
WO 2006/091833 PCT/US2006/006632  1 PREPARATION OF
METALLIC PARTICLES FOR  ELECTROKINETIC OR
ELECTROSTATIC DEPOSITION  FIELD OF THE INVENTION
[0001] The present invention relates to a method for
preparing metallic particles for the electrokinetic or
electrostatic deposition, such as for solder metal
particles for electrokinetic or electrostatic
deposition in  manufacturing electronic devices.
BACKGROUND OF THE INVENTION [0002] In a variety of
applications it is desirable  to apply organic or
inorganic particles, such as metal  particles and
metal powders, to substrates in a  predetermined
pattern. One such application is in the  formation of
patterns of solder metal or metal alloy  particles to
form solderable surfaces and structures on  electronic
parts and components. [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 control material. This
involves, for example, WO 2006/091833
PCTIUS2006/006632  2 coating the powder with a
dielectric polymer material in  solvent such as
Joncryl 682 available from Johnson Polymer  of
Sturdevant, Wisconsin dissolved in IPA. Coating occurs
in a fluidized bed coater. The purpose of the
dielectric  polymer is to provide a very acidic or
hydroxyl surface  with which the subsequently applied
charge director can  chemically react. The coated
powder is subsequently wetted  with a liquid having
suitable dielectric properties, such  as Isopar-G
available from Exxon Mobil. Another suitable  liquid
is a product available from 3-M Corporation under  the
trade name Fluorinert. The powder constitutes about
0.5 to about 50 wt.% of the powder/liquid mixture, and
about 1 to about 20 vol.% of the powder/liquid
mixture. The  powder is then'dried and sieved to
remove clumps and  achieve a uniform powder size. The
powder is then added to  a charge control material
such as poly lecithin electrolyte  in an amount
between about 10 and 20,000 microliters charge
control material per liter Isopar. [00061 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 flux, 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 WO 2006/091833 PCT/US2006/006632  3
the solder and the soldered electronic part, thus
lessening  the strength of the soldered joint. [0007]
Therefore, a need exists for a simpler method  for
preparing an electrokinetic or electrostatic
deposition  toner that eliminates the need for the
special equipment  and laborious process involved in
the preparation of  conventional toners. Further,
there exists a need for a  toner for imparting a
charge on the surface of the tin  particles that uses
a film which does not interfere with  the reflow
process. SUMMARY OF THE INVENTION [0008] It is an
object of this invention to provide  organic or
inorganic particles prepared by a simple method  which
renders the particles amenable to treatment with a
charge director, so that the particles can thereby be
rendered electrokinetically or electrostatically
mobile. [0009] It is a further object of this
invention to  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
acid surface film to impart an  electrical charge to
the particles. WO 2006/091833 PCTIUS2006/006632  4
[0012] in another aspect the invention is directed to
a method for preparing solder metal particles for
electrokinetic or electrostatic deposition comprising
the  steps of contacting the Sn-based solder metal
particles  with an organic acid selected from the
group consisting of  acetic acid, dicholoroacetic
acid, trichloroacetic acid,  propionic acid, maleic
acid, glutaric acid, and  methacryclic 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
to form an organic acid surface film on the
particles; and contacting the particles with a charge
director medium which adheres to the organic acid
surface  film to impart an electrical charge to the
particles,  wherein the charge director medium is a
solution comprising  



a charge director selected from the group consisting
of  barium petronate, calcium petronate, copper
napthenate, and  aluminum stearate. [0013] The
invention is also directed to metallic  particles for
electrokinetic or electrostatic deposition  comprising
metallic particle bodies; an organic acid film  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. WO 2006/091833
PCT/US2006/006632  5 DETAILED DESCRIPTION OF THE
INVENTION [0017] in accordance with the invention, a
toner is  prepared for electrokinetic and
electrostatic deposition of  metal and metal alloy
particles, for example for deposition  of tin and tin
alloy powders to form solderable structures  on
electronic parts and components. [0018] The present
invention stems from the discovery  that organic
acids, such as acetic acid, impart two  distinct
advantages when employed in forming thin molecular
films on the surface of tin and tin alloy particles.
First, the method of toner preparation is greatly  



simplified because there is no need for a fluidized
bed  coater or sieving the dry powder. Second, a toner
with  particles having thin molecular films exhibits
good reflow  characteristics. For example, an organic
acid thin  molecular film leaves no solid residues on
the reflow  surface, and thus, the surface is bright.
Moreover, solder  joints employing 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 less
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 toner. The
thin molecular film  reacts with the charge director,
which imparts a positive  or negative charge upon the
tin particles, thereby WO 2006/091833
PCTIUS2006/006632  6 rendering the particles
electrokinetically mobile and  suitable for
electrokinetic and electrostatic deposition.  [0021]
In one embodiment of this invention, the particles are
Sn-based material, such as a powder or  particle
bodies selected from among Sn and alloys of Sn/Pb,
Sn/Ag/Cu, Sn/Ag, Cu, Sn/Ag/Bi, Sn/Bi, Sn/Pb/Bi, or
others. 



[0022] The particle size is typically between about
0.5 microns and 1 mm. in one embodiment, the particles
are  powder particles having an average diameter
between about  0.5 and about 50 microns. In another
embodiment, they are  powder particles having an
average diameter between about 1  and about 100
microns. in applications that require better
resolution, the particles are typically about 5
microns.  One preferred powder is a Type 6 powder with
a size  distribution primarily between about 10 and
about 20  microns. The particles are alternatively
mid-sized  particles having an average particle size
between about 50  and about 500 microns. 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. WO 2006/091833 PCT/US2006/006632  7 A
preferred organic acid is acetic acid. However, the
organic acid may be selected from among di- or  



tricholoroacetic acid, propionic, maleic, glutaric,
and  methacryclic acids. These acids are chosen
because they  are liquid at room temperature or
slightly above room  temperature, strongs acids,
highly reactive with the powder  metal surface, and
highly reactive with the charge director  in the
toner. [0024] in one embodiment, a mixture of
approximately  equal parts of about 60 g of tin
particles and about 60 g  of glacial acetic acid are
mechanically agitated to allow  the surface of the tin
particles to react with the acid.  Without being bound
to a particular theory, it is thought  that the acetic
acid reacts with the tin surface to coat  the tin
particles with a thin molecular film of tin acetate
and adsorbed acetic acid. This film provides a surface
characterized as a very acidic surface with which a
subsequently applied charge director can react. [0025]
After agitation, excess, unreacted acetic acid  is
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 film 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  



a neutral high dielectric organic liquid such as
isoparaffin distributed by Exxon Chemical of Houston,
Texas WO 2006/091833 PCT/US2006/006632  8 under the
trade name ISOPAR. This process yields prepared
solder particles ready for use in patterning, or the
solder  particles may be stored without loss of
stability for up to  3 months. [0027] In accordance
with the invention, a charge  directing medium
including a charge director is prepared.  The charge
director may be chosen from among barium  petronate,
calcium petronate, copper napthenate, aluminum
stearate, and many other charge directors, provided
they  can accept protons and impart a negative charge
on the  prepared solder particles of the present
invention. The  charge director is added directly to
the toner. [0028] In one embodiment barium petronate
modified by  perfusion with distilled water is
employed as the charge  director. It has been
discovered that barium petronate has  an advantage
that it allows the deposition to be self- limiting,
and therefore more controllable. In particular,  most
charge directors such as poly lecithin detach from the
particles and dissipate into the solution after the
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 quantity of barium petronate charge
director mixed into the solution; or the voltage or
charge  level) of the imaging tool. [0029] 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 film, are mixed with a charge
directing medium, such as a barium petronate solution.
By WO 2006/091833 PCT/US2006/006632  9 contacting the
prepared solder particles with the charge  directing
medium, the charge director material imparts a
positive or negative charge and thereby renders the
particle bodies electrostatically or
electrokinetically  mobile. [0030] The following
examples further illustrate the  invention. EXAMPLE 1
[0031] For preparation of a charge director, barium
petronate (10 g) available from Crompton Corporation
of  Middlebury, Connecticut (USA) was added to Isopar
G (90 g)  available from ExxonMobil Chemical Company
of Houston,  Texas (USA) in a 200 ml beaker. The
beaker was placed on a  heated stir plate and
heated/stirred until it reached a  temperature of 80 -
90C. Highly polished water (10 g),  i.e., very pure
distilled water was added one drop (-16  micro-liter)
at a time while the solution was continually  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  equal 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 WO 2006/091833 PCT/US2006/006632  10
yield the tin powder suitable for toner according to
the  present invention. EXAMPLE 3 [0033] For toner
preparation, 60 g of coated powder  prepared according
to Example 2 was added to 1 liter of  Isopar G in a
1.4 liter beaker and stirred with an  appropriate
mixer, such as "The Agitator" available from  Victory
Engineering, Hillside, New Jersey (USA). Charge
director (0.5 mL) prepared according to Example 1 was
added  to the mixture and the stirring continued for
at least four  hours. The toner was allowed to age for
two hours at room  temperature. The toner was
protected from a high humidity  environment (>60%RH)
to maintain stable performance. EXAMPLE 4 [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 ref lowed. FIG. 2. shows the
ref lowed solder powder (Sn-Ag-Cu alloy) deposited
from the  toner of the present invention. The ref
lowed 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 WO 2006/091833
PCT/US2006/006632  11 charge and thereby rendered the
particle bodies  electrostatically or
electrokinetically mobile. [0036] In view of the
above, it will be seen that the  several objects of
the invention are achieved and other  advantageous
results attained. [0037] When introducing elements of
the present  invention or the preferred embodiment(s)
thereof, the  articles "a", "an", "the" and "said" are
intended to mean  that there are one or more of the
elements. The terms  "comprising", "including" and
"having" are intended to be  inclusive and mean that
there may be additional elements  other than the
listed elements. [0038] As various changes could be
made in the above  



without departing from the scope of the invention, it
is  intended that all matter contained in the above
description  and shown in the accompanying drawings
shall be interpreted  as illustrative and not in a
limiting sense. The foregoing  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 not depart from the scope of the invention.
_12_  What is claimed is: 1. 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 solder metal particles; and
contacting the metallic particles with a charge
director medium  which adheres to the organic acid
surface film to impart an electrical charge to  the
particles; wherein the contacting the metallic
particles with the fully  concentrated organic 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 Sn 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 particles
with the organic acid and before the contacting the
particles with the charge  director medium. -13- 5.
The method of claim 4 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. 6. The method of
claim 1 wherein the charge director medium is a
solution  comprising a charge director selected from
the group consisting of barium  petronate, calcium
petronate, copper napthenate, and aluminum stearate.
7. The method of claim I wherein the metallic
particles have a particle size  between about 0.5
micron and about 50 microns. 8. The method of claim 1
wherein the metallic particles have a particle size
between about 1 micron and about 100 microns. 9. The
method of claim 1 wherein the metallic particles have
a particle size  between about 50 microns and about
500 microns. 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 -14- contacting the metallic particles with a
charge director medium 



which adheres to the organic acid surface film to
impart an electrical charge to  the particles; wherein
the contacting the metallic particles with the fully
concentrated organic 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. 12. The method of claim 11 wherein
the charge director medium is a solution  comprising a
charged director selected from the group consisting of
barium  petronate, calcium petronate, copper
napthenate, and aluminum stearate.  13. The method of
claim 11 further comprising the steps of decanting
excess  organic acid and washing the particles after
the contacting the metallic particles  with the
organic acid and before the contacting the particles
with the charge  director medium. 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. -15- 18. The method
of claim 11 wherein the metallic particles have a
particle size  between 100 microns and 1 mm. 


