I *I Innovation, Sciences et Innovation, Science and CA 3080321 C 2023/02/14

Développement économique Canada Economic Development Canada
Office de la Propriété Intellectuelle du Canada Canadian Intellectual Property Office (1 1)(21) 3 080 321
12 BREVET CANADIEN
CANADIAN PATENT
13 C
(86) Date de dépot PCT/PCT Filing Date: 2018/10/26 (51) ClLInt./Int.Cl. HO1B 3/46 (2006.01),
(87) Date publication PCT/PCT Publication Date: 2019/05/02 C09D 183/04 (2006.01), HOSK 3/28 (2006.01)
" . (72) Inventeurs/Inventors:
(45) Date de délivrance/lssue Date: 2023/02/14 AHMAD, SYED TAYMUR, US:
(85) Entrée phase nationale/National Entry: 2020/04/24 KLEINGARTNER, JUSTIN, US;
(86) N° demande PCT/PCT Application No.: US 2018/057741 BALASUBRAMANIAN, SRUTI, US
(87) N° publication PCT/PCT Publication No.: 2019/084423 (73) Propriétaires/Owners:
o AHMAD, SYED TAYMUR, US;
(30) Priorité/Priority: 2017/10/26 (US62/577,471) KLEINGARTNER, JUSTIN, US:
BALASUBRAMANIAN, SRUTI, US
(74) Agent: KIRBY EADES GALE BAKER

(54) Titre : COMPOSITION COMPRENANT DES FLUIDES NON NEWTONIENS POUR DES REVETEMENTS HYDROPHOBES,
OLEOPHOBES ET OLEOPHILES, ET LEURS PROCEDES D'UTILISATION

(54) Title: COMPOSITION COMPRISING NON-NEWTONIAN FLUIDS FOR HYDROPHOBIC, OLEOPHOBIC, AND OLEOPHILIC
COATINGS, AND METHODS OF USING THE SAME

(57) Abrégé/Abstract:

A composition for forming a protective coating on an electronic device thatis in the form of a non-Newtonian fluid that exhibits both
viscous and elastic properties, and that forms at least one coating that is hydrophobic, oleophobic, or oleophilic is disclosed. The
viscous and elastic properties associated with the non-Newtonian fluid allows the composition to redistribute after being applied as
a coating an electronic device. Methods for protecting an electronic device from liquid contaminants by applying the disclosed
composition and electronic devices comprising the composition are also disclosed. An electronic device, such as a printed circuit
board, having a film made of the composition is also disclosed.

C an a dg http:vopic.ge.ca » Ottawa-Hull K1A 0C9 - aup.:/eipo.ge.ca OPIC

OPIC - CIPO 191




woO 2019/084423 A1 | NN 000000000 O 0

CA 03080321 2020-04-24

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

World Intellectual Propert 3
T remization = | O 0 O O
International Bureau / (10) International Publication Number
(43) International Publication Date ——’/ WO 2019/084423 A1
02 May 2019 (02.05.2019) WIRPOIPCT
(51) International Patent Classification: Published:
gz;g ;Zg 888283 CO9D 183/04 (2006.01) lvsvileh international search report (Art. 21(3))

(21) International Application Number:
PCT/US2018/057741

(22) International Filing Date:
26 October 2018 (26.10.2018)

(25) Filing Language: English
(26) Publication Language: English

(30) Priority Data:
62/577,471 26 October 2017 (26.10.2017)  US

(72) Inventors; and

(71) Applicants: AHMAD, Syed, Taymur [US/US]; 860 W
Blackhawk, Chicago, IL 60642 (US). KLEINGARTNER,
Justin [US/US]; 460 Harrison Ave, Unit 419, Boston, MA
02118 (US). BALASUBRAMANIAN, Sruti [IN/US]; 999
Hancock St, Unit 507, Quincy, MA 02169 (US).

(74) Agent: TROILO, Louis, M. et al.; Finnegan, Henderson,
Farabow, Garrett & Dunner, LLP, 901 New York Avenue,
N.W., Washington, DC 20001-4413 (US).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AQ, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA, CH, CL,CN, CO, CR, CU, CZ,DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,
KR, KW, KZ,LA,LC,LK,LR,LS,LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

(54) Title: COMPOSITION COMPRISING NON-NEWTONIAN FLUIDS FOR HYDROPHOBIC, OLEOPHOBIC, AND
OLEOPHILIC COATINGS, AND METHODS OF USING THE SAME

(57) Abstract: A composition for forming a protective coating on an electronic device that is in the form of a non-Newtonian fluid
that exhibits both viscous and elastic properties, and that forms at least one coating that is hydrophobic, oleophobic, or oleophilic
is disclosed. The viscous and elastic properties associated with the non-Newtonian fluid allows the composition to redistribute after
being applied as a coating an electronic device. Methods for protecting an electronic device from liquid contaminants by applying the
disclosed composition and electronic devices comprising the composition are also disclosed. An electronic device, such as a printed
circuit board, having a film made of the composition is also disclosed.



COMPOSITION COMPRISING NON-NEWTONIAN FLUIDS FOR HYDROPHOBIC,
OLEOPHOBIC, AND OLEOPHILIC COATINGS, AND METHODS OF USING THE

SAME

[001] This application claims priority to U.S. Provisional Application No.
62/577,471, filed October 26, 2017.

Technical Field

[002] The present disclosure generally relates to compositions comprising non-
Newtonian fluids that form hydrophobic, oleophobic, and/or oleophilic coatings, as well
as to electronic devices containing such coatings. The present disclosure also relates to
methods of protecting an electronic device from liquid contaminants by applying the
disclosed compositions to desired parts of the device, such as the printed circuit board.

Background

[003] Electronic devices are comprised of electrically conductive and insulating
components, which can be adversely affected by a variety of contaminants. Exposureto
liquids like water, will often lead to corrosion of these components, or a short circuit that
will eventually destroy the function of the electronic device. In addition, as such devices
become more sophisticated with increased functionality, they are being used in more
hazardous environments that require greater protection from contaminants, especially
liquids.

[004] As aresult, water resistant coatings are becoming a more popular form of
protection of such devices. Traditional water-resistant coatings consist of a conformal
coating or vacuum coating. Before application of these coatings to an electronic device,

certain components of the electronic device require masking to ensure there is no
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inhibition of the flow of electric current. This process is expensive and time consuming.
In addition, the thickness of traditional coatings can adversely affect the functionality of
the electronic device and act as a thermal insulator. Further, traditional conformal
coatings could also be worn away due to abrasion.

[005] Existing uses of compositions that exhibit non-Newtonian behavior used in
coating can be seen in, for example, U.S. Patent No. 4,728 578 and U.S. Patent
Application No. 11/269,593. An example of a wet, transparent conductive film for
application to an electronic device can be seen in U.S. Patent Application No.
13/611,575. An example of liquid spray coating can be seen in U.S. Patent No.
5,108,799. None of these examples provide an effective composition or method for
protecting an electronic device.

[006] Accordingly, there is need for coated electronic devices and methods that
allow for protection of electronic devices from contaminates, such as particulates
including dust and dirt, as well as liquids, such as water and bodily fluids, including
sweat. Furthermore, there is a need for a coating that can be applied without the need
to mask components prior to coating. There is also a need for a coating that can cover
an entire printed circuit board, without inhibiting the functionality of the device and
without the coating being easily worn away.

Summary

[007] In view of the foregoing, there is disclosed a composition that exhibits both
viscous and elastic properties that allow the compound to redistribute after being

applied as a coating in or on at least a portion of an electronic device.
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[008] In one embodiment, there is described a composition for forming a non-
Newtonian coating on an electronic device, the composition comprising: at least one
hydrophobic fluid, wherein the hydrophobic fluid forms a viscoelastic coating that has
electrical insulating properties, and is hydrophobic, oleophobic, oleophilic, or a
combination thereof.

[009] There is also disclosed a method of treating an electronic device by
applying a viscoelastic coating to the electronic device, the method comprising applying
a composition to an electronic device, the composition comprising: at least one
hydrophobic fluid, wherein the hydrophobic fluid forms a viscoelastic coating that has
electrical insulating properties and is hydrophobic, oleophobic, oleophilic, or a
combination thereof.

[0010] In another embodiment, there is disclosed a coating to protect a
substrate. For example, the coating may comprise at least one hydrophobic material
comprising a polysiloxane compound and having electrical insulating properties,
wherein the coating is hydrophobic, oleophobic, or oleophilic, and exhibits viscoelastic
properties that allow it to redistribute after being applied to the electronic component.

[0011] In yet another embodiment, there is disclosed a coating to protect a
substrate, wherein the coating comprises at least one hydrophobic material that has
electrical insulating properties, and comprises a polysiloxane compound, wherein the
coating is hydrophobic, oleophobic, or oleophilic, and exhibits viscoelastic properties
that allow it to redistribute after being applied to the electronic component.

[0012] In still another embodiment, there is disclosed an electronic device having

a viscoelastic film attached thereto, the film comprising the composition described
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herein. For example, the electronic device is a printed circuit board, the entirety of which

can be treated without first masking any of the components.

Detailed Description

[0013] As used herein, “ambient conditions” refers to 72 °F and 45% humidity.

[0014] As used herein, a “non-Newtonian fluid,” or versions thereof, means a fluid
whose viscosity is variable based on applied stress or force. The resulting coating
exhibits non-Newtonian behavior that is described by the coating's non-linear
relationship between shear stress and shear rate or the presence of a yield stress.

[0015] A non-Newtonian fluid comprises a single or multi-phase fluid that exhibits
non-Newtonian behavior. It may also include single or multiple constituents.

[0016] The non-Newtonian fluid is sometimes referred to as a complex fluid. In
one embodiment, the non-Newtonian fluid is a viscoelastic fluid.

[0017] As used herein, “viscoelastic fluid” means a fluid that exhibits both viscous
and elastic characteristics when undergoing deformation. To protect an electronic
device from contaminants, such as water or bodily fluids, dust or other particulates, and
the like, there is disclosed a composition comprising a non-Newtonian fluid. There is
further disclosed a method of treating an electronic device with a non-Newtonian fluid as
described herein, as well as an electronic device comprising the non-Newtonian fluid.

[0018] In one embodiment, a non-Newtonian fluid comprises a viscoelastic fluid
that exhibits both viscous and elastic characteristics. A viscoelastic fluid, unlike a purely
elastic material, will flow like a viscous liquid under load but will maintain the elastic
characteristics of a solid when not under load. Viscoelasticity has been well-studied and

the behavior of viscoelastic fluids is known in the arts. The elastic properties associated
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with the disclosed compounds allow the material to resist liquid contamination and
material deformation due to body forces (e.g., gravity), and the viscous properties allow
the material to redistribute itself under stress and over time, such as to be displaced
when a force is applied or to evenly cover a surface.

[0019] The properties of a non-Newtonian fluid therefore make it favorable for
use as a coating on electronic devices. Desirable non-Newtonian fluids are comprised
of materials that adhere or adsorb to the surface of the electronic device so as to
maintain a thin film, typically in the range of nanometers to angstroms. Such a film may
be achieved through Van Der Waals forces, allowing a thin coating to exist even after
much of the fluid has been displaced. Thicker thin films can be attained when the fluid
exhibits a yield stress.

[0020] The use of a non-Newtonian fluid as a coating may achieve benefits that
do not exist with the use of traditional conformal or vacuum coatings. The viscous
properties of a non-Newtonian fluid may eliminate the need to mask certain components
prior to coating an electronic device. Typically, masking certain components is used to
allow for the flow of an electric current through the openings in the coating. A non-
Newtonian fluid coating instead exhibits viscous properties by being displaced when a
component is introduced to the electronic device. Displacement allows the component
to connect to the electronic device with no interference. The displaced non-Newtonian
fluid coating will exhibit viscous properties and redistribute itself to protect the electronic
device. Masking a component is not necessary as the electric current will pass to the

component, however, masking may still be done if desired.
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[0021] In some embodiments, the coating may have electrical insulating
properties. As used herein, a coating having electrical insulating properties is defined as
a coating that has no or very little electric current flowing through it under the influence
of an electric field. In general, an electrical insulator is a material that has little to no
electrical conductivity, thus allowing little to no electrical current to flow through it.

[0022] In various embodiments, a portion of the internal components, or the
entirety of the internal components of electronic device may be coated with a non-
Newtonian fluid before additional components are introduced into the device, without
the need to mask any parts of the electronic device. Components can be introduced
after the coating has been applied and coating will not inhibit the flow of electric current
between the component and the electronic device. Manufacturing costs and difficulty
are generally increased due to masking. Using a non-Newtonian fluid coating as
disclosed herein can result in a decrease in both manufacturing costs and difficulty, due
to the need for masking having been greatly reduced or eliminated altogether.

[0023] The viscous properties of a non-Newtonian fluid allow for the non-
Newtonian fluid to flow in certain situations. The viscous properties allow for ease of
repair when the non-Newtonian fluid is applied as a coating to an electronic device. With
traditional conformal and vacuum coatings, abrasion caused by components or other
sources will reduce the overall resistance to liquid contamination unless the abraded
coating is replaced. To replace the coating using traditional methods is expensive and
time consuming.

[0024] As used herein, “redistribute” is used to describe the ability of the coating

to intrinsically self-heal to allow the coating to repair damage to the coating, such as
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when a hole is created when a connection is made between a male and female
component. The ability of the coating to redistribute is the result of a temporary increase
in mobility leading to a re-flow of the material in the damaged area. Redistribution or
intrinsic self-healing of the coating does not require the addition of external factors, such
as a healing agent, or the application of outside factors, such as heat or pressure. In
one embodiment, the coating is able to react to a force but stays in place such as when
a connection is made that would preclude the coating to flow back once the force is
removed.

[0025] As described, the disclosed non-Newtonian fluid coating will redistribute
itself, or “self-heal,” to replace areas of the coating that have been worn away due to
abrasion or damaged in other ways. The non-Newtonian fluid will redistribute itself over
time to fix inconsistencies in the surface of the non-Newtonian fluid coating. The
redistribution, or “self-healing,” capability can reduce costs associated with applying and
maintaining the coating.

[0026] In some embodiments, the coating may spread on a substrate as
described by the spreading coefficient (S), which is shown in the following equation:

S =V¥sa— ¥sc +Vea)

[0027] In the above-mentioned equation, ysa represents the surface tension
between the substrate and the air, ysc represents the surface tension between the
substrate and the coating, and yLa represents the interfacial tension. Spreading may
occur when the spreading coefficient is positive, or ysa is greater than (ysc+ yLa). When
the spreading coefficient is positive, this means that wetting of the coating on the

substrate can be completed. On the other hand, when the spreading coefficient is not

Date Regue/Date Received 2021-01-19



positive, the wetting cannot be completed. Instead, the spreading liquid may form
globules or floating lens.

[0028] In one embodiment, when applied as a coating the non-Newtonian fluid
coating may range in thickness from 25 nm to 200 ym, such as 50 nm to 50 ym, such
as 25 to 250 nanometers, such as 50 to 150 nanometers, or even from 80 to 120
nanometers. Coating thickness may be measured by non-destructive optical
techniques, such as ellipsometry, spectral reflectance techniques like interferometry and
confocal microscopy. Non-limiting examples of destructive methods to measure coating
thickness includes SEM. Traditional coatings, such as conformal and vacuum coatings
are typically much thicker. For example, traditional coatings typically range in thickness
from up to hundreds of microns, which may impede both the radio frequency and Wi-Fi
transmission of the electronic device, and further acts as a thermal insulator. The
thinner range of a non-Newtonian fluid coating does not adversely affect the
functionality of an electronic device, nor does it act as a thermal insulator. A non-limiting
example of a functioning electronic device is a fully assembled printed circuit board. A
fully assembled printed circuit board with a non-Newtonian fluid coating will exhibit
normal radio frequency performance, normal thermal properties, and other normal
functionalities.

[0029] Non-limiting examples of what a non-Newtonian fluid may include
functionalized poly siloxanes, linear and cyclic silicones, metal oxides (such as, for
example, silica and titania), fumed functionalized silica, styrene-ethylene/butylene-
styrene or styrene-ethylene/propylene-styrene materials swelled with mineral oils or

diesters, long chain fatty alcohols, functionalized fluoropolymers, functionalized or non-
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functionalized poly oligomeric silsesquioxanes, hydrophilic gellants like carbomers,
polysaccharide gums, polyolefins (such as, for example, linear or branched
polyethylene, linear or branched polypropylene, and the like).

[0030] In an embodiment, the disclosed composition may further comprise
particles, such as fluoropolymer particles, clay particles (such as, but not limited to,
kaolinite, laponite, and the like), mica, metal alkoxide particles from rare earth and
transition metals, carbon based materials and molecules, such as graphene, graphite,
and carbon nanotubes, metal organic frameworks.

[0031] In an embodiment, the disclosed composition may further comprise
additives that that improve the manufacturing of the composition, such as surfactants,
dispersants, and the like. The composition may also include additives that modify and
improve the rheological properties of a chemical formulation. Examples of surfactants
may include ionic and non-ionic industrial surfactants such as Triton™-X, Capstone™,
and the like, and molecules such as fatty acid alcohols, esters, acids, or amides that
show surface active properties. Examples of dispersants and rheological modifiers may
include electrostatically stabilizing molecules such as long chain polyacrylic acid,
sterically stabilizing highly branched polymer molecules, bulk viscosity increasing
nanoparticles, or sub-micron sized particles of metal oxides. Other materials that exhibit
viscoelastic properties may be used as a non-Newtonian fluid coating.

[0032] In some embodiments, the non-Newtonian fluid may also be suspended in
an appropriate carrier solvent. Non-limiting examples of appropriate carrier solvents
may be low molecular weight mineral oils, paraffins or iso-paraffins, alkanes or iso-

alkanes, low molecular weight linear silicones or cyclic silicones, alkyl acetates,
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ketones, fully or partially halogenated hydrocarbons (including, but not limited to,
alkanes, alkenes, alkynes, aromatic compounds, and the like), or aldehydes.

[0033] A non-Newtonian fluid can be designed to resist different types of liquid
contaminants. A non-Newtonian fluid may exhibit hydrophobic, hydrophilic, oleophobic,
or oleophilic characteristics, or any combination thereof. In one embodiment, the non-
Newtonian fluid contains a hydrophobic material such as a functionalized poly siloxane.

[0034] A functionalized poly siloxane coating can increase the hydrophobicity of
the device while also reducing the surface tension. A functionalized poly siloxane also
exhibits oleophilic characteristics. Oleophilic compounds are desirable in a coating to
absorb olls, such as oils secreted from the human body. In the present example, a
functionalized poly siloxane can act as an oleophilic compound to absorb oils secreted
by the human body. One example in which absorbing oils may be useful is to reduce or
eliminate fingerprinting on an electronic device. The oleophilic compound of the non-
Newtonian fluid can assimilate sebum into the coating by absorbing the sebum, which
may reduce or eliminate finger printing on the electronic device.

[0035] In another embodiment, the non-Newtonian fluid contains a hydrophilic, or
hygroscopic, material such as polysaccharide gums or carbomers. A hygroscopic
material can absorb moisture from the air. In the current example, a hygroscopic
material may be present in the non-Newtonian fluid, which may allow the compound to
absorb ambient moisture and expand in volume, thereby insulating the coated device
from water contact. The use of a hygroscopic material in a non-Newtonian fluid can be

used to reduce fogging on the coating of the electronic device. The hygroscopic material
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may absorb the moisture in the air and spread it throughout the coated surface thereby
reducing the amount of fog droplets forming on the coating.

[0036] In some embodiments, the non-Newtonian fluid may have aesthetic
alterations made. The refractive index of the coating can be engineered using
techniques known in the art. In one embodiment the non-Newtonian fluid coating can be
engineered to match the refractive index of transparent materials. Matching the
refractive index of transparent materials may maintain the clarity and transparency of
the final product. In other embodiments, the refractive index of the non-Newtonian fluid
coating may be engineered to match the refractive index of other desired materials.

[0037] In one embodiment, there is described a method of protecting an
electronic device from liquid contamination. In this embodiment, protection of an
electronic device can be achieved by treating the electronic device with a non-
Newtonian fluid, as disclosed above.

[0038] A number of different methods can be used to form the described coating.
Non-limiting examples of methods that can be used to form the disclosed coatings
include physical processes, such as printing, spraying, dipping, rolling, brushing, jetting,
or needle dispensing. Other techniques may also be used to form a moisture-resistant
coating.

[0039] As previously disclosed, the properties of a non-Newtonian fluid allow for
the treating of an electronic device without the need to mask components prior to
treating. Thus, the disclosed method encompasses treating an electronic device with

masked or unmasked components. Components may be introduced subsequent to the
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coating without the electric current between the electronic device and the component
being impeded.

[0040] In one embodiment, a portion or the entirety of an internal component of
an electronic device may be coated with a non-Newtonian fluid in a single application. In
another embodiment, the non-Newtonian fluid may be applied as a coating to only
certain parts of the electronic device. Still, in another embodiment, a non-Newtonian
coating may be applied to the electronic device in multiple applications.

[0041] Traditional conformal coatings and vacuum coatings have limited methods
of application. Due to the need for masking many components on electronic devices,
certain methods of coating are not available. A larger variety of application methods
may be used to apply non-Newtonian fluids as coatings. Certain application methods
may allow for a thinner non-Newtonian fluid coating to be applied to the electronic
device. Non-limiting examples of how non-Newtonian fluids can be applied to an
electronic device include atomized or non-atomized spraying, dip coating, film coating,
jetting, or needle dispensing. Non-Newtonian fluids can also be applied using traditional
methods, for example through vapor depositing. Non-limiting examples of these vapor
deposition techniques include chemical vapor deposition (CVD), plasma-based coating
processes, atomic layer deposition (ALD), physical vapor deposition (PVD), vacuum
deposition processes, sputtering, etc.).

[0042] In one embodiment, the use of any of the disclosed methods of application
of a non-Newtonian fluid to an electronic device will result in a non-Newtonian fluid
coating on the electronic device with a thickness in the range of 80 nm to 100 ym. The

coating thickness may not inhibit the functionality or the thermal properties of the
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electronic device. Furthermore, the viscous properties of the viscoelastic fluid used in
the non-Newtonian fluid may allow for the coating to be displaced when a component is
introduced.

[0043] As indicated above, non-limiting example of an electronic device a non-
Newtonian fluid may be applied to is a printed circuit board. The use of traditional
conformal coating and vacuum coating for printed circuit boards is expensive due to the
need to mask many components and the limited number of application methods that
can be used. For instance, dip coating is difficult to use as a conformal coating
application because the coating penetrates everywhere and masking must therefore be
perfect. In this example, the printed circuit board can be coated with a non-Newtonian
fluid composition coating using the dip coating method, as there is no need for masking.
Any connectors, such as connecting male connectors to base female connectors on the
printed circuit board, can be connected after coating without the electric current being
affected. The non-Newtonian fluid coating is displaced to allow the connection to be
made.

[0044] In another embodiment, there is described a coating to protect a
substrate, the coating comprising at least one hydrophobic material comprising a
polysiloxane compound and having electrical insulating properties. In an embodiment,
the coating is hydrophobic, oleophobic, oleophilic, and exhibits viscoelastic properties
that allow it to redistribute after being applied to the electronic component.

[0045] In the coating described herein the at least one hydrophobic material
further comprising one or more functionalized polysiloxanes, linear and cyclic silicones,

metal oxides, fumed functionalized silica, styrene-ethylene/butylene-styrene or styrene-
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ethylene/propylene-styrene materials swelled with mineral oils or diesters, long chain
fatty alcohols, functionalized fluoropolymers, functionalized or non-functionalized poly
oligomeric silsesquioxanes, hydrophilic gellants selected from carbomers,
polysaccharide gums, and polyolefins.

[0046] The coating described herein may further comprise one or more solid
particles selected from fluoropolymer particles, clay particles, mica, metal alkoxide
particles, rare earth and transition metals, carbon-based materials selected from
graphene, graphite, and carbon nanotubes, and metal organic frameworks.

[0047] The coating described herein may further comprise one or more additives
selected from a surfactant, a dispersant, or a rheologic modjifier.

[0048] In the coating described herein the composition can be suspended in a
carrier solvent comprised of at least one compound chosen from low molecular weight
mineral oils, paraffins or iso-paraffins, alkanes or iso-alkanes, low molecular weight
linear silicones or cyclic silicones, alkyl acetates, ketones, fully or partially halogenated
hydrocarbons, or aldehydes.

[0049] The coating described herein may have a thickness ranging from 25 nm to
200 um when applied to an electronic device.

[0050] In an embodiment, the coating further comprises at least one hygroscopic
material comprising a polysaccharide gum, a carbomer, or combinations thereof.

[0051] In one embodiment, there is disclosed an electronic device comprising the
disclosed compound which is coated using the disclosed method to provide an
electronic device having a protective coating comprising at least one hydrophobic or

oleophilic compound. Once applied to the electronic device, the non-Newtonian fluid
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coating increases the resistance of the electronic device to liquid contaminates. In
another embodiment, the non-Newtonian fluid coatings applied to the electronic device
makes the device completely waterproof.

[0052] Still, in another embodiment, the non-Newtonian fluid coating applied to
the electronic device contains an oleophilic compound designed to absorb oil, such as
oils secreted from the human body. The absorption may result in a reduction or
complete prevention of fingerprinting on the electronic device. In another embodiment
the non-Newtonian fluid applied contains a hygroscopic material such as polysaccharide
gums or carbomers, which can absorb ambient moisture and expand in volume thereby
insulating from water contact. The embodiment may reduce fogging of the non-
Newtonian fluid coating. Still, in another embodiment, the non-Newtonian fluid applied to
the electronic device contains hydrophobic, hydrophilic, oleophobic, and oleophilic
compounds.

Exemplary Deposition Methods

[0053] In one embodiment, the disclosed composition may be dispensed using a
syringe and needle. For example, a syringe can be fitted with a needle, with a gauge
having a gauge size ranging from 10 to 32, such as a needle having a gauge size of 16,
18 or 20, which will vary depending on the application required.

[0054] In another embodiment, the disclosed composition may be dispensed
using a manual spraying device. For example, a hand-held spray gun can be used to
atomize a coating, such as by using compressed air or nitrogen.

[0055] In another embodiment, the disclosed composition may be dispensed

using an automated dispensing mechanism that may be used to apply a coating to an
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electronic device. For example, various nozzles that may be used to dispense a coating
as described herein, such as a Nordson Asymtek™ wide beam spray valve. In other
embodiments, the nozzle may comprise a spray valve comprises a PVA film coat valve,
or a valve used in a PVA delta 6 automated coating dispensing machine.

Measurement Techniques

[0056] Following the application of a coating to an electronic device, the various
properties may be measured in the following manners.

[0057] The hydrophobicity or hydrophilicity of a coating may be measured by
observing the contact angle a water droplet makes on the surface of the coating. The
oleophobicity or oleophilicity of a coating may be measured by observing the contact
angle a droplet of hexadecane makes on the surface of the coating.

[0058] The electrical insulation of a coating may also be determined by
measuring the dielectric withstanding voltage on a coated circuit board. A continuously
increasing voltage may be applied on the coated circuit board, and the voltage at which
the current arcs through to air may be determined. This voltage is a measure of the
effectiveness of the coating.

[0059] The electrical insulation of a coating may also be determined by
measuring a material electrical property of the coating, such as the loss tangent or the
dielectric constant using a network analyzer.

[0060] The non-Newtonian nature of the coating may be measured by looking at
various properties. The response of the coating to an applied stress or strain may be

measured using a rheometer to study the deformation of the coating. The viscoelastic

16

Date Regue/Date Received 2021-01-19



moduli may be measured using a Small Angle Oscillatory Stress sweep, and the yield
stress and high sheer viscosity may be measured using a stress sweep.

[0061] The features and advantages of the present invention are more fully
shown by the following examples which are provided for purposes of illustration, and are
not to be construed as limiting the invention in any way.

EXAMPLES

[0062] The following examples disclose methods of preparing non-Newtonian
compositions for application as a coating to an electronic device. Following the
preparation, the composition may be applied to an electronic device using known
techniques to form a protective coating.

Example 1

[0063] The following example provides a method for preparing a hydrophobic
liquid that has electrical insulation capabilities by mixing a hydrophobic liquid in a
solvent using one of many known agitation techniques. The non-polar nature of the
resultant coating drives the hydrophobic nature of the coating.

[0064] A mixture containing 20% by weight phenylated siloxane and 80% by
weight toluene was mixed at 25°C using a Cowles blade mixer at 2000 rpm for 30
minutes, or until both components were completely mixed.

Example 2

[0065] The following example provides a method for preparing a mixture of
hydrophobic liquids that have electrical insulation capabilities by mixing two or more

hydrophobic liquids in a solvent using one of many known agitation techniques.
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[0066] A mixture containing 10% by weight phenylated siloxane, 20% by weight
fluoroalkane, and 70% by weight of a hydro-fluorocarbon (sold under the name
DuPont™ Vertrel® XF, which is HFC 43-10mee or 2,3-dihydrodecafluoropentane;
empirical formula CsH2F10) were mixed together at 25°C using an impeller mixer at 2000
rpm for 30 minutes, or until all three components formed a homogenous mixture.

Example 3

[0067] The following example provides a method for preparing a mixture of
hydrophobic liquids with solid particles that both have electrical insulation capabilities by
mixing a two or more hydrophobic liquids with two or more hydrophobic particles using
one of many known agitation techniques.

[0068] A mixture containing 10% by weight phenylated siloxane, 20% by weight
fluoroalkane, 5% by weight precipitated hydrophobically treated silica, and 65% by
weight of a hydro-fluorocarbon (sold under the name DuPont™ Vertrel® XF) were
mixed together using a rotor-stator homogenizer.

[0069] The phenylated siloxane, the fluoroalkane, and the hydro-fluorocarbon
solvent were first mixed together at 25°C using a roto-stator mixer at 10,000 rpm for 5
minutes until a homogenous solution was obtained.

[0070] The solid hydrophobically treated precipitated silica was then introduced in
increment. The rotor-stator was run at 10,000 rpm every time the silica was introduced.
The process was repeated until a homogenous dispersion was obtained.

[0071] Other embodiments of the invention will be apparent to those skilled in the

art from consideration of the specification and practice of the invention disclosed herein.
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It is intended that the specification and examples be considered as exemplary only, with

the true scope of the invention being indicated by the following claims.
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WHAT IS CLAIMED IS:

1. A composition for forming a conformal non-Newtonian coating on an
electronic device, the composition comprising:

at least one hydrophobic fluid,

wherein the composition forms a viscoelastic coating that has electrical insulating
properties, and is hydrophobic, oleophobic, oleophilic, or a combination thereof,

wherein said composition comprises one or more compound selected from the
group consisting of functionalized polysiloxanes, linear silicones, cyclic silicones,
styrene-ethylene/butylene-styrene or styrene-ethylene/propylene-styrene materials
swelled with mineral oils or diesters, long chain fatty alcohols, functionalized
fluoropolymers, functionalized poly oligomeric silsesquioxanes, non-functionalized poly
oligomeric silsesquioxanes, and polyolefins,

wherein the composition further comprises one or more additives selected from
the group consisting of a surfactant, a dispersant, and a rheological modifier; and

wherein the conformal non-Newtonian coating has a thickness ranging from 25
nm to 200 um when applied to the electronic device.

2. The composition of claim 1, wherein said viscoelastic coating is able to
redistribute after being applied to a substrate.

3. The composition of claim 1 or 2, further comprising one or more material
selected from the group consisting of metal oxides, fumed functionalized silica,
fluoropolymer particles, clay particles, mica, metal alkoxide particles, rare earth metals,
transition metals, carbon-based materials selected from graphene, graphite, carbon

nanotubes, and metal organic frameworks.
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4. The composition of any one of claims 1 to 3, wherein the composition is
suspended in a carrier solvent comprised of at least one compound chosen from the
group consisting of low molecular weight mineral oils, paraffins, iso-paraffins, alkanes,
iso-alkanes, low molecular weight linear silicones, cyclic silicones, alkyl acetates,
ketones, fully halogenated hydrocarbons, partially halogenated hydrocarbons, and
aldehydes.

5. The composition of any one of claims 1 to 4, wherein the conformal non-
Newtonian coating increases resistance to liquid or particulate contaminants or is
electrically insulating.

6. A method of treating an electronic device by applying a conformal
viscoelastic coating to the electronic device, the method comprising:

applying a composition to an electronic device, the composition comprising: at
least one hydrophobic fluid,

wherein the composition forms a conformal viscoelastic coating that has electrical
insulating properties and is hydrophobic, oleophobic, oleophilic, or a combination
thereof,

wherein said composition comprises one or more compound selected from the
group consisting of functionalized polysiloxanes, linear silicones, cyclic silicones,
styrene-ethylene/butylene-styrene or styrene-ethylene/propylene-styrene materials
swelled with mineral oils or diesters, long chain fatty alcohols, functionalized
fluoropolymers, functionalized poly oligomeric silsesquioxanes, non-functionalized poly

oligomeric silsesquioxanes, and polyolefins,
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wherein the composition further comprises one or more additives selected from
the group consisting of a surfactant, a dispersant, and a rheological modjifier; and

wherein the conformal viscoelastic coating has a thickness ranging from 25 nm to
200 um when applied to the electronic device.

7. The method of claim 6, wherein the electronic device comprises a printed
circuit board.

8. The method of claim 7, wherein the compound is applied to a part of or the
entirety of at least one side of the printed circuit board without masking a component on
the printed circuit board.

9. The method of claim 8, wherein the viscoelastic coating covers both male,
female or both components of the printed circuit board without adversely affecting the
electrical properties of the printed circuit board.

10.  The method of any one of claims 6 to 9, wherein the composition
comprises one or more material selected from the group consisting of metal oxides,
fumed functionalized silica, fluoropolymer particles, clay particles, mica, metal alkoxide
particles, rare earth metals, transition metals, carbon-based materials selected from
graphene, graphite, and carbon nanotubes, and metal organic frameworks.

11.  The method of any one of claims 6 to 10, wherein the composition is
suspended in a solvent carrier, the solvent carrier comprising one or more low
molecular weight mineral oils, paraffins or iso-paraffins, alkanes or iso-alkanes, low
molecular weight linear silicones or cyclic silicones, alkyl acetates, ketones, fully or

partially halogenated hydrocarbons, or aldehydes.
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12. The method of any one of claims 6 to 11, wherein applying the
composition is performed by at least one method chosen from the group consisting of
atomized spraying, non-atomized spraying, dip coating, film coating, jetting, and needle
dispensing.

13. A conformal coating to protect a substrate, wherein the conformal coating
has a thickness ranging from 25 nm to 200 ym, and comprises at least one hydrophobic
material that has electrical insulating properties, and comprises one or more compound
selected from the group consisting of polysiloxane compounds, functionalized
polysiloxanes, linear silicones, cyclic silicones, styrene-ethylene/butylene-styrene or
styrene-ethylene/propylene-styrene materials swelled with mineral oils or diesters, long
chain fatty alcohols, functionalized fluoropolymers, functionalized poly oligomeric
silsesquioxanes, non-functionalized poly oligomeric silsesquioxanes, and polyolefins,
and further comprises one or more additives selected from the group consisting of a
surfactant, a dispersant, and a rheological modifier,

wherein the conformal coating is hydrophobic, oleophobic, or oleophilic, and
exhibits viscoelastic properties that allow it to redistribute after being applied to the
substrate.

14. The coating of claim 13, wherein the at least one hydrophobic material
further comprises one or more material selected from the group consisting of metal
oxides, fumed functionalized silica, fluoropolymer particles, clay particles, mica, metal
alkoxide particles, rare earth metals, transition metals, carbon-based materials selected

from graphene, graphite, and carbon nanotubes, and metal organic frameworks.
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15.  The coating of claim 13 or 14, wherein the composition is suspended in a
carrier solvent comprised of at least one compound chosen from the group consisting of
low molecular weight mineral oils, paraffins, iso-paraffins, alkanes, iso-alkanes, low
molecular weight linear silicones, cyclic silicones, alkyl acetates, ketones, fully
halogenated hydrocarbons, partially halogenated hydrocarbons, and aldehydes.

16.  The coating of any one of claims 13 to 15, wherein the conformal coating
increases resistance to liquid or particulate contaminants, or is electrically insulating.

17.  The coating of any one of claims 13 to 16, wherein the substrate
comprises an electronic device.

18  An electronic device comprising at least one conformal coating, said
conformal coating having a thickness ranging from 25 nm to 200 ym, and comprising at
least one hydrophobic material that has electrical insulating properties,

the conformal coating comprising one or more compound selected from the
group consisting of polysiloxane compounds, functionalized polysiloxanes, linear
silicones, cyclic silicones, styrene-ethylene/butylene-styrene or styrene-
ethylene/propylene-styrene materials swelled with mineral oils or diesters, long chain
fatty alcohols, functionalized fluoropolymers, functionalized poly oligomeric
silsesquioxanes, non-functionalized poly oligomeric silsesquioxanes, and polyolefins,
and further comprises one or more additives selected from the group consisting of a
surfactant, a dispersant, and a rheological modifier,

wherein the conformal coating is hydrophobic, oleophobic, or oleophilic, and
exhibits viscoelastic properties that allow it to redistribute after being applied to an

electronic component of the electronic device.
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19.  The electronic device of claim 18, wherein the at least one hydrophobic
material further comprises one or more material selected from the group consisting of
metal oxides, fumed functionalized silica, fluoropolymer particles, clay particles, mica,
metal alkoxide particles, rare earth metals, transition metals, carbon-based materials
selected from graphene, graphite, and carbon nanotubes, and metal organic

frameworks.
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