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spray applicator along with controlled movement of a work piece relative to the applicator.
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SYSTEM AND METHOD FOR APPLICATION OF COATING COMPOSITIONS

CROSS REFERENCE TO RELATED APPLICATION

[0001] This application claims the benefit of U.S. Provisional Patent Application Serial
No. 62/272,313, filed on December 29, 2015, entitled “SYSTEM AND METHOD FOR
APPLICATION OF COATING COMPOSITIONS,” the disclosure of which is hereby

incorporated by reference in its entirety.

TECHNICAL FIELD

[0002] The present disclosure generally relates to hydrophobic and oleophobic coatings
applied to surface mount technology (SMT) stencils. More particularly, the present disclosure
generally relates to application of curable coating compositions that produce highly durable and
effective coating layers in a single-step curing process, wherein such coating layers can have
hydrophobic and oleophobic properties and can be used to coat SMT stencils (e.g., solder paste
stencils). The present disclosure also generally relates to a hybrid application technology in
which a nanometers thick coating can be applied to the surface of the print side of the stencil and

a thicker coating can be applied to the walls of the apertures.

BACKGROUND

[0003] Compositions that form hydrophobic and oleophobic coatings can be useful to
render surfaces repellant to both water-based and organic-based materials. Such surfaces having
hydrophobic and oleophobic properties would generally be easier to clean, be non-staining, and
have a low surface energy. Surfaces with a low surface energy can be useful, for example, in
relation to industrial and consumer goods to provide a high degree of slip, or anti-stiction, to

materials that contact the surface.

SUMMARY

[0004] In accordance with one example embodiment, a system and method is taught for

application of a coating composition.
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[0005] In accordance with another example embodiment, an air-brush applicator for
forming a coated article includes coating a substrate with a coating composition. The coated

article can include solder paste stencils or any other suitable article.

[0006] In accordance with yet another example, an applicator for forming a coated article
includes coating a substrate with a hydrophobic coating layer adhering to at least a portion of the
substrate. The applicator comprises an air brush configured to move relative to one or more work
pieces so as to apply the coating, such as to a solder paste stencil, in accordance with defined

application parameters.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] It is believed that certain embodiments will be better understood from the
following description taken in conjunction with the accompanying drawings, in which like

references indicate similar elements and in which:

[0008] FIG. 1 is a simplified block diagram of at least one embodiment of a coating

application system for coating a work piece;

[0009] FIG. 2 is a simplified block diagram of at least one embodiment of an applicator

for applying a coating to a work piece;

[0010] FIG. 3 is a simplified flow diagram of at least one embodiment of an operation for
coating a work piece that may be performed by the coating application system of FIG. 1 or the

applicator of FIG. 2;

[0011] FIGS. 4A-B are simplified block diagrams of at least one embodiment of an

applicator with a linear array of individual spray systems for applying a coating to a work piece;

[0012] FIGS. 5A-B are simplified block diagrams of at least one embodiment of an
applicator with a rotatable array of individual spray systems for applying a coating to a work

piece;

[0013] FIG. 6 is a simplified block diagram of at least one embodiment of a coating

application system for serially coating work pieces on a conveyor;
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[0014] FIG. 7 is a simplified block diagram of at least one embodiment of a system for

applying solder paste to a printed circuit board,

[0015] FIG. 8 is a simplified flow diagram of at least one embodiment of a process for

applying multiple coatings to a solder paste stencil;

[0016] FIG. 9 is a simplified flow diagram of at least one embodiment of an alternative

process for applying multiple coatings to a solder paste stencil; and

[0017] FIG. 10 is a simplified flow diagram of at least one embodiment of an alternative

process for applying multiple coatings to a solder paste stencil.

DETAILED DESCRIPTION

[0018] As can be appreciated, the coating composition can include any number of
chemistries with any number of additives, each formulation having its own particular set of

working properties.

[0019] For example, useful hydrophobic and oleophobic coatings compositions can be
those that have SiO functional groups. Such coatings can include metal alkoxide type molecules
that have alkyl, aryl, or siloxane functionality. Such materials may be converted from raw

materials to final coating by means of sol-gel chemistry.

[0020] Useful hydrophobic and oleophobic coatings may contain partially or fully
fluorinated monomers, polymers, and/or copolymers that can form a coating on their own or that
are reacted with other constituents, for example, the metal alkoxide type molecules described
above. Other useful chemistries may include siloxanes, silicones, alkanes, fatty acid based

polymers.

[0021] In addition, various non-reactive particles, organic or inorganic, may be treated
with the aforementioned materials or combinations thereof such that the surface becomes
hydrophobic and/or oleophobic. An example is treating the surface of talc with one of the
chemistries described herein. In this example, the particles can then be suspended in a carrier

matrix and deposited.
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[0022] Other additives may be useful in order to provide additional functional properties.
For example, one or more color dyes or pigments, UV or light stabilizers, anti-oxidants, flame
retardants, antimicrobial compounds, stabilizers, fillers, solvents, rheology modifying agents, or
other ancillary material can be added to the coating composition. Such additives can be added to
the coating composition in any order and in any suitable quantity. Fillers can be used to adjust
rheology, reduce polymer demand, improve hardness, scratch-resistance, modulus or other
properties. Non-limiting examples of such fillers include inorganic particles such as, for
example, silicon dioxide, aluminum oxide, cerium oxide, tin oxide, zinc oxide, clays, barium
sulfate, and talc. Organic functional fillers and powders, including for example, micronized

polytetrafluoroethylene can also be used.

[0023] Additionally, one or more, monomers, oligomers or polymers can be incorporated
into the coating composition to impart, or control, certain qualities of the coating composition.
Non-limiting examples of such additional monomers, oligomers, and polymers include epoxies,

urethanes, acrylics, and silicone.

[0024] In certain embodiments, a coating composition can be filtered once mixed using
any known filtering technique such as, for example, through use of filter paper, filter cartridges,
or filter bags. Filtering can be performed to remove certain additives or to create a more uniform
distribution of additives and the filter size and level can be selected based on these application
requirements. A suitable example of a filtering method is the use of 0.45 micron

polytetrafluoroethylene syringes filter to filter the coating composition.

[0025] The coating composition can be used immediately or stored for future use. The
coating composition can be stable and used indefinitely, as long as the components remain in

solution.

[0026] The coating composition can be applied to a substrate and cured in a single-step
process to form a hydrophobic and oleophobic coating layer on the substrate. The curing process
can involve the evacuation of the solvent through evaporation and the coincident curing of the
reactive components. Evacuation of the solvent can take place at ambient temperature or can be

accelerated by use of elevated temperatures (e.g., temperatures of about 100° C or more).
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However, it should be appreciated that elevated temperatures are not needed and the entire

curing process can take place at about room temperature (e.g., at about 23° C).

[0027] Such coating compositions can be applied to a large variety of articles including,
without limitation, stencils, mobile devices, glass substrates in transportation and construction
industries, polymeric parts, metal parts, and paint surfaces. Specific substrates can offer specific
benefits. For example, substrates with oxides on the surface such as cold rolled steel, iron,
copper, brass, stainless steel, glass, ceramics, and the like can enable covalent bonding to the
coating composition. In such cases, hydroxyl groups on the substrate can be activated in any
suitable process, such as, for example, the use of an alkaline cleaner. However, the coating
composition can still be applied to surfaces, such as certain polymers, without hydroxyl groups.
On such substrates without hydroxyl groups, the coating composition can adhere, for example,

through physical force.

[0028] The coating composition can exhibit a variety of beneficial qualities when cured
on a substrate. For example, the coating can be a thick, durable coating that has a high degree of
hydrophobicity and oleophobicity. In certain embodiments, the contact angle of water on the
cured hydrophobic coating layer can be about 80° to about 120°, or more, when measured in
accordance with ASTM D7334-08. A water contact angle of about 80° to about 120°, or more,

can indicate the coating layer is hydrophobic.

[0029] In certain embodiments, the contact angle of n-hexadecane on the cured
hydrophobic coating layer can be about 50° to about 80°, or more. Measurement of the contact
angle of n-hexadecane can generally indicate oleophobicity with contacts angles of about 50° to
about 80°, or more, considered oleophobic. Oleophobicitiy can, in certain embodiments, also be
indicated by the speed at which a drop of isopropyl alcohol pulls back from a cured coating

layer.

[0030] Additionally, the cured coating composition can have a low surface energy. The
surface energy of a coating measures the ability of a coating to repel liquids and solids. The
coating composition can, in certain embodiments, exhibit a surface energy of about 10 to about

20 dynes/cm”.
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[0031] In certain embodiments, the cured coating composition can be applied over a wide
range of thicknesses. The thickness of the coating can be dependent on the application and
environment in which the coated article is employed. For example, the coating composition can
be as thin as about 0.1 micron while retaining good durability but can be produced in thicker
layers if desired. For example, the coating can have a thickness from about 0.1 micron to about
10 microns in certain embodiments, from about 10 microns to 100 microns in certain
embodiments, and from about 100 microns to about 1 mm in certain embodiments. The use of
thicker layers can be useful, for example, when the coating composition is applied to rough
substrates as a thicker coating can conform to irregularities in the substrate and create a

substantially planar surface.

[0032] The dimensions and values disclosed herein are not to be understood as being
strictly limited to the exact numerical values recited. Instead, unless otherwise specified, each
such dimension is intended to mean both the recited value and a functionally equivalent range

surrounding that value.

[0033] It should be understood that every maximum numerical limitation given
throughout this specification includes every lower numerical limitation, as if such lower
numerical limitations were expressly written herein. Every minimum numerical limitation given
throughout this specification will include every higher numerical limitation, as if such higher
numerical limitations were expressly written herein. Every numerical range given throughout
this specification will include every narrower numerical range that falls within such broader

numerical range, as if such narrower numerical ranges were all expressly written herein.

[0034] Every document cited herein, including any cross-referenced or related patent or
application, is hereby incorporated herein by reference in its entirety unless expressly excluded
or otherwise limited. The citation of any document is not an admission that it is prior art with
respect to any invention disclosed or claimed herein or that it alone, or in any combination with
any other reference or references, teaches, suggests, or discloses any such invention. Further, to
the extent that any meaning or definition of a term in this document conflicts with any meaning
or definition of the same term in a document incorporated by reference, the meaning or definition

assigned to that term in the document shall govern.
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[0035] Application of the afore-described coating constituents is advantageously applied
in conjunction with a nebulization system. Such systems suitably include atomizers or aspirator
nozzles or a suitable Venturi spray head or fluid applicator, and may comprise a spray system
analogous to applicators available in conjunction with airbrush systems. Further variants include
fluid application via electrostatic processes, ultrasonic nozzles or centrifugal-based application
systems. Further details relative to example embodiments for applicators are described further

below.

[0036] Turning now to FIG. 1, illustrated is an example embodiment of a coating
application system 100 that can be used in conjunction with application of coatings described
herein. An applicator 110 can be associated with a positioning system 104 that can be
configured for relative motion to a work piece 102. Coating can be supplied from one or more
reservoirs, such as coating reservoir 112, as illustrated. Coating can be fed by gravity from a
reservoir sitting atop the airbrush (called gravity feed) or siphoned from a reservoir mounted
below (bottom feed) or on the side (side feed), for example. In an example embodiment detailed
below, applications can include spraying of circuit board stencils. In such applications, it may be
preferable to use a bottom feed system where the coating is drawn up from a bottle of a defined
and larger volume. The bottle can be refilled manually or automatically, or can simply be
replaced with a full bottle. In another example embodiment, coating can be applied under

pressure, such as at two atmospheres, to facilitate deposition.

[0037] Applicator 110 can include one or more sprayers, such as that illustrated by
sprayer 114. In the illustrated embodiment of FIG. 1, two-dimensional relative movement
between work piece 102 and applicator 110 can be accomplished in a first “x” axis and a
complementary “y” axis by operation of drive units 120 and 122, respectively. In an example
embodiment, shafts 130 and 132 can be rotated about their axes by rotational movement driven
by drive units 120 and 122, respectively, such as by incorporation of a screw drive mechanism or
other mechanisms to urge relative movement of applicator 110. Applicator 110 can include a
suitable mount for attachment to the shafts 130 and 132. Control of drive units 120 and 122 can

be made in conjunction with a control system 140. The control system 140 can be set or

controlled manually or via an associated controller system.
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[0038] Control system 140 can include a computer system 144. Computer system 144
can include one or more processors illustrated by CPU 148, working in conjunction with data
storage as illustrated by memory 150 and an input/output subsystem 152. The computer system
can include a user interface 156, which can include a video display and user input such as a

keyboard, mouse, or any other suitable data input.

[0039] Computer system 140 can be provided with a network interface 160 for data
communication with other systems via direct connection, local area network connection or wide
area network connection, such as the Internet, as illustrated by connection to cloud 164.
Implementation of computer control for a coating application can allow for preset or adaptive
control of nozzle flow or applicator velocity relative to a work piece. Such control may facilitate
uniform or repetitive application of coatings in accordance with empirically derived or calculated
application parameters, such as one or more of nozzle flow, applicator velocity, applicator
property, coating property, or work piece property, as well as parameters that may be based on

environmental conditions such as temperature, ambient pressure or humidity levels.

[0040] Turning now to FIG. 2, illustrated is an example embodiment of an applicator 200
that can include an air brush application system that can supply coating to work piece 202. The
applicator 200 can include a body 206 and a nozzle 208 configured to supply coating supplied by
coating reservoir 212. In the illustrated example, ducts 220 and 222 can supply air to reservoir
212 and nozzle 208, respectively, where coating can be urged from reservoir 212 to nozzle 208

via duct 226 and atomizing air is supplied via duct 222.

[0041] In the illustrated example embodiment of FIG. 2, air pressure to duct 220 can be
controlled by actuator 240 and air pressure to duct 22 can be controlled by actuator 244. The
illustrated example includes solenoid actuators, but any suitable actuator is suitably implemented
as will be appreciated by one of ordinary skill in the art. Actuators 240 and 244 can be
controlled by a computer system, such as computer 144 detailed in conjunctions with FIG. 1,

above.

[0042] With an internal mix airbrush the coating and air can mix inside the airbrush (in
the tip) creating a finer atomized "mist" of paint, for example. Also suitable is an external mix

airbrush wherein the air and coating can exit the airbrush before mixing with each other, which
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generally creates a larger coarser atomization pattern. External mix airbrushes may be less
expensive and more suited for covering larger areas faster.
[0043] An advantage of external mixing may be that the coating does not dry out inside

of the spray apparatus. This may be easier to clean and thus may reduce particles.

[0044] Even with the internal mix airbrush, only a small area in the interior of the gun
may be exposed to the coating, such as one pin and its barrel, so there may be little chance of
building up and cleaning ease may be improved. The “standard” type of HPLV spray head may
have many wetted parts and multiple air pathways. This complexity may make it a challenge for

cleaning as these hydrophobic coatings preferentially stick to metal surfaces.

[0045] By way of example, suitable air brushes can be provided by Paache H, of Paache
Company, 4311 N. Normandy Avenue, Chicago, IL 60634-1395 or Aztec A220 from Testor
Corporation, 11 Hawthorn Parkway Vernon Hills, IL. 60061.

[0046] Turning now to FIG. 3, illustrated is an example embodiment of a coating
operation 300. The coating operation 300 can commence at 302. Data associated with
parameters associated with a coating operation, such as coating properties, work piece properties,
applicator properties, or the like, can be received at 306. If work piece dimensions are not preset
as determined at 310 they can be received at 314. Once work piece dimensions are ascertained, a
similar determination can be made relative to parameter coating parameters at 318 where

parameter coatings can be received at 322 when not otherwise preset.

[0047] A determination can be made at 326 as to whether environmental issues are to be
taken in to account. If so, data associated with environmental conditions such as temperature,
pressure or humidity can be obtained at 330. Once relevant data is obtained, a calculation of
coating operation parameters can be made at 334. Such parameters can include air pressure
control, movement control, coating selection, or the like. Commencement of a coating operation
can occur at 338 and application control made at 342. A determination as to completion of a
coating operation can be made at 346, and once completed, an applicator can be suitably

disengaged and/or retracted at 350 leading to an end of the process at 354.
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[0048] It will be appreciated that control of a coating operation 300 such as that
illustrated with the example embodiment of FIG. 3 can be suitably accomplished with the
computer or control systems, illustrated above, as well as in conjunction with further example

embodiments detailed below.

[0049] Turning now to FIG. 4, illustrated is another example embodiment of a coating
applicator 400 with complementary views provided by FIGS. 4(A) and 4(B). The applicator in
the illustrated embodiment is comprised of an array of individual spray systems 410a, 410b, 410c
and 410d. The example embodiment illustrates the spray systems as being affixed in a linear
array by mount 420. The spray systems 410 can move in a direction d perpendicularly relative to
one or more work pieces. In further example embodiments, the spray systems 410 can be
suitably moved in a complementary direction d’. In further variations, the spray systems 410 can
be suitably moved relative to a work piece at an angle offset relative to movement resulting in
spray patterns that are temporally offset from application of a particular portion while resulting
in coating areas that are closer together relative to distance between spray systems 410. It will be
further appreciated that spray systems 410 can be suitably disposed in adjacent relationship

relative to work piece movement to affect application of multiple coats in a single pass.

[0050] Turning now to FIG. 5, illustrated is another example embodiment of a coating
applicator 500 with complementary views provided by FIGS. 5(A) and 5(B). In the illustrated
example embodiment, an array of spray systems 510a, 510b, 510c can be affixed in a rotatable
mount 520 and can be positioned to enable rotational movement r relative to one or more work
pieces. It will be appreciated that further example embodiments include non-linear relative
orientation of the spray systems 510, or offset or overlapping orientation as described above in

connection with FIG. 4.

[0051] FIG. 6 illustrates another example embodiment where one or more work pieces
602 can be moved relative to one or more spray systems 604 via a conveyor 610. It will be
appreciated that drive mechanism 600 can facilitate coating multiple work pieces 602 in a serial

fashion by movement of the conveyor 610 in the direction d.

[0052] In an example embodiment, the coating applied in connection with the forgoing

description can be used in connection with manufacture of electronic devices, such as with

10
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printed circuit boards. Solder paste stencils are often used in the electronics assembly industry to
selectively deposit solder paste onto circuit boards and other electronic interconnects. The stencil
can be constructed of a thin metal foil, typically of stainless steel or nickel, and has apertures that
are cut typically with a laser. A high viscosity paste is pushed through the apertures with a
squeegee and onto the pads of a circuit board. When the components are then inserted onto the
board, the metal leads are pushed into the paste, and the paste is reflowed and cooled to provide
an interconnection.

[0053] Turning to FIG. 7, illustrated is an example embodiment of a solder paste
application 700. A printed circuit board stencil 710 includes one or more apertures such as the
one illustrated at 714. Squeegee 720 can used to apply high viscosity paste 730. The paste can

be pushed through the one or more apertures to accomplish interconnection as noted above.

[0054] As circuit boards and components have gotten smaller in size, so has the size and
aspect ratio of stencil apertures. Solder paste tends to stick to the aperture walls. The reduction
in size and aspect ratio of the apertures has led to difficulties transferring sufficient volumes of
solder paste to establish a dependable solder joint. Hydrophobic and oleophobic repellent
coatings, such as those detailed herein, may help address this problem. These coatings can be
sprayed onto the surface of the stencil that is in contact with the circuit board. In the process,
some coating can penetrate the apertures and can be coated onto the walls. This coating can
provide a non-stick function allowing more paste to be transferred through the apertures. The
coating on the stencil surface can provide an easy to clean property, requiring less cleaning
cycles during the printing process. With airbrush spraying, stencils can be sprayed vertically
allowing for smaller footprint of equipment. In a further example embodiment, spraying can be
accomplished in multiple passes and multiple directions to facilitate optimized coating

deposition.

[0055] As discussed herein, certain types of functional coatings, particularly hydrophobic
and oleophobic coatings, when applied to the working surfaces of solder paste stencils can
provide benefits, efficiencies and cost savings. For example, when hydrophobic and oleophobic
coatings are applied to the print side of the stencil 710, they can prevent the solder paste build up
which is frequently the normal result of solder paste printing. Without a coating, as the squeegee

720 passes over a particular aperture 714, paste 730 may be squeezed under the stencil 710 and

11
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can build up on the print side, with each successive print. Unless this excess is removed, it can
transfer onto the subsequent circuit board being printed, producing unwanted results such as
bridging, poor profiles, misprints and other defects. This excess solder paste can be removed by
cleaning with absorbent wiping materials, in an automatic or manual process, with or without
additional liquid cleaning agents but these wiping and liquid materials can be costly and the use

of them may reduce the overall efficiency of the process.

[0056] A hydrophobic and oleophobic coating can also be applied to the walls of the
apertures 714 of the stencil 710. Smaller component sizes may require smaller solder lands,
which in turn can result in smaller apertures and lower aspect ratios. Smaller pads can mean
reduced tack force for allowing the solder paste 730 to be pulled from the aperture 714. The
coating can impart a reduced friction surface to the wall allowing solder paste 730 to pass
through more easily. The coating can also smooth out the surface of the apertures 714 which can
be relatively rough because of the process of cutting, typically with a laser, and the roughness
can be in the range of about 0.1 microns to about 0.5 microns or more. The coating thus can

increase transfer efficiency and can lead to a more accurate and uniform printing.

[0057] In some embodiments, the hydrophobic and oleophobic coatings that can be
applied to the print side of the stencil 710 may be relatively thin, even nanometers thick, for
example, in the range of about 10 nanometers to about 100 nanometers thick. In other
embodiments, the hydrophobic and oleophobic coatings that can be applied to the print side of
the stencil 710 may be relatively thick, for example, in the range of about 0.5 microns (500
nanometers) to about 5 microns (5000 nanometers) thick. The thin and thick coatings can each
have certain strengths and weaknesses such that different applications may benefit from different

coating ranges.

[0058] The thin print-side coatings may be for example, monomolecular layers and can
be comprised of, for example, of silane or phosphonate functional molecule. In this case, the
silane or phosphonate moieties comprise the molecule’s head and can form chemical bonds by
means of oxide groups present on the surface of the stencil 710, which in most cases may be
stainless steel or nickel. The hydrophobic and oleophobic groups can form the tails of the

molecule, comprised of, for example, organic, silane or fluoro-organic groups which align with

12
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the air interface, regularly ordering themselves until a continuous film is formed. Other thin
coatings can be comprised of monomers, oligomers and polymer coatings, multilayer coatings
that chemically or physically bond to the stencil surface and then produce a hydrophobic and
oleophobic surface at the air interface. In some embodiments, the thin coatings can be a

fluoroalkoxysilane, which can include the following structure:

CF3;—(CF,);——(CH,), Si(OR)s.,
R/,

where m=0 to 15; n=1 to 5; p=0, 1, 2; each R is an alkyl, each R'is an alkyl or H. The thin

coatings can also be an organophosphonic acid, which can have the following structure:
CF53(CF,)O(CF,CF,),—CH,CH,—POsH,

where x is 0 to 7, y is 1 to 20 and x+y=27, or a derivative thereof selected from acid salts and
acid esters, dissolved or dispersed in a liquid diluent, in a container substantially impervious to

the diluent.

[0059] Such monomolecular coatings can conform to the surface of the substrate, even
the relatively small dimensional pore structure inherent in metallic surfaces such as stainless
steel or nickel, which is commonly used to construct solder paste stencils (e.g., SMT stencils).
The ability to penetrate and bond to the surface in this way can permit these coatings to provide
excellent abrasion resistance. These thin coatings can be applied to the print side of the stencil
710 after the apertures 714 are produced and may be wiped on, sprayed on or applied by other
methods. These coatings when wiped or even sprayed on can have little effect on the ease of
paste transfer or transfer efficiency of the stencil 710, since the wiping application does not lead
to coating of the aperture walls. In addition, even when sprayed these coatings may be too thin
to smooth out the inherently rough walls of the apertures. Therefore, the thin coatings may be
used to improve the ease of cleaning and a repellency of solder paste and flux on the print side of

the foil.

13
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[0060] Another potential beneficial feature of the thin hydrophobic and oleophobic
coatings is that they may be applied to the stencil substrate prior to the apertures being produced
in the substrate. This can be done by the substrate manufacturer or stencil manufacturer and can
lead to process efficiencies. Another example feature of these thin print-side coatings is that if
they wear off, they can be easily re-applied, even by the end user, using the same spray or wipe-

on or other methods.

[0061] Thicker hydrophobic and oleophobic coatings, in the range of about 0.5 microns
(500 nanometers) to about 5 microns (5000 nanometers) may also be applied to the print side of
the stencil 710. These coatings may be comprised of, for example, silane polymers, siloxane and
polysiloxane and other silicon based polymers and others that form continuous coatings by
binding to the oxide groups on the surface through silane or phospahate functional groups. Other
organic, silane or fluoroorganic groups on the polymer or chemical matrix can be aligned at the
air interface to provide the hydrophobicity and oleophobicity. These thicker coatings can be
only applied to the stencil substrate after the apertures are produced, for example. If the coating
is applied prior to cutting of the apertures, when the apertures are cut into the substrate typically
by a laser, the laser may melt or char the coating around the aperture leading to a poorly defined
aperture shape. In some embodiments, the thick coatings may be a metal alkoxide. For example,
the metal alkoxide coating can include at at least one alkoxide of one or more of the elements
aluminum (Al), silicon (Si), tantalum (Ta), titanium (T1), zirconium (Zr), hatnium (Hf) or yttrium
(Y). With corresponding metal alkoxides, it is then possible to form particularly suitable,
thermally stabile coating materials in the form of so-called hybrid polymers (with the alkoxide
and an organic network). In other embodiments, the thick coatings can be a chlorine terminated
polydimethylsiloxane oligomer. In such embodiments, a reaction can occur between the
cholorines with hydroxy and silanol groups of glass, metal oxide surfaces, and siliceous surfaces

to form a chemically bound polydimethylsiloxane “siliconized” surface.

[0062] The thicker coatings can be applied by some type of spray process, for example
by HVLP or an air brush spray process. This application process can also allow coating of the
aperture walls to impart the hydrophobic and oleophobic function to reduce friction and improve

solder paste flow. These thicker coatings can also smooth out the rough surface of the aperture
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walls. Combined, these features can improve the transfer efficiency of the stencil and permit

more accurate printing, allowing smaller features and components to be manufactured.

[0063] The thicker hydrophobic and oleophobic coatings may be more susceptible to
adhesion and delamination failures after many print cycles due to the constant flexing and
stresses involved in the process. Such failures typically occur on the print side of the stencil due
the movement of the squeegee, contact of the circuit board being printed and other surface
effects. Typically, the coating in the apertures stays intact and no loss of adhesion or reduction
takes place even after many prints and even if loss of adhesion or delamination occurs in the
coating on the print side. Because the thicker coatings are typically applied by the stencil
manufacturer with specialized equipment, the end user of the stencil cannot easily repair or
recoat the stencil when an adhesion failure occurs. Therefore, these thicker hydrophobic and
oleophobic coatings may not be satisfactory for long running print cycles, where the stencil will
be used for 5,000, 10,000, 20,000, 50,000 or more print cycles. However, it will be appreciated

that any such use is contemplated.

[0064] A hybrid application technology is disclosed herein which takes advantage of the
inherent benefits of both the thin and thick hydrophobic and oleophobic coatings. More
specifically, a thin coating can be applied to the surface of the print side of the stencil.
Additionally, a thicker coating can be applied to the walls of the apertures. The hybrid
application technology can impart easy-to-clean functionality to the print side surface and an
improvement in transfer efficiency to the apertures. Further, the hybrid application technology
can allow the thin coating on the surface to be reapplied easily by the end user, when necessary,
at relatively low cost. Thus, solder paste stencils (e.g., SMT stencils) with an improved print-
side easy-to-clean function and improved paste release and transfer efficiency that will remain

functional for long run production SMT stencils can be cost effectively produced.

[0065] Referring now to FIG. 8, a hybrid process 800 for applying multiple coatings to a
solder paste stencil (e.g., an SMT stencil) is illustratively shown. The hybrid application process
800 can commence at block 802. In block 804, a thin hydrophobic and oleophobic coating can
be applied to the stencil substrate prior to producing the apertures. The stencil substrate can be,

or otherwise include, stainless steel, nickel, or any other type of substrate metal. In some
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embodiments, the thickness of the thin coating can be in a range of from about 0.1 microns to
about 1 microns (or about 100-1000 nanometers) thick. In another embodiment, the thickness of
the thin coating can be in a range from about 0.01 microns to about 0.1 microns (or about 10-100
nanometers) thick. In yet another embodiment, the thickness of the thin coating can be in a
range from about 0.001 microns to about 0.01 microns (about 1-10 nanometers) thick.
Additionally, the thin coating can have the working structure of, for example, monomolecular
layers and can be comprised of, for example, silane or phosphonate functional molecule with, for
example fluorocarbon functionality. In this case, the silane or phosphonate moieties can
comprise the molecule’s head and form chemical bonds by means of oxide groups present on the
surface of the stencil, which can in most cases be stainless steel or nickel. The hydrophobic and
oleophobic groups comprised of, for example fluorocarbon functionality, can form the tails of
the molecule, which can align with the air interface, regularly ordering themselves until a
continuous film is formed. The thin hydrophobic and oleophobic coating can be applied to the
stencil by spraying, wiping, roll coating, spin coating, knife coating or other effective means, to

apply a continuous coat at the correct and even thickness.

[0066] Subsequently, in block 806, the thin hydrophobic and oleophobic coating can be
dried and/or cured by ambient temperature or heat, depending on the coating makeup. It will be
appreciated that in some embodiments drying and curing can happen simultaneously, where in
other embodiments heat or other action may separately be taken to cure the composition. Next, in
block 808, one or more apertures can be produced or formed in the stencil. In some
embodiments, the aperture(s) are cut or drilled into the stencil by a laser or any other suitable
mechanism for forming apertures in solder paste stencils. It should be appreciated that at this
stage of the process, the thin hydrophobic and oleophobic coating may only be coated on the

print side surface of the stencil.

[0067] In block 810, a thick hydrophobic and oleophobic coating can be applied to the
entire print side surface of the stencil. In the illustrative embodiment, the thick hydrophobic and
oleophobic coating can be applied in a manner such that it enters and covers the walls of the
aperture(s) formed in the stencil. In some embodiments, the thickness of the thick hydrophobic
and oleophobic coating is in the range from about 0.1 microns to about 0.5 microns (about 100-

500 nanometers) thick. In another embodiment, the thickness of the thick hydrophobic and
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oleophobic coating is in the range from about 0.5 microns to 5 about microns (about 500-5000
nanometers) thick. The thick coating may be comprised of, for example, silane polymers,
siloxane and polysiloxane and other silicon based polymers and others that can form continuous
coatings by binding to the oxide groups on the surface through silane or phosphonate functional
groups. Other organic, silane or fluoroorganic groups on the polymer or chemical matrix can be
aligned at the air interface to provide the hydrophobicity and oleophobicity. The thick
hydrophobic and oleophobic coating can be applied to the stencil by spraying or other effective
means. It should be appreciated that at this stage of the process, the thick hydrophobic and
oleophobic coating may only adhere to the walls of the stencil aperture(s) since the print side
already has a non-stick coating (i.e., the thin hydrophobic and oleophobic coating). The process

800 can then end at block 812.

[0068] Referring now to FIG. 9, another hybrid process 900 for applying multiple
coatings to a solder paste stencil (e.g., an SMT stencil) is illustratively shown. The hybrid
application process 900 can commence at block 902. In block 902, one or more apertures can be
produced or formed in the stencil. In some embodiments, the aperture(s) can be cut or drilled
into the stencil by a laser or any other suitable mechanism for forming apertures in solder paste
stencils. The stencil substrate can be, or otherwise include, stainless steel, nickel, or any other

type of substrate metal.

[0069] Subsequently, in block 906, a thin hydrophobic and oleophobic coating can be
applied to the print side surface of the stencil substrate. In some embodiments, the thickness of
the thin coating may be in a range from about 0.1 microns to 1 about microns (about 100-1000
nanometers) thick. In another embodiment, the thickness of the thin coating may be in a range
from about 0.01 microns to about 0.1 microns (about 10-100 nanometers) thick. In yet another
embodiment, the thickness of the thin coating may be in a range from about 0.001 microns to
about 0.01 microns (about 1-10 nanometers) thick. Additionally, the thin coating can have the
working structure of, for example, monomolecular layers and can be comprised of, for example,
silane or phosphonate functional molecule. In this case the silane or phosphonate moieties can
comprise the molecule’s head and can form chemical bonds by means of oxide groups present on
the surface of the stencil, which is in most cases, stainless steel or nickel. The hydrophobic and

oleophobic groups can form the tails of the molecule, and can contain for example, fluorocarbon
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functionality which can align with the air interface, regularly ordering themselves until a
continuous film is formed. The thin hydrophobic and oleophobic coating can be applied to the
stencil by spraying, wiping, roll coating, spin coating, knife coating or other effective

mechanism, to apply a continuous coat at the correct and even thickness.

[0070] Block 906 can include applying the thin hydrophobic and oleophobic coating in a
manner such that the coating substantially avoids filling or moving into the apertures defined by
the workpiece. For example, wiping, spraying, or application techniques can be used that limit,
minimize, or substantially prevent the thin coating from filling the apertures such that the one or
more walls of the apertures can subsequently be coated with a thick hydrophobic and oleophobic
coating as described herein. In one embodiment, a mask or filler can be used to fill all or a
portion of the apertures prior to application of the thin coating such that the thin coating is unable
to coat the one or more walls of the apertures. In one embodiment, the filler can be a soluble
material that after coating with the thin hydrophobic and oleophobic coating can be removed

such that the one or more walls of the apertures are exposed.

[0071] Next, in block 908, the thin hydrophobic and oleophobic coating can be dried
and/or cured by ambient temperature or heat, or by any other suitable mechanism such as
ultraviolet radiation, chemical additives, electron beams, or the like, depending on the coating
makeup. It should be appreciated that at this stage of the process, the thin hydrophobic and

oleophobic coating may be the only coating on the print side surface of the stencil.

[0072] In block 910, a thick hydrophobic and oleophobic coating can be applied to the
entire print side surface of the stencil. In the illustrative embodiment, the thick hydrophobic and
oleophobic coating can be applied in a manner such that it enters and covers the walls of the
aperture(s) formed in the stencil. In some embodiments, the thickness of the thick hydrophobic
and oleophobic coating can be in the range from about 0.1 microns to about 0.5 microns (about
100-500 nanometers) thick. In another embodiment, the thickness of the thick hydrophobic and
oleophobic coating can be in the range from about 0.5 microns to 5 about microns (about 500-
5000 nanometers) thick. The thick coating may be comprised of, for example, silane polymers,
siloxane and polysiloxane and other silicon based polymers and others that form continuous

coatings by binding to the oxide groups on the surface through silane or phosphonate functional

18



WO 2017/116560 PCT/US2016/060410

groups. Other organic, silane or fluoroorganic groups on the polymer or chemical matrix can be
aligned at the air interface to provide the hydrophobicity and oleophobicity. The thick
hydrophobic and oleophobic coating can be applied to the stencil by spraying or other effective
means. It should be appreciated that at this stage of the process, the thick hydrophobic and
oleophobic coating may only adhere to the walls of the stencil aperture(s) since the print side
already has a non-stick coating (i.e., the thin hydrophobic and oleophobic coating). The process

900 can then end at block 912.

[0073] Referring now to FIG. 10, a hybrid process 1000 for applying multiple coatings to
a solder paste stencil (e.g., an SMT stencil) is illustratively shown. The hybrid application
process 1000 can commence at block 1002. In block 1004, a soluble coating can be applied to
the stencil substrate prior to producing the apertures. The stencil substrate can be, or otherwise
include, stainless steel, nickel, or any other type of substrate metal. In some embodiments, the
thickness of the soluble coating can be in a range of from about 0.1 microns to about 1 microns
(or about 100-1000 nanometers) thick. In another embodiment, the thickness of the soluble
coating can be in a range from about 0.01 microns to about 0.1 microns (or about 10-100
nanometers) thick. In yet another embodiment, the thickness of the soluble coating can be in a
range from about 0.001 microns to about 0.01 microns (about 1-10 nanometers) thick. The
soluble coating can be applied to the stencil by spraying, wiping, roll coating, spin coating, knife
coating, dipping, or other effective means, to apply a continuous coat. The soluble coating can
be, for example, water soluble and can include acrylic or polyvinyl alcohol (PVA). It will be
appreciated that any suitable soluble material can be used to coat the stencil or work piece, such
as a soluble material to which the hydrophobic and/or oleophobic coating will not adhere. It will
be appreciated that the soluble material can be dried or cured as appropriate before transitioning

to subsequent steps.

[0074] In block 1006, one or more apertures can be produced or formed in the stencil or
work piece. In some embodiments, the aperture(s) can be cut or drilled into the stencil by a laser
or any other suitable mechanism for forming apertures in solder paste stencils. It should be
appreciated that at this stage of the process, the thin hydrophobic and oleophobic coating may
only be coated on the print side surface of the stencil. During this stage of the process, the

apertures can be formed in the stencil or work piece such that the one or a plurality of apertures
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are defined by one or more walls. The one or more walls may be substantially free of the soluble
material because the outer surface of the apertures was not exposed to the soluble material during
the coating process. Once the apertures are formed, the one or more walls of the aperture may

now be exposed such that they can be coated with a hydrophobic and oleophobic coating.

[0075] In block 1008, a thick hydrophobic and oleophobic coating can be applied to the
entire print side surface of the stencil. In the illustrative embodiment, the thick hydrophobic and
oleophobic coating can be applied in a manner such that it enters and covers the walls of the
aperture(s) formed in the stencil. In some embodiments, the thickness of the thick hydrophobic
and oleophobic coating is in the range from about 0.1 microns to about 0.5 microns (about 100-
500 nanometers) thick. In another embodiment, the thickness of the thick hydrophobic and
oleophobic coating is in the range from about 0.5 microns to 5 about microns (about 500-5000
nanometers) thick. The thick coating may be comprised of, for example, silane polymers,
siloxane and polysiloxane and other silicon based polymers and others that can form continuous
coatings by binding to the oxide groups on the surface through silane or phosphonate functional
groups. Other organic, silane or fluoroorganic groups on the polymer or chemical matrix can be
aligned at the air interface to provide the hydrophobicity and oleophobicity. The thick
hydrophobic and oleophobic coating can be applied to the stencil by spraying or other effective
means. It should be appreciated that at this stage of the process, the thick hydrophobic and
oleophobic coating may only adhere to the walls of the stencil aperture(s) since the print side has
been substantially covered with a non-stick soluble coating. In this manner the one or more walls
of the one or a plurality of apertures can be coated, but the remainder of the stencil or work piece
will not adhere to the thick hydrophobic and oleophobic coating. It will be appreciated that the
thick hydrophobic and oleophobic coating can be dried or cured in any suitable manner before

proceeding to the next stage.

[0076] In block 1010, the soluble coating can be removed with a solvent or other material
designed to remove the soluble coating. In one embodiment, the soluble coating is acrylic or
polyvinyl alcohol, where the soluble coating can be removed from the stencil or workpiece by
bathing or rinsing the work piece in water. Sufficient water can be applied such that the only
coating remaining on the stencil is the thick hydrophobic and oleophobic coating present on the

one or more walls of the one or a plurality of apertures.
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[0077] In block 1012, a thin hydrophobic and oleophobic coating can be applied to the
stencil substrate. With the soluble coating now removed the surface of the stencil or work piece
can now adhere to the thin hydrophobic and oleophobic coating. In some embodiments, the
thickness of the thin coating can be in a range of from about 0.1 microns to about 1 microns (or
about 100-1000 nanometers) thick. In another embodiment, the thickness of the thin coating can
be in a range from about 0.01 microns to about 0.1 microns (or about 10-100 nanometers) thick.
In yet another embodiment, the thickness of the thin coating can be in a range from about 0.001
microns to about 0.01 microns (about 1-10 nanometers) thick. Additionally, the thin coating can
have the working structure of, for example, monomolecular layers and can be comprised of, for
example, silane or phosphonate functional molecule with, for example fluorocarbon
functionality. In this case, the silane or phosphonate moieties can comprise the molecule’s head
and form chemical bonds by means of oxide groups present on the surface of the stencil, which
can in most cases be stainless steel or nickel. The hydrophobic and oleophobic groups
comprised of, for example fluorocarbon functionality, can form the tails of the molecule, which
can align with the air interface, regularly ordering themselves until a continuous film is formed.
The thin hydrophobic and oleophobic coating can be applied to the stencil by spraying, wiping,
roll coating, spin coating, knife coating or other effective means, to apply a continuous coat at
the correct and even thickness. In the example embodiment, the thick coating present on the one
or more walls of the one or a plurality of apertures may remain substantially unchanged. It will
be appreciated that the thin coating can be cured or dried by any suitable mechanism or method.
The process 1000 can then end at block 1014. Although described with reference to the print
face of the stencil it will be appreciated that the soluble coating, thin coating, and thick coating

can be applied to any suitable region of the work piece in any suitable order.

[0078] The foregoing description of embodiments and examples has been presented for
purposes of description. It is not intended to be exhaustive or limiting to the forms described.
Numerous modifications are possible in light of the above teachings. Some of those
modifications have been discussed and others will be understood by those skilled in the art. The
embodiments were chosen and described for illustration of various embodiments. The scope is,

of course, not limited to the examples or embodiments set forth herein, but can be employed in
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any number of applications and equivalent articles by those of ordinary skill in the art. Rather it

is hereby intended the scope be defined by the claims appended hereto.
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WHAT IS CLAIMED IS:

1. A device comprising:

an air driven spray applicator to apply a hydrophobic and oleophobic coating;

a mount to secure the air driven spray applicator relative to an associated work piece;

a positioning system operable to move the air driven spray applicator relative to the
associated work piece;

an input operable to receive a signal controlling operation of the air driven spray
applicator; and

an input operable to receive a signal controlling relative movement of the air driven spray

applicator and the associated work piece.

2. The device of claim 1, wherein the air driven spray applicator is comprised of at

least one air brush.

3. The device of claim 1, wherein the positioning system comprises first and second
complementary drive units to move the air driven spray applicator relative to the work piece in

two dimensions.

4. The device of claim 1, further comprising a controller coupled with the air driven
spray applicator and operable to generate the signal controlling operation of the air driven spray
applicator and the signal operable to control relative movement of the air driven spray applicator

and the associated work piece.

5. The device of claim 4, wherein the controller is operable to generate the signal
controlling operation of the air driven spray applicator and the signal operable to control relative
movement of the air driven spray applicator and the associated work piece in accordance with

spray application parameter data.

6. The device of claim 5, wherein the spray application parameter data includes data

representative of at least one application condition.
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7. The device of claim 6, wherein the application condition is one or more of nozzle

flow, applicator velocity, applicator property, coating property, or work piece property.

8. The device of claim 6, wherein the work piece is a solder paste stencil.

0. A method comprising:

receiving into a sprayer a hydrophobic and oleophobic coating;

receiving an air flow control signal;

receiving a position control signal;

enabling a Venturi spray head in accordance with the air flow control signal;

positioning a work piece relative to the Venturi spray head in accordance with the
position control signal; and

applying the hydrophobic and oleophobic coating to the work piece via the Venturi spray
head.

10. The method of claim 9, further comprising calculating one or more of a value of
the air flow control signal or a value of the position control signal in accordance with data

corresponding to environmental parameters.

11. The method of claim 10, wherein the environmental parameters include one or
more of data corresponding to ambient pressure, temperature, or humidity proximate to the work
piece.

12. The method of claim 9, further comprising calculating one or more of a value of
the air flow control signal or a value of the position control signal in accordance with data

corresponding to a property of the work piece.

13. The method of claim 9, wherein the work piece is a solder paste stencil.
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14. A method of coating a work piece, the method comprising:

receiving into a sprayer a first hydrophobic and oleophobic curable coating;

applying the first hydrophobic and oleophobic curable coating to the work piece via the
sprayer;

drying the first hydrophobic and oleophobic curable coating;

curing the first hydrophobic and oleophobic curable coating;

forming an aperture in the work piece, the aperture being defined by the work piece and
having one or more walls, wherein the one or more walls of the aperture are substantially free of
the first hydrophobic and oleophobic curable coating;

receiving into the sprayer a second hydrophobic and oleophobic curable coating; and

applying the second hydrophobic and oleophobic curable coating to the work piece via
the sprayer such that the second hydrophobic and oleophobic curable coating enters and covers

the one or more walls of the aperture.

15. The method of claim 14, wherein forming the aperture comprises forming a

plurality of apertures.

16. The method of claim 14, wherein forming the aperture in the work piece

comprises drilling the aperture into the work piece with a laser.

17. The method of claim 14, wherein the second hydrophobic and oleophobic curable
coating has a thickness greater than the thickness of the first hydrophobic and oleophobic curable
coating; and

wherein the first hydrophobic and oleophobic curable coating is a different coating

composition from the second hydrophobic and oleophobic curable coating.

18. The method of claim 17, wherein the thickness of the first hydrophobic and

oleophobic curable coating is from about 0.1 microns to about 1 micron.

19. The method of claim 17, wherein the thickness of the first hydrophobic and

oleophobic curable coating is from about 0.01 microns to about 0.1 microns.
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20. The method of claim 17, wherein the thickness of the first hydrophobic and

oleophobic curable coating is from about 0.001 microns to about 0.01 microns.

21. The method of claim 17, wherein the thickness of the second hydrophobic and

oleophobic curable coating is from about 0.1 microns to about 0.5 microns.

22. The method of claim 17, wherein the thickness of the second hydrophobic and

oleophobic curable coating is from about 0.5 microns to about 5 microns.

23. The method of claim 14, wherein the work piece is a solder paste stencil.

24, The method of claim 14, wherein drying the first hydrophobic and oleophobic
curable coating occurs substantially simultaneously with curing the first hydrophobic and

oleophobic curable coating.

25. The method of claim 14, wherein drying the first hydrophobic and oleophobic
curable coating occurs separately from curing the first hydrophobic and oleophobic curable

coating,

26. The method of claim 14, wherein curing the first hydrophobic and oleophobic
curable coating comprises heating the first hydrophobic and oleophobic curable coating above

ambient temperature.

27. The method of claim 14, further comprising drying and curing the second
hydrophobic and oleophobic curable coating.

28. A method of coating a work piece, the method comprising:
receiving into a first dispenser a soluble coating;
applying the soluble composition to a work piece using the first dispenser, the work piece

having a print surface;
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forming at least one aperture in the work piece, the at least one aperture being defined by
the work piece and having one or more walls, wherein the one or more walls of the at least one
aperture are substantially free of the soluble coating;

receiving into a second dispenser a first hydrophobic and oleophobic curable coating;

applying the first hydrophobic and oleophobic curable coating to the work piece via the
sprayer;

drying the first hydrophobic and oleophobic curable coating;

curing the first hydrophobic and oleophobic curable coating;

removing the soluble coating from the print surface of the work piece;

receiving into a third dispenser a second hydrophobic and oleophobic curable coating;
and

applying the second hydrophobic and oleophobic curable coating to the work piece such
that the second hydrophobic and oleophobic curable coating covers at least a portion of the print

surface of the work piece.

29. The method of claim 28, wherein the first dispenser, the second dispenser, and the

third dispenser are a single dispenser.

30. The method of claim 28, wherein the soluble coating is a water soluble coating,

31 The method of claim 30, wherein the soluble coating is polyvinyl alcohol or
acrylic.

32.  The method of claim 30, wherein removing the soluble coating from the print

surface of the work piece comprises rinsing the work piece with water.

33. The method of claim 28, wherein the first hydrophobic and oleophobic curable
coating has a thickness greater than the thickness of the second hydrophobic and oleophobic
curable coating; and

wherein the first hydrophobic and oleophobic curable coating is a different coating

composition from the second hydrophobic and oleophobic curable coating.
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34. The method of claim 33, wherein the thickness of the first hydrophobic and

oleophobic curable coating is from about 0.1 microns to about 1 micron.

35. The method of claim 33, wherein the thickness of the first hydrophobic and

oleophobic curable coating is from about 0.01 microns to about 0.1 microns.

36. The method of claim 33, wherein the thickness of the first hydrophobic and

oleophobic curable coating is from about 0.001 microns to about 0.01 microns.

37. The method of claim 33, wherein the thickness of the second hydrophobic and

oleophobic curable coating is from about 0.1 microns to about 0.5 microns.

38. The method of claim 33, wherein the thickness of the second hydrophobic and

oleophobic curable coating is from about 0.5 microns to about 5 microns.

39. The method of claim 28, wherein the work piece is a solder paste stencil.

40. The method of claim 28, wherein forming the at least one aperture comprises

forming a plurality of apertures.

41. The method of claim 28, wherein forming the at least one aperture in the work

piece comprises drilling the at least one aperture into the work piece with a laser.

42. The method of claim 28, wherein drying the first hydrophobic and oleophobic
curable coating occurs substantially simultaneously with curing the first hydrophobic and

oleophobic curable coating.
43, The method of claim 28, wherein drying the first hydrophobic and oleophobic
curable coating occurs separately from curing the first hydrophobic and oleophobic curable

coating,
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44.  The method of claim 28, wherein curing the first hydrophobic and oleophobic
curable coating comprises heating the first hydrophobic and oleophobic curable coating above

ambient temperature.

45. The method of claim 28, further comprising drying and curing the second
hydrophobic and oleophobic curable coating.
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