
WO 2011/0221281PCT/US2010/041356 High Brightness LED Utilizing a Roughened
Active Layer and Conformal Cladding Background of the Invention  5Light
emitting diodes (LEDs) are an important class of solid-state devices that
convert electric energy to light. Improvements in these devices have
resulted in their use in light fixtures designed to replace conventional
incandescent and fluorescent light sources. The LEDs have significantly
longer lifetimes and, in some cases, significantly higher efficiency for
converting electric energy to light. 10       The cost and conversion
efficiency of LEDs are important factors in determining the rate at which
this new technology will replace conventional light sources and be utilized
in high power applications. Many high power applications require multiple
LEDs to achieve the needed power levels, since individual LEDs are limited
to a few watts. In addition, LEDs 15generate light in relatively narrow
spectral bands. Hence, in applications requiring a light source of a
particular color, the light from a number of LEDs with spectral emission in
different optical bands is combined. Thus, the cost of many light sources
based on LEDs is many times the cost of the individual LEDs. 20The
conversion efficiency of individual LEDs is an important factor in
addressing the cost of high power LED light sources. The conversion
efficiency of an LED is defined to be the electrical power dissipated per
unit of light that is emitted by the LED. Electrical power that is not
converted to light in the LED is converted to heat that raises the
temperature of the LED. Heat dissipation places a limit on the power level
at which an LED operates. In 25addition, the LEDs must be mounted on
structures that provide heat dissipation, which, in turn, further increases
the cost of the light sources. Hence, if the conversion efficiency of an
LED can be increased, the maximum amount of light that can be provided by a
single LED can also be increased, and hence, the number of LEDs needed for
a given light source can be reduced. In addition, the cost of operation of
the LED is also inversely proportional to the 30 conversion efficiency.
Hence, there has been a great deal of work directed to improving the
conversion efficiency of LEDs.  



For the purposes of this discussion, an LED can be viewed as having three
layers, the active layer sandwiched between two other layers. These layers
are typically deposited on a substrate such as sapphire. It should be noted
that each of these layers typically includes a number of sub-layers. The
overall conversion efficiency of an LED depends on the efficiency 5with
which electricity is converted to light in the active layer and on the
efficiency with which light generated in the active layer escapes from the
LED.       Improvements in materials have led to improvements in the
efficiency of light generated in the active layer. However, a significant
fraction of the light generated in the 10active layer is lost before the
light can escape from the LED. Most of this light is lost through
absorption in the various layers used to construct the LED. This mode of
light loss is aggravated by the trapping of much of the light within the
LED structure. The 3-layer LED structure is typically bounded on the bottom
and top by materials 15that have a significantly lower index of refraction
than the layers of the LED. As a result, a significant fraction of the
light striking these boundaries is reflected back into the layered
structure. One of the boundaries includes a transparent surface through
which the light generated in the LED escapes. The other boundary is
typically covered by a reflector that redirects light striking that
boundary toward the transparent boundary. As noted above, the 20
transparent boundary is typically covered by a material having a much lower
index of refraction than that of the LED structure. Light striking this
boundary at angles greater than the critical angle with respect to the
normal at the boundary is reflected back into the LED structure. The
critical angle depends on the difference in the index of refraction between
the LED layers and that of the surrounding medium, which is typically air
or a material such as a 25plastic. For LEDs constructed from GaN or similar
materials, the difference is sufficient to result in a significant fraction
of the light being reflected. This reflected light becomes trapped between
the planar boundaries of the LED where it will be continually reflected
until the light is lost due to absorption. In the case of conventional
GaN-based LEDs on sapphire substrates approximately 70% of the light
emitted by the active layer remains trapped within 30 the LED.
Several techniques have been described to improve light extraction from
LEDs, and hence, improve the light conversion efficiency of these devices.
In one class of techniques, 



one of the outer surfaces of the LED at which the light suffers internal
reflection is converted from a smooth planar surface to a rough surface.
Each time trapped light encounters this roughened surface as it transits
the LED, some of the trapped light will be redirected such that, at the
next reflection from the surface, the light will strike the surface at
angles that are 5smaller than the critical angle of the exit surface.
Hence, a portion of the trapped light will now escape, and the process can
continue, extracting more light with each round trip through the LED. Prior
art LEDs based on roughening a surface to improve light extraction
typically 10 employ a rough surface either at the top surface of the LED or
adjacent to the substrate on which the LED layers are deposited. These
approaches improve the fraction of the light generated in the active layer
that escapes the LED once that light escapes the active layer itself.
However, a significant fraction of the light that is generated within the
active layer is trapped within the active layer due to internal reflections
at the boundaries between the active 15layer and the cladding layers on
each side of the active layer. These reflections are caused by a difference
in index of refraction between the materials from which the active layer is
constructed and the materials from which the cladding layers are
constructed. For GaN based LEDs, the active layer is constructed from
materials that have a significantly higher index of refraction than the
cladding layers. 20 Summary of the Invention       The present invention
includes a light emitting device and method for making the same. The
light-emitting device includes an active layer disposed between first and
second 25layers. The first layer has top and bottom surfaces. The top
surface includes a first material of a first conductivity type, including a
plurality of pits in the substantially planar surface. The active layer
overlies the top surface of the first layer and conforms to the top
surface, the active layer generating light characterized by a wavelength
when holes and electrons recombine therein. The second layer includes a
second material of a second conductivity 30type, the second layer overlying
the active layer and conforming to the active layer. In one 



aspect of the invention, the pits have a dimension that is greater than the
wavelength of light generated by the active layer. In another aspect of the
invention, the device includes a substrate on which the first layer is
constructed, the substrate having a lattice constant  sufficiently
different from that of the first material to give rise to dislocations in
the first layer. At least some of the pits are located on such dislocations
in yet another aspect of the invention. 5Brief Description of the Drawings
Figure 1 is a simplified cross-sectional view of a prior art GaN-based LED
Figure 2 is a simplified cross-sectional view of a prior art LED that
utilizes a rough 10surface to improve the light extraction efficiency of
the LED.       Figure 3 is cross-sectional view of a portion of an LED
according to one embodiment of the present invention. 15Figures 4A and 4B
are cross-sectional views of a portion of the GaN layers through the
n-cladding layer.       Figure 5 is a cross-sectional view of another
embodiment of an LED according to the present invention. 20 Detailed
Description of the Preferred Embodiments of the Invention       The manner
in which the present invention provides its advantages can be more easily
understood with reference to Figure 1, which is a simplified
cross-sectional view of a prior art 25 GaN-based LED. LED 20 is constructed
by growing three layers on a sapphire substrate 24. The first layer 21 is
an n-type GaN material. The second layer is a p-type GaN layer 23. The
third layer 22 is an active layer that emits light when holes and electrons
from layers 21 and 23 combine therein. As noted above, each of these layers
may include a number of sub-layers. Since the functions of these sub-layers
are well known in the art and are not central to 



30the present discussion, the details of these sub-layers have been omitted
from the drawings and the following discussion.         As noted above,
light that is generated in layer 22 leaves layer 22 at all possible angles.
Some of the light is emitted in a direction toward the top surface 25 of
layer 23 and strikes surface 25 at angles that are less than the critical
angle and escapes through surface 25 as shown at 26. Similarly, some of the
light is directed toward substrate 24 and is reflected 5 from either
surface 29a or surface 29b before reflecting back to surface 25. If this
light strikes surface 25 at angles less than the critical angle, this light
also escapes through surface 25 as shown at 28. The remaining light strikes
surface 25 at angles that are greater than the critical angle as shown at
27a and 27b and becomes trapped within the layers. The trapped light will
either be absorbed during transit through the LED or will exit through the
sides of the LED. 10In practice, most of the trapped light is absorbed, and
hence, lost. As a result, the efficiency of LED 20 in converting
electricity to light is poor. As noted above, one method that has been
utilized to improve the extraction efficiency of the LED involves
introducing scattering centers that prevent light from being 15 trapped
within the LED layers. For example, scattering centers can be provided on
surface 25 that provide a random reorientation of the light that strikes
the surface and is reflected back into the LED. Refer now to Figure 2,
which is a simplified cross-sectional view of a prior art LED that utilizes
a rough surface to improve the light extraction efficiency of the LED. LED
30 is constructed by depositing layers 21-23 on substrate 24 in the same
manner as LED 20 20described above. The top surface 31 of layer 23 is
modified to introduce scattering centers on the surface. Exemplary
scattering centers are shown at 32 and 33; however, it is to be understood
that surface 31 is covered with such scattering centers. When light leaving
layer 22 strikes surface 31, part of the light will strike the surface at
angles greater than the critical angle and escape. The remaining light will
be scattered back into layer 23 at a number of 25different angles and will
be reflected from boundaries 29a or 29b back toward surface 31. One such
ray is shown at 34. When ray 34 strikes surface 31 at scattering center 33,
the light will again be scattered with part of the light exiting through
surface 31 and part being scattered back toward boundary 29a. Hence, at
each reflection, part of the light that strikes surface 31 is extracted.
Hence, a significant improvement in the light extraction efficiency 30can
be obtained. 



WO 2011/0221286PCT/US2010/041356       In such prior art devices, the
scattering centers are located in the regions on either side of the active
layer. For example, devices in which the scattering features are introduced
at interface 29a or within the current spreading layer 21 have been
proposed. 5The present invention is based on the observation that in GaN
based LEDs, the active region of the LED is constructed from materials that
have a higher index of refraction than the n and p cladding layers that
sandwich the active layer. As a result, light is trapped within the active
layer by internal reflections at the active layer-cladding layer boundary.
The amount of light that is trapped, and eventually absorbed, is a
significant fraction of the light. Texturing 10 of a portion of the LED
outside of the active region cannot improve the extraction of such trapped
light, since that light never interacts with the textured surface.
Refer now to Figure 3, which is cross-sectional view of a portion of an LED
according to one embodiment of the present invention. LED 40 is constructed
by depositing a number 15of n-type layers 42 on a substrate 41. The n-type
layers end with an n-cladding layer 43. Cladding layer 43 includes a number
of pits such as pit 47. The manner in which these pits are generated will
be discussed in more detail below. After the pits have been formed, the
active layer 44 and the p-cladding layer 45 are deposited. These layers
follow the contours of the pits, and hence, both active layer 44 and
p-cladding layer 45 include features that extract 20light trapped in either
the active layer or the cladding layer.       An electrode 46 is then
deposited over p-cladding layer 45 to provide one of the electrodes that
will be used to power the LED. If light is to be extracted through the
p-cladding layer, electrode 46 is constructed from a transparent material
such as indium tin 25oxide. If the light is extracted through substrate 41,
electrode 46 includes a reflecting layer to redirect light striking
electrode 46 toward substrate 41.       LED 40 can be viewed as having a
layered structure that includes planar sections that are interrupted by the
angled sections formed in the pits. In one aspect of the invention, the
30layers above the active layer extend into the pits. Light that is trapped
in the planar sections 



because that light strikes one of the planar sections at an angle greater
than the critical angle will strike the regions in the pits at angles less
than the critical angle, and hence, escapes through layer 46 in the case in
which layer 46 is transparent. In the case in which layer 46 is a  WO
2011/0221287PCT/US2010/041356 reflector, the light is redirected toward
substrate 41 at an angle that is less than the critical angle, and hence,
escapes through the substrate. It should be noted that light trapped in the
planar regions of the active layer is likewise re-directed, and hence, the
present invention also improves the extraction of light from the active
layer. 5 It should be noted that the planar sections do not require
"roughening" to extract the light. This further improves the light output
of the LED and the cost of making the LED. When roughening of the p-contact
layer is used to provide improved light extraction, the scattering features
interfere with the uniform spreading of current from the top electrode that
10is deposited over the roughened surface through the active layer. Hence,
part of the benefit provided by the roughened surface is lost because of
reduced light generation. In the case in which the top electrode is a
mirror and light is extracted through substrate 41, the roughened p-contact
layer leads to poor reflectivity in the minor that is typically a layer of
metal deposited over the p-contact layer. In addition, the steps needed to
roughen the p-contact or 15p-cladding layer are eliminated which further
reduce the cost of fabrication.       The above-described embodiments of
the present invention require an n-cladding layer that is pitted and that
acts as the substrate that is coated to provide the active layer and
p-cladding layers. In one aspect of the present invention, the pitted
substrate is created by 20making use of the dislocations in the n-GaN
layers that result from the difference in the lattice constants between the
GaN layers and the sapphire substrate on which the GaN layers are
deposited. Refer now to Figure 4A, which is a cross-sectional view of a
portion of the GaN 



25layers through the n-cladding layer discussed above. The GaN layers are
deposited on a sapphire substrate 41 whose lattice constant differs from
the GaN layers. The difference in lattice constant gives rise to
dislocations that propagate through the various layers as the layers are
deposited. An exemplary dislocation is labeled at 51. The density of such
dislocation is typically 107 to 1010 per cm2 in a GaN LED deposited on a
sapphire substrate. 30The present invention utilizes these dislocations to
selectively form pits such as pit 52 into the surface of n-cladding layer
43.        Refer now to Figure 4B, which is an expanded cross-sectional
view of a pit 61 in an n-cladding layer 62 during the growth of the
n-cladding layer. During the growth phase, material is added to the crystal
facets of layer 62 as shown by arrows 64. Pit 61 results in additional
facets being exposed in addition to facet 63. The rate of growth on the
different 5facets can be adjusted by the growth conditions. The rate of
growth on the different facets can be adjusted by the growth conditions
such that the rate of growth of the facets 65 exposed in the pit is greater
than or less than that of the rate of growth of the facet 63. By adjusting
the rate of growth of facets 65 to be less than that of facet 63, the size
of the pit can be increased without requiring a separate etching step or
removing the substrate from the growth 10 chamber.       In one embodiment,
the planar surface of the LED layers corresponds to the c-plane of the GaN
crystal. The growth conditions for the main layers of the LED ( namely, the
InGaN/GaN active region, the p-AlGaN electron blocking layer, and the pGaN
contact layer ) 15can be adjusted to suppress surface mobility such that
the natural tendency of these materials to smooth the surface as the
materials are deposited is suppressed. For example, in the InGaN/GaN active
region, the GaN barrier layers can be grown using a combination of V/III
ratio, growth rate, and growth temperature that minimizes the growth rate
on the facet. This causes the pit to continue growing in diameter as the
layer is grown, since the c-plane growth 20 rate is much higher than the
facet growth rate. Each of these 3 parameters has a strong effect on the
surface mobility of the atoms on the growing surface, and hence, can be
manipulated to cause the pit size to increase as the layer is grown.
Similarly, these 3 parameters can likewise be optimized for the pAlGaN and
pGaN layers in order for the pit to continue growing in size as these
layers are deposited, as opposed to filling them in with material. 25 



The pits can also be created by using an etchant that etches facets 65 at a
rate greater than that of facet 63. For example, the etching operation can
be accomplished in the same growth chamber by introducing 112 into the
growth chamber after the growth of the n-cladding layer is completed. The
growth conditions can be set to enhance etching of the facets by 30
utilizing a growth temperature that is greater than or equal to 950 C using
an ambient containing NH3 and 112. In the absence of any group III
materials, this ambient will etch the facets at a much higher rate than the
c-plane material. Over time, the pits will open up due to the difference in
etch rate between the facets and the c-plane material.         The pits can
also be etched chemically using a solution that preferentially etches the
crystal facet relative to the c-plane face. For chemical etching, molten
KOH can be used to etch the facets. Also, hot solutions of H2SO4:H3PO4 can
be used to etch the material at 5 temperatures greater than 250 C
Referring to Figure 3, once the pits have been etched in n-cladding layer
43, the active layer and p-cladding layers are deposited. The p-electrode
46 is then deposited over the p-cladding layer. In embodiments in which the
light is extracted from the top surface of the 10LED, electrode 46 is a
transparent electrode such as ITO. It should be noted that pits result in
features in the active layer that redirect light that would normally be
trapped in the active layer such that the otherwise trapped light is
directed into the surrounding layers. Furthermore, the pits are randomly
distributed, and hence, light that is trapped in the active layer or
between the p-electrode 46 and any of the underlying layers is redirected
to a location 15 at which that light can then be "processed" by the layers
over the pits and a portion of that light can then be recovered. Hence, the
present invention provides both the conventional light recovery mechanism
as well as allowing light that would otherwise be trapped in the active
layer to escape. 20The pits in the n-cladding layer preferably have
dimensions that are of the order of the wavelength of light generated in
the active layer or larger. This assures that light is scattered or
otherwise redirected at the pits. If pits are much smaller than the
wavelength of light, the efficiency with which the light is scattered is
significantly reduced. The pits also preferably have a depth sufficient to
assure that the top surface of the ITO layer extends into the pit so 25that
light reflected at the interface between the ITO and the p-cladding layer
escapes through the portion of surface of the ITO layer that is formed over
the pit.       The above-described embodiments of the present invention
utilize the dislocations in the n-cladding layer and underlying layers to
guide the etching of the pits. However, 



30 embodiments in which the pits are created by conventional lithographic
directed etching could also be constructed. Refer now to Figure 5, which is
a cross-sectional view of another embodiment of an LED according to the
present invention. LED 50 utilizes "pits" 57 that are generated
lithographically. In such embodiments, a lithographic map is generated on
the n-  cladding layer 43 after that layer has been deposited. The mask
includes holes that expose the underlying n-cladding layer. The exposed
material is then etched to provide the pits. After etching, the mask is
removed and the wafer is returned to the growth chamber where the active
layer 54, p-cladding layer 55 and top electrode 56 are deposited.
Lithographically 5generated pits allow the pattern and density of the pits
to be controlled more precisely; however, this advantage is provided at the
cost of the additional masking steps.       Refer again to Figure 3. The
surface of LED 40 can be viewed as having planar regions 48 that are
interrupted by pits. Light that strikes these planar regions at angles less
10than the critical angle will be reflected back into the LED toward
substrate 41. This light will be reflected back toward the surface of LED
40 at one of the boundary layers within the LED. The non-pitted areas 48
between the pits are preferably sufficiently small to assure that light
that is reflected from a planar surface in the non-pitted areas will not
return on a subsequent reflection from one of the other planar surfaces to
that same non-pitted region. That is, this 15reflected light should not be
trapped within a non-pitted area for a number of reflections without
encountering one of the pits. The minimum density of pits required to
satisfy this condition depends on the thickness of the LED. The thicker the
LED, the lower the required density of the pits. 20The amount of light that
is trapped in the LED also depends on the density of pits in the LED. As
the density of pits increases, the efficiency of light extraction also
increases; however, the improvement obtained by increasing the density of
pits decreases once the density of pits reaches some predetermined level.
As the density of pits is increased, the amount of absorbing material
through which the light must travel before being extracted from 25 the LED
decreases. Once the absorption becomes small compared to the amount of
light that escapes the LED, further improvements are less valuable. In
addition, the pits can reduce light output because the active layer in the
pitted regions may not generate light with the same efficiency as the
portions of the active layer that underlie the planar regions. Accordingly,
the density of pits is preferably set such that the amount of light that is
absorbed within the LED 



30structure is less than some predetermined value. In practice, a pit
density in the range of 107 to 1010 pits per cm2 is sufficient.  The
density of pits in LEDs that utilize dislocations in the LED layers can be
controlled by choosing the substrate on which the layers are deposited and
by varying the growth conditions during the deposition of the n-type layers
and any buffer layers on which these layers are deposited. The density of
dislocations can be increased by choosing a 5substrate having a greater
mismatch lattice constant with that of the n-type layers and/or by
adjusting the growth conditions of the buffer layers that are deposited on
the substrate prior to depositing the n-cladding layer. In addition to the
sapphire substrates discussed above, SiC, AN, and Silicon substrates could
be utilized to provide different degrees of mismatch. 10Typically, one or
more layers of material are deposited on the substrate under conditions
that reduce the number of dislocations that propagate into the n-cladding
layer. Additionally, altering the growth conditions of the layer deposited
on the buffer layer also alters the density of dislocations. Growth
parameters like V/III ratio, temperature, and growth rate all have
significant effects on the dislocation density if they are changed in the
early 15layers of the structure. Normally, these parameters are chosen to
reduce the density of dislocations; however, the present invention can
utilize these parameters to increase the level of dislocations. The optimum
density will, in general, also depend on the thickness of the LED layers.
20Light that is reflected from the top surface of the LED at an angle that
is greater than the critical angle and misses a pit will, in general, pass
through the active layer and be reflected from one of the layer boundaries
under the active layer. This light will then return to the top surface and
be reflected again. Hence, the path length depends on the thickness of the
LED layers as well as the density of pits. 



25       The above-described embodiments of the present invention utilize
layers that overlie another layer. For the purpose of this application, it
is to be understood that a first layer that overlies a second layer may or
may not be in direct contact with the second layer. Similarly, the
above-described embodiments utilize layers of transparent material. For the
purposes of 30 this application, a layer will be defined as being
transparent if the layer transmits light of the wavelength generated in the
active layer with a transmittance of greater than 90%. A minor layer is
defined to be a layer that reflects light of the wavelength generated by
the active layer with a reflectance of greater than 90%.         The
above-described embodiments utilize the GaN family of materials. For the
purposes of this discussion, the GaN family of materials is defined to be
all alloy compositions of GaN, InN and AN. However, embodiments that
utilize other material 5systems and substrates can also be constructed
according to the teachings of the present invention. The present invention
is particularly well suited to GaN based LEDs on sapphire substrates
because the GaN family of materials exhibit particularly high indices of
refraction, and hence, the problems associated with light trapping are
particularly severe in this type of LED. 10       The above-described
embodiments of the present invention refer to "pits" in the n-cladding
layer. For the purposes of this discussion, a pit is defined to be a cavity
in a surface. The pits must have a depth that is greater than that of the
first sub-layer of the active layer to provide current to at least one of
the underlying sub-layers. In the above-described 15embodiments, the pits
extend through the stack of sub-layers; however, pits of intermediate
depths will still provide improvements. The present invention has been
described in terms of embodiments in which the n- type cladding layer is
deposited first on the substrate. Such embodiments are currently 20
preferred because of technical problems associated with the deposition of a
p-cladding layer on the substrate followed by the deposition of an active
layer and n-cladding layer. However, it is to be understood that the
present invention could be used to generate LEDs in which the p-cladding
layer is deposited first if these technical problems are not determinative
for the particular application. 



25       The above-described embodiments are described in terms of "top"
and "bottom" surfaces of the various layers. In general, the layers are
grown from the bottom surface to the top surface to simplify the
discussion. However, it is to be understood that these are merely
convenient labels and are not to be taken as requiring any particular
orientation with respect 30to the Earth. The above-described embodiments of
the present invention have been provided to illustrate various aspects of
the invention. However, it is to be understood that different  aspects of
the present invention that are shown in different specific embodiments can
be combined to provide other embodiments of the present invention. In
addition, various modifications to the present invention will become
apparent to those skilled in the art from the foregoing description and
accompanying drawings. Accordingly, the present invention is 5to be limited
solely by the scope of the following claims.  WO
2011/02212814PCT/US2010/041356 WHAT IS CLAIMED IS:       1. A device
comprising: 5a first layer having top and bottom surfaces, said top surface
comprising a first material of a first conductivity type and including a
plurality of pits in a substantially planar surface;         an active
layer overlying said top surface of said first layer and conforming to said
top 10surface, said active layer generating light characterized by a
wavelength when holes and 



electrons recombine therein; and       a second layer comprising a second
material of a second conductivity type, said second layer comprising a top
surface and a bottom surface, said bottom surface overlying 15said active
layer and conforming to said active layer, said top surface having
depressions therein that extend into said pits.       2. The device of
Claim 1 wherein said pits have a dimension that is greater than said
wavelength of light generated by said active layer.               3. The
device of Claim 1 further comprising a layer of electrically conducting
material having a top surface and a bottom surface, said top surface of
said layer of electrically conducting material overlying said top surface
of said second layer and conforming to said top surface of said second
layer.       4. The device of Claim 3 wherein said layer of electrically
conducting material is transparent to said light generated in said active
layer.            5. The device of Claim 4 wherein said top layer of said
layer of electrically 30conducting material extends into said pits.
material to give rise to dislocations in said first layer, said bottom
surface of said first layer overlying said substrate.          7. The
device of Claim 6 wherein said substrate is chosen from the group
consisting 5of sapphire, SiC, silicon, AN, and said first material
comprises a material from the GaN family of materials.       8. The device
of Claim 6 wherein said dislocations are present at a density greater than
107 dislocations per cm2. 10       9. The device of Claim 2 wherein said
top layer of said electrically conducting material is substantially planar
between said pits. 



10. A method of fabricating a light emitting device comprising: 15
providing a substrate having a top and bottom surface;
depositing a first layer of a first conductivity type on said substrate;
20generating pits in an exposed surface of said first layer;
depositing an active layer on said first layer, said active layer
generating light when holes and electrons recombine therein; and
25depositing a second layer of a second conductivity type on said active
layer, said second layer having a bottom surface adjacent to said active
layer and a top surface overlying said bottom surface, said top surface
extending into said pits.             11. The method of Claim 10 wherein
said pits have a dimension that is greater than 30said wavelength of light
generated by said active layer.       12. The method of Claim 10 further
comprising depositing a layer of electrically conducting material overlying
said second layer.           13. The method of Claim 12 wherein said layer
of electrically conducting material is transparent to said light generated
in said active layer, said layer of electrically conducting material having
a bottom surface in contact with said second layer and a top surface that
5extends into said pits.        14. The method of Claim 10 wherein said
first layer is deposited on a substrate having a lattice constant
sufficiently different from that of said first material to give rise to
dislocations in said first layer and wherein said pits are generated by
etching said first layer 10utilizing an etchant that preferentially etches
said first layer at locations determined by said dislocations.          15.
The method of Claim 14 wherein said substrate is chosen from the group
consisting of sapphire, SiC, silicon, AN and said first material comprises
a material from the 15GaN family of materials.        16. The method of
Claim 14 wherein said dislocations are present at a density greater than
107 dislocations per cm2. 



2017. The method of Claim 10 wherein said pits are generated by
photolithographically etching said first layer.       18. The method of
Claim 14 wherein said first layer is deposited on a first crystal facet,
wherein dislocations expose a second crystal facet, and wherein said first
material is 25deposited under conditions in which growth on said first
crystal facet is faster than growth on said second crystal facet. 


