DEPGCSI TI ON AND PATTERNI NG PROCESS FI ELD OF THE
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powder, particles, spheres, or other materials onto a
substrate. BACKGROUND OF THE I.NVENTION In a variety of
applications it is desirable to apply particles to a
substrate in a predeternm ned pattern. One such
application is the formation of patterns of sol der
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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 to be accomplished by a single substrate, but

they require varying solder bump thicknesses appropriate



they require varying sol der bunp thicknesses
appropriatefor the discrete conponents. Creating a
weamsHsBsE With varying thicknesses i s a cunbePGDIE2004/022143
process using traditional stencil printing nmethods
because it requires a special ,stencil which nust be
cl eaned after each deposition. As such, it would be
desirable to develop a single-step method of creating
substrates with controlled sol der bunp thicknesses
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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
substrate constitute 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 depositing the particles on the unmasked

portions of the substrate constituting the electrode.



applying a pattern of particles to a substrate by
applying an electrostatic charge to non-conductive
w@e@am3ps2 a patterned tool surface conprising BCPHE1004/022143
defined by conductive areas and non-conductive areas

to yield a charged patterned %ool surface; exposing

the charged patterned tool surface to particles in a
dielectric fluid, which particles have an

el ectrochem cal charge, to thereby cause a quantity of
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Egofaggrggcéhgomprising a pattern defined by conductive
areas and non-conductive areas; exposing 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 surface to which the electrical potential is
applied, and thereby yield a patterned tool surface with
particles adhered to the conductive areas; and closely
exposing the patterned tool surface with particles adhered
thereto to a surfaée of a substrate to thereby transfer at
least a portion of the quantity 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.



foregoing nethods in situations where the substrate is

an el ectronic device substrate, situations where the
wemsHsBsEe i s an el ectroni c device havi ng undePChusmo4/022143

nmetal i zation, and situations where the particles are

sol der netal particles. O her,aspects and features of

the invention will be in part apparent, and in part

descri bed hereafter. BRI EF DESCRI PTI ON OF THE FI GURES
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Figures 17 is a schematic illustration demonstrating
electrokinetic-based particle deposition in accordance with
this invention.

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

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

Figures 21-24 are photographs of wafers illustrating
applicants method for addressing edge effect.

DETAILED DESCRIPTION OF THE INVENTION

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 on an electronic device substrate, such as a
silicon wafer substrate, to provide electrical

interconnection between the substrate interconnect features



I's described herein in the context of sol der netal

particles on electronic device substrates, which
W@2005/084365 are deposited in patterns and refl oRreUSIN04/022143

yield, for exanple, the internedi ate substrate shown

in Fig. 1 . The invention encgnpasses a nunber of

particle deposition environnents. The nature of the

particles as solder netal and the nature of the

substrate as an el ectronic device substrate are not
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preparation. In one application for the invention, the

poatt pbsthei progess bepboiyiehd the product of Fig. 1,

WhICh IS an el ectronic ce supstrate h L
To summarfze the e ecérosta?fc basegﬁéep081tlon aspect

of the invention, a substrate 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



i ndi vi dual sol der bunps thereon. In this enbodi nment,

t hesubstrate 10 is a silicon wafer substrate overl ayed
whydosnessnet al | i zation layers. In particul ar, BST/BRm41022143

schematically in cross-sections in Fig. 2, an

al um num seed | ayer 14 is dep83|ted directly on a

silicon wafer 12, followed by a nickel-vanadi um | ayer

16 and, finally, a copper layer 1 . The Al seed | ayer

14 is on the order of about 0.1 mcron thick, for
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ggagfﬁg aﬁ ﬁlgghtains a photoimageable 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
photoimageable photopolymer coatings. One suitable polymer
is a thick-film spin-on photosensitive polymer available
under the designation AZPDP100XT, 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 micron and about 250 microns thick for
solder bumping 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, for
example, a box oven. The polymer on the substrate is soft

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



The substrate is subjected to a soft cure in, for

exanpl e, a box oven. The polyner on the substrate is
w@edos/083362d in the sense that it is not fully PCr/Es2004/022143

but ofsufficient strength to permt careful handling

of the substrate wi thout |oss-of the polyner. A solid

mask is then aligned over the substrate for

phot ocuri ng of the polyner. A pattern on the nmask

permts ultraviolet (UV) light through the mask to
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£8s§99$@ bﬂoggges§st 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 thereover.

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
NiV layer 16, a Cu layer 18, and a protecting top mask
layer 20. The top mask layer 20 of each island is then

removed according to the specific instructions of the



this operation yields an exposed Al surface 14 with
peri odi ¢ mask-topped islands. Each island consists of
w@20ds03338yer 16, a Cu layer 18, and a protecti PQr/USm®04/022143
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t hepol ynmer supplier to yield a substrate containing
the original Al surface layer 14 with islands of NV
16 and Cu L8 thereon, as shown in Fig. 5. A further
pa Yioeirs suip@l ieenshr ydiedd an stbiss ratles toate ind ngr thiede

)rl% % %ﬁhs%ﬁg %Ltﬁ%@egf1qeg&thp§rﬁa%h%so%n§QWaH§,Q%M Cu

i's mas by a known

kﬁomh@xgmpLea@yS@éW@eﬁmléuBy &) spin-coating, b ) JV

eXPOUIER i HeQUAR <& SiLRGich, c%%%t%hc%%@pb&]t%ﬁs substrate
ncrossl i nked mask precursor. FEHSK %a desi
h

-QJWOW&@eeé’C FugAs tf§>roﬁ@mor$@§ 1.051 Y, %s onto
RS B 1148 ahidM. ISh&ﬁ@.nh@k!isab@@ldeﬁlgqea tkmchave a

é’ﬁ’g’s’htqt“t&gatfﬁlr SRR paf oo E A e %%n ating, D)
B eciddsectesitheroufii @ yteinds 1a @m@BmﬁaK@mpyadoﬁﬁhlning
AGYY g gé‘égi ’%Iaékﬁ%?rec]adrs%@d %lhqu*?na%fk Q%Mdle@/ﬂg%ed such

surroun material 24, wth sone exposed
desusg Factf |1sq8aﬁ>a>era§19§1@«m lgrgRirg$hag m RSt ive

entiaing ef Iewitde i ered edartw mdhveach HéBMH S Itand

ensures that the tlcl oSi. t th
AT P BTGP TS T U100 Do S0 ek o G upon

n@flioew ncat smﬂtdemgaump @dmmrecsxmado suhae UBMhﬂawlelds a
S e 1.S L.t
é‘ﬁ)air (ﬁ l’]'@ctc%ln%avrﬁl&né e\év::ctol?lt%.ln%%u%t IAq.ng.I%l I r)ll

Iso ar in
mlcberrdst ©ff iUBM tlHe/ IHolsesr noiurided IhxfemaSAmdlqm:m@m 24 with

sfo(?r{emﬂll %sgﬁjgdg R @3RI Re- Wel tdH] Sin Figs. 6 and

acconp I Tmer sl on, | mersion | us ul trasoni
Tact iRkatingh equﬂtaJ}ﬁl e fHaW ddishisx Al sk §ag

ﬂéleahdoréafseﬁda% tthéHTQ:k@fﬁde:llQ:ldﬂJQﬁéﬁdﬁft&pWﬁm «as
LA N S A M e O

not wetting in comparison 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 holes with diluent and prevent formation
of air bubbles. This pre-wetting is accomplished by
immersion, immersion plus ultrasonic activation, spray, or
ultrasonic spray.

The substrate then proceeds to 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.



overlayer on the substrate to inpart a corona charge

to the polyner mask surface. In this manner the nethod
WO ewelsss2 appl yi ng an el ectrostati c charge to BET/USR84/022143

some of the nmasked surfaces of the substrate to yield

char ge- hol di ng masked surfacgs. As shown schematically

in Fig. 8, in one enbodi nent the substrate 10 is

imrersed in a slurry 30 of netal particles 32 in an

organi c vehicle such as Fluorinert or |sopar as
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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 on 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. In particular, the coated particles are repelled

from the corona charged mask overlayer and are attracted to



an electrically driven backplane. The agitated coated
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between about 15 and about 75 degrees from vertical during
removal.

As an alternative to 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 solution 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 various embodiments of the invention,
there is preferably an agitating propeller in the bottom of

the vessel to help maintain the particles in suspension.



preferably skewed relative to the solution to

facilitate flow of the solution across and off of the
weupsosssE. | n one enbodi nent, the substrate i BCHUSHEN4/022143

angle relative to vertical of between about 30 and

about 60 degrees. There is ajgonduit |eading out of

the vessel through which the solution flows onto the

substrate and then fl ows across the substrate . In

each of the various enbodi nents of the invention,
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transducer his vibratory action has been di scovered
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has been discovered to help the particles settle more
densely 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. 1In 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. In one 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 about 10
watts. Without being bound to a particular theory, it is
thought that the vibration 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.



vibration is on the order of a few mcrons. In one
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and reduce voiding and pinching off. In this manner,
therefore, the invention involves, 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. If the electrical field is stronger

initially, particles may aggressively crowd into the



substrate to the particles, repeating the step of

applying the charge to regenerate charge on the masked
wewosmswsy and repeating the step of exposi ng PEEUS2004/022143

substrate to the particles to deposit additiona

particles onto the particles,gnto the unmasked

surfaces of the substrate. V@?hout bei ng bound to a
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After deposition the substrate is optionally washed by
brief immersion in a rinse solution, with the mask openings
containing the deposited particles facing down. This can
also be accomplished by in-situ 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 to 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



deposition. After deposition the substrate is

optionally washed by brief immersion in a rinse
weolsnsse W th the mask openi ngs contai ni ng tPer/Us2004/022143

deposited particles facing down. This can al so be

acconplished by in-situ washipg in the sane vessel as

t he deposition, which involves sinultaneous renoval of

the slurry and replacenent with particle-free dil uent.

After the solder particles are deposited onto the
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metal solder spheres having an average diameter of at least
about 100 microns, such as between about 100 microns and
about 1 mm are employed rather than smaller particles or
powder. A mask 52 is formed by conventional
photolithographic 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 of 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 UMB



An alternative deposition process within the scope of
the invention enploys only a single mask rather than
WO vs0BBEs as in the nethod descri bed above. |PCT/§®04/022143
enbodi nent netal sol der spheres having an average
di anmeter of at |east about 129 m crons, such as
bet ween about 100 mi crons and about 1 mm are enpl oyed
rather than snmaller particles or powder. A mask 52 is
formed by conventional photolithographic techniques on
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deposit height.

Electrokinetic-Based Deposition
To summarize this aspect of the invention, a substrate

is patterned with a mask and immersed in a suspension of
particles to be deposited, similar to in the electrostatic-
based process described above. In electrokinetic 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 liquid
phase conductivity and particle charge-to-mass ratio.

Image contrast is obtained because the particles are

. attracted to the potential on the substrate and are not



Is that they are 100% dense, in contrast to on the

order of 50% dense for powder. Al so, spheres can be
walepessser at a finer pitch than can vol umes oPCPUSZIEF022143

because a sphere is better defined than an equa

vol ume of powder, and because_.a snaller sphere can be

used to yield the sane anount "of sol der, after refl ow,

as a |larger volune of powder. Spheres also facilitate

t he above-descri bed single mask techni que where the
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substrate 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



charge electrical pole of the potential applied to the
substrate and repul sion fromthe mask that receives an

wo paoe3srhar ge of the sane sign as that of thBCT/US2004/022143
particles. The substrate in electrokinetic node is
attached to an electrical conpzction to apply an
el ectrical potential between e netallization and the
counter-electrode. The substrate is inmersed in the
particle slurry (electrokinetic solution) with the
posasked pertiianad of the sdhshﬂatescansabhading ancounter-
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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 deposition. In one 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 deposition at a potential
between about 200 +/-200 V and about 300 +/-300 V. These
three iterations correspond roughly to three phases of
deposition involving a) £filling of the bottom of the

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



metal i zati on and the counter-electrode. Wth the

el ectrode and counterel ectrode attached to opposite
w@eioe®3ps2 t he vol tage supply establishing an ebPenUsiooab22143

potential between them the particles are

el ectrokinetically deposited olr%t he unmasked portions

of the substrate constituting the electrode. In this

enbodi ment there is no need to apply the corona charge

to the mask. The mask acts as a nechani cal and
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typically between about 4 and about 7 mm.

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 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. If 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

simultaneously enter recesses in the non-conducting layer.



deposition and | ess voiding or pinching because the

filling of the mask holes is nore orderly. Wth regard
WO 2006058362 par anet ers of the deposition processPCT/I82004/022143

potential is applied as a sine wave or, nore

preferably, as saw tooth wave,q4The frequency is

bet ween about 10 and 1000 Hz, Ppreferably between about

50 and 500 Hz, nore preferably between about 75 and

150 Hz. The tine period for the deposition is in the
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with a potential of, for example, 5 to 7 kilovolts is
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 60 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



preferred enbodi nent the substrate is at an angle of

bet ween about 15 and about 75 degrees from verti cal
waleosnosg3senoval . Vi bration of the substrate asPCT/US2004/022143

descri bed above in connection with the electrostatic

mode has al so been found to be,padvantageous in

connection with the electrokinetic node . After

deposition the substrate is optionally washed by bri ef

imrersion in a rinse solution, wth the mask openings
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sane vessel as the deposition, which involves
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coating_on the netal rticles functions as, a flux. .
ARBTY af 90 FTHETHYS 5 RHF a5 W HACEE sHragRet ons | T tng from
faputtan éhsto bgbtisedld® @hdin diameter. In one preferred

embodiment the conductive base layer is 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 deposited by electrolytic,
electroless, or other metallization techniques.

A pattern is formed on the flat surface of the tool 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 AZPDP100XT, or novalac-based AZPLP-100, both
available from Clariant of Bridgewater, New Jersey.
Another material is epoxy-based SU-8 available from MCC of



reflow. The mask is renpoved per the specific
manuf acturer's instructions for the mask material,

WGE mh/03835hy di ssolution in a basic solution. TRCBUS2004/022143
yields the substrate with sol der bunps thereon as
illustrated schematically in Bijg. 12 and in the
phot ograph in Fig. 1 . Indlrect El ectrostatic
Deposition Using Printing Tool In a further variation
of the invention, a separate printing tool is used
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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 non-conducting pattern, which field lines are
generated by the corona charge on the non-conducting
pattern. In this manner the charged patterned tool 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 tool surface with particles adhered to the
conductive areas. Any loose particles are rinsed from the
tool by an application of pure dielectric liquid vehicle.
This method is particularly successful in working with

metal spheres having an average diameter of at least about



Anot her material is epoxy-based SU- available from MCC
of 2 1 Newt on, Massachusetts. Another is

w@eiog®sisseEne- based materi al avail abl e under t heCT/USZE4/022143
desi gnation Futurrex. The photosensitive coating is
exposed to W light and develgped to provide a
non- conducting pattern on the printing tool . The
non- conducting pattern on the printing tool is corona
charged by passing a corona generator or wire with a
thargecobnaboaticB088 MEOvéen- aBOGY 100 chbseopsoandi apout 1

the flat surface of the tool . In this manner the

I'nvention involves applying an electrostatic charge to
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adbstedttoatheompared to the tool, the particles transfer
to the 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 conventional 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 layer 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-



conductive areas. Any |l oose particles are rinsed from

the tool by an application of pure dielectric liquid
woethsosss2 This method is particul arly successfRET/U82004/022143

working with nmetal spheres having an average di aneter

of at |east about2 2 100 mcr , such as between

about 100 m crons and about 1 mm The silicon wafer or

ot her substrate is prepared by prewetting with a

dielectric liquid. The substrate is attached to a

tdomdughd ye groeasied Bupporn - corlharisiver mEtitdmn on the tool

ticle th { i nvol v :
FS iy St Mo Koo AL F RO Al T Bt donal y
pEfe rsed Huheflerl Rkt le tand Sigyidt anigftwre ypaseh it the
toa e BhY dransies SledBsd #h RAUd i Bhdicd e B toh

of particles fromthe patterned tool surface to th

€ .
SIS R IIMARTSTT HEFS ntay Supstriat®! gt et potential
died i grgsbdmd t hes padpeded Ao tdree patHaranipwrtioms e fviltiech the
To accampl ish this in one enhodi nent.. .i.n particular,. .
t(fcw)oen&c é;trj‘gveeizl S1<2:1"’1r18<3|'e ritised 1o orTan;\[A}he?c%:hr‘T”%irLsh e edg}a - acc?/rbcﬁfdatgleng
Pogenen. t hen Wils eawrer gdue mekdmngsl dowml enerfadre is
Sé%p&c;éé?d a:oc‘LatSJ 1 bgy %@F&ieél%riv& tﬂl?i(ﬂ,aml'pjfch particles
bet'ween 20 and about 300 m crons separating the ,
PR rat ekegmethenisn ]l hardse (19 fhempby cpiese a quantity

Vot tage f&rﬂi@@@k&s rfdie i W HWdsHREd Ord@ffe ZLdh the
volts; u

to the | ower charge .potenti.al of, the , ,
hieniall ook B A 54 bt s dd Epotential 1s
tappisifeat, tand hehestdist nated d reetE riathddec almesyafider rwith
t flne S . T jelectr] .
T P4 R % 4 Bl WA M B PHddde particles
soielarinsedeiran Hml fesledy an romsluisatriae ofy pure

C&ryleggﬂﬂr@llﬁﬁjf@rvgﬁfél@y technol ogy invol ving, for
exanpl e, baking the substrate in an oven to heat the
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Transfer to the substrate is accomplished by closely
exposing the patterned tool surface with particles adhered
thereto to a surface of an electronic device or other
substrate to thereby transfer at least a portion of the
gquantity 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
accomplish this in one embodiment, the charged and rinsed
tool is placed over the substrate surface to be patterned,
with a gap of between about 20 microns and about 300
microns separating the substrate from the tool surface.
Due to the lower charge potential of the substrate as
compared to the tool, the particles transfer to the
substrate, retaining the same pattern they defined on the

tool surface.



an electrical potential of positive or negative
potential is applied to the conductive |ayer on the

wo owb/033882 ch wi Il attract negatively or positiRel/ysS2004/022143
charged particles respectively. Accordingly, an
el ectrical potential is appli g to conductive areas on
a patterned tool surface conprising a pattern defined
by conductive areas and non2 3 conductive areas. The
non- conductive pattern on the tool is not charged. The
t ool mhef diededtwiich liguidptiisonakehy evaperseed Mromhéeéhe
particle and_lLi qui Xt ur t rtiele
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thereby “yi el patterned tool surface with particles
adhered to the conductive areas. Loose particles are
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¢hanged 1a3ndbatiwesed about 10 microns and about 20 microns.

An electrical charge is imparted to this 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, first spray coating
the powder with a dielectric polymer material such as
Joncryl 682 available from Johnson Polymer of Sturdevant,
Wisconsin. 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. A charge control



tool is placed over the substrate surface to be
patterned, with a gap of between about 20 m crons and

W@bwman3BOD ni crons separating the substrate freem/ukm®o4/022143

tool surface. Due to the | ower charge potential of the
substrate as conpared to the tgol, the particles
transfer to the substrate, retaining the sane pattern
they defined on the tool surface.2 4 The dielectric
liquid is then evaporated fromthe substrate. The
seltderials suelt e aod yf Used ttio elecsubdtyitet dsbyhen added to
EHINCRLL AR 9 e B ANALEGRA0] agkrid! Wi ad B0

e substrate in an oven to
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director mixed into the solution; 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 necessary 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 disclosed in the U.S. Patent Application
filed July 9, 2004 entitled COATING METAL POWDERS, the
entire disclosure 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 thicknesses on the same
substrate. For example, a mixed-component printed wiring

board requires solder bumps of differing thicknesses for



provide a very acidic or hydroxyl surface wi th which
t he subsequently applied charge director can

w@bwsiozabiy react. The coated powder is subseqeernukz004/022143
wetted with a liquid having suitable dielectric
properties, such as Isopar- 659 ail abl e from Exxon
Mobi |l . Another suitable liquid is a product avail abl e
from-M Corporation under the trade name Fluorinert .
The powder constitutes about 0.5 to about 50 wt. % of
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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



attaches itself to the bare netal surfaces.

Alternative materials and nethods for particle
w@e@pasasi on are disclosed in the U S. Patent PCT/US2004/022143

Application filed July 9 2004 entitled COATI NG METAL

POADERS, the entire disclosurg,of which is expressly

i ncorporated herein by reference. Varied Thi ckness
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particularly, an edge effect often occurs at the
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”R%ﬁ%%lng An electrically conducting a pattern is drawn
on an amorphous silicon 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 silicon
to impart a corona charge to the non-conducting areas.
Particles are then transferred to the conducting areas by
the above-described electrostatic or electrokinetic methods
employing a tool, with the amorphous silicon serving as the
patterned tool. 1In 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 tool rather than by a separate mask. The
particles are transferred from the amorphous Si to the
substrate in the same pattern. In particular, the
amorphous silicon tool is brought into contact with the

substrate, and the particles transferred by electrical



by the corona generator that produces field |ines
directing the powder to the substrate . To
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adhere, the particles to the tool. The tool with the
particles 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
thereon 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.



to about 6 kilovolts is passed near the anorphous
silicon to inpart a corona charge to the
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to the conducting areas by the above-descri bed
el ectrostatic or electrokineti,g methods enploying a
tool, with the anorphous siliCdon serving as the
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EXAMPLE 2
For solder powder coating, Joncryl 682 resin available
from Johnson Polymer, LLC of Studevant, Wisconsin (USA) is
dissolved in methanol to a concentration of 20% then spray
coated onto Type 6 Sné3Pb37 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 off the powder. Charge director (21 drops; ~0.016



adhere, the particles to the tool. The tool with the
particles thereon is then brought into contact with
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present ed above the pads on the substrate to which
they are to be transferred. Afper patterning, the tool
wWth the particles thereon i s brought into contact
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S cuum laminated to the silicon wafer with the UBM side
up using an industry standard laminating machine. The film
is exposed 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 bath
then washed in DI water to remove trace amounts of alkali
solution residues from the photo-development step. After
drying, the mask undergoes UV exposure to complete the
cross linking process. With laminar 5075 dry film this

exposure is 250 milli-joules cm? in the 300-400 nm range.

EXAMPLE 5
For direct electrostatic-based deposition, the masked
wafer is 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 horizontal.



coated onto Type 6 Sn63Pb3 7 sol der powder obtai ned
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gol d. Hlese! taJr"e" ‘ﬁ)ec? DOy b?d?ﬂ@lfe‘? wafer

I ﬂj{@ﬁtﬁam o et (cb:ymxaahﬁye H0is Sl Js tdesubstrate and
phot tho rapﬂtg_:& ef| d Th eral um seryes,. as

mow CF 't ere es a codated
an rica groound” plane: charge r A hih

dnetel:tpla:tmmwedf@rmdfmrthmesuﬁ\#ca& mrﬁ mim Wwofer. The
t r 7.
eXAD) fo M c?é‘sgm 4 edljlt Ha 10 i Sy e{ &ﬁ}%ﬁ@i%ly open

mask 1S vacuum e silicon vva

UBM Shad ubl g by 2Rt | HiRRded- stERIah dcturg rﬁaucﬁfgs the wafer
s hbderotddread i 160 0 SAEXDRS Q.Ché/\/'i dcjalr@ot%tp@}g@n@bﬁme 29 cm

areas around anq%above th re.remved

pHRST | LHIRF Sphi 4 at ®r NS waf erifgrs of
vigtsd ettbrgr ao ). ﬁ%mplé ix. ach dvixattdsr}t ey Wwesdethg N Aditator”

W Bfs T AR & B ASS ARUM th Bu A KA dnt vigor that
essentially all the solder particles are levitated. The
wafer is driven to a voltage of 0 to +400 V (a 200 V pk,
100 Hz triangle wave biased off ground by +200V) while the
gold coated electrode is grounded. The wafer/plate fixture
is 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 second periods, the voltage is switched
“off” and the wafer/plate assembly is held in the tank for
5 seconds before it is removed. This 5 second “wash”
interval is useful in cleaning residual toner particles
from unwanted regions of the mask (known as “background”
particles in the imaging industry). The holes in the mask

are thereby completely filled with solder powder toner.



sol ution residues fromthe photo-devel opnent step.

After drying, the mask undergoes UV exposure to
wa@eooploass2 t he cross |inking process. Wth | am per/uSDHeH022143

dry filmthis exposure is 250 mlli-joules cn2 in the

300-400 n range. EXAMPLE 5 For,,direct

el ectrostatic-based deposition, the nmasked wafer is

charged by a scorotron which scans the wafer at a

speed of 125 mmi second. The front grid of the

scorotron is held at -800\EXAMiplEe The corona wire is

mai nt t f [ a ' :

10 m 2 oY, Rae d sharte (e QUL A b1ace is

mgdeouaimtmadmt;o (tiv@e maﬁﬂqqomaf@ard qfeIEdwéiplﬁw SangixEept
¥ha30 1IRITREss 8 hyd izntalusdibh el he Lhugla tedlidiinGuch as

the wafer |s vibrated by an ul trasoni.c probe (Delta
g5 apatgd Hess a1 @ MesRlFeRauad S EAPY, Rpard, which
l;@gﬁm@r QAighbleK) fte AisAectiiics natrgiieg StteelifS is a

repeat. twcewth hesorotronsr t .

HEREE I Al S (% ¢ i BB, T Bining, Tne.

REfS et Naesaa@mmeetttd}eﬂlsw confcetad ypaft [aved hakille from

551‘34 I\Eﬂl@?rArJ Iz &1 ford, New York, USA) that
ect r okl net fe

ic sed eposition, a nasked wa

iifeitlitazsarg addy sRtbennace oF @Wlaléf @tﬁm r atide
ahmigtebl A dHadlge® pyhey eddie et d acefurE 4@ ¢harge

ated netal, pl.ate s aced 6 nm from.t he urfac of _the
\f\?gefrbsrltyl'r?él%‘% dexi% & '519(99\% ‘hat sitfednlyr &F
azxmﬁ;ﬂteely mmgpaarfded d:vféxowhes troatl Iarmedﬁdﬂxa'ﬁ’qﬁe 5. A
fd tur at at O t he
i Feing el S RatRd B R FRAI e

deeqeiving btk et wluqh s 207 Urims SRsbDuT UBMhmsiasessed

! ! h
udbet ARl 1SS I Gorfildied ko o Vol ddad FldNTo that
S G At e SR | iy | S BRS¢ B0 0 -S4 VB Eed

& he gt Gt *A0E WAL &t pk.thl Ghdizadinilang e
:er\1/aeg1br|1c_:jasteodoloff Tqiro%:nedcebl 141-129003 s\Atfhrlaltee tlhse not wetted with
toner liquid before contact as excess liquid severely
degrades image quality. The voltage on the receiving
substrate is subsequently dropped to zero or even slightly
positive 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
polyimide 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 voltage



gold coated el ectrode is grounded. The wafer/plate
fixture is imersed in the toner bath, then the
woelosaspssswi t ched "on" for ten seconds. The WaPET/USR04/022143

then rotated and held for another ten seconds with the
voltage still applied. After the two ten second

periods, the voltage is switched "off" and the

waf er/ plate assenbly is held in the tank for 5 seconds
before it is renmoved. This 5 second "wash" interval is
usefert supmleatiynge rasicudo t-a@tropar t iTdrese f fldmml) of

ed yeqiaq f_ t (kno s " s
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e & S ndreafEhy smlaa dy Bignmde W tdepsd idd fhwwdierage on
tonerrt i RHIVRI b st e | MBI NG using a transfer tool,

an imagi ng plate 1s made identical to the masked wafer
of Exanple 5, except that the substrate, being
reusable, is a material SugkamBLET® coated gl ass

or a
nmet al c¢oated gl.ass epoxy hqar ihch i.s re durabhle., .
The diEgc?reccfl?FTag“thq e#dir&/afqlsrg gi ?O\Q{nab ybOCirlorse:Tq;l ?‘a Seerglwarslstmg'
(e. i, atPy raavo replau sa b i€l fgampderte neprivfmctofret tipn Kyocera
:@&&ﬁ&ﬂl . . fl ai l,abl r
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qonrEntddn ¢ deatledghwtiuathiah thatngs the waley rfgp 2500 C.
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into virtu contact ‘'wth the sti I magi ng tool.

Tt EIRF it 1% notengay &t + Nevntarsey, USA)
Idwmrg 0eft0idh contear! %Teﬁ@i\}iir@ivibﬁéiﬁveir§|bﬁqoqght into
egrades | e u Ity. he vol tage n the recelvin

350 01 i ARG (I RASE PEIF 1% BR THOVAIF wafer
sheé e Iyhe solder powder which selectively wets the UBM of

the wafer.

Although the methods and materials of the invention
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 is such that
they can be imparted with an electrochemical charge.
Examples of such processes involving non-metal powders
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 "a",
"an", "the" and "said" are intended to mean that there are

one or more of the elements. The terms "comprising",



positive and the receiving substrate is withdrawn from
contact with the imaging tool . A good, clean imge is
wo bsekssst or med on the receiving substrate. EXAMPLE084/022143
For imaging using a transfer tool by an alternative
enbodi nent, the re-usable inmagg tool is made of a
patterned dielectric |ayer, such as a 125 m cron thick
polyi m de layer with a 17 m cron copper |ayer on both
sides. The polyinide material is PYRALUX avail abl e
friom]l DdRogt"  lamd. "hmwumgﬂgamﬂ Detended) to be tihicdusdye and
%nt (E%]at' ?ﬁxe%erfna %) talaﬁqlﬂg.gnaﬁoglﬁ %hlt)é %lt‘?l%@ %%]a‘ﬁf the
t 0o re-usabl e tool is nounte suit e
éh@@@dwﬁﬂﬁmﬁﬁésbotton1netal | ayer at ground and the

top CaRNQGLAdIO chakigeh \é@lutlag@% %aaew@h %mpla‘bo&;bymmout
-1000 to -2000V) . Toner %%Oﬁgl of agghe ded
ferd&tdrgp FHE‘FQSISCSWQ fe lpveBsl i a e 1nten e
thanshan saepeas contbiaep en’ tidepadove deecripye omn and
t e receiying _substrate. E r t|

él[nndnt %éle c&mlpegtyllngsEé?a\mll % 91 19. ﬁ% e%%reted as
aﬁdmgh&@$lﬂd E@dnnmtan@ ﬁaﬂuﬁa@ungeﬁebyeKyoa@ﬁaf@@ﬁg@ﬁng
‘l%ﬁ%@e'ss t%h%r 98¢chit@q H Q\g)e\f ofA@:nkgﬁlﬁ(eh@é %‘Pl@ta bkl Been

[ ens assenb are scanned across the p
Prevrsege f.Otr it 184§ triRddOPWPYE PRSI GRLYI- t |I§ fiffentended
@%\é@ th%d s@%pen JEXampleRtionbyls deify nede bii ke Hﬂ@e\fﬁbd

ri and gent |y haked at 1Q0

s, b Rad DR 085 63 e BPoYe gbodinente
Emam:plde 4dts dapantced ram & hlee atcegec ic k hehiiclvemtiiogs
the wafer to 2500 C. The dried plate is sprayed with
flux Al pha Metal #3355 (Cookson Electronics, Inc.,
Jersey City, New Jersey, USA) which is then dried. The
recei ving wafer is brought into contact with the
fluxed i nage where heat fromthe wafer nelts the
sol der powder which selectively wets the UBM of the
waf er .



Al t hough the nethods and materials of the invention

are descri bed above chiefly in the context of applying
woredoalospar ti cl es to substrates, the nethods anBPCT/US2004/022143

materials are applicable to deposition of non-netal

particles as well, provided thg nature of the

particles is such that they can be inparted with an

el ectrochem cal charge. Exanples of such processes

i nvol ving non-netal powders include deposition of

phosphors, gl asses, ceram cs, sem conductor materials

w)& , fr{ﬁ‘rm > in flat panel displays or the
I EP. I%12%"131% rog?gi ng el ements of the present
invention or the preferred enbodi nent(s) thereof, the

articles Mamethdd fort R@p13Ntg Saipdt takd ¥ eRded d1es to a
mean that there are one or npre of the el enents. The

ralS RNy Magked FUTEGCRG 3R VARG Sélrrﬁcesl the
inedteiede ¢ dmp i iinecl usi ve and nean that there may be
addi ti_onal .el ements other .than the |isted el nts.
vari Ol?§p?1¥&ﬁl§e§nc§ FEHBESHE Y S r?lpltaﬁ ea%(;%vea%vm'eit aﬁc’l}t SO%% of
dépantaiskpd somiaress odpehef subvs tinatentticory,ield icharge-
i ﬁﬁﬂﬁa ﬂ%%@%dag ST Qi3t ai ned in the above

escription and shown in the accon&gnying dr awi_ngs
shal | sF@dsifer shet absas ratieustiicdy ithe sharsr hod dgng masked

|§d{ﬁ)ﬂa@d&f %@{Té%%gnme% ft@{eﬁ@{éﬂrﬁg.dl@bsati@ls at QL@dildi l?ﬂ;tefcﬂ(ﬂlm in

n r enbodi nent s a ve been_provided for
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and t her : ificat] f ot e j

PR oo rame B e m e B,  HsFARE AR cany
WD 1S idicAItMED PaRt itles mattivod hico unmeskgidn gua figmeseof the
g Rartied es to a substrate having nmasked surfaces and
unnaskeg surfaces, the nmethod conprising: applying an

el ectrostatic charge to at | east sonme of the masked

surf aces e e PEYR a1 i 1y icehfhrakadngehenhied® ing the
unmasked surfaces to electrical ground during the exposing

the substrate to the particles.

3. The method of claim 1 comprising connecting the
unmasked surfaces to an electrical potential which
facilitates said depositing during the exposing the

substrate 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.



masked surfaces; and exposing the substrate with the
char ge- hol di ng masked surfaces thereon to the
w@2005/084365 in a fluid nmediumin which the partPcl/Es20a4/€22143
nobi | e, which particles have an electrical charge of
the same polarity as the chargg on the charge-hol ding
masked surfaces, thereby electrostatically depositing
the particles onto the unmasked surfaces of the
substrate . . The nmethod of claim1 conprising
conned.i Miet e thnodasife @ 1suinf dce t@mBe@lOlﬂipcxaiJsiglg)wddnrating

G41d MGG BXPORINGd RESUSHALE thd %%b%@rgaihtg &% tne

aim~1 conprising-connectin
mﬂﬁ@@é@%urfaces to an electrical potenti aI whi ch
facilitates said depositing dur| ng t he exposi ng the

substrate to the particles. he neth of, claim1,
2, or 63 Fpmedihag %F&ralék&om ngolrhé’ 3‘1@ %leo
tshﬂasft&ratﬂéll'@:‘s a eﬂeﬁl iofg d}d@ﬁ)sﬁdep\e@falamﬂa)tllr@gl tdre a non-

§r?d" ge r?te %t UIr]&%ener e,char %tggtteh%of{az;‘f& s A% harge

estepo eXposi ng Strate to
tdies sigaticdres a a ndepagi edaddietfifeedl. particles onto the
particles onto the unmasked surfaces of the
substrate 36 5. The nmethod of claim1, 2, or
conpri’si nd WiESHed F@n REPIYEIG & @afreting Otfhé’aé"%% to an
tell%c&lﬂaﬁhrcatdw&et heHartte eSiving unblee Weidpod of

claim.J1, 2, or wherei n the substrate ha ban
SeFouad Ak i PRRRG G SRR ST the
sughdiadatoenfoari auwrgposes of charge di ssi pation to

i nhi bi &; %_S/q ST tecl rodt AT Yo g.%olax:' rigaa%t some of

patter t C| es to an e ectronic device su
K m@ahmiersumﬁmemetoeﬂ Inf@aﬁmtrm@@esfuﬂ&a@eébstm&e to
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exposing the electronic device substrate with the
charge-holding masked surfaces thereon to the particles in
a fluid medium in which the particles are mobile, which
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.

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
comprise solder metal particles, the method comprising:

applying the electrostatic charge to at least some of
the polymer mask surfaces of the substrate by passing a

corona charge generator near said at least some of the



applying an electrostatic charge to at | east sone of

the masked surfaces of the electronic device substrate
wo eoogiosd3sz char ge- hol di ng masked surfaces; and BXpUS1004022143

the el ectronic device substrate with the

charge-hol di ng masked surfaces,thereon to the

particles in a fluid nmediumin which the particles are

nobil e, which particles have an el ectrical charge of

the sane polarity as the charge on the charge-hol di ng

rslkedk 1s und sic esyrfidmwre o etiedlid dsteatdleatdes lbelphisig imegsked
t t{Jant%é-Clﬁdonto t he unmasked surfaces of the
substrate . . The nethod of claim7 wherein the nmasked

sur f acereiT i g poiBaterattasid tdurtthee eareer hsplidigin masked
AMEFrddes WilskedWngy il ddi1zald Gt ANGAr#e demsked

surfaces conprise exposed under _bu metal lizati an not .

B thet b1 hedk e Safen @ al mpricles
afrec Imobt e Wt ddleidaamid tedle paaaniprliese Isolaleda inget al
particles,. the neth onmpri si ng:, appl.vin e
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:ﬁ ISR s SRRy Sl 12pd RA% P BR Y dHied d
po cgrfglr (r%r{u;ggk surt a.cesr_tot%eltpc#the c arge-hollj{c}ileng)Zpose

upg Jeedst 1 bR teb@osi ng the substrate with the

char ge- hol di ng masked surfaces thereon to the sol der

nmetal partjcles in dielectric fluid mediumin which

The- sol ter i iR (i IS L & rspitie S Gprethsiord the
neidd r faunp cheesa Haiven tsianrd ted edigdtoalcadhaymgeursd dureing the

S ri C 0 - Wy :
ARAN S S MO A Mt Rt ey in che
tdhiee lost ey Bl wild peadium.es onto the exposed under bunp

metal lization. 10. The nmethod of claim9 conprising

connecting the under bunp netallization to electrical
gr ound- HurihRy RHOKkK RsiHGithe® SFRTEET FaME Yok the
MRt r RSP Ghe@Salili #dt€on to an electrical potential which

facilitates said depositing during the exposing the
substrate to the solder metal particles in the dielectric

fluid medium.

12. The method of claim 10 or 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 solder metal particles, the method comprising:

applying the electrostatic charge to at least some of
the polymer mask surfaces of the substrate by passing a
corona charge generator near said at least some of the
polymer mask surfaces to yield the charge-holding masked
surfaces;

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



dielectric fluid medium 11. The nethod of claim9

conprising connecting the under bunp netallization to
w@eoshassz i cal potential which facilitates sai BICT/US2004/022143

depositing during the exposing the substrate to the

sol der netal particles in thesdielectric fluid medium

12. The method of claim 10 or 11 conprising vibrating

the substrate during the exposing the substrate to the

sol der nmetal particles. 13. The nethod of claim8

wins @igbitliee pévitdhc lsssl dsonpated pairdac les dlavisartaia es,
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to yield the Ct\% r.ge- hol di ng masked surfaces; exposing

ey R, (8 4%re Char ge- hol di ng masked surfaces
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surfaces; and-repeating the step of exposing _
PAFhckes Wave o cirdegEHedi rfarasked S #ege polarity
thereen d}ﬁlﬁ'@oﬁrﬂ't‘i@ dR{r}e -PRILII1HL Salgkdd&urfaces,
dielectri ui d medi um.i n whi ch the so] der. netal
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metal particles over the solder metal particles deposited

onto the exposed under bump metallization.

14. The method of claim 13 comprising connecting the
under bump metallization to electrical ground during the
exposing the substrate to the solder metal particles in the
dielectric fluid medium and during the repeating the step

of exposing.

15. The method of claim 13 comprising connecting the
under bump metallization to an electrical potential which
facilitates said depositing during the exposing the
substrate to the solder metal particles in the dielectric

fluid medium and during the repeating the step of exposing.

16. The method of claim 13, 14, or 15 comprising
vibrating the substrate during the step of exposing the
substrate to the solder metal particles and during the step

of repeating the exposing.



particles have said electrical charge of the sane

polarity as the charge on the charge-hol di ng nasked
we05asBsy t hereby el ectrostatically depositi NBCT/US2004/022143

addi tional solder netal particles over the sol der

metal particles deposited ontggthe exposed under bunp

nmetallization. 14. The nmethod of claim 13 conprising

connecting the under bunp netallization to electrica

ground during the exposing the substrate to the sol der

met al 1|G'ar Thel ewtihod o dileliec Br whefdedind tined ipamtded es

nepﬁﬁg % ﬁ%%SaT% %1t% HRleR ahvay %5ngve¥% e/ ameter of
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substrate’tothe sol Ffrthgﬁes in
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15 .conprisin atln b t

&L, 3sii Y bfr % ate tée%‘t € soI a(%lére ?‘%1d1%95§n%%ked
Eurtfiaciess am@.durlng the step of repeatlng t he

exXpoSsidg, 3% i% %heT%%HL%tx‘%% %t‘h‘ CYR %h‘éﬁ%ree'l‘fc‘)ltdl%g masked

particlés comprise sol metal spheres_having a

Srerfagesdithmsenn ¢ &he eeddeahsRt2oFRREShs R téhe
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solder net al spheres have said
el ectri cal charge of the sane polarity as the charge

on the ghange meﬂlﬁcﬂid& desiked s wdmaesinder@ecting the

ele tr Eﬂﬁg'ééﬁ fﬁlzatlon to electrical ground during the
exposing the substrate to the solder metal spheres in the

dielectric fluid medium.

19. The method of claim 17 comprising connecting the
under bump metallization to an electrical potential which
facilitates said depositing during the exposing the
substrate to the solder metal spheres in the dielectric

fluid medium.

20. The method of claim 17, 18, or 19 comprising
vibrating the substrate during the exposing the substrate

to the solder metal spheres.

21. The method of claim 7 wherein the substrate has a
band of exposed metallization on a non-service surface of
the substrate for purposes of charge dissipation to inhibit

edge effect.



depositing the solder netal spheres onto the exposed

under bunp netallization. 18. The nethod of claim 17
w@eup03Bsng connecting the under bunp netall i zBECT/O820040022143

el ectrical ground during the exposing the substrate to

the solder netal spheres in thg dielectric fluid

medi um 19. The nethod of claim 17 conprising

connecting the under bunp netallization to an

el ectrical potential which facilitates said depositing

during the exposing the substrate to the sol der netal

sphergs in tﬂ%é%bﬁ'%%Er'% %HSIn gaEQEr%O fT%%rqg%H%% to a

of claiml1 C bratin

sibstrate baviing mﬁék@ﬂp§§F§QCﬁﬁea@ébgpmaﬁgeﬁoSPWéaces the

sekted Rhprishher.es. 21. The nmethod of claim?7
wherei.n the subs%gate has a band of

posed , . .
et al ATFEFRIRSoRNE AIRBEEATFoams AFf SIECOF OBt ic solution
&bhshnahagfQheppammaeae@f ehatrgendichei pamasketdoportions of

t%hl %s%g% o%%EltuQeZ%h E%tra?ggﬁfor applying a

pattern 0 partlc to a su avi ng masked
surfao@meaﬁdngnﬁasb@@tsureé@@§r0dﬁe1neth@deé@¢pmb§ﬁngtic
isRkSioRg Lhg substrate in an el ectrokinetic solution
contai ning the particles, wherein the unmasked

por t i 6% 3chinge thgpslestaodsnent: GeensRrelectrods; to

b@?@@&t%@p@l@@uﬁEe&'@b&%hﬁ@déﬁpplyh@oeb%tthKthEMC
I QN | the e trode. an

Bl eht el Ersantaa] B Re s Hhe Lo BN enecrrode and the
eaee$tan|ahdamhekebyred&btmokenbtabahéymdeposhe1ng the

g%%%&%ﬁe%'% t%%geuﬁggskﬁﬁ § %Egﬁﬁge o#ndy %hSL%@¥
eéctrokine oSIt articres on
G@ﬂ§§né@tp@9tﬁbﬁseéﬁcﬁﬁéd§ubstrate constituting the
el ectrode. 23. The nethod of claim 22 conprising

Vi bratlng t he
The method of claim 22 comprising vibrating the

substrate during the depositing.

24, The method of claim 22 or 23 wherein the substrate
has a band of exposed metallization on a non-service
surface of the substrate for purposes of charge dissipation
to inhibit edge effect.

25. A method for applying a pattern of particles to an
electronic device substrate having under bump
metallization, masked surfaces, and unmasked surfaces, the
method comprising:

immersing the electronic device substrate in an
electrokinetic solution containing the particles, wherein
the unmasked portions of the substrate constitute 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



substrate during the depositing. 24. The nethod of

claim 22 or 23 wherein the substrate has a band of
wexpesedsnet al | i zati on on a non-servi ce surfaceCDiS100€022143

substrate for purposes of charge dissipation to

inhibit edge effect . 25. A ngthod for applying a

pattern of particles to an electronic device substrate

havi ng under bunp netallization, nasked surfaces, and

unmasked surfaces, the nethod conprising: imrersing

telle ctrlre.ctarlo miot ethénviiade bethveemattdiel woamtelre efliegitinestel @nd the

| Ui cqQntAi Rl IGl- ; REl s
e e et st st A ™9 the

Seadiicd@s onmidies juagag kesu peaitionsc tlodds subserate

leEdtiekitigld ¢reolditd@Frogand attachi ng the el ectrode
and counterel ectrode to opposite poles of a voltage

supply to establish an4 1 electrical potential between

t he caunt aheeheethoade fand atilre 26l etierede &he traskedly surfaces

el ectr.oki netically depaosi td t acti cl

SITRERES B s R BL Rt At SR RS e under

dhet mede ] 136.a thlon , nehieodinotasiesl mu2s aglesr somptiee exposed

MRHG bt AR8S 19T RRIY TRy TR k@urtfh%c%mwe% mask

pattern over the under bunp netallization, the

(FWRREES s @R ddSe PeRHiCdE S So9ed sen d& dsFmpetal

pRirdlildizati on not covered by the pol ymer nask

surfaces, and the particles conprise sol der netal

particles . 27. The nethod of claim25 or 26

conprisi.n@he eathony dfhe 1siilos t2Gatoer @ icogpitiesing vibrating
0S] i 8. tho f..cl.aim 26 wherein the

glgfet iéc be%qzl@otﬁeprquyé%égﬁggr %ﬁ&oﬁgtgﬁﬁér es having an

aver age di aneter between about 300 mcrons and 1 nm

29. The NMethodlfhdd JMAR OB W@ it Rl ifdgttike es
comprise solder metal spheres having an average diameter

between about 300 microns and 1 mm.

29. The method of claim 28 comprising vibrating the

substrate during the depositing.

30. The method of claim 25, 28, or 29 wherein the
substrate has a band of exposed metallization on a non-
service surface of the substrate for purposes of charge

dissipation to inhibit edge effect.

31. A method of applying a pattern of particles to a
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
yield a charged patterned tool surface;

exposing the charged patterned tool surface to
particles in a dielectric fluid, which particles have an

electrochemical charge, to thereby cause a quantity of the



substrate during the depositing. 30. The nethod of

claim 25, 28, or 29 wherein the substrate has a band
wo@boosngssed netal lizati on on a nonservi ce surfBCBEUS004/022143

the substrate for purposes of charge dissipation to

inhibit edge effect. 31. A metRod of applying a

pattern of particles to a substrate, the nethod

conprising: applying an electrostatic charge to

non- conductive areas of a patterned tool surface

(punrﬂcmdg;ﬁb;xﬁnemewu@e&ﬂnedthdunnﬁnﬂnaneasamﬁasﬂamd

t 0 I I t 0ol
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ace; exposli ng e char e sur ace
teogfaas otigsh maretldﬂaSe@tdhar ¥icd thehiasmdyerttiivg esreas; and

have an &lag)r it HD Y e e d RIAP AL Qrith
guantity of °the particles to adhere to the

lisre aéiffee&gedoﬁh%t&tttoe@ne@dm%e Qfr raceibifgate to
threreinyy Wl fepald ardied ordiidraeE WH qualrdiddyesof
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tthey et storagt es vt aaceswltfsta:aeuﬁ)s:tata:teart defheresbypy the pattern
tgrgqﬁ{ﬁegsaa%téxqﬁ a far td g gqg‘ the quantity of

partic romtire patterned tool surface to the
surface of the substrate in a substrate pattern

defineg byrHdendtadErdr N die Natiiritg diRolpAHd@ e tool
32. The nethod of claim 31 vvherel n the patter ned t ool

GO SES A7 I MHAT Y St ARy & Gsidratve taver
lehearedrher eon. 33. The net hod of claim 32 wherein the

i nsul ating support is constructed froma nateri al
sel ected fromthe group consisting of polyin des and
epoxi €3 . The Tredhst ldd cdfaicd @2nwdE nehiay dibe timsulating

d s '&M?étﬁ%df Sronf Ma%réxaﬂals%eqfé&%é rﬂ‘Bm the

group consistin I ndi um t1 n-oxi de, ,
'gngugMpoqqlsQﬂng(g polyimides and epox1es

34, The method of claim 32 wherein the conductive
layer comprises a material selected from the group
consisting of indium-tin-oxide, Al, Ti, Pt, TiW, Au, Ni,

and Cu.

35. The method of claim 33 wherein the conductive
layer comprises a material selected from the group
consisting of indium-tin-oxide, Al, Ti, Pt, TiW, Au, Ni,

and Cu.

36. The method of claim 31 wherein the patterned tool
comprises a charged Si plate partially discharged by

exposure of the Si plate to a laser beam.

37. The method of claim 31 wherein the patterned tool
comprises an uncharged Si plate with the conductive areas
formed by exposure to a laser beam imparting a pattern of
latent conductivity.



35. The nethod of claim 33 wherein the conductive

| ayer conprises a nmaterial selected fromthe group
wa@onsiossng of i ndiumtin-oxide, A, Ti, Pt, TPA¥/US2004/022143
Ni, and Cu. 36. The nethod of claim 31 wherein the
patterned tool conprises a chqgged Si plate partially

di scharged by exposure of the Si plate to a | aser

beam 37. The nethod of claim 31 wherein the patterned
tool conprises an uncharged Si plate with the

conduczta Ve atetand @rﬂm@;ﬂym@@s@ra&tterm dfaserl desametal

8.
r‘r)er%D lne% appla‘l%/nlt ﬁeg%zacc%pa qte(ren%teo sol gltbls\élrta%éael %h | cﬁ%hOd

t@ﬂmrlalexgrom c device substrate, the net hod
conpr 'a%:léﬁgzln PRI W1 3 218G @3zl tNYBE dfhduct ive

non- conducti ve areas  of a patternedtool, surface
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toQfuaHfRe Mt SR 1dRr MRl PR id1es adhei@dred to the

t he” conducti ve areas; and cl osely expasi L%the

EANRIGTEY S S ATt Sninat dAGec1a8¢ thereby
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Str t here tr.ansfter at t aportlon (0]
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pat t eroisxsethole}qms‘mga the toect teumfeak e oofl tshver fsugiss twidthe
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pat erning to sur ace . of claim3
wHadinenife detics fadpata@ite 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
substrate pattern defined by the pattern on the patterning

tool surface.

39. The method of claim 38 wherein the patterned tool
comprises an insulating support having a conductive layer

thereon.

40. The process of claim 38 wherein the patterned tool
comprises an insulating support with a conducting layer
thereon and a non-conducting polymer in a pattern over the
conducting layer.

41. The method of claim 39 wherein the insulating
support is constructed from a material selected from the

group consisting of polyimides and epoxies.



conprises an insulating support having a conductive
| ayer thereon. 40. The process of claim 38 wherein the
w@2a0508336271 t ool conprises an insulating supporPCTME1004022143
conducting |ayer thereon and a non-conducting pol ynmer
in a pattern over the conducting layer. 41. The nethod
of claim39 wherein the insul atl ng support is
constructed froma material selected fromthe group
consi sting of polyimdes and epoxies.4 4 42. The
met hoadt 20f THeaimatdbdMedr el itthe Of mmdrmijmg:rw;ipmulaitstng

et r el
Qﬁ% SI#:I ngsdcéorno%q yim esfr?nd%eg%% es. %rgl]e%:t 04" the
efrasipaianred sitiaeiaf Hed vdondlest iangl lempes esonpr i ses a

materi al sel ected fromthe group consi sting of
i ndi umti n-oxi de, Ti W Ni, and Cu. 44.

Au,
The néthod Tt n@%qﬁ 4# mérlé} 7% wéleé@ﬁamtthevé?q%we
qemw &,eﬁnpaarwﬁa alatsalieqt edligcd@dd oyt @le group
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paatd e]uned tool conprises a charged Si plate partially
di scharged by exposure of the Si plate to a | aser
beam 46. The nethod of claim 38 wherein the patterned

t ool ddnprTihse snedihach sfarcded msi4 Opwareg adin frhehgonductive
QRRAUCIoD rAIRAS f MR- PENRTWR 1o Itdee ?ﬂzﬁ@n

|npart| a pattern of Iatent conductj.vit

"ﬁlg"ga I Rl A S @iﬂl Tdyre 'oTéLW Au, Ni,
%ﬂ@BtCﬁ_ate t he net hod corrprl SI ng: applying an
el ectrical potential to conductive areas on a
patterned tool surface conprising a pattern defined by
conducts .v&her ewethadd aforcledmi i@ iwhe rerigasheexgaddianped tool

thatdsy nedOYe S Wi 308 de0 A Hil01185 dikharged by

exposure of the Si plate to a laser beam.

46. The method of claim 38 wherein the patterned tool
comprises an uncharged Si plate with the conductive areas
formed by exposure to a laser beam imparting a pattern of

latent conductivity.

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

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

exposing 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
surface to which the electrical potential is applied, and
thereby yield a patterned tool surface with particles

adhered to the conductive areas; and



dielectric fluid, which particles have an
el ectrochem cal charge, to thereby cause a quantity of

wo bsp3a351 cl es to adhere to the conductive ar eBST/US20041€22143
patterned tool surface to which the electrica
potential is applied, and thegﬁby yield a patterned
tool surface with particles adhered to the conductive
areas; and4 5 cl osely exposing the patterned too
surface with particles adhered thereto to a surface of
a Substlioated vt exthariely theapsteeraed casil surdetteowigh
EE%FQ%%%%'%ﬁﬁ%&e%?% %%%%% EEpg'%E%f%%%t%&n%dsh%gtrate to

urface to the surface of the substrate in a substrate

phereby dakinsdgrbyptt Reasat e PRTéA ophefpahreavaatisy of
P e AFrolhe LR Ohed 2W4 EuMFRIRI R RBe surface of
patterned tool conprises an insulating sypport hayin
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4h WS @iat tidiegeatticerinedirifaele .conpri ses an insul ating
support with a conducting |ayer thereon and a
non- conducting polyner in a pattern over the
conducts .nFHeayert has o fTled abpt Hd whiereliai mh4s pattdeained tool
t ' l.at] r:t J r I,0 el
i b s e R i
apexieen .. 51. The nmethod of claim 49 wherein the
i nsul ating support is constructed froma nateri al
sel ected fromthe group cqnsisting.of polyindes, and
epoxi 68 33€ BIOSRRTGT 61 ooiai'h MESHRGrEITh Ratterned tool
eemihitidess drayiers udenyimnos esipporat eriitdl as elceciued ifrgorhayer

t he group _cpnsi stin f indiumtin-oxi.de, wr L

HR R B S arga e Rty Bet i e, Hacphm Ber che
wiogrdeiat ifrige legreduct i ve | ayer conprises a materi al

sel ected fromthe group consisting of

indiumtin-oxide, A, Ti, Pt, TiW Au,, N, and C_.4 6
50. The method of claim 48 wherein the insulating

support is constructed from a material selected from the

group consisting of polyimides and epoxies.

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 48 wherein the conductive
layer comprises a material selected from the group
consisting of indium-tin-oxide, Al, Ti, Pt, TiW, Au, Ni,

and Cu.

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

and Cu.



54. The nethod of claim47 wherein the patterned t ool

conprises a charged Si plate partially discharged by
wexpemsass2 of the Si plate to a | aser beam 55. PA1ES2004/022143

met hod of claim47 wherein the patterned tool

conprises an uncharged Si playg wWith the conductive

areas fornmed by exposure to a laser beaminparting a

pattern of |atent conductivity. 56. A nethod of

applying a pattern of solder netal particles to an

el ect rBa@ni Theewmetdosllost cdieem #iTe winetriedd ¢dwpmagitregned tool

y . . tialt .

D G i s Coamiatg & s ay

gaiosad b fc dhgu i vl adce &9 @nd a96H- H83Fuct i ve ar eas;

exposi ng the patterned tool surface to sol der netal

particles in a dielectric fluid, ich particles have
an el &tr g&ﬁem%"dcﬁ)zﬁ: é:gl,alfrb 4(%@’&‘23}?%’2&?@ RaAr&rmedy tool

@onidrd s2@l der umeihalrgeadr Siclpdatieo wddhetéet @drdictive areas

nduct i.ve areas..on.th tt t r.f ac
R 1l R s B Bl Al iR Whcrarn of
yiaglegita qeanduertriend tiyool surface with sol der net al

particles adhered to the conductive areas, and closely
exposi ng the patterned tool surface with sol der_ netal

parti Glfes Padiedted Ofer@d YiiE% 3 petdca o fa sl siedal

taritienely i ansflledlirdriasdedriRer su@ tafatid)e tqeamdtiind
of sol.der netal particles fromthe patterned tool

€Tt he surface of the substrate in a substrate
pat t erappdefiime dirb\e el miatatle potemttidd pat tcemdedttiow areas
rface. t f. clai \her.ei -
] 5 gl 85 M BRI EC MR, dofinea by
Farshiavey @ regfe anch AIsioirondpch g veTlga egsgcess  of

cl ai m38,eheiLithd ha RARINeD 10 AP it SABer metal
i nsul ating support wth a conducting |ayer
particles in a dielectric fluid, which particles have an

electrochemical charge, to thereby cause a quantity of the
solder metal particles to adhere to the conductive areas on
the patterned tool surface to which the electrical
potential is applied, and thereby yield 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 substrate
pattern defined by the pattern on the patterned tool
surface.

57. The method of claim 56 wherein the patterned tool
comprises an insulating support having a conductive layer
thereon.



t hereon and a non-conducting polyner in a pattern over

the conducting |l ayer. 59. The nethod of claim57
wWOob@s®33351 he i nsul ati ng support i s construct edPdT/082084/022143

mat eri al selected fromthe group consisting of

pol yi mi des and epoxies. 60. The nethod of claim 58

wherein the insulating support is constructed from a

mat eri al selected fromthe group consisting of

pol yi m des and epoxies. 61. The nethod of claim57

wher e6B .t Taec prdeesisvefl ajedimc6hpwhsesia wheepaskerned tool
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conS|st|ng of “indiumtin-oxide, A, Ti, Pt, TIiW Au,

Ni, and C. 63. The nethod of claim 56 wherein t he
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di scharged b r f the S plate t
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conductive areas formed by exposure to a | aser beam

inparting a pattern of latent conductivit 65. A

met hod Oof TREpMEithgda ofacdeim &6 y@ﬁé@#nn§¥§I1§§P9?EP§§

ts%pi‘;@r%l gal Ec@,ws%x@@weae f%bbblsbr ab€ertihe gelibeded from the
risin yi n ectrastatic charge to
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62. The method of claim 58 wherein the conductive
layer comprises a material selected from the group
consisting of indium-tin-oxide, Al, Ti, Pt, TiW, Au, Ni,

and Cu.

63. The method of claim 56 wherein the patterned tool
comprises a charged Si plate partially discharged by

exposure of the Si plate to a laser beam.

64. The method of claim 56 wherein the patterned tool
comprises an uncharged Si plate with the conductive areas
formed by exposure to a laser beam imparting a pattern of

latent conductivity.

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

comprising:



a quantity of the solder netal particles to adhere to
t he conductive areas on the patterned tool surface and

w0 beseksssyi el d a patterned tool surface with spdTEs2004/022143
netal particles adhered to the conductive areas; and
cl osely exposing the patterneggtool surface with
sol der nmetal particles adhered thereto to a surface of
the el ectronic device substrate and heating the sol der
netal particles to thereby transfer at |east a portion
of thepplarnd wrofelsatderstretial ghanrigec ltes nonedridective
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t her eE¥ROF e LG 1FACE IS PRE tETaec &R Faif@ee to solder
sielrsdlr [@ia&,tiﬁlﬁl][ets' alﬁi ¥ rd@;él@&tl’:t%d Ealﬁd,dmira?i @olderl metal
parti.cl.es to_further adhere the so r_Iret rticles
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%oﬁ%fc%@v% dc\(:i'\é'a“se ot lﬁ%ter a%tetrj?\%dn%%q_d FHYAS 1M :thereby
applying an electrical potential to conductive areas

ot ed dhat Petred negoltondr fsagd acenpiiitdi s laeyameded particles

dRiHd R CPRAVIHNR tBRRAS ARG ;N@Rconduct i ve ar eas;
exposi ng the patterned tool surface tociolder net al,

I
parti essly £XRoside Hhe PAGtEI RS SR Pasirdiass R
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Sentinte S Bl S0 fed ARl 31 metal
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adher o the Conductive areas; a cl osely

SuFdFiary tohd&heasuafaeg foltheusuded rgiten in a substrate

pattern defined by the pattern on the patterning tool

surface.

66. The method of claim 65 comprising, prior to
closely exposing the patterned tool surface with solder
metal particles adhered thereto to the surface of the
electronic device substrate, partially reflowing the solder
metal particles to further adhere the solder metal

particles to the patterned tool surface.

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

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

exposing the patterned tool surface to solder metal
particles in a dielectric fluid, which particles have an

electrochemical charge, to thereby cause a guantity of the



sol der netal particles adhered thereto to a surface of
a substrate and heating the solder netal particles to
wo bsekssst ransfer at | east a portion of the quBEL/U$20040622143
sol der netal particles fromthe patterned tool surface
to the surface of the substrayg in a substrate pattern
defined by the pattern on the patterned tool surface.
68. The nethod of claim 67 conprising, prior to
cl osely exposing the patterned tool surface with
mjlm‘Iﬂr mettall panrttiicdles adhedderichecetthet candactlinfeaeeeas on
e BT SHIL Ll e ALY Llitn REE Aok e ca
& sol netal particles to furt ere
tmetes'mwéx umtamplga:dt,u @nsk tth@rtelby paeder @e@atté@lrned tool

HAACR 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 and heating the solder metal particles 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 substrate pattern defined by the pattern

on the patterned tool surface.

68. The method of claim 67 comprising, prior to
closely exposing the patterned tool surface with solder
metal particles adhered thereto to the surface of the
electronic device substrate, partially reflowing the solder
metal particles to further adhere the solder metal

particles to the patterned tool surface.



