1 DEPCSI TI ON AND PATTERNI NG PROCESS FI ELD OF THE

| NVENTI ON The present invention relates to a nethod
for producing patterned articles by deposition of
powder, particles, spheres, or other materials onto a
substrate. BACKGROUND OF THE INVENTION In a variety
of applications it is desirable to apply particles to
a substrate in a predeterm ned pattern. One such
application is the formation of patterns of sol der
alloy on silicon wafers. The precision required to
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traditional powder application nethods insufficient.
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U.S. Pat. No. 5,817,374 discloses a process for
patterning powders which employs a bed of particles, a
mask, and a dielectric receptor. The dielectric receptor
receives a temporary charge, which attracts the particles
so they travel through the mask and adhere to the receptor
in a pattern defined by the mask.

In addition, it is important to ensure that the
particles are deposited in the desired pattern without
irregular or stray particle distribution. Many deposition
processes result in a so-called "edge effect," where there
is a non-uniform band of overdeposited metal particles
around the periphery of the metallization. Reducing the
edge effect during deposition is desirable to provide
uniformity in the final product.

Mixed-electronic component substrates allow a variety
of functions tc be accomplished by a single substrate, but

they reguire varying solder bump thicknesses appropriate



they require varying sol der bunp thicknesses
appropriate 2 for the discrete conponents. Creating a
substrate with varying thicknesses is a cunbersone
process using traditional stencil printing nethods
because it requires a special stencil which nust be
cl eaned after each deposition. As such, it would be
desirable to develop a single-tep nethod of creating
substrates with controlled solder bunp thicknesses
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particles have an electrical charge of the same polarity as
the charge on the charge-holding masked surfaces, thereby
electrostatically depositing the particles onto the
unmasked surfaces of the substrate.

In another aspect the invention is a method involving
immersing a substrate in an electrokinetic solution
containing particles, wherein unmasked portions of the
gubstrate congtitute an electrode; immersing a counter-
electrode in the electrokinetic solution; and attaching the
electrode and counterelectrode to opposite poles of a
voltage supply to establish an electrical potential between
the counter electrode and the electrode and thereby
electrokinetically depcsiting the particles on the unmasked

pertions of the substrate constituting the electrode.



portions of the substrate constituting the el ectrode.
3 In a further enbodi nent, the invention is a nethod
of applying a pattern of particles to a substrate by
applying an electrostatic charge to non-conductive
areas of a patterned tool surface conprising a
pattern defined by conductive areas and

non- conductive areas to yield & charged patterned
tool surface; exposing the charged patterned too
surface to particles in a dielectric fluid, which
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Surgéggg %%dtggnsgggéuggf%éIéf%as, exposing the patterned tool
surface to particles in a dielectric fluid, which particles
have an electrochemical charge, to thereby cause a guantity
of the particles to adhere to the conductive areas on the
patterned tool surface to which the electrical potential is
applied, and thereby yield a patterned toocl surface with
particles adhered to the conductive areas; and closely
exposing the patterned tool surface with particles adhered
thereto to a surface of a substrate to thereby transfer at
least a portion of the quantity of particles from the
patterned tcol surface to the surface of the substrate in a
substrate pattern defined by the pattern on the patterned

tool surface.



substrate pattern defined by the pattern on the
patterned tool surface. 4 The invention is also
directed to each of the foregoing nethods in
situations where the substrate is an electronic

devi ce substrate, situations where the substrate is
an el ectronic device having under bunp netallization,
and situations where the parti & es are sol der netal
particles. Oher aspects and features of the invention
will be in part apparent, and in part described
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this invention.

Figures 17 is a schematic illustration demconstrating
electrokinetic-based particle deposition in accordance with
this invention.

Figures 18-19 are schematic illustrations
demconstrating use of a printing tool in accordance with
this invention.

Figure 20 is a photomicrograph of sclder particles
deposited on a substrate in accordance with this invention.

Figures 21-24 are photographs of wafers illustrating

applicants method for addressing edge effect.

DETAITLED DESCRIPTION OF THE INVENTTON

The invention involves the selective deposition of
particles in a pattern on a substrate. One application is
deposition of solder particles over metal interconnect
features con an electronic device substrate, such as a
gilicon wafer substrate, to provide electrical

interconnection between the substrate interconnect features



features on an el ectronic device substrate, such as a
silicon wafer substrate, to provide electrica

i nt erconnection between the substrate interconnect
features 5 and devices to be attached to the
substrate. The invention is described herein in the
context of solder netal particles on electronic

devi ce substrates, which particbes are deposited in
patterns and reflowed to yield, for exanple, the

i nternedi ate substrate shown in Fig. 1. The invention
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of the invention, a sub;¥;2te is patterned with a charge-
holding mask. A corona discharge is used to charge the
charge-holding mask. Charged particles in a liquid toner
are transferred onto a specific site on a substrate. The
charge on the mask is of the same sign (+/-) as the charge
on the particles. The particles are excluded from the
regions having the same charge as the particles, i.e, from
the mask. The substrate acts as an electrode and is held
at a potential that, when juxtaposed to the charged mask,
attracts the particles. In many embodiments this potential
constitutes electrical ground. In this way image definition
and contrast are achieved.

With regard to the specific process, a first step is
substrate preparation. In one application for the
invention, the goal of the process is to yield the product
of Fig. 1, which is an electronic device substrate with

individual solder bumps thereon. In this embodiment, the



Wth regard to the specific process, a first step is
substrate preparation. In one application for the

i nvention, the goal of the process is to yield the
product of Fig. 1, which is an el ectronic device
substrate with individual solder bunps thereon. In
this enbodinent, the 6 substrate 10 is a silicon
waf er substrate overlayed by téree netallization

| ayers. In particular, as shown schematically in
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coating which contains a photoimagealble agent. This
coating is selected from among acrylic-based, polyimide-
based, commercially available epoxy-based PWB solder mask
coatings, and a variety of commercially available organic
photeoimageable photopolymer coatings. One suitable polymer
is a thick-film spin-on photosensitive polymer available
under the designation AZPDP1l00XT, or novalac-based AZPLP-
100, both available from Clariant of Bridgewater, New
Jersey. Another is polystyrene-based material available
under the trade designation Futurrex. This coating is
between about 1 micrcn and about 250 microns thick for
sclder bumping of silicon wafers, depending on the size of
the interconnect features to receive the solder particles.

The substrate ig subjected to a soft cure in, for

example, a box oven. The polymer on the substrate is soft

cured in the sense that it is not fully cured, but of



Jersey. Another is polystyrene-based materia

avai | abl e under the trade designation Futurrex. This
coating is between about 1 mcron and about 250

m crons thick for solder bunping of silicon wafers,
depending on the size of the interconnect features to
receive the solder particles. The substrate is
subjected to a soft cure in, foF exanple, a box oven.
The pol yner on the substrate is soft cured in the
sense that it is not fully cured, but of 7 sufficient
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t hepdBM d@WMphotoresist material. The foregoing operation
yields a substrate surface as shown in Fig. 3 with
continuous layers of Al 14, NiV 16, and Cu 18 thereon, and
a patterned mask 20 therecver.

The patterned mask 20 assists in removing the UBM down
to the underlying Al in certain locations and protecting
the UBM in other locations from this removal action. In
particular, the substrate 10 is next subjected to a wet
etch process employing a chemistry which etches away the Cu
and NiV, or other UBM, leaving the Al exposed. The mask
protects other areas of the surface. As shown in Fig. 4,
this operation yields an exposed Al surface 14 with
periodic mask-topped islands., Each island consists of a
NiVv layer 16, a Cu layer 18, and a protecting top mask
laver 20. The top mask laver 20 of each island is then

removed according to the sgpecific instructicns of the



to the underlying Al in certain |ocations and
protecting the UBMin other |locations fromthis
renmoval action. In particular, the substrate 10 is
next subjected to a wet etch process enploying a
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as“P§oH§Ft%PB in comparlson to the UBM.

The substrate is pre-wetted with a solution containing
charge director in dielectric liquid such as Isopar in
order to fill the hcles with diluent and prevent formation
of air bubbles. This pre-wetting is accomplished by
immersion, immersion plus ultrascnic activation, spray. or
ultrasonic spray.

The substrate then proceeds tc the particle deposition
operation. A corona generator with a potential of, for
example, 5 to 7 kilovolts is passed near the polymer
overlayer on the substrate to impart a corona charge to the
polymer mask surface. In this manner the method involves
applying an electrostatic charge to at least some of the
masked surfaces of the substrate to yield charge-holding

masked surfaces.




order to fill the holes wth diluent and prevent
formation of air bubbles. This pre-wetting is
acconpl i shed by inmersion, inmersion plus ultrasonic
activation, spray, or ultrasonic spray. The substrate
then proceeds to the particle deposition operation. A
corona generator with a potential of, for exanple, 5
to 7 kilovolts is passed near fhe polynmer overl ayer

on the substrate to inpart a corona charge to the
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potential may be positive, negative, or zero (ground). Its
absolute value (positive, negative, or zero) is not as
important as its relative value. Its value relative to the
charge on the particles and the charge on the mask is such
that the particles prefer to deposit on the metallization
rather than on the mask. For example, if the charge on the
particles 32 is positive and the corona charge cn the mask
24 is positive, the substrate metallization may be ground
or a negative potential may be applied. If a positive or
negative potential is applied, the Al is considered to be
an electrically driven backplane.

The agitated coated particles 32 are attracted to
holes in between the polymer mask build-up 24 and onto the
UBM 18, thereby creating solder particle deposits of the
coated metal particles in contact with the interconnect
features. 1In particular, the coated particles are repelled

from the corona charged mask overlayer and are attracted to



inmportant as its relative value. Its value relative to
the charge on the particles and the charge on the
mask is such that the particles prefer to deposit on
the nmetallization rather than on the mask. For
exanple, if the charge on the particles 32 is
positive and the corona charge on the mask 24 is
positive, the substrate netal |[iZation may be ground

or a negative potential may be applied. If a positive
or negative potential is applied, the Al is
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removal.

As an alternative toc full immersion of the substrate
in the slurry, exposure of the substrate to the solution
may be accomplished by flowing the metal particle solution
across the top of the substrate. In one embodiment, this
is accomplished by placing the substrate adjacent a vessel
of the metal particle solution. The substrate is
preferably skewed relative to the solution to facilitate
flow of the soluticon across and off of the substrate. 1In
one embodiment, the substrate is at an angle relative to
vertical of between about 30 and about 60 degrees. There
is a conduit leading out of the vessel through which the
solution flows onto the substrate and then flows across the
substrate.

In each of the wvarious embodiments of the invention,
there is preferably an agitating propeller in the bottom of

the vessel to help maintain the particles in suspension.



bet ween about 15 and about 75 degrees fromvertica
during renoval. As an alternative to full i mrersion
of the substrate in the slurry, exposure of the
substrate to the solution may be acconplished by
flowng the nmetal particle solution across the top of
the substrate. In one enbodinent, this is
acconpl i shed by placing the suldstrate adjacent a
vessel of the netal particle solution. The substrate
Is preferably skewed relative to the solution to
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has been discovered to help the particles settle mcre
dengely onto the metallization without pinching off or
voiding., The duration of the vibration stage varies from
about 1 second to several seconds. The amplitude of
vibration is on the order of a few microns. In one
embodiment, the amplitude is in the range of about 1 to
about 10 microns. The frequency of the vibration is on the
order of kilohertz. 1In cne embodiment, the frequency is in
the range of about 5 to 20 kHz. The vibratory energy in
one embodiment is in the range of about 0.1 to abkout 10
watts. Without being bcocund to a particular theocry, it is
thought that the wvibration breaks or overcomes an
electrostatic charge between particles in a column.
Another theory is that the vibration breaks or overcomes

frictional force between particles in a column.



pi ezoel ectric source. Mechanical vibration energy is
transmtted to the substrate via the substrate chuck.
If nmagnetic or piezo forces are enployed, they are
transmtted to the substrate via a transducer. This
vi bratory action has been discovered to help the
particles settle nore densely onto the netallization
wi t hout pinching off or voiding. The duration of the
vi bration stage varies from about 1 second to severa
seconds. The anplitude of vibration is on the order

of a fe%%&rmodﬁ %%odgﬂgﬂélg@mhe tﬁ%e%i!@bht ugﬁel s
in the range of about to about 10 m _crons.
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phabkés Enstigandgeppsiitibhngppfarhedhdetlonmdensify deposition
and reduce voiding and pinching off. In this manner,
therefore, the invention invelves, after exposing the
substrate to the particles, repeating the step of applying
the charge to regenerate charge on the masked surfaces, and
repeating the step of exposing the substrate to the
particles to deposit additional particles onto the
particles onto the unmasked surfaces of the substrate.

Without being bound to a particular theory, it is

believed that during the early deposition of metal
particles on the deepest feature of the substrate, a
relatively weaker electrical field results in fewer
particles being attracted to the metallization than if the
electrical field is stronger, reducing the chance of
crowding too many particles into the feature in a short
period of time. 1If the electrical field is stronger

initially, particles may aggressively crowd into the



of the recesses; b) filling the recesses up to their
tops, even with the top of the non-conducting | ayer;
and c) overfilling on top of the already deposited
particles. Oher enbodiments enploy a variation in
the nunber of iterations other than three, ranging
fromtwo to several. This stepw se deposition appears
to hel p densify deposition ant reduce voiding and

pi nching off. In this manner, therefore, the

i nvention involves, after exposing the substrate to
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After deposition the substrate is optionally washed by

brief immersion in a ringe solution, with the mask openings
containing the deposited particles facing dewn. This can
also be accomplished by in-gitu washing in the same vessel
as the deposition, which involves simultaneous removal of
the slurry and replacement with particle-free diluent.

After the solder particles are deposited onto the
metallization layer of the substrate, and the substrate is
removed from the slurry if the full immersion embodiment is
used, residual solvent is dried off by exposing the
substrate to an elevated temperature. This temperature is
typically in the range of 30 C tec 60 C, depending on the
nature of the solvent in the slurry. This yields the
substrate with solder particles 30 thereon as illustrated
in Fig. 9. Fig. 10 illustrates the substrate where the

particles deposited are medium-sized solder particles 28



three, and each involve a corona charge of simlar
magni t udes. The purpose of inparting a fresh corona
charge with each iteration is to conpensate for

| osses in corona charge due to dissipation of the
charge during deposition. |In particular, the

el ectrical conductivity of the solution causes sone
of the charge to gradually disstpate. In one exanple,
a corona charge of about 800 volts is inparted in
three separate iterations prior to and at intervals
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coaeitad oepldde sghegies having an average dlameter of at least
about 100 microns, such as between about 100 micrens and
about 1 mm are employed rather than smaller particles or
powder. A mask 52 is formed by conventional
phot.olithographic techniques on top of an unpatterned
continuous UBM consisting of metal layers 44, 46, 48, and
50 on top of a wafer substrate 42 as shown in Fig. 13.
Metal spheres 54 are electrostatically deposited onto the
UBM exposed through the mask openings by the method of the
invention as described above. The nature cf the deposit
being solid spheres facilitates their registration in the
openings, even though the openings are shallower than the
sphere height. The deposited spheres are held in place
like an egg in an egg cup, or like a golf ball on a golf
tee. The spheres are subsequently reflowed, and the mask
52 is removed to yield the solder bumps 54 in Fig. 15.
Thereafter, the UBM material layers, other then the UME



particles functions as a flux. Auxiliary fluxing such
as Wwth a sprayed-on liquid flux can also be used to
aid reflow The mask is renoved per the specific
manufacturer's instructions for the mask material,
such as by dissolution in a basic solution. This
yields the substrate with solder bunps 34 thereon as
illustrated schematically in Ffg. 12 and in the
photograph in Fig. 1. An alternative deposition
process wthin the scope of the invention enploys
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deposit height.

Electrokinetic-Based Depogition

To summarize this aspect of the invention, a substrate
ig patterned with a mask and immersed in a suspension of
particles to be deposited, similar to in the electrostatic-
based process described above. In electrckinetic mode,
however, the substrate serves as an electrode, and there is
an immersed counter-electrode adjacent the substrate. A
potential is applied between the two electrodes to drive
the charged particles to the substrate. The suspension
properties are engineered to provide the correct liguid
phase conductivity and particle charge-to-mass ratio.

Iimage contrast is obtained because the particles are

. attracted to the potential on the substrate and are not



In one approach the particles are powder, typically

W th an average particle size between about 2 and

about 100 mcrons. In another approach they are

m d- si zed particles, such as having an average

particle size between about 50 and about 500 m crons.

I n anot her approach they are relatively |arge

spheres, such as having an avet@age dianeter of at

| east about 100 m crons, such as between about 100

m crons and about 1 mm An advantage of spheres is
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of 50% dense for spheres c
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matetisgirate constituting an electrode. A counter-electrode
is also immersed in the slurry to complete an electrical
circuit. A vertical orientation of the substrate to the
top surface of the slurry is preferred.

An electrical potential with the metallization being
the positive pole is applied between the metallization and
the counter-electrode in the instance where the particles
are treated to have a negative chemical charge.
Alternatively, an electrical potential with the
metallization being the negative pole is imparted to the
metallization in the instance where the particles are
treated to have a positive charge. The immersed substrate
60 and counter-electrode 61 with electrical potential
applied thereto are illustrated schematically in Fig. 17.
For example, the negative terminal of the circuit is
attached to a counter-electrode plate in the slurry and the

positive terminal is attached to the metallization. Or a



The specific procedures in electrokinetic-based
deposition are the sane as in electrostatic-based
deposition in many respects, with one difference being
that in electrostatic node a primary driving force
for deposition is the repulsion of charged particles
away from the oppositely charged corona charge on the
mask, but in slectrokinetic nodé the driving force is
a conbination of attraction of the charged particles
to the oppositely charge electrical pole of the
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This method involves a single deposition step with an

AC potential of, e.g., 50 +/-50 V to 500 +/- 500 V. An
alternative embodiment involves varying the electrical
potential applied between the metallization and the
counter-electrode to cause depogition. In cone embodiment,
this involves sweeping or ramping of a voltage slowly
upward during all or less than all of the deposition. In
another embodiment this involves increasing the potential
in a more stepwise fashion. For example, it involves
achieving a first period of the deposition at a potential
between about 50 +/-50 V and about 500 +/-500 V; and a
second and third period of the depositicn at a potential
between about 200 +/-200 V and about 300 +/-300 V. These
three iterations correspond roughly to three phases of
depositicn invelving a) filling of the bottom of the

recesses; b) filling the recesses up to their tops, even




positive termnal of the circuit is attached to a
counter- electrode plate in the slurry and the
negative termnal is attached to the netallization.
The charged particles in the slurry are attracted to
the netallization, which is established as a term na
of polarity opposite to the charge on the particles.
The charged particles nove thréégh the electrica
field generated by the electrical potential between
the substrate netallization and the
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Without being bound to a particular theorxy, it is
believed that during the early deposition of metal
particles on the deepest feature of the substrate, a
relatively weaker electrical potential results in fewer
particles being attracted to the metallization than if the
electrical potential is stronger, reducing the chance of
crowding too many particles into the feature in a short
period of time. Tf the electrical potential is stronger
initially, particles may aggressively crowd into the
feature and pinch off the recess openings to the
metallization or result in excessive voiding. The
initially weaker electrical potential moves the particles
less aggressively such that they can tightly pack onto the
metallization without numerous particles being forced to

simultanecusly enter recesses in the non-conducting layer.



deposition involving a) filling of the bottom of the

recesses; b) filling the recesses up to their tops,
even 18 wth the top of the non-conducting | ayer; and
c) overfilling on top of the already deposited

particles. Oher enbodiments enploy a variation in
the nunber of iterations other than three, ranging

fromtwo to several. This stepMi se deposition appears
to provide nore dense deposition and |ess voiding or
pi nchi ng because the filling of the mask holes is
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is stranger., reducing the chance of crowding too many

particles into the feature in a short period of tine.
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passed over the substrate to impart a corona charge. This
helps hold the particles in place because of the
electrostatic forces applied to the mask.

Residual solvent is dried off by exposing the
substrate to an elevated temperature, typically in the
range of 30 C to €0 C, depending on the nature of the
solvent in the slurry. This yields a substrate of the type
as illustrated in Fig. 9 with solder powder particles
thereon.

The solder is then reflowed by placement in, for
example, a standard multizone solder reflow oven or,
preferably, a low oxygen (< 100 ppm, more preferably < 20
ppm} reflow oven. It is preferred that the substrate be
heated from below. During reflow, the coating on the metal

particles functions as a flux. Auxiliary fluxing such as



initially weaker electrical potential noves the

particles |ess aggressively such that they can

tightly pack onto the netallization without numerous
particles being forced to sinultaneously enter

recesses in the non-conducting layer. 19 After the

appropriate dwell tine, the substrate is renoved

vertically or at sone angle sucF%hat it is not

parallel to the top surface of the solution. In one
preferred enbodi nent the substrate is at an angle of
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ther®@Rdiment the conductive base layer ig indium-tin-oxide

deposited by sputter coating onto glass or a PET film.
Other conductive base layers may be Al, Ti, Pt, TiW, Au,
Ni, or Cu, for example. Alternatively to sputter coating,
the base layer may be depcsited by electrolytic,
electroless, or other metallization techniques.

A pattern is formed on the flat surface of the tocl by
overcoating the conductive layer with a non-conducting
coating which contains a negative or positive
photoimageable agent. This coating is selected from among
acrylic-based dry film, photoimagable polyimides,
commercially available PWB solder mask coatings, and a
variety of commercially available organic photoimageable
photopolymer coatings. One suitable polymer is a thick-
film spin-on photosensitive polymer available under the
designation AZPDPLOOXT, or novalac-based AZPLP-100, both
available from Clariant of Bridgewater, New Jersey.

Another material is epoxy-based SU-8 available from MCC of



The solder is then reflowed by placenent in, for
exanpl e, a standard nultizone sol der refl ow oven or,
preferably, a | ow oxygen (< 100 ppm nore preferably <
20 ppm reflow oven. It is preferred that the
substrate be heated frombelow. During reflow, the
coating on the netal particles functions as a fl ux.
Auxiliary fluxing such as 20 w¢th a sprayed-on liquid
flux can also be used to aid reflow The mask is
renoved per the specific manufacturer's instructions
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conductive base layer is exposed, as opposed to those

portions on which the conductive base layer is masked with
the non-conducting polymer carrying the capacitive charge
imparted by the corona generator. The particles are
directed along the electrical field lines down into the
holes in the ncon-conducting pattern, which field lines are
generated by the corona charae on the non-conducting
pattern. In this manner the charged patterned toccl surface
is exposed to particles in a dielectric fluid, which
particles have an electrochemical charge, to thereby cause
a quantity of the particles to adhere to the conductive
areas on the patterned tool surface and thereby yield a
patterned tocol surface with particles adhered to the
conductive areas. Any loose particles are rinsed from the
tool by ann application of pure dielectric ligquid vehicle.
This method is particularly successful in working with

metal spheres having an average diameter of at least about



acrylic-based dry film photoi magabl e pol yi m des,
comercially avail able PWB sol der nask coati ngs, and a
variety of comrercially avail abl e organic

phot oi mageabl e phot opol ynmer coati ngs. One suitable

pol ymer is a thick- filmspin-on photosensitive

pol yner avail abl e under the designation AZPDP10OXT,

or noval ac- based AZPLP-100, bot#¢ available from
Clariant of Bridgewater, New Jersey. Another materia

i S epoxy-based SU-8 available from MCC of 21 Newt on,
Massaghusetdss, Anotmels becpebysivsenerdassd rondt 8hiidhbout 1
avai | abl e under the trade desi gnation Futurrex. The
phot'@sensitive coating is exposed to WIight and
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i nes i€ substrate, retaining the same pattern they defined
on the tool surface.

The dielectric liquid is then evaporated from the
substrate. The solder is melted and fused to the substrate
by cenventional solder reflow technology involving, for
example, baking the substrate in an oven to heat the

substrate and solder to a reflow temperature.

Indirect Electrokinetic Deposition Using Printing Tool

This mode differs from the electrostatic mode in that
an electrical potential of positive or negative potential
is applied to the conductive laver on the tool, which will
attract negatively or positively charged particles
respectively. Accordingly, an electrical potential is
applied to conductive areas on a patterned tool surface

comprising a pattern defined by conductive areas and non-



generated by the corona charge on the non-conducting
pattern. In this manner the charged patterned too
surface is exposed to particles in a dielectric
fluid, which particles have an el ectrochem cal
charge, to thereby cause a quantity of the particles
to adhere to the conductive areas on the patterned
tool surface and thereby yield a patterned too
surface with particles addéred to the conductive
areas. Any | oose particles are rinsed fromthe too
by an application of pure dielectric liquid vehicle.
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SURL@eRfer to the substrate is accomplished by closely
exposing the patterned tool surface with particles adhered
therets to a surface of an electronic device or other
substrate to thereby transfer at least a porticn of the
guantity of particles from the patterned tool surface to
the surface of the substrate in a substrate pattern defined
by the pattern on the patterned tool surface. To
accompligh this in one embodiment, the charged and rinsed
tool is placed over the subsgtrate surface to be patterned,
with a gap of between about 20 microns and about 300
microns separating the substrate from the tool surface.
Due te the lower charge potential of the substrate as
compared to the tocl, the particles transfer to the
substrate, retaining the same pattern they defined on the
Eool surface,



The dielectric liquid is then evaporated fromthe
substrate. The solder is nelted and fused to the
substrate by conventional solder reflow technol ogy
i nvol ving, for exanple, baking the substrate in an
oven to heat the substrate and solder to a refl ow
tenperature. Indirect Electrokinetic Deposition Using
Printing Tool This node ghffers fromthe
el ectrostatic node in that"” an electrical potential of
positive or negative potential is applied to the
conductive layer on the tool, which will attract
nefati dékyeorrposhiqwil \ischiegedvparrptpdstrom the
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particles or spheres that are used, to make ic
electrokinetic by coating it with a charge control
material. This involves, for example, first spray coating
the powder with a dielectric polymer material such as
Jonecryl 682 available from Johnson Polymer of Sturdevant,
Wisconsin. The purpose of the dielectric peolymer is to
provide a very acidic or hydroxyl surface with which the
subsequently applied charge director can chemically react.
The coated powder ig subgsequently wetted with a liguid
having suitable dielectric properties, such as Iscopar-G
available from Exxon Mobil, Ancther sguitable liguid 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 mixturxe, and about 1 to about 20
vol.% of the powder/liguid mixture. A charge control




exposi ng the patterned tool surface with particles
adhered thereto to a surface of an el ectronic device
or other substrate to thereby transfer at |east a
portion of the quantity of particles fromthe
patterned tool surface to the surface of the
substrate in a substrate pattern defined by the
pattern on the patterned tool surface. To acconplish
this in one enbodi nent, tRe charged and rinsed too
is placed over the substrate surface to be patterned,
wth a gap of between about 20 m crons and about 300
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director mixed into the seolution; or the voltage (or charge
level) of the imaging tool.

Another advantage of barium petronate as the charge
director is that it can be used on uncoated particles. In
particular, it is not necesszary to first coat the particles
with a dielectric¢ polymer because the barium petronate
attaches itself to the bare metal surfaces.

Alternative materials and methods for particle
preparation are discloged in the U.S. Patent Application
filed July 3, 2004 entitled COATING METAL POWDERS, the
entire digclosure of which is expressly incorporated herein
by reference.

Varied Thickness Solder Bumps

In some applications, it may be desirable to create
solder bumps with varying thicknesges on the same
substrate., Fox example, a mixed-component printed wiring
board requires solder bumps of differing thicknesses for




An el ectrical charge is inparted to this powder, or to

particles or spheres that are used, to neke it

el ectrokinetic by coating it with a charge control

material. This involves, for exanple, first spray

coating the powder with a dielectric polynmer materi al

such as Joncryl 682 available from Johnson Pol yner of

Sturdevant, Wsconsin. The purdsose of the dielectric

polymer is to provide a very acidic or hydroxyl

surface with which the subsequently applied charge
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is greater because the field's magnitude is greater there.
In the direct electrostatic deposition mode of the
invention, corona charge build-up is that charge imparted
by the corona generator that produces field lines directing
the powder to the substrate.

To substantially reduce or eliminate the edge effect,
the invention may include formation of a more or less
continuous band of exposed metallization outside of the
service area of the substrate and adjacent to the periphery
of the grid or other pattern of exposed metallization, as
illustrated in Figs. 21 and 22 (compare to Fig. 23, which
lacks this band. This band is formed at the same time and
in the same manner of masking, curing, and developing as
the pattern of non-conducting layer and exposed
metallization is formed. This band interrupts what would

otherwise be build up of excess corona charge at the



charge. In this way the deposition can be controlled
by controlling the quantity of barium petronate
charge director mxed into the solution; or the

vol tage (or charge level) of the imging tool.

Anot her advantage of barium petronate as the charge
director is that it can be used on uncoated particles.
In particular, it is not necessary to first coat the
particles wth a dielectric polyner because the

bari um petronate attaches itself to the bare netal
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I'S @ilicon), the amorphous silicon becomes electrically
conducting. An electrically conducting a pattern is drawn
orr an amorphcus gilicon substrate by a laser. A corona
charge generator with a potential of, for example, about 5
to about 6 kilovolts is passed near the amorphous silicen
to impart a corona charge to the non-conducting areas.
Particles are then transferred to the conducting areas by
the above-described electrostatiec or electrokinetic methods
employing a teool, with the amorphous silicon serving as the
patterned tool. In particular, the patterned Si tool is
presented to a source of charged particles and the charged
particles are deposited on the Si according to the pre-
written pattern. The process is maskless in that the
pattern is defined by the conducting and non-conducting
areas of the tocl rather than by a separate mask. The
particles are transferred from the amorphous 8i to the
substrate in the same pattern. In particular, the
amorphous silicon tool is brought into contact with the

gubstrate, and the particles transferred by electrical



relatively larger build up of corona charge on the
relatively larger continuous area of non-conducti ng,
e.g., polymer layer outside this periphery. Because
the force of the electrical field is a function of
the electrical field tines the charge, (F = E x Qq),
the force at the periphery is greater because the
field s magnitude is greater thegfe. |In the direct

el ectrostatic deposition node of the invention,
corona charge build-up is that charge inparted by the
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adhere, the partlcles to the tool The tool w1th the
particleg thereon is then brought into contact with the
substrate, with the partially reflowed particles presented
above the pads on the substrate to which they are to be
transferred. After patterning, the tool with the particles
therecn is brought into contact with the substrate, with
the partially reflowed particles presented above the pads
on the substrate to which they are to be transferred. The
substrate has a hot plate behind it to heat the particles,
and cause them to directly partially reflow from the tool

onto the substrate pads.



or b) an uncharged plate can be exposed by a stronger

| aser beaminparting a pattern of |atent conductivity
to the plate which is now selectively charged by a
corona unit. In the latter node, a |aser inpacts

anor phous silicon (a- silicon), the anorphous silicon
becones electrically conducting. An electrically
conducting a pattern is drawn 8#& an anorphous silicon
substrate by a |l aser. A corona charge generator wth
a potential of, for exanple, about 5 to about 6
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i mpart a_corona charge to the non-conducti ng areas.

Par ti"®8&18Pe then transferred to the conducting areas
by the above-described el ectrostatic or

el ectroki netic nethods enphﬁghﬁgEaltool, wth the
anor phous silicon servin e patterned tool. In
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EXAMPLE 2

For solder powder coating, Joncryl €82 resin available
from Johnson Polymer, LLC of Studevankt, Wisconsin (USA) is
dissclved in methancl to a concentration of 20% then spray
coated onto Type 6 Sn63Pb37 solder powder obtained from
Welco GmbH, Potsdam, Germany. The spraying is achieved by
a Wurster Process performed by Coating Place, Inc. of

Verona, Wisconsin (USA).

EXAMPLE 3
For toner preparation, coated powder (120 g) is 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),
Magnetic stir bars are not used because they abrade the

coating coff the powder. Charge director (21 drops; ~0.016



fromthe tool surface. Due to the | ower charge
potential of the substrate as conpared to the tool,
the particles transfer to the substrate, retaining
the same pattern they defined on the tool surface. As
an alternative transfer technique, a hot transfer
t echni que has been devel oped as a conponent of this
invention. After the particles are patterned onto the
tool, the tool is subjecteifto a partial reflow
operation to releasably attach, i.e., to further
adhere, the particles to the tooI. The tool with the
ml pert iddlops phrepeondi sctdwehi dy ouglExdmle qonkaatdeiit bo
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refl owed particles presented above the pads on the

substrate to which they are to be transferred. The

substrate has a hot pI%?@ﬁggﬁﬁ%d it to heat the

paFpircPebstrahd peemedtiom,t etdndectl Yipashedl ylicon
warfeehbl awefl §omahhg é&l%ex‘?ﬁk@abF% %?Qﬁ%rQFﬁlﬁﬁQ§/O&§bU£rhe

ol|,0 urther illIustra e jnvention

pad%xkkP%Eg? %%?H%re AFATTGn UEHSF g g ﬁpr@%% fi%ﬂﬁﬁ?ﬂn
(UBKt ¢ ofabBPi¢ab %ﬁa@ﬁkﬁ FﬁbFélﬁréﬁ1§P6 ApeEnt Cegporiat iGIOA
of plamMiddihebamg, 5, Gornedt et . ( USAksksuaddedds catsopar G
sput80-8) avai-| Qbéfanﬁétomagﬁogwbgihm ﬁﬁ‘e?@%@{wa}ﬁ &=

S Texas A [ Ker
EOOFRF gcedp%Ptﬁzﬁggi@EagFﬁFa EVag%féﬂﬂdheaT%%/%ﬁWW%QHT
Serﬁﬂf’u foignrebetiesicrlt evpordt plenef  BOcha@fe GetHighing
d:.ebebt:s;h@dméi\@lt ets (@R ovee. thaeﬁmpm@mn@lmti | $egd

r 6 r I| e
S R B D) B
”i\?'f‘é‘ff“ M{HRE GG (Er the SAUBHCRHUAERT v R fhe Y mdds
vp aatng heatdetidarya sftanthed basihoting Theciesd. | IHehER1m
is £€PO¥ed with a photo-tool and the areas around and above
the UBM pads are removed photolithographically. The
patterned masked wafer is washed in a 0.5% nitric acid hath
then washed in DI water to remove trace amounts of alkali
golution residues from the photo-development Btep. After
drying, the mask undergoes UV exXposure to complete the
cros3 linking process. With laminar 5075 dry film this
eXposure is 250 milli-joules em® in the 300-400 nm range.

EXAMPY,

For direct electrostatic-based deposition, the masked
wafer im charged by a scorotron which scans the wafer at a
speed of 125 mm/second. The front grid of the scorotron is
held at -800v, while the corona wire is maintained at
~-6.25kV. After charging, approximately 10 ml of toner is
poured over the masked wafer which is rotated slowly (10 -
15 rpm) and held at an angle of 30 degrees from vertical.




and stirring is continued until the solution has
cooled. A tan-colored precipitate is noted to form
The m xture is aged for one day at roomtenperature,
then filtered and the precipitate discarded. EXAVMPLE
2 For sol der powder coating, Joncryl 682 resin
avai |l able from Johnson Pol yner, LLC of Studevant,
Wsconsin (USA) is dissolved in nethanol to a
concentration of 20%then ¥pray coated onto Type 6
Sn63Pb37 sol der powder obtained from Wl co GrbH,
Pot sdam Gernmany. The spraying is achieved by a
Thehsicer hBlagags tper of aedi bw Gasideny bl acenlkfasonic

rc:\lé‘:ér Q%éllttl\(év %99@%!][3 :EPSAAva ej-%z%n'!: gl Qﬂgrrasonlcs
! 713 hoPBipaRaey (WG Boh 4 e baee ARG H Pre
rematthedaﬁwappr wpEhatRe s erot e BcasenTiBe 1Agi B&t oBOOV on
thed aickaal %ndf Eﬁﬂfwcg ﬁ&fﬁé’s EPQFH&QM:L@@, ikl It%u&' dl@.gkl\ﬁ'\#\ér
ne ir rs. a ecause
thﬁ:heﬁeggéagﬁ%¥ﬁb é% i f%ﬁ;éﬁ ﬂdﬁe o&ﬁ%g ggwg
tDrlﬁlrrector (21 drops -0.016 30 m per drop) prepared

according to Exanple 1 is added to the m xture and
the stirring continuedeiQupgt 4 east four hours. The
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stichaiyefrehatine fgottom with sufficient vigor that
esgentially all the solder particles are levitated. The
wafer is driven to a voltage of ¢ to +400 V (a 200 V pk,
100 Hz triangle wave biased off ground by +200V) while the
gold ccated electrode is grounded. The wafer/plate fixture
iz immersed in the toner bath, then the voltage switched
*on” for ten seconds. The wafer is then rotated and held
for another ten seconds with the voltage still applied.
After the two ten mecond periods, the voltage is switched
“off" and the wafer/plate assenbly is held in the tank for
5 seconds befere it 1s removed. This 5 second “wash”
interval is useful in cleaning residual toner particles
from unwanted regions of the mask (known as “hackground”
particles in the imaging industry). The holes in the mask
are thereby completely filled with solder powder toner.



dielectric mask is fornmed over the UBM al um num For
exanpl e Morton-Dynachem | am nar 5075 dry fil m sol der
mask s vacuumlanm nated to the silicon wafer with
the UBM side up using an industry standard |am nating
machi ne. The film is exposed with a photo-tool and
the areas around and above the UBM pads are renoved
phot ol i t hographi cally. The patférned nmasked wafer is
washed in a 0,5%nitric acid bath then washed in D
water to renove trace anmounts of alkali solution

resi dues fromthe photo- devqbggmm§~ﬁtep After

dryi ng, &p mask . under goes ﬁo E %o conpl et.e thi
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toner liquid before contact as excess ligquid severely
degrades image guality. The voltage on the receiving
substrate is subsequently dropped to zero or even slightly
pesitive and the receiving substrate is withdrawn from
contact with the imaging tool. A good, clean image is
thereby formed on the receiving substrate.

EXAMPLE 8

For imaging using a transfer tool by an alternative
embodiment, the re-usable image tool is made of a patterned
dielectric layer, such as a 125 micron thick polyimide
layer with a 17 micron copper layer on both sides. The
pelyimide material is PYRALUX available from DuPont Inc.,
Wilmington Delaware). In this case the tool is laser cut
“through” for easily cleaning of the tool. The re-usable
tool is mounted on a suitable chuck with the bottom metal

layer at ground and the top connected to a high vcltage



so fluid flowis not inpeded. The fixture allows the
wafer to be rotated 180 during the imaging. A |large
tank (29 cm inner dianmeter by 27 cmdeep) is filled
with 17 liters of the toner of Exanple 3. A Victory
Engi neering "Agitator” stirs it fromthe bottomwth
sufficient vigor that essentially all the sol der
particles are levitated. The wafer is driven to a
voltage of 0 to +400 V (a3200 V pk, 100 Hz triangle
wave biased off ground by +200V) while the gold
coated el ectrode is grounded. The wafer/plate fixture
powies Bnpplgedtipet hecdones -bathv)t.hemrohhe VobtaAge of
Exafpbchedy uQ@d E@rdéﬁﬁhﬁpQﬁQd§ooIheoﬂ@f§£ héf%hgibes,
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thep%?PP@élgln%h@lb@tFlf@g% is switched "off" and the

waf er/ plate assenbly is held in the tank for 5
seconds before it isr qg This 5 second "wash"

interval is useful in resi dual toner
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A filled image is thereby created on the re-usa
to

Afﬁhéﬁgh the metheds and materials of the inventiocn
are described above chiefly in the context of applying
metal particles to substrates, the methods and materials
are applicable to deposition of non-metal particles as
well, provided the nature of the particles iz such that
they can be imparted with ap =lectrochemical charge.
Examples of such processes involving non-metal powderg
include deposition of phosphors, glasses, ceramics,
semiconductor materials such, e.g., for use in flat panel
displays or the like,

When introducing elements of the present invention or
the preferred embodiment(s) thereof, the articles ngw,
"an", rthe" and "said" are intended te mean that there are
one or more of the elements., The terms "comprising',



recei ving substrate, which is an unmasked but UBM
processed wafer (Exanple 4), is connected to a

vol tage equal to that of the imaging tool (in this
case -500 to -1000 V), and then brought into virtua
contact with the still wet imaging tool. The

recei ving substrate is not wetted with toner liquid
bef ore contact as excess |iqui d3%everely degrades

i mge quality. The voltage on the receiving substrate
i s subsequently dropped to zero or even slightly
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creating an I mging tool irect laser witing, a
flat, anorphous silicon plate manuf act ured by Kyocera
Cbrpof Japan is charged to -1000 V. An LED array and a
strip lens assenbly are scanned across the plate to

di scharge it in an inmage wi se fashion. it is then

devel oped as in Exanple 5, but only one tinme. The wet
image is dried and gently baked at 100C for 2 m nutes.
An



unmasked but UDM processed wafer as in Exanple 4 is
mounted on a heated chuck which brings the wafer to
250C. The dried plate is sprayed with flux Al pha
Met al #3355 (Cookson Electronics, Inc., Jersey Cty,
New Jersey, USA) which is then dried. The receiving
wafer is brought into contact wth the fluxed imge
where heat fromthe wafer nelts the sol der powder
whi ch sel ectively wets th& UBM of the wafer, Although
the nmethods and materials of the invention are
descri bed above chiefly in the context of applying

wratetalcpaiErches to substrates, the nethods and
materials are applicable to deposition of non-netal
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batii G Getheds e FRAEYIPHCY RAFBE (Hp ARt With “En®

pub@lects dehemoc aksthdr ger fa&xanphd sagfaskigch sprdessses the
metﬁ%gﬂ&a&gylgyy% metal powders include deposition of
Oy o 2988R o ELRIL o dE NS AOUGLR, WRiEl bal o

di'splays or
the |ma@<ed/\vmrrﬁar¢ﬁﬁoeéctzhg éP’é%ﬁ%%e o?o HE LY shafEe-
hol&iﬁ@”ﬁddnédméurEheepre&ﬁﬂred enbodlnent(s) t hereof, the

ré%é?ﬁgt e supBtratbNGicANthe S8 gke eﬁHﬂE@PG@@k&Q

ere are one, or rmre

f %Centsh The
o el thegigsry $Pnghe BATTIFLEP L Ry %qu Uiy Par e
whidint ened geh o dle =i aq;lauspbelandwhh@amqmclﬁﬁeﬁ@wwnbe

eleddsbdi ONalalelapRaES o8t Bﬁé thae pdearidysted Ueﬂeemm{atﬁget
1 OUS C nges 0 | ove W ou

on é%% aPTg TY e %'g e gcﬂ L4 B ® g%n&%%?%%ﬁb

ﬂe‘?‘?ﬂf%ﬁ’faﬁé@‘?ﬁﬂﬁa’t d&PPSFrﬁHJL@r t‘é%n?%%"h’e’ﬂl% é%’c?\/e

unmékEsed | pidfareand shemnubatrh9eacconpany|ng dr awi ngs
shall be interpreted as illustrative and not in a

Ilnltlng sense £2e fore 0|n rel e Q 4.ed
e R o Nl
unmqn.tb}k@f%tﬂ’latﬂam?apl!FPpGéé§té'ﬁP?1 $¥°‘1‘%d|‘?‘ﬂre’ﬁt?ed‘ etr?é’tlf’c’tsﬁélg
the SS@Per 0frd eerteoBars idebbned by the appended clains

and there are nodifications of the above enbodi nents

3. The method of claim 1 comprising connecting the

unmasked surfaces to an electrochemical potential which
facilitates said depositing during the exposing the
subgtrate to the particles.

4. The method of claim 1, 2, or 3 comprising:

after exposing the substrate to the particles,
repeating the step of applying the charge to regenerate
charge on the masked surfaces; and

repeating the step of exposing the substrate to the
particles to deposit additional particles onto the
particles onto the unmasked surfaces of the substrate.

5. The method of claim 1, 2, or 3 comprising vibrating
the substrate during the exposing the substrate to the

particlea,



that do not depart fromthe scope of the invention. 35
WHAT IS CLAIMED IS: 1. A nethod for applying a pattern
of particles to a substrate having nasked surfaces
and unmasked surfaces, the nethod conprising:
applying an electrostatic charge to at | east sone of

t he masked surfaces of the substrate to yield charge-
hol di ng masked surfaces; and exposing the substrate
with the charge-hol di ng mé§ked surfaces thereon to
the particles in a fluid mediumin which the
particles are nobile, which particles have an

el éct rhehpetRall ehafigeindfi,t e sane phkaeihychs t he
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disghizptiencbapinkilpiy coltredtfifsgtt-he unnmasked surfaces
to electrical ground during the exposing the
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metaggtbghg§lsﬁngThe nethod of claim1, 2, or 3
expno he sugstrgtfe
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parRabkb el BSve38n electrochemical charge of the same
polarity as the charge on the charge-holding masked
surfaces, thereby electrostatically depositing the
particles onto the unmasked surfaces of the substrate.

8. The method of claim 7 wherein the masked surfaces
comprise polymer mask surfaces in a pattern over the under
bump metallization, and the unmasked surfaces comprise
exposed under bump metallization not covered by the polymer
mask surfaces.

9. The method of claim 8 wherein the particles
comprige =solder metal particles, the method comprising:

applying the eleetrostatic charge to at least some of
the polymer mask surfaces of the substrate by pagsing a
corona charge generator near said at least some of the
polymer mask surfaces to yield the charge-holding masked
surfaces; and .

exposing the substrate with the charge-holding masked
surfaces thereon to the solder metal particles in a
dielectric fluid medium in which the solder metal particles



6. The nethod of claim1l1, 2, or 3 wherein the
substrate has a band of exposed netallization on a
non- service surface of the substrate for purposes of
charge dissipation to inhibit edge effect. 7, A
nmet hod for applying a pattern of particles to an
el ectroni c device substrate having under bunp
nmetal Ii zati on, masked surfaces, and unmasked surfaces,
the nmethod conpri sing! aﬁﬁlying an electrostatic
charge to at | east sone of the masked surfaces of the
el ectronic device substrate to vyield charge-hol ding
aremuskedesuvhicksyolaivt enepedi pgrithelebebtvensaidevi ce
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el ectrostatically depositing the particles onto the

unppsked surfaces of .the substrate, 8. The net hod . of
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expbRind | tzatd o and e cuenpskadr SHEE ATESa £ONPI4SEn the
diefé?@ffg fT@ﬁir&ﬁﬂEmFEtallization not covered by the
po sur

ynmer — nas aces. 9. The nethod of claim$8

wherein the particles conprise solder netal

patti cTles mettedretthed adonpr csimpgl sivgptyrmgetitgy the
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subpgrgrertoddie agldggesetalypParbishes charige nbldiasgric
flubdskedisur f aces; and exposing the substrate with the

char ge- hol di ng masked surfaces thereon to the sol der
nmefal particles in ielectric_fluid pediumin which

a | ]
t ht* 50 rsidied Gﬁapgﬁgpegosgr 11 comprising vibrating
the substrate during the exposing the substrate to the

solder metal particles.

13. The method of claim 8 wherein the particles
comprise golder metal particles, the wethod comprising:

applying the electrastatic charge to at least some of
the polymer mask surfaces of the subsztrate by passing a
corona charge generateor near said at least some of the
polymer mask surfaces to yield the 6harge-holding masked
surfaces;

exposing the substrate with the charge-holding masked
surfaceas thereon to the sclder metal particles in a
dielectric fluid medium in which the solder metal particles
are mobile, which solder metal particles have said
electrochemical charge of the same polarity aa the charge
on the charge-holding masked surfaces, thereby
electrostatically depositing the solder metal particles
onto the exposed under bump metallization;




are nobile, which solder netal particles have said

el ectrochem cal charge of the sane polarity as the
charge on the charge-hol ding masked surfaces, thereby
el ectrostatically depositing the sol der netal
particles onto the exposed under bunp netallization.
10. The nmethod of claim9 conprising connecting the
under bunp netallization %g el ectrical ground during
the exposing the substrate to the sol der metal
particles in the dielectric fluid medium it, The
met hod of claim9 conprising connecting the under
bumgpertiall ithet Poapt of anprl BERY ddtve fi eIt ie6ttast caprTrde
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dielectric fluid medium and during the repeating the step
of gxposing.

15. The method of ¢laim 13 comprising connecting the
under bump metallizatijon to an electrochemical potential
which facilitates said depositing during the exposing the
substrate te the solder metal particles in the dielectric
£luid medium and during the repeating the atep of exposing.

16. "The method of claim 13, 14, or 15 comprising
vibrating the substrate during the step of exposing the
substrate to the sclder metal particles and during the atep
of repeating the exposzing.

17. The method of ¢laim 8 wherein the particles
comprise solder metal spheres having an average diameter of
at least about 100 microns, the method comprising:




to at | east sonme of the pol yner mask surfaces of the
substrate by passing the corona charge generator near
said at |east sone of the polymer mask surfaces to
regenerate a charge on the charge-hol di ng masked
surfaces; and repeating the step of exposing the
substrate with the charge-hol di ng nasked surfaces
thereon to the solder netal particles in the
dielectric fluid mediumi@®which the solder netal
particles are nobile, which solder netal particles
have sai d el ectrochem cal charge of the sane polarity
asapbhey CHArfige Al ddte-charge- bﬁhﬁgagtmkeﬁeawrécﬁ:@m

che BELORY: Shesk raslaldally  AePOshELRg: adth Lianal o

met articles over the so arg{l cles

C"ra%?)o%]i‘?’é%eo?ﬁ e TexfoSed2hitdaF %Eﬂﬁtn%‘?‘%ﬁlci’ dth%n.
polider Theskeduothafs clhayield tbepcharag-cohdisgy imgkcie
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on thel duirge-hdilding medkad andf does ngelidra=iivepeati ng t he

eleéﬁﬁﬁbﬂgtfﬂﬂ%%y @%po&@tlggetﬂgt§6§hé§ fd @ Mgbherld BLo
15 co the substrate during the step
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particles and during the step of repeating the
exxmsmga dethohermel hod of ebibfi S wheiRideddi®g the
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dlelﬁnn{ﬁntﬁiumdImedinmsone of the polymer mask surfaces
of the substrate by passing a corona charge generator
%5 %ﬁmgn%EhL%a % c? im 17 comprlslng connecting the
under bump metallization to an electrochemical potential
which facilitateg s3id depositing during the exposing the
substrate to the solder metal gpherss in the dielectric
fluid medium.

20, The method of ¢laim 17, 18, or 15 comprising
vibrating the substrate during the exposing the subsatrate
to the solder metal spheres.

21. The method of ¢laim 7 wherein the substrate has a
band of exposed metallization on a non-service surxface of
the substrate for purposes of charge disgipation to inhibit
aedge effect.




pol ymer mask surfaces to yield the charge-hol di ng
masked surfaces; and exposing the substrate with the
char ge- hol di ng masked surfaces thereon to the sol der
netal spheres in a dielectric fluid mediumin which
the sol der netal spheres are4mobile, which sol der
net al spheres have said electrochem cal charge of the
same polarity as the charge on the charge-hol ding

masked 3 f acesmethed ebyr Hhaginashapheadiy &@Rﬁ&*t&b@gs to
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inhibit edge effect. 40 22. A nmethod for applying a
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to iphibit edge effect,

25. The method of claim 22 wherein the electrical
potential is alternating current potential.

26. A method for applying a pattern of particles to an
electronie device substrate having under bump
metallization, masked surfaces, and unmasked surfaces, the
method comprising: '
immersing the electronic device substrate in a particle slumry
containing the particles, wherein

Lthe unmasked portions of the substrate comgtitute an
electrode;

immersing a counter-electxode in the particle shury; and



and attaching the el ectrode and counterel ectrode to
opposite poles of a voltage supply to establish an
el ectrochem cal potential between the counter

el ectrode and the el ectrode and thereby

el ectrokinetically depositing the particles on the
unmasked portions of the substrate constituting the
el ectrode. 23. The nethod of claim 22 conprising
vibrating the substrate ddring the depositing. 24.
The met hod of claim 22 or 23 wherein the substrate
has a band of exposed netallization on a non-service
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unnmasked portions of the substrate constituting the

el ectrode. 27. The nmethod of claim 26 wherein the
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unmasked surfaces conprise exposed

29. The method of claim 27 wherein the particles

comprise solder metal spheres having an average diamater

between about 300 wmicrons and 1 mm.

30. The method of claim 29 comprising vibrating the
substrate during the depositing.

31. The method of claim 26, 29, or 30 wherein the
substrate has a band of exposed metallization on a non-
service surface of the substrate for purposes of charge
disgsipation to inhibit edge effect.

32. A method of applying a pattern of particles to &
substrate, the method comprising:

applying an electrostatic charge to non-conductive
areas of a patterned tool surface comprising a pattern
defined by conductive areas and non-conductive areas to
vield a charged patterned tool surface;



under bunp netallization not covered by the pol yner
mask surfaces, and the particles conprise sol der
netal particles. 28. The nethod of claim26 or 27
conprising vibrating the substrate during the
depositing. 29. The nethod of claim27 wherein the
particles conprise solder netal spheres having an
average di aneter between about 300 microns and 1 mm
30. The nethod of claim 2% conprising vibrating the
substrate during the depositing. 31. The nethod of
claim 26, 29, or 30 wherein the substrate has a band
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on @dherod 410 itRe rerndecirEdeear eas; and cl osel y exposing
the patterned tool surface with particles adhered
thereto to a surface_of a_substrate to t
t rdhsfBre diehhegs 0T P8l on ‘g]?e"fﬁ’enq'ﬁ%%tx?atn:)e}:r 0 d tool
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thesddface of the substrate in a substrate pattern
defined by the pattern on the patterning tool

surface. 33. The nmethod of claim32 wherein fhe
pad erhiegl nggled of claim 33 whexeln the nsulating

support is constructed from a material selected from the
group consisting of polyimides and epoxies.

95. The method of claim 33 wherein the conductive
layer comprises a material selected from the group
consipting of indium-tin-oxide, Al, Ti, Pt, TiW, Au, NWi,.
and Cu.

36. The method of ¢laim 34 wherein the conductive
layer comprises a material selected from the group
consisting of indium-tin-oxide, Al, Ti, pt, TiWw, Au, Ni,
and Cu,

37. The method of claim 32 wherein the patterned tool
comprises a charged Si plate partially discharged by
exposure of the Si plate to a laser bhean.



conprises an insulating support having a conductive

| ayer thereon. 34. The nethod of claim 33 wherein the

i nsulating support is constructed froma nateri al

sel ected fromthe group consisting of polyimdes and

epoxi es. 35. The nethod of claim 33 wherein the

conductive |layer conprises a material selected from

the group consisting of indiumtin-oxide, A, Ti, Pt,

TMN Au, Ni,. and Cu. 363°The nethod of claim 34

wherein the conductive |ayer conprises a materi al

sel ected fromthe group consisting of

i ndBunthé nmexhad, ofAlglafim 3Rt whEkrpinAghe Npat tefge® o0l
comﬁ%isggeaﬂeﬁﬂt@ﬁaﬁecglﬁj ﬁﬂll%.%e\/\’ﬂ/&i:ﬁi _Bhéheoﬁ;ﬂlht’eimchteg‘/ﬁ

co I ses_a_charge [ a at [ ged,, e
corBRHobY: S RTRE & B e cRaRPEhbak L nd S0 G
latgathedndpcElEt WY 32 wherein the patterned too

conprises an uncharged Si plate with the conductive
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cortitl 158! der 0ebal cRardd i HB%ed tool surface and thereby
vield a patterned tool suvface with soldex metal particles
adhered to the conductive areas; and

clopely exposing the patterned tool surface with
solder metal particles adhered thereto to a surface of the
electronic device substrate to thereby transfer at least a
portion of the quantity of solder metal particles from the
patterned tool surface to the surface of the pubstrate in a
substrate pattern defined by the pattern on the patterning
tool surface.

40. The method of claim 39 wherein the patterned tool
comprises an insulating support having a conductive layer
thereon,

41. The process of claim 39 wherein the patterned tool
comprises an insulating support with a conducting layer
thereon and a non-conducting polymer in a pattern ovexr the
conducting layer.



adhered to the conductive areas; and cl osely exposing
the patterned tool surface with solder neta
particles adhered thereto to a surface of the

el ectronic device substrate to thereby transfer at

| east a portion of the quantity of sol der netal
particles fromthe patterned tool surface to the
surface of the substrate in a substrate pattern
defined by the pattern on4the patterning too

surface. , 40. The nethod of claim 39 wherein the
patterned tool conprises an insulating support having
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46 . The method of claim 35 wherein the patterned tool
comprises a charged §i plate partially discharged by
exposure of the Si plate to a laser beam.

47. The method of claim 32 wherein the patterned tool
comprises an uncharged §i plate with the conductive areas
formed by exposure to a laser beam imparting a pattern of

latent conductivity.

48. A method of applying a pattern of particles to a
subastrate, the method comprising:

applying an electrochemical potential to conductive
areas on a patterned tool surface comprising a pattern
defined by conductive areas and non-conductive areas;

expoeing the patterned tool surface to particles in a
dielectric fluid, which particles have an electrochemical
charge, to thereby cause a quantity of the particles to
adhere to the conductive areas on the patterned tool



conprises an uncharged at plate with the conductive
areas forned by exposure to a | aser beaminparting a
pattern of |latent conductivity. 48. A method of
applying a pattern of particles to a substrate, the
nmet hod conprising: applying an el ectrochem ca
potential to conductive areas on a patterned too
surface conprising a pattern defined by conductive
areas and non-conductive &Feas; exposing the patterned
tool surface to particles in a dielectric fluid,
whi ch particles have an el ectrochem cal charge, to
surfheeehy oRHSRH ahquﬁﬁdﬂx;ocm‘emhalp@btiemltealt be adbbied,
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patterned tool conprises an insulating support having
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conducting layer. 51. The, nmethod of claim49 wherein
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51. The method of claim 49 wherein the insulating
support is constructed from a material selected from the
group consisting of polyimides and epoxies.

52. The method of claim 50 wherein the insulating
gupport is constructed from a material selected from the
group consisting of polyimides and epoxiesd.

53. The method of claim 49 wherein the conductive
layer compriges a material selected from the group
conmigting of indium-tin-oxide, Al, Ti, Pt, TiW, Au, Ni,
and Cu.

54 . The method of claim 50 wherein the conductive
layer comprises a material selected from the group
consisting of indium-tin-oxide, Al, Ti, Pt, TiW, Au, Ni,
and Cu.




group consisting of polyimdes and epoxies. 53. The
nmet hod of claim49 wherein the conductive |ayer
conprises a material selected fromthe group
consi sting of indiumtin-oxide, A, Ti, Pt, TIW Au,
Ni, and cu. 54. The nethod of claim50 wherein the
conductive |layer conprises a material selected from
the group consisting of indiumtin-oxide, A, Ti, Pt,
TiW Au, N, and Cu. 46 . The met hod of claim 48
wherein the patterned tool conprises a charged S
plate partially discharged by exposure of the S
pl &tfe tlhreameadod pBariabs. 4t anaifod et PeLkrirag tool
cofifRiaN o heapaktiesnepl 4100 paQigirliys e satvarryelabged Si

exp"éﬁ%% Wt Rithe cgpdugtiye, argas. JLped by exposure to
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beam inparting a pattern of |atent
conductivity. 57. A nmethod of applying a pattern of
solsder st alethpdr of ctbsin ot durwhelnscty diec PaspERed tool
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Eorky ecftblrf%gc%@s L potenial, 4o conductive, argaseindor
it érned t 00l "sufface conprising a pat?ern def I ned
laggpte GRPFUCEdE a¥eas and non- conducti ve areas; exposing
the patterned tool surface to solder netal particles
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elegtrochem cal charge. 1o, JIeTehk cause g,duantiby of
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eléégiochemical charge, to thereby cause a quantity of the
solder metal particles to adhere te the copductive areas on
the pattezned tool surface to which the electrochemical
potential is applied, and thereby yileld a patterned tool
surface with solder metal particles adhered to the
conductive areas; and

closely exposing the patterned tool surface with

solder metal particles adhered thereto to a surface of a
substrate to thereby transfer at least a portion of the
quantity of solder metal particles from the patterned tool
surface to the surface of the substrate in a subastrate
pattern defined by the pattern on the patterned tool
surface.

58. The method of claim 57 wherein the patterned tool
comprises an insulating support having a conductive layer
thereon.




quantity of solder netal particles fromthe patterned
tool surface to the surface of the substrate in a
substrate pattern defined by the pattern on the
patterned tool surface. 58. The nethod of claim57
wherein the patterned tool conprises an insulating
support having a conductive |ayer thereon. 47 59.
The process of claim57 wherein the patterned too
conprises an insulating su% ort with a conducting
| ayer thereon and a non-conducting polyner in a
pattern over the conducting |layer. 60. The nethod of
cl aim SHhevmraiarst bé chsuhab¥ ngheseppothe jgatterned toal
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63. The method of claim 59 wherein the conductive
layer compriges a material selected from the group
congiating of indium-tin-oxide, AL, Ti, Pt, TiW, Au, Ni,
and Cu.

€4. The method of claim &7 wherein the patterned tool
comprises a charged 8i plate partially discharged by
exposure of the 8i plate to a laser beam.

65. The method of claim 57 wherein the patterned tool
comprises an uncharged 8i plate with the conductive areas
formed by exposure to a laser beam imparting a pattern of
latent conductivity.

66. A method of applying a pattern of solder metal
particles to an electronic device substrate, the method

compY¥iging:



particles to an el ectronic device substrate, the

met hod conprising: 48 applying an electrostatic
charge to non-conductive areas of a patterned too
surface conprising a pattern defined by conductive
areas and non-conductive areas to yield a charged
patterned tool surface; exposing the charged patterned
tool surface to solder neted particles in a
dielectric fluid, which solder nmetal particles have
an el ectrochem cal charge, to thereby cause a
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67. The method of ¢laim 66 comprising, prior to
c¢losely exposing the patterned tool surface with solder
wmetal particles adhered thereto to the surface of the
electronic device substrate, partially reflowing the solder
metal particles to further adhere the asolder metal
particles te the patterned tool surface.

€8. A method of applying a pattern of sclder metal
particles to an electronic device substrate, the method
compriging;

applying an electrochemical potential to conductive
areas on a patterned tool surface comprising a pattern
defined by conductive areas and non-conductive areas;

exposing the patterned tool éurface to solder metal
particles in a dielectric fluid, which particles have an
electrochemical charge, to thereby cause a quantity of the



exposi ng the patterned tool surface to sol der netal
particles in a dielectric fluid, which particles have
an electrochem cal charge, to thereby cause a
quantity of the 49 solder netal particles to adhere
to the conductive areas on the patterned tool surface
to which the electrochem cal potential is applied,
and thereby yield a patteraed tool surface with
sol der nmetal particles adhered to the conductive
areas; and cl osely exposing the patterned tool surface
Rt Dh er tal partigles adhered thereto. to a
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the substrate in a substrate pattern defined by the pattern
on the patterned tool amurface.

62. The method of c¢laim 68 comprising, prior to
closely exposing the patterned tool surface with solder
metal particles adhered thereto to the purface of the
electronic device substrate, partially reflowing the solder
metal particles to further adhere the solder metal
particles to the patterned tool surface.




