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BACKLIT USER INTERFACE

CROSS-REFERENCE TO RELATED APPLICATIONS

{0001}  This application claims the benefit under 35 U.S.C. § 119(e) of the filing date of
U.S. Provisional Patent Application No. 62/596,522, for “BACKLIT USER INTERFACE”

which was filed on December 8 2017, and which is incorporated here by reference.
FIELD OF THE INVENTION

{0002}  The present disclosure relates to user interfaces for use on various devices, including

virtual personal assistants, home appliances and medical devices.
DESCRIPTION OF RELATED ART

{0083]  User interfaces for use on various devices are known. These user interfaces typically
use capacitive touch sensing technology. Such user interfaces, however, traditionally require
higher cost substrates like printed circuit boards (PCBs) or flexible printed circuits (FPC).
These PCBs and FPCs then also require the use of molded light pipes and light guides as the
PCBs and FPCs do not allow light to transfer from one side thereof to the other side thereof.
Furthermore, flexible light guide films provide poor quality of backlighting and PCBs cannot
accommodate curved surfaces or be in-molded. As a result, certain individuals would

appreciate further improvements to user interfaces.
SUMMARY

{0004] A userinterface device includes a lens with a top surface and a bottom surface, where
the bottom surface includes at least one graphic that is visible through the top surface of the
tens. The user interface device further includes a transparent circuit film with a top surface and
a bottom surface, at least one light emitting diode (LED), at least one silver conductor, and a
layer of transparent pressure-sensitive adhesive that secures the bottom surface of the lens to

the top surface of the transparent cireuit film.

{0005]  In a first aspect, the transparent circuit film is 1n a fold-over configuration such that

the transparent circuit film has a top layer and a bottom layer that are connected by a connecting
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end portion, where the top layer and the bottom layer are separated a desired distance from one

another to aliow for the at least one LED and at least one spacer to be positioned therebetween

{00086]  In a second aspect, user interface device further includes a reflector film.

BRIEF DESCRIPTION OF THE DRAWINGS

{00071  The present disclosure is illustrated by way of example, and not limited, in the
accompanying figures, which are not drawn to scale, in which like reference numerals indicate

similar elements and in which:

{0068] FIG. 1 illustrates features of a first embodiment of a backlit user interface;
{006%9] FIG. 2 illustrates features of a second embodiment of a backlit user interface;
{0616} FIG. 3 illustrates features of a third embodiment of a backlit user interface;
{0611} FIG. 4illustrates features of a fourth embodiment of a backlit user interface; and
{0612] FIG. 5illustrates features of a fifth embodiment of a backlit user interface.
DETAILED DESCRIPTION

{0613] FIGS. 1-S dlustrate exemplary embodiments of the present disclosure and it 15 to be
understood that the disclosed embodiments are merely exemplary of the disclosure, which may
be embodied in various forms. Therefore, specific details disclosed herein are not to be
interpreted as limiting, but merely as a basis for the claims and as a representative basis for
teaching one skilled in the art to variously employ the present disclosure. It is further to be

understood that the illustrations are not drawn to scale.

{0014} FIG. 1 dlustrates a first embodiment of a backlit user interface 100, The backlituser
interface 100 includes alens 110, a transparent circuit film 120, at least one light emitting diode
(LED) 130, at least one spacer 140, at least one silver conductor 150, and a layer of transparent

pressure-sensitive adhesive 160.

{0015}  Thelens 110 is preferably formed of plastic material which is generally transparent.
The lens 110 has a top surface 112 and a bottom surface 114, The top surface 112 is preferably

curved and ts intended to be contacted by a user. The bottom surface 114 is preferably tlat and
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is intended to have at least one graphic (not tHustrated) provided thereon such that the graphic
is visible by viewing through the top surface 112 of the lens 110. The graphic may be applied
to the bottom surface 114 of the lens 110 in any suitable manner, e.g., spray paint, laser etch,

screen-print or digital print.

{0016] The transparent circuit film 120 is preferably formed of polyester (PET). The
transparent circuit film 120 1s preferably provided in a fold-over configuration such that the
transparent circuit film 120 is provided with a top layer 122 and a bottom layer 124 that are
connected by a connecting end portion 126. The top layer 122 and the bottom layer 124 are
separated a desired distance from one another to allow for the at least one LED 130 and the at
least one spacer 140 to be positioned therebetween. The transparent circuit film 120 may be
electrically connected to another portion of the device on which the backlit user interface 100
is provided, e.g., by a header connector attached to the circuit with low-temp solder, facing
down away from the lens, by a tail that is compatible with a ZIF connector or by contact pads
provided on the bottom layer 124, possibly with carbon ceating, that are intended for pogo-

pins.

{0017}  The at least one LED 130 1s bonded to the bottom layer 124 of the transparent circuit
film 120 in a top-fire posttion, preferably using a low temperature solder material, such that the
at least one LED 130 emuits light toward and through the top layer 122 of the transparent circuit

film 120.

{0018]  The at least one spacer 140 is preferably formed of foam. The at least one spacer
140 1s preferably bonded in place between the top and bottom layer 122, 124 of the transparent
circuit film 120. The at least one spacer 140 is positioned around the at least one LED 130
and, if more than one LED 130 is provided, the at least one spacer 140 is positioned to separate

one LED 130 from another LED 130,

{0019}  The at least one silver conductor 150 s preferably screen printed on the top layer
122 of the transparent circuit film 120 to provide at least one capacitive touch sensor. The at
jeast one silver conductor 150 is preferably opague. The number of silver conductors 150
provided will typically match the number of LEDs 130 provided. Each silver conductor 150 i3
generally formed in a ring-like configuration such that a space 152 is defined within a nuddle
of the ring-like configuration. In this context, ring-like is intended to mean completely closed

(e.g., in an O-shape) or partially closed {(e.g., in a C-shape or a U-shape). Each silver conductor
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150 1s positioned generally above (as viewed in FIG. 1) one of the LEDs 130 such that the

space 152 defined is in general vertical alignment (as viewed in FIG. 1) with the LED 130,

{0020]  The lens 110 and the transparent circuit film 120 are preferably secured to one
another by the layer of transparent pressure-sensitive adhesive 160 and positioned between the
bottom surface 114 of the lens 110 and either the top layer 122 of the transparent circuit film
120 or the at least one silver conductor 150, Thus, the layer of transparent pressure-sensitive

adhesive 160 occupies the space 152 defined by the at least one sitver conductor 150

{6021}  In operation, the light emitted by the at least one LED 130 will pass through the
transparent circuit film 120, through the laver of transparent pressure-sensitive adhesive 160
(including the portion thereof that occupies space 152), and onto the graphic {as the graphic is
also positioned in general vertical alignment (as viewed in FIG. 1) with the space 152), thereby
providing backlighting for the user interface 100 which allows the user to easily view the

graphic.

{00221  FIG 2 illustrates a second embodiment of a backlit user interface 200. The backlit
user interface 200 1ncludes a lens 210, a transparent cireuit film 220, at least one light emitting
diode (LED) 230, a reflector film 270, at least one silver conductor 250, and a layer of

transparent pressure-sensitive adhesive 260.

{0023]  Thelens 210 is preferably formed of plastic material which is generally transparent.
The lens 210 has a top surface 212 and a bottom surface 214, The top surface 212 is preferably
curved and is intended to be contacted by a user. The bottom surface 214 is preferably flat and
is intended to have at least one graphic (not iHustrated) provided thereon such that the graphic
is visible by viewing through the top surface 212 of the lens 210. The graphic may be applied
to the bottom surface 214 of the lens 210 in any suitable manner, e.g., spray paint, laser etch,

screen-print or digital print.

{6024}  The transparent circuit film 220 is preferably formed of polyester (PET). The
transparent circuit filra 220 15 preferably provided in a single layer 221 having a top surface
223 and a botton surface 225 The transparent circuit film 220 may be electrically connected
to another portion of the device on which the backlit user interface 200 1s provided, e.g., by a
header connector attached to the circuit with low-temp solder, facing down away from the lens,
by a tail that is compatible with a ZIF connector or by contact pads provided on the bottom

surface 225, possibly with carbon coating, that are intended for pogo-pins.
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{0025]  The at least one LED 230 is bonded to the bottom surface 225 of the transparent
circuit film 220 in a right angle-fire position, preferably using a low temperature solder
material, such that the at least one LED 230 emits light generally parallel to the transparent

circutt film 220,

{0026}  The reflector film 270 is preferably formed of a white reflector material. The
reflector film 270 1s preferably bonded in place to the bottom surface 225 of the transparent
circuit film 220. The reflector film 270 is configured to provide at least one embossed area
272 which defines a pocket 274 between the reflector film 270 and the bottom surface 225 of
the transparent circuit film 220, The number of pockets 274 defined corresponds to the number

of LEDs 230 provided as each LED 230 is positioned in a corresponding pocket 274

{00271  The at least one silver conductor 250 is preferably screen printed on the top surface
223 of the transparent circuit film 220 to provide at least one capacitive touch sensor. The at
feast one silver conductor 150 is preferably opaque. The number of silver conductors 250
provided will typically match the number of LEDs 230 provided. Each silver conductor 250 1s
generally formed in a ring-like configuration such that a space 252 is defined within a middle
of the ring-like configuration. In this context, ring-like is intended to mean completely closed
{e.g., inan O-shape) or partially closed (e.g., in a C-shape or a U-shape). Each silver conductor
250 15 positioned generally above (as viewed in FIG. 2} one of the pockets 274 such that the
space 252 defined is in general offset from being in vertical alignment {as viewed in FIG. 2}

with the LED 230

{0028]  The lens 210 and the transparent circuit film 220 are preferably secured to one
another by the layer of transparent pressure-sensitive adhesive 260 and positioned between the
bottom surface 214 of the lens 210 and either the top surface 223 of the transparent circuit film
220 or the at least one silver conductor 250, Thus, the layer of transparent pressure-sensitive

adhesive 260 occupies the space 252 defined by the at least one silver conductor 250.

{0029} In operation, light emitted by the at least one LED 230 will pass through the
transparent circuit film 220 (etther directly or after bouncing off of the reflector film 270),
through the layer of transparent pressure-sensitive adhesive 260 {including the portion thereof
that occupies space 252), and onto the graphic {as the graphic is also positioned in general
vertical alignment (as viewed in FIG. 2) with the space 252), thereby providing backlighting

for the user interface 200 which allows the user to easily view the graphic.
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{0030] FIG 3 illustrates a third embodiment of a backlit user interface 300, The backlit
user interface 300 includes a lens 310, a transparent circuit film 320, at least one light emitting
diode (LED) 330, a reflector film 370, at least one spacer 340, at least one silver conductor

350, and a layer of transparent pressure-sensitive adhesive 360.

{0031}  Thelens 310 is preferably formed of plastic material which is generally transparent.
The lens 310 has a top surface 312 and a bottom surface 314, The top surtace 312 is preterably
curved and is intended to be contacted by a user. The bottom surface 314 is preferably flat and
is intended to have at least one graphic (not iHustrated) provided thereon such that the graphic
is visible by viewing through the top surface 312 of the lens 310. The graphic may be applied
to the bottom surface 314 of the lens 310 in any suitable manner, e.g., spray paint, laser etch,

screen-print or digital print.

{0032}  The transparent circuit film 320 1s preferably formed of polyester (PET) The
transparent circuit film 320 is preferably provided in a single layer 321 having a top surface
323 and a bottom surface 325. The transparent circuit film 320 may be electrically connected
to another portion of the device on which the backlit user interface 300 is provided, eg., by a
header connector attached to the circuit with low-temp solder, facing down away from the lens,
by a tail that ts compatible with a ZIF connector or by contact pads provided on the bottom

surface 325, possibly with carbon coating, that are intended for pogo-pins.

{0033}  The reflector film 370 is preferably formed of a white retlector material. The
reflector film 370 is preferably provided in a single layer 371 having a top surface 373 and a

bottom surface 375,

{0034]  The at least one LED 330 is bonded to the bottom surface 325 of the transparent
circutt film 320 in a right angle-fire position, preferably using a low temperature solder
material, such that the at least one LED 330 emits light generally parallel to the transparent

circuit film 320,

{0035}  The at least one spacer 340 is preferably formed of foam. The at least one spacer
340 is preferably bonded in place between the bottom surface 325 of the transparent circuit
film 320 and the top surface 373 of the reflector film 370, The at least one spacer 340 i3
positioned around the at least one LED 330 and, f more than one LED 330 is provided, the at

feast one spacer 340 is positioned to separate one LED 330 from another LED 330,
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{6036]  The at least one silver conductor 350 s preferably screen printed on the top surface
323 of the transparent circuit film 320 to provide at least one capacitive touch sensor. The at
fcast one silver conductor 350 15 preferably opaque. The number of silver conductors 350
provided will typically match the number of LEDs 330 provided. Each silver conductor 350 is
generally formed 1n a ring-like configuration such that a space 352 is defined within a middle
of the ring-like configuration. In this context, ring-like ts intended to mean completely closed
{e.g., in an O-shape) or partially closed (e.g., in a C-shape or a U-shape). Each silver conductor
350 is positioned generally above (as viewed tn FIG. 3) one of the LEDs 330 such that the

space 352 defined is in general vertical alignment (as viewed in FIG. 3} with the LED 330.

{0037]  The lens 310 and the transparent circuit film 320 are preferably secured to one
another by the layer of transparent pressure-sensitive adhesive 360, which 1s positioned
between the bottom surface 314 of the lens 310 and either the top surface 323 of the transparent
circuit film 320 or the at least one silver conductor 350, Thus, the layer of transparent pressure-

sensitive occupies the space 352 defined by the at least one silver conductor 350.

{0038] In operation, light emitted by the at least one LED 330 will pass through the
transparent circuit film 320 {(either directly or after bouncing off of the reflector film 370),
through the layer of transparent pressure-sensitive adhesive 360 {including the portion thereof
that occupies space 352), and onto the graphic {as the graphic is also positioned 1in general
vertical alignment (as viewed in FIG. 3) with the space 352), thereby providing backlighting

for the user interface 300 which allows the user to easily view the graphic.

{003%]  FIG. 4 illustrates a fourth embodiment of a backlit user interface 400, The backlit
user interface 400 s identical to the first embodiment of the backlit user interface 100 {see FIG.
1}, except that backlit user interface 400 also includes a microphone 480 as a part thereof,
where the lens 110, the layer of pressure-~sensitive adhesive 160 and the top layer 122 of the
transparent circuit film 120 have an aperture 482 therethrough for the microphone 480. The
microphone 480 is preferably bonded to the top layer 122 of the transparent circuit film 120,

on the opposite side of the top layer 122 as compared to the at least one stlver conductor 150,

{00401  FIG 5 illustrates a fifth embodiment of a backlit user interface S00. The backlituser
interface 500 is identical to the second embodiment of the backlit user interface 200 (see FIG.
2}, except that the backlit user interface 500 also includes a microphone 580 as a part thereof,

where the lens 210, the layer of pressure-sensitive adhesive 260 and the transparent circuit film
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220 have an aperture 582 therethrough for the microphone S80. The microphone 580 i3

preferably bonded to the bottom surface 225 of the transparent circuit film 220

{0041} It will be understood that there are numercus modifications of the illustrated
embodiments described above which will be readily apparent to one skilled in the art, including
combinations of features disclosed herein that are individually disclosed or claimed herein,
explicitly including additional combinations of such features, or alternatively other types of
embodiments of the same.  Also, there are many possible variations in the materials and
configurations, including, but not linuted to, as examples: (a) the embodiments could be
provided with a graphic film could be used instead of a lens; (b} the embodiments could be
provided with or without LEDs; (¢} the embodiments could be provided with or without LED
drive circuitry; {d) the embodiments could be provided with or without microphones; (¢) the
embodiments could be provided with or without cap-touch chip and firmware;, (f) the
embodiments could be provided with backlighting of a user interface with LEDs bonded to a
low-cost circuit (which provides lower cost as compared to traditional backlit user interfaces);
{g) the embodiments could be provided with a substrate that is flexible polyester (which
provides the benefits of being lower cost, flexibie and transparent}; (h) the embodiments could
utilize reflective material behind the LEDs to direct the light to the user (which provides better
lighting quality); (1) the embodiments could have graphic overlays on top surfaces to create
backlit icons; (i) the embodiments could have combined graphical and electrical circuit on one
substrate material (which provides lower costs);, (k) the embodiments could have
graphic/circuit in-molded into a lens/bezel (which allows for use of a curved surface and better
appearance); (1) the embodiments could have capacitive touch for sensing user input; {(m) the
embodiments could have capacitive sensors with ring geometry, allowing backlighting through
the transparent center of the ring (which allows for backlighting for keys and better quality than
light guide film}; (n) the embodiments could have a transparent center of the touch sensor with
either no conductor or a transparent conductor (which provides improved backlighting and
improved capacitive sensing through thick materials); (o) the embodiments could have LEDs
bonded to the circuit with low-temp solder {which provides that there is no substrate damage
during SMT); {p) the embodiments could have microprocessor-based circuitry included on the
polyester circuit {which provides lower cost); (g} the embodiments could have silver circuit
traces applied to the substrate with screen printing (which provides lower cost};, (r) the
embodiments could have LEDs located a distance away from the capacitive sensor {0 improve

capacitive sensitivity (which allows touch sensing through thicker materials; (8) the



WO 2019/113567 PCT/US2018/064662

embodiments could have LEDs which are top-fire, right-angle fire, or reverse-tire (which
provides different options for quality lighting); (t) the embodiments could have transparent,
conductive ink provided in the opening defined by the silver conductor, such that the silver
conductor does not need to surround the opening as much as it needs to if the transparent,

conductive ink 1s not used.
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CLAIMS

I. An user interface device, comprising:

a lens with a top surface and a bottom surface, wherein the bottom surface comprises
at least one graphic that is visible through the top surface of the lens;

a transparent circuit film with a top surface and a bottom surface;

at least one light emitting diode (LEDY);

at least one silver conductor; and

a layer of transparent pressure-sensitive adhesive that secures the bottom surface of the

jens to the top surface of the transparent circuit film.

2. The user interface device of claim 1, wherein the top surface of the lens 1s curved and

configured to contact a user.

3. The user interface device of claim 1, wherein the graphic is applied to the bottom

surface of the lens by at least one of spray paint, laser etch, screen-print, or digital print.

4. The user interface device of claim 1, wherein the bottom surface of the lens is flat.

5. The user interface device of claim 1, wherein the transparent circuit film is formed of

polyester (PET).

6. The user interface device of claim 1, wherein the transparent circuit filmo is in a fold-
over configuration such that the transparent circuit film has a top layer and a bottom layer that
are connected by a connecting end portion, wherein the top layer and the bottom layer are
separated by a desired distance to allow for the at least one LED and at least one spacer to be

positioned therebetween.

7. The user interface device of claim 6, wherein the at least one LED is bonded to the
bottom layer of the transparent circuit film in a top-fire position, such that the at least one LED

emits light toward and through the top layer of the transparent circuit film.

8. The user interface device of claim 6, wherein the at least one spacer is formed of foam

and bonded in place between the top and bottom layer of the transparent circuit film.

10
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9. The user interface of claim 6, further comprising a microphone bonded to the top layer

of the transparent circuit filn.

10. The user interface of claim 9, wherein the lens, the layer of pressure-sensitive adhesive,
and the top layer of the transparent circuit film have an aperture therethrough for the

microphone.

It The user interface device of claim 1, wherein the at least one silver conductor is screen
printed on the top surface of the transparent circuit film to provide at least one capacitive touch

SENsOr.

12. The user interface device of claim 1, further comprising a reflector film across from the

bottom surface of the transparent circuit film.

13. The user interface of claim 12, wherein the reflector film is bonded to the bottom
surface of the transparent circuit film, wherein the reflector film is configured to provide at
least one embossed area which defines a pocket between the reflector film and the bottom

surface of the transparent circuit film.

14. The user interface device of claim 12, wherein the at least one LED is bonded to the

bottom surface of the transparent circuit film in a right angle-fire position.
15 The user interface device of claum 12, further comprising at least one spacer bonded in
place between the bottom surface of the transparent circuit film and a top surface of the reflector

film, wherein the at least one spacer is positioned around the at least one LED.

16.  The user interface of claim 12, further comprising a microphone bonded to the bottom

surface of the transparent circuit film.

17 The user interface of claim 16, wheretn the lens, the layer of pressure-sensitive

adhesive, and the transparent circuit film, have an aperture therethrough for the microphone.

11
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