
LASER ANNEALING OF GaN LEDs WITH REDUCED PATTERN EFFECTS CROSS-REFERENCE TO
RELATED APPLICATIONS [0001] This application is related to U.S. Patent
Application Serial No. 12/590,360, filed on November 06, 2009, and entitled
"Laser spike annealing of GaN LEDs," which application is incorporated by
reference herein. [0002]This Application claims priority from U.S.
Provisional Patent Application Serial No. 61/567,842, filed on December 07,
2012, which Application is incorporated by reference herein. FIELD  [0003]
The present disclosure relates generally to light-emitting diodes (LEDs),
and in particular to system for and methods of laser annealing of GaN LEDs
in a manner that reduces or minimizes adverse pattern effects. BACKGROUND
ART [0004]LEDs (and in particular GaN LEDs) have proven useful for a
variety of lighting applications (e.g., full-color displays, traffic
lights, etc.), and have potential for even more applications (e.g.,
backlighting LCD panels, solid state lighting to replace conventional
incandescent lamps and fluorescent lights, etc.) if these LEDs can be made
more efficient and can also be manufactured more cost-effectively. To
realize higher efficiency for GaN LEDs, they need to have enhanced output
power, lower turn-on voltage and reduced series resistance. The series
resistance in GaN LEDs is closely related to the efficiency of dopant
activation, uniformity of current spreading, and ohmic contact formation.
To realize manufacturing cost-effectiveness, improvements in the
manufacturing process that result in better processing uniformity and a
reduction on adverse processing effects is desirable. 



[0005]In GaN, a n-type dopant can be readily achieved using Si and with an
activation concentration as high as 1x1021CM-3. The p-type GaN can be
obtained by using Mg as the dopant. The efficiency of Mg doping, however,
is quite low due to its high thermal activation energy. At room
temperature, only a few percent of the incorporated Mg contributes to the
free-hole concentration. Mg doping is further complicated during MOCVD
growth because  of hydrogen passivation during the growth process. Hydrogen
passivation requires a thermal annealing step to break the Mg-H bonds and
activate the dopant. [0006] A GaN LED typically includes conductive
contacts and conductive current-spreading electrodes to power the LED.
However, the resulting pattern can interfere with the laser annealing
process and give rise to so-called adverse "pattern effects." To improve
the performance of a GaN LED, it would be desirable to perform laser
annealing of the LED structure after the current spreading electrodes are
formed. Consequently, there is a need for systems and methods of performing
laser annealing that reduces adverse pattern effects when laser annealing
through conductive structures. SUMMARY  [0007] The disclosure is directed
to laser annealing of GaN light-emitting diodes (LEDs) with reduced pattern
effects. An aspect of the disclosure is a method that includes forming
elongate conductive structures atop either an n-GaN layer or a p-GaN layer
of a GaN LED structure, the elongate conductive structures having long and
short dimensions, and being spaced apart and substantially aligned in the
long dimensions. The method also includes generating a P-polarized anneal
laser beam that has an anneal wavelength that is greater than the short
dimension. The method also includes irradiating either the n-GaN layer or
the p-GaN layer of the GaN LED structure through the conductive structures
with the P-polarized anneal laser beam, including directing the anneal
laser beam relative to the conductive structures so that the polarization
direction is perpendicular to the long dimension of the conductive
structures. [0008] In the method, the elongate conductive structure
preferably has a surface that is generally rectangular. [0009] In the
method, the substantial alignment of the elongate conductive structures
preferably includes two or more of the elongate conductive structures being
parallel. [0010] In the method, the elongate conductive structures
preferably define current-spreading electrodes. 



[0011] The method preferably further includes adding at least one contact
pad that electrically contacts the current-spreading electrodes, after the
irradiating.  [0012] In the method, the anneal wavelength may be about 10.6
microns. [0013] The method preferably further includes scanning with the
anneal laser beam over the conductive structures. [0014] In the method, the
GaN LED structures may be formed on a product substrate. And the method
preferably further includes dicing the product substrate to form LED dies
from the GaN LED structures. [0015] The method preferably further includes
incorporating the LED dies into an LED device structure to form an LED
device. [0016] Another aspect of the disclosure is a GaN light-emitting
diode (LED) apparatus suitable for laser annealing with a P-polarized
anneal laser beam having an anneal wavelength. The apparatus includes: a
GaN multilayer structure that includes p-GaN and nGaN layers that sandwich
an active layer; and a plurality of conductive structures formed atop
either the p-GaN layer or the n-GaN layer, the conductive structures each
being elongate with a long dimension and a short dimension and aligned
generally in the same direction, with the short dimension being smaller
than the anneal wavelength. [0017] In the apparatus, the elongate
conductive structures preferably have a surface that is generally
rectangular. [0018] In the apparatus, the substantial alignment of the
elongate conductive structures preferably includes two or more of the
elongate conductive structures being parallel. [0019] In the apparatus, the
elongate conductive structures preferably define current-spreading
electrodes. 



[0020] In the apparatus, the short dimension may be smaller than about 10.6
microns. [0021] In the apparatus, the conductive structures may be disposed
atop the p-GaN layer. And the apparatus preferably further includes a
transparent conducting layer between the conductive structures and the
p-GaN layer. [0022] Additional features and advantages of the disclosure
will be set forth in the detailed description which follows, and in part
will be readily apparent to those skilled in the art from that description
or recognized by practicing the disclosure as described herein,  including
the detailed description which follows, the claims, as well as the appended
drawings. [0023] It is to be understood that both the foregoing general
description and the following detailed description present embodiments of
the disclosure, and are intended to provide an overview or framework for
understanding the nature and character of the disclosure as it is claimed.
The accompanying drawings are included to provide a further understanding
of the disclosure, and are incorporated into and constitute a part of this
specification. The drawings illustrate various embodiments of the
disclosure, and together with the description serve to explain the
principles and operations of the disclosure. [0024] The claims are
incorporated into and constitute part of the specification. [0025]
Cartesian coordinates are provided in the Figures by way of reference and
are not intended to be limiting as to direction or orientation. 



BRIEF DESCRIPTION OF THE DRAWINGS [0026]FIG. 1 is a schematic
cross-sectional diagram of an example prior art vertical-type GaN
light-emitting diode (LED) structure; [0027] FIG. 2 is a top-down view of
the prior art vertical-type GaN LED structure of FIG. 1; [0028]FIG. 3 is a
schematic cross-sectional diagram of an example prior art horizontal- type
GaN LED structure; [0029]FIG. 4 is a top-down view of the prior art
horizontal-type GaN LED structure of FIG. 3; [0030] FIG. 5 is a plan view
of an example product substrate on which the GaN structures are formed,
showing how the annealing laser beam forms a line image that is scanned
over the product wafer surface; [0031] FIG. 6 is a schematic
cross-sectional view of the upper portion of the GaN LED structure and
shows the GaN LED structure being laser annealed with an anneal laser beam
according to the prior art, and also shows a schematic temperature plot
versus distance (X) of the upper n-GaN layer on which conductive structures
are formed, illustrating the a temperature uniformity due to pattern
effects; 



[0032] FIG. 7A is a side view of top portion of an example vertical-type
GaN LED structure having modified conductive structures, shown being
subjected to anneal laser beam as part of a laser anneal process for
forming the GaN LED structure according to the present disclosure, with the
Figure including a schematic temperature vs. distance (X) plot showing the
temperature of the upper n-GaN layer on which the modified conductive
structures are formed, illustrating a substantially constant temperature
uniformity; [0033] FIG. 7B is a top-down view of the GaN LED structure of
FIG. 7A, shown a line image 124 formed by the P-polarized anneal laser
beam, with the line image above to be scanned over the GaN LED structure;
[0034] FIG. 8A and FIG. 8B are similar to FIG. 7A and FIG. 7B, but show an
another example configuration of the modified conductive structures;
[0035] FIG. 9A is similar to FIG. 8B and shows an example configuration of
the modified current-spreading electrodes being laser annealed by a scanned
line image, prior to forming the anode and the cathode contact pads in the
anode and cathode contact pad regions (dashed lines); [0036] FIG. 9B is a
top-down view of the example configuration of the modified
current-spreading electrodes of FIG. 9A, after forming the anode and the
cathode contact pads; [0037] FIG. 10 is a plan view of an example product
wafer similar to that of FIG. 5, but after performing laser annealing to
form functional GaN LED structures, and showing how the product wafer is
diced to form LED dies from the functional GaN LED structures; and [0038]
FIG. 11 shows an example LED device formed using one of the LED dies.
DETAILED DESCRIPTION [0039] Reference is now made in detail to the present
preferred embodiments of the disclosure, examples of which are illustrated
in the accompanying drawings. Whenever possible, the same or like reference
numbers and symbols are used throughout the drawings to refer to the same
or like parts. The terms "above" and "below" are relative terms used to
facilitate the description and are not intended as being strictly limiting.



[0040] The invention relates to GaN LEDs. Example GaN LEDs are also
described in U.S. Patents No. 6,455,877, 7,259,399 and 7,436,001, which
patents are incorporated by reference herein. [0041] Example laser
annealing systems suitable for carrying out the methods of the present
disclosure are described in U.S. Patents No. 6,747,245, 7,154,066 and
7,399,945, which patents are incorporated by reference herein. [0042] The
term "atop" as used herein in connection with the conductive electrodes
relative to an underlying layer does not necessarily mean immediately
adjacent to or in contact with the underlying layer, and includes the case
where the conductive electrodes are above the underlying layer and
separated therefrom. [0043] Also, the term "GaN LED structure" as used
herein is synonymous with the term "GaN LED apparatus." [0044]FIG. 1 is a
schematic cross-sectional diagram of an example prior art vertical-type GaN
light-emitting diode (LED) structure 10. FIG. 2 is a top-down view of the
GaN LED structure 10 of FIG. 1. The GaN LED structure 10 includes a GaN
multilayer structure 30 that includes a p-doped GaN layer ("p-GaN layer")
40 and an n-doped GaN layer ("n-GaN layer") 50 with a surface 52. The p-GaN
layer 40 and the n-GaN layer 50 sandwich an active layer 60, with the p-GaN
layer being adjacent substrate 20. The active layer 60 comprises, for
example, a multiple quantum well (MOW) structure such as undoped GaInN/GaN
superlattices. The GaN multilayer structure 30 thus defines a p-n junction.
The GaN LED structure 10 includes a metal electrode 26 bonded to the p-GaN
layer 40. [0045] The GaN LED structure 10 comprises conducting structures
70 that include current-spreading electrodes 70E disposed atop an n-GaN
layer surface 52. The current-spreading electrodes 70E serve as cathodes
and the metal electrode 26 serves as an anode. The current-spreading
electrodes 70E serve to spread injected electrons. As best seen in FIG. 2,
the conducting structures 70 also include contact pads 70P, namely an
n-contact pad 70PC that is electrically connected to the current-spreading
electrodes 70E, and a p-contact pad 70PA that is electrically connected to
the metal electrode 26. [0046]FIG. 3 is a schematic cross-sectional diagram
of a prior art horizontal-type GaN LED structure 10, and FIG. 4 is a
top-down view of the GaN LED structure of FIG 3. The GaN LED 



structure 10 of FIG. 4 includes a substrate 20 such as sapphire, SiC, GaN
Si, etc. Disposed atop substrate 20 is the aforementioned GaN multilayer
structure 30, but with the p-GaN layer 40 and the n-GaN layer 50 reversed.
The p-GaN layer 40 has a surface 42. Because the conductivity of the p-GaN
is relatively poor, the current injected from the current spreading
electrodes 70E would be very non-uniform throughout the p-GaN. Hence, in an
example, a transparent conducting layer (TCL) 66 with a surface 68 is
disposed between the current spreading electrodes 70E and the p-GaN layer
40 to make the current density more uniform as the current enters the p-GaN
layer. An example TCL 66 includes indium tin oxide (ITO). TCL 66 can also
act as an antireflection coating to optimize optical output. An n-contact
pad 70PC is shown atop a portion of surface 52 of n-GaN layer 50.
[0047]With continuing reference to FIGS. 1 through 4, the conductive
structures 70 in  the form of the current-spreading electrodes 70E and the
contact pads 70P are typically relatively large, with the X (width) and Y
(length) dimensions ranging from 50 to 100 microns in size. A short
dimension (width) W1 in the X-direction of the current-spreading electrodes
70E is substantially larger than the anneal wavelength AA. The
current-spreading electrodes 70E typically have an elongate shape with a
long dimension L (shown as extending in the Y-direction). [0048] FIG. 5 is
a plan view of an example product substrate 6 on which GaN LED structures
10 are formed. The close-up inset view of the product substrate 6 shows a
number of GaN LED structures 10 that define a surface 12. The product
substrate 6 typically supports many thousands of the GaN LED structures 10,
each of which has X,Y dimensions on the order of 1 mm. [0049] Also shown in
FIG. 5 is anneal laser beam 120 that forms a line image 124 on the surface
12 of the product substrate 6. The line image 124 is scanned across the
product wafer surface 12 and thus the GaN LED structures 10 and the
particular GaN layer to be annealed, i.e., the p-GaN layer 40 or the n-GaN
layer 50, depending on the type of GaN LED structure. An example range for
the dwell time td for the line image 124 over a particular portion of
surface 12 is from about 10 microseconds (is) to 10 milliseconds (ms). In
an example, the line image 124 has a length between 5 mm and 100 mm, with a
typical length being between 7 and 20 mm. The line image 124 also has width
in the range from about 25 microns to about 500 microns, with a typical
width being between 50 microns and 100  microns. An example line image 124
has a power density (intensity) in the range from 50W/mm2 to 5000W/mm 2,
with an example power density being about 400W/mm2. Example systems and
methods for forming an anneal laser beam 120 and the corresponding line
image 124 is disclosed in USP 8,014,427, which is incorporated by reference
herein. [0050] An example range for the maximum anneal temperature
associated with the laser annealing process is from about 700  C to about
1,500 C. The maximum anneal temperature is determined by the amount of GaN
disassociation and the lattice mismatch strain relaxation and dislocation
in the GaN LED structure 10. The depth of the annealing depends on the
dwell time and the laser beam intensity. An example GaN nnultilayer
structure 30 has a thickness of a few to about 10 pm, and the anneal
typically reaches from 10 p.m to 100 pm, i.e., generally through the GaN
multilayer structure 30 and in some cases all the way down to the substrate
20 or the metal electrode (conductor) 26.  [0051] FIG. 6 is a schematic
cross-sectional view of the upper portion of the GaN LED structure 10 and
shows the GaN LED structure 10 being laser annealed with anneal laser beam
120. FIG. 5 also includes a schematic temperature plot versus distance (X)
of the upper n-GaN layer on which the conductive structures 70 are formed. 



[0052] Because the conducting structures 70 are so large relative to the
anneal wavelength AA, they reflect a substantial portion of an anneal laser
beam 120 used to laser anneal the GaN LED structure 10. Thus, as
illustrated in FIG. 6, as annealing laser beam illuminates GaN LED
structure 10, the areas under the conducting structures 70 are heated less
than regions without these structures, as schematically illustrated in the
temperature plot in the lower part of FIG. 6. This leads to the so-called
"pattern effects" during the laser annealing process that create local
thermal non-uniformities in the annealed layer, which is shown in FIG. 6 as
the n-GaN layer 50 by way of illustration. [0053] There are at least three
main adverse influences on the GaN LED structure 10 that arise from the
thermal non-uniformities due to pattern effects. The first is that the
conductivity of the annealed regions varies considerably. The regions with
higher thermal annealing temperatures have a higher dopant activation and
hence a lower sheet resistance. The second is that the areas directly under
the conductive structures 70 are heated to a lower temperature. This
increases the local sheet resistance as well as increases the ohmic contact
resistance, both of which reduce the efficiency of the LED device. The
third is that 8/16  increasing the laser power so that the regions directly
under the contact pads are raised to a sufficiently high temperature to
reduce the ohmic contact resistance (or reduce the sheet resistance) can
damage the structure in other regions, or can damage the metal contact
pads. [0054] It is desirable to heat the particular GaN layer of the GaN
LED structure 10 uniformly to increase the total number of dopants
activated to uniformly reduce the sheet resistance within the layer. In
addition, it is further desirable to heat the regions directly under the
conductive structures 70 to a higher temperature in order to decrease the
contact resistance. However, this must be accomplished without damaging
either the conductive structures 70 or the underlying GaN layer. In
present-day annealing of the GaN LED structures 10, the reflectivity from
the conductive structures 70 is sufficiently great so that the regions
beneath the conductive structures 70 cannot be brought up to a sufficiently
high temperature. In other words, present-day annealing of GaN LED
structures 10 suffers from the pattern effects caused by trying to anneal
the particular GaN layer through the conductive structures 70. [0055] When
the anneal laser beam 120 is polarized in a direction parallel to the long
dimension L of such conductive structures 70 (e.g., current-spreading
electrodes 70E), a portion of the anneal laser beam 120 is reflected. This
is because the anneal laser beam 120 drives electrical currents in the
conductive structures 70. The electrical currents satisfy Maxwell's
equations in a manner that minimizes the tangential electric field at the
surface of the conductive structures 70. This creates an electric field
that cancels a substantial portion of the transmitted anneal laser beam 120
and produces a reflected anneal laser beam 120R, as shown in FIG. 6. [0056]
In an example embodiment of the disclosure, the anneal laser beam 120 is
polarized in a polarization direction 122. Further, the conductive
structures 70 have the aforementioned elongate shape with an elongate
dimension (e.g., in the Y-direction, as shown) but are modified to have a
dimension W2 in a short direction (e.g., the X-direction, as shown),
wherein W2 < W1, and wherein W2 is smaller than anneal wavelength, i.e., W2
< AA. In an example, each current-spreading electrode 70E has an upper
surface 72E that is generally rectangular. Also in an example, the
current-spreading electrodes 70E are aligned such that at least two of the
electrodes are parallel, while further in the example all of the
electrodes are parallel (see, e.g., U.S. Patent Application Serial No.
11/982,788, which describes this effect in the context of annealing
metallic structures on silicon wafers for manufacturing CMOS type devices,
and which is incorporated by reference herein). 



[0057] FIG. 7A is a side view of top portion of the vertical-type GaN LED
structure 10 shown being subjected to the anneal laser beam 120 as part of
a laser anneal process for forming the GaN LED structure 10. FIG. 7A
includes a schematic temperature vs. distance (X) plot showing the
temperature of the upper n-GaN layer 50 on which modified conductive
structures 70 are formed, i.e., they have a width dimension W2< AA. FIG. 7B
is a top-down view of the GaN LED structure 10 of FIG. 7A, along with the
anneal laser beam 120 and shows line image 124 formed by the anneal laser
beam 120 as it is about to be scanned over the GaN LED structure 10. The
anneal laser beam 120 is P-polarized, i.e., the polarization direction,
which is indicated by arrow 122, is in a plane 130 perpendicular to the
surface 52 of the n-GaN layer 50. The small arrows in FIG. 7B indicate the
scanning direction of the line image 124. [0058] Note that in FIG. 7A and
FIG. 7B, the anneal laser beam 120 has a direction such that the
polarization (or more accurately, its polarization component 122 as
projected onto the surface 52 of the n-GaN layer 50) is perpendicular to
the long direction of the current-spreading electrodes 70E. In this laser
annealing geometry, substantially all of the anneal light beam 120 passes
through the current-spreading electrodes 70E and into the underlying GaN
layer (shown in FIG. 7A by way of example as the n-GaN layer 50). This is
true even if the current-spreading electrodes have an infinite
conductivity. This is because the width W2 of the current-spreading
electrodes 70E is sub-wavelength, i.e., AA > W2, and this dimension is too
small to allow for any substantial electrical current to be driven by the
electric field of the anneal laser beam 120. Consequently, there is no
generated electric field in the conductive structures 70 that could cancel
the transmitted portion of the anneal laser beam 120 and give rise to a
reflected anneal laser beam 120R, such as shown in FIG. 6. In the example
configuration of FIG. 7A and 7B, some of the current-spreading electrodes
170E are grouped together and spaced apart within each group by a spacing
5, which in an example equals W2. [0059] Thus, an example annealing method
of the GaN LED structure 10 according to the disclosure includes: a)
forming elongate conductive structures 70 atop either n-GaN layer 50  or
p-GaN layer 40 of the GaN LED structure 10, the elongate conductive
structures 70 having long and short dimensions, and being spaced apart and
substantially aligned in the long dimensions L; b) generating P-polarized
anneal laser beam 120 that has an anneal wavelength AA that is greater than
the short dimension; and c) irradiating either the n-GaN layer 50 or the
p-GaN layer 40 of the GaN LED structure 10 through the conductive
structures 70 with the P-polarized anneal laser beam 120, including
directing the anneal laser beam relative to the conductive structures 70 so
that the polarization direction 122 is perpendicular to the long dimension
L of the conductive structures 70.  [0060] In an example, a P-polarized
anneal laser beam 120 is generated by a CO2 laser that provides an anneal
wavelength AA = 10.6 microns. Also in an example, conductive structures 70
that have a dimension AA > W2 has substantially the same amount of surface
area as prior art conductive structures that have a smallest dimension W1>
A. This can be accomplished for example by splitting up the relative wide
current-spreading electrodes 70E that have a width W1 and splitting them up
into a number of additional electrodes having a width W2. For example, a
current-spreading electrode having a width W1 = 50 microns can be
redistributed into ten current-spreading electrodes having a width W2 and
that are spaced apart by spacing S = 5 microns (see FIG. 6A). This way, the
same amount of current can be carried in the network of thinner
current-spreading electrodes as is carried in the network of wider
current-spreading electrodes, but with the added benefit that the pattern
effects are reduced or minimized. [0061] An alternative to making ten
5-micron current-spreading electrodes 70E is to make fewer 5-micron
current-spreading electrodes, but make them thicker (i.e., in the
Z-direction), so that each current-spreading electrode 70E is capable of
carrying a greater amount of current because each has a greater volume due
to the increased thickness. In an example, current-spreading electrodes 70E
are spread out evenly atop the GaN LED structure 10 to help improve the
current spreading by making it more uniform. [0062] An aspect of the
disclosure includes modifying both the current-spreading electrodes 70E and
the contact pads 70P to reduce or minimize adverse pattern effects. FIG. 9A
is similar to FIG. 8B and shows modified current-spreading electrodes 70E
that extend into the cathode contact pad region 70PCR where the cathode
contact pad 70PC is to be  



formed (dashed line rectangle). FIG. 9A also shows an anode contact pad
region 70PAR wherein the anode contact pad 70PA is to be formed (dashed
line square). [0063] Upon laser annealing with the anneal laser beam 120,
the current-spreading electrodes 70E form low-resistance ohmic contacts
with the particular GaN layer (e.g., n-GaN layer 50, as shown) underneath.
After the laser annealing through the current spreading electrodes 70E is
carried out, then in a subsequent step contact pads 70PC and 70PA are
formed, e.g., by depositing metal in both the cathode contact pad region
70PCR (including over the ends of the current-spreading electrodes) and in
the anode contact pad region 70PAR (which is a metal substrate in the
vertical LED geometry), to complete the electrical connections needed for
the GaN LED structure 10. [0064] The GaN laser annealing system and methods
disclosed herein provide a number of advantages over prior art GaN laser
annealing systems and methods. A first advantage is that it can serve to
improve the sheet resistance uniformity throughout the GaN regions (both p
and n type) that are subjected to laser annealing through the conductive
structures 70. A second advantage is improved ohmic contact resistance of
the conductor-GaN interface. A third advantage is a reduced threshold
voltage for the LED device, which improves the LED device efficiency and
reduces the amount generated heat during device operation. [0065] FIG. 10
is a plan view of a product substrate 6 after laser annealing. Once GaN LED
structures 10 supported by product substrate 6 are laser annealed as
described above, the GaN LED structures 10 become functional GaN LED
structures 1OF that can serve as LED light sources. Accordingly, the
product substrate 6 is then diced to form LED dies 100 from the functional
GaN LED structures 10F. The LED dies 100 are processed using techniques
known in the art. [0066] The LED dies 100 are then incorporated into a LED
device structure to form an LED device 250, such as illustrated in FIG. 11.
The LED device 250 of FIG. 11 includes an anode 252A and a cathode 252C
that extend into an interior 254 of an epoxy lens casing 256. The cathode
252C includes a reflective cavity 258 in which the LED die 100 resides.
Wire bonds 260 electrically connect the anode 252A and the cathode 252C to
the LED die 100. A power source (not shown) connects to the anode 252A and
the cathode 252C to provide the  electricity needed to power the LED device
250 so that it emits light 262 at an LED emission wavelength AE. [0067]It
will be apparent to those skilled in the art that various modifications and
variations can be made to the present disclosure without departing from the
spirit and scope of the disclosure. Thus it is intended that the present
disclosure cover the modifications and variations of this disclosure
provided they come within the scope of the appended claims and their
equivalents.  



What is claimed is: 1. A method of laser annealing a GaN light-emitting
diode (LED) structure, comprising          forming elongate conductive
structures atop either an n-GaN layer or a p-GaN layer of the GaN LED
structure, the elongate conductive structures having long and short
dimensions, and being spaced apart and substantially aligned in the long
dimensions;          generating a P-polarized anneal laser beam that has an
anneal wavelength that is greater than the short dimension; and
irradiating either the n-GaN layer or the p-GaN layer of the GaN LED
structure through the conductive structures with the P-polarized anneal
laser beam, including directing the anneal laser beam relative to the
conductive structures so that the polarization direction is perpendicular
to the long dimension of the conductive structures. 2. The method of claim
1, wherein the elongate conductive structure has a surface that is
generally rectangular. 3. The method of claim 1, wherein the substantial
alignment of the elongate conductive structures includes two or more of the
elongate conductive structures being parallel.  4. The method of claim 1,
wherein the elongate conductive structures define current- 



spreading electrodes.  5. The method of claim 4, further comprising, after
said irradiating, adding at least one contact pad that electrically
contacts the current-spreading electrodes. 6. The method of claim 1,
wherein the anneal wavelength is about 10.6 microns.  7. The method of
claim 1, further comprising scanning with the anneal laser beam over the
conductive structures. 8. The method of claim 1, wherein the GaN LED
structures are formed on a product substrate and further comprising: dicing
the product substrate to form LED dies from the GaN LED structures. 9. The
method of claim 8, further comprising incorporating the LED dies into an
LED 



device structure to form an LED device. 10. A GaN light-emitting diode
(LED) apparatus suitable for laser annealing with a P- polarized anneal
laser beam having an anneal wavelength, comprising:          a GaN
multilayer structure that includes p-GaN and n-GaN layers that sandwich an
active layer; and           a plurality of conductive structures formed
atop either the p-GaN layer or the nGaN layer, the conductive structures
each being elongate with a long dimension and a short dimension and aligned
generally in the same direction, with the short dimension being smaller
than the anneal wavelength.  11. The apparatus of claim 10, wherein the
elongate conductive structures have a surface that is generally
rectangular.  12. The apparatus of claim 10, wherein the substantial
alignment of the elongate conductive structures includes two or more of the
elongate conductive structures being parallel.  13. The apparatus of claim
10, wherein the elongate conductive structures define 



current-spreading electrodes.  14. The apparatus of claim 10, wherein the
short dimension is smaller than about 10.6 microns.  15. The apparatus of
claim 10, wherein the conductive structures are disposed atop the p-GaN
layer, and further including a transparent conducting layer between the
conductive structures and the p-GaN layer. 


