it to thereby'form a solder:circuifl _This method is
disadvantageous in that a high degree of skill is required
because high-precision printing of a flux on a pad is
difficult and in addition there is a féar of bridging between
patterns spaced at a minute gap during the leveling of the
solder melt. |

Also in the case where a solder coat (solder layer)
is formed on a lead termlnal of an electronic part there are
the same technical problems as those in the fo:mation of
solder circuits. |

As.a.result of extensive studies made in order to
improve the precision of solder patterns which are required
to be fine, it has been found.that the plating method, which

has attained the highest precision, still has several



and for circuit pattern m ni aturization is__therefore, becom ng-
difficult to cope wth t-hese reqU|renents mnth t he abové net hods. Anong
those conventional nethods, th&hi d s applicable for formation
of solder circuits having hlghl |ne patterns. The plating
method is classified into elect IeCtroIess pl ati ng. Use of

el ectroplating, however, encounters dlfflcultles in attaining electrical
conduct|V|Ty because, in actual printed circuit boards, the parts in which
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-prOble”‘thaéther'§espects.

SUMMARY OF THE INVENTION

An object of the.present invention is to provide a
method of efficiently forming a precise, fine, bridge-free
solder film pattern on a_metellic.circuit or on anfexposed

: metel of an electronic part by a_simple procedure without the

necessity of troublesome.operations such as positioning.

It has been found that a certain chelate compound
acts on an exposed metallxc surface to render it tacky, which
makes it possible to prec;sely adhere a powdered solder only
to the resulting tacky surface. The present invention has

' been attained by the above discovery. That is, the present
invention is e method for forming a solder film, which
comprises selectively imparting tackiness te only an exposed
metallic part of a printed circuit board or electronic part
by means of a tacky layer-forming solution containing at
ieast one eompoﬁnd (tackiness-imparting compound) selected
frem benzotriazole derivatives, naphthotriazole derivatives,
imidazole derivatives, benzoimidazole defivatives, mercapto-

'_benzothiazole derivatives, benzothiazole thiofattf'acid
defivatives, and triazine derivatives, adhering a_powdered
solder to the-resulting tacky part, and.then melting the
solder by heating to_forﬁ a solder film on the part.

BRIEF DESCRIPTION OF THE DRAWINGS
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difficult to obtain a thick solder layer having a thickness necessary in
practical use, although {:he problem concerning electrical conductivity in
tthe el ect.roplating is ovércone. 3 A nethod of el ect i Skdei a3 Bbah RRpIRdeY | NO

fl ux-coated sol der powder particles on a circuiit part h ) din
JP- A-3-50853. (The term "JP-A" as used herein neans an "

‘publ i shed Japanese patent application".) However, this
unabl e to easily produce a high-accuracy fine pattern

Fig. 1 is a diagrammatié view illustrating'a solder-
adhering technique in which a printed circuit board is placed
on a solder powder layer and a solder powder'is allowed to
adhere to the printed board while a solder powder is being
fed. |

Fig. 2 is a diagrammatic view illustrating a solder-

adhering technique in which a solder powder is allowed to

édhere while a solder powder 1ayé§- Béin&ﬁﬁbVed.

Fig. 3 is an enlarged view of a through-hole part to
which a solder powder is adhered.

Fig. 4 is a diagrammatic.view illustrating a solder-
adhering technique in which a printed ciréuit_board is
thrusted into a solder powder layer which is being.shaked by
a vibrator. |

DETAILED DESCRIPTION OF THE INVENTION

Examples of printed circuit boards to which the

présent invention can be applied include a_éingle—sided
_printed circuit board, a double—sided_printed circuit boaxrd,
a multilayered printed circuit board, or a flexible printed
circuit board; each comprising a substrate obtained by

' laminating a metal plate to, e.g., a plastic base, plastic
film base, giass cloth base, paper—based epo#y resin base or
ceiamic base, or an insulated substrate obtained by covering
a metal'bése with, e.g., a plastic or'ceramic,.and a circuit
formed thereon. Further, the printed circuit board may be

one comprising a substrate in continuous sheet form and
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Anot her nethod for the solder circuit formati on has been proposed in

JP- A-4-10694, which conprises applying a flux on a circuit. part by .
printing,.. adhering a powdered solder to the flux-printed~part, nelting the
sol der by heating it to a tenperature not |ower than the nelting point of
the solder, and then blowing a gas on the solder nelt to level it to

t her eby forn1a sol der circuit. This nmethod is disadvantageous in that a
hi gh degree-of skill is required because high-precision printing of a flux
on a pad is difficult and in addition there is a fear of bridging between
patterns speberh ity of nolecgapsdindegendentive! f dyened tmgréghdergggﬁbles

Al'so in the case where a sol der coat (solder |ayer)

thereof include a circuit board obtained by lamlnatlng a foil
of highly conductive metal such as copper to a thermoplastic
resin film, e.g., a_polyimide'or polyester film, with an
adhesive and further laminéting a photosensitive resin film
as a resist, followed by light éxposure, development and
etching to form plurality of circuité, and a circuit boafd
obtained by directly printing plurality of circuits on a
thermoplastic film. |

Metal for use in circuit formation ié copper in most
cdses. Although copper is the_most suitable metallic.
maferial_for the tackinesé-imparting compound to be used in
this invention, i.e., benzotriazole derivatives, naphtho-
triazole derivatives, imidazole derivatives, benzoimidazole
derivatives, mercaptobenzothiazole derivatives, benzothiazole
thiofatty acidlderivatives, triazine derivatives,:etc., the
circuit-forming metal is not limited to copper and may be
other metals, such as goid, silver, tin, nickel, tungsten,
lea&, copper élloys (e,g., Cu;P) and solder. The metals
other than copper tend.to show poor bondabiliﬁy with the
tackiness-imparting'compound, és compared to copper.

o The method of the preﬁent invention is also
applicable to ordinary electronic parts reduired to be
solder—coatéd.' Examples of such électronié parts include
various kinds of packages such as a DIP (dual inline

package), an SIP (single inline package), a PGA (pin grid

h&tiﬁlfﬁfflllﬁhced T
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is formed on a lead term nal of an electronic part, there are the sane
technical problens as those in the formation of solder circuits. As a
resul t of. extensive studies made in order to inprove the precision of

sol der patterns which are required to be.fine, it has been found that the
platlng met hod, which has attained the highest precision, still has several
4 problens and has to be inproved in working efficiency and ot her respects.

array), an SOP (email online package), a QFP (quad flat
package); and a TAB (tape-automated package).

Metal coﬁstituting a lead frame of such an electronic
part is, in.most cases, Alloy 42 (40% nickel and 60% iron) or
tin-containing copper. Although these metallic materials,
like copper, are suitable for the tackiness-imparting
compound to be used in this invention, the metal constituting
the lead frame is not limited to these materials and may be - -
others, such as copper and COpper alloys (e.g., Ni-Cu).
Further, the part to be coated with a solder may be’ all of
the metallic part or may be a part thereof

Preferred examples of the tackiness- lmpartlng
compound to be used in the present lnventlon, whlch acts on a
metal to develop tackiness, include benzotriazole derivatives
represented by formula (1), naphthotriazole derivatives
represented by formula (2), imidazole derivatives represented
byéformula (3), benzoihidazole derivatives represented by

- formula (4), mercaptobenzothlazole derivatives represented by
formula (5), benzothiazole thiofatty acid derivatives
represented by formula (6), and triazine derivatives

represented by formula (7):

(1)

(wherein R, represents hydrogen atom or an alkyl group)

* This Sheet Has Been Reﬂlaced




SUNNARY OF THE | NVENTI ON An object of the present invention is to provide a
met hod of efficiently fQuming a precise, fine, bridge-free solder film-
.pattern on a netallic.ciircuit or on an exposed netal of -an electronic part
by a sinple procedure without the necessity of troubl esone. operations such
as positioning. It has been found that a certain chelate conpound acts on
an exposed netallic surface to render it tacky, which nmakes it possible to
preci sely adhere a powdered solder only to the resulting tacky surface. The
present invention has been attai ned by the above discovery. That is, the
present invention is a nmethod for formng a solder film which conprises
sel ectively inparting tackiness to only an exposed

SN (2)

(whe.rei'n R, and R; each represents hydrogen atom or an alkyl

group)

. (wherein R, repiésents an alkyl group and R; represents

hydiogen atom or an alkyl group)

(4)

(wherein Rg represénts_ an alkyl group or an alkylthio group
and R; represents hydrogen atom or an alkyl substituent at
the 4- or 5-position)

S
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metal lic part of a printed circuit board or electronic part by nmeans of a
- tacky layer-formng solution containing at |east one conpound
(tackiness-inparting conpound) sel ected from benzotriazol e derivati ves,
napht hotri azol e derivatives, imdazole derivatives, benzoim dazol e
. derivatives, nercapto- benzothiazole derivatives, benzothiazole thiofatty
“acid derivatives, and triazine derivatives, adhering a powdered sol der to
the resulti-ng tacky part, and then nelting the solder by heating to forma
solder filmon the part. BRI EF DESCRI PTI ON OF THE DRAW NGS

SC—SH (5)
Rs

(wherein Ry represents hydrogen atom or an alkyl group)

S ’ . [ .
R |0
' -N  COOH -

(wherein Ry and R;q each represents hydrogen atom or an alkyl

group)

Ru1

C

Chl
B N SM (N
: R12 . :
(Where.i.n R11 is either _N\ o or —NHRu,, where Rz, R13,
Ri3

and Ru_each represents an alkyl group or an alkylene group,

"and M represents an alkali metal (e.g., Na, K, Li) or

hydrogen atom).
Sheet Has Been RTlaced
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5 Fig. 1is a diagrammatic view illustrating a solder- adhering technique
in which a printed circuit board is placed on a sol der powder |ayer and a
sol der powder is allowed to adhere to the printed board while a sol der
powder is being fed. Fig: 2 is a diagranmmatic view illustrating a solder-
adhering technique in which a solder powder is allowed to adhere while a
sol der powder |ayer is being noved. Fig. 3 is an enlarged view of a

t hrough-hole part to which a sol der powder is adhered. Fig. 4 is a
diagrammatic view illustrating a solder- adhering technique in which a
printed circuit board is

In the benzotriazole derivatives represented by
formula (1), R; may be a hydrogen atom but higher tackiness
is generally obtained when R, is an alkyl group having 8 or
more carbon atoms. |

‘In the imidazole derivatives and benzoimidazole
derivatives represented by forﬁulae (3) and (4),
fespectively, R;, Rs; Rg, -and R; each is preferably an alkyl
or alkylthio group hav1ng 8 or more carbon atoms because such
. groups generally bring about hlgher tackiness.

In the benzothiazole thiofatty ac1d derivatives
represented by formula (6), Ry preferably has 1 or 2 carbon
‘atoms. |

Further, in the triazine derivatives represented by
formula (7), R,,, Ri3, and R), each preferably has 8 or more
carbon atoms. |

At.least one of.the tackiness-imparting compounds is
dissolved in water. It is preferred that.this solution
fhereafter referred to as "a tacky layer—forming solution")
be ‘used: after being':endered_acidic (i.e., pH < 7)} more
preferably slightly acidic with a pH of ebout 3 to 4; In the
case where the exposed metal to be treated is copper, an ‘
inorganic acid such as hydrochloric acid, sulfuric acid,
nitric acid, or phosphoric acid'may be used for the purpose.

Organic acids such as formic acid, acetic acid, propionic

R —
as Been RTlaced

i



thrusted into a sol der powder |ayer which is being shaked by a vibrator.
DETAI LED DESCRI PTI ON OF THE | NVENTI ON Exanpl es of printed circuit boards to
whi ch the. present inventi-on can be applied include a single-sided printed
circuit board, a double-sided printed circuit board, a multilayered printed
circuit board, or a flexible printed circuit board; each conprising a
substrate obtained by lam nating a netal plate to, e.g., a plastic base,
plastic film base, glass cloth base, paper-based epoxy resin base or
ceram ¢ base, or an insulated substrate obtained by covering a netal base

with, e.g., ZilAddXi®raced a%ﬁalﬁedaéla' r e bnfiY Hed d heé@@é‘mf&fati%
t he prlnted circuit board may be

and tartaric acid may also be used.

Although the concentratiqn of the tackiness-impartihg
compound in the solution is not strictly limited, it is
suitably regulated according to the solubility of the
compound and use conditions. The preferred range of the
concentration is ffom 0.05 to 20% by weight since such
solutions are easy to use. When the concentration is less
than 0.05 % by weight, férmatioh'of a thin tacky film tends
to be insufficient.

The treatment for imparting taékiness is conducted

_éither by applying the solution on the exposed metallic'part
on which a solder film is to bé'formed or.by immersing that
metallic part in the solution. In:the treatment, a
temperature slightly higher than room temperature ehables
fqrmation of a tacky layer at a moderate rate in a large
-aMOunt. Although the temperature for the treatment is not
particularly limited because it varies depending én the
concentration df the tackiness-imparting compound, the kind
of the metal, etc., the preferred range fhereof is generally
from 30 to 60°C. The immersion fime is not particularly
limited, but it is preferable from the standpoint of working
efficiency that other conditions.be controlled so as to
regulate the immersion time within the range of from 5
seconds to 5 minutes. In this case, it is preferred to use a
tacky layer-forming solutioh containing copper ions in an

.
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one conprising a substrate in continuous sheet form and 6 plurality of
circuits independently forned thereon. Exanples thereof..include a circuit
board obtained by lam nating a foil of highly conductivé metal such as
copper to a thernoplastic resin film e.g., a polyimde or polyester film
"W th an adhesive and further lam nating a photosensitive resin filmas a
resist, followed by |ight exposure, devel opnent and etching to form
pIurallty of circuits, and a circuit board obtained by directly printing

lurality of circui a
P y amount o% 18@ to 2,000 ppm (by weight), desirably 100 to

1,000 ppm, because use of this solution improves the
efficiency of tacky layer formation, i.e., the rate of the
layer formation, the_amoﬁnt of the layer, etc.

Before the printed circuit board is subjected to
treatment with the tacky layer-forming soluﬁion, only the
metallic circuit part on which a solder circuit is to be
formed is kept in an exposed state, with the other metallic
circuit part being covered with a resist or other material.
In the case where the whole of an eléctronic part is immersed
in the tacky layer-forming_solution,‘the metallic part otherxr
than the part on which a solder film is formed is covered
with a molding resin so as to avoid contact with the
solution. |

Upon the immersion in or coating with the solution
containing the tackiness-imparting compound described above,
the compound adheres to the exposed metallic surface téi

- rendexr the surface tacky. After water-washing and drying, a
printed circuit board or metallic part in which the exposed
metallic surface is técky is obtained. A solder powder .is
sprinkled over the tacky surface to allow the solder powder
to adhere thereto and the excess solder powder is removed.
Thereafter, the adherent solder powder is melted and leveled
by heating to thereby form a solder film. The thickness of
the solder film is prefefably from 1 to 200 pum while it

varies depending upon use conditions of the solder film.

eet Has Been RTlaced
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thernoplastic film Metal for use in circuit formation is copper in nost
cases. Although copper .i% the nost suitable nmetallic mat:erial for the
tackiness-inparting conpound to be used in this inventioh, i.e., -
“benzotriazol e derivatives, naphtho- triazole derivatives; imdazole
derivatives, benzoi m dazol e derivatives, mercaptobenzothiazole derivatives,
benzot hi azol e thiofatty acid derivatives, triazine derivatives, etc., the

. circuit-foraming netal is not linmted to.copper and nay be other netals,

"~ such as gold, silver, tin, nickel, tungsten, |ead, copper alloys (e.qg.,
Cu-P) and sol der. THE rdealsplsierrfilmnthepptermeddhas shdhisdaress below

bondability with the tackiness-inparting conpound, as_conpared to copper.
a required level, the thickness of the solder film

(especially on a metal other than copper) can be increased to
the desired level by conducting the treatment with the tacky
layer-forming solution two or more times, since the tacky
layer-forming solution imparts tackiness also to solder
- surfaces though this tackiness is weaker than that imparted
to coﬁper. |
For adhering a powdered solder to the tacky éurface,
various methods may be used. Examples thereof include a mask
ﬁethod in which a solder fowder is allowed to adheré through
a mask hafing an opening; a spray method in which a solder
powder is sprayed over the whole of an exposed metallic
surface having the tacky surface and the unhecessary'solder
powder is then removed; a fluidized bed method in which the
printed board having thé tacky surface is passed th:ough a
tank in which a solder powder is suspended; and a roller
méthod in which a solder powder layer forméd on a tacky
.roller_or mesh roller is brought into contact with the
printed board.
| One example of simple methods for adhesion.comprises
holding the printed circuit board hévihg a tacky surface on
the exposed metallic surfa;é on_a.slant, and dropping a
solder powder from above little by littlé. Thé éppropriate
range of the slant anglé of the exposed metallic surface is

from 10 to 85 degrees, preferably from 20 to 75 degrees, with

This Sheet Has Been Reﬁaced 13
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The nethod of the present invention is also applicable ‘to ordinary

el ectronic parts required.to be sol der-coated. Exanples ‘of- such el ectronic
parts include various kinds of packages such as a D P (dual inline
package), an SIP (single inline package), a PGA (pin grid 7 array), an
SOP (small online package), a QFP (quad flat package), and a TAB
(tape-automated package). Metal constituting a |ead frame of such an

el ectronic™part is, in nost cases, Alloy 42 (40% nickel and 60%iron) or

the normal line. The slant angle below 10 degrees is
undesirable because the surface partly remains exposed with
no solder. powder adherent thereto, while the slaht angle
above 85 degreés is undesirable in that a solder powder is
unlikely to fall off.

It is preferable that the exposed metallic surface
having a tacky surface be vibrated in order to densely adhere
the solder powder. This. technique is particularly effective
in forming a solder film on a through-hole part or on the
exposed metallic circuits of a double-sided printed circuit
board. 1In one embodimént'of this technique, the exposed
metallic surface having a tacky sufface is buried in-a solder
powder and the printed_board_ié transferred in a vibratory
' CONnveyor. |

The aﬁplitude of the vibration for the adhesion of
solder powder may be from 0.1 to 20 mm. However, in the case
of}transferring the printed circuit board by means of
vibration as shown in Fig;-2, the amplitude is preferably
from 1 to 10 mm. The frequencj may be from 100 to 3,000 cpm
(cfcle per minute), and preferably from 500 to 1,500 épm. |
The effective rénge of the vibrational angle (from the
hofizonﬁai)'is frpm”O_td 90 dégrees. In the case of
transferring the printed board by means of vibration as showﬁ
in Fig. 2, the preferred range thereof is frém 30 to 60

degrees.

Thls Sheet Has Been Replaced




tin-containing copper. Although these netallic materials, |ike copper, are
suitabl e for the tackiness-inparting compound to be used.i.n this invention,
the metal constituting tfig lead frane is not limted to fhese materials and
may be others such as copper and copper alloys (e.g., Ni-Cu). Further, the
part to be coated with a solder may be all of the netallic part or may be a
part thereof. Preferred exanples of the tackiness-inparting conpound to be
used in the_present invention, which acts.on a netal to devel op tackiness,
i ncl ude benzotriazol e deri vati ves represented by fornula (1),

napht hotri azol e deri yat tHescaspr #hepedndy gramdd didcui ¥l H84LHChas a

derivatives represented by fornula (3), benzoi m dazol e derivatives

represent ed tyckiness-imparted metallic circuit on one side thereof, a
'solder powder is fed to the printed board with the circuit
side facing upward, and the printed board is vibrated to
densely adhere thelsolder'powder to the tacky part without
forming'é void or other defects. If it is desired to
:pontinuoﬁsly conduct the above method, this may be
accomplished as follows.. The printed circuit board is piaced
on a vibratory floor and the floor is moved, or the printed
board is placed on a slant floor and the floor is vibrated.
A solder powder is cOntinuously fed to the tackiness-imparted
ﬁart of the printed board which_is kept moving along-with the
solder powder, thereby densely adhering the solder powder by
means of vibration.

In the case where the printed circuit board has a
tackiness-imparted meta;lic éircuit in a through-hole part
tHereof or on both sides thereof, the printed circuit_bbard
.is.plaCed on a solder powder layer and the circuit board is
viﬁrated:while a solder powder is being fed to the ﬁpper side
thereof. If it is desired to continuously conduct the above
méthod; this may be accomplished by placing the printed
cifcuit board on a solder powder layer formed on a slant
floor and a vibration is applied in a slant direction to

vibrate the solder layer.

Sheet Has Been Replaced
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fornula (4),

mer capt obenzot hi azol e derivatives represented by formula (5),

benzot hi azol e thiofatty acid derivatives represented by.-formula (6), and
triazine. derivatives represented by fornula (7): [err] {Wherein Rlerr]

represents

hydrogen atom or an al kyl group) 8 [err] (wherein R2 and R3

each represents hydrogen atom or an -al kyl group)

By thus bringing the printed circuit board into

. contact with a solder powder layer with vibration, the solder

- powder can be most densely adhered to the tacky surface.

Methods for practicing the above are explained below
with reference to the Figures.

- In Figs. 1 and 2, numeral 1 denotes a printed circuit
bqard which has a through-hole part or to which tackiness has.

been imparted at exposed metallic circuit parts on both sides

-ihereof. This printed board is placed on a solder powder

layer.3 on a vibrator 4, and is vibrated whilé a solder
nowder 2 is being fed thereto from above, thereby densely
adhering the solder powder{ The vibration may be in-any of
the vertical direction, a horizontal direction (reciprocating
oxr c;rcular motion); and a slanting vertical direction. When
the solder layer is to be moved in one diréction, the whole
can be moved smoothly by keeping the floor oblique and
apﬁlying a vibration in a slanting vertical'direction.-

By conducting the treatment described above, solder
paiticles 14 can be densely adhered to a tacky layer 13
fofmednby the tackiness—imparting compound on the surface of
thé through-hole part through which copper circuits 12 on
both sides of an insulating'substranelll are connected, as
shown in Fig. 3.

The matérial-of the solder nowder can be arbitrarily

selected, according to use, from eutectic, silver-containing,

_ is Sheet Has Been Replaced
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HC NH [err] (wherein-Rerr] represents an al kyl group:and RS represents
hydrogen atom or -an al kyt' group) [err] (wherein R6 represents an al kyl '
.group or..an alkylthio group and R err] represents hydrogen atom or an aIkyI
substituent at the 4- eor 5-position) 9 [err]

and bismuth-containing solders.and other sdlders. The solder
powder preferably has a diameter of from 1 to 500 pm.

It is preferied to cover the surface of the solder
powder with a resin'compositibn'containing a rosin or a rosin
derivative as an essential component and further containing
at. least one.cf a carboxylic acid, an amine, an amine salt,
and a wax, because the thus-coated solder powder shows
improved reflow properties and in turn, improves the
reliability of electrical conhection.

| Examples of the rosin derivative that_can be used as
an essential compbnent of the resin composition include
hydrogenated rosins, disproportionated rosins, polymerized
rosins, rosins modified with maleic acid, aldehyde-modified
rbsins, rosin esters, and rosin?modified phenolic resins.
The rosin or rosin derivative is an essential ingrédient for
enabling the solder pérticle'surfaces to impart a film-
forming ébility. If the rosin amount is too small, these
effects are reduced. If a rqsin is used alone, reflow of the
éolder powdexr does not proceed smoothly.

For the purpose of improving reflow properties, at_
least one of a carboxylic acid, an amine, arn amine salt, and
a-wax is added to the rosin according to one preferred
embodiment of the present invention.

The cérboxylic acid; whicﬁ has a éarbéxyl group; is
not limited in carbon number,-eté., and examples thereof |

include propionic acid, caprylic acid, lauryl acid, stearic
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therefn Rlerr] represents hydrogen atomor an al kyl group) [err] (wherein

Rlerr] and Rl err] each r.epresents hydrogen atom or an alkyl group) [err]
(wherein Rlerr] is either J[err] or -NHR[err], where Rerr],
Rlerr], and R14 each represents an al'kyl group or an al kyl ene group, and M
represents an alkali netal (e.g., Na, K, Li) or hydrogen atom. 10

acid, acetic acid, adipic acid, citric acid, malic acid,
maleic acid, and oxalic acid. The suitable amount of the
acid to be added is from 1 to 10% by weight. If it is more
than 10% by weight, the écid may cause corrosion of the
circuit coﬁductor.

Examples of the amine or amine salt include

methylamine, ethylamine, butylamine, isopropylamine,

cyclohexylamine, monoethanolaminé,;diethanolamine,
iriethanolamine, or a hydrochloric acid sait of bromic acid
salt thereof. The suitable amount of the amine or amine salt
to be added is from 0.1 to 5% by weight. If the amount
éxcéeds 5% by weight, an ionic residue remains in an-
increased amount after reflow.

As the wax, carnauba wax, a synthetic wax, Japan wax,
or the like can be used. Generally in an amount of from 0.5
to.5% by weight. If the émount.exceeds 5% by weight, the
adhesion effect is impairéd. | |

These carboxylic acid, amine, amine salt, and wax may
bezused'alone or may be used in éombination of two or more _
théreof."By use of these, reflow properties can be improved,
making it possible to forﬁ.a precise and fine pattern. It is
pféferable that the resin.¢omposition be formulated so as to
have such properties.as a softening point of 150°C or lower
and an acid value of 50 or higher. If the softening point
thereéf is above 150°C or if the acid value thereof is below

50, smooth reflow may not be attained.
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“I'n the benzotriazole derivatives represented by formula (1), R err] may be
. a hydrogen atom but hi gher tackiness is generally obtaj.ned when R err] is
an al kyl group having 8-or nore carbon atoms. In the intdazole derivatives
“and benzoi m dazol e deri'vatives represented by fornulae (3) and (4),
respectively, Rerr], Rerr], Rerr], and Rerr] each is preferably an
al kyl or alkylthio group having 8 or nore carbon atons because such groups
general ly bring about higher tackiness. In the benzothiazole thiofatty acid

"~ derivatives represented formul a , Rlerr] preferably has 1 or 2 carbon
atons. Further, ir1ArﬂFqégéﬁﬁﬁeeﬂémégétP§e§hﬁe§ﬁ§§BnQRﬁﬁé§lt1°n S

comprises 89-97% by weight of_the rosin component, 2-8% by
weight of the carboxylic acid, 0.1-1.5% by weight of the
amine or amine salt, and 0.5-1.5% by weight 6£ the wax.

With the resin composition thus prebared,-the surface
of solder éowder is covered at a thickness of 0.05 to 10 pm.
As a covering method, an ordinary technique such as spiay
arying can be used. Too large amount of the resin
composition results in increase in the amount of ionic
residues, and thus is not prefered.

Use of a fine solder powder for forming a solder
circuit on a printed circuit board has a merit that a. highly
precise and fine pattern can be formed, but has a problem
that the area of solder powder surface that is subject to
oxidation is large. In the case where a solder powder
containing a large amount of oxide is used, the adverse
effect of the oxide film can be eliminated by using a flux,
thereby torenhance the bonding strength of the solder.
waever, when a flux is applied on extremely_fine patterns of
solder powder, the solder patterns are apt to be damaged, so
that not only solder bridging tends to occur between.fine
patterns in the solder-coated printed board obtained, but
also fluctuations in solder film thickﬁess may be
experienced. In such a case, the solder particle pattern
adherent to the tacky surface may be fixed by heating. This

technique is preferred because it enables the application of
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formula (7), Rlerr], Rlerr], and Rlerr] each preferably has 8 or nore
carbon atons. At Ieast one of the tackiness-inparting compounds is
dissolved in water. It is preferred that this solution (hereafter referred
to as "a tacky layer-form ng solution") be used after being rendered acidic
(i.e., pH< 7), nore preferably slightly acidic with a pH of about 3 to 4.
In the case where the exposed netal to be treated is copper, an i norgani c
acid such as hydrochloric acid, sulfuric acid, nitric acid, or phosphoric
acid may be used for the purpose. Organic acids such as forn1c acid, acetic
acid, prop|om|ﬁlux to be conducted without damaging the solder pattern.

Illustratlvely stated, after a solder powder is adhered to
the tacky surface, the adhered solder powder is heat-treated
at a temperature of 100_to 250°C for a period of 5 to 60
seconds, for example, at 160°C for 30 seconds or 180°C for 10
seconds, under-such conditions as not to melt the solder.
Thereafter, a flux is applied, and the solder powder is then
melted and leveled to form a solder film.

In this case, even when the eutectic solder, which
has a melting point of 183°C, is heated to a temperature
above the melting point, the solder powder can be fixed
without being melted as long as the heating time is short,

.probably because the surface of the solder powder.is covered
with an oxide film. In general, a lower heat-fixing
temperature necessitatee a longer heating time and a higher
heat-fixing temperature necessitates a shorter heating time;
it is necessary to select conditions that do not melt tne
solder powder. If the heat-fixing temperature is below
lO@%:, a sufficient effect is difficult to obtain even when
'the heating time is long. On the other hand, in the heat
treatment at above 256°C ox1datlon of the surface of the
solder powder proceeds, causing a trouble in meltlng and
bonding. It is, therefore, desired to avoid prolonged heat
treatment at a high temperature. The flur to be used is not

particularly limited as long as it is suited to the solderx
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acid, malic acid, oxalic acid, malonic acid, succinic acid, and tartaric
‘acid may al so be used. Although the concentration of the..

t.acki ness-.i nparting conpound in the solution is not strlstly limted, it is
suitably regul ated according to the solubility of the conpound and use

condi ti ons.

The preferred range of the concentration is fromO0.05 to 20% by

wei ght since such solutions are easy to.use. Wien the concentration is |ess
than 0.05 % by weight, formation of a thin tacky filmtends to be
insufficient. The treatnment for, inparting tackiness is conducted either by

appl yi ng t hpowdentt usedan @&@ﬁ@ﬁﬁﬁﬁﬂiéﬂﬁEﬁﬁi@rﬂﬁétfree flux such as a

rosin-based flux.

After application of a flux, the 'solder powder is
melted with, e.g., a reflow furnace, whereby a highly precise
and fine solder film which is free from a solder bridge and |
has a uniform thickness can be formed on the exposed metallic
surface. | | |

The present invention is based on a completely novel
technique deﬁeloped fo: solder film formation on only a
predetermined part of a métallic surface, which technique
éomprises imparting tackiness to the éxposed metailic part in

which a solder circuit is to be formed and then adhering a

solder powder thereto to thereby form a precise-and fine

solder film pattern:
According to the present invention, it has also
become possible to form a tacky substance on only an exposed

metallic surface by a chemical means in which the surface is

- immersed in or coated with a tacky layer-forming solution

cohtaining-a tackiness-imparting'compound and to adhere a
solder bowder to the facky surface to thereby form_a solder
£ilm. |
- Although the mechanism of the above-described
reaction has not been fuily elﬁcidated, it is thought that
the metal and the_tackinéss-imparting compbund of the present
invention form a chelate com?ound showing tackiness.

/‘—’
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on which a solder filmis to be fornmed or by imersing that netallic part
in the solution. In the treatment, a tenperature slightly.higher than room
t enperature enables forimation of a tacky layer at a noderate rate in a

| arge anount. Although the tenperature for the treatnment is not
particularly limted because it varies depending on the concentration of

t he tacki ness-inparting conpound, the kind of the netal, etc., the
preferred range thereof is generally from30 to 60[err]C. The inmmersion
time is not particularly limted, but it is preferable fromthe standpoint
of working efficiencgihbat tBehehusoFdrncncdiekf osibotandestepdsties eall at e

the imersion time within the range of from5 seconds to 5 mnutes. In this

case, it-is 6ﬁE§eaﬁeéxp05586m%tallic surface (e.g., a pad of a solder
circuit), there is no need of conducting positioning for
tacky substande deposition and it has become possiblé to
sufficiently co?e with the trend toward circuit pitch
reduction.

Furthermore, since a solder is adhered to this tacky
substance in the presen£ method, the formation of a bridge
can be prevented by selecting an appropriate solder particle
size and, hence, a fine solder film'pattern can be'easily
formed, unlike the printing method which employs a solder
powder paste'as an ink.

The present invention will be explained below.in more
detail'by reference to thé following'Examples, but the
.invention is not construed as being limited thereto.

EXAMPLE 1

A 2% by weight aqueous solution of an imidazolé
~compound represented by formula'(3),-wherein the alkyl group
of R, was C;H,; and R; .was a hydrogen atom, was pH-adjusted to
about 4 with acetic aéid, ining a tacky.layer-forming
solution. This aqueous solution was heated to 40°é,'and a
éoépér—clad, single-sided, flexible printed circuitlboard
which had been pretreated with an aqueous hydrochloric acid
solution and had a pitch of 0.3 mm was immersed in the tacky

layer-forming solution for 3 minutes to form a tacky

. substance. '
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tacky layer-form ng solution containing copper ions in an . 12 anount of
100 to 2,000 ppm (by wej:ght), desirablly 100 to 1,000 ppm: because use of
.this solution inproves the efficiency of tacky layer formation, i.e., the
rate of the layer formation, the anount of the layer, etc. Before the
printed circuit board is subjected to treatnment with the tacky
layer-formng solution, only the nmetallic circuit part on which a sol der
circuit isto be forned is kept in an exposed state, with the other

netallic

The resulting printed circuit board was then washed
with water and dried; It wés ascertained thereafter that the
tacky substance had deposited precisely on the pads only. An
eutectic solder powder having an average particle diameter of
about 40 um was sprinkled over the dry piinted circuit board,
which was then lightly brushed to thereby adhere the solder
powder selectively to the tacky substance parts. Thereafter,

the solder powder was melted in a 240°C oven. As a result, a

thin eutectic solder layer having a thickness of about 20 um

was formed with high precision on the exposed coppér circuit

- parts.

EXAMPLE 2

The same procedures as in Example 1 &ere conducted
except that copper ions were added at a cdncentration of 200
lppm, the concentration of the tackiness-imparting compound
used in Example 1 was changed to 0.5% by weight, and the
immersion time was changed to 30 seconds. Despite the lower
imidazole compound concentration and the shorter immersion
Itihe than those in Example 1, the formation of a tacky layer

wa$ on a level satisfactory for solder particle adhesion, and

.a thin eutectic solder layer having a thickness of about 20

pin ‘and almost the same as that in Example 1 was formed with

~high precision.

EXAMPLE 3
The same procedures as in Example 1 were conducted

except that a 0.2% by weight aqueous solution of a
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circuit part being covered with a resist or other material. In the case
where the whol e of an el.ectronic part is imrersed in the.tacky
.layer-formng solution, the netallic part other than the part on which a
solder filmis forned is covered with a nmolding resin so as to avoid
contact with the solution. Upon the immersion in or coating with the

sol ution containing the tackiness-inparting conpound descri bed above, the"
conpound adheres to the exposed netallic surface to render the surface
tacky. After water-washing and drying, a printed circuit board or netallic
part in whi denieirnidrzelte neonpound syepaesensedadyy fiormybtai (), wheokder

powder is sprinkled over the tacky surface to allowthe sol der powder
Ry was CgH;; and R; was a hydrogen atom, was used, and that a

copper-clad, single-sided, fléxible'printed circuit board
which had been pretreated with an aqueous hydrochloric acid
solution and had a pitch 6f 0.25 mm was used. The solder
circuit thus obtained had sufficiently coped with the 0.25-mm
pitch. | | |
| | EXAMPLE 4
The same procedures as in Example 3 were conducted
except that a benzoimidazole compound'represented by formula
(4), wherein R, was a butylthio group and R, was a hydrogen
atom, was used. As a result, a highly.precise and fine |
soldexr circuit ﬁaving a pitch of 0.25 mm was obtained as in
Example 3.
_ EXAMPLE 5
A tacky layer-forming solution was prepafed by pH-
a&justing a 0.5% by weight agireous solution of S—laurfl-
benzotriazole'(a compound of formula (1)) to about 3 in the
présence.df sﬁlfuric acid and methyl alcohol. This solution
was heated to 50°C, and the.subsequent procedures were
condﬁcted in the same manner as in Example 1. As a.result,_a
'sééisfactory circuit was obtained as in Example 1.
EXAMPLE 6 |
A tacky layer—forming solution was piepared by pH-
adijusting a 0.2% by weight aqueous solution'of 5-butyl-2-

mercaptobenzothiazole (a comﬁound'of_formula (5)) to about 4
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to adhere thereto and the excess sol der powder is renoved. Thereafter, the
adherent sol der powder is,nelted and |evel ed by heating to thereby forn1a
solder film The thicknéss of the solder filmis preferably from1 to 200
[err]mwhile it varies depending upon use conditions of the solder film
13 If the solder filmthus formed has a thickness bel ow a required |evel,
the thickness of the solder film (especially.on a netal other than copper)
can be increased to the desired | evel by conducting the treatnent with the

t acky .
in the presence of methyl alcohol and triethanolamine. Using

this aqueous solution, the same procedures as in Example 5
were conducted. As a result, a satisfactory circuit was
obtained as in Example 1.

' EXAMPLE 7 .

A tacky layer-forming solution was prepared by pH-
edjusting a 0.5% by weight aqueous eolution of 4-methyl-
naphthotriazole (a compound of formula (2)) to about 3-in.the
presence of sulfuric acid, tfiethanolamine, and methanol.
Using this aqueous solutien, the same procedures as in
ﬁxample 5 were conducted to obtain good results as in Example
1. |

EXAMPLE 8

A tacky layer-forming solution Qas prepared by pH-
adjusting a 0.5% by weight aqueous solution of 2-[2-
(penzothiazolyl)thio]propionic acid (a compoundlof formula
(6)) to about 4 in the presence of methanol. Using this
agueous solution, the same procedures as in Example 5 were
coﬁducted to obtain good results as in Example 1.

- EXAMPLE 9

A 0.5% aqueous solution_ef 6-diisooctylamino-1,3,5-

t#iaZine—2,4-dithiol monosodium salt represented by formula

(7)., wherein R;, was a dllsooctylamlno group (—N—lSO CgH;7)
iso- CsH”

and M was Na, was heated to 80°C to obtain a treating

solution for tacky layer formation. A printed board having a
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| ayer-formng solution two or nore tines, since the tacky |ayer-formng
solution inparts tackiness also to solder surfaces though this tackiness is
Weaker than that |nparted to copper. For adhering a powdered solder to the
‘tacky surface, various nethods may be used. Exanpl es thereof include a mask
met hod in which a soldér powder is allowed to adhere through a mask having
an opening; a spray nethod in which a. sol der powder is sprayed over the
whol e of an exposed netallic surface having the tacky surface and the
unnecessary sol der powder is then renoved; a fluidized bed nethod in which
the printedd b%am-mmgezzaessac E?P@GF’-T gaqud t paxks t FPEUGRNASERARD; yith

whi ch a sol der gomder % SusS and a roller
a QF (quad lat gac age) was immersed in the treating

solution for 10 minutes, pulled up, washed with water, and
then dried. As a result, only the exposed copper eircuit
part surfaces had developed tackiness. A solder powder
ha&ing a diameter of 40 um was adhered to the tacky parts and
then melted with a reflow furnace regulated to have a
temperature of 240°C to thereby obtain a solder coat having
an almost uniform thickness of about 20 pm.
EXAMPLE 10

A 0.5% aqueoﬁs solution of 6-oleylamino-1,3,5-
triazine-2,4-dithiol monosodium salt represented by formula
(7), wherein R;; was an oleylamino group (-NHCgH;,CH=CHCgH,;)
and M was Na, was heated to 80°C, giving e treating solution.
The subsequent procedures wete conducted in the same manner
as in Example-s: As a result, a satisfactory solder coat was
obtained.

EXAMPLE 11

A continuous sheet comprlslng a polylmlde film
substrate and a copper foil laminated thereto was subjected
to etching by an ordlnary method to obtain a copper pattern.
Theteafter, a polyimide film having punched-out openings
corresponding to the parts'to be selder—coated'was.pcsitioned
on and laminated to the copper pattern with an adhesive. The
continuous sheet thus obtained was subjected to a pretreat-

ment in which the exposed copper parts were lightly etched by
[
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method in which a sol der. powder |ayer forned on a tacky xoller or mesh

roller

is brought intofgontact with the printed board. ‘Oie exanpl e of

si npl e nmethods for adhesion conprises holding the printed circuit board
“having a tacky surface -on the exposed netallic surface on a slant, and
droppi ng a sol der powder fromabove little by little. The appropriate range
of the slant angle of the exposed netallic surface is from10 to 85

degr ees,

preferably from20 to 75 degrees, with 14

an orxdinary method. The pretreated sheet was then treated by
paslsing it, over a period of 30 seconds, through a 50°C bath
of a 1% by weight aqueous acetic acid solution of 2- |
undecylimidazole tﬁat forms a ‘chelate compound with copper
metal which solution had been_§H4adjusted to about 4 with
acetic acid. The resulting sheet was washed with water and
dried to form a tacky layer of about 0.2 um thick selectively
on the exposed copper surfaces. Théreafter, a solder powder
having an average particle diameter of 40 um was adhered to
the técky layer and melted in a reinW'furnace. Thus,
printed circuit béards having a solder coat of about 20 um
thick were obtained as a continuous sheet. |

~In the case of patterns of the above-described type,
1,150 independent printed circuit boards were able to be
obtained by the method of the invention on the continuous
sheet substrate having an aréa cofresponding to that
nebessary for obtaining 1,000 printed circuit boards by.the
éohventional electroplating method in which dummy parts
éhOuld be formed for electrical connection according fo

pattern arrangement. This shows that 15% extra printed

circuit boards can be produced, so that a production cost of

thé printed circuit:can be reduced.
EXAMPLE 12
‘A 2% by Qeight aéueous solution of an imidazole
coﬁpound.represented by formula (3), wheiein the alkyl group

of R, was CjHy; and Rjs was a hydrogen atom, was pH-adjusted to
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the normal line. The slant angl e bel ow 10 degrees is undesirabl e because
the surface partly remains exposed with no sol der powder:-adherent thereto,

whil e the slant angle above 85 degrees is undesirable in that a sol der
powder is unlikely to fall off. It is preferable that the exposed netallic
surface having a tacky “surface be vibrated in order to densely adhere the
sol der powder. This.technique is particularly effective in fornmng a sol der
filmon a _through-hole part or on the exposed nmetallic circuits of a
doubl e-sided printed circuit board. In one enbodi nent of this technique,

the exposedapBhel &i witHr heee ikawdid a diakg sard | BaPeti-€drining sol der

powder and the printed board is transferred in a vibratory _
solution. This aqueous solution was heated to 40°C, and a
QFP which had been pretreated with an aqueous hydrochloric
acid solution and had a pitch of 0.3 mm was immersed therein
for 3 minutes to form a tacky substance.

The resulting QFP was then washed with water and
dried. It was ascertained thereafter that the tacky
substance had deposited precisely on the lead frames only.
An eutectic solder powder having an‘aVerage particle diameter
of 4Q pm was sprinkled over the dry QFP, which was then
iightly brushed to thereby adhere the solder'powder
sélectively to the tacky substance parts. Thexreafter, the
-solder.powder was melted in a 240°C oven. As a result, a
 thin eutectic solder layer having a thickness of about 20 um
was formed with high precision on the lead frames.

| EXAMPLE 13 |
" The same procedures as in Example 12 #ere conduéted

except that cépper ions wefe added at a concentfation of 200

pp@,lthe concentration of the tackiness-imparting compound

used in Example 12 was changed to 0.5% by wéight, and the

immersion time was changed to 30 seconds. Despite the lower
 iﬁiaazole compound concentration and ;ﬁe shorter immexrsion
time than those in Example 12, the formation of a tacky film

Qas on a level satisfactory for solder particle adhesion, and

‘a thin eutectic solder layer having a thickness of about 20
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bonveydr The anplitude of the vibration for the adhesion of sol der powder
my be fromO0.1 to 20 nm. However, in the case of transferrlng the printed
circuit board by neans of vibration as shown in Fig. 2, 'the anplitude is
.preferably froml to 10 mm The frequency may be fron1100 to 3,000 cpm
(cycle per mnute), and preferably from500 to 1,500 cpm The effective
range of the vibrational angle (fromthe horizontal) is fromO to 90
degrees. Lo the case of transferring the printed board by neans of
vibration as shown in Fig. 2, the preferred range thereof is from30 to 60
degr ees. pm and almost the same as that in Example 12 was formed with
high precision.
EXAMPLE 14
The same procedures as in Example 12 were conducted
except that a 0.2% by weight aqueous solution of the
benzoimidazole compound represented by'formula (4), wherein
Rg was CgH;; and R; was a hydrogen atom, was used, and that a
TAB (tape automated-bonding) which had been pretreated with
an aqueous hydrochloric acid solution and had a pitch of 0.25
mm was used. The solder coat thus obtained had sufficiently
coped with the 0.25-mm pitch. )
| EXAMPLE 15
The same procedures as in Example 14 were conducted
except for using a benzoimidazole cqmpound.represented by
formula (4), wherein R, was a butylthio group and R; was a
" hydrogen atom. As a result, a highly precise and fine solder
coat having a pitch of 0.25 mm was obtained as in Example 14.
EXAMPLE 16
A tacky layer-forming solution was prepared by pH-
adjhstiﬁg a 0.5% by weight agueous solution of 5-lauryl-
benzotriazole (a compound of formula (1)) to about 3 in the
presence of sulfuric acid and methyl alcohol. This solution
" was heated to 50°C, and the subsequent procedures were
conducted in the same manner as in Example 12. As a result,

a satisfactory solder coat was obtained as in Example 12.

EXAMPLE 17
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15 In the case where the printed circuit board has a tackiness-inparted
metallic circuit on one side thereof, a solder powder is-fed to the prlnted
hoard with the circuit gide facing upward, and the printed board is
vibrated to densely adhere the solder powder to the tacky part w thout
formng a void or other-defects. If.it is desired to continuously conduct

t he above nethod, this nay be acconplished as follows.. The printed circuit
board is placed on a vibratory floor and the floor is noved, or the printed
board is placed on a slant floor and the floor i's vibrated.

A tacky layer-forming solution was prepaied by pH-
adjusting a 0.2% by weight aqueous solution of S-buﬁjl—z-
mercaptobenzothiazole (a compoﬁnd of formula (5)) tc about 4
in the preseﬁce of methyl alcohol and triethanolamine.. Using
this aqueous solution, the same procedures as in Example 16
were conducted. As a result, a satisfactory solder coat was
bbtained as in Example 12.

. EXAMPLE 18
A tacky layer-forming solufibn was prepared by pH-
'adjusting a 0.5% by weight aqueous soluiton of 4-methyl-
ﬁaphthdtriazole (a compound of formula (2)) to about 3 in the
presence of sulfuric acid, triethanolamine, and methanol.
Uéing this aﬁueous soluﬁion,'the same procedures as in
Example 16 were conducted to obtain good results as in
Example 12.
EXAMPLE 19

A tacky layer-forming solution was prepared by pH-
adjusting a 0.5% by weight aqueous solution of 2-[2-
(bénzothiaiolyl)thio]propioﬁic acid (a compound of formula
(65) to about 4 in the presence of methanol. Using this
sblution, the same procedures as in Example 16 were conducted
tb.obtain good results as in Example 12.

EXAMPLE 20 _

A 2% by weight aqueoﬁs solution of an imidaéole_

compound répfesented by formula (3), -wherein the alkfl groﬁp

of R, was C;H,; and Rs; was a hydrogen atom, was pH-adjusted to
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A sol der powder is continuously fed to the tackiness-inparted part of the
printed board which is kept noving along with the sol det-*powder, thereby
densely adhering the sol der powder by neans of vibration. In the case where
the printed circuit board has a tackiness-inparted netallic circuit in a

t hrough-hol e part thereof or on both sides thereof, the printed circuit
board is placed on a solder powder |ayer and the circuit board is vibrated
while a sol™der powder is.being fed to the upper side thereof. If it is

by pl aci ng BRET An PR ARRITHE RSal OFE G-R0| BoPobIRAor Soer RATP IS
S’a”t flpors &gtgo%Lbr%%f§1adhégug'§%&ﬁ£&3n3&39thg5EgﬁFE%P4kpc, and a
¢oppe:-clad, double-sided printed board which had been
pretreated with an aqueous hydrochloric acid solutién ahd had
through-hole parts and a pitch of 0.3 mm was immeised in the
tacky layer-forming solution for 3 minutes to form a tacky
substance. The resultiné printed board was then washed with -
ﬁater and dried. A powdered eutectic solder having a
particle diameter of about 40 um‘was adhered.to the printed
board by the method shown in Fig. 1. As a result, the solder
ppwder was densely adhered simultaneously on both sides.
Further, the solder powder was densely adhered also to the
inher wall of each thrqugh—hole having é diameter of 0.3 mm,
as illustrated in Fig. 3. |
EXAMPLE 21
Tackiness was 1mparted to a copper fo;l clad, double-
sided printed board in the same manner as in Example 20. A
powdered eutectic solder of 40 pum was then adhered by the
_ﬁethod shown in Fig. 2 under conditions of a frequency of 100
cpﬁ, an amplitude of 4 mm, and a vibrational angle of 30
degrees, while the printed board was being moved in the same
difection as:the powder. As a result, the sélder powder was
densely adhered to both sides of the printed board. Further,
the solder powder was densely adhered also to the inner walls

of 0.3-mm through-holes.

TN



vibrate the sol der |ayer. 16 By thus bringing the printed circuit board
into contact with-a sol der powder |layer with vibration, the sol der powder
Gan be nost densely adhetéd to the tacky surface. Methods-for practicing

t he above are explained below with reference to the Figures. In Figs. 1 and

2,

nuner al

1 denotes a printed circuit board which has a through-hole part

or to which tackiness has been inparted at exposed.netallic circuit parts

on bot h sides

EXAMPLE 22

A resin composition was prepared by mixing 93% by
weight of rosin having a softening point of 100°C and an acid
value of 120 with 5% by weight of caprylic acid, 1% by weight
of cyclohexylamine bromate, and 1% by weight of carnauba wax.
The surface of eutectic solde: powder having an average
particle diameter of 50 um was covered with this resin
composition by a spray drying method at a thickness of about
5 pm.

Subsequently, a tacky layer-forming solutlon obtained

by pH-adjusting a 2% by we1ght aqueous solution of 2-

undecylimidazole to about 4 with acetic acid was heated to

4b°C. A copper foil-clad, single-sided, flexible printed
board which had been pretreated with an aqueous hydrochlorlc
acid solution and had a pitch of 0.3 mm was immersed in the
tacky layer-forming solution for 3 minutes to form a tacky
substance.

The resulting ptinted circuit board was then washed
with water and dried. Thus, the tacky substance was
deéoeited precisely on pads.only. The coated eutectic solder
poﬁder-bbtained above was then sprinkled over the dry printed
circuit board, and the excess solder powder was femoved by
lightly brushing the circuit board to thereby attain
selective adhesion to the tacky parts. Thus, a satisfactory

solder_poWder pattern was obtained.
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‘thereof. This printed board is placed on a sol der powder |ayer 3 on a
vibrator 4, and is vibrated while a solder powder 2 is being fed thereto
from above, thereby densely adhering the solder powder. The vibration may
be in any of the vertical direction, a horizontal direction (reciprocating
or circular nmotion), and a slanting vertical direction. Wien the sol der

| ayer is to be noved in one direction, the whole can be noved snoot hly by
keeping the floor oblique and applying a vibration in a slanting vertical
direction. By conducting the treatnment described above, solder particles 14
can be densely adh&h® cirenibdR9ardyhavingr hisd seldare powder pattern
tacki ness-inparting conmpound on the _surface of the througﬁ-hole part

t hr ough Vwﬂqggqgﬂﬁxyaﬁjq%gﬁgg 3B @3,250°C conveyor oven to melt and level

the solder powder, thereby giving a satisfactory solder
circuit pattern.’

This solder circuit patﬁern thus obtained had a
unifoim solder film thickness of 30 um. The concentration of
residual ions was 8 pg NaCl/ inch? as determined without
Qashing.

EXAMPLE 23

A printed circuit board which was for connection with
a 0.25 mm-pitch TAB and in whi;h copper in the corresponding
0.25 mm—pitéh copper pads had been exposed, was immersed at
40°C for 30 seconds in a 1% by weight aqueous solution of 2-
doﬁecylimidazole whose pH had been adjusted to about 4 with
~acetic acid. The resulting printed board was washed with
water and dried to selectively form a tacky substance layer
ongthe surfaces of'the copper pads. An eutectic solder
pbwder having an average particle diameter of about 50 um was
sp#inkled—over the printed circuit board, which was then |
lightly~brushed thereby to obtain é highly precise and fine
sdlderlpattern in which the éolder powder.was selectively
adhérenf to the tacky substance parts.u

The resulting printed circuit board was heated at
170°C for 30 seconds to fix the solder powder. Subsequently,
a commercially available, rosin;based flux was applied and

the printed board was then placed in a 230°C reflow furnace
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both sides of an insulating substrate 11 are connected, as shown in Fig. 3.
The material of the sol.der powder can be arbitrarily selected according to
use, fromeutectic, silVvér-containing, 17 and bi srmut h-cont ai ni ng sol ders
~and ot her solders. The _sol der powder preferably has a dianeter of from1l to
500 [err]m It is preferred to cover the surface of the sol der powder with
a resin conposition containing a rosin or a rosin derivative as an
essenti al -eonponent -and further containing

for 1 minute to thereby melt the solder powder and form a
solder circuit. Thus, a printed circﬁit board having the
copper pad surfaces covered with a highly precise and fine
solder coat having a uniform thickﬁess of 30 pm was obtained..
Printed boards thus.obtainéd were randomly sampled to examine
50 samples for solder bridging. As a result, all the samples
had no pfoblem.
.EXAMPLE 24

The same procedure as in Example 20 were conducted,

except that the circuit board was thrusted vertically into a
',soider powder layer which was being shaked by a wvibrator

under conditions of a frequency of 3,000 cpm, an amplitude of
1 mm, as shown in Fig. 4 wheréin'numerals'l, 3 and 4 denote a
printed circuit board, a soldexr powder léyer and a vibrator,
respectively. As a resulﬁ, the solder powder was densely
adhered on both sides and inner walls of the printed board.

; Thé solder film-forming method.according to the
present invention is.based on a principle utterly different
froﬁ those in the conventional methods for solder film
formation. That is, the meﬁhod of this invention comprises

'simPle procedures consisting only of immersing or coating the
expoged.metallic circuit part(s) of a pripted circuit board
in or with a tacky layer-forming solution containing a
specific tackiness-imparting compound to thereby impart
tackiness to the exposed metallic circui£ part(s),

subsequently adhering a solder powder to the solder circuit
[ —

eet Has Been Re laced

T




at | east one of a carboxylic acid, an am ne, an am ne salt, and a wax,
because the thus-coated.sol der pomder shows i nproved refLOM/propertles and
l.n turn, .inproves the rellab|I|ty of electrical connecti'on. Exanples of the
rosin derivative that can be used as an essential conponent of the resin
conposi tion include hydrogenated rosins, disproportionated rosins,

pol yneri zed rosins, rosins nodified with maleic acid, aldehyde-nodified
rosins, rosin esters, and rosin-nodified phenolic resins. The rosin or
rosin derivative is an essential ingredient for enabling the sol der
particle supédse¢s)t,oandpahenameiliting @mnd rigewdl 1nd ythéf sbhideropiowdmmmunt i s
too small, these effects are reduced. If a rosin is used al one, reflow of

t he Thus, it has become possible to accurately form a precise and

fine pattern without the necessity of troublesome operations
such as positioning. | |

Furthermore, since the solder film thus formed has no
bridges, products can be obtainéd at a high production
efficiency and a low off-specification rate. |

While the invention has been described in detail and

_ with reference_to specific embodiments thereof, it will be

apparént 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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sol der pomder does not proceed snoothly. For the purpose of inproving
refIOM/propertles at | edst one of a carboxylic acid, am ami ne, an anine

salt, and a wax is added to the rosin according to one_pLeieixemL4¥ﬂuxy4nyn
of the present invention. The carboxyllc acid, which has a carbox I rou
is not limited in carbon nunber, etc., and exanples ther h“d
propionic acid, caprylic acid, |auryl aC|d stearic II

adi pi.c acid, citric acid, nmalic acid,

aci d,

WHAT IS CLAIMED IS:

1. A method of forming a solder film which comprises

selectively imparting tackiness to only a predetermined part
of a metallic surface of an article by means of a tacky
layer-forming solution ceﬁteining at least one compound
selected from the group consisting of benzotriazole
derivatives, naphthotriazole de;ivatives, imidazole
derivatives, benzoimidazole derivatives, mercaptobenzde
thiazole derivatives, benzothiazole thiofatty acid
derivatives, and triazine derivatives,_adhering.a powdered
eolder to the resulting tacky part, and then meltinQ the |
solder by heating to thereby form a solder film.

2. The ﬁethod as cleimed in claim 1, wherein the
powdered solder adhered to the tacky part is fixed by heating
at a temperature.of 100 to 250°C for 5 to 60 seconds under
such conditions as not to melt the powdered solder, followed
bf applying a flux to the fixed solder and then melting the
.resulting solder by heating to thereby form a solder.filml

3. The method as claimed in claim 1, wherein the

metallic surface is an electrical
4. The method as claimed
metallic surface is a terminal of

'5. The method as claimed

circuit.
in claim 1, wherein the
an electronic part.

in claim 1, wherein the

metallic surface of an article is immersed in or coated with
the tacky layer-forming solution to impart tackiness to a

predetermined part.
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nalelc aC|d and oxalic acid. The suitable anmount of the acid to be added

is froml to 10%by weight. If it is nore than 10%-by—weight-—the-acid may

cause corrosion of the tFrcuit conductor. Exanples of t he an1ne or anine

salt include nethyl am ne, ethylam ne, butylam ne, i mwd
cycl ohexyl am ne, nonoet hanol am ne, di et hanol am ne,
hydrochloric acid salt or bromc acid salt thereof. unt of

the amine or amne salt to be added is fromO0.1 to 5@6by melght If t he
anount exceeds 5% by weight, an ionic residue remains in an increased

amount after refloweAs #He N@EnoddSaRAINRY. iR BIAIREH C WRre JRPERLVRX,

adhesion of a powdered solder is accomplished by'placing the
article having the tacky part in a fluidized bed in which a
solder powder is stspended.

7. The method as claimed in claim 1, wherein the
adhesion of a powdered solder is accomplished by burying the
article having the tacky parﬁ in a solder powder while
transferring thé article. in a vibratory conveyor.

8. An electronic part obtained by a method which
comprises selectively imparting tackiness to only a
ﬁredetermined part of a metallic surface of an.article by
méans of a tacky layer-forming solution containing at least
one compound selected from the group consisting of
benzotriazole derivatives, naphthotriazole derivatives,
imidazole derivatives, benzoimidazole derivatives, mercapto-
bgnzothiazole derivatives, benzothiazole thiofatty acid

derivatives, and triazine derivatives, adhering a powdered

'_solder to the resulting tacky part, and then melting the

soider_by heating to thereby form a solder film; wherein the
article is a dual inline package, a siﬁgle.ihlihe package, a
pip grid array,la small online package, a quad flat package,
of a ﬁape—automated package. |

9. The electronic part as claimed in claim 8,

wherein the powdered solder adhered to the taéky part is

fixed by heating at a tempefature of 100 to 250°C for 5.to 60

seconds under such conditions as not to melt the powdered’

R TIT
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or the like can be used. Generalty—m an anmount. of fromO0.5 to 5% by

weight. If the anDunt exceeds 5@6by melght t he adhesi on:effect is
.inpaired.. These car lmix eﬂdh ‘am ne salt, and wax nay be used
al one or may be used “ of two or nore thereof. By use of
"t hese, refIOM/propert r oved, meking it possible to forma
preci se and fine pattern. IS preferable that the resin conposition be
formul ated_so as to have such properties as a softening point of - 150[err]C
or lower and an acid value of 50 or higher. If the softening point thereof
is above 1¥Ykten C fulidwédebpcappiping ah€less tics th fixéd sobdeh andl ow
may not be att ai ned.
then melting the resulting solder by heating to thereby form
a solder film. '
10. A printed circuit board obtained by a method
which comprises selectively imparting tackiness to 6nly a
predetermined part of a metallic surface of an article by
means of a tacky layer-forming solution containing at least
one compound'selected from the group consisting of
benzotriazole derivatives, naphthotriazole derivatives,
imidazole derivatives,.benzoimidazole derivatives, mercapto-
benzothiazole derivatives, benzothiazole thiofatty acid
derivatives, and triazine derivatives, adhering a powdered
solder to the resulting tacky part, and then melting the
solder by heating to thereby form a solder film
11. A printed circuit board as claimed in claim 10,
wherein plurality of printed circuits are formed on a
continuous sheet substrate.
12. A solution for selectively imparting tackiness
_toia metallic surface, which is an acidic solution containing
(i) 0.05 to 20% by weight of at léast one compound selected
from the group consisting of benzotriazole derivatives,
naphthotriazole derivatives, imidazole.derivatives, |
benzoimidazole derivatives, mércaptobenzothiazole
derivatives, benzethiazole thiofatty acid derivatives, and
triazine derivatives, and (ii) 100 to 2,000 ppm of copper

ions.
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f9 A preferred exahple of the resin conposition conprises 89-97% by wei ght

of the rosin conponent, 2-8%by weight of the carboxylic acid, 0.1-1.5% by
wei ght of the amine or “dmine salt, and 0.5-1. 5% by wei ght” of t he wax. Wth

the resin conposition thus prepar edIhStSheeﬂsI%FrEe jtedsol der powder

covered at a thickness -of 0.05 to 10 overlng met hod, an
ordi nary techni que such as spray dryi Too | arge amount of
the resin conp05|t|on results in |ncrease I n the anDunt of ionic residues,

and thus IS not prefered. ,
13. A solder powder whlch comprises solder particles

whose surfaces have been covered at a thickness of 0.005 to
10 pm with a resin composition containing a rosih or a rosin
derivative as an essential component and'further'confaining
at least one member se;ected f:om;a carboxylic acid in an
amount of 1 to lO%-by weight, an amine or an amine salt in an
amount of'd.l to 5% by weight; and a wax in an amoﬁnt of 0.5

to 5% by weight.

(.-
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Use of a fine solder powder for formng a solder circuit on a printed
circuit board has a nerit that a highly precise and fine pattern can be
f.ormed, but has a problen1that the area of sol der powderSurface that is
subject to oxidation is large. In the case where a sol der powder contai ni ng
a | arge amount of oxide*is used, the adverse effect of the oxide filmcan
be elimnated by using a flux, thereby to enhance the bondi ng strength of
the sol der. However, when a flux is applied on extrenely fine patterns of
sol der powder, the solder patterns are apt to be danaged, so that not only

sol der bridging tends to occu?g g¥¥%%¥ | AQ %ﬁ% the sol der-coat ed
printed board obtained, but a 3 g8 M AL ﬁﬁE il mthickness may

be A method of forming a solder film on a metallic

surface such as a péd of a metallic circuit of a printed
circuit board and a lead frame of electronic parts, which is .
capable of forming a precise and fine pattern and whiéh
comprises selectively imp&rting tackiness to oﬁly a
predetermined part of the metallic éurface by means of a
tacky layer-forming solution containing ét least one compound
selected from benzotriazole derivatives, naphthotfiazole
derivatives, imidazole defivatives, benzoimidazole
derivatives, mercaptobenzpthiazole derivatives, benzothiazole
thiofatty acid derivatives, and triazine derivatives,
adhering a powdered solder to the resulting tacky part, and
then melting the solder by heating to thereby form a solder

film.
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experienced. In such a case, the”§6TdET—paf++{44;4matern adherent to the

tacky surface nmay be fixed by hea |s techni que i8S, preferred because
jt enables the application of acebnduct ed wit hout damagi ng
u a sol der powder is adhered

l

the sol der pattern. IIIustratlver

to the tacky surface, the adhered s heat-treated at a
tenperature of 100 to 250[err]C for a period of 5 to 60.seconds, for
exanple, at 160[err]C for 30 seconds or 180[err]C for 10 seconds under-
such conditions as not to nelt the sol der. _

Fig. 1 |
/;
e

‘Fig. 3
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¥
Thereafter, a flux is applied, and the sol der powder is then nelted and

leveled to forma solder™film In this case, even when the eutectic solder,
~which has a nelting p0|nt of 183[err]C, is heated to a fenperature above
the melting point, the solder powder can be fixed w thout being nelted as
|l ong as the-heating ting is short, probably because the surface of the
sol der powder is covered with an oxide film In general, a | ower
heat -fi xi ng tenperature necessitates a |onger heating tinme and a hlgher
heat-fi xi ng tenperature necessitates a shorter heating tine; it is
necessary to sel ect conditions that do not nmelt the sol der powder. If the
heat - fi xi ng tegggra{ére is below 100[err]C, a suffjitient effect is
difficult to obtb@n ®ven when

This Sheet Has Been Rep.
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the heating time is long. On the other hand, ir thauhaaﬂlktﬁatQ§n
25@[err]C oxi dation of the surf ace of the soldsfh
a trouble in nelting and bonding. It is, therefo;?
prolopged heat treatnent at a high tenperaturej h
pafticularly linmted as long as it is suited t¢ Mﬁegﬁgkder e L;t”‘
used. Preferred is a chlorine-free flux such a$ a rosin- bas%d’frux
application of a flux, the sol der powder is

:ﬂﬁ5pred?pguayaud“
E)) oﬂ.bez used

METHOD OF FORMING SOLDER FILM

FIELD OF THE INVENTION

The present invention relates to a method of forming
a sélder film. More particularly, this invention relates to
a method suitable for forming on & printed cirxcuit boaxrd a
solder circuit which is a solder layer formed beforehand on a
péd of a metallic circuit of the printed circuit board'for
easy mounting of electfonic barts thereon, or for forming of
a solder layer on an electronic part. |

BACKGROUND OF THE INVENTION

In recent years, printed circuit boards (also
;eferred to as printed boards) were developed which comprise'
an insulating substrate, such as a plastic substrate
(including film), a ceramic substrate, or a metal substrate
coated with a plastic or other substance, and an electronic
circuit formed thereon; and a technique of soldering an
eléctronic part such as an IC element, semiconductor chip,
fesistor, of capacitor to thelcircuit surface of such a
printed board to constitute an electronic device is being
widely employed. -

In producing the above-described circuit device
having electronic ﬁarts mounted thereon, the ordinary method

for soldering a lead terminal of the electronic part to a

.predetermined pad of the circuit comprises forming a thin

solder layer beforehand on either or both of the pad and the
This is the replacement gheet



melted with, e.g., a reflow furnace, whereby a highly precise and fine
sokder filmwhich is free froma solder bridge and has a uniform thickness
can be formed on the exposed netallic surface. The present invention is
based on a conpletely novel technique devel oped for solder filmformation
on“only a predeterm ned part of a metall2c surface, which technique
conprises inparting tackiness to the exposed netallic part in which a
solder circuit is to be forned and then adhering a sol der powder thereto to
thereby forma precise and fine solder filmpattern: According to the

present i nveid erindB; gbSOtPEAHE RASSidllet bl part ackidsehghance on
only an exposed
melting (reflowing) the thin solder layer(s) to solder the
electronic part on the circuit.

For the formation of the solder circuit (thin solder
layer), such methods as plating, dipping (immersion) in a
solder bath, and printing of a solder powder paste have been
employed. However, as the trend ﬁoward the increase in
mounting density, solder.circuits have been required to have
even finer patterns and there also are desires for
improvements in working efficiency and on-specification rate
and for circuit pattern miniaturization. It is, therefore,
bécoming difficult to cope with these requirements with the
above methods.

Among those conventional methods, the plating method
is applicable for formation of solder circuits having highly
precise and fine patterns.

. The plating method is classified into electroplating
and electroléss plating. Use of electroplating, however,
enéoupters difficulties in attaining electrical conductivity
because, in actual printed circuit boards, the parts in which
so;de; circuits are to be formed are present independently
fr;h the circuit parts in most cases. On the other hand,
electroless plating has a technical p;oblem that it is
difficult to obtain a thick solder layer having a thickness -

necessary in practical use, although the problem concerning

electrical conductivity in the electroplating is overcome.

- This is the replacement sheet
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metal lic surface by a chem cal neans in which the surface is imersed in or
coated with a tacky layer-formng solution containing a tackiness-inparting
conmpound and to adhere a solder powder to the tacky surface to thereby form
a solder film Although the nmechani smof the above-described reaction has
not® been fully elucidated, it is thought3sthat the netal and the

t acki ness-i nparting conpound of the present invention forma chelate

conmpound show ng tacki ness. 22

r

A method of electrostatically applying flux-coated
solder powder particles on a circuit part has been proposed
in JP-A-3-50853. (The term "JP-A" as used herein means an
"unexamined published Japanese patent application”.)
However, this method is still unable to easily produce a
high-accuracy fine pattern.

| Another method for the solder circuit formation has

 been proposed in JP-A-4-10694, which comprises applying.a
flux on a pircuit part by printing, adhering a powdered
solder to the flux-printed part, melting the solder by
heating it to a temperature not lower than the melting point
of the sblder, and then blowing a gas on the solder melt to
level it to thereby form a solder circuit. This method is
disadvantageous in that a high degree of skill is required
because high-precision printing of a flux on a pad is
difficult and in addition there is a fear of bridging between
pafterns spaced at a minute gap during the leveling of the
solder melt.

| Also in the case where a solder coat (solder layer)
is.formed on a lead terminal of an electronic part, there are
the same technical problems as those in the formation of

.sélder circuits.

As a result of extensive studies made in order to
improve the precision of solder paﬁterns which are required
to be fine, it has been found that the plating method, which

has attained the highest precision, still has several

nt sheet
Tris i the replecarnent SRECT

pate: 1 1 OCT 046



Since the thus forned tacky substance deposits on only an exposed netallic
sucface (e.g., a pad of a solder circuit), there is no need of conducting
positioning for tacky substance deposition and it has becone possible to
sufficiently cope with the trend toward circuit pitch reduction.

Fuft hernore, since a solder is adhered #o this tacky substance in the
present nethod, the formation of a bridge can be prevented by sel ecting an
appropriate solder particle size and, hence, a fine solder filmpattern can
be easily formed, unlike the printing nethod which enploys a sol der powder

paste as apgrbBiemEh@nBr @3@Nkd MENMEFLYE | iROwEXREAGNRE FAR @MY dFY €
other respects. |
SUMMARY OF THE INVENTION

An object of the present invention is to provide a
method of efficiently forﬁing a precise, fine, bridge-free
solder film pattern on a metallic circuit or on an exposed
metal of an electronic part by a simple procedure without the
necessity of troublesome.operations such as positioniné.

It haé been found that a certain chelate compound
acts on an exposed metallic surface to render it tacky, which
makes it possible to precisely adhere a powdered solder only
to the resulting tacky surface. The present invention has
been attained by the above discovery. That is, the present
invention is a method for forming a solder film, which
comprises selectively imparting tackiness to only an exposed
metallic part of a printed circuit board or‘electronic part
byzmeans of a tacky layer-forming solution containing at
;east one compound (tackiness-imparting compound) selected
from benzotriazole derivatives, naphthotriazole derivatives,
imidazole derivatives, benzoimidéiole derivatives, mercapto-
bquothiazole derivatives, benzothiazole thiofatfj acid
defivatives, and triazine derivatives, adhering a powdered
solder to the resulting tacky part, and then melting the
solder by heating to‘form a solder film on the parﬁ.

BRIEF DESCRIPTION OF THE DRAWINGS

This is the replacement sheet
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detail by reference to the follow ng Exanples, but the invention is not
construed as being limted thereto. EXAMPLE 1 A 2% by wei ght aqueous
solution of an im dazole conpound represented by fornmula (3), wherein the
al kyl group of Rerr] was CJerr]H err] and Rl err] was a hydrogen atom was
pH¥adj usted to about 4 with acetic acids giving a tacky |ayer-formng
solution. This aqueous solution was heated to 40[err]C, and a copper-cl ad,
single-sided, flexible printed circuit board which had been pretreated with
~an aqueous hydrochloric acid solution and had a pitch of 0.3 mm was

[SL‘L“:[ Zﬁgei_ n the tagyy | ayefs forg] 09-SRMYELENVERL 3 1TMASe 1 Qg1 97 Bbabcky
adhering technique in which a printed circuit board is placed
on a solder powder layer and a solder powder is allowed to
adhere to the printed board while a solder powder is being
fed.

Fig. 2 is a diagrammatic view illustrating a solder-
adhering technique in which a solder powder is allowed to
adhere while a solder ﬁowder layer is being moved.

Fig. 3 is.an enlarged view of a through-hole part to
which a solder powder is adhered.

| Fig. 4 is a diagrammatic view illustrating a solder-
aahering'technique in which a printed circuit board is
thrusted info a solder powder layer which is being-shaked by
a vibrator.

DETAILED DESCRIPTION OF THE INVENTION

Examples of printed circuit boards to which the
present invention can be applied include a single-sided
printed circuit board, a double-sided printed circuit board,
a ﬁultilayered printed circuit board, or a flexible printed
circuit board; each comprising a substrate obtained by
la@inating a metal plate to, e.g., a plastic base, plastic
filﬁ base, glass cloth base, paper-based epoxy resin base or
ceramic base, or an insulated substrate obtained by covering
a metal base with, e;g.,.a élastic oxr ceramic, andsa circuit
formed thereon. Further, the printed circuit board may. be

one comprising a substrate in continuous sheet form and

" Tnis is the replacement sheet
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23 ‘The resulting'printed circuit board was then washed with water and
dried. It was ascertained thereafter that the tacky substance had deposited
precisely on the pads only. An eutectic sol der powder having an average
particle dianmeter of about 40 [err]mwas sprinkled over the dry printed
ci Fcuit board, which was then lightly beushed to thereby adhere the sol der
powder selectively to the tacky substance parts. Thereafter, the sol der
powder was nelted in a 240[err]C oven. As a result, a thin eutectic sol der
| ayer having a thickness of about 20 [err]m _
plurality of circuits independently formed thereon. Examples
thereof include a circuit board obtained by laminating a foil
of highly conductive metal such as copper to a thermoplastic
resin film, e.g., a polyimide or polyester film, with an
adhesive and further laminating a photosensitive resin film
as a resist, followed by light exposure, development and
etching to form plurality of circuits, and a circuit board
obtained by directly printing plurality of circuits on a
thermoplastic film. |
Metal for use in -circuit formation is copper. in most
cases. Although copper is the most suitable metallic
material for the tackiness-imparting compound to be used in
this invention, i.e., benzotriazole derivatives, naphtho-
triazole derivatives, imidazole derivatives, benzoimidazole
derivatives, mercaptobenzothiazole derivatives, benzothiazole
thiofatty acid derivatives, triazine derivatives, etc., the
circuit-forming metal is not limited to copper and may be
other metals, such as gold, silver, tin, nickel, tungsten,
lead, copper alloys (e.g., Cu-P) and solder. The metals
other than copper tend to show poor bondability with the
tackiness-imparting compound, as compared to copper.
’ The method of the present invention is also
applicable to ordinary electronic parts reéuired to be
solder-coated. Examples of such electronic parts include

various kinds of packages such as a DIP (dual inline

package), an SIP (single inline package), a PGA (pin grid
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was’ forned with high precision on the exposed copper circuit parts. EXAMPLE
2 The same procedures as in Exanple 1 were conducted except that copper
lons were added at a concentration of 200 ppm the concentration of the

t acki ness-inparting conpound used in Exanple 1 was changed to 0.5% by
weifght, and the imersion tinme was changed to 30 seconds. Despite the | ower
I m dazol e conpound concentration and the shorter imersion tinme than those
in Exanple.l, the formation of a tacky layer was on a |evel satisfactory
for solder particle adhesion, and a thin eutectic solder |ayer having a

t hi ckness crxzagpou: 20 $GPr]swmahd ehddse packagme) asatQBP (quBdaddled 1 was

formed with _
package), and a TAB (tape-automated package).

Metal constituting a lead frame of such an electronic-
part is, in most cases, Alloy 42 (40% nickel and 60% iron) or
tin-containing copper. Although these metallic materials,
like copper, are suitable for the tackiness-imparting
compoﬁnd to be used in this invention, the metal constituting
the lead frame is not limited to these materials and may be
others, such as copper and copper alloys (e.g., Ni-Cu).
Further, the part to be coated with a solder may be all of
the metallic part or may be a part thereof .

Preferred examples of the tackiness-imparting
compound to be used in the present invention, which acts on a
metal to develop tackiness,.include benzotriazole derivatives
represented by formula (1), naphthoﬁriazole derivatives
represented by formula (2), imidazole derivatives represented
by. formula (3), benzoimidazole derivatives represented by
formula (4), mercaptobenzothiazole derivatives represented by
formula (5). benzothiazole thiofatty acid derivatives
represented by formula (6), and friazine deriQatives
represented by formula (7):

H
N

AN
(1)
It -
PESE

(wherein R, represents hydrogen atom or an alkyl group)

0
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hi gh precision. EXAMPLE 3 The sanme procedures as in Exanple 1 were
conduct ed except that a 0.2% by wei ght aqueous solution of a 24
benzoi mi dazol e conpound represented by fornula (4), wherein Rlerr] was
Cerr]Herr] and R err] was a hydrogen atom was used, and that a
copper-clad, single-sided, flexible priged circuit board which had been
pretreated with an aqueous hydrochloric acid solution and had a pitch of
0.25 mm was used. The sol der

H
N

N (2)
I
N

R

1]

Ras

(wherein R, and R; each represents hydrogen atom or an alkyl

group)

(wherein R, represents an alkyl group and Rs represents

hydi‘ogen atom or an alkyl group)

(wherein Rg represents an alkyl group or an alkylthio group
and R; represents hydrogen atom or an alkyl substituent at

the 4- or 5—po'sition)
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circuirt thus obtained had sufficiently coped with the 0.25-mm pitch.
EXAVMPLE 4 The sane procedures as in Exanple 3 were conducted except that a
‘benzoi mi dazol e conpound represented by formula (4), wherein R6 was a
butylthio group and R err] was a hydrogen atom was used. As a result, a
highly precise and fine solder circuit aving a pitch of 0.25 nm was
obtained as in Exanple 3. EXAMPLE 5 A tacky |ayer-form ng sol uti on was
prepared by pH adjusting a 0.5% by wei ght aqi reous sol ution of 5-lauryl-
benzotriazole (a conpound of forrmula (1)) to about 3 in the

(5)
Rs

(wherein Ry and R, each represents hydrogen atom or an alkyl

group)
: R11
N
BS 7 N\~ —~sM (7)
s _R12
(wherein R;; is either -N\\ or -NHR,,, where R;;, Rjs3,
R13

and R);, each represents an alkyl group or an alkylene group,
and M represents an alkali metal (e.g., Na, K, Li) or
hydrogen atom).

ine replecament sheet

This 151
4 1 OCT %%

. Dale:



presence of sulfuric acid and nethyl alcohol. This solution was heated to
S0[err]C and the subseguent procedures were conducted in the same manner
as in Exanple 1. As a result, a satisfactory circuit was obtained as in
Exanple 1. EXAMPLE 6 A.tacky | ayer-form ng solution was prepared by pH
adj usting a 0.2% by wei ght aqueous sol u{4on of 5-butyl-2-

nmer capt obenzot hi azol e (a conpound of fornula (5)) to about 4 25 in the
presence of nethyl al cohol and triethanol am ne. Using

In the benzotriazole derivatives represented by
formula (1), R; may be a hydrogen atom but.higher tackiness
is generally obtained when R; is an alkyl group having 8 or
more carbon atoms.

In the imidazole derivatives and benzoimidazole
derivatives represented by formulae (3) and (4),
respectively, R;, Rs, Ry, -and R; each is'preferably an alkyl
or alkyithio group having 8 or more carbon atoms because such
groups generally bring about higher tackiness.

In the benzothiazole thiofatty acid derivatives
represented by formula (6), R;p preferably has 1 or 2 'carbon
atoms.

-Further, in the triazine derivatives represented by
formula (7), Ryz, Ry3, and R, each preferably has 8 or more
carbon atoms.

At least one of the tackiness-imparting compounds is
dissolvéd in water. It is preferred that this solution
{hereafter referred to as "a tacky layer-forming solution")
be used after being rendered acidic (i.e., pH < 7), more
preferably slightly acidic with a pH of about 3 to 4. In the
case where the.expoéed metal to be treated is copper, an
inorganic acid such as hydrochloric acid, sulfuric acid,
nitrié acid, or phosphoric acid may be used for tﬁe purpose.

Organic acids such as formic acid, acetic acid, propionic
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t hi's aqueous sol ution, the same procedures as in Exanple 5 were conduct ed.
As-a result, a satisfactory circuit was obtained as in Exanple 1. EXAMPLE 7
A tacky layer-form ng solution was prepared by pH adjusting a 0.5% by
wei ght aqueous solution of 4-nethyl- naphthotriazole (a conpound of formula
(2)) to about 3 in the presence of sulff%ic acid, triethanol am ne, and
nmet hanol . Using this aqueous solution, the sane procedures as in Exanple 5
were conducted to obtain good results as in Exanple 1. EXAMPLE 8 A tacky
| ayer-form ng solution was prepared by pH

acid, malic acid, oxalic acid, malonic acid, succinic acid,
and tartaric acid may also be used.

Although the concentration of the tackiness-imparting
compound in the solution is not strictly limited, it is
suitably regulated according to the solubility of the '
compound and uée conditions. The preferred range of the
concentration is from 0.05 to 20% by weight since such
solutions are easy to use. When the concentration is less
than 0.05 % by weight, formation of a thin tacky film tends
to be insufficient.

The treatment for imparting tackiness is conducted
either by applying the solution on the exposed metallic part
on whicﬁ_a solder film .is to be formed or by immersing that
metallic part in the solution. 1In the treatment, a
temperature slightly higher than room temperature enables
formation of a tacky layer at a moderate rate in a large
amount . Although the temperature for the treatment is not
particularly limited because it varies depending on the
concentration of the tackiness-imparting compound, the kind
of the metal, etc., the preferred range thereof is generally
from 30 to 60°C. The immersion time is not particularly
limited, but it is preferable from the.standpoint of working
efficiency that other conditions be controlled so as to
regulate the immersion time within the range of ffom-S
seconds to 5 minutes. In this éasé, it is prgferred to use a

tacky layer-forming solution containing copper ions in an
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adjusting a 0.5% by wei ght aqueous sol ution of 2-[2-
(benzot hi azol yl )t hi o] propionic acid (a conpound of formula (6)) to about 4
‘in the presence of nethanol. Using this agueous solution, the sane
procedures as in Exanple 5 were conducted to obtain good results as in
Exanple 1. EXAMPLE 9 A 0.5% aqueous sol ution of 6-diisooctylam no-1, 3, 5-
triazine-2,4-dithiol nmonosodi um salt régresented by formula (7), wherein
Rlerr] was a diisooctylamno group (-N-iso-Clerr]Herr]) \iso-Clerr]Herr]
and Mwas Na, was heated to 80[err]C to obtain a treating solution for
tacky | ayerahotmBtooN108 p6i 0t 6dobepnd (haV iwight), desirably 100 to
1,000 ppm, because use of this solution improves the
efficiency of tacky layer formation, i.e., the rate of the
layer formation, the amount of the layer, etc.

Before the printed circuit board is subjected to
treatment with the tacky layer-forming solution, only the
metallic circuit part on which a solder circuit is to be
férmed is kept in an eqused state, with the other metallic
circuit part being covered with a resist or other material.
In the case where the whole of an electronic part is immersed.
in the tacky layer-forming solution,‘the metallic part other
than the part on which a solder film is formed is covered
with a molding resin so as to avoid contact with the
solution.

Upon the immersion in or coating with the.solution
containing the tackiness-imparting compound described above,
the compound adheres to the exposed metallic surface to
render the surface tacky. After water-washing and drying, a
printed circuit board or metallic part in which the exposed
metallic surface is tacky is obtained. A solder powder is
sprinkled over the tacky surface to allow the solder powder
to}adhere théreto and the excess solder powderlis removed.
Thereafter, the adherent solder powder is melted and leveléd
by heating to thereby form a solder film. The thickness of
‘the solder film is preferably from 1 to 200 um while it

varies depending upon use conditions of the solder film.
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26 0.3 mm pitch exposed copper circuit parts for connection with a QFP
(quad flat package) was imersed in the treating solution for 10 m nutes,
pul l ed up, washed with water, and then dried. As a result, only the exposed
copper circuit part surfaces had devel oped tackiness. A solder powder
having a di anmeter of 40 [err] m was adheigd to the tacky parts and then
melted with a reflow furnace regul ated T©0 have a tenperature of 240[err]C
to thereby obtain a solder coat having an al nost uniformthickness of about

20 [err]m EXAMPLE 10
If the solder film thus formed has a thickness below

a required levei, the thickness of the solder film
(especially on a metal other than copper) can be increased to
the desired level by conducting the treatment with the tacky
layer-forming solution two or moreé times, sincé the tacky
layer-forming solution imparts tackiness also to solder
surfaces though this taékiness is weaker than that imparted
to copper.

For adhering a powdered solder to the tacky surface,
various methods may be used. Examples thereof include a mask
method in which a solder powder is allowed to adhere through
a mask having an opening; a spray method in which a solder
powder is'sprayed over the whole of an exposed meﬁallic
surface having the tacky surface and the unnecessary solder
powder is then removed; a fluidized bed method in which the
- printed board having the tacky surface is passed through a
tank in which a solder powder is suspended; and a roller
method in which a solder powder layer formed on a tacky .
roller or mesh roller is brought into contact with the

| printed boaxd.

One example of simpié methods for adhesion comprises
héiding the'érinted circuit board having a tacky surface on
the exposed metallic surface on a slant, and dropping a
solder powder from above little by little. .The appropriate
range of the slant angle of the exposed metallic surface is

from 10 to 85 degrees, preferably from 20 to 75 degrees, with
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A 0. 5% aqueous sol ution of 6-ol eylamno-1,3,5- triazine-2,4-dithiol
nmonosodi um salt represented by formula (7), wherein R err] was an

ol eylamno group (-NHC[ err]J]H err]CH=CHC[err]H err]) and Mwas Na, was
heated to 80[err]C, giving a treating solution. The subsequent procedures
were conducted in the sane manner as in anple 9. As a result, a

sati sfactory sol der coat was obt ai ned. MPLE 11 A continuous sheet
conprising a polyimde filmsubstrate and a copper foil |am nated thereto
was subjected to etching by an ordinary nethod to obtain a copper pattern.
Thereafter, a polyimde film having punched-out openings corresponding to
the parts te@nhbensghddr idaat.ed Mis gloait i am@lle below 10 degrees is

undesirable because the surface partly remains exposed with
no solder powder adherent thereto, while the slant angle
above 85 degrees is undesirable in that a solder powder is
unlikely to fall off.

It is preferable that the exposed metallic surface
having a tacky surface be vibrated in order to densely adhere
the solder powder. This. technique is particularly effective
in forming a solder film on a through-hole part or on the ‘
exposed metallic circuits of a double-sided printed circuit
board. In one embodiment of this technique, the exposed
metallic surface having a tacky surface is buried in-a solder
powder and the printed board is transferred in a vibratory
conveyor.

The gmplitude of the vibration for the adhesion of
solder powder may be from 0.1 to 20 mm. However, in the cése
of.transferring the printed circuit board by means of
vibration as shown in Fig. 2, the amplitude is preferably
from 1 to 10 mm. The frequency may be from 100 to 3,000 cpm
(cycle per minute), and preferably from 500 to 1,500 cpm.

Thg effective range of the vibrational angle (from the
horizontal) is from 0 to 90 degrees. In the case of
transferring the printed board by means of vibration as shown
in Fig. 2, the preferred range.thereof is from 30.to 60

degrees.
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on and lam nated to the copper pattern with an adhesive. The conti nuous
sheet thus obtained was subjected to a pretreat- nment in which the exposed
copper parts were lightly etched by 27 an ordinary method. The
pretreated sheet was then treated by passing it, over a period of 30
seconds, through a 50[err]C bath of a 1°5py wei ght aqueous acetic-acid
solution of 2- undecylimdazole that foris a chel ate conpound with copper
metal which solution had been pH adjusted to about 4 with acetic acid. The

resulting sheet was washed with water and
In the case where the printed circuit board has a

tackiness-imparted metallic circuit on one side thereof, a
solder powder is fed to the printed board with the circuit
side facing upward, and the printed board is vibrated to
densely adhere the solder powder to the tacky part without
forming a void or other defects. If it is desired to
continuously conduct the above method, this-may be
accomplished as follows.. The printed circuit board is placed
on a vibratory floor and the floor is moved, or the printed
board is placed on a slant floor and the floor is vibrated.

A solder powder is continuously fed to the tackiness-imparted
part of thé printed board which is kept moving along-with the
solder powder, thereby densely adhering the solder powder by
means of vibration."

In the casé where the printed circuit board has a
tackiness-imparted metallic circuit in a through-hole part
thereof or on both sides thereof, the printed circuit board
is placed on a solder powder layer and the circuit board is
ﬁibrated while a solder powder is being.fed to the upper side
thereof. If it is desired to continuously conduct the above
method, this may be accomplished by placing the printed
circuit board on a solder powder layer formed on a slant
floor and a vibration is applied in a slant direction to

kS

vibrate the solder layer.
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dried to forma tacky layer of about 0.2 [err]mthick selectively on the
exposed copper surfaces. Thereafter, a solder powder having an average
particle dianeter of 40 [err]mwas adhered to the tacky layer and nelted in
a reflow furnace. Thus, printed circuit boards having a sol der coat of
about 20 [err]mthick were obtained as fﬁfontinuous sheet. In the case of
patterns of the above-described type, 1,150 independent printed circuit
boards were able to be obtained by the nethod of the invention on the
conti nuous- sheet substrate having an area corresponding to that necessary

- for obtaining 1,000 printed circuit boards by the conventional
el ectropl ati ng net R thsuheingime,ther Psisked gisewidy hepydrinteactrical

connecti on accordiqg t.o . . .
contact with a solder powder layer with vibration, the solder

powder can be most densely adhered to the tacky surface.

Methods for practicing the above are explained below
with reference to the Figures.

In Figs. 1 and 2, numeral 1 denotes a printed circuit
board which has a through-hole part or to which tackiness has
been imparted at exéosed.metallic circuit parts on both sides
thereof. This printed board is placea on a solder powder
layer 3 on a vibfator 4, and is vibrated while a solder
éowder 2 is being fed thereto from above, thereby densely
adhering the solderxr powderi The vibration may be in-any of
the vertical direction, a horizontal direction (reciprocating
or circular motion), and a slanting vertical direction. When
the solder layer is to be moved in one direction, the whole
can be moved smoothly by keeping the floor oblique and
apblying a vibration in a slanting vertical direction.

By conducting the treatmént described above, solder

'_pafticles 14 can be densely adhered to a tacky layer 13
formed by the tackiness-imparting compound on the surface of
the through-hole part through which copper circuits 12 on
béfh sides of an insulating substrate_il are connected, as
shown in Fig. 3. _

The material -of the solder powder can be afbitrarily

selected, according to use, from eutectic, silver-~containing,
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pattern arrangenent. This shows that 15%extra printed circuit boards can

be. produced, so that a production cost of the printed circuit can be

reduced. EXAMPLE 12 A 2% by wei ght aqueous sol ution of an inidazole
conpound represented by fornmula (3), wherein the al kyl group of R4 was
Clerr]Herr] and R err] was a hydrogen gyom was pH adjusted to 28 about
4 with acetic acid, giving a tacky |ayer-formng solution. This aqueous
solution was heated to 40[err]C, and a
and bismuth-containing solders and other solders. The solder
powder preferably Has a diameter of from 1 to 500 pm.

It is preferfed to cover the surface of the solder
powder with a resin composition containing a rosin or a rosin
derivative as an essential component and further containing
at. least one of a cérboxylic acid, an amine, an amine salt,
and a wax, because the thus—éoated solder powder shows
improved reflow properties and in turn, improves the
reliability of electrical connection.

Examples of the roéin derivative that can be used as
an essential component of the resin composition include
hydrogenated rosins, disproportionated rosins, polymerized
rosins, rosins modified with maleic acid, aldehyde-modified
rosins, rosin esters, and rosin-modified phenolic resins.

The rosin or rosin derivative is an essential ingredientlfor
enabling the solder particle surfaces to impart a film-
forming ébility. If the rosin amount is too small, these
éffects are reduced. If a rosin is used alone, reflow of the
éolder powder does not proceed smoothly. |

For the purpose of improving reflow pfoperties, at
least one of a carboxylic acid, an amine, an amine salt, and
a an is added to the rosin according to one preferred
eﬁbadiment of the present invention.

The carboxylic acid} which has a carboxyl-ﬁroup; is
not limited in carbon number, etc., and examples thereof

include propionic acid, caprylic acid, lauryl acid, stearic
This is the replacement sheet
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QFP whi ch had been pretreated with an aqueous hydrochloric acid solution
and had a pitch of 0.3 M was imersed therein for 3 mnutes to forma
tacky substance. The resulting QFP was then washed with water and dried. It
was ascertained thereafter that the tacky substance had deposited precisely
on-the lead franmes only. An eutectic soiger powder having an average
particle dianmeter of 40 [err]mwas sprinkled over the dry QFP, which was
then lightly brushed to thereby adhere the sol der powder selectively to the
tacky substance parts. Thereafter, the sol der powder was nelted in a

240[err] C oven., As a result, a thin eutectic sol der |ayer having a,
t hi ckness ofC&BeufCsEite A R FeRCAR ¢ n"ChFERCpRELH 17 %%ﬁ}¢ead

frames. maleic acid, and oxalic acid. The suitable amount of the
acid to be added is from 1 to 10% by weight. If it is more
than 10% by weight, the acid may cause corrosion of the
circuit conductor.

Examples of the amine or amine salt include
methylamine, ethylaminé, butylamine, isopropylamine,
cyclohexylamine, monoethanolamine, diethanolamihe,
triethanolamine, or a hydrochloric acid salt or bromic acid
salt thereof.. The suitable amount of the amine or amine salt
to be added is from 0.1 to 5% by weight. If the amount
exceeds 5% by wéight, an ionic residue remains in an-
increased amount after reflow.

As the wax, carnauba wax, a synthetic wax, Japan wax,
or the like can be used. Generally in an amount of from 0.5
to 5% by weight. If the amount exceeds 5% by weight, the
adhesion effect is impaired. .

These-carboxylic acid, amine, amine salt, and wax may
be;used alone or may be used in combination of two or more
thereof.. By use of these, reflow properties can be improved,
mﬁking it possible to form.a precise and fine pattern. It is
piéferable that the resin composition be formulated so as to
have such properties as a softening point of 150°C or lower
and an acid value of' 50 or higher. If the softenfng point
therebf is above 150°C or if the acid value thereof is below
50, smooth reflow may not be attained.

et
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EXAMPLE 13 The sanme procedures as in Exanple 12 were conducted except that
copper ions were added at a concentration of 200 ppm the concentration of
*the tackiness-inparting conmpound used in.Exanple 12 was changed to 0.5% by
wei ght, and the inmrersion tinme was changed to 30 seconds. Despite the | ower
I m dazol e conpound concentration and th® shorter imersion tine than those
in Exanple 12, the formation of a tacky filmwas on a | evel satisfactory
for solder particle adhesion, and a thi'n eutectic solder |ayer having a

t hi ckness of about @@referred example of the resin composition

comprises 89-97% by weight of the rosin component, 2-8% by

weight of the carboxylic acid, 0.1-1.5% by weight of the

amine or amine salt, and 0.5-1.5% by weight of the wax.

With the resin composition thus prepared, the surface

of solder powder is covered at a thickness of 0.05 to 10 um.

As a covering method, an ordinary technique such as spray

drying can be used. Too large amount of the resin

composition results in increase in the amount of ionic

residues, and thus is not prefered.

Use of a fine solder powder for forming a solder

circuit on a printed circuit board has a merit that a. highly

precise and fine pattern can be formed, but has a problem

that the area of solder powder surface that is subject to

oxidation is large. In the case where a solder powder

containing a large amount of oxide is used, the adverse

effgct'of the oxide film can be eliminated by using a flux,

theieby to enhance the bonding strength of the solder.

However, when a flux is applied on extremely fine patterns of

solder powder, the solder patterns are apt to be damaged, so

that not only solder bridging tends to occur between

fine

patterns in the solder-coated printed board obtained, but

also fluctuations in solder film thickness may be

experienced. In such a case, the solder particle pattern

adherent to the tacky surface may be fixed by heating. This

cechnique is preferred because it enables the application of
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29 [errlmand al nost the sane as that in Exanple 12 was formed with high
preci sion. EXAMPLE 14 The sane procedures as in Exanple 12 were conducted
except that a 0.2% by wei ght aqueous sol ution of the benzoi m dazol e
conpound represented by fornula (4), wherein Rerr] was CJerr]J]H err] and
Rlerr] was a hydrogen atom was used, apnd that a TAB (tape autonated

bondi ng) which had been pretreated wi t h%8n aqueous hydrochloric acid
solution and had a pitch of 0.25 mmwas used. The sol der coat thus obtained
had sufficiently coped with the 0.25-nm pitch. EXAMPLE 15

a flux to be conducted without damaging the solder pattern.
Illustratively stated, after a solder powder is adhered to
the tacky surface, the adhered solder powder is heat-treated
at a temperature of 100 to 250°C for a period of 5 to 60
seconds, for example, at 160°C for 30 seconds or 180°C for 10
seconds, under such conditions as not to melt the solder.
Thereafter, a flux is applied, and the solder powder is then
melted and leveled to form a solder film.

In this case, even when the eutectic solder, which
has a melting point of 183°C, is heated to a temperature-
ébove the melting point, the solder powder can be fixed
without being melted as long as fhe heating time is short,
probably because the surface of the solder powder is covered
with an oxide film.  In general, a lower heat-fixing
temperature necessitates a longer.heating time and a higher
heat-fixing temperature necessitates a shorter heating time;
it is necessary to select conditions that do hot melt the
solder powder. If the heat-fixing temperature is below
1ob°c, a sufficient effect is difficult to obtain even when
the heating time is long. On the other hand, in the heat
treatment at above 250°C, oxidation of the surface of the
soider powder proceeds, causing_a trouble in melﬁing and
bonding. It is, therefore, desired to avoid.prolopged heat
treatment at a high temperature. The flux to be used is not

particularly limited as long as it is suited to the solder
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The sane procedures as in Exanple 14 were conducted except for using a
benzoi m dazol e conpound represented by fornula (4), wherein Rerr] was a
butylthio group and R err] was a hydrogen atom As a result, a highly
preci se and fine solder coat having a pitch of 0.25 nmmvas obtained as in
Exanpl e 14. EXAMPLE 16 A tacky Iayer-fo%ging sol ution was prepared by pH
adj usting a 0.5% by wei ght -aqueous sol ufion of 5-lauryl- benzotriazole (a
conmpound of forrmula (1)) to about 3 in the presence of sulfuric acid and
met hyl alcohol. This solution was heated to 50[err]C, and the subsequent
procedures were conducte

a sati sf acPHRISTo|9F 'co%‘é%?a%’b’g% :ﬁegaggiﬁﬁﬁsg?%%ﬁ%eaggx Huch®a8 AU
rosin-based flux.

After application of a flux, the solder powder is
melted with, e.g., a reflow furnace, whereby a highly precise
and fine solder film which is free from a solder bridge and
has a uniform thickness can be formed on the exposed metallic
surface.

The present invention is based on a completely novel
technique developed for soldex filn formation on only a
predetermined part of a metallic surface, which technique
domprises imparting tackiness to the exposed metallic part in
which a solder circuit is to be formed and then adhering a
solder powder thereto to the:eby_form a precise and fine
solder film pattern: |

According to the pnesent invention, it has also
become possible to ‘form a tacky substance on only an exposed
mefallic surface by a chemical_méans in which the surface is
immersed in ox coated with a tacky layer-forming solution
containing a tackiness-imparting compound and to adhere a
solder powder to the tacky surface to thereby form a solder
film. |

' Although the mechanism of the above-described
reaction has not been fully elncidated, it is thought that
the metal and the tackiness;imparting compound of éhe present
invention form a chelate compound showing tackiness.

e;ﬁacemer\i sheat
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EXAMPLE 17 30 A tacky layer-formng solution was prepared by pH
adjusting a 0.2% by wei ght aqueous sol ution of 5-butyl-2-

mer capt obenzot hi azol e (a conpound of fornmula (5)) to about 4 in the
presence of nethyl alcohol and triethanol am ne. Using this aqueous
sotution, the sanme procedures as in Exaggle 16 were conducted. As a result,
a satisfactory sol der coat was obtained“8s in Exanple 12. EXAMPLE 18

Since the thus formed tacky substan;e deposiﬁs on
only an exposed metallic surface (e.g., a pad of a solder
circuit), there is no need of conducting positioning for
tacky substance depositioh and it has become possible to
sufficiently cope with the trend toward circuit pitch
reduction.

Furthermore, since a solder is adhered to this tacky
substance in the present method, the formation of a bridge
can be prevented by selecting an appropriate solder particle
size and, hence, a fine solder film pattern can bé easily
formed, unlike the printing method which employs a solder
powder paste as an ink.

The present invention will be explained below in more
detail by reference to the following Examples, but the
invention is not construed as being limited thereto.

EXAMPLE 1

A 2% by weight aqueous solutioﬁ of an imidazole
~compound represented by formula (3), wherein the alkyl group
of!ﬁ was C);H,; and R; was a hydrogen atom, was pH-adjusted to
about 4 with acetic acid, giving a tacky layer-forming
solution. This aqueous solution was heated to 40°C, and a
.cobper—clad, single-sided, flexible printed circuit boaxd
which_had been pretreated with an aqueous hydrochloric acid
solution and had a pitch of 0.3 mm was immersed'iﬁ the tacky
layer—forming solution for 3 minﬁtes to form a tacky

substance.
This is the replacement. sheet

110(11"9%'

Date:



A tacky layer-form ng solution was prepared by pH adjusting a 0.5% by

wet ght aqueous sol uiton of 4-nethyl- naphthotriazole (a conpound of fornula
(2)) to about 3 in the presence of sulfuric acid, triethanol am ne, and

met hanol . Using this aqueous solution, the sane procedures as in Exanple 16
were conducted to obtain good results ag.in Exanple 12. EXAVPLE 19 A tacky
| ayer-form ng solution was prepared by %PL adj usting a 0.5% by wei ght
aqueous sol ution of 2-[2- (benzothiazolyl)thio]propionic acid (a conpound
of formula (6)) to about 4 in the presence of nmethanol. Using this

solution, the sanme procedures as in Exanple 16 were conducted
he resulting printed circuit board was then washed

with water and dried. It was ascertained thereafter that the
tacky substance had deposited precisély on the pads only. An
eutectic solder powder hawving an average particle diameter of |
about 40 um was sprinkled over the dry printed circuit board,
which was then lightly brushed to thereby adhere the solder
powder selectively to the tacky substance parts. Thereafter,
the solder powder was melted in a 240°C oven. As a result, a
thin eutectic solder layer having a thickness of about 20 um
was formed with high precision on the exposed copper circuit
éarts.
EXAMPLE 2

The same'procedures as in Example 1 were conducted
except that copper ions were added at a concentration of 200
ppm, the concentration of the tackiness-imparting compound
used in Example 1 was changed to 0.5% by weight, and the
immersion time was changed to 30 seconds. Despite the lower
imidazole compound concentration and the shorter immersion
tiﬁe than those in Example 1, the formation of a tacky layer
was on a level satisfactory for solder particle adhesion, and
a thin eutectic solder layer having a thickness of about 20
um-and almost the same as that in Example 1 was.formed with
high precision.

EXAMPLE 3
The same procedures as in Example 1 were conducted

except that a 0.2% by weight aqueous solution of a
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to 'obtain good results as in Exanple 12. EXAMPLE 20 A 2% by wei ght aqueous
solution of an im dazole conpound represented by fornmula (3), wherein the
al kyl group of Rerr] was CJerr]H err] and R err] was a -hydrogen atom was
pH adj usted to 31 about 4 with acetic acid, giving a solder tacky

| ayer-form ng solution. This aqueous sokation was heated to 40[err]C, and a
copper -cl ad, doubl e-sided printed board which had been pretreated with an
aqueous hydrochloric acid solution and had

benzoimidazole compound represented by formula (4), wherein
Ry was CgH;; and R; was a hydrogen atorﬁ, was used, and that a
copper-clad, single-sided, flexible printed circuit board
which had been pretreated with an aqueous hydrochloric acid
solution and had a pitch of 0.25 mm was used. The solder
circuit thus obtained had sufficiently coped with the 0.25-mm
pitch.
EXAMPLE 4
The same procedures as in Example 3 were conducted
except that a benzoimidazole compound represented by formuia
(4), wherein Rg; was a butylthio group and R; was a hydrogen
5tom, was used. As a result, a highly précise and fine
solder circuit having a pitch of 0.25 mm was obtained as in
Example 3.
EXAMPLE S5
A tacky layer-forming solution was prepafed by pH-
a&justing a 0.5% by weight aqireous solution of 5-laurjl-
_benzotriazole (a2 compound of formula (1)) to about 3 in the
presence of sulfuric acid and methyl alcchol. This solution
was heated to 50°C, and the subsequent procedures were
cquucted in the same manner as in Example 1. As a result, a
satisfactory circuit was obtained as in Example 1.
EXAMPLE 6
A tacky layer-forming solution was preparéd by pH-
adjusting a 0.2% by weight aqueous solution of 5-butyl-2-

mercaptobenzothiazole (a compound of formula (5)) to about 4
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“through-hole parts and a pitch of 0.3 mmwas i mersed in the tacky
layer-formng solution for 3 mnutes to forma tacky substance. The
resulting printed board Was then washed with water and dried. A powdered
eutectic solder having a particle dianmeter of about 40 [err]m was adhered
to-the printed board by the nethod shoW? in Fig. 1. As a result, the solder
powder was densely adhered simultaneous @ on both sides. Further, the

sol der powder was densely adhered also to the inner wall of each

t hrough-hol e having a diameter of 0.3 Mm as illustrated in Fig. 3. EXAMPLE

Erar oA YR SRS B SmgORRY! Al ¥ L enadbUEH IR Bing
this aqueous solution, the same procedures as in Example 5
were conducted. As a result, a satisfactory circuit was
obtained as in. Example 1.

' EXAMPLE 7
A tacky layer-forming solution was prepared by pH-
adjusting a 0.5% by weight aqueous solution of 4-methyl- |
naphthotriazole (a compound of formula (2)) to about 3 in the
presence of sulfuric acid, tiiethanolamine, and methanol.
Using this aqueous solution, the same procedurés as in
Example 5 were conducted to obtain good results as in Example
1. |
EXAMPLE 8
A tacky layer-forming solution was prepared by pH-
adjusting a 0.5% by weight aqueous solution of 2-[2-
(benzothiazolyl)thio]propionic acid (é compound of formula
(6)) to about 4 in the presence of methanol. Using this
agqueous solution, thé same procedures as in Example 5 were
'conducted to obtain good results as in Example 1. |
EXAMPLE 9
A 0.5% agueous solution of 6—diisoo¢tylamino—l,3,5—
triazine—2,4—dithiol monosodium salt represented by formula

(7), wherein R;; was a diisooctylamino group (-N-iso-CgH,;)
. \ N
. isp-CgH,4

and M was Na, was heated to 80°C to obtain a treating

solution for tacky layer formation. A printed board having a
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powdered eutectic solder of 40 [err] mwas then adhered by the nethod shown
in Fig. 2 under conditions of a frequency of 100 cpm an anplitude of 4 mMm
‘and a vibrational angle of 30 degrees, while the printed board was being
noved in the sanme direction as the powder. As a result, the sol der powder
was densely adhered to both sides of ti®s printed board. Further, the sol der
powder was densely adhered also to the inner walls of 0.3-nmthrough-holes.

32 EXAMPLE 22

0.3 mm-pitch exposed copper circuit parts for connection with
a QFP (quad flat package) was immersed in the treating '
solution for 10 minutes, pulled up, washed with water, and
then dried. As a result, only the exposed copper circuit
" part surfaces had developed tackiness. A solder powder
having a diameter of 40 um was adhered to thé tacky parts and
then melted with a reflow furnace regulated to have a
temperature of 240°C to thereby obtain a solder coat having
an almost uniform thickness of about 20 um.
EXAMPLE 10
A 0.5% aqueous solution of 6-oleylamino-1,3,5-
triazine-2,4-dithiol monosodium salt represented by formula
(7)., wherein R;; was an oleylamino group (—NHCJQ%CH=CHCJQ7)
and M was Na, was heated to 80°C, giving a treating solution.
The subsequent procedures were conducted in the same manner
as in Example 9. As a result, a satisfactory solder coat was
obtained.
| EXAMPLE 11
A continuous sheet comprising a polyimide film
.substrate and a copper foil laminated thereto Qas subjected
to etching by an ordinary method to obtain a copper pattern.
Thereafter, a.polyimide £ilm having punéhed—out openings
corresponding to the parts to be solder-coated was positioned
on and laminated to the copper pattern with an adhesive. The
continuous sheet thus obtained was subjected to a pretreat-

ment in which the exposed copper parts were lightly etched by
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A resin conposition was prepared by mi xing 93% by wei ght of rosin having a
softening point of 100[err]C and an acid value of 120 with 5% by wei ght of
caprylic acid, 1% by wei ght of cycl ohexyl am ne bromate, ‘and 1% by wei ght of
carnauba wax. The surface of eutectic sol der powder having an average
particle dianmeter of 50 [err] mwas cove%gd with this resin conposition by a
spray drying nethod at a thickness of about. 5 [err]m Subsequently, a
tacky layer-form ng solution obtained by pH adjusting a 2% by wei ght
aqueous sol ution of 2- undecylim dazole to about 4 with acetic acid was

heated to 40[err].C. A copper foil-clad, single-sided, flexihle printed
board whi ch2 aﬁrbéBHIE}@FFQ§Fed\EQ?}QFP bed ApBRLCHRS then treated by

passing it, over a period of 30 seconds, through a 50°C bath
of a 1% by weight aqueous acetic acid solution of 2-
undecylimidazole that forms a chelate compound with copper
metal which solution had been pH-adjusted to about 4 with
acetic acid. The resulting sheet was washed with water and
dried to form a tacky layer of about 0.2 pum thick selectively
on the exposed copper surfaces. Thereafter, a solder powder
having an average particle diameter of 40 pum was adhered to
the técky layer and melted in a reflow furnaceﬁ Thus,
pfinted circuit boards having a solder coat of about 20 um
thick were obtained as a continuous sheet.

In the case of patterns of the above-described type,
1,150 independent printed circuit boards were able to be
obtained by the method of the invention on the continuous
shget substrate having an area.corresponding to that
necessary for obtaining 1,000 printed circuit boards by the
conventional electroplaﬁing method in which-dummy parts
shéuld be formed for electrical connection according fo
pattern arrangement. This shows that 15% extra printed
circuit boards can be produced, so that a production cost of

the printed circuit can be reduced.

EXAMPLE 12
A 2% by weight aqueous solution of an imidazoie
compound represented by formula (3), wherein the alkyl group

of R, was C; H,; and Rs; was a hydrogen atom, was pH-adjusted to
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acid solution and had a pitch of 0.3 nmwas i mersed in the tacky

| ayer-formng solution for 3 mnutes to forma tacky substance. The
resulting printed circuit board was then washed with water and dried. Thus,
the tacky substance was deposited precisely on pads only. The coated
eutectic sol der powder obtained above wa8 then sprinkled over the dry
printed circuit board, and the excess sol der powder was renoved by lightly
brushing the circuit board to thereby attain selective adhesion to the
tacky parts. Thus, a satisfactory sol der powder pattern was obtai ned.

about 4 with acetic acid, giving a tacky layer-forming
solution. This aqueous solution was heated to 40°C, and a
QFP which had been pretreated with an aqueous hydrochloric
acid solution and had a pitch of 0.3 mm was immersed therein
for 3 minutes to form a tacky substance.

The resulting QFP was then washed with water and
dried. It was ascertained thereafter that the tacky
substance had deposited precisely on the lead fraﬁes only.
An eutectic solder powder hawving an average particle diameter
of 40 pm was sprinkled over the dry QFP, which was then
lightly brushed to thereby adhere the solder powder
selectively to the tacky substance parts. Thereafter, the
solder powder was melted in a 240°C oven. As a result, a
thin eutectic solder layer having a thickness of about 20 um
-was formed with high precision on the lead fiames.

EXAMPLE 13 -

The same procedures as in Example 12 were conducted
except that copper ions were added at a concentration of 200
ppm, the concentration of the tackiness—imﬁarting compound
used in Example 12 was changed to 0.5% by weight, and the
immersion time was changed to 30 seconds. Despite the lower
iﬁidazole compound concentration and the shorter immersion
time than those in Example 12, the formation of a tacky film
was on a level satisfactory for solder particle adﬁesion, and

a thin eutectic solder layer having a thickness of about 20
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33 The circuit board having this sol der powder pattern thereon was heated
in-a 250[ err] C conveyor oven to nelt and | evel the sol der powder, thereby
giving a satisfactory solder circuit pattern. This solder circuit pattern
t hus obtai ned had a uniform solder filmthickness of 30 [err]m The
concentration of residual ions was 8 [es§]g NaCl/ inch[err] as determ ned
wi t hout washi ng. EXAMPLE 23 A printed circuit board which was for
connection with a 0.25 nmpitch TAB and i n which copper in the
correspondi ng

yum and almost the same as that in Example 12 was formed with
high precision.
EXAMPLE 14
The same procedures as in Example 12 were conducted
except that a 0.2% by weight agueous solution of the
benzoimidazele compound represented by formula (4), wherein
R¢ was CgH;; and R; was a hydrogen atom, was used, and that a
TAB (tape automated bonding) which had been pretreated with
an aqueous hydrochloric acid solution and had a pitch of 0.25
mm was used. The solder coat thus obtained had sufficiently
ceped with the 0.25-mm pitch.
| EXAMPLE 15
The same procedures as in Example 14 were conducted
except for using a benzoimidazole compound represented by
formula (4), wherein R; was a butylthio group and R; was a
hydrogen atom. As a resuit, a highly precise and fine solder
coat having a pitch of 0.25 mm was obtained as in Example 14.
EXAMPLE 16
A tacky layer-forming solution was.prepared by pH-
adjusting a 0.5% by weight aqueous solution of 5-lauryl-
benzotriazole (a compound of formula (1)) to about 3 in the
presence of sulfuric acid and methyl alcohol. This solution
was heated to 50°C, and the subsequent procedures were
conducted in the same manner as in Example 12. As;a result,\
a satisfactory solder coat was obtained as in Example 12.

EXAMPLE 17
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0.25 mm pitch copper pads had been exposed, was inmmersed at 40[err]C for 30
seconds in a 1% by wei ght aqueous sol ution of 2- dodecyli m dazol e whose pH
had been adjusted to about 4 with acetic acid. The resulting printed board
was washed with water and dried to selectively forma tacky substance | ayer
on-the surfaces of the copper pads. An tectic sol der powder having an
average particle dianeter of about 50 [&rr]mwas sprinkled over the printed
circuit board, which was then lightly brushed thereby to obtain a highly
preci se and fine solder pattern in which the sol der powder was sel ectively
adherent to the tacky substance parts. The resulting printed circuit board
was heated at 170[ ebr¥&ckyr lagesefomad mgo Sqbutinn so seprppaged. by pH-

Subsequent |y . .
adjusting a 0.2% by weight aqueous solution of S5-butyl-2-

mercaptobenzothiazole (a compound of formula (5)) to about 4
in the presence of methyl alcohol and triethanolamine. Using
this aqueous solution, the same procedures as in Example 16
were conducted. As a result, a satisféctory solder coat was
obtained as in Example 12.
| . EXAMPL.E 18

A tacky layer-forming solution was prepared by pH-
adjusting a 0.5% by weight agueous soluiton of 4-methyl-
ﬁaphthotriazole (a compound of formula (2)) to about 3 in the
presence of sulfuric acid, triethénoiamine, and methanol.
Using this aqueous solution, the same procedures as in
Example 16 were conducted to obtain good results as in
Example 12.

EXAMPLE 19

A tacky layer-forming solution was prepared by pH-
adjusting a 0.5% by weight aqueous solution of 2-[2-
(bénzothiazolyl)thio]propionic acid (a compound of formula
(6)) to about 4 in the presence of methanol. Using this
solution, the same procedures as in Example 16 were conducted
té obtain good results as in Example'lz.

EXAMPLE 20

A 2% by weight aquebus solution of an imid;zole

compound represented by formula (3), wherein the alkyl group

of R, was C; H;; and R; was a hydrogen atom, was pHéadjusted to
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a conmercially available, rosin-based flux was applied and the printed
board was then placed in a 230[err]C refl ow furnace 34 for 1 mnute to
thereby nelt the solder powder and forma solder circuit. Thus, a printed
circuit board having the copper pad surfaces covered with a highly precise
and fine solder coat having a uniforn1t§'ckness of 30 [err] mwas obtained.
Printed boards thus obtained were randonty sanpled to exam ne 50 sanpl es
for solder bridging. As a result, all the sanples had no problem

about 4 with acetic acid; giving a solder tacky layer-forming
solution. This agueous solution was heated to 40°d, and a
copper-clad, double—sided printed board which had been
pretreated with an agueous hydrochloric acid solution and had
through-hole parts and a pitch of 0.3 mm was immersed in the
tacky layer-forming solution for 3 minutes to form a tacky
substance. The resulting printed board was then washed with -
water and dried. A powdered eutectic solder having a
particle diameter of about 40 um was adhered to the printed
board by the method shown in Fig. 1. As a result, the solder
powder was densely adhered simultaneously on both sides.
Fuither, the solder powder was densely adhered also to the
inner wall of each through-hole having a diameter of 0.3 mm,
as illustrated in Fig. 3.
EXAMPLE 21

Tackiness was imparted to a copper  foil-clad, double-
sided printed board in the same manner as in Example 20. A
powdered eutectic solder of 40 um was then adhered by the
method shown in Fig. 2 under conditions of a frequency of 100
cpm, an amplitude of 4 mm, and a'vibrational angle of 30
degrees, while the printed board was being moved in the same
direction a§ the powder. As a result, the solder powder was
densely adhered.to both sides of the printed board. Further,
the solder powder was densely adhered also to the inner walls

of 0.3-mm through-holes.
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EXAMPLE 24 The sane procedure as in Exanple 20 were conducted, except that
the circuit board was thrusted vertically into a sol der powder |ayer which
was bei ng shaked by a vi brator under conditions of a frequency of 3,000
cpm an anplitude of 1 mm as shown in Fig. 4 wherein nunerals 1, 3 and 4
denote a printed circuit board, a sold powder | ayer and a vi brator
respectively. As a result, the sol der S%ﬁder was' densel y adhered on both
sides and inner walls of the printed board. The solder filmform ng nethod
according to the present invention is based on a principle utterly
different fromthose in the conventional nethods for solder filmfornation.

That is, the nmethod of this inventionEXQMBIIE 2

A resin composition was prepared by mixing 93% by
weight of fosin having a softening point of 100°C and an acid
value of 120 with 5% by weight of caprylic acid, 1% by weight
of cyclohexylamine bromate, and 1% by weight of carnauba wax.
The surface of eutectic solder powder having an average
particle diameter of 50 pm was covered with this resin
composition by a spray drying method at a thickness of about .
5 um.

Subsequently, a tacky layer-forming solution obtained
b& pH-adjusting a 2% by weight agueous solution of 2-
undecylimidazole to about 4 with acetic acid was heated to
40°C. A copper foil-clad, single-sided, flexible printed
board which had beeﬁ pretreated with an agueous hydréchloric
acid solution and had a pitch of 0.3 mm was immersed in the
tacky layer-forming solution.for 3 minutes to form a tacky
substance. |

The resulting printed circuit board was then washed
with water and dried. Thus, the tacky substance was
deposited precisely on pads only. The coated eutectic solder
poyder obtained above was then sprinkled over the dry printed
circuit board, and the excess solder powder was removed by
lightly brushing the circuit board to thereby attqin
selective adhesion to the tacky parts. Thus, a sétisfactory
solder powder pattern was obtained.
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sinpl e procedures consisting only of inmmersing or coating the exposed
metallic circuit part(s) of a printed circuit board in or with a tacky

| ayer-form ng solution containing a specific tackiness-inparting conpound
to thereby inpart tackiness to the exposed netallic circuit part(s),
subsequent |y adhering a sol der powder t93the sol der circuit 35 part(s),
and then nelting and | eveling the sol def powder. Thus, it has becone
possible to accurately forma precise and fine pattern w thout the
necessity of troubl esone operations '

The circuit board having this solder powder pattern
thereon was heated in a 250°C conveyor oven to melt and level
the solder powder, thereby giving a satisfactory solder
circuit pattexrn.

This solder circuit pattern thus obtained had a
uniform solder film thickness of 30 pm. The concentration of
residual ions was 8 pg NaCl/ inch? as determined without
washing.

EXAMPLE 23

A printed circuit board which was for connection with
a 0.25 mm-pitch TAB and in which copper in the corresponding
0.25 mm-pitch copper pads had been exposed, was immersed at
40°C for 30 seconds in a 1% by weight agueous solution of 2-
dodecylimidazole whose pH had been adjusted to about 4 with
acetic acid. The resulting printed board was washed with
water and dried to selectively férm a tacky substance layer
on-the surfaces of the copper pads. An eutectic solder
powder having an average particle diameter of about 50 um was
sprinkled over the printed circuit board, which was then
lightly brushed thereby to obtain a highly preciée and fine
solder pattern in which the solder powder was selectively
adherent to the tacky substance parts.

The resulting printed circuit board was heated at’
170°C for 30 seconds to fix fhe soldexr powder. Sub%equently,
a commercially available, rosin-based flux was applied and

the printed board was then placed in a 230°C reflow furnace
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such as positioning. Furthernore, since the solder filmthus formed has no
bri-dges, products can be obtained at a high production efficiency and a | ow
of f-specification rate. Wiile the invention has been described in detai

and with reference to specific enbodinents thereof, it will be apparent to
oné skilled in the art that various changes and nodifications can be nade
therein without departing fromthe spirit” and scope thereof. 36

for 1 minute.to thereby melt the solder powder and form a
solder circuit. Thus, a printed circuit board'having the
copper pad surfaces covered with a highly precise and fine
solder coat having a uniform thickness of 30 um was obtained.
Printed boards thus obtained were randomly sampled to examine
50 samples for solder bridging. As a result, al%“the samples
had no problem.
.EXAMPLE 24

The same procedure as in Example 20 were conducted,
except that the circuit board was thrusted vertically into a
solder powder layer which was beipg shaked by a v;brator
under conditions of a frequencj of 3,000 cpm, an amplitude of
1 mm, as shown in Fig. 4 wherein numerals 1, 3 and 4 denote a
printed circuit board, a solder powder layer and a vibrator,
respectively. As a result, the solder powder was densely
adhered on both sideé and inner walls of the printed board.

The solder film—forminglmethod according to the
present invention is based on a'principle utterly different
ffom those in the conventional methods for solder film
formation. That is, the method of this invention comprises
simple procedures consisting only of immérsing.or coating the
exﬁﬁéed metallic circuit parﬁ(s) of a printed circuit board
in or with a tacky layer-forming solutiop containing a
specific tackiness—imparting:compound to thereby impart
tackiness to the exposed metallic circuit part(s),

subsequently adhering a solder powder to the solder circuit
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WHAT IS CLAIMED IS: 1. A nethod of form ng a solder filmwhich conprises
sel-ectively inparting tackiness to only a predeterm ned part of a netallic
surface of an article by neans of a tacky layer-form ng solution containing
at | east one conpound selected fromthe group consisting of benzotriazole
derivatives, naphthotriazole derivativegg im dazole derivatives,
benzoi m dazol e derivatives, nercaptobenzo- thiazole derivatives,
benzot hi azol e thiofatty acid derivatives, and triazine derivatives,
adhering a powdered solder to the resulting tacky part, and then nelting

fﬂh: i Sr'rggdfapg%gi*t%%}i %\?\)nc% ?cg%%e{rﬁ%yt{ﬁé " RqSPLY1 ity Phe sdTelTh09de S
Thus, it has become possible to accurately form a precise and
fine pattern without the necessity of troublesome operations
such as positioning.

Furthermore, since the solder film thué formed has no
bridges, products can be obtained at a high production
efficiency and a low off-specification rate.

While the invention has been described in detail and
with reference fo specific embodiments thereof, it will be
apparent to one skilled in the art that wvarious changes and

modifications can be made therein without departing from the

spirit and scope thereof.
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powder ed sol der adhered to the tacky part is fixed by heating at a
tenaperature of 100 to 250[err]C for 5 to 60 seconds under such conditions
as not to nelt the powder.ed solder, followed by applying a flux to the
fixed solder and then nelting the resulting solder by heating to thereby
forma solder film 3. The nethod as clggned in claim1l, wherein the
metallic surface is an electrical circurt. 4. The nethod as clained in
claim1l1, wherein the netallic surface is a termnal of an electronic part.
5. The method as clainmed in claim1l, wherein the netallic surface of an

article is | rsgdal cqated with the tacky layer-formng solution to
I npart tack essi o] %‘%p%&’e?%‘m ned part. -

1. A method of forming a solder film which comprises
selectively imparting tackiness to only a predetermined part
of a metallic surface of an article by means of a tacky
layer-forming solution containing at least one compound
selected from the group consisting of benzotriazole
derivatives, naphthotriazole derivatives, imidazole
derivatives, benzoimidazole derivatives, mercaptobenzo-
thiazole derivatives, benzothiazole thiofatty acid
derivatives, and triazine derivatives, adhering a powdered
éolder'to the resulting tacky part,'and then melting the
solder by heating to thereby form a solder film.

| 2. 'The method as claimed in claim 1, wherein the
powdered solder adhered to the'tacky part is fixed by heating
at a temperature of 100 to 250°C for 5 to 60 seconds under
such conditions as not to melt the powdered solder, followed
by applying a flux to the fixed solder and then melting the
resulting solder by heating to thereby form a solder film.

3. The method as claimed in claim 1; wherein the
metallic surface is an electrical circuit.

4. The method as claimed in claim 1, wherein the
mefallic surface is a terminal of an'eiectronic part.

5. The method as claimed in claim 1, wherein the
metallic surface of an article is immersed in or égated with
the tacky layer-forming solution to impart tackiness to a

predetermined part.

/ . .« s G
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37 6. The nethod as clained in claim1, wherein the adhesion of a powdered
solder is acconplished by placing the article having the tacky part in a
fluidized bed in which a sol der powder is suspended. 7. The nethod as
claimed in claiml1, wherein the adhesion of a powdered solder is
acconpl i shed by burying the article havipg the tacky part in a sol der
powder while transferring the articlein a vibratory conveyor. 8. An

el ectronic part obtained by a nmethod which

6. The method as claimed in claim 1, wherein the
adhesion of a powdered solder is accomplished by placing the
article having the tacky part in a fluidized bed in which a
solder powder is suspended.

| 7. The method as claimed in claim 1, wherein the
adhesion of a powdered solder is accomplished by burying the
article having the tacky part in a solder powder while
transferring the article.in a vibratory conveyor.

8. An electronic part obtained by a method which
comprises selectively imparting tackiness to only a
predetermined part of a metallic surface of an article by
means of a tacky layer-forming solution containing at least
one compound selected from the group consisting of
benzotriazole derivatives, naphthotriazole derivatives,
imidazole derivativés, benzoimidazole derivatives, mercapto-
benzothiazole derivatives, benzothiazole thiofatty acid
dérivatives, and triazine derivatives, adhering a powdered
solder to the resulting tacky part, and then melting the
.solder by heating to thereby form a solder film; wherein the
article is a dual inline package, a single inline package, a
pin grid array, a small oniine package, a quad flat package,
or a tape-automated package. |

9; The electronic part as claimed in claim 8,
wherein thé powdered soldef adhered to the tacky bart is
fixed by heating at a temperature of 100 to 250°C for 5 to 60

seconds under such conditions as not to melt the powdered
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conprises selectively inparting tackiness to only a predetermned part of a
metallic surface of an article by neans of a tacky |ayer-form ng solution
containing at |east one conpound sel ected fromthe group consisting of
benzotri azol e derivatives, naphthotriazol e derivatives, imdazole
derivatives, benzoinm dazol e derivatives,ghercapto- benzothiazol e
derivatives, benzothiazole thiofatty acig derivatives, and triazine
derivatives, adhering a powdered solder to the resulting tacky .part, and
then nmelting the solder by heating to thereby forma solder film wherein
the article i u

array. o smAPLOGRI 1B IMRUNGEY FRINHTY A phexage, Che 2 e sardrmi
package. then melting the resulting solder by heating to thereby form
a solder film.

10. A printed circuit board obtained by a method
which comprises selectively imparting tackiness to only a
predetermined part of a metallic surface of an article by
means of a tacky layer-forﬁing solution containing at least
one compound selected from the group consisting of
benzotriazole derivatives, naphthotriazole derivatives,
imidazole derivatives,. benzoimidazole derivatives, mercapto-~
5enzothiazole derivatives, benzothiazole thiofatty acid
dérivatives, and triazine derivatives, adhering a powdered
solder to the résulting tacky part, and then melting the
sélder by heating to thereby form a solder film

11. A printed circuit board és claimed in claim 10,
whereih plurality of printed circuits are formed on a
coﬁtinuous sheet subs?rate.

12. A solution for selectively imparting tackiness
to:a metallic surface, which is an acidic solution containing
(i) 0.05 to 20% by weight of at ldast one compound selected
from the'group consisting of benzotriazole derivatives,
nééhthotriazole derivatives, imidazole derivatives,
benzoimidazole derivatives, mercaptobenzothiazole
derivatives, benzothiazole thiofatty acid derivatives, and
triazine derivatives, and (ii) 100 to 2,000 ppm of copper
ions.

- ‘
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9. The electronic part as claimed in claim8, wherein the powdered sol der
adhered to the tacky part is fixed by heating at a tenperature of 100 to
250[err]C for 5 to 60 seconds under such conditions as:hot to nmelt the
powder ed 38 solder, followed by applying a flux to the fixed sol der and
then nmelting the resulting solder by hegging to thereby forma solder film
10. A printed circuit board obtained by a nethod which conprises
selectively inparting tackiness to only a

13. A solder powder which comprises solder particles
whose surfaces have been covered at a thickness of 0.005 to
10 uym with a resin composition containing a rosin or a rosin
derivative as an essential component and further containing
at least one member selected from a carboxylic acid in an
amount of 1 to lQ% by weight, an amine or an amine salt in an
amount of 0.1 to 5% by weight, and a wax in an amount of 0.5

' to 5% by weight.

| | |“‘“°| ml“ I“'u “llsl “ l“‘ This is the replacement sheet
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predeterm ned part -of -a. nmetall.ic surface of an article by neans of a tacky

|'ayer-form ng sol ution containing at |east one conpound sel ected fromthe

- group consisting of benzotriazole derivatives, naphthotriazole derivatives,

i m dazol e derivatives,. benzoini dazol e derlvatlves, mer capt o- benzot hi azol e

- derivatives, benzothiazole thiofatty aciyg derivatives, and triazine
derivatives, adhering a powdered solder to the resulting tacky part, and

t hen neltlng the sol der byybeaéh nert PorMEREbYof.0Em rIBMl der film 11. A

~printed circuit board as claimed in claim10, wherein plurality of printed

circuits are formed on a continuous sheet substrate. 12. A solution for

sel ectively inparting tackiness

ABSTRACT OF THE DISCLOSURE

A method of forming a solder film on a metallic
surface such as a pad of a metallic circuit of a printed
circuit board and é lead frame of electronic parts, which is
capable of forming a precise and fine pattern and which
comprises selectively imparting tackiness to only a
predetermined part of the metallic surface by means of a
tacky layer-forming solution containing at least one compound
selected from benzotriazole derivatives, naphthotriazole
dgrivatives, imidazole derivatives, benéoimidazole
dgrivatives, mercaptobenzothiazole derivatives, benzothiazole
thiofatty acid derivatives, and triazine derivatives,
adhering:a powdered solder tolthe resulting tacky part, and
then melting the solder by heating to thereby form a solder

£ilm.

"FIGURE 4
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to a netallic surface, which is an acidic solution containiing (i) 0.05 to
20% by wei ght of at |east one conpound sel ected fromthe group consisting
of -benzotriazol e derivatives, naphthotriazole derivatives, imdazole _
dersi vati ves, benzoi m dazol e derivatives, nercaptobenzothi azol e derivati ves,
benzot hi azol e thiofatty acid derivatives, and triazine derivatives, and
(ii) 100 to 2,000 ppm of copper ions 39 13. A sol der powder which
conprises solder particles . FIG' '
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whose surfaces have been covered at a thickness of 0.005 to 10 [err]mw th
‘a resin conposition containing a rosin or a rosin derivative as an
essential conponent and further containing at | east one nenber sel ected
frama carboxylic acid in an amount of 1 to 10% by wei ght, an am ne or an

~amne salt in an anobunt of 0.1 to 5% by weight, and a wax in an anount of
0.5 to 5% by weight. '
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