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FRONT PANEL OVERLAY INCORPORATING A LOGIC CIRCUIT

Technical Field

[0001] The present disclosure relates to front panel overlays and, more particularly,
relates to a system and method for incorporating one or more logic circuits into a front panel

overlay.

Background of the Disclosure

[0002] Front panel overlays, sometimes referred to as flat panel displays, are widely used
in a variety of applications such as, but not limited to, household appliances, medical
equipment or devices, personal electronics, calculators, computer keyboards, machinery
panels, control panels, , and the like. Generally speaking, one function served by a front
panel overlay is as an operator interface for the device to which it is mounted. Depending on
the device, the front panel overlay may include a number of input/output mechanisms such as
lights, push buttons, switches, displays, gauges, and meters allowing a user to do such
functions as turn the device on or off, enter operating instructions, time device operation,
monitor parameters of the operation, and the like.

[0003] To allow for the front panel to receive such information, the front panel overlay
often include membrane switches incorporated in, or otherwise associated with the
input/output mechanisms, which receives that input. The front panel display then transmits
associated signals back to a motherboard recessed deeper within the device, receives
processed signals back from the motherboard, and then displays those signals to the user by
way of the output mechanisms on the front panel overlay.

[0004] The front panel display typically includes several layers, such as a graphics layer for

interfacing with and receiving commands from the user by way of the aforementioned
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input/output devices, one or more circuit layers forming the membrane switch and containing
the electronic circuitry, and optionally a base layer for providing stability and support to the
otherwise flexible layers of the front panel display. Such membrane switches have several
advantages over other forms of switches (e.g., mechanical switches) that are commonly
employed. For example, membrane switches present a substantially flat upper surface and,
they are thin and flexible, which allows them to be used in locations that may be difficult for
mechanical switches to reach. Also, membrane switches are enclosed, and contain very few
moving parts, so they are reliable, not impacted by dust, moisture or liquids and have long
useful lives in a variety of environments. When used on medical devices and equipment,
these attributes allow for a more sterile unit that can be easily cleaned and maintained.

[0005] While effective, such prior art approaches have, as mentioned above, required that
the signals received at the front panel overlay be entered through the membrane switch, and
then be communicated by way of associated signals back to a remote processing unit, such as
a motherboard or printed circuit board, situated deep within the device on which the front
panel overlay is mounted. This necessarily requires that the front panel overlay be connected
to the remote electronic processing unit using a plurality of conductive traces and
interconnects via a flexible cable or “tail” running from the front panel overlay to the remote
electronic processing unit. The connections between the front panel overlay and the remote
electronic processing unit are not only complex, they drive the cost of the device up and
unnecessarily consume space within the device that may otherwise be used for enhancing the
functionality of the device.

[0006] It would accordingly be beneficial if an improved front panel overlay having at least
some local processing capability could be developed. It would additionally be beneficial if

such an improved front panel overlay could at least partially reduce the number of
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connections between the front panel overlay and the remote electronic processing unit of the

device employing the front panel overlay.

Summary of the Disclosure

[0007] In accordance with one aspect of the present disclosure, a front panel overlay is
disclosed. The front panel overlay may include a first layer having a first electrical contact
and a second layer having a second electrical contact. The front panel overlay may also
include one or more logic circuits incorporated at least indirectly within one of the layers, the
one or more logic circuits being activated when the first electrical contact completes an
electrical circuit with the second electrical contact.

[0008] In accordance with another aspect of the present disclosure, a method of
incorporating a logic circuit in a front panel overlay is disclosed. The method may include
providing a plurality of layers in operational association with one another and, forming one or
more logic circuits at least indirectly onto one or more of the plurality of layers. The method
may also include programming the one or more logic circuits for performing at least one
operation and linking the one or more logic circuits to electric circuitry on the plurality of
layers using conductive traces and interconnects.

[0009] In accordance with yet another aspect of the present disclosure, a front panel overlay
is disclosed. The front panel overlay may include a top circuit layer having a first electrical
contact, a bottom circuit layer having a second electrical contact and a spacer layer interposed
between the top circuit layer and the bottom circuit layer. The spacer layer may selectively
facilitate completion of an electrical circuit by the first electrical contact and the second
electrical contact. The front panel overlay may also include a logic circuit incorporated

within the top circuit layer, the logic circuit being at least indirectly linked to the first



WO 2014/126791 PCT/US2014/015218

electrical contact such that when the electrical circuit is completed, the logic circuit is
activated.

[0010] These and other aspects and features of the present disclosure will be more readily
understood upon reading the following description when taken in conjunction with the

accompanying drawings.

Brief Description of the Drawings

[0011] FIG. 1 is a front view of an exemplary front panel overlay, constructed in
accordance with at least some embodiments of the present disclosure;

[0012] FIG. 2 is an exploded view showing the various layers of the front panel overlay of
FIG. 1, in accordance with at least some embodiments of the present disclosure;

[0013] FIG. 3 is a plan view of a graphics layer of the front panel overlay of FIG. 1,
constructed in accordance with at least some embodiments of the present disclosure;

[0014] FIG. 4 is a plan view of a top circuit layer of the front panel overlay of FIG. 1,
constructed in accordance with at least some embodiments of the present disclosure;

[0015] FIG. 5 is a plan view of a spacer layer of the front panel overlay of FIG. 1,
constructed in accordance with at least some embodiments of the present disclosure;

[0016] FIG. 6 is a plan view of a bottom circuit layer of the front panel overlay of FIG. 1,
constructed in accordance with at least some embodiments of the present disclosure;

[0017] FIG. 7 is a plan view of a base layer of the front panel overlay of FIG. 1, constructed
in accordance with at least some embodiments of the present disclosure;

[0018] FIG. 8 is an exemplary flowchart outlining a sample sequence of steps for printing
and/or imprinting one or more logic circuits on the layers of the front panel overlay of FIG. 1;
[0019] FIG. 9 is an exemplary flowchart outlining a sample sequence of steps for

laminating the one or more logic circuits on the layers of the front panel overlay of FIG. 1;
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[0020] FIG. 10 is a cross-sectional view taken along line 10-10 of the front panel overlay of
FIG. 1 showing the various layers of the front panel overlay in a non-operational state; and
[0021] FIG. 11 is a cross-sectional view taken along line 10-10 of the front panel overlay of
FIG. 1 showing the various layers of the front panel overlay in an operational state.

[0022] While the present disclosure is susceptible to various modifications and alternative
constructions, certain illustrative embodiments thereof, will be shown and described below in
detail. It should be understood, however, that there is no intention to be limited to the
specific embodiments disclosed, but on the contrary, the intention is to cover all
modifications, alternative constructions, and equivalents falling within the spirit and scope of

the present disclosure.

Detailed Description of the Disclosure

[0023] Referring now to FIG. 1 in conjunction with FIG. 1, an exemplary front panel
overlay 2 is shown, in accordance with at least some embodiments of the present disclosure.
Specifically, FIG. 1 is a front view of the front panel overlay 2, while FIG. 2 is an exploded
view thereof. In at least some embodiments, and as shown specifically in FIG. 2, the front
panel overlay 2 may be composed of a plurality of layers 4, such as, a graphics layer 6, a top
circuit layer 8, a spacer layer 10, a bottom circuit layer 12 and a base layer 14. The front
panel overlay 2 may also include a flex cable or “tail” 16 for providing a power supply to the
front panel overlay, as well as for providing an input/output to/from the top circuit layer 8
and the bottom circuit layer 12 from/to the device employing the front panel overlay.
Moreover, while the front panel overlay 2 is described as a “front” panel overlay, it is to be
understood this directional modifier is only used as a term of art and in fact the technology
disclosed herein can be used in conjunction with panel displays provided elsewhere on a

device including other sides, and separate consoles therefore, as well.
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[0024] With respect to the plurality of layers 4, described in greater detail below, each may
be a thin flexible or rigid layer with a substantially uniform thickness and operationally
connected in at least indirect association with the other layers. Notwithstanding the fact that
in the present embodiment, the front panel overlay 2 has been described as having five layers,
in other embodiments, the number of layers may vary. Similarly, the size and shape of the
layers 4 (and, therefore the size and shape of the front panel overlay 2) may vary as well.
[0025] Furthermore, at least some of the plurality of layers 4 (such as the graphics layer 6,
the top circuit layer 8 and the bottom circuit layer 12) may be formed of a polymeric film
composed of a polycarbonate material such as, polyethylene terephthalate (PET/PETE),
Mylar®, vinyl, acrylic, polycarbonate, thermoplastics or other durable polymeric-type
materials. The spacer layer 10 may be composed of a dielectric material, such as, polyester,
or the like, while the base layer 14 may be composed of a rigid and durable material such as
fiberglass, plastic, metal, glass, etc. Other types of material such as, elastomers and silicones
that may be deemed appropriate for a particular one of the plurality of layers 4, as well as for
a specific application of the front panel display 2 may be employed in other embodiments.
[0026] Turning now to FIG. 3, the graphics layer 4 of the front panel display 2 is shown in
greater detail, in accordance with at least some embodiments of the present disclosure. The
graphics layer 4 may provide an operator interface to a user for interacting with and operating
the front panel overlay 2, and in turn operating the machine to which the front panel overlay 2
is operatively associated, and receiving feedback therefrom. For example, the machine (not
shown) may be any number of different devices such as, but not limited to, household
appliances, medical devices & equipment, personal electronics, control panels, machine or
vehicle consoles, and the like. To that end, the graphics layer 4 may include a variety of
input/output elements, such as, visual elements (e.g., text, art/graphics, symbols, display

screens, lights, gauges, meters, etc.), tactile elements (e.g., buttons, vibratory toggles, etc.),
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and audible elements (e.g., alarms, bells, etc.), that may both allow a user to enter
information, and allow the device to convey meaningful information and feedback to the
user. Such feedback may be about the front panel display 2, as well as the device to which
the front panel display 2 is mounted, to assist the user in intelligently operating the same. For
example, the graphics layer 4 may include a first indicia 18, a second indicia 20, a first
indicator 22, a second indicator 24 and a third indicator 26. The graphics layer may also
include a battery symbol 30 for informing the user that the front panel display 2 may be
employed for testing a battery level of the device employing the front panel display 2 and text
32 for imparting meaning to the first, second and third indicators 22, 24 and 26, respectively.
[0027] It will be understood that although the graphics layer 4 in the present embodiment
has been shown to have a specific number and certain types of elements 18-32, in other
embodiments, the number, wording, symbolism, and types of those elements used may vary.
Similarly, the arrangement, as well as the size, shape and presentation of those elements on
the front panel display 2 may vary as well. With respect to the first indicia 18 and the second
indicia 20, each of those elements may be “buttons” that may be actuated by the user to
operate the front panel display 2. For example, the first indicia 18 may be actuated (e.g., by
exerting a downward force thereon) by the user to turn the front panel display 2 on.

Similarly, the second indicia 20 may be actuated after turning on the front panel display 2 to
determine the battery level of the device employing the front panel display 2. Furthermore,
in at least some embodiments, one or both of the first and the second indicia 18 and 20,
respectively, may be formed as dome-shaped structures that provide a tactile effect to the user
when pressed.

[0028] The first, second and third indicators 22, 24 and 26, respectively, on the other hand,
which are not actuated by the user, may provide feedback to the user when the first indicia 18

and the second indicia 20 have been actuated. For example, the first indicator 22 may be
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activated to indicate that the front panel display 2 has been turned on when the first indicia 18
is actuated, while one of the second indicator 24 or the third indicator 26 may be activated to
convey the battery level of the device when the second indicia 20 is actuated. In at least
some embodiments, the first indicator 22, the second indicator 24 and the third indictor 26
may be light emitting diodes (LEDs). In other embodiments, other types of visual and/or
audible indicators such as, but not limited to, the aforementioned gauges, meters, displays,
sirens and the like, may be used.

[0029] Furthermore, to improve the durability of the first indicia 18, the second indicia 20,
the first, second and third indicators 22, 24 and 26, respectively, the battery symbol 30 and
the text 32, each of those elements may be reverse printed on the graphics layer 6. In other
words, the elements (or any other elements that are formed on the graphics layer 6) may be
printed or imprinted on an underside surface (e.g., the surface not visible to the user) of the
graphics layer. The graphics layer 6 may also be coated with a variety of materials, such as
hard scratch resistance coatings, varnishes and textures or finishes such as, matte, embossed,
etc. for improving the look and feel of the front panel display 2. It will again be understood
that the graphics layer 4 shown in FIG. 3 is merely exemplary. Modifications, replacements
and/or enhancements to the graphics layer 4 and the elements provided thereon are
contemplated and considered within the scope of the present disclosure.

[0030] Referring now to FIG. 4, the top circuit layer 8 of the front panel display 2 is shown
in greater detail, in accordance with at least some embodiments of the present disclosure.
The top circuit layer 8 is substantially similar in construction, shape, size and profile to that
of the graphics layer 6. However, in contrast to the graphics layer 6, which provides an
interactive interface to the user, the top circuit layer 8 carries the electric circuitry (or at least
a portion of the electric circuitry) of the front panel display 2 and is activated only after the

first indicia 18 or the second indicia 20 have been actuated by the user.
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[0031] In at least some embodiments, the top circuit layer 8 may carry electrical contacts
such as, a first electrical contact 34 and a second electrical contact 36, which may be utilized
for completing an electrical circuit along with the bottom circuit layer 12. The first electrical
contact 34 and the second electrical contact 36 may correspond in location with the first
indicia 18 and the second indicia 20, respectively, on the graphics layer 6 such that upon
exerting a downward force against the first indicia (or the second indicia), a force against the
first electrical contact (or the second electrical contact) may be exerted as well. Each of the
first electrical contact and the second electrical contact 34 and 36, respectively, may be
constructed out of any of a wide variety of conductive materials that are commonly employed
in electrical circuits. In at least some embodiments and, particularly, those embodiments in
which the first indicia 18 and the second indicia 20 are constructed as dome-shaped
structures, the first and the second electrical contacts 34 and 36, respectively, may be
provided on the underside surface of the graphics layer 6 itself. In such cases, the top circuit
layer 8 may possibly be eliminated.

[0032] In addition to the first electrical contact 34 and the second electrical contact 36, the
top circuit layer 8 may also include a plurality of conductive traces and interconnects 38. The
conductive traces and interconnects 38 may be conductive tracks, signals or pathways that
may transmit information from one point to another within the electrical circuit on the front
panel display 2. While the conductive traces and interconnects 38 have been shown to be
formed on a top surface of the top circuit layer 8, in some embodiments, at least a portion of
the conductive traces and interconnects may be formed on a bottom surface of the top circuit
layer. The conductive traces and interconnects 38 may be formed in a manner commonly
known, for example, by utilizing conductive ink containing materials such as silver and
copper and, printing/imprinting the conductive traces and interconnects on the top circuit

layer 8. Furthermore, the conductive traces and interconnects 38 may terminate in the flex
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cable 16 that may or may not utilize an additional attached mechanical connector. Although
not shown, shields may be utilized in conjunction with the conductive traces and
interconnects 38 to prevent cross-talk between those traces. The top circuit layer 8 may
additionally include cut-outs 40 for the first, second and third indicators 22, 24 and 26,
respectively, as well.

[0033] In stark contrast to the prior art, the top circuit layer 8 may also include a logic
circuit 42. The logic circuit 42 may be connected to the first electrical contact 34 and the
second electrical contact 36 via the conductive traces and interconnects 38. Further, the logic
circuit 42 may be formed at least indirectly on either or both of the top surface and the bottom
surface of the top circuit layer 8. Although not necessary, typically the logic circuit 42 is
formed on the same side as the first electrical contact 34, the second electrical contact 36 and
the conductive traces and interconnects 38. As will be described below, in some
embodiments, at least a portion of the logic circuit 42 may be provided on the bottom circuit
layer 12 or elsewhere in the front panel display 2. For example, in yet other embodiments,
the logic circuit 42 may be provided on the graphics layer 6 as well, specifically when the
first and second electrical contacts 34 and 36, respectively, are provided on the graphics layer
(e.g., when the first indicia 18 and the second indicia 20 are formed as dome-shaped
structures).

[0034] The logic circuit 42 may be a computer switching circuit utilizing a plurality of logic
gates for processing digital information and data (e.g., bits and bytes). The logic circuit 42
may be in the form of a very thin printed logic circuit as will be described in further detail
herein, or may be a more traditional silicon chip that may be attached/transferred (e.g., by
conductive adhesive) to the top circuit layer 8 and connected to the conductive traces and
interconnects 38. Furthermore, the logic circuit 42 may be composed of combinational or

sequential logic and may involve application specific integrated circuit (ASIC) circuits, field
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programmable gate arrays (FPGA) or other types of logic and integrated circuits that are
commercially available. Relatedly, the logic circuit 42, to provide the thinnest form factor
and the most compact design & layout, can consist of imprinted logic circuits similar to
TFT’s. Other more conventional components may be employed, such as diodes or transistors
including, field-effect transistors (FET), metal oxide semiconductor field effect transistors
(MOSFET), complementary metal oxide semiconductors (CMOS), or other devices and
components that are commonly employed in logic circuit design.

[0035] The logic circuit 42 may receive digital information from the input/output port of
the flex cable 16 and upon actuation of the first indicia 18 or the second indicia 20, the logic
circuit may locally process the digital information and convey the battery level of the device
employing the front panel display 2 to the user through the second and the third indicators 24
and 26, respectively. By virtue of utilizing and incorporating the logic circuit 42 within the
front panel overlay 2 to process and perform at least one operation, the present disclosure
avoids the need to provide complex, extensive cabling and circuitry leading to and from a
motherboard or printed circuit board situated within the device for performing the functions
performed by the logic circuit. In that regard, the front panel overlay 2 itself utilizes
“embedded intelligence™ and “distributed processing,” specifically because the front panel
overlay is no longer used as simply a data gathering and display device.

[0036] Rather, the front panel display 2 with the incorporated logic circuit 42 also serves as
a programmable processing unit capable of performing a variety of intelligent functions. In
so doing, not only is the cost of the device employing the front panel overlay 2 reduced (due
to eliminating all the circuitry and cabling separately linking the front panel overlay 2 to a
printed circuit board/motherboard deep within the device to perform all the processing
functions), the profile and configuration of the front panel overlay 2 is not significantly

affected (if at all). In remains thin, flexible, and potentially transparent.
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[0037] Turning now to FIG. 5, the spacer layer 10 is shown in greater detail, in accordance
with at least some embodiments of the present disclosure. The spacer layer 10 may be
interposed between the top circuit layer 8 and the bottom circuit layer 12. The spacer layer
10 may be composed of a dielectric material and may primarily be utilized to provide a gap
or selective electrical continuity between the first and the second electrical contacts 34 and
36, respectively, and the circuitry on the bottom circuit layer 12. To that end, the spacer layer
10 may include various cut-outs 44 in locations corresponding to the first indicia 18 (and the
first electrical contact 34), the second indicia 20 (and the second electrical contact 36) and,
the first, second and third indicators 22, 24 and 26, respectively. The cut-outs 44 may also
provide venting and allow air to flow in and out during operation of the front panel overlay 2.
[0038] As will be described further below, when the first indicia 18 or the second indicia 20
are actuated by exerting a downward force thereon (as by the thumb or finger of a user), the
first electrical contact 34 or the second electrical contact 36 completes an electrical circuit
with circuitry on the bottom circuit layer 12 via the cut-outs 44 on the spacer layer 10. When
the first indicia 18 and the second indicia 20 are not actuated, the spacer layer 10 keeps the
first and the second electrical contacts 34 and 26, respectively, apart from the bottom circuit
layer 12. It will be understood that in at least some embodiments, the entire electric circuitry
of the front panel overlay 2 may be provided on a single layer. In those cases, the spacer
layer 10 may not be needed.

[0039] Below the spacer layer 10, the bottom circuit layer 12 may be arranged, as shown in
FIG. 6. In accordance with at least some embodiments of the present disclosure, the bottom
circuit layer 12, also termed as a static layer, may contain the main circuitry required for the
front panel overlay 2 to function. For example and as shown, the bottom circuit layer 12 may
include a third electrical contact 46 and a fourth electrical contact 48, both of which may be

utilized for mating with the first electrical contact 34 and the second electrical contact 36,
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respectively, for competing the electrical circuit. The bottom circuit layer 12 may also
include a plurality of conductive traces and interconnects 50, as well as light emitting diodes
52 or the like that provide a visual or other form of feedback signal to the user through the
first, second and third indicators 22, 24 and 26, respectively.

[0040] Similar to the conductive traces and interconnects 38, the conductive traces and
interconnects 50 may be printed or imprinted on an upper or lower surface of the bottom
circuit layer 12 using conductive inks containing conductive materials such as silver, copper
and/or carbon. Although not shown, in addition to the above described components, the
bottom circuit layer 12 may include support connectors, fiber optic components, the flex
cable 16, as well as other types of components and circuitry. As discussed above, the flex
cable 16 is merely intended to provide power and input/output connections to the top circuit
layer 8 and the bottom circuit layer 12. The flex cable 16 is not intended to link the circuitry
on the top and the bottom circuit layers 8 and 12, respectively, to any printed circuit board or
processing components within the device employing the front panel overlay 2. The logic
circuit 42 embedded or at least indirectly connected or mounted to the top circuit layer 8
provides the processing capability to the front panel overlay 2.

[0041] Along with the logic circuit 42, in at least some embodiments, additional logic
circuits may be provided on the bottom circuit layer 12. For example, in at least some
embodiments, the logic circuit 42 may be divided into multiple smaller logic circuits, some of
which may be provided on the bottom circuit layer 12. In some other embodiments,
functionality in addition to that provided by the logic circuit 42 may be achieved by another
logic circuit on the bottom circuit layer 12. Alternatively, the logic circuit 42 may be formed
or connected to the bottom circuit layer 12 in lieu of the top circuit layer 8. To that extent,
the present disclosure provides a flexible mechanism to embed the logic circuit(s) as desired

within the plurality of layers 4 of the front panel overlay 2.
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[0042] It will also be understood that the logic circuit 42, as well as any additional logic
circuits may be provided on layers other than the top circuit layer 8 and the bottom circuit
layer 12 of the front panel overlay 2 as well. For example, when the first and the second
electrical contacts 34 and 36, respectively, are formed directly on the graphics layer 4, in
those embodiments, the logic circuit 42 may be at least indirectly connected to or
printed/imprinted on the graphics layer instead.

[0043] Beneath the bottom circuit layer 12, the base layer 14 may be found. As shown
specifically in FIG. 7, the base layer 14 may be a rigid layer employed to provide stability
and rigidity to the flexible layers of the front panel overlay 2. While the base layer 14 need
not always be employed, to improve the durability of the front panel overlay 2, the base layer
is typically used. In at least some embodiments, the base layer 14 maybe composed of
plastic, glass, fiberglass, aluminum, steel or other suitable material, as discussed above.
[0044] From the foregoing, it can be seen that the front panel overlay 2 includes a
membrane switch 54 comprised of the top circuit layer 8 and the bottom circuit layer 12, with
or without the spacer layer 10 and base layer 14. Depending on whether the contacts of the
top circuit layer 8 and bottom circuit layer 12 are in contact, the membrane switch 54 is either

open or closed.

Industrial Applicability

[0045] In general, the present disclosure sets a front panel overlay incorporating one or
more logic circuits to provide a local processing capability to the front panel overlay itself.
As described above, the front panel overlay may be composed of a plurality of layers
including a graphics layer, a top circuit layer, a spacer layer, a bottom circuit layer and a base
layer. One or more logic circuits may be incorporated within the top circuit layer and/or the

bottom circuit layer or other layers for processing information received from the device
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employing the front panel overlay upon actuation of the switch. By incorporating the much
smaller, lower profile imprinted logic circuits, even thinner form factors can be achieved for a
front panel overlay.

[0046] Referring now to FIGS. 8 and 9, flowcharts 54 and 56, respectively, outlining steps
for incorporating the logic circuit 42 in the front panel overlay 2 are shown, in accordance
with at least some embodiments of the present disclosure. Specifically, the flowchart 54
shows a method for printing or imprinting the logic circuit 42 onto the front panel overlay 2,
while the flowchart 56 shows a method for laminating or transferring the logic circuit
thereon. Turning first to the flowchart 54, after starting at a step 58, the logic circuit 42 (and
any additional logic circuits) may be printed or imprinted on the desired ones of the plurality
of layers 4 of the membrane circuit at a step 60. For example, the logic circuit 42 may be
printed or imprinted on the top circuit layer 8 and/or the bottom circuit layer 12, as described
above. Depending upon the shape and size of the front panel overlay 2, as well as the
complexity of the logic circuit 42 that is desired, the logic circuit may be split into multiple
logic circuit portions.

[0047] Furthermore, the logic circuit 42 (and any of the additional logic circuits) may be
directly incorporated on one side of plurality of layers 4 of the front panel overlay 2. The
method toprint/imprint a logic circuit onto a thin flexible, possibly transparent surface is
known in the art and, therefore, it has not been described here. For example, one technique to
print/imprint very thin logic circuits is provided by PragmatIC™ Printing, headquartered in
Cambridge, United Kingdom. Other similar techniques to print/imprint an ultra-thin logic
circuit onto a flexible surface may be utilized as well.

[0048] After incorporating the logic circuit 42 onto the front panel overlay 2, the logic
circuit 42 may be programmed to perform one or more desired operations at a step 62. For

example, the logic circuit 42 on the front panel overlay 2 may be programmed to determine a
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battery level of the device on which the front panel overlay 2 is employed. Any number of
other examples are of course possible as well. Next, the conductive traces and interconnects
38 to link the logic circuit 42 to the first and the second electrical contacts 34 and 36,
respectively, of the top circuit layer 8 may be printed/imprinted and/or soldered at a step 64.
It will be understood that while in the present embodiment, the logic circuit 42 is first
programmed and then the conductive traces and interconnects 38 are printed/imprinted, this
need not always be the case. In at least some embodiments, the conductive traces and
interconnects 38 to link the logic circuit 42 to the electrical contacts 34 and 36 may be
printed/imprinted first and then the logic circuit may be programmed. The process ends at a
step 66 with the front panel overlay 2 being ready for use.

[0049] Instead of attaching the logic circuit 42 directly on to the surface of the front panel
overlay 2, in at least some embodiments, the logic circuit may be formed and then laminated
on the front panel display 2. Thus, as shown in the flowchart 56, after starting at a step 68,
the logic circuit 42 may first be printed/imprinted and then it may be transferred or laminated
onto the front panel overlay 2 (e.g., to the top circuit layer 8) at a step 70. The technique to
laminate a logic circuit using conductive adhesives is known in the art and, therefore, it has
not been described here.

[0050] After laminating the logic circuit 42 (and any additional logic circuits) to the front
panel overlay 2, the conductive traces and interconnects 38 may be printed/imprinted and/or
soldered to link the logic circuit to the first electrical contact 34 and the second electrical
contact 36 at a step 72. The logic circuit 42 may then be programmed to determine a battery
level of the device (other functions in other embodiments) incorporating the front panel
overlay 2 at a step 74. Again, in at least some embodiments, the logic circuit 42 may be
programmed before the conductive traces and interconnects 38 are printed/imprinted. The

process then ends at a step 76 with the front panel overlay 2 being ready to use.
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[0051] Turning now to FIGS. 10 and 11, cross-sectional views 78 and 80, respectively,
taken along lines 10-10 of FIG. 1 show the operation of the front panel overlay 2 in
accordance with at least some embodiments of the present disclosure. The cross-sectional
view 78 in particular shows the front panel overlay 2 before being closed or actuated, and
thus in a non-operational state; while the cross-sectional view 80 shows the front panel
overlay 2 closed or actuated so as to be in an operational state, particularly when the first
indicia 18 is actuated. Specifically and as shown in FIG. 10, when force against the first
indicia 18 and/or the second indicia 20 is not exerted, the first electrical contact 34 remains
separated from the third electrical contact 46, and the second electrical contact 36 remains
separated from the fourth electrical contact 48 via the spacer layer 10. The electric circuit
therefore remains open.

[0052] However, when the first indicia 18 and/or the second indicia 20 are actuated by
exerting a downward force thereon, the first electrical contact 34 may touch the third
electrical contact 46 and the second electrical contact 36 may touch the fourth electrical
contact 48 through the spacer layer 10 to complete and close the electric circuit. The first
electrical contact 34 closing the electric circuit with the third electrical contact 46 is shown in
FIG. 11. After the electric circuit is closed, then the logic circuit 42 may be actuated and may
turn the light emitting diode 52 associated with the first indicator 22 on to indicate that the
front panel overlay 2 and associated device are now operational. The continuity in the
electric circuit is maintained only as long as force is exerted on the first indicia 18 or the
second indicia 20. When the force is released, the electric continuity is broken (due to the
spacer layer 10) and the logic circuit stops responding.

[0053] Thus, by providing a logic circuit in the front panel overlay 2, the front panel
overlay 2 can provide certain logic functions, as opposed to prior art devices which rely

entirely on a remote electronic processing unit deeper within the device to perform such
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functions. This capability may simplify the circuit design of the devices, which can now
simply employ the front panel overlay 2 with the logic circuit instead of mounting those
circuits within the device. Using the logic circuit within the front panel overlay 2 may also
reduce the cost of the associated device, as indicated above, due to fewer traces and
interconnects being needed between the front panel overlay 2 and the device, while the space
saved may be utilized for adding new features to the device. Additionally, by incorporating
the logic circuit within the front panel overlay 2, the shape, size and thickness of the
membrane switch 54, and front panel overlay 2 as are whole, are not substantially affected (if
at all) and the switch can still be provided in a thin, flexible and possibly transparent format.
[0054] While only certain embodiments have been set forth, alternatives and modifications
will be apparent from the above description to those skilled in the art. These and other
alternatives are considered equivalents and within the spirit and scope of this disclosure and

the appended claims.
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Claims

What is claimed is:

1. A front panel overlay, comprising:

a first layer having a first electrical contact;

a second layer having a second electrical contact; and

a logic circuit incorporated at least indirectly within one of the first and second layers,
the logic circuit being activated when the first electrical contact completes an electrical

circuit with the second electrical contact.

2. The front panel overlay of claim 1, wherein the logic circuit is at least one of printed

and imprinted then directly applied onto one of the first and second layers.

3. The front panel overlay of claim 1, wherein the logic circuit is laminated on one of the

first and second layers.

4. The front panel overlay of claim 1, wherein the logic circuit is connected at least
indirectly to the first electrical contact and the second electrical contact via a plurality of

conductive traces and interconnects.

5. The front panel overlay of claim 1, wherein the first layer is a top circuit layer and the

logic circuit is incorporated within the top circuit layer.

6. The front panel overlay of claim 1, further including a graphics layer having a

plurality of input/output devices for interacting with and displaying feedback to a user.
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1. The front panel overlay of claim 1, wherein the second layer is a bottom circuit layer,

the bottom circuit layer having the second electrical contact.

8. The front panel overlay of claim 1, further including a spacer layer interposed
between the first layer having the first electrical contact and the second layer having the

second electrical contact.

9. The front panel overlay of claim 1, further including a base layer for providing

stability to the other layers.

10. The front panel overlay of claim 1, wherein the logic circuit or logic circuits

communicate with a printed circuit board remotely located relative to front panel overlay.

11. A method of incorporating a logic circuit in a front panel overlay, the method
comprising:
providing a plurality of layers in operational association with one another;
forming a logic circuit at least indirectly onto one or more of the plurality of layers;
designing the logic circuit for performing at least one operation; and
linking the logic circuit to electric circuitry on the plurality of layers using conductive

traces and interconnects.

12. The method of claim 11, wherein forming the logic circuit comprises at least one of
printing and imprinting the logic circuit then directly applying onto a surface of the plurality

of layers.
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13. The method of claim 11, wherein forming the logic circuit comprises laminating the

logic circuit on to a surface of the plurality of layers.

14. The method of claim 11, wherein forming the logic circuit on the plurality of layers
avoids at least some electrical connections to a printed circuit board of a device employing

the front panel overlay for performing the at least one operation.

15. A front panel overlay, comprising:

a top circuit layer having a first electrical contact;

a bottom circuit layer having a second electrical contact;

a spacer layer interposed between the top circuit layer and the bottom circuit layer for
selectively completing an electrical circuit by the first electrical contact and the second
electrical contact;

a logic circuit incorporated within the top circuit layer, the logic circuit at least
indirectly linked to the first electrical contact such that when the electrical circuit is

completed, the logic circuit is activated.

16. The front panel overlay of claim 15, further comprising a graphics layer formed over
the top circuit layer and having indicia corresponding in placement to the first electrical
contact, such that upon exerting force against the indicia, the first electrical contact is forced
against the second electrical contact through the spacer layer.

17. The front panel overlay of claim 16, wherein the graphics layer further includes
input/output elements enabling feedback calculated by the logic circuit to be displayed to a

Uuser.
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18. The front panel overlay of claim 15, wherein the logic circuit is at least one of printed,

imprinted, and laminated on to the top circuit layer.

19. The front panel overlay of claim 15, wherein the logic circuit is formed on the same

side of the top circuit layer as the first electrical contact.

20. The front panel overlay of claim 15, wherein the logic circuit is provided in a thin and

flexible format.
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