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EFFICIENT SOLID-STATE LIGHT EMITTING DEVICE WITH
EXCITED PHOSPHORS FOR PRODUCING A VISIBLE LIGHT OUTPUT

BACKGROUND OF THE INVENTION

This invention relates to light emitting devices, and more particularly, to light
emitting devices for use in displays or the like that excite one or more phosphors to produce
a light output.

Currently there are many types of light emitting devices that are on the market.
One of the original light emitting devices is a cathode ray tube. Cathode ray tubes have
been used for many years in television and computer monitor applications.

Another type of light emitting device is a liquid crystal display (LCD). Due in part
to its lower energy consumption and the lack of the need for an ultra-high vacuum
environment, the LCD is widely used in portable computers and other special purpbse
applications, such as watches, calculators, and instrument panels. A limitation of an LCD
is that back or external lighting is typically required. Further, some display characteristics
such as color, brightness, and contrast can be viewing angle dependent.

Another type of light emitting device is a plasma display (PD). A conventional PD
device includes a gaseous plasma UV source and a phosphor screen. The gaseous plasma
UV source is used to excite the phosphors in the phosphor screen, which then produce the
visible light output. A limitation of a PD device is that typical gaseous plasma UV sources
require a vacuum environment and high voltages.

Another type of light emitting device is a field emitter display (FED) device. Like
a PD device, a FED device excites phosphors to produce a visible light output. However,
unlike a PD device, the FED device uses a field induced electron emission. Field induced
electron emission can typically only be accomplished in a vacuum environment. Thus, like
a PD device, the FED device requires a vacuum environment.

Another type of light emitting device is an electroluminescence (EL) device. Like
the PD and FED devices, an EL device excites phosphors to produce a visible light output.
Unlike the PD and FED devices, however, the EL device excites the phosphor using direct
injection of current. Direct injection of current does not require a vacuum environment.
However, EL devices typically have a limited color emission spectrum.

An improved light emitting device is disclosed in WO 97/48138 to Mensz et al
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Mensz et al. discloses a solid-state GaN-based UV Light Emitting Diode (LED) that
provides a UV radiation to a phosphor layer. The UV LED excites the phosphor layer to
produce a visible light output. Mensz et al. has a number of advantages over the LED, PD,
FED and EL type devices. First, Mensz et al. do not require back or external lighting, as
required by LCD type devices. Further, Mensz et al. does not require a vacuum and/or high
voltage power source, as required by PD and FED type devices. Finally, the solid-state
GaN-based UV LED with excited phosphors of Mensz et al. may provide a wider range of
colors than an EL type device.

A limitation of Mensz et al. is that a significant amount of UV radiation may not
be converted to visible light. In some embodiments, a substantial amount of UV radiation
1s not directed at the phosphor layer. This may reduce the etficiency of the device. Also,
some of the UV radiation that actually enters the phosphor passes through the phosphor and
out of the other side, without exciting the phosphor. This pass-through UV radiation also
reduces the efficiency of the device. Further, in an array of devices, the UV radiation
escaping from one device can impinge on the phosphors of neighboring devices, causing
unwanted emission of visible light from the neighboring devices. This optical cross talk

1s undesirable in many display applications.

SUMMARY OF THE INVENTION

The present invention overcomes many of the disadvantages of the prior art by
providing a more efficient solid-state light emitting device that excites phosphors to
produce a visible light output. To accomplish this, the present mvention contemplates
providing a reflector adjacent to the phosphor layer for reflecting at least some of the UV
radiation that passes through the phosphor, back into the phosphor. The reflector may also
reflect at least some of the visible light that is emitted by the phosphor toward a designated
light output. In another embodiment, the radiation source is at least partially surrounded
by the visible light emitting phosphor. This configuration may cause more of the radiation
that 1s emitted from the active region to reach and interact with the phosphor material.

In one illustrative embodiment of the present invention, a visible light-emitting
phosphor layer is positioned between a radiation source and a reflector. The radiation
source 1s preferably a UV light emitting diode (LED), which is formed on a transparent

substrate. The reflector is positioned above the phosphor layer, and reflects at least some



10

15

20

25

30

CA 02356530 2001-06-22

WO 00/38250 PCT/US99/28326

-3-

of the radiation that passes through the phosphor, back into the phosphor. The reflector
may also reflect at least some of the visible light that is emitted from the phosphor toward
the transparent substrate for viewing. In some embodiments, the reflector may also be
conductive and serve as both a reflector and an interconnect layer to the radiation source.
In a second illustrative embodiment of the present invention, the radiation source
has an active region that is at least partially surrounded by a visible light emitting phosphor.
When properly biased, the active region provides an excitation radiation to the visible light
emitting phosphor. Because the active region is at least partially surrounded by the visible
light emitting phosphor, more of the radiation that is emitted by the active region is allowed
to interact with, and thus excite, the phosphor material. This helps increase the overall
efficiency of the light emitting device.
T'o surround the active region with a visible light emitting phosphor, the radiation
source may have a column-shaped portion with a top surface and one or more side walls.
The active region is located somewhere in the column-shaped portion. The phosphor layer
1s then provided around the one or more side walls of the column-shaped portion, thereby
surrounding at least part of the circumference of the active region. A reflector may be
provided over and around the phosphor layer to help improve the etficiency of the device.
It is contemplated that the above visible light emitting devices may be provided in
an array configuration to form a display. In such a display, an array of phosphor segments,
each including one or more excitable, visible light-emitting phosphors, may be positioned
adjacent to a corresponding array of radiation sources. The radiation sources preferably can
be individually addressed via a number of row and column contact layers. Accordingly,
the radiation sources can be controlled to provide radiation to only selected phosphor
segments. The row or column contact layer may also serve as a reflector adjacent to each
of the phosphor segments. In the embodiment where the radiation source has a column-
shaped portion with a top surface and one or more side walls, it is contemplated that the
reflector may extend over and around the phosphor layer. This may reduce the UV

radiation produced in one pixel from impinging on the phosphors of a neighboring pixel,

which translates into reduced optical cross talk between pixels.

BRIEF DESCRIPTION OF THE DRAWINGS

Other objects of the present invention and many of the attendant advantages of the
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present invention will be readily appreciated as the same becomes better understood by
reference to the following detailed description when considered in connection with the
accompanying drawings, in which like reference numerals designate like parts throughout
the figures thereof and wherein:

Figure 1 1s a partial cut-away perspective view of an illustrative solid-state UV light
emitting device with one or more excitable, visible light-emitting phosphors in accordance

with the present invention;

Figure 2 1s a partial cut-away perspective view of an array of solid-state UV light
emitting devices of Figure 1;

Figure 3 1s a partial cut-away perspective view of another illustrative solid-state UV
light emitting device, with the active region of the UV LED laterally surrounded by one or
more excitable, visible light-emitting phosphors for increased etficiency;

Figure 4 is a schematic diagram showing an illustrative UV LED device having a

single quantum well;

Figure 5 is a schematic diagram showing another illustrative UV LED device

having multiple quantum wells; and

Figure 6 1s a schematic diagram showing an illustrative UV mirror.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Figure 1 is a partial cut-away perspective view of an illustrative solid-state UV light
emitting diode (LED) with one or more excitable, visible light-emitting phosphors. The
UV LED i1s constructed from a P-AlGaN layer 20, an N-AlGaN layer 22, and an active
region 24 situated therebetween. The active region 24 may include a GaN/AlGaN double
hetero-structure or multiple quantum wells, as more fully described below. The UV LED
1s preferably grown on a transparent substrate 26 made from sapphire or the like. In a
preferred embodiment, the N-AlGaN layer 22, the active region 24, and part of the P-
AlGaN layer 20 are etched away to provide side walls 34A and 34B.

A phosphor coating 30 is provided on the top surface 32 of the UV LED, and may
cover the side walls 34A and 34B as well. When excited by UV radiation, the phosphor
coating preferably produces a visible light emission having a red, green, or blue color. A

metal reflector 36 is then provided on top of the phosphor coating 30, as shown, and
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preferably down the sides of the phosphor coating 30. The side portions 37A and 37B of
the reflector provide optical isolation between adjacent pixels 1n an array.

The reflector 36 reflects at least some of the UV radiation that is passed through the
phosphor coating 30, back into the phosphor coating 30. The reflector 36 also reflects at
least some of the visible light that is emitted by the phosphor coating 30 toward the
transparent substrate 26 for viewing. Accordingly, the reflector 36 increases the etficiency
of the device.

The enhanced phosphor efficiency provided by the reflector may allow thinner
phosphor layers to be used, thus reducing the fabrication costs by simplifying the processes
of deposition and patterning subsequent layers over the topography of the patterned
phosphors. The increased efficiency provided by the reflector may also allow less efficient

phosphors to be used. Less efficient phosphors may have reduced costs or improved

materials may have less UV emission intensity or lower energy UV photons, they may be
less expensive to fabricate. Finally, it is contemplated that the reflector may be used to
hermetically seal the phosphors, allowing the use of phosphors that are sensitive to
atmospheric degradation.

It is contemplated that a UV mirror 46 may be provided below the active region 24.
The UV mirror 46 may be tuned to allow the visible light to pass therethrough to the
transparent substrate 26, but to reflect the UV radiation emitted by the active region 24.
Accordingly, the UV radiation is effectively trapped between the UV mirror 46 and the
reflector 36. As a result, more of the UV radiation will eventually interact with the
phosphor coating to produce visible light. It is contemplated that the UV mirror may be a
Distributed Bragg Reflector (DBR) formed from a number of GaN/AlGaN quarter wave

stacks, grown prior to the formation of the P-N junction, as more fully described with

reference to Figure 6.

To reduce the overall size of the device, the reflector 36 may be conductive and
may provide an electrical connection to at least one terminal of the UV LED. It is
contemplated that the reflector 36 may be made from aluminum, which reflects most of the
UV and the visible light, and is also conductive. In the embodiment shown, the reflector

36 serves to provide an electrical connection to the P-AlGaN layer (first contact region) via
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a P-ohmic contact 38. Thus, the reflector 36 serves as a bus line in one direction (column).

The bus line in the other direction (row) may be provided by a metal stripe 40, which is
shown overlapping the reflector 36 above the UV LED. An N-ohmic contact 50 is provided
on the top surface of the N-AlGaN layer 22 in an open region that does not include the
phosphor layer 30 and the reflector 36. The metal strip 40 serves to provide an
Interconnection to the N-AlGaN layer (second contact region) via the N-ohmic contact 50.
The first and second metal layers 36 and 40 are separated by an insulating layer 42 (e.g.
S10,).

Figure 2 shows an interconnected pixel array of the UV LED devices of Figure 1.
The array includes an array of phosphor segments 60A, 60B, and 60C, each including one
or more excitable, visible light-emitting phosphors. The array of phosphor segments 60A,
60B, and 60C is positioned adjacent to a corresponding array of UV LED radiation sources
62A, 62B, and 62C. The radiation sources 62A, 62B. and 62C selectively provide radiation
to the corresponding phosphor segments 60A, 60B, and 60C to selectively excite visible
light emissions therefrom.

Each of the radiation sources 62A, 62B, and 62C has a first contact region and a
second contact region. A number of row contact layers 64A, 64B, and 64C are provided,
wherein each row contact layer electrically connects the first contact regions 65A and 65B
of the radiation sources that are associated with a corresponding row in the array. Likewise,
a number of column contact layers 66A, 66B, and 66C are provided, wherein each column
contact layer 66A, 66B, and 66C is provided over at least part of the phosphor segments
60A, 60B, and 60C of the radiation sources that are associated with a corresponding
column. The column contact layers 66A, 66B, and 66C also electrically connect the first
contact regions 68A and 68B of each radiation source that is associated with a
corresponding column. As indicated above, it is contemplated that the column contact
layers 66A, 66B, and 66C are reflective to reflect at least some of the UV radiation and/or
visible light rays that exit from the corresponding phosphor segments 60A, 60B, and 60C,
back into the phosphor segments 60A, 60B, and 60C.

In view of the foregoing, the phosphor layers 60A, 60B, and 60C may be elongate
phosphor strips having a length and a width, wherein the length 1s aligned with the radiation
devices that are associated with a common column in the array. Alternatively, the phosphor

strips may be individual phosphor segments, as shown in Figures 1-2.
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Likewise, the column contact layers 66A, 66B, and 66C, may be elongate strips
having a length and a width, wherein the length is aligned with the radiation devices that
are assoclated with a common column in the array. Alternatively, it is contemplated that
the column contact layers 66A, 66B, and 66C, may include a number of individual contact
segments. Finally, the row contact layers 64A, 64B, and 64C, may be clongate strips
having a length and a width, wherein the length is aligned with the radiation devices that
are associated with a common row in the array. Alternatively, it is contemplated that the
row contact layers 64A, 64B, and 64C, may include a number of individual contact
segments.

To form a display, each row 64A, 64B, and 64C, may include a phosphor that
produces a different color of visible light. That is, the phosphor layer 60A for a first row
64A of UV LEDs may emit a red visible light. The phosphor layer 60B for a second row
64B of UV LEDs may emit a green visible light. Finally, the phosphor layer 60C for a
third row 64C of UV LEDs may emit a blue visible light. Accordingly, the color of the
resulting display can be controlled by selectively turning on the appropriate UV LEDs in
the array.

Figure 3 is a partial cut-away perspective view of another illustrative solid-state UV
light emitting device, with the active region of the UV LED laterally surrounded by one or
more excitable, visible light-emitting phosphors for increased etficiency. In this
embodiment, the radiation source has an active region 80 that is surrounded by a visible
light emitting phosphor 82. When properly biased, the active region 80 provides the
excitation radiation to the visible light emitting phosphor 82. Because the active region 80
is substantially surrounded by the visible light emitting phosphor 82, more of the radiation
I1s allowed to interact with, and thus excite, the phosphor material 82. This helps make the
device more efficient.

The radiation source preferably has a column-shaped portion with a top surface 84
and one or more side walls 86A and 86B. The active region 80 is preferably located in the
column-shaped portion, as shown. AnN-AlGaN layer 81 has a top portion extending into
the column-shaped portion, and a bottom portion that extends laterally outward from the

one or more side walls 86A and 86B. Above the active region 80 is a P-AlGaN layer 87

and a P-ohmic contact region 104.

In the illustrative embodiment, the phosphor layer 82 is provided around the one or
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more side walls 86A and 86B of the column-shaped portion of the radiation source, thereby
substantially surrounding at least the circumference of the active region 80. In this
configuration, only a small fraction of the UV radiation that is emitted by the active region
80 1s not directed at the phosphor layer 82. These wasted rays are indicated by light cones
90A and 90B. Because the light cones 90A and 90B are relatively narrow, the efficiency
of the light emitting device is increased. '

It 1s also contemplated that a reflector 92 may be provided over the phosphor layer
82 to further increase the efficiency of the light emitting device. The reflector 92 preferably
extends over the top surface 94, and at least over a portion of the side walls 96A and 96B
of the phosphor layer 82. The reflector 92 may be conductive, and may provide an
electrical connection to the P-AlGaN layer 87 via a P-GaN ohmic contact 104. An
insulating layer 98 electrically insulates the reflector 92 from the lower N-AlGaN layer 81.

The embodiment shown in Figure 3 may be particularly suitable for very small
pixel dimensions applications. That is, because the UV LED is in the form of a narrow
column, the lateral dimension of each pixel may be reduced. The UV LED is still able to
pump the phosphor efficiently, however, because the p-n junction is almost completely
surrounded by the phosphor. The efficiency is further enhanced by the metal reflector,
which may also serve as the column bus line as described above. To even further reduce
the size of each pixel, the lower layer 81 of N-AlGaN or N-GaN can be highly doped, and
may become sufficiently conductive to be used as a bus line in the other direction (e.g. row
direction).

Figures 4-5 show an illustrative solid-state UV LED device that can be used in
conjunction with the embodiments shown in Figures 1-3. Figure 4 is a schematic diagram
showing an illustrative UV LED device that has a single quantum well. The illustrative UV
LED device includes a lower N-AlGaN layer 110, an upper P-AlGaN layer 112, and a
single GaN quantum well layer 114 therebetween. The lower N-AlGaN layer 110
preterably has an Al mole fraction larger than 0% but less than 50%. The upper P-AlGaN
layer 112 preferably has an Al mole fraction larger than 0% but less than 20%. The single
quantum well is preferably a GaN quantum well, with a thickness between 20 A and 200
A. Depending on the desired wavelength, it may be beneficial to replace the GaN quantum

well material with InGaN. The single InGaN quantum well may aiso have a thickness of

between 20 A and 200 A.
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Finally, a P-GaN ohmic contact layer 116 may be provided to provide a low
resistance contact to the P-AlGaN layer 112. Likewise, an N-GaN ohmic contact layer may
be provided (not shown) to provide a low resistance contact to the N-AlGaN layer 110.

Figure 5 is a schematic diagram showing another illustrative UV LED device that
has multiple quantum wells. In this embodiment, the lower N-AlGaN layer 120 may have
an Al mole fraction larger than 0% but less than 50%. The upper P-AlGaN layer 122 may
have an Al mole fraction larger than 0% but less than 20%. The multiple GaN quantum
wells 124 may each have a thickness between 20 A and 200 A, and may be separated by
AlGaN barrier layer(s) 126 having an Al mole fraction larger than 0% but less 50%.
Depending on the desired wavelength, it may be beneficial to replace the GaN quantum
well material and the AlGaN barrier layer material with InGaN and InAlGaN , respectively.

T'he InGaN quantum wells may each have an Al mole fraction larger than 0% but less than
10%, and a thickness between 20 A and 200 A. The InGaN barrier layer(s) may have an
In mole fraction larger than or equal to 0% but less than that in the InGaN quantum wells.

Figure 6 is a schematic diagram showing an illustrative UV mirror. The 1llustrative
UV murror may be used in conjunction with any of the embodiments shown and described
with reference to Figures 1-3. The UV mirror preterably includes a stack of alternating
GaN and AlGaN layers, each having an optical length of one-fourth of the peak wavelength
of the UV LED emission. This makes the UV mirror reflective for UV radiation, but
relatively transmissive for the visible light emitted by the phosphor. In the illustrated
embodiment, A is the UV LED peak wavelength, n, is the index of refraction of AlGaN, and
n, 1s the index of refraction of GaN at wavelength A.

Having thus described the preferred embodiments of the present invention, those
of skill in the art will readily appreciate that the teachings found herein may be applied to

yet other embodiments within the scope of the claims hereto attached.
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CLAIMS
l. A light emitting device comprising:
a phosphor layer having two opposing sides including one or more excitable, light-
emitting phosphors;
a radiation source positioned adjacent a first one of the two opposing sides of the

phosphor layer for providing a radiation to excite a light emission from the phosphor layer,

the radiation source having a first contact region and a second contact region; and
reflector means provided adjacent a second one of the two opposing sides of the

phosphor layer for reflecting at least some of the radiation and light emission that exits

from the phosphor layer back into the phosphor layer.

2. A light emitting device according to claim 1, wherein said reflector means
comprises a first contact layer positioned over at least part of the phosphor layer, the first

contact layer being at least partially reflective and at least partially electrically conductive,

said first contact layer being electrically connected to the first contact region.

3. A light emitting device according to claim 2 further comprising a second

contact layer that is electrically connected to the second contact region.

4. A visible light emitting device comprising:

a transparent substrate;

a phosphor layer including one or more excitable, visible light-emitting phosphors;

a radiation source positioned between the transparent substrate and the phosphor
layer for providing a radiation to excite visible li ght emission from the phosphor layer, the
radiation source having a first contact region and a second contact region;

a first contact layer provided over at least part of the phosphor layer and reflecting
at least some of the radiation that travels through the phosphor layer back into the phosphor
layer, the first contact layer being electrically connected to the first contact region; and

a second contact layer being electrically connected to the second contact region.
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5. A visible light emitting device according to claim 4, wherein said phosphor
layer includes one or more UV-excitable, visible light-emitting phosphors, and said

radiation source 1s a UV radiation source emitting ultraviolet radiation.

6. A visible light emitting device according to claim 5, further including a UV
mirror for reflecting UV radiation, the UV mirror being positioned between the UV

radiation source and the transparent substrate and being at least partially transparent to

visible light.

7. A visible light emitting device according to claim 4, wherein the radiation
source has a top surface, one or more side walls, and a lower portion that extends laterally
outward from the one or more side walls, said phosphor layer being positioned between at
least part of the top surface of the radiation source and the first contact layer.

8. A visible light emitting device according to claim 7, wherein the first
contact layer extends over at least part of the top surface and down at least part of selected
side walls of the radiation source.

9. A visible light emitting device according to claim 8, wherein the radiation
source includes a first portion that is of a first conductivity type and a second portion that

1s of a second conductivity type, with an active region therebetween.

10. A wvisible light emitting device according to claim 9, wherein the first
portion of the radiation source isat least partially in the region defined by the top surface
and the one or more side walls of the radiation source, and the second portion is at least
partially in the lower portion of the radiation source that extends laterally outward from the
one or more side walls.

11. A visible light emitting device according to claim 10, wherein the second

portion of the radiation source corresponds to the second contact region.

2. A visible light emitting device according to claim 11, wherein the phosphor
layer and the first contact layer do not overlap the second portion of the radiation source

In an open region, said second contact layer making an electrical connection to the second

portton of the radiation source in the open region.
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13. A visible light emitting device according to claim 12, wherein the phosphor
layer 1s an elongate phosphor strip having a length and a width, the length of the phosphor

layer aligned with the radiation device in a first direction.

14. A wvisible light emitting device according to claim 13, wherein the first

contact layer 1s an elongate strip having a length and a width, the length of the first contact

layer aligned with the elongate phosphor strip.

15. A visible light emitting device according to claim 14, wherein the second
contact layer is an elongate strip having a length and a width, the length of the second
contact layer aligned with the radiation device in a second direction, wherein the second

direction 1s perpendicular to the first direction.

16. A visible light emitting device according to claim 15, wherein the second

contact layer is positioned above the first contact layer and separated therefrom by an

insulating layer.

7. A visible light emitting device according to claim 4, wherein the first

contact layer 1s formed from, at least in part, aluminum.

18. A visible light emitting device according to claim 4, wherein the radiation

source 1s a GaN-based light emitting diode.

9. A visible light emitting device according to claim 18, wherein the

transparent substrate is formed from, at least in part, sapphire.

20. A visible light emitting device according to claim 18, wherein one or more

excitable, visible light-emitting phosphors, produces a visible light emission having a color

that 1s selected from the group consisting of red, green, and blue.

21. A visible light emitting device comprising:

a transparent substrate;
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a phosphor layer including one or more excitable, visible light-emitting phosphors;

a radiation source positioned between the transparent substrate and the phosphor
layer for providing a radiation to excite visible light emission from the phosphor layer, the
radiation source having a first contact region and a second contact region;

a first contact layer provided over at least part of the phosphor layer and reflecting
at least some of the visible light emission from the phosphor layer back toward the
transparent substrate, the first contact layer being electrically connected to the first contact
region; and

a second contact layer being electrically connected to the second contact region.

22. A visible light emitting device according to claim 21, wherein said phosphor

layer includes one or more UV-excitable, visible light-emitting phosphors, and said

radiation source i1s a UV radiation source.

23. A light emitting device comprising:

a radiation source having a first contact region and a second contact region for
providing radiation, said radiation source having a top surface and one or more side walls:

a phosphor layer provided adjacent to at least a portion of the one or more side
walls of the radiation source, the phosphor layer including one or more excitable, light-

emitting phosphors that produce a light emission when excited by the radiation.

24. A light emitting device according to claim 23, further comprising:
a transparent substrate positioned below the radiation source:

a first contact layer for providing an electrical connection to the first contact region

of the radiation source; and

a second contact layer for providing an electrical contact to the second contact

region of the radiation source.

25>. A light emitting device according to claim 24, wherein said phosphor layer
includes one or more UV-excitable, visible light-emitting phosphors, and said radiation

source 1s a UV radiation source.
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26. A light emitting device according to claim 24, wherein the radiation source
has a bottom portion that has a first conductivity, a top portion that has a second

conductivity, and an active region therebetween.

27. A hght emitting device according to claim 26, wherein the bottom portion
has a larger base region and an upper column region, the upper column region defining at

least a lower portion of the one or more side walls of the radiation source.

28. A lLight emitting device according to claim 27, wherein the top portion of the

radiation source defines an upper portion of the one or more side walls of the radiation

SOUurce.

29. A light emitting device according to claim 28, wherein the bottom ﬁortion

of the radiation source corresponds to the first contact region of the radiation source.

30. A hght emitting device according to claim 29, wherein the bottom portion

of the radiation source is an N-type semiconductor.

31. A light emitting device according to claim 29, wherein the top portion of the

radiation source corresponds to the second contact region of the radiation source.

32. A light emitting device according to claim 31, wherein the phosphor layer
only extends laterally away from the side walls of the radiation source a selected distance,

at least 1in one direction, to define a top wall and one or more side walls.

33. A light emitting device according to claim 32 further comprising a first

contact layer, the first contact layer being provided over at least part of the top wall of the

phosphor layer.

34. A light emitting device according to claim 33, wherein the first contact layer

1s provided over at least part of the one or more side walls of the phosphor layer.
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35. A light emitting device according to claim 34, wherein the first contact layer

is electrically connected to the bottom portion of the radiation source.

36. A light emitting device according to claim 33, wherein the first contact layer

reflects UV radiation.

37. A hght emitting device according to claim 33, wherein the first contact layer

reflects visible light.

38. A light emitting device according to claim 33, wherein the first contact layer

1s formed from, at least in part, aluminum.

39. A light emitting device according to claim 33 further comprising a second

contact layer, the second contact layer electrically connected to the top portion of the

radiation source.

39.  Anarray of visible light emitting devices, comprising:

a transparent substrate;

an array of phosphor segments, each including one or more excitable, visible light-
emitting phosphors;

an array of radiation sources positioned between the transparent substrate and the
array of phosphor segments for selectively providing radiation to excite visible light
emission from corresponding phosphor segments, each of the radiation sources having a
first contact region and a second contact region;

a number of column contact layers, each of the column contact layers being
provided over at least part of the phosphor segments of the radiation sources that lie in a
corresponding column of the array of radiation sources, the column contact layers reflecting
at least some of the radiation that exits from the corresponding phosphor segments back
into the phosphor segments, the column contact layers being electrically connected to the

first contact regions of the radiation sources that lie in the corresponding column; and
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a number of row contact layers, each of the row contact layers being electrically
connected to the first contact regions of the radiation sources that lie in a corresponding row

of the array of radiation sources.

40.  Anarray of visible light emitting devices according to claim 39 wherein the

column contact layers also reflect at least some of the visible light emission from the

corresponding phosphor segments.

41.  An array of visible light emitting devices according to claim 40 wherein
selected radiation sources of the array of radiation sources have side walls that face adjacent
radiation sources, said column contact layers extending adjacent at least a portion of

selected side walls to help reduce optical cross talk between the radiation sources.

42.  An array of visible light emitting devices according to claim 41 wherein
selected phosphor segments also extend along at least a portion of selected side walls of

selected radiation sources, between the side walls and the corresponding column contact

layers.
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