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(57) Abstract

A light emitting assembly (202) defining a pixel (200) comprising a series of red, green, and blue light-emitting segments (204, 206,
208) in general alignment and connected by first and second electrodes (210, 212). The light-emitting segments (204, 206, 208) are built
upon a fiber optic core (214). According to the preferred embodiment, the core (214) is coating with a holographic interface material (216).
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PIXEL COMPOSED OF LIGHT EMITTING DIODES OPTICALLY COUPLED TO

A FIBER OPTIC CORE VIA A HOLOGRAPHIC LAYER

Background of the Invention

I Field of the Invention

The present invention relates to light-emitting diode

constructions.

1. Description of the Prior Art

Related to the problem of distorted video projections are the
fundamental problems of pixel and light-emitting diode construction,
particularly in the construction of large area flat panel displays. Light-
emitting diodes (or "LEDs") are semiconductor devices designed to
convert an incoming flow of electric energy into an outgoing flow of
electromagnetic radiation having wavelengths of between about 550
nanometers (green color) to about 1300 nanometers (infrared). Known
LEDs are limited to emitting a specific color such that a diode might
emit, for example, a red color and a neighboring diode might emit,
again for example, a green color.

Fabrication of diodes today are formed from materials including
gallium, indium, aluminum, arsenic, and phosphorus. The individual
diode is built up upon a gallium arsenide single-crystal substrate. As
is known, an n-type layer of vapor-deposited gallium arsenide
phosphate is formed over the single-crystal substrate, followed
thereafter by a p-type layer, also formed by vapor-deposition. Ohmic

contacts are formed on both sides of the LED.
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A maijor difficulty of known LEDs is a result of the fact that very
little of the light energy produced by the diode can, in fact, escape the
diode such that only a few percent of the consumed electrical input
results in externally observable light. Compounding this problem is the
extraction of the radiation into an optical fiber. This is so because the
optical fiber has a relatively narrow light acceptance angle of between
about 10 and 15 percent. To improve light transmission between the
LED and an optical fiber, the construction of LEDs is modified such that
a well is formed in one side of the substrate and one end of the optical
fiber is positioned in the well. Other modifications are made to the LED
to improve light transmission into the optical fiber, such as the
deposition of additional layers of material upon the substrate. However,
the loss of light energy between the LED and the output end of the
optical fiber is still of considerable consequence and presents a great
limitation to the versatility of known LEDs.

An additional difficulty of known LEDs is the redundancy and
multiplicity of transistors driving each of the pixel pads which comprise
the individual LEDs. Because each known LED requires its own power
source, there is extensive and expensive use of the transistors.

In general, the present invention provides improved displays
through fiber construction, a holographic interface, the use of plastic
LED light emitters, semi-conductor manufacturing tools, and the

incorporation of automated final assembly.

Summary of the Present Invention

The present invention provides a reflecting image plane which

overcomes the above-mentioned disadvantages.

PCT/US99/11955



10

15

20

25

WO 99/62126

The present invention provides an improvement over known pixel
and LED construction by providing a single assembly which
incorporates into a single pixel (either horizontally or vertically) red,
green, and blue emitters. According to the construction of the present
invention, the red emitter picks up the red dichroic, the green emitter
picks up the green dichroic, and the blue emitter picks up the blue
dichroic. By building up the wafer in each of the pixels such that the
wafer arrangement is identical in each strip, the individual pixels can
then be lined up to produce the display. This arrangement eliminates
the need for multiple transistors. In addition, the present invention
relies upon the red, green, and blue LEDs coating a holographic
interface layer to produce an optically conductive element. This
holographic interface layer causes the light produced by the LED to
enter the optical fiber at an angle sufficient to allow it to continue
conducting the light to the end of the fiber where it exists as mixed
(multicolored) fight.  Accordingly, the LED construction and pixel
arrangement of the present invention overcomes many of the known

problems of the prior art.

Brief Description of the Drawings

A better understanding of the present invention will be had upon
reference to the following detailed description when read in conjunction
with the accompanying drawings in which like reference characters refer
to like parts throughout the several views, and in which:

FIG. 1 is a perspective view of the internal components of a
single pixel according to the present invention;

FIG. 2 is an end view of a pixel structure according to the

present invention;

PCT/US99/11955
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FIG. 3 is a perspective view of the holographic interface of the
present invention;

FIG. 4 is a view illustrating the holographic effect produced
according to the arrangement of the present invention;

FIG. 5 is a view illustrating the elements of a single pixel of the
present invention; and

FIG. 6 is a view showing the display assembly according to the

present invention.

Detailed Description of the
Preferred Embodiment of the Present Invention

The drawings disclose the preferred embodiments of the present
invention. While the configurations according to the illustrated
embodiments are preferred, it is envisioned that alternate configurations
of the present invention may be adopted without deviating from the
invention as portrayed. The preferred embodiments are discussed
hereafter.

According to the present invention, improved pixel and LED
construction is provided as set forth in Figures 1 through 6. These
figures generally disclose a three-dimensional fiber optic bundled
polymer LED display system according to the present invention.

The present invention is related to the functioning of semi-
conductor coated fibers as a diode switch. The system of the present

invention uses red, green, and blue LEDs coated with a holographic
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interface layer to produce an optically conductive element. The
holographic interface causes the light produced by the polymer LED
material to enter the fiber at an angle sufficient to allow it to continue
conducting to the end of the fiber where it exits as mixed light.

The pixel arrangement of the present invention is formed using
the third dimension. The pixel so formed overcomes the problems of
large area displays with high resolution. The equation Tau=RC defines
the relationship between the resistance and capacitance of the display
row and column electrode dimensions known as the RC time constant.
By using the third dimension, limitations of this type are avoided. If it
is necessary to increase the row or column dimension to maintain the
RC time constant, the display is manufactured deeper to increase the
necessary dimensions of the row and column electrode which
overcomes this problem. The electrodes themselves can be formed out
of any number of conducting materials which may be either transparent
or opaque.

Figure 1 illustrates a multi-color pixel according to the present
invention, generally illustrated as 200. The pixel 200 includes a body
202 that is composed of a red light-emitting segment 204, a green tight-
emitting segment 206, and a blue light-emitting segment 208. Each of

the segments 204, 206, 208 is generally aligned with the other segment.
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A Y-electrode 210 is provided along one axis of the pixel 200 and an X-
electrode 212 is provided along the other axis of the pixel 200. The
electrodes are connected to the pixel element. The pixel element is
preferably composed of a glass or plastic fiber. The structure is that of
some type of transparent rod in any number of geometric shapes
including round, square, or hexagonal. The dimensions of these pixel
elements is a function of the display resolution. For course displays,
the pixel elements are relatively large, whereas they may be very small
for high definition information content displays. The pixel element
structure is a critical substrate on which the light bending and light
transmitting materials are deposited.

While the preferred embodiment of the present invention utilizes
light-emitting diodes as the preferred light-emitting element, other light-
emitting materials may be utilized. For example, a light-emitting
polymer device or polymer LEDs might be alternatively selected.
Interest in this light-emitting arrangement began with the discovery of
light-emission from the conjugated polymer poly(p-phenylene vinylene).
Emission colors from light-emitting polymers range from deep blue to
near infrared. These devices have also demonstrated high internal
quantum efficiencies, high resolution, fast switching, and low voltage

operations.
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The typical light-emitting polymer device incorporates a polymer
substrate (which may be thin sheets of glass, plastic, or metal) coated
with a transparent electrode. Over the electrode is disposed a layer of
PPV, and over the PPV layer is formed a layer of CN-PPV. Top
electrodes are positioned on the CN-PPV layer.

Figure 2 illustrates an end view of the pixel 200 of Figure 1. The
pixel structure is built up from a fiber core 214 which comprises a raw
fiber about 4.0 uM to 300.0 uM (and larger depending on the size of the
display being manufactured). The core fibers 214 are coated with a
holographic interface 216 composed of a dichromated gel-type of
material that acts as a holographic fiim substrate onto which a specific
pattern can be developed similar to film. The holographic pattern
causes any light striking it to be bent to a predefined angle of reception
when attenuated to the end of the exit surface of the particular fiber.
Snell's law applies for the internal reflection prior to the light exiting the
fibers.

A number of optical thin films are potentially useful in providing
the desired holographic film substrate. These films are selected from
the general groups of oxides, fluorides, and infrared materials. Oxide-
based films may be selected from the group consisting of aluminum

oxide, chromium oxide, hafnium oxide, indium oxide, indium-tin oxide,
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neodymium oxide, praseodymium oxide, scandium oxide, silicon
dioxide, silicon monoxide, tantalum pentoxide, titanium dioxide, yttrium
oxide, and zirconium dioxide. Fluoride-based films may be selected
from the group consisting of aluminum fluoride, calcium fluoride, cerium
fluoride, cryolite, lanthanum fluoride, magnesium fluoride, thorium
fluoride, and yttrium fluoride. Infrared material-based thin film materials
may be selected from the group consisting of zinc selenide, zinc sulfide,
cadmium telluride, and lead telluride.

The light bending material may also be selected from the group
consisting of surface deformable ¢-Si, LCD ¢-Si, LCD x-Si thin film to
glass transfer, LCD high temperature p-Si on quartz, emissive c-Si on
an insulator, and emissive c-Si. Display processes are also known and
are available by the following manufacturers under the following names:
Silicon Light Machines GLV, Hertz Institute DM, Texas Instruments
DMD, Displaytech FLC, Spatialight c-Si LCD, MicroDisplay c-SI LCD,
Kopin x-Si LCD, Seiko-Epson p-Si LCD, Raychem Hitachi PDLC, Planar
Systems AMEL, and Micron Technology FED.

Over the holographic interface 216 is formed a conducting
transparent electrode layer 218 which is indium tin oxide (ITO) or is
comparable to ITO. The layer 218 acts as the base electrode for the

LED structure and data row for the drive electronics.
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Over the conducting electrode layer 218 is deposited a single
layer 220 of polymer LED material. The structure of the pixel 200 is
completed by a final coating of metal 222 which acts as the data
electrode and capacitive plate for the LED.

With respect to the holographic interface 216, it should be
understood that there are a number of optical coatings that modify light
in some form. The preferred coating produces the desired result of
functioning as a holographic element which has the effect of causing the
light to bend at the desired angle to initiate its path down the internal
reflecting surfaces of the pixel element and to exit by design out of the
end of the pixel element. It should be understood that while the
holographic layer is the preferred structure, other light-bending coatings
may be used. It may also be the case that surface relief elements may
also act in a similar way. These are known as "surface holograms" that
are produced by structure and not by coating. The effect is
substantially the same as the designed pattern causes the light to bend
at a predefined angle to the incident light passing through the surface.

Figure 3 illustrates a perspective view of the holographic
interface 216 according to the present invention. The fiber core 214 is
shown having a portion of the holographic interface 216 positioned in

approximate relation thereto. In addition, a portion of the plastic LED
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220 is also positioned in approximate relation thereto. Figure 3 shows
exemplary directed light rays marked "DLR". These are directed light
rays which are internal to the fiber 214. Figure 3 also shows exemplary
holographic directed light rays marked "HDLR".

The effect of the presence of the holographic interface 216 is
shown in Figure 4 in which a portion of the holographic interface 216 is
illustrated. As shown, passing light is bent to a pre-specified angle.

Figure 5 illustrates an arrangement of a pixel according to the
present invention. The pixel, generally illustrated as 230, comprises a

red LED coating 232, a green LED coating 234, and a blue LED coating

236. The pixel 230 includes a plurality of column electrodes 238, 238,

238" which are connected respectively to the red LED coating 232, the
green LED coating 234, and the blue LED coating 236. A series of row
electrodes 240 are also provided to provide energy to the pixel 230.
The bare or raw fiber 214 is provided internally to the pixel 230. The
ITO coating 218 is formed between the fiber 214 and the plastic LED
layer 220.

By building separate red, green, and blue fiber pixels, a complete
color display can be built. Additionally, if the red-green-blue color LED
structure is built according to the arrangement of Figure 5, a complete

color display can be assembled in which the required number of optical

10
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fibers from the red-green-blue individual pattern may be reduced by 66
percent. According to this arrangement, each individual pixel can
illuminate the entire color spectrum including the grey scale.

The pixels of the present invention are provided in a display,
generally illustrated as 250, shown in Figure 6. The individual pixels
230 are positioned in rows and columns. Each of the individual rows
of pixels 230 is powered by a row driver 252, while each of the
individual columns of pixels 230 is powered by a column driver 254. A
binder or glue is provided between the individual pixels 230 to form the
display 250.

The display is driven in a manner similar to known passive
displays. The row and column technique charges each color area to a
level predefined as the voltage/current curve versus brightness at the
end area of each pixel where the photons escape to be detected by the
eye, and with a high concentration of pixels bundled together to produce
an image comparable to that of traditional CRT or television technology.
According to one variation of the present invention, light emanates from
some material which releases photons when voltage is applied. This is
similar to but not the same as passive display construction. Passive
displays use phosphorous materials, electroluminescent materials, or

one of several new plastic LED materials. Because of the low voltage

11
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of the plastic LED material, this would naturally be the material of
choice. However, it is to be understood that virtually any light-emitting
material could be used to generate the required photons needed by the
pixel element. The present invention assumes the use of materials
which produce either monochrome or color formats with a grey scale.
Furthermore, the present invention includes light emitting components
which are capable of producing variable light output based upon
variations in voltage or applied current.

The present invention provides significant advantages over the
prior art. For example, while the prior art is limited by the availability of
manufacturing tools to produce large area displays, resolution, the RC
time constant, the so-called "fill factor" as well as the need for
redundant support circuits, the present invention offers an improved
approach which is constructed in the third dimension, provides red-
green-blue colors for each pixel, allows for grey scale colors, provides
for scalable displays through "tiling", and uses standard drivers and
standard manufacturing technology. These characteristics allow the
possibility of producing displays to dimensions and resolutions not
previously known.

From the preceding description of the preferred embodiment, it

is evident that the objects of the present invention are attained.

12
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Although the invention has been described and illustrated in detall, it is
to be clearly understood that the same is intended by way of illustration
and example only and is not to be taken by way of limitation. The spirit
and scope of the invention are to be limited only by the terms of the

appended claims.
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What is claimed is:

1. A light-emitting assembly comprising:
an optically-conductive core;
a first light-emitting element operatively associated with said
core;
5 a second light-emitting element operatively associated with said
core;
said first and second light-emitting elements being positioned
adjacent one another on said core;
a first electrode associated with said first and second light-
10 emitting elements;
a second electrode associated with said first and second light-
emitting elements;
an electrode layer being formed between said core and said first
and second light-emitting elements; and
15 a holographic interface formed between said core and said

electrode.

14
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2. The light-emitting assembly of Claim 1, further including
a third light-emitting element, said light-emitting elements emitting light

in the red, green, and blue spectra.

3. The light-emitting assembly of Claim 1, wherein said light-

emitting elements are light-emitting diodes.

4. The light-emitting assembly of Claim 1, wherein said core

is a light-transmitting fiber.

5. The light-emitting assembly of Claim 1, wherein said

holographic interface is composed of a dichromated gel-type of material.

6. The light-emitting assembly of Claim 1, further including

a metal layer formed over said light-emitting elements.

1. The light-emitting assembly of Claim 1, wherein said light-

emitting elements are composed of a light-emitting polymer.

15
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8. The light-emitting assembly of Claim 1, wherein said first
electrode is a column electrode and said second electrode is a row

electrode.

9. A multi-color pixel comprising:

a light-transmitting fiber core;

a light-bending element operatively associated with said core;

an electrode layer at least partially formed on said light-bending

5 element;

a first light-emitting element operatively associated with said
electrode layer;

a second light-emitting element operatively associated with said
electrode layer,

10 a third light-emitting element operatively associated with said
electrode layer, said first, second, and third light-emitting elements each
producing light at different wave lengths; and

an outer metal coating formed substantially over said light-

emitting elements.

10. The multi-color pixel of Claim 9, wherein said different

wave lengths are red, green and blue.

16
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11.  The multi-color pixel of Claim 9, wherein said light-bending

element is a holographic interface.

12.  The multi-color pixel of Claim 11, wherein said holographic

interface is composed of a dichromated gel-type of material.

13.  The multi-color pixel of Claim 9, wherein said light-

transmitting fiber core is composed of glass.

14. The multi-color pixel of Claim 9, wherein said light-

transmitting fiber core is composed of a polymer.

15.  The multi-color pixel of Claim 9, wherein said first, second

and third light-emitting elements are light-emitting diodes.

16.  The multi-color pixel of Claim 9, wherein said first, second,

and third light-emitting elements are light-emitting polymers.

17
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17. A multi-color pixel comprising:

a fiber optic core;

a light-bending holographic interface formed on said core;

a transparent electrode layer formed on said holographic
interface;

a plurality of light-emitting elements positioned on said
transparent electrode layer; and

a metal coating formed on said transparent electrode layer.

18. The multi-color pixel of Claim 17, wherein said light-

emitting elements product light in the red, green, and blue spectra.

19.  The multi-color pixel of Claim 18, wherein said light-

emitting elements are light-emitting diodes.

20. The multi-color pixel of Claim 18, wherein said light-

emitting elements are composed of a light-emitting polymer.

18
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