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trans-reflective display (402) to be viewable in colour from both
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TWO-WAY TRANSFLECTIVE (TRANSMISSIVE-REFLECTIVE) DISPLAY

FIELD OF THE INVENTION

The present invention generally relates to a display, and more specifically to a

bi-directionally viewable display being reflectively and transmissively viewable.

BACKGROUND OF THE INVENTION

As portable electronic devices become smaller, there is an increasing demand
for such devices to be equipped with displays that are also smaller yet to have a
capability of providing high performance such as high resolution, color, and video
rate pictures. One popular style of such portable electronic devices is a clam-shell
style, which has a closed position and an opened position and commonly includes two
displays having one display for the closed position and another for the opened
position. The display for the closed position is externally viewable but typically has
reduced display capabilities such as no color, less display area, and less resolution;
and the display for the opened position is generally the main display typically having
a larger display area than the externally viewable display and supports the full display

functionality.

However, although useful and desirable, having two displays in a portable
electronic device increases the size of the portable electronic device, most noticeably
in thickness. Further, to make both displays readable in darkness, a light source such
as a back-light for each display is needed, which further adds thickness to the portable

electronic device.
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BRIEF DESCRIPTION OF THE DRA WINGS

FIG. 1 is an exemplary block diagram of a two-way trans-reflective display

pixel in accordance with at least one of the preferred embodiments.

FIG. 2 is an exemplary block diagram representatiora of an operation of the
5  two-way trans-reflective display pixel based upon light entering through the first front

side.

FIG. 3 is an exemplary block diagram representationn of an operation of the
two-way trans-reflective display pixel based upon light entering through the second

back side.

10 FIG. 4 is an exemplary block diagram of an electronic device, having a two-
way trans-reflective display comprising a plurality of two-w ay trans-reflective display
pixels, in a closed position utilizing ambient light in accordance with at least one of

the preferred embodiments;

FIG. 5 is an exemplary block diagram of the electronic device in the closed
15  position utilizing color light from a light source in accordance with at least one of the

preferred embodiments;

FIG. 6 is an exemplary block diagram of the electronic device in an opened
position utilizing ambient light in accordance with at least ome of the preferred

embodiments; and
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FIG. 7 is an exemplary block diagram of the electronic device in the opened

position utilizing color light from the light source in accordance with at least one of

preferred embodiments.



10

15

20

WO 2006/049692 PCT/US2005/031607

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

A two-way trans-reflective display provides two viewable sides without
requiring the use of thinner glass pane, two-way light guide, or two displays
positioned back to back, which results in a thinner and lighter display. Each pixel of
the two-way trans-reflective display comprises a light modulation medium such as a
liquid crystal material, which is driven by a modulating media driving mechanism to
alter its optical property, sandwiched between first and second transparent layers. The
first transparent layer has a first light absorber on the light modulation medium
partially covering the first transparent layer, and a first light reflector over the first
light absorber. The second transparent layer is similarly constructed and has a second
light absorber on the liquid modulation medium side partially covering the second
transparent layer, and a second light reflector over the light absorber. This
combination allows light entering through the first transparent layer to be partially
reflected by the second reflector to provide a first image through the first transparent
layer, and be partially transmitted to provide a second image through the second
transparent layer. Further, light entering through the second transparent layer is
partially reflected by the first reflector to enhance the second image, and is also
partially transmitted to enhance the first image. The light entering through the first
transparent layer can be provided by ambient light or by a light source which is a part
of the two-way trans-reflective display. The light source may provide color light such
as a red-green-blue (“RGB”) light and field sequential light for providing a color
image. The use of the field sequential light, which is synchronizéd with a display

refresh cycle, eliminates the necessity of using color filters allowing a use of a larger

-4-
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pixel size, or a higher aperture ratio, which in turn, provides less light loss compared
to the pixels designed for the RGB light. With the pixel designed for the field
sequential light, an additional reflector can be inserted in the pixel. Combined with
the advantage of less light loss, the pixel designed for the field sequential light, and

the display comprising of such pixels, is viewable with the ambient light.

FIG. 1 is an exemplary block diagram of a two-way trans-reflective display
pixel 100 in accordance with at least one of the preferred embodiments. The two-way
trans-reflective display pixel 100 has first and second viewable sides 102 and 104, and
includes a first transparent layer 106, a second transparent layer 108, a light
modulation medium 110, such as a liquid crystal material, sandwiched between the
first and second transparent layers 106 and 108, and a modulating medium driving
mechanism 112 coupled to the light modulation medium 110 to alter optical property
of the light modulation medium 110. The first and second transparent layers 106 and
108 are typically made of glass. The first transparent layer 106 has a first front side
114, a first back side 116 opposite to the first front side 114, a first top portion 118,
and a first bottom portion 120 opposite to the first top portion 118. The second
transparent layer 108 has a second front side 122 facing the first back side 116, a
second back side 124 opposite to the second front side 122, a second top portion 126,
and a second bottom portion 128 opposite to the second top portion 126. A first light
absorber 130 is disposed on the first back side 116 at the first bottom portion 120, and
a first reflector 132 is disposed on the first light absorber 130. A second light
absorber 134 is diéposed on the second front side 122 at the second top portion 126,

and a second reflector 136 is disposed on the second light absorber 134. The two-way
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trans-reflective display pixel 100 may further include a first polarizer 136 disposed on
the first front side 114, a second polarizer 138 disposed on the second back side 124, a
first transparent electrode 140 disposed on the first back side 116, and a second
transparent electrode 142 disposed on the second front side 122. The first and second
transparent electrodes 140, 142 may be coupled to the modulating medium driving
mechanism 112 to effectuate the optical property alteration of the light modulation
medium 110. Further, a color filter may be disposed on each of the first and second

transparent layers 106 and 108.

FIG. 2 is an exemplary block diagram representation 200 of an operation of
the two-way trans-reflective display pixel 100 based upon light 202 entering through
the first front side 114. For a reflective operation for the first viewable side 102, the
first light absorber 130 absorbs a portion 204 of light 202 entering through the first
front side 114, and the second reflector 13 6 reflects another portion 206 of the light
202 entering through the first front side 114. The reflected light 206 is effective in
producing a first image for the first viewable side 102. With a color filter disposed on
the first transparent layer 106, the first image for the first viewable side 102 would be
in color. For a transmissive operation for the second viewable side 104, a transmitted
portion 208 of the light 202 entering throuagh the first front side 114, which is the
portion of the light 202 not reflected by th.e second reflector 136 or absorbed by the
first light absorber 130, is effective in producing a second image for the second
viewable side 104. With a color filter disposed on the second transparent layer 108,

the second image for the second viewable side 104 would also be in color.
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FIG. 3 is an exemplary block diagram representation 300 of an opexation of
the two-way trans-reflective display pixel 100 based upon light 302 enterin g through
the second back side 124. For a reflective operation for the second viewab le side 104,
the second light absorber 134 absorbs a portion 304 of light 302 entering tharough the
second back side 124, and the first reflector 132 reflects another portion 30 6 of the
light 302 entering through the second back side 124. The reflected light 306 is
effective in producing a first image for the second viewable side 104. For a
transmissive operation for the first viewable side 102, a transmitted portiom. 308 of the
light 302 entering through the second back side 124, which is the portion o £ the light
302 not reflected by the first reflector 132 or absorbed by the second light aabsorber

134, is effective in producing a second image for the first viewable side 102.

FIG. 4 is an exemplary block diagram of an electronic device 400 h.aving a
two-way trans-reflective display 402 having two viewable sides comprising a plurality
of two-way trans-reflective display pixels of FIG. 1 (for simplicity, only thxee two-
way trans-reflective display pixels, 404, 406, and 408 are shown) in accord ance with
at least one of the preferred embodiments. In this example, the electronic device 400
is illustrated as a foldable electronic device and the two-way trans-reflectiv-e 402 is
housed in a first housing portion 410 of the electronic device 400 along with a
transparent light source 412. The transparent light source 412 may provide red-green-
blue (“RGB”) colors, which may be field-sequentially delivered to the plurality of
two-way trans-reflective display pixels 404, 406, and 408. The transparent light
source 412 may comprise a light source such as a light emitting diode (‘LEED”) and a

transparent light guide. Various electronic circuits and modules 414, such as a
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processor, memory, display driver, user interface and other necessary circuits and
modules in operating the electronic device 400, may be housed in a second housing
portion 416 of the electronic device 400. As shown in FIG. 4, the electronic device
400 is in a closed position, and the two-way trans-reflective display 402 is viewable
only from a first viewable side 418. Ambient light 420, 422, and 424 entering frorm
the first viewable side 418 is reflected by reflectors 426, 428, and 430, and produces a

black-and-white image viewable from the first viewable side 418.

FIG. 5 is an exemplary block diagram of the electronic device 400 also in the
closed position. However, light 502, 504, and 506 reflected by the reflectors 426, 428,
and 430 is produced by the transparent light source 412 having colors, resulting in a

viewable color image from the first viewable side 418.

FIG. 6 is an exemplary block diagram of the electronic device 400 in an
opened position utilizing ambient light in accordance with at least one of the prefexrred
embodiments. In the opened position, the two-way trans-reflective display 402 is now
viewable from the first viewable side 418 and a second viewable side 602. As
described in FIG. 4, the ambient light 604 entering from the first viewable side 418 is
partially reflected, partially transmitted and partially absorbed by the two-way trans-
reflective display 402. The reflected ambient light 606, 608, and 610 entering fronn
the first viewable side 418 produces a black-and-white image viewable from the fix-st
viewable side 418. The transmitted light 612, 614, and 616 entering from the first
viewable side 418 produces a black-and-white image viewable from the second
viewable side 602. The ambient light 618 entering from the second viewable side &02

is also partially reflected, partially transmitted and partially absorbed by the two-way

-8-
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trans-reflective display 402. The reflected ambient light 620, 622, and 624 entering
from the second viewable side 602 produces a black-and-white image viewable from
the second viewable side 602, which may enhance the black-and-white image
produced by the transmitted light 612, 614, and 616 entering from the first viewable
side 418. The transmitted light 626, 628, and 630 entering from the second viewable
side 602 produces a black-and-white image viewable from the first viewable side 418,
which may enhance the black-and-white image produced by the reflected light 606,
608, and 610 entering from the first viewable side 418. Thus, the two-way trans-
reflective display 402 is viewable with ambient light from two opposing sides, the

first viewable side 418 and the second viewable side 602.

FIG. 7 is an exemplary block diagram of the electronic device 400 in the
opened position utilizing color light from the light source 412 in accordance with at
least one of the preferred embodiments. The color light generated by the transparent
light source 412 is partially refl ected, partially transmitted and partially absorbed by
the two-way trans-reflective display 402. The transmitted color light 702, 704, and
706 from the transparent light source 412 produces a color image viewable from the
second viewable side 602. The reflected color light 708, 710, and 712 from the
transparent light source 412 produces a color image viewable from the first viewable
side 418. Thus, one light source, the transparent light source 412, enables the two-
way trans-reflective display 402 to be viewable from two sides, the first viewable side

418 and the second viewable side 602.

While the preferred embodiments of the invention have been illustrated and

described, it is to be understood that the invention is not so limited. Numerous

-9-
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modifications, changes, variations, substitutions and equivalents will occur to those
skilled in the art without departing from the spirit and scope of the present invention

as defined by the appended claims.

-10 -
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WHAT IS CLAIMED IS:

1. A two-way trans-reflective display pixel having two viewable sides, the two-
way trans-reflective display pixel comprising:

a first transparent layer, the first transparent layer having a first front side, a
first back side opposite to the first front side, a first top portion and a first bottom
portion opposite to the first top portion;

a second transparent layer, the second transparent layer having a second front
side, a second back side opposite to the second front side, a second top portiom and a
second bottom portion opposite to the second top portion, the second front sidle facing
the first back side;

a light modulation medium disposed between the first and second tran sparent
layers, the light modulation medium capable of switching between transparent and
opaque states;

a first light absorber disposed on the first back side at the first bottom portion,
the first light absorber configured to absorb a portion of light entering through the first
front side;

a first reflector disposed on the first light absorber, the first reflector
configured to reflect a portion of light entering through the second back side;

a second light absorber disposed on the second front side at the second top
portion, the second light absorber configured to absorb a portion of the light entering
through the second back side;

a second reflector disposed on the second light absorber, the second reflector

configured to reflect a portion of the light entering through the first front side;

-11 -
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a first transparent electrode disposed on the first back side; and

a second transparent electrode disposed on the second front side.

2. The two-way trans-reflective display pixel of claim 1, wherein the light

modulation medium is liquid crystal.

3. The two-way trans-reflective display pixel of claim 1, further comprising:
a first polarizer disposed on the first front side; and

a second polarizer disposed on the second back side.

4. The two-way trans-reflective display pixel of claim 1, further comprising:

a modulating medium driver mechanism coupled to the first and second
transparent electrodes, the modulating medium driver mechanism configured to
provide a driving signal to the first and second transparent electrodes, the driving
signal effective in switching the light modulating medium between transparent and

opaque states.

-12 -
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5. A two-way trans-reflective display having front and back display sides
configured to display an image viewable from the front and back display sides, the
two-way trans-reflective display having a first transparent substrate, a second
transparent substrate, a light modulating medium sandwiched between the first and
second transparent substrates, a segmented transparent electrode and a thin film
transistor array disposed between the first transparent substrate and the light
modulating medium, and a common transparent electrode disposed between the
second transparent substrate and the light modulating medium, the segmented
transparent electrodes forming a plurality of two-way trans-reflective display pixels,
each of the plurality of two-way trans-reflective display pixels comprising:

a first light absorber disposed between the first transparent sub strate and the
light modulating medium;

a first reflector disposed between the first light absorber and the light
modulating medium,;

a second light absorber disposed between the second transparent substrate and
the light modulating medium,

a second reflector disposed between the second light absorber and the light
modulating medium; and

a modulating medium driver mechanism coupled to the segmented transparent
electrode and the common electrode, the modulating medium driver mechanism
configured to alter an optical property of each of the plurality of two-way trans-

reflective display pixels.

-13 -
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6. The two-way trans-reflective display of claim 5, further comprising:
a first polarizer disposed on the first transparent substrate; and

a second polarizer disposed on the second transparent substrate.

7. The two-way trans-reflective display of claim 5, wherein the light modulation

medium is liquid crystal.

8. The two-way trans-reflective display of claim 5, further comprising:
a transparent light source disposed on the front display side, the transparent

light source configured to provide light entering through the front display side .

9. The two-way trans-reflective display of claim 5, wherein a portion of1ight
entering through the first transparent substrate reflected by the second reflectoxs of the
plurality of two-way trans-reflective display pixels and is effective in generatimg a

first image of the light modulating medium through the front display side.

10.  The two-way trans-reflective display of claim 5, wherein a portion of 1ight
entering through the second transparent substrate reflected by the first reflectoxs of the
plurality of two-way trans-reflective display pixels is effective in providing a £irst

image of the light modulating medium through the back display side.

-14-
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11. A method for producing a bi-directionall y viewable image in a liquid crystal
display pixel, the method comprising:
partially reflecting light entering from a front side of the liquid crystal display
pixel;
5 providing a first viewable image of the bi-directionally viewable image

through the front side using the partially reflected light;

allowing a portion of the light entering from the front side to transmit through
the liquid crystal display pixel; and

providing a second viewable image of th.e bi-directionally viewable image

10  through a back side of the liquid crystal display pixel using the transmitted light.

-15-
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