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(57) Abstract: Disclosed are image expanding lenses, display devices, and electronic devices incorporating the disclosed image
expanding lenses. In accordance with a disclosed image expanding lens, the image viewed by the user is larger than the active area
of the LCD panel underneath the lens, so that the border around, for example, the .CD display is hidden from viewing. The image
expanding lenses may include a non-uniform transparent substrate, having for example, a wedge shape that may be the top surface
of the display. The substrate in combination with prismatic films may bend the light output from an array of pixels so that the image
hides the border of the display device. In this way, an electronic device can render an edgeless image to a viewer since the image of
the electronic device is projected beyond an edge of the display device of the host electronic device.
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IMAGE EXPANDING LENSES,

DISPLAY DEVICES AND ELECTRONIC DEVICES

FIELD OF THE INVENTION

[0001] Disclosed are image expanding lenses, display devices, and electronic devices
incorporating the disclosed lenses, and more particularly, lenses, wedge-shaped
substrates, and prismatic film combinations for expanding an image of a display device
so that it hides a border surrounding the display screen of the display device, providing a

borderless display to give the device the look of a borderless device.

BACKGROUND

[0002] The makers of mobile communication devices, including those of cellular
telephones, are increasingly adding functionality to their devices. For example, cellular
telephones include display features such as still and video cameras, video media
streaming and two-way video calling. While there is a trend toward the inclusion of
more display features and improvements for current features, there is also a trend toward
smaller mobile communication devices. As mobile communication device technology
has continued to improve, the devices have become increasingly smaller. Accordingly,
manufacturers have less area for placement of displays on the smaller mobile

communication devices.

[0003] While there is a trend toward smaller devices, there is also an industrial trend
toward thin edged mobile communication devices trending towards a borderless display
to give the device the look of a borderless device or phone. However, the perimeter
edges of a display include many elements that can contribute to a visible border around
the display. A current liquid crystal display (LCD) has many contributors to add to its
border, such as wire traces, a bezel, a gasket and a housing. In addition, cellular phones
or other devices have their housing which contributes to the visible border. It is very
challenging to remove some or all of the border elements of the existing display

structures or device structures.
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[0004] One manner in which to enlarge the image of a display is to use a standard
positive Fresnel lens that magnifies the image. However, when incorporated with an
LCD display, the coarse grooves of the lens create moiré patterns which largely affect
the image quality. In general however, a substrate, not a lens, is the top surface of a
display of a mobile communication device. Prismatic films are widely used in LCD
backlight modules, usually on a flat substrate. The films are for illumination and cannot

expand the image.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] FIG. 1 depicts an image displayed on a display device that has not been

expanded to illustrate the border around the edge of the image;

[0006] FIG. 2 depicts an image display on a display device that has been expanded

by an embodiment of the described image expanding lens;

[0007] FIG. 3 illustrates an embodiment of the described image expanding lens and

an LCD display in a side view;

[0008] FIG. 4 depicts in more detail the directions in which the light output from the
LCD display may be shifted along the direction opposite to the bending direction; and

[0009] FIG. 5 depicts a side view of an embodiment of the substrate that has a

rounded apex.

DETAILED DESCRIPTION

[0010]  With the industrial trend toward a borderless display, a mobile
communication device with no visible border or ultra-thin boarder is desirable. A
generic solution for a borderless display suitable for mainstream LCD displays is
desirable, as well as for other emerging direct-view display technologies such as organic
light-emitting diode (OLED) or electrophoretic displays (E-ink). It is preferable that the
borderless display include good image quality, an optional floating-on surface image,
and a future path to thinner display devices. It is also desirable that such a solution have

a minimal impact on the thickness of the display device.
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[0011] Disclosed are image expanding lenses, display devices, and electronic devices
incorporating the disclosed image expanding lenses. In accordance with a disclosed
image expanding lens, the image viewed by the user is larger than the active area of the
LCD panel underneath the lens, so that the border around, for example, the LCD display
is hidden from viewing. The disclosed image expanding lens can enlarge the image to
hide areas surrounding the display such as the device housing, providing a borderless
device. In this way, smaller mobile communication devices may have borderless
displays that seem larger than they are. That is, an electronic device incorporating the
disclosed image expanding lens can render an edgeless image to a viewer since the image
of the electronic device is projected beyond an edge of the display device of the host

electronic device to possibly provide an overall better viewing experience.

[0012] A substrate in one embodiment has a wedge shape and has one surface that
may be the top surface of the display device. The wedge-shaped portion of the substrate
has an apex as its center, or other configuration in the center. In one embodiment,
uniform prismatic films are attached to the oppositely oriented wedge-shaped portions of
the substrate. An image projected from an LCD through the films and substrate, closest
to the apex is not substantially shifted. However, the images projected close to the outer
edges of the substrate and film, that is, those closest to the display device border, are
substantially shifted, creating an expanded virtual image. To expand a displayed image
on two sides, two films with opposite bending directions are placed, one or more on

cither side of the apex.

[0013] FIG. 1 depicts an image displayed on a display device that has not been
expanded, to illustrate the border around the edge of the image. The display device 102
may be that of an electronic device such as a mobile communication device 104, the
display device 102 supported by a housing 106. The border 108 on one side and border
110 on another side adjacent two sides of the display device 102 may include wire traces,
a bezel, a gasket and the housing 106. The unexpanded image 112 may be generated by
an LCD display module or other type of display device. The LCD display module 102
includes the active area from where an image is generated and projected and surrounding

borders.
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[0014] The electronic device 104, for example, may be a mobile communication
device that may be implemented as a cellular telephone (also called a mobile phone).
The electronic device and more in particular, a mobile communication device represents
a wide variety of devices that have been developed for use within various networks.
Such handheld communication devices include, for example, cellular telephones,
messaging devices, personal digital assistants (PDAs), notebook or laptop computers
incorporating communication modems, mobile data terminals, application specific
gaming devices, video gaming devices incorporating wireless modems, and the like.
Any of these portable devices may be referred to as a mobile station or user equipment.
Herein, wireless communication technologies may include, for example, voice
communication, the capability of transferring digital data, SMS messaging, Internet

access, multi-media content access and/or voice over internet protocol (VoIP).

[0015] FIG. 2 depicts an image display on a display device that has been expanded
by an embodiment of the described image expanding lens. The display device 202 may
be that of an electronic device such a mobile communication device 204, the display
device 202 supported by a housing 206. While the border 108 (see FIG. 1) on one side
and the border 110 on another side adjacent two sides of the display device 202 are
present as illustrated in FIG. 1, some or all of the border 108 and/or the border 110 is
hidden by image 212 of the disclosed image expanding lens. Prismatic films alone or in
combination with the substrate of the lens are able to bend the light from the LCD to
cover the borders 108 and/or 110, essentially hiding them, as will be described in detail
below. While borders 108 and 110 are depicted as those which are hidden in FIG. 2, it is
understood that other and additional borders such as those at the top portion of the
display device and the bottom portion of the display device may also be hidden in the

described manner.

[0016] FIG. 3 illustrates an embodiment of the described image expanding lens and
an LCD display in a side view. As mentioned, a non-uniform transparent substrate 314,
such as a substrate 314 having a wedge shape may be the top surface 316 of the display
device 102 (see FIG. 1). A wedge shape may have at least three surfaces including a top
surface 316, the wedge shape including a first substantially planar surface 318 at an

angle with respect to the top surface 316 and a second substantially planar surface 320 at
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an angle with respect to the top surface 316, opposite the first substantially planar surface
318. In one embodiment, the angle formed between the top surface 316 and either planar
surface 318 and/or 320 may be 11.3 degrees. It is understood that the angle formed
between the top surface 316 and either planar surface 318 and/or 320 may be any
suitable angle. In this way, the substrate’s shape may have a minimal impact on the
thickness of the display device. It is understood that substrate 314 may act as an optical
element of the display device 202 (see FIG. 2). For example, the substrate 314 may
provide refraction and image expansion for the display device 202, as described herein.
In this manner the substrate may form a part of an image expanding lens or window for

use with the display device 202.

[0017] In a mobile communication device 104 (see FIG. 1) the display device 102
may be a rectangular area, for example, of a size 2 inches by 3 inches. The thickness of
the substrate 314, from the top surface 316, in this described embodiment, to its apex 322
may depend upon the amount of image 212 (see FIG. 2) expansion desired which may in
turn depend upon the size of the border 108 and/or 110 to be hidden by the expanded

image.

[0018]  As mentioned above, described is a generic solution for a borderless display
suitable for main stream LCD display modules 102 (see FIG. 1) as well as for other
emerging direct-view display technologies such as organic light-emitting diodes (OLED)
or electrophoretic displays (E-ink). The LCD display module 102 includes the active
area where an image is generated, and surrounding borders 108 and 110. In this
embodiment, showing a side view of an LCD display module 102, here the LCD display
plane 324 may be close to or touch the substrate 314, here at the apex 322. In other
embodiments, there may be an air gap between the LCD display 324 and the substrate
314. Inan LCD display module the LCD display 324 plane (LCD layer) is sandwiched
between two glass pieces and therefore in FIG. 3 top surface of the LCD display 324 is
not necessarily depicted. So in this case, the substrate 314 may not actually touch the
display plane 324. However, in other technologies such as in an e-ink display, the image
may be displayed on the top surface of the display plane, and therefore the substrate 314
may be close to the top surface of the display plane. It is understood that the substrate

314 may or may not come into contact with a display plane 324 of a display device 204
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depending upon the technology of the display device as well as the configuration of the

substrate as discussed below.

[0019] In this described embodiment, the LCD display 324 may be composed of
many pixels forming a pixel array which outputs light to form an image when combined
at the surface of the display 202 (see FIG. 2). The LCD display 324 outputs light rays,
for example, 326 and 328. That is, the depicted light rays 326 and 328 together with
other light rays projected from the pixel area of the display 324 form an image. The light
rays 326 and 328 are shown as passing through a first prismatic film 330 adjacent the
first substantially planar surface 318. Similarly, light rays would pass through a second
prismatic film 332 adjacent the second substantially planar surface (not shown in this
figure). The first prismatic film 330 is configured to bend light 326 and 328 passing
therethrough at an angle toward the direction of the second substantially planar surface
332. The second prismatic film 332 is configured to bend light (not shown) passing
therethrough at an angle toward the direction of the first substantially planar surface 330.
The light rays 326 and 328 exit the surface 316 of the substrate 314 at one or more
angles 336 and 338 with respect to the surface 316. In one embodiment, the angles 336
and 338 are approximately 20 degrees. It is understood that the films and the substrate
can be configured to cause the light to bend in the manner described at any suitable

angle.

[0020] The films 330 and 332 may be adhered to the substrate 314 in any suitable
manner. In the event that there is no air gap between the substrate 314 and the LCD
display 324, the prismatic films 330 and 332 may have one of their sides touching each
other and the center line 325 of the LCD display 324. In one embodiment, there may be
index matching fluid between the films 330 and 332 to eliminate the appearance of a
seam between them. The films 330 and 332, each with one side touching the display 324
and its opposite side away from the display 324 can create an expanded virtual image of
the LCD display 324. Moreover, the substrate 314 not only supports the films 330 and
332 but may also further expand the image, by for example, 8 percent, and may also

improve the image quality.

[0021] The angles 336 and/or 338, by which light rays 326 and 328 are shown as
exiting the surface 316 of the substrate 314, create the illusion that the light rays 326 and
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328 originate at point 340 which is outside the perimeter of the LCD display 324. For
the light to appear to be projected from a point beyond the edge of the display plane, for
example at point 340, the substrate 314 may be larger than the display active area of the
LCD display 324. That is, an electronic device 204 (see FIG. 2) can render an edgeless
image to a viewer since the image 212 of the electronic device 204 is projected beyond

an edge of the display device of host electronic device 204.

[0022]  Since the light rays 326 and 328 are bent, being transmitted at the surface of
the substrate 314, the light appears to be generated at point 340, and to follow the paths
346 and 348. That is, the film 330 creates an expanded virtual image through prism ray
bending. The films 330 and 332 on each face 318 and 320 of the substrate 314 have
opposite orientations to one another so that light rays are bent inward and toward each

other along the width direction of the surface of the display device 202 (see FIG. 2).

[0023] A uniform prismatic film can bend rays uniformly by a fixed angle. In
particular, prisms 350, 351, 352, 353, 354, and 355 may be uniform. On the other hand,
prisms 350, 351, 352, 353, 354, and 355 may be, for example, non-lincar. Accordingly,
variations in the prismatic film may create variations in the angle at which the rays are
bent. Moreover, the substrate 314 that supports the films 330 and 332 may also bend the
light ray further. In one embodiment, the substrate 314 may compensate for image
uniformity distortion. For example, there may be facets (not shown) of the substrate 314.

The facets of the substrate 314 may be, for example, nonlinear.

[0024] FIG. 4 depicts in more detail the directions in which the light output from the
LCD display 424 may be refracted by the prismatic film and the surface of the substrate
314 (see FIG. 3) and shifted in the direction opposite to the bending direction. The LCD
display 424 is composed of an array of pixels, three of which are depicted as pixels 460,
461 and 462. Light 470, 471 and 472 may be output from the pixels 460, 461 and 462 as
depicted. The first prismatic film 430 is depicted with a portion 456 in the blown up
illustration 457. The first prismatic film 430 is configured to bend light passing
therethrough toward the direction of the second substantially planar surface 332 so that at
least some of the light 470, 471, and 472 is refracted at the top surface 416 of the
substrate 414 to enlarge an image of the display plane 424 so as to extend beyond an

edge of the display plane 424. Tt is understood that some light may also be reflected at



WO 2009/052001 PCT/US2008/079237

the top surface 416 of the substrate 414, but such internally reflected light does not
contribute to enlargement of the display image. As discussed above, the light, in this
case the refracted light 470, appears to be generated at point 440, and to follow the paths
446, 447, and 448.

[0025]  The refracted light 472 toward the center of substrate 414 may not be
substantially shifted. However, the refracted light 470 closest to the edge of the display
202 (see FIG. 2) near its borders 108 and 110 (see FIG. 1) is substantially shifted.
Similarly, the reflected image 471 may be shifted an amount intermediate between the
shift of rays 470 and the shift of rays 472. In this way, the film 430 and/or the substrate
414 creates an expanded virtual image through ray bending that appears to a user’s eye to
be output from beyond the edge of the display plane 424 (also see FIG. 3 point 340) and
therefore, hides the border 108 and/or 110 to create a borderless display 202. In
accordance with a disclosed image expanding lens, the image viewed by the user is
larger than the active area of the LCD panel underneath the lens, so that the border
around the LCD display is hidden from viewing. In this way, smaller mobile
communication devices may have borderless displays that seem larger than they are. The
described substrate 314 and films 330 and 332 therefore may create a clear image on a
borderless display within the size constraints of a handheld device such as a mobile
communication device 204. As mentioned above, the substrate may be of any suitable
shape so that with suitable prismatic films, the light from the display device is bent to

create the effect of a borderless display.

[0026] FIG. 5 depicts a side view of an embodiment of the substrate 514 that has a
rounded apex 580. In this embodiment, an air gap 582 may be possible between the
substrate 514 and the display panel 524. The rounded apex 580 may eliminate a possible
dividing line that may be seen on an image 202 (see FIG. 2) that may be result from the
embodiment of FIG. 3. Since the substrate 514 has a visual effect on the image, as do
the prismatic films 530 and 532, the shape of the substrate 514, its faceting, and/or its
non-linear surfaces may be used to create a uniform image expansion with the possibility
of good image quality. In an embodiment with a rounded apex 580, the first
substantially planar surface 518 is adjacent the rounded apex 580 and the second

substantially planar surface 520 is adjacent the rounded apex 580.
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[0027]  The display panel 524 is depicted as having individual pixels 583, 584, 585,
586, 587, 588, 589, 590, 591, 592, and 593 for illustrative purposes. It is understood that
the size of the pixels with respect to the substrate 514 would be smaller than depicted.
The rounded apex 580 that is depicted as in the center of the substrate 514 can act as a
small lens in the center of the substrate, and may have the same magnification as a
prismatic film 530 and/or 532 to create a uniform image 202 (see FIG. 2). Pixels such as
pixel 588 can be imaged by the lens of the rounded apex 580 and its image 594 may
appear as an unaltered image of the pixel 588. Pixels under the transition area of the lens
577 and 578 such as pixels 587 and 589 may be imaged by both the lens of the rounded
apex 580 and the films 530 and 532. Accordingly, the image generated by pixels 586
and 587, 595 and 596 respectively, may appear shifted from the pixels 586 and 587 with
respect to the generated image 595 and pixels 589 and 590 with respect to the generated
image 596.

[0028]  As discussed above, light may be bent toward the opposite angled surface
from which it is generated. Depicted is bent light output 597 that illustrates a similar
principle as the light output 326 and 328 (see FIG. 3) where the light may be bent an
angle toward the direction of the opposite planar surface 518. Conversely, light output
598 at the transition point where the rounded apex 580 meets the planar surface 520 and
the prismatic film 532 may be transmitted without bending. It is understood to
manipulate the bending of light output the angles of the substrate 514 including possible
faceting, the curvature of the rounded apex 580, the structure facets of the prismatic films
530 and 532, can be of any suitable configuration to minimize thickness of the display

device as a whole, and possibly create a clear, borderless image as described above.

[0029] The disclosed are image expanding lenses, display devices, and electronic
devices incorporating the disclosed lenses can provide an image viewed by the user that
is larger than the active area of the LCD panel underneath the lens, so that the border
around, for example, the LCD display is hidden from viewing. In this way, smaller
mobile communication devices may have borderless displays that seem larger than they
are. That is, an electronic device can render an edgeless image to a viewer since the
image of the electronic device is projected beyond an edge of the display device of host

electronic device to possibly provide an overall better viewing experience.
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[0030] The instant disclosure is provided to explain in an enabling fashion the best
modes of making and using various embodiments in accordance with the present
invention. The disclosure is further offered to enhance an understanding and
appreciation for the invention principles and advantages thereof, rather than to limit in
any manner the invention. While the preferred embodiments of the invention are
illustrated and described here, it is clear that the invention is not so limited. Numerous
modifications, changes, variations, substitutions, and equivalents will occur to those
skilled in the art having the benefit of this disclosure without departing from the spirit

and scope of the present invention as defined by the appended claims.

[0031] It is understood that the use of relational terms, if any, such as first and
second, up and down, and the like are used solely to distinguish one from another entity
or action without necessarily requiring or implying any actual such relationship or order

between such entities or actions.

[0032] This disclosure is intended to explain how to fashion and use various
embodiments in accordance with the technology rather than to limit the true, intended,
and fair scope and spirit thereof. The foregoing description is not intended to be
exhaustive or to be limited to the precise forms disclosed. Modifications or variations
are possible in light of the above teachings. The embodiment(s) was chosen and
described to provide the best illustration of the principle of the described technology and
its practical application, and to enable one of ordinary skill in the art to utilize the
technology in various embodiments and with various modifications as are suited to the
particular use contemplated. All such modifications and variations are within the scope
of the invention as determined by the appended claims, and all equivalents thereof, when
interpreted in accordance with the breadth to which they are fairly, legally and equitably
entitled.

10
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CLAIMS:

L. An image expanding lens, comprising:

a substrate having a wedge shape of at least three surfaces including a top
surface, the wedge shape including a first substantially planar surface at an angle with
respect to the top surface and a second substantially planar surface at an angle with
respect to the top surface, opposite the first substantially planar surface;

a first prismatic film adjacent the first substantially planar surface;

a second prismatic film adjacent the second substantially planar surface;

the first prismatic film configured to bend light passing therethrough at an angle
toward the direction of the second substantially planar surface; and

the second prismatic film configured to bend light passing therethrough at an

angle toward the direction of the first substantially planar surface.

2. The lens of Claim 1, wherein the substrate comprises a rounded apex and the first
substantially planar surface is adjacent the rounded apex and the second substantially

planar surface is adjacent the rounded apex.

3. The lens of Claim 1, wherein:
the first prismatic film configured to bend light passing therethrough toward the
direction of the second substantially planar surface by approximately 20 degrees; and
the second prismatic film configured to bend light passing therethrough toward

the direction of the first substantially planar surface by approximately 20 degrees.

4. The lens of Claim 1, wherein the angle of the first substantially planar surface
with respect to the top surface is approximately 11.3 degrees and the angle of the second

substantially planar surface with respect to the top surface is approximately 11.3 degrees.

11
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5. A display device comprising:

a display plane having a plurality of edges; and

a substrate adjacent to the display plane, the substrate having a wedge shape of at
least three surfaces including a top surface, the wedge shape including a first
substantially planar surface at an angle with respect to the top surface and a second
substantially planar surface at an angle with respect to the top surface opposite the first
substantially planar surface;

a first prismatic film adjacent the first substantially planar surface;

a second prismatic film adjacent the second substantially planar surface;

the first prismatic film configured to bend light passing therethrough at an angle
toward the direction of the second substantially planar surface; and

the second prismatic film configured to bend light passing therethrough at an

angle toward the direction of the first substantially planar surface.

6. A display device as recited in Claim 5, wherein the first prismatic film configured
to bend light passing therethrough toward the direction of the second substantially planar
surface so that at least some of the light is refracted at the top surface to enlarge an image

of the display plane beyond an edge of the display plane.

7. A display device as recited in Claim 5, wherein the second prismatic film
configured to bend light passing therethrough toward the direction of the first
substantially planar surface so that at least some of the light is refracted at the top surface

to enlarge an image of the display plane beyond an edge of the display plane.

8. The display device of Claim 5, wherein:

the first prismatic film configured to bend light passing therethrough toward the
direction of the second prismatic film by approximately 20 degrees; and

the second prismatic film configured to bend light passing therethrough toward

the direction of the first prismatic film by approximately 20 degrees.

12
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9. The display device of Claim 5, wherein the angle of the first substantially planar
with respect to the top surface is approximately 11.3 degrees and the angle of the second

substantially planar surface with respect to the top surface is approximately 11.3 degrees.

10.  The display device of Claim 5, comprising:

an air gap between the display plane and the substrate.

11.  The display device of Claim 5, wherein the substrate includes facets.

12. The display device of Claim 11, wherein the facets of the substrate are nonlinear.

13. The display device of Claim 5, wherein the display plane comprises pixels.

14.  The display device of Claim 5, wherein the substrate comprises a rounded apex
and the first substantially planar surface is adjacent the rounded apex and the second

substantially planar surface is adjacent the rounded apex.

15. The display device of Claim 14, wherein there is a first transition arca between
the first substantially planar surface and the rounded apex and a second transition arca
between the second substantially planar surface and the rounded apex and wherein an
image of the display plane is imaged by both the rounded apex of the substrate and the
first film at the first transition area and by both the rounded apex of the substrate and the

second film at the second transition area.

13
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16.  An electronic device including a display device comprising:
a display plane having a plurality of edges; and
a lens comprising:

a substrate adjacent to the display plane, the substrate having a wedge
shape of at least three surfaces including a top surface, the wedge shape including a first
substantially planar surface at an angle with respect to the top surface and a second
substantially planar surface at an angle with respect to the top surface opposite the first
substantially planar surface;

a first prismatic film adjacent the first substantially planar surface;

a second prismatic film adjacent the second substantially planar surface;

the first prismatic film configured to bend light passing therethrough at an
angle toward the direction of the second substantially planar surface; and

the second prismatic film configured to bend light passing therethrough at

an angle toward the direction of the first substantially planar surface.

17. The electronic device of Claim 16, wherein the substrate comprises a rounded
apex and the first substantially planar surface is adjacent the rounded apex and the

second substantially planar surface is adjacent the rounded apex.

18.  The electronic device as recited in Claim 16 wherein the first prismatic film
configured to bend light passing therethrough toward the direction of the second
substantially planar surface so that at least some of the light is refracted at the top surface
to enlarge an image of the display plane beyond an edge of the display plane; and
wherein the second prismatic film configured to bend light passing therethrough
toward the direction of the first substantially planar surface so that at least some of the
light is refracted at the top surface to enlarge an image of the display plane beyond an

edge of the display plane.

19. The electronic device as recited in Claim 16 wherein the electronic device renders

an edgeless image beyond at least one edge the display device.

14
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