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SELFHEALING KEYBOARDR

BACKGROUND
{0001] Electronic devices, such g8 mobile phones, computers, and laptops,
may have a keyboard. The keyboard may include a plurality of keys which
facilitate in providing input {o the electronic device. Accordingly, a user can
perform a variety of input operations on the electronic device through the

keyboard.

Brier DESCRIPTION OF DRAWINGS
{0002] The following detailed description references the drawings, wherein:
[0003] FIG., 1 Hlustrates a sectional view of a self-healing keyboard,

according to an example implementation of the present subject matter;

{0004] FIG. 2 illustrates a sectional view of a seif-healing keyboard,
according o an example implementation of the present subject matier;

[0005] Fig. 3 ilustrates a sectional view of a self-healing keyboard, according

to an example implementation of the present subject matier;

[0006] Fig. 4 illustrates a sectional view of a self-healing film, according to
an example implementation of the present subject matter;

{0007} Fig. & #lustrates a sectional view of a self-healing film, according to
an exampie implementation of the present subject malier;

{0008)} Fig. 6 illustrates a method of fabricating a self-healing keyboard of an
etectronic device, according 1o an example implementation of the present subject
matter; and

{0009] Fig. 7 illustrates a method of fabricating a self-healing keyboard of an
glecironic device, according {0 an example implementation of the present subject
matier.



WO 2019/009896 PCT/US2017/040795

DETAILED DESCRIPTION
{0010] Electronic devices, such as a personal computer, a laptop, a phone,
and a personal digital assistant, include a housing for accommodating various
componeants, such as circulf boards having sensitive glectronic componentis. The
elecironic devices may also include a keyboard disposed on the housing. The
keyboard functions as an inpul devige through which a user can perform a vanely
of input operations on the electronic device.

{0011} Usually, the keyboards are more prone 1o wear and fear as the
keyboard comes in contact of a user. For example, regular and rough usage of
the keyboards may lead to scralches on surface of keys of the keyboards, thereby
adversely affecting the appearance and funclionality of the kevhoards. Moreover,
a keyboard may getf damaged due fo spillage of liquids. Spilled liquids may reach
the circuit undemeath the keyboard, which may result in electronic components
being ruined.

{0012) To protect the keyboards from accidental spillags, the keyboards are
coated with a silicone layer. The silicone layer, however, provides poor fyping
experience and is prong fo receive scratch marks on s surfacs, This may lead to
frequent replacement of the silicone layer, thereby imposing additional burden
and cost on the users.

[0013] The present subject matier describes kevhoards that are waterproof
and can heal or repalr scratches on their surface on their cwn. The present
subject matter also describes methods of fabricating such keybeards. The
present subject matier further describes self-healing films which when applied on

keyboards make the keyboards self-healable.

f0014] In accordance with the present subject matter, scratches on the
keyboards can heal on their own substantially quickly, for example within 3
seconds, and even at a low temperature of § °C. The self-healing properly of the
keyboards makes them robust, and avoids use and replacement of silicone layers
on fop, which provides a befter user experience of the keyboards. Further, the

seif-healing films are applied on the keyboards in a continuous manner 1o cover
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the keyhoards, thereby making the keyboards spifbproof and provide a
comfortable typing experience.

[0015] In an example implementation of the present subject malter, a
keyboard includes a self-healing film disposed thereon, The self-healing film
includes a substrate and a self-healing layer. The self-healing layer is composed
of polyurethane, epoxy vinyt ester, epoxy, polyurethane microcapsules filled with
sitane compound, and a polysiloxane mixture. The polysiloxane mixture may be
encapsulated or phase-separated and include poly-dimethylsiloxane (PDMS)
resin, hydroxy end-functionalized PDMS (HOPDMS), and poly-diethoxysiloxane
{PDES), and a combination thereof. The disposal of the self-healing film on the
keyboard along with the composition of the self-healing film enables self-healing
and waterproafing of the keyboard.

[0016] The following delailed description refers to the accompanying
drawings. Wherever possible, the same reference numbers are used in the
drawings and the following description to refer {0 the same or similar parts. While
several examples are described in the description, modifications, adaptations,
and other implementations are possible. Accordingly, the following detailed
description does not limit the disclosed examples, instead, the proper scope of
the disciosed examples may be defined by the appended claims.

{0817} FIG. 1 Hiustrates a seclional view of a self-healing keyboard 100,
according to an example implementation of the present subject matier. The self-
healing keyboard 100 may be implemented in an electronic device, such as a
personal computer, a laptop, a phone, a remole condrol, and a personal digital
assistant (PDA).

{0018} The self-healing keyboard 100 includes a seifhealing film 102
disposed thereon. The self-healing film 102 is composed of a self-healing layer
104 disposed on a top surface of a keyboard 106. The self-healing layer 104 is
composed of polyurethane, epoxy vinyl ester, and epoxy 108 in the form of a base
matrix. The base matrix is embedded with a polysiloxane mixture 110 and

polyurethane microcapsules filled with silane compound 112, The polysiloxane
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rixture 110 includes poly-dimethyisifoxane (PDMS) resin, hydroxy end-
functionalized PDMS {HOPDMS), and poly-diethoxysiloxane (PDES}, and a
sombination thersof. The polysiloxane mixture 110 may be encapsulated or
phase-separated. The polysiloxane mixture 110 may be encapsulated using a

urea-formaldehyde encapsulation procedure.

[0018] The polyursthane microcapsules may be polyurethang shells §illed
with silane compound. The silane compound I8 released when the microcapsules
are ruplured due fo mechanical damage. The silane compound may be mixed
with chiorobenzene before encapsulating in the polyurethane microcapsules. The
polyurethane microcapsules may be formed through an interfacial polymerization

procedure.

{0020} In an example implementation, polyurethane in the self-healing layer
104 has a concentration in a range of 60% o 80% by volume, epoxy vinyl ester
in the sei-healing laver 104 has a concentration in a range of 10% to 15% by
volume, and epoxy in the self-healing layer 104 has a concentration in a range of
10% o 15% by volume. Further, the polyurethane microcapsules in the seif-
healing layer 104 has a concentration in a range of 0.01% 1o 0.3% by volume,
and the polysiloxane mixture in the self-healing layer 104 has a concentration in
a range of 1% o 3% by volume.

oa21} in an example implementalion, the self-healing laver 104 may have a
thickness in a range of about 15 pm to 100 um. The base matrix of polyursthane,
polyester, and epoxy forms an interpenetrating macromolecular network that
provides high impact strength, high toughness, and high wear resistance to the
self-healing layer 104 and thus to the self-healing keyboard 100. The polysiloxane
mixture 110 in the self-healing layer 104 functions as a healing agent, and silane
compound, filled in polyurethane microcapsules 112, functions as a coupling
agent for polymerization within the self-healing layer 104.

{00221 A scrateh on the self-hesling keyboard 100 damages the self-healing
iayer 104, which causes a crack in the hase matrix. The crack in the base matrix

ruptures the polyurethane microcapsules filled with silane compound 112, which
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causes silane compound {o mix with the polysiloxane mixture 110, polyurethane,
epoxy vinyl ester, and epoxy 108 within the seif-healing layer 104, Mixing of silane
compound iniiates polymerization within the seif-healing layer 104 which heals
the crack within 3 seconds from the lime of scraich and even at a low temperature
of 5°C.

{00231 FIG. 2 Hlustrates a sectional view of a selfhealing keyboard 200,
according {o an example implemantation of the present subject matter, The self-
healing keybeoard 200 includes a self-healing film 202 disposed over the keyhoard
106, The self-healing film 202 includes a subsirate 204 and the self-healing layer
104 deposited on the substrale 204. The self-healing layer 104 is the same as
the seif-healing layer described through the description of FIG. 1. In an example,
the substrate 204 is disposed on the keyboard 106 such that the self-healing film
202 interfaces with the keyboard 1086 through the substrate 204,

{0024] The substrate 204 is of 8 material from one of elastomers, polvester,
and polycarbonate, or a combination thereof, In an example, the slasiomers may
include polyisaprene, polybutadiene, chioroprene rubber, butyl rubber, styrene-
butadiene rubber, nitrile rubber, hydrogenated nitrile rubbers, ethylene propylene
rubber, sthylens propylene diene monomer (EPDM) rubber, silicong rubbsr,
polyether block amides {PEBA), chiorosulfonated polyethylene, sthyleng-vinyl
acetate {EVA), polysulfide rubber, thermoplastic urethane, thermoplastic
elastomers, or a combination thereof.

[0025] In an example implementation, the substrate 204 may have g
thickness in a range of about 25 ym to 800 um. The self-healing layer 104 is
deposited over the substrate 204. The self-healing layer 104 may be coated on
the substrate 204 through spray coating. The self-healing layer 104 provides a
comfortable typing experence to a user. After coating the self-healing layer 104,
the substrate 204 may be heated at a temperature in a range of 60 °C to 1560 °C
for a time duration in a range of 3 minutes to B0 minutes for curing the self-healing
fayer 104, Thereafter, the substrale 204 may undergo a molding process 1o
gonform a shape of the subsirate 204 with a shape of the keyboard on which the
substraie 204 is o be disposed.
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{0026} FIG. 3 illustrates a seclional view of a selfhealing keyboard 300,
according o an example implementation of the present subject matter. The seif-
healing keyboard 300 includes a self-healing film 302 disposed over the keyboard
106. The self-healing film 302 includes the self-healing layer 104 attached to the
substrate 204 by an adhesive layer 304. The seif-healing layer 104 is the same
as the seif-healing layer described through the description of FIG. 1. The
substrate 204 is same as the substrate described through the description of FIG.
2.

[ao27} In an example implementation, before coating the adhesive layer 304,
a suface of the subsirate 204 may be cleaned. Further, the adhesive layer 304
may be coated on the subsirate 204 through a spray cosating technique, a spin-
coating technique, an extrusion coating technigue or a lamination technigue. The
adhesive layer 304 may have a thickness in a range of about 1 ym to 30 pm. The
adhesive layer 304 may be a viscoslastic adhesive layer which exhibits both
viscous and elastic characteristics when the substrate 204 is disposed over the
keyboard 108. In an example, the adhesive laver 304 may include urethane-
acrylate, silicone, cyclic olefin copolymer, polyacrylic, polycarbonate, or a

combination thereof.

[0028] Once the adhesive Jayer 304 is coaled on the substrate 204, the ssif-
healing layer 104 is deposited on the adhesive layer 304, In an example, the seilf-
healing layer 104 is deposited on the adhesive layer 304 through spray coating.

[0029] FIG. 4 illustrates a sectional view of a self-healing film 400, according
to an example implementation of the present subject matter. The self-healing film
400 can be disposed on a keyboard of an electronic device, 10 enable self-healing
of the keyboard. A keyboard with the self-healing film 400 pasted on it can self-
heal from scratches within 3 seconds from the time of scratch and over a wide
temperature range starting from § °C.

[0030] The self-healing flm 400 includes a self-healing layer 402 coated on
a substrate 404. The self-healing layer 402 is the same as the self-healing layer
104 described through the description of FIG. 1. The substrate 404 is same as
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the subsirate descibed earlier. In an example, the self-healing layer 402 may be
coated on the substrate 404 through spray coating. The self-healing layer 402
may have a thickness in a range of about 15 ym to 100 gm, and includes
polyurethane, epoxy vinyl ester, epoxy. polyurethane microcapsules filled with
silane compound, and a polysiloxane mixture.

{0031} Fig. § llustrates a sectional view of a self-healing film 500, according
to an exampls implementation of the present subject matier. The self-healing film
500, as shown, has an adhesive layer 502 between the self-healing laver 402 and
the suhstrate 404, The seif-healing tayer 402 is the same as the self-healing layer
104 described through the description of FIG. 1. The adhesive layer 502 is the
same as {he adhesive layer 304 described through the description of FIG. 3. The
self-healing film 500 with the adhesive layer 502 between the self-healing layer
402 and the substrate 404 may be used for keyboards.

{0032} FiG. 8 ilustrates a method 600 of fabricating a self-healing keyboard
of an slectronic device, according 1o an example implementation of the present
subject matter. Al block 802 of the method 600, a self-healing layer is coated on
a subsirate, where the seif-healing layer includes polyurethane in a range of 80%
to 80% by volume, epoxy vinyl esler in a range of 10% to 15% by volume, epoxy
inn a range of 10% {o 158% by volume, polyurethane microcapsutes filled with silane
compound and in a range of 0.01% 0 0.3% by volume, and a polysiloxane mixture
in a range of 1% 1o 3% by volume. The polysiloxane mixture includes poly-
dimethylsiloxane (PDMS) resin, hydroxy end-functionalized PDMS (HOPDMS),
and poly-diethoxysiloxane ({PDES) The polysiloxane mixture may be
encapsulated or phase-separated. The self-healing layer may have a thickness
in a range of about 15 ym {o 100 ym,

[0033] Al block 804 of the method 600, the substrate, with the self-healing
layer, is disposed on the keyboard in a continuous manner o completsly cover
the keybhoard. In an example, the substrate is applied on the keyboard o cover
all keys of the keyboard thereby preventing any spilled liquid from entering the
keyboard.
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{0034} FIG. 7 Hustrates a method 700 of fabricating a self-healing keyboard
of an electronic device, according to an example implementation of the present
subject matter. At block 702 of the method 700, an adhesive laysr may be applied
on a sibstrate, The subsirate may be made of a maternial selected from one of
elastomers, polyester, and polycarbonate and may have a thickness in a range
of about 25 um to 900 pm, Further, the adhesive layer may be coaled on the
substrate through a spray costing technique, a spin-coaling technigue, an
exfrusion caating technique or a lamination technique. The adhesive layer may
have a thickness in a range of about 1 pm to 30 um, and includes urethane-
acrylate, silicone, cydlic olefin copolymer, polyacrylic, polycarbonate, or a
combination thereof. In an example, a surface of the substrate may be cleaned

before coating the adhesive layer.

{0035] Al block 704, a self-healing layer is coated on the adhesive layer,
where the self-healing layer includes polyurethane in a range of 60% to 80% by
volume, spoxy vinyl ester in a range of 10% fo 15% by volume, spoxy in arange
of 10% 1o 15% by volume, polyurethane microcapsules filled with silane
compound and in a range of 0.01% 1o 0.3% by volume, and a polysiloxane mixture
in a range of 1% fo 3% by volume and included poly-dimethylsiloxane (PDMS)
resin, hydroxy end-functionatized PDME (HOPDMS), and poly-diethaxysifoxane
(PDES). The polysiloxane mixture may be encapsulated or phase-separated. The
seif-healing layer may have a thickness in a range of about 15 ym to 100 ym. In
an example, the self-healing layer may be deposited on the adhesive layer
through spray coating.

[0038] At block 706 of the method 700, after coating the self-healing layer,
the subsirate may be heated af a temperature ina range of 60°C o 150 °C fora
time duration in a range of 3 minutes to 40 minutes for cuning the self-healing

laver.

[0037] Al block 708 of the method 700, the substrate is molded to conform
to a shape of the keyboard on which the substrate is 1o be disposed. In an
example, the subsirate is molded using an injection molding technigue,
comprassion molding technique, or a blow molding technigue.
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{0038} At bock 71C of the method 700, the substrate is disposed on the
keyboard in a continuous manner 30 as to cover the keyboard. As the subsirate
is molded in accordance with the shape of the keyboard, the substrate covers all
keys of the keyboard, thereby making the keyboard water-proof. In an example,
the substrate may be attached {o the keyhoard using an adhesive or through

thermal bonding.

[0038] Although implementations for kevboards, self-healing films, and
methods of fabrication of keyboards have been described in language specific {o
methods andlor structural features, it is to be understood that the present subject
matler is not limited to the specific methods or features described. Rather, the
methods and specific features are disclosed and explained as example
implementations for keyboards, self-healing films, and methods of fabrication of

keyboards.
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1. A self-haaling keyboard of an electronic device, comprising:

a seif-healing film disposed over a keyboard, the seif-healing film
comprising a seif-healing laver, the ssit-healing layer comprising polyurethane,
epoxy vinyl ester, epoy, polyurethane microcapsules filled with silane
compound, and a polysiloxane mixture.

2. The self-healing keyboard as claimed in claim 1, wherein:

polyurethane is in a range of 60% to 80% by volume;

epoxy vinyt ester is in a range of 10% fo 15% by volume;

epoxy is in a range of 10% to 15% by volume,;

the polyurethane microcapsules are in a range of 0.01% to 0.3% by
volume; and

the polysiloxane mixture {8 in a range of 1% to 3% by volume.

3. The self-healing keyboard as claimed in claim 1, wherein the polysiloxane
mixture comprises any one of poly-dimethyisifoxane (PDMS) resin, hydroxy end-
functionalized PDMS (HOPDMS), poly-diethoxysiloxane (PDES), or a

combination thereof.

4. The selt-healing keyboard as claimed in claim 1, wherein the self-healing layer

has a thickness i a range of about 15 ym to 100 um.

4. The self-healing keyboard as claimed in claim 1, wherein the self-healing film
comprises a substrate, wherein the self-healing layer is deposited over the
substrate, such that the self-healing film interfaces with the keyboard through the
substrate.

6. The seif-healing keyboard as claimed in claim 5, wherein the substrate is of a
material selecled from one of elastomers, polyester, polycarbonate, or a
combination thereof.

7. The self-healing keyboard as claimed i claim 5, wherein the substrate has a
thickness in & range of about 25 um to 900 pm.
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8. A self-healing film comprising:
a substrate having a thickness in a range of about 25 pm to 900 pm; and
a self-healing layer deposited on the substrate, having a thickness in a
range of abowt 15 pm fo 100 pm, wherein the self-hesling layer comprises
polyurethane, epoxy vinyl ester, epoxy, polyurethane microcapsules filled with

sitane compound, and a polysiloxans mixiure.

9. The self-healing film as claimed in claim 8, wherein the polysiloxane mixture
comprises any ong of poly-dimethyisiioxane (PDMS) resin, hydroxy end-
functionalized PDMS (HOPDMS), poly-diethoxysiioxane (PDES), or a
combination thereol.

10. The self-healing film as claimed in claim 8, whereln:

polyurethane is in a range of 80% to 80% by volume;

epoxy vinyl ester is in a range of 10% to 15% by volume;

epoxy is in a range of 10% to 15% by volume;

the polyurethane microcapsules are in a range of 0.01% fo 0.3% by
volume; and

the polysiloxane mixture is in a range of 1% to 3% by volume,

11. The self-healing film as claimed in claim 8, wherein the substrate is of a
material selected from one of elastomers, polyester, polycarbonate, or a
combination thereof.

12. A method of fabricating a self-healing keyboard of an electronic device, the
method comprising:
coating a self-healing layer on a substrate, the self-healing layer
comprising:
polyurethane in a range of 60% to 80% by volume;
epoxy vinyl ester in a range of 10% to 15% by volume;
apoxy in a range of 10% 1o 15% by volume; and
polyurethane microcapsules filled with stlane compound and in a
range of 8.01% to 0.3% by volume,; and
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a polysiloxane mixiure In a range of 1% to 3% by volume and
comprising any one of poly-dimethylsiloxane {PDMS) resin, hydroxy end-
functionalized PDMS (HOPDMS), poly-diethoxysiloxane {(PDES), or a
combination thereof; and
disposing the substrate on the keyboard in a continuous manner {o cover

the kevhoard.

13. The method as claimed in claim 12, further comprising applying an adhssive
layer on the substrate prior (0 coating the ssif-hesling layer.

14. The method as claimed in daim 12, wherein disposing the subsirate
comprises;

heating the substrate at a temperature in a range of 80 °C to 150 °C for a
time duration in a range of 3 minutes {o 80 minutes to cure the self-healing layer;
and

molding the substrate to conform 1o g shape of the keyboard,
15. The method as claimed in claim 12, wherein the substrate is of a material

selected from one of polyester, polycarbonate, elastomers, or a combination
thereof.
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602
27
COATING A SELF-HEALING LAYER ON A SUBSTRATE, THE SELF-HEALING
LAYER INCLUDING:
- POLYURETHANE IN A RANGE OF 60% 10 80% BY VOLUME;
- EPOXY VINYL ESTER IN A RANGE OF 10% T0 158% RY VOLUME;
- EPOXY N A RANGE OF 10% TO 15% BY VOLUME;
- POLYURETHANE MICRQCAPSULES FILLED WITH SILANE COMPOUND AND
N A RANGE OF 0.01% 70 0.3% BY VOLUME; AND
~ A POLYSHLOXANE MIXTURE IN A RANGE OF 1% TO 3% BY VOLUME AND
COMPRISING POLY-DIMETHYLSILOXANE {PDMS) RESIN, HYDROXY END~
FUNCTIONALIZED PDMS (HOPDMS), AND POLY-DIETHYLSILOXANE
(PDES)

\

604 — |

DISPOSING THE SUBSTRATE ON A KEYBOARD ON A CONTINUDUS MANNER
TO COVER THE KEYBOARD

FIG. 6
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7i7

700 *\

APPLYING AN ADHESIVE LAYER ON A SUBSTRATE

704 ﬁ\ l

iF(‘:::};scm@. A SELF-HEALING LAYER ON THE SUBSTRATE, THE SELPHEAL;N@
LAYER INCLUDING:
- POLYURETHANE IN A RANGE OF 60% 710 80% BY VOLUME;
- EPOXY VINYL ESTER IN A RANGE OF 10% 10 15% BY VOLUME;
- EPOXY IN A RANGE OF 10% TO 15% BY VOLUME!;
- POLYURETHANE MICROQCAPSULES FILLED WITH SILANE COMPOUND AND
IN A RANGE OF 0.01% T0 0.3% BY VOLUME; AND
- A POLYSILOXANE MIXTURE N A RANGE OF 1% TO 3% B8Y VOLUME AND
COMPRISING POLY-DIMETHYLSILOXANE (PDMS) RESIN, HYDROXY END-
FUNCTIONALIZED PDMS (HOPDMS), AND POLY-DIETHYLSILOXANE
\, {PDES)
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HEATING THE SUBSTRATE TQ CURE THE SELF-HEALING LAYER
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MOLDING THE SUBSTRATE TO CONFORM TO A SHAPE OF A KEYBOARD

71{}—'\\ H

DISPOSING THE SUBSTRATE ON THE KEYBOARD IN A CONTINUCOUS
MANNER TO COVER THE KEYBOARD

FIG. 7
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