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METHOD OF FORMING SOLDER FILM

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

In recent years, printed circuit boardst(also
referred 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
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 1ayer beforehand on elther or both of the pad and the
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lead terminal, positioning the electronic part, and then

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
cmployed. 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,
bécoming 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
becauSe,'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.
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Aoﬁethod of electrostatically applying flux-coated
solder powder particles on opcircuit part has'been_prop05ed
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, and then blowing a gas on the solder melt to
level it to thereby’ form a solder_c1rcu1t. Thls 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
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problems and has to be improved in working efficiency -and

other respects.

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_métallic.circuit or on anfexposed
metél of an electronic part by a_simple procedure without the
necessity of troublesome.operations such as positioniné.

It has been found that a certain chelate compound
acts on an exposéd metallic surface to iender_it tacky, which
ﬁakes it possible to predisely adhere a powdered solder dnly

to the resulting tacky surface. The present invention has

' been attained by the above discovery. That is, the present

invention is é method for forming a solder film, which
comprises selectively imparting tackiness tb 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 compoﬁnd (tackiness-imparting compound) selected
fr&m benzotriazole derivatives, naphthotriazole derivatives,

imidazole derivatives, benzoimidazole derivatives, mercapto-

" benzothiazole derivatives, benzothiazole thiofattf'acid

derivatives, 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 part.

BRIEF DESCRIPTION OF THE DRAWINGS



This Sheet Has Been Reﬂlaced

S il

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

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

present invention can be applied include a single-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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plurality of circuits independently formed thereon. Exampleé
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 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
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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)
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N o (2)

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

group)

-N H

o | |
Rs —C C—R. (3)

N4
N

: (wherein R, represents an alkyl group and Rs; represents

hydﬁ:ogen 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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SC—SH (5)

(wherein Ry represents hydrogen atom or an alkyl group)

(6)

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

group)

Ru1

C

NF
HSTT 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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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
diésolved in water. It is preferred that.this solution
fhéreafter 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 ébout 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 —
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acid, malic acid, oxalic acid, maloniczacid, succinic acid,
and tartaric acid may also bé used.

.Although the conceﬁtratiqn 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 tackiness is conducted

either by applying the solution on the exposed metallic'part

on which a solder film is to be formed or by immersing that
metallic part in the solution. In 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

coﬁcentration of the tackiness—imparting_compound, the kind
of'thé.metal, etc., the preferred range ﬁhereof is generally
from 30 to 60°C. The immersion fime is not particularly
liﬁited, 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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~amount of 100 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 rafe 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 to

- 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.

Sheet Has Been RTlaced
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If the solder film thus formed has a thickness below
a required levei, the thickness of the salder 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 aurface,
various methods may be used. Examples thereof include a mask
ﬁethod in which a solder fowder is allowed to adhera 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 tha tacky surface is passed through a
tank in which a solder powder is suspended; and a roller
mathod in which a solder powder layer formad 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 havihg a tacky surface on
the exposed metallic surface on a slant, and dropplng a
solder powder from above little by 11ttle 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

This Sheet Has Been Reﬁaced 13
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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
offtransferring the printed circuit board by means of
v1brat10n as shown in Flg 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 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
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- In the case where thg 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 thelsolder'powder to the tacky part without
forming'é void or other defects. If it is desired to
Zcontinuoﬁsly 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.

heet Has Been Replaced
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By thns 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 pérts on both sides
-ihereof. This printed board is placéd 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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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

Sheet Has Been RTlaced 17 -
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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.

Examplés of the amine or amine salt include
methylamine, ethylamine, butylamine, isopropylamine,
cyclohexylamine, monoethénolaminé,;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 réflow.

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.

Sheet Has Been Relilaced
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A preferred example of the resin composition
comprises 89-97% by weight of_the rosin cbmponent, 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

Sheet Has Been Reﬂlaced
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a flux to be conducted without damaging the solder pettern.
Illuetratively stated, after a solder powder is adhered to
the.tacky surface, the adhered soldef 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 of 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 solden film.

In this case, even when the eutectic solder, which
has a melting point of 183°C, is heated to a temperature
ebove 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
10@%2, 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 flun to be used is not

particularly limited as long as it is suited to the soldexr
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powdei used. Prefeired is a chlorine—frée 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 subétance on oniy an exposed
metallic surface by a chemical means in which the surface is

- imhersed in or coated with a tacky layer-forming solution
coﬁtaining-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.
-
eet Has Been Rej laced
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Since the thus:formed tacky substance deposits on
only an exposed metallic sﬁrface (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. _ '
This Sheet Has Been Re‘ilaced
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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
was on a level safisfactory for solder particle adhesion, and
.a thin eutectic solder layer having a thickness of about 20
uﬁ:and almost the same as that in Example 1 was formed with

~high precision. |
EXAMPLE 3.
Thé same procedures as in Example 1 were conducted

except that a 0.2% by weight aqueous solution of a
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benzoimidazole compound represented by_formula (4), wherein
Ry was CgH;; and R; was a hydrogen atom, Qas 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—formlng solution was prepared by pH—
ad]ustlng a 0.5% by weight agireous solution of 5- lauryl-
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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in the presence of mefhyl 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-
(benzothiazolyl)thio]propionic acid (a compoundlof formula
(6)) to about 4 in the presence of methanol. Using thie
aqueous 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 of 6-diisooctylamino-1,3,5-
t#iaZine—2,4-dithiol monosodium salt represented by formula

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

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

solution for tacky layef formation. A printed board having a
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0.3 mm-pitch exposed copper circuit parts for connection with
a QFP (quad flat package) was immersed in the treating
solution for.lo minutes, pulled up, washed with water, and
then dried. As a result, only the exposed copper sircuit
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% aqueons 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 a treating solution.
The subsequent procedures weie 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 ordinary method to obtain a copper pattern.
Theneafter, a polyimide film having punched-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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an ordinary method. The pretreated sheeﬁ 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
paﬁtern'arrangement. This shows thét_ls% 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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about 4 with acetic acid, giving a tacky layer-forming
solution. This aqueous sbiution 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 tﬁe 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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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
R¢ was CgH;; and R; was a hydrogen.ateﬁ,'was used, and that a
fAB (tape automated-bonding) which had been pretreated with
an aqueous hydrochloric acid solution and had a pitch of_6f25
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 ahd R, was a
" hydrogen atom. As a resﬁlt, a highly precise and fine solder
coet 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 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 E#ample 12. As a result,
a satisfactory solder coat was obteined as in Example 12.

EXAMPLE 17
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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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about 4 with acetic acid, giving a solder tackyllayer—forming
solution. This aqueous solution was heated_td 40°C, and a
¢oppe:-clad, double-sided printed board which had been
pretreated with an aqueous hydrochloric acid solutien 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 e 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, whlle the printed board was being moved in the same
direction as_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.

TR



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-

undecyllmldazole 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 agueous hydroéhloric
acid solution and had a:pitch of 0.3 mm #as 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
deéoéited precisely on pads.only. The coated eutectic solder
po&der-bbtainéd 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 td.the tacky parts. Thus, a satisfactory

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

This solder circuit pattern thus obtained had a
uniform 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 whieh copper in the corresponding
0.25 mm—piteh copper pads had been exposed, was immersed at
40°C for 30 seconds in a 1% by weight aqueous 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 form a tacky substance layer
ongthe surfaces of'the copper pads. An eutectic solder
pewder 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 precise 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 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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for 1 minute to ﬁhereby 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
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éarf(s), and then melting and leveling the solder.po&der.
Thus, it has become possibié 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
bridgés, products can be obtainéd at a high production
efficiency and a low off-specification rate. |

While the invention has been described in detail and
_ Qith reference_to specific embodiments thereof, it will be
apparént to one skilled in the art that various changes and
médifications can be made therein without departing from the

spirit and scope thereof.
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1. A method of forming a solder film which comprises

WHAT IS CLAIMED IS:

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
by 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 inlclaim 1, wherein the
metallic surface is en elecﬁrical circuit.

4. The method as claimed in claim 1, wherein the
mefallic surface is a terminel of an electronic part.
| '5. The method as claimed in elaim'l, wherein the
metallic surface of an article is immersed in or coated with
the tacky layer—forming eolution to impart tackiness to a

predetermined part.
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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 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
dérivatives, 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
pin grid array,la small online package, a quad flat package,
of a ﬁape—automated package. |
9. The e;ectronic part as claiméd ih 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’
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solder, followed by applying a flux to the fixed solder and

then mélting 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
Eenzotriazole derivatives; naphthotriazole derivatives,
imidazole derivatives,.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

11. A printed ciréuit board as claimed in claim 10,
wherein plurality of printed circuits are formed on a
cohtinuous sheet subs;rate.

| 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 least one coﬁpound selected
from the group consisting of benzotriazole derivatives,
naéhthotriazoleIderivatives, imidazoie.derivatives, |
benzoimidazole derivatives, mércaptobenzothiazole
derivatives, bénzbthiazole thiofatty acid derivatives, and
triazine derivatives, and (ii) 100 to 2,000 ppm of copper

ions.
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13. A solder powder_which 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 10% 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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