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FIRST STREET A semiconductor light emitting device includes an n-type 
region, a p-type region, and light emitting region disposed 
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_ light emitting regions form a cavity having a top surface and 21 A l. N .. 11 227 416 

( ) pp 0 / ’ a bottom surface. Both the top surface and the bottom 
(22) Filed: Sep_ 14 2005 surface of the cavity may have a rough surface. For example, 

’ the surface may have a plurality of peaks separated by a 
Related US Application Data plurality of valleys. In some embodiments, the thickness of 

the cavity is kept constant by incorporating an etch-stop 
(62) Division of application No_ 10/861,745, ?led on Jun layer into the device, then thinning the layers of the device 

3, 2004, now Pat, No, 6,956,246, by a process that terminates on the etch-stop layer. 
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RESONANT CAVITY III-NITRIDE LIGHT 
EMITTING DEVICES FABRICATED BY GROWTH 

SUBSTRATE REMOVAL 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a division of application Ser. 
No. 10/861,745, ?led Jun. 3, 2004 and incorporated herein 
by reference. 

BACKGROUND 

[0002] 1. Field of Invention 

[0003] The present invention relates to III-nitride semi 
conductor light emitting devices. 

[0004] 2. Description of Related Art 

[0005] Semiconductor light-emitting devices including 
light emitting diodes (LEDs) are among the most ef?cient 
light sources currently available. Materials systems cur 
rently of interest in the manufacture of high-brightness light 
emitting devices capable of operation across the visible 
spectrum include Group III-V semiconductors, particularly 
binary, ternary, and quaternary alloys of gallium, aluminum, 
indium, and nitrogen, also referred to as III-nitride materials. 
Typically, III-nitride light emitting devices are fabricated by 
epitaxially groWing a stack of semiconductor layers of 
different compositions and dopant concentrations on a sap 
phire, silicon carbide, III-nitride, or other suitable substrate 
by metal-organic chemical vapor deposition (MOCVD), 
molecular beam epitaxy (MBE), or other epitaxial tech 
niques. Sapphire is often used as the groWth substrate due to 
its Wide commercial availability and relative ease of use. 
The stack groWn on the groWth substrate typically includes 
one or more n-type layers doped With, for example, Si, 
formed over the substrate, a light emitting or active region 
formed over the n-type layer or layers, and one or more 
p-type layers doped With, for example, Mg, formed over the 
active region. 

[0006] Since sapphire is not conductive, contacts to both 
the p- and n-sides of the active region must be formed on the 
top side of the device, requiring that a portion of the active 
region and p-type region be etched aWay to expose a portion 
of the buried n-type region. The device is thus a non-planar 
surface With narroW insulating blocking layers separating 
the n- and p-contacts, a geometry that is dif?cult to package. 
Also, much of the area of the active region is lost to the 
n-contact and insulating regions, providing a poor ?ll factor. 

[0007] US. Pat. No. 6,280,523 describes a III-nitride 
device formed by removing the groWth substrate. The epi 
taxial stack is Wafer bonded to a host substrate of GaP, 
GaAs, InP, or Si. The groWth substrate is then removed by 
laser melting, Wet chemical etching, or selective etching of 
a sacri?cial layer. Removing the groWth substrate permits 
the active region to be disposed betWeen tWo dielectric 
distributed Bragg re?ectors, in order to form a resonant 
cavity device. The use of a resonant cavity may increase 
control of the direction of emitted light, increase the amount 
of light extracted from the device, and increase the spectral 
purity of the light emitted normal to the device. 

[0008] Needed in the art are improved III-nitride resonant 
cavity structures. 
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SUMMARY 

[0009] In accordance With embodiments of the invention, 
a semiconductor light emitting device includes an n-type 
region, a p-type region, and light emitting region disposed 
betWeen the n- and p-type regions. The n-type, p-type, and 
light emitting regions form a cavity having a top surface and 
a bottom surface. Both the top surface and the bottom 
surface of the cavity may have a rough surface. For example, 
the surface may have a plurality of peaks separated by a 
plurality of valleys. In some embodiments, the thickness of 
the cavity is kept constant by incorporating an etch-stop 
layer into the device, then thinning the layers of the device 
by a process that terminates on the etch-stop layer. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] FIGS. 1 and 2 are a cross-sectional vieW and a 
plan vieW of a light emitting device according to embodi 
ments of the present invention. 

[0011] FIG. 3 illustrates a method of fabricating the 
device of FIGS. 1 and 2. 

[0012] FIG. 4 illustrates an epitaxial structure prior to 
bonding to a host substrate. 

[0013] FIG. 5 illustrates a method of bonding an epitaxial 
structure to a host substrate. 

[0014] FIG. 6 illustrates a method of removing a sapphire 
substrate from a III-nitride epitaxial structure. 

[0015] FIG. 7 illustrates photoelectrochemical etching to 
thin the epitaxial layers after groWth substrate removal. 

[0016] FIG. 8 illustrates an embodiment of the present 
invention including trenches formed in the n-type region of 
the device. 

[0017] FIGS. 9, 10, and 11 illustrate examples of arrange 
ment of the etch vias of FIG. 8. 

[0018] FIG. 12 is a plan vieW of an alternate embodiment 
of the present invention. 

[0019] 
FIG. 12. 

[0020] 
[0021] FIG. 15 illustrates a substrate that may be removed 
by chemical etching. 

FIG. 13 is a cross sectional vieW of the device of 

FIG. 14 is a cutaWay plan vieW of a p-contact. 

[0022] FIG. 16 illustrates substrate removal by photoelec 
trochemical etching. 

[0023] FIG. 17 illustrates a portion of a resonant cavity 
device formed by chemical mechanical polishing. 

[0024] FIG. 18 illustrates a portion of a resonant cavity 
device formed by photoelectrochemical etching. 

DETAILED DESCRIPTION 

[0025] In accordance With embodiments of the invention, 
improved III-nitride resonant cavity devices are provided. A 
constant cavity thickness is created by incorporating an etch 
stop layer during groWth. In some embodiments of the 
invention, trenches are formed on the device to increase light 
extraction. In some embodiments, grid contacts are pro 
vided. 
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[0026] FIGS. 1 and 2 are cross sectional and plan views 
of a resonant cavity III-nitride device according to embodi 
ments of the invention. An active region 112 is sandwiched 
betWeen an n-type region 108 and a p-type region 116. The 
embodiment of FIGS. 1 and 2 shoWs an n-contact 10 
formed on a portion of n-type region 108 not covered by 
DBR 11, through Which light is extracted from the device. A 
re?ective p-contact 12 is formed on p-type region 116. 
P-contact 12 connects the epitaxial layers 20 to a host 
substrate 16 either directly or via optional bonding layers 14. 
Host substrate 16 may be a semiconductor, requiring ohmic 
contacts 18 on the surface of host substrate. In some 
embodiments of the invention, the device illustrated in 
FIGS. 1 and 2 is a large junction device, meaning that the 
device has an area of at least 200x200 pm2 and operates at 
a current density of at least 100 A/cm2. 

[0027] N-contact 10 may surround the extraction surface, 
as illustrated in FIG. 2, or may have an alternative con?gu 
ration. The pattern of contacts may be chosen such that the 
largest distance betWeen any point on p-contact 12 and 
n-contact 10 is less than the maximum current spreading 
distance characteristic of the particular device. The maxi 
mum current spreading distance may range from, for 
example, about 20 pm to about 250 pm. Increasing the 
electrical conductivity increases the spreading distance. 
Decreasing the epitaxial stack thickness decreases the 
spreading distance. In some embodiments, current is 
blocked from the p-type region 116 in the area under 
n-contact 10, in order to force current into the cavity formed 
by DBR 11 and re?ective p-contact 12. Current blocking 
may be accomplished by implanting the areas of p-type 
region 116 under n-contact 10 With H+ at, for example, an 
energy of 10 keV and a dose of 2><1014 cm2, to create highly 
resistive regions. Alternatively, the areas to be blocked may 
be covered With a non-ohmic metal such as Ti or an insulator 
such as an oxide or a nitride of silicon. 

[0028] The distance betWeen the re?ective p-contact and 
the active region may be selected to maximiZe extraction 
from the device. Generally the electric ?eld intensity in the 
cavity forms a standing Wave. The center of the active region 
may be located near a maximum in the electric ?eld inten 
sity. Conversely, any absorbing structures, such as, for 
example, highly doped layers of a tunnel junction, are 
preferably located a minima in the ?eld intensity. Calcula 
tion of the optimal separation betWeen the re?ective p-con 
tact and the active region is analogous to the calculations 
described in more detail in US. Pat. No. 6,903,376, titled 
“Selective Placement Of Quantum Wells In Flip-Chip Light 
Emitting Diodes For Improved Light Extraction” and incor 
porated herein by reference. 

[0029] The resonant cavity is formed by DBR 11 and a 
re?ective layer opposite the p-type region from the DBR; 
typically p-contact 12, though the re?ective layer may be 
optional bonding layers 14, or host substrate 16. The reso 
nant cavity offers superior control of the light As described 
in “Impact of Planar Microcavity Effects on Light Extrac 
tion—Part I: Basic Concepts and Analytical Trends,” H 
Benisty, H. De Neve, and C. Weisbuch, IEEE Journal Of 
Quantum Electronics, Vol. 34, No. 9, September 1998, pp. 
1612-1631, the resonant cavity offers potentially a higher 
internal ef?ciency, a higher extraction ef?ciency and greater 
control over the direction, i.e. radiation pattern, and spec 
trum of the emitted light. The principal variables of the 
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device structure are the re?ectivities of the top and bottom 
mirrors and the optical thickness of the structure. Generally, 
the thinner the cavity the feWer the Waveguided modes. The 
light in these modes is trapped in the crystal and lost as heat. 
Shutting off this recombination process leaves more elec 
tron-hole pairs available for generation of usable light that is 
light generated Within the escape cone of the crystal. Thus 
the Wafers are processed as thin as possible, less than 1 pm, 
consistent With good device yield and adequate current 
spreading. In many embodiments, the thickness of the 
epitaxial layers 20 that form the resonant cavity is less than 
about 1 pm, often betWeen about 0.5 and about 0.7 pm. 

[0030] For devices With typical spectral Width less than 
about 140 meV, the extraction ef?ciency of the generated 
light may be increased by ?ne tuning the cavity thickness. 
Internal to the crystal, the angle of the generated light is a 
sensitive function of Wavelength and cavity thickness. The 
radiation pattern may be ?tted to the escape cone of the 
crystal, i.e. less than 25° from normal, by careful selection 
of cavity thickness. Therefore Within the less than 1 pm 
thickness requirement stated above is an additional require 
ment that the optical thickness across the device corresponds 
to a desired resonance to optimiZe the extraction ef?ciency 
or surface brightness. Typically a resonance requires control 
to Within 15 nm, e.g. 570+/—15 nm or 675+/—15 nm thick 
ness. 

[0031] In order to achieve the desired cavity thickness, the 
epitaxial layers are generally thinned after groWth to the 
desired cavity thickness. The epitaxial layer may be thinned 
by conventional etching processes or chemical mechanical 
polishing. FIG. 17 illustrates a portion of a device Where the 
cavity is thinned by chemical mechanical polishing. Such 
conventional thinning processes present tWo problems. First, 
With conventional processes it can be dif?cult to control the 
stopping point of the thinning process With the 15 nm 
precision required to make an ef?cient resonant cavity. 

[0032] Second, due to the lattice mismatch betWeen the 
groWth substrate on Which the epitaxial layers are groWn and 
betWeen the epitaxial layers themselves, it is difficult to 
groW ?at III-nitride layers. The presence of crystal defects 
generally results in III-nitride layers With an uneven surface, 
as illustrated by active region 112 of FIG. 17. The surfaces 
of the III-nitride layers may have a cross section including 
peaks separated by valleys. The “peaks” are slanted crystal 
planes 5, separated by the “valleys” formed by steps 7 
betWeen the individual planes. Planes 5 may be, for 
example, 1 to 150 microns long, and are often about 100 
microns long. Steps 7 may have a height, for example, on the 
order of about M4, Where 7» is the Wavelength in the crystal 
of light emitted by active region 112. For example, steps 7 
may have a height betWeen about 15 nm and about 100 nm. 
Regions 108, 112, and 116 are thin enough that strain Within 
these regions causes each to have the same peak-and-valley 
surface, as illustrated at the interfaces betWeen active region 
112 and p-type region 116, and betWeen active region 112 
and n-type region 108. The conventional thinning processes 
described above typically result in a ?at surface, as illus 
trated at the interface betWeen n-type region 108 and mirror 
11. Accordingly, forming a resonant cavity device by con 
ventional processes results in a cavity With one uneven 
surface (the interface betWeen p-type region 116 and p-con 
tact 12, resulting from groWth) and one ?at surface (the 
interface betWeen n-type region 108 and mirror 11, resulting 
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from etching or chemical mechanical polishing). The dif 
ference in the surfaces on either side of the resonant cavity 
results in variations in the cavity thickness as illustrated by 
arroWs 3 and 4. As a result, only portions of the cavity are 
appropriately tuned. Such variations can decrease the ef? 
ciency of the device. 

[0033] In accordance With embodiments of the invention, 
the thickness of the resonant cavity is kept constant by 
incorporating an etch stop layer into the epitaxial layers 
during groWth. In order for the etch stop layer to be 
conformal to the layers that form the resonant cavity, the 
etch stop layer is groWn just before or Within one micron of 
the epitaxial layers forming the cavity. Since the epitaxial 
layers groWn over the etch stop layer are thin, they retain the 
surface of the etch stop layer, resulting in a constant resonant 
cavity thickness. The device is thinned by a process that 
terminates on the etch stop layer, resulting in a cavity With 
a constant thickness since the top cavity surface is identical 
to the bottom cavity surface. FIG. 18 illustrates a portion of 
a device Where the cavity is thinned by a process that 
terminates on an etch stop layer groWn before the cavity 
layers. As illustrated in FIG. 18, both surfaces of the cavity, 
the interface betWeen n-type region 108 and mirror 11 and 
the interface betWeen p-type region 116 and p-contact 12, 
have the same surface shape, resulting in a cavity of constant 
thickness. In some embodiments, at any point in the cavity, 
the thickness of the cavity varies less than M8 from an 
average thickness of the cavity, or less than 5% from the 
average thickness of the cavity. 

[0034] A device With a constant cavity thickness may be 
fabricated by the method illustrated in FIG. 3. In stage 31, 
epitaxial layers 20 are groWn on a conventional groWth 
substrate. The epitaxial layers are then attached to a host 
substrate in stage 33, such that the groWth substrate can be 
removed in stage 35. The epitaxial layers are thinned in stage 
37, then a contact and optional mirror are formed on the 
exposed surface of the epitaxial layers in stage 39. 

[0035] FIG. 4 illustrates stage 31 of FIG. 3 in more detail. 
Epitaxial layers 20 of the device of FIG. 1 are groWn on a 
substrate 40 such as sapphire, SiC, or GaN. Optional prepa 
ration layers 41, Which may include, for example, buffer 
layers or nucleation layers, may be groWn ?rst on substrate 
40 to provide a suitable groWth substrate. One or more 
etch-stop layers 42 may then be groWn. The epitaxial layers 
20 are then groWn to the desired cavity thickness over 
etch-stop layer 42. Epitaxial layers 20 include n-type region 
108, active region 112, and p-type region 116. Usually, the 
n-type region is groWn ?rst, folloWed by the active region 
and the p-type region. Are?ective p-contact 12 is formed on 
the surface of p-type region 116. P-contact 12 may be a 
single layer or may include multiple layers such as an 
adhesion layer, an ohmic contact layer, a re?ective layer, and 
a guard metal layer. The re?ective layer is usually silver or 
aluminum. The guard metal may include, for example, 
nickel, titanium, or tungsten. The guard metal may be 
chosen to prevent the re?ective metal layer from migrating, 
particularly in the case of a silver re?ective layer, and to 
provide an adhesion layer for a bonding layer 14A, used to 
bond the epitaxial structure to a host substrate. 

[0036] FIG. 5 illustrates stage 33 of FIG. 3, attaching the 
epitaxial layers to a host substrate, in more detail. Bonding 
layers 14A and 14B, typically metal, serve as compliant 
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materials for thermo-compression bonding betWeen the epi 
taxial structure and the host substrate. Examples of suitable 
bonding layer metals include gold and silver. If silver is 
used, the guard metal in p-contact 12 may be eliminated. 
Alternatively 14A and 14B can be a mixture of metals such 
that When bonding at elevated temperatures, the eutectic 
temperature is met, and 14A and 14B melt While bonding. 
Host substrate 16 provides mechanical support to the epi 
taxial layers after the groWth substrate is removed, and 
provides electrical contact to p-contact 12. Host substrate 16 
is selected to be electrically conductive (i.e. less than about 
0.1 Qcm), to be thermally conductive, to have a coef?cient 
of thermal expansion (CTE) matched to that of the epitaxial 
layers, and to be ?at (i.e. With an RMS roughness less than 
about 100 nm) enough to form a strong Wafer bond. Suitable 
materials include, for example, metals such as thin Cu foil, 
Mo, Cu/Mo, and Cu/W; semiconductors With metal contacts 
(layers 46 and 18 of FIG. 6), such as Si With ohmic contacts 
and GaAs With ohmic contacts including, for example, one 
or more of Pd, Ge, Ti, Au, Ni, Ag; and composite metal 
ceramics such as AlSiC or cobalt diamond. Table 1 beloW 
lists the properties of some suitable host substrates, as Well 
as the properties of GaN and A1203 for comparison: 

Thermal conduc 
Material CTE (10’6/K) tivity (W/m K) Electrical resistance (Qcm) 

GaN 4.8 130 0.01 

A1203 6.8 40 Very high 
Si 2.7 150 0.01 plus contact resistance 
GaAs 5.7 59 0.01 plus contact resistance 
M0 4.8 140 5 X 10*6 

[0037] Host substrate structure 49 and epitaxial structure 
48 are pressed together at elevated temperature and pressure 
to form a durable metal bond betWeen bonding layers 14A 
and 14B. In some embodiments, bonding is done on a Wafer 
scale, before a Wafer With an epitaxial structure is diced into 
individual devices. The temperature and pressure ranges for 
bonding are limited on the loWer end by the strength of the 
resulting bond, and on the higher end by the stability of the 
host substrate structure and the epitaxial structure and CTE 
mismatch. For example, high temperatures and/or high 
pressures can cause decomposition of the epitaxial layers in 
structure 48, delamination of p-contact 12, failure of diffu 
sion barriers, for example in p-contact 12, outgassing of the 
component materials in the epitaxial layers, and Wafer 
boWing. A suitable temperature range is, for example, about 
200° C. to about 500° C. A suitable pressure range is, for 
example, about 100 psi to about 300 psi. 

[0038] FIG. 6 illustrates a method of removing a sapphire 
groWth substrate, stage 35 in FIG. 3. Portions of the 
interface betWeen sapphire substrate 40 and the III-nitride 
layers 45 are exposed, through the sapphire substrate, to a 
high ?uence ultraviolet laser 70 pulsed in a step and repeat 
pattern, or ?red synchronously With continuous motion. The 
photon energy of the laser is above the band gap of the 
III-nitride layer adjacent to the sapphire (GaN in some 
embodiments), thus the pulse energy is effectively converted 
to thermal energy Within the ?rst 100 nm of epitaxial 
material adjacent to the sapphire. At suf?ciently high ?uence 
(i.e. greater than about 1.5 J/cm2) and a photon energy above 
the band gap of GaN and beloW the absorption edge of 



US 2006/0014310 A1 

sapphire (i.e. between about 3.44 and about 6 eV), the 
temperature Within the ?rst 100 nm rises on a nanosecond 

scale to a temperature greater than 1000° C., high enough for 
the GaN to dissociate into gallium and nitrogen gasses, 
releasing the epitaxial layers 45 from substrate 40. The 
resulting structure includes epitaxial layers 45 bonded to 
host substrate structure 49. 

[0039] Exposure to the laser pulse results in large tem 
perature gradients and mechanical shock Waves traveling 
outWard from the exposed region, resulting in thermal and 
mechanical stress Within the epitaxial material suf?cient to 
cause cracking of the epitaxial material and failure of Wafer 
bond 14, Which limits the yield of the substrate removal 
process. The damage caused by thermal and mechanical 
stresses may be reduced by patterning the epitaxial structure 
doWn to the sapphire substrate or doWn to a suitable depth 
of the epitaxial structure, to form trenches betWeen indi 
vidual devices on the Wafer. The trenches are formed by 
conventional masking and dry etching techniques, before the 
Wafer is bonded to the host substrate structure. The laser 
exposure region is then matched to the pattern of trenches on 
the Wafer. The trench isolates the impact of the laser pulse 
to the semiconductor region being exposed and provides a 
preferred path for stress relaxation. 

[0040] As an alternative to laser lift off as described above, 
a sapphire substrate or other suitable substrate may be 
removed by photoelectrochemical etching. Substrate 
removal by photoelectrochemical etching is illustrated in 
FIG. 16. After groWth of epitaxial layers 20 on groWth 
substrate 40, trenches 6 may be formed in the epitaxial 
layers of the device and a portion of substrate 40 (for 
example, the 30 microns of substrate 40 closest to the 
epitaxial layers) by laser scribing as is knoWn in the art, or 
any other suitable technique. The epitaxial layers are then 
bonded to host substrate structure 49 through p-contact 12 
and bonding layers 14A and 14B. GroWth substrate 40 may 
then be thinned by conventional means such as grinding to 
expose the trench 6 to ambient. The structure is immersed in 
a solution suitable for photoelectrochemical etching that 
?oWs into trenches 6, and the structure is exposed through 
substrate 40 to light 8 With an energy greater than the band 
gap of sacri?cial layer 41. Exposure to the light generates 
electron-hole pairs in sacri?cial layer 41, Which break the 
bonds of sacri?cial layer 41, undercutting and releasing 
substrate 40 from the epitaxial structure. The epitaxial 
structure may include an etch-stop layer 42, Which termi 
nates the photoelectrochemical etch. Further details of pho 
toelectrochemical etching and suitable etch stop layers 42 
are described beloW in reference to FIG. 7. 

[0041] GroWth substrates other than sapphire may be 
removed With ordinary chemical etchants, and thus may not 
require the laser exposure substrate removal procedure 
described above. FIG. 15 illustrates an example of a sub 
strate 40 that may be removed by chemical etching. Sub 
strate 40 of FIG. 15 includes a SiC layer 40C groWn or 
processed onto a Si base 40A. An optional SiOX layer 41B 
may be disposed betWeen base 40A and SiC layer 40C. Si 
base layer 40A and oxide layer 40B may be easily removed 
by conventional silicon processing techniques. SiC layer 
40C may be thin enough, for example, less than 0.5 pm 
thick, to be removed entirely by knoWn dry etching or 
abrasive techniques. P-contact 12 may then be formed on the 
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exposed surface of epitaxial layers 45. Alternatively, p-con 
tact 12 may be formed in holes etched in SiC layer 40C. 

[0042] After the groWth substrate is removed, the remain 
ing epitaxial layers are thinned to the etch stop layer 42 by, 
for example, photoelectrochemical etching (PEC) as illus 
trated in FIG. 7. The host substrate and epitaxial layers 
(structure 53) are immersed in a basic solution 50. An 
example of a suitable basic solution is 0.2 M KOH, though 
many other suitable basic or acidic solutions may be used 
and depend on the composition of the material to be etched 
and the desired surface texture. The epitaxial surface of 
structure 53, generally an n-type GaN layer, is exposed to 
light With energy greater than the band gap of the surface 
layer. In the example illustrated in FIG. 7, ultraviolet light 
With a Wavelength of about 365 nm and an intensity betWeen 
about 10 and about 100 mW/cm2 is used. Exposure to the 
light generates electron-hole pairs in the surface semicon 
ductor layer. The holes migrate to the surface of the epitaxial 
layers under the in?uence of the electric ?eld in the n-type 
semiconductor. The holes then react With the GaN at the 
surface and basic solution 50 to break the GaN bonds, 
according to the equation 

An external electric potential may be applied across elec 
trodes 51 and 52 to accelerate and control the etching 
process. 

[0043] The etch stop layer may have a composition 
selected for a band gap greater than that of the layer to be 
etched. For example, the etched layer may be GaN, and the 
etch stop layer may be AlGaN. The light source used to 
expose structure 53 is selected to have an energy greater than 
the band gap of the layer to be etched, but less than the band 
gap of the etch stop layer. Accordingly, exposure to the light 
does not generate electron-hole pairs in the etch stop layer, 
effectively halting the etch once the etch stop layer is 
reached. In some embodiments, InGaN may be used as the 
etch stop layer. Indium oxide, formed as the InGaN decom 
poses, is insoluble in the etchant solution and coats the 
surface of the etched layer, terminating the etch. After 
thinning, the etch stop layer may optionally be removed, for 
example, by continuing photoelectrochemical etching With 
light of a different energy in the case of an AlGaN etch stop 
layer, or by agitating the solution to disturb the indium oxide 
coating the surface of the etched layer in the case of an 
InGaN etch stop layer. 

[0044] In embodiments Where a substrate is removed by 
photoelectrochemical etching then thinned by photoelectro 
chemical etching, the device may include multiple etch stop 
layers, a ?rst etch stop layer close to the groWth substrate to 
control the etch during groWth substrate removal, and a 
second etch stop layer close to the active region to control 
the etch during thinning. In some embodiments, the groWth 
substrate is removed by photoelectrochemical etching, then 
a portion of n-type region 108 is removed by a conventional 
etch, such as a reactive ion etch. The resonant cavity is 
formed by further thinning n-type region 108 in a second 
photoelectrochemical etch. 

[0045] Though the embodiment illustrated in FIG. 1 
shoWs a uniformly thick n-type region, in some embodi 
ments a three dimensional structure may be formed on 
n-type region 108 during thinning. For example, n-type 
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region 108 may be patterned such that the portion under 
contact 10 is thicker than the portion under mirror 11, in 
order to minimize the thickness of the cavity, While provid 
ing enough n-type material under contact 10 for adequate 
current spreading, optimal contact resistance, and mechani 
cal strength. Such a structure also permits testing during 
pauses in the etching process to check for optimum etch 
depth based on re?ectivity and radiometric measurements of 
output light. 

[0046] After thinning the epitaxial layers, contact 10 and 
mirror 11 are deposited on the exposed surface of epitaxial 
structure 20. If mirror 11 is not conductive (a dielectric DBR 
for example), an optional current spreading layer 70 of, for 
example, conductive indium tin oxide or a heavily doped 
III-nitride material may be included betWeen mirror 11 and 
n-type region 108 in order to spread current from contact 10 
under mirror 11. The current spreading layer may be con 
tacted by removing portions of mirror 11 doWn to the current 
spreading layer to create channels and extending contact 10 
into the channel or depositing an additional conductive 
material in the channels that makes electrical contact With 
contact 10. 

[0047] FIG. 8 is a cross sectional vieW of a portion of a 
resonant cavity device including trenches, according 
embodiments of the invention. Etch vias 72 are etched 
through DBR 11 into n-type region 108 in order to interrupt 
the Waveguide at the interface of n-type region 108 and DBR 
11. Etch vias 72 may thus enhance extraction from the 
device by limiting the number of modes in the device. Etch 
vias 72 are typically con?ned to n-type region 108 and 
generally do not extend into active region 112. Etch vias 72 
may have a depth betWeen about 0.1 pm and about 2.5 pm 
and may be spaced about 1 pm to about 10 pm apart. Ausual 
distance betWeen tWo adjacent trenches is about 3 pm. 
Trenches 72 may form a pattern of broken lines to facilitate 
current spreading in the etched layer. FIGS. 9, 10, and 11 
illustrate examples of patterns of trenches 72. Trenches 72 
may be formed by conventional etching steps after depos 
iting mirror 11. 

[0048] In some embodiments of the invention, DBR 11 on 
the surface of n-type region 108 is divided into multiple 
regions separated by metal contacts, instead of a single DBR 
11, as illustrated in FIG. 1. FIGS. 12 and 13 are a plan vieW 
and a cross sectional vieW of a portion of such a device. Each 
region of DBR 11 may be, for example, about 50 pm to about 
150 pm across. Though the regions shoWn are square, other 
shapes may be used. Each DBR region is separated by, for 
example, about 1 pm to about 10 pm. The areas betWeen 
DBR regions 11 are ?lled With n-contact 10. In some 
embodiments, an optional current spreading layer 70, Which 
may be, for example, indium tin oxide or RuO, is disposed 
betWeen n-type region 108 and DBR regions 11 and n-con 
tact regions 11. Current injection in the regions of epitaxial 
layers 20 beneath n-contacts 10 may be blocked by hydro 
gen implantation as described above, in order to con?ne 
light emission to the areas underlying DBR regions 11. 

[0049] In the device illustrated in FIGS. 12 and 13, 
p-contact 12 may be a single, continuous re?ective sheet, as 
illustrated in FIG. 13, or may have regions of high re?ec 
tivity opposite DBR regions 11. FIG. 14 is a cutaWay plan 
vieW of a p-contact 12. Mirror regions 80 are aligned With 
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DBR regions 11, illustrated in FIG. 12. Mirror regions 80 
are optimiZed for high re?ectivity and are separated by 
contact regions 82, Which may be optimiZed for good 
adhesion. Mirror regions 80 may be, for example, silver, and 
contact regions 82 may be, for example, nickel. 

[0050] Having described the invention in detail, those 
skilled in the art Will appreciate that, given the present 
disclosure, modi?cations may be made to the invention 
Without departing from the spirit of the inventive concept 
described herein. Therefore, it is not intended that the scope 
of the invention be limited to the speci?c embodiments 
illustrated and described. 

What is being claimed is: 
1. A method of forming a semiconductor light emitting 

device, the method comprising: 

groWing an epitaxial structure on a groWth substrate, the 
epitaxial structure comprising: 

an etch-stop layer; and 

a stack of III-nitride epitaxial layers including a light 
emitting layer; 

Wherein the stack is groWn over the etch-stop layer; 

bonding a host substrate to the structure; 

removing the groWth substrate; and 

thinning the structure by a process that terminates on the 
etch-stop layer. 

2. The method of claim 1 Wherein thinning comprises 
thinning by photoelectrochemical etching and the etch stop 
layer comprises AlGaN. 

3. The method of claim 1 Wherein thinning comprises 
thinning by photoelectrochemical etching and the etch stop 
layer comprises InGaN. 

4. The method of claim 1 Wherein a thickness of the 
structure after thinning is less than one micron. 

5. The method of claim 1 Wherein after thinning, a 
thickness of the structure at any point varies less than 5% 
from an average thickness. 

6. The method of claim 1 Wherein removing the groWth 
substrate comprises etching aWay a sacri?cial layer disposed 
betWeen the groWth substrate and an etch-stop layer. 

7. The method of claim 6 Wherein etching comprises 
etching by photoelectrochemical etching. 

8. The method of claim 1 Wherein: 

the groWth substrate comprises a layer of SiC and a layer 
of Si; 

the stack is groWn on the layer of SiC; and 

removing the groWth substrate comprises etching aWay 
the layer of Si. 

9. The method of claim 8 Wherein the groWth substrate 
further comprises a layer of an oxide of silicon disposed 
betWeen the layer of SiC and the layer of Si. 

10. The method of claim 9 Wherein removing the groWth 
substrate comprises etching aWay the layer of Si and the 
layer of an oxide of silicon. 

11. The method of claim 1 further comprising removing 
the etch-stop layer after thinning. 

* * * * * 


