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(0003} The solder metal or metal alloy particles are
suspended in a highly concentrated bath, or toner.

Typical toners for electrokinetic deposition of tin powder,
for example, consist of solvent (such as ISOPAR), charge
director (such as polylecithin), and metal particles.

[0004] In electrokinetic or electrostatic deposition,
the powder particles possess an electrical charge. To
impart the charge, the surface of metal particles are
pretreated by coating with an acidic polymer. Such a
polymer will react with the charge director in the toner
and create electrical charge on the surface of the particle
necessary for electrokinetic or electrostatic deposition.

[0005] According to the conventional method of
preparing the solder metal particles, the electrical charge
is imparted to the powder, or to particles or spheres that
are used, to make it electrokinetic by coating it with a

charge contreol material. This involvea, for example,




[ 0005] According to the conventional nethod of
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on a [0006] Such a method has two distinct shortcomings:

(1) the method of preparation is laborious and requires
special equipment, and (2) polymer coated toner powders
exhibit poor reflow characteristics. The method of
preparation of the conventional toner requries coating on a
fluidized bed coater, a specialized and expensive piece of
equipment. The polymer coated toner must also be sieved
because the toner powder clumps in conventional toners.
This additional process step lowers the amount of usable
product, Moreover, the polymer coating interferes with the
reflow process which usually follows the deposition. Since
the polymer is not completely soluble in the f£lux, the
polymer leaves a solid residue on the reflow surface. This
is problematic because the residues impede the electrical

conductivity of the joint and can form a coating between
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provide electrokinetically mobile particles that are

particularly suitable for use in an electrokinetic or
electrostatic deposition toner.

[0010] It is a further object of this invention to
provide a toner that is suitable as a solder metal or metal
alloy deposition toner which possesses good reflow
properties.

[0011] Briefly, therefore, the invention is directed
to a method for preparing metallic particles for
electrokinetic or electrostatic deposition comprising the
steps of contacting the metallic particles with an organic
acid to form an organic acid surface film on the particles;
and contacting the particles with a charge director medium
which adheres to the organic ac¢id surface £ilm to impart an

electrical charge to the particles.
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[0013] The invention is algso directed to metallic
particles for electrokinetic or electrostatic deposition
comprising metallic particle bodies; an organic acid f£ilm
on the particle bodies; and a charge director adhered to

the organic acid film.
{00014] Other objects and features will be in part

apparent and in part pointed out hereinafter

BRIEF DESCRIPTION OF THE FIGURES
[0015] FIG. 1 is an optical photograph of solder

powder (Sn-Ag-Cu alloy) deposited from the toner of the

present invention after patterning.
[0016] FIG. 2. is an optical photograph of solder

powder (Sn-Ag-Cu alloy) deposited from the toner of the

present invention after reflow.
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surface, and thus, the surface is bright. Moreover, solder

joints emploving the toner of the present invention exhibit
good electrical conductivity and better strength.

{0019] Organic acids suitable for the toner of the
present invention should be liquid at room temperature or
slightly elevated temperatures and also be strong acids.
Examples of suitable organic acids are acetic acid, di- or
tricholoroacetic acid, propionic, maleic, glutaric, and
methacryclic acids, which have legs than 8 carbons,
preferably less than 5 carbons.

[0020] Once the thin highly acidic molecular film is
formed on the surface of the tin particles, either by
reaction or adsorption of the organic acid on the surface
of the tin particles, the particles are mixed with a charge
director medium to form the tomer. The thin molecular £ilm
reacts with the charge director, which imparts a positive

or negative charge upon the tin particles, thereby
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particles having an average particle size between about 50
and about 500 micromns. In a further alternative, they are
relatively larger spheres of inorganic material having an
average size greater than about 100 microns, such as
between 100 microns and 1 mm. These are, for example,
solder metal spheres. For certain applications,
organometallic particles may be used. The particles are
therefore metallic in that they can be 100% metal or
organometallic.

[0023] In one embodiment, tin particles are mixed
with fully concentrated organic acid in an amount of acid
sufficient to physically wash the tin particles, wet the
outer surfaces the tin particles with acid, and form thin
molecular films around the tin particles. The ratio of the

mass of tin particles and the mass of acid sufficient to

wet the tin particles may range from about 0.2 to about 2.




[0022] The particle size is typically between about
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[0025] After agitation, excess, unreacted acetic acid
igs decanted. The acetic acid may be used multiple times to
wash and react with multiple batches of tin powders. As
described, therefore, the process involves contacting
preformed metallic particles as described herein with the
organic acid. The preformed metallic particles in the
preferred embodiments consist of a pure metal, consist of a
metal/metal alloy, or consist of a metal/metal/metal alloy.
The organic acid f£ilm forms directly on the pure metal
surface, metal/metal alloy surface, or metal/metal/metal
alloy surface of the preformed metallic particles.
[0026] The tin particles are washed at least once.
In one embodiment the particles are washed between two and
five times, first in IPA (isopropyl alcohol} and then with
a2 neutral high dielectric organic liquid such as

isoparaffin distributed by Exxon Chemical of Houston, Texas
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particles are deposited on the substrate. Barium
petronate, in contrast, remains on the particles. As such,
the barium petronate charge on deposited particles balances
out the electrostatic or electrokinetic deposition driving
forces locally at the substrate. As deposition advances,
the driving force is eventually balanced by the deposited
charge. In this way the deposition can be controlled by
controlling the gquantity of barium petronate charge
director mixed into the solution; or the voltage {or charge
level) of the imaging tool.

[00291 To use the particles in an electrostatic or
electrokinetic process, a toner is prepared in which the
prepared solder particles, such as tin particles with a
thin highly acidic molecular £ilm, are mixed with a charge

directing medium, such as a barium petronate sclution. By
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stirred and heated. After all the water was added the
solution was stirred and heated for a further one hour.
The heat was then removed and stirring was continued until
the solution has cooled. A tan-colored precipitate was
noted to form. The mixture was aged for one day at room

temperature, then filtered and the precipitate discarded.

EXAMPLE 2

[0032] For solder powder coating, tin or tin alloy
powder was mixed with glacial acetic acid in approximately
egual weight parts. 60 g of tin or tin alloy powder was
mixed with about 60 g of glacial acetic acid. The mixture
was mechanically agitated for about 20 minutes in a mixer.
The mechanical agitation was then stopped, and the excess,
unreacted acetic acid was decanted. The tin powder was
washed in IPA twice and further washed in ISOPAR twice to
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solution was stirred and heated for a further one

hour. The heat was then regpygg; ghgl stirring was

continued unti |
[0034]) The toner of Example 3 was used to form a

pattern of charged solder powder on a substrate. FIG. 1
shows the pattern of solder powder (Sn-Ag-Cu alloy)
deposited from the toner of the present invention. The
soldered particles were reflowed. FIG. 2. shows the
reflowed solder powder (Sn-Ag-Cu alloy) deposited from the
toner of the present invention. The reflowed powder was
bright and lacked the solid residues of conventional toner
particles.

[0035] This process yielded a toner comprising
electrokinetically mobile particles for use in an
electrostatic or electrokinetic deposition process. The
particles comprised the particle bodies, the thin molecular
film on the particle bodies which facilitated attachment
thereto of a charge director material, and the above-
described charge director material on the thin molecular

film wherein the charge director material had a negative
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relates to a limited number of embodiments that have been

provided for illustration purposes only. It is intended
that the scope of invention is defined by the appended
claims and there are modifications of the above embodiments

that do notldepart from the scope of the invention.




shows the pattern of sol der powder (Sn-Ag-Cu all oy)
deposited fromthe toner of the present invention. The
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listed elements. [0038] As various changes could be

made donceriateghergeanic acid comprises contacting the metallic particles with the
fully concentrated organic acid in a ratio of weight of organic acid to weight of

metallic particles in a range between about 0.2:1 to about 2:1.

2. The method of claim 1 wherein the particles are selected from the group

consisting of 8n particles and Sn alloy particles.

3. The method of claim 1 wherein the particles are selected from the group
consisting of Sn particles, Sn/Pb particles, Sn/Ag/Cu particles, Sn/Ag particles,
Sn/Cu particles, Sn/Ag/Bi particles, Sn/Bi particles, and Sn/Pb/Bi particles.

4. The method of claim 1 further comprising the steps of decanting excess
organic acid and washing the particles after the contacting the metallic particies
with the organic acid and before the contacting the particles with the charge

director medium.




wi t hout departing fromthe scope of the invention, it
is intended that all matter contained in the above
description and shown in the acconpanying draw ngs
shall be interpreted as illustrative and not in a
limting sense. The foregoing -18elates to a limted
nunber of enbodi nents that have been provided for
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10. The method of claim 1 wherein the metallic particles have a particle size

between 100 microns and 1 mm.

11. A method for preparing metallic particles for electrokinetic or electrostatic
deposition comprising the steps of:

contacting the metallic particles with a fully concentrated organic
acid to form an organic acid surface film on the particles wherein the organic
acid is selected from the group consisting of acetic acid, dicholoroacetic acid,
trichloroacetic acid, propionic acid, maleic acid, glutaric acid, and methacryclic
acid; and wherein the particles are selected from the group consisting of Sn
particles, Sn/Pb particles, Sn/Ag/Cu particles, Sn/Ag particles, Sn/Cu particles,
Sn/Ag/Bi particles, Sn/Bi particles, and Sn/Pb/Bi particles; and



4. The method of claim 1l further conprising the steps
of decanting excess organic acid and washing the
particles after the contacting the netallic particles
with the organic acid and before the contacting the
particles with the charge dir44tor nedium -13- 5.
The nmethod of claim4 wherein washing the particles
conpri ses washing the particles with isopropyl

al cohol at least tw ce and washin part i
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particles have a particle size between about
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500 mcrons. 10. The nmethod of claim1 wherein the
netallic particles have a particle size between 100
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part '&Je%ﬁ)r maaldii particles, and Sn/Pb/Bi particles;
and -14- contacting the mstal lic particles with a
char ge director nedi um
14. The method of claim 13 wherein washing the particles comprises washing
the particles with isopropyl alcohol at least twice and washing the particles in

an isoparaffin solution at least twice.

15. The method of claim 11 wherein the metallic particles have a particle size

between about 0.5 micron and about 50 microns.

16. The method of claim 11 wherein the metallic particles have a particle size

between about 1 micron and about 100 microns.

17. The method of claim 11 wherein the metallic particles have a particle size

between about 50 microns and about 500 microns.



whi ch adheres to the organic acid surface filmto
inpart an electricat charge to the particles; wherein
the contacting the netallic particles with the fully
concentrated organic acid conprises contacting the
nmetallic particles wwth the fully-¢t®Bncentrated
organic acid in a ratio of weight of organic acid to
wei ght of netallic particles in a range between about
0.2:1 tq about 2:1. 12. The net hod of clajm 11 wherein.
Che cHarige esthed Yot Whireid e Dol PBHcIE Sake P EpHGieRze
char QEQWQLH{ 288 %Ecn?r@ Eﬁ](at,le'qn.{ romthe group consisting of
barium petronate, calcium petronate, copper

napt henate, and al um num stearate. 13. The nethod of
claim1l further conprising the steps of decanting
excess organic acid and washing the particles after
the contacting the netallic particles wth the
organic acid and before the contacting the particles
with the charge director nedium 14. The nethod of
claim 13 wherein washing the particles conprises
washing the particles with isopropyl alcohol at |east
twi ce and washing the particles in an isoparaffin
solution at least twice. 15. The nethod of claim11l
wherein the netallic particles have a particle size
bet ween about 0.5 micron and about 50 microns. 16. The
met hod of claim 11 wherein the netallic particles have
a particle size between about 1 mcron and about 100
m crons. 17. The nmethod of claim 11 wherein the
netallic particles have a particle size between about
50 m crons and about 500 m crons. -15- 18. The net hod
of claim 1l wherein the nmetallic particles have a
particle size between 100 mcrons and 1 mm




