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(57) ABSTRACT 

An electronic device may include a Substrate and a Semi 
conductor mesa on the Substrate. More particularly, the 
Semiconductor mesa may have a mesa base adjacent the 
Substrate, a mesa Surface opposite the Substrate, and mesa 
Sidewalls between the mesa Surface and the mesa base. In 
addition, the Semiconductor mesa may have a first conduc 
tivity type between the mesa base and a junction, the 
junction may be between the mesa base and the mesa 
Surface, and the Semiconductor mesa may have a Second 
conductivity type between the junction and the mesa Sur 
face. Related methods are also discussed. 
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METHODS OF FORMING ELECTRONIC DEVICES 
INCLUDING SEMCONDUCTOR MESA 

STRUCTURES AND CONDUCTIVITY JUNCTIONS 
AND RELATED DEVICES 

RELATED APPLICATIONS 

0001. The present application claims the benefit of, U.S. 
Provisional Application No. 60/435,213 filed Dec. 20, 2002, 
and entitled “Laser Diode With Self-Aligned Index Guide 
And Via”; U.S. Provisional Application No. 60/434,914 filed 
Dec. 20, 2002, and entitled “Laser Diode With Surface 
Depressed Ridge Waveguide”; U.S. Provisional Application 
No. 60/434,999 filed Dec. 20, 2002 and entitled “Laser 
Diode with Etched Mesa Structure'; and U.S. Provisional 
Application No. 60/435,211 filed Dec. 20, 2002, and entitled 
“Laser Diode With Metal Current Spreading Layer.” The 
disclosures of each of these provisional applications are 
hereby incorporated herein in their entirety by reference. 
0002 The present application is also related to: U.S. 
Application No. (Attorney Docket No. 5308-281) 
entitled “Methods Of Forming Semiconductor Devices Hav 
ing Self Aligned Semiconductor Mesas and Contact Layers 
And Related Devices' filed concurrently herewith; U.S. 
Application No. (Attorney Docket No. 5308-282) 
entitled “Methods Of Forming Semiconductor Devices 
Including Mesa Structures And Multiple Passivation Layers 
And Related Devices' filed concurrently herewith; and U.S. 
Application No. (Attorney Docket No. 5308-280) 
entitled “Methods Of Forming Semiconductor Mesa Struc 
tures Including Self-Aligned Contact Layers And Related 
Devices' filed concurrently herewith. The disclosures of 
each of these U.S. Applications are hereby incorporated 
herein in their entirety by reference. 

FIELD OF THE INVENTION 

0003. The present invention relates to the field of elec 
tronics, and more particularly, to methods of forming elec 
tronic. Semiconductor devices and related Structures. 

BACKGROUND OF THE INVENTION 

0004 Alaser is a device that produces a beam of coherent 
monochromatic light as a result of Stimulated emission of 
photons. Stimulated emission of photons may also produce 
optical gain, which may cause light beams produced by 
lasers to have a high optical energy. A number of materials 
are capable of producing the lasing effect and include certain 
high-purity crystals (ruby is a common example), Semicon 
ductors, certain types of glass, certain gases including car 
bon dioxide, helium, argon and neon, and certain plasmas. 
0005 More recently, lasers have been developed in semi 
conducting materials, thus taking advantage of the Smaller 
size, lower cost and other related advantages typically 
asSociated with Semiconductor devices. In the Semiconduc 
tor arts, devices in which photons play a major role are 
referred to as “photonic' or “optoelectronic” devices. In 
turn, photonic devices include light-emitting diodes (LEDs), 
photodetectors, photovoltaic devices, and Semiconductor 
lasers. 

0006 Semiconductor lasers are similar to other lasers in 
that the emitted radiation has spatial and temporal coher 
ence. AS noted above, laser radiation is highly monochro 
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matic (i.e., of narrow band width) and it produces highly 
directional beams of light. Semiconductor laserS may differ, 
however, from other lasers in Several respects. For example, 
in Semiconductor lasers, the quantum transitions are asso 
ciated with the band properties of materials, Semiconductor 
laserS may be very compact in size, may have very narrow 
active regions, and larger divergence of the laser beam; the 
characteristics of a Semiconductor laser may be Strongly 
influenced by the properties of the junction medium; and for 
P-N junction lasers, the lasing action is produced by passing 
a forward current through the diode itself. Overall, semi 
conductor lasers can provide very efficient Systems that may 
be controlled by modulating the current directed acroSS the 
devices. Additionally, because Semiconductor lasers can 
have very short photon lifetimes, they may be used to 
produce high-frequency modulation. In turn, the compact 
Size and capability for Such high-frequency modulation may 
make Semiconductor lasers an important light Source for 
optical fiber communications. 
0007. In broad terms, the structure of a semiconductor 
laser should provide optical confinement to create a resonant 
cavity in which light amplification may occur, and electrical 
confinement to produce high current densities to cause 
Stimulated emission to occur. Additionally, to produce the 
laser effect (Stimulated emission of radiation), the Semicon 
ductor may be a direct bandgap material rather than an 
indirect bandgap material. AS known to those familiar with 
Semiconductor characteristics, a direct bandgap material is 
one in which an electron's transition from the Valence band 
to the conduction band does not require a change in crystal 
momentum for the electron. Gallium arsenide and gallium 
nitride are examples of direct bandgap Semiconductors. In 
indirect bandgap Semiconductors, the alternative situation 
exists, i.e., a change of crystal momentum is required for an 
electron's transition between the Valence and conduction 
bands. Silicon and Silicon carbide are examples of Such 
indirect Semiconductors. 

0008. A useful explanation of the theory, structure and 
operation of Semiconductor lasers, including optical and 
electronic confinement and mirroring, is given by Sze, 
Physics of Semiconductor Devices, 2nd Edition (1981) at 
pages 704-742, and these pages are incorporated entirely 
herein by reference. 
0009. As known to those familiar with photonic devices 
Such as LEDs and lasers, the frequency of electromagnetic 
radiation (i.e., the photons) that can be produced by a given 
Semiconductor material may be a function of the materials 
bandgap. Smaller bandgaps produce lower energy, longer 
wavelength photons, while wider bandgap materials produce 
higher energy, shorter wavelength photons. For example, 
one Semiconductor commonly used for laserS is aluminum 
indium gallium phosphide (AlInGaP). Because of this mate 
rial's bandgap (actually a range of bandgaps depending upon 
the mole or atomic fraction of each element present), the 
light that AlInGaP can produce may be limited to the red 
portion of the visible spectrum, i.e., about 600 to 700 
nanometers (nm). In order to produce photons that have 
wavelengths in the blue or ultraViolet portions of the Spec 
trum, Semiconductor materials having relatively large band 
gaps may be used. Group III-nitride materials. Such as 
gallium nitride (GaN), the ternary alloys indium gallium 
nitride (InGaN), aluminum gallium nitride (AlGaN) and 
aluminum indium nitride (AlInN) as well as the quaternary 
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alloy aluminum gallium indium nitride (AlInGaN) are 
attractive candidate materials for blue and UV lasers 
because of their relatively high bandgap (3.36 eV at room 
temperature for GaN). Accordingly, Group III-nitride based 
laser diodes have been demonstrated that emit light in the 
370-420 nm range. 
0010) A number of commonly assigned patents and co 
pending patent applications likewise discuss the design and 
manufacture of optoelectronic devices. For example, U.S. 
Pat. Nos. 6,459,100; 6,373,077; 6,201,262; 6,187,606; 
5,912,477; and 5,416,342 describe various methods and 
Structures for gallium-nitride based optoelectronic devices. 
U.S. Pat. No. 5,838,706 describes low-strain nitride laser 
diode structures. Published U.S. application Ser. Nos. 
20020093020 and 20020022290 describe epitaxial struc 
tures for nitride-based optoelectronic devices. Various metal 
contact structures and bonding methods, including flip-chip 
bonding methods, are described in Published U.S. applica 
tion Ser. No. 20020123164 as well as Published U.S. appli 
cation Ser. No. 030045015 entitled “Flip Chip Bonding of 
Light Emitting Devices and Light Emitting Devices Suitable 
for Flip-Chip Bonding”; Published U.S. application Ser. No. 
20030042507 entitled “Bonding of Light Emitting Diodes 
Having Shaped Substrates and Collets for Bonding of Light 
Emitting Diodes Having Shaped Substrates', and Published 
U.S. application Ser. No. 20030015721 entitled “Light 
Emitting Diodes Including Modifications for Submount 
Bonding and Manufacturing Methods Therefor.” Dry etch 
ing methods are described in U.S. Pat. No. 6,475,889. 
Passivation methods for nitride optoelectronic devices are 
described in U.S. application Ser. No. 08/920,409 entitled 
“Robust Group III Light Emitting Diode for High Reliability 
in Standard Packaging Applications” and Published U.S. 
application Ser. No. 2003.0025121 entitled “Robust Group 
III Light Emitting Diode for High Reliability in Standard 
Packaging Applications.” Active layer Structures Suitable for 
use in nitride laser diodes are described in Published U.S. 
application Ser. No. 20030006418 entitled “Group III 
Nitride Based Light Emitting Diode Structures with a Quan 
tum Well and Superlattice, Group III Nitride Based Quan 
tum Well Structures and Group III Nitride Based Superlat 
tice Structures” and Published U.S. application Ser. No. 
20030020061 entitled “Ultraviolet Light Emitting Diode.” 
The contents of all of the foregoing patents, patent applica 
tions and published patent applications are incorporated 
entirely herein by reference as if fully set forth herein. 
0.011 Not withstanding the structures and methods dis 
cussed above, further Structures and/or methods providing 
improved beam quality, Stability, Voltage characteristics, 
guiding, and/or operating current characteristics may be 
desired. 

SUMMARY 

0012. According to embodiments of the present inven 
tion, a light emitting device may include a Silicon carbide 
Substrate, and a Semiconductor Structure on the Substrate. 
More particularly, the Semiconductor Structure may include 
a mesa having a mesa base adjacent the Substrate, a mesa 
Surface opposite the Substrate, and mesa Sidewalls between 
the mesa Surface and the mesa base. In addition, the Semi 
conductor Structure may have a first conductivity type 
adjacent the Silicon carbide Substrate, the Semiconductor 
Structure may have a Second conductivity type adjacent the 
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mesa Surface, and the Semiconductor Structure may have a 
junction between the first and Second conductivity types. 
Moreover, the mesa may be configured to provide at least 
one of current confinement or optical confinement for a light 
emitting device in the Semiconductor Structure. 
0013 In one alternative, the junction may be between the 
mesa base and the mesa Surface. In another alternative, the 
Semiconductor Structure may include a Semiconductor base 
layer between the mesa base and the Silicon carbide Sub 
Strate and the junction may be between a Surface of the base 
layer opposite the Silicon carbide Substrate and the Silicon 
carbide Substrate. Moreover, the Semiconductor Structure 
may include a Group III-V Semiconductor material. 
0014. According to more embodiments of the present 
invention, an electronic device may include a Substrate and 
a Semiconductor mesa on the Substrate. More particularly, 
the Semiconductor mesa may have a mesa base adjacent the 
Substrate, a mesa Surface opposite the Substrate, and mesa 
Sidewalls between the mesa Surface and the mesa base. 
Moreover, the Semiconductor mesa may have a first con 
ductivity type between the mesa base and a junction, the 
junction may be between the mesa base and the mesa 
Surface, and the Semiconductor mesa may have a Second 
conductivity type between the junction and the mesa Sur 
face. 

0015 The junction may comprise a physical location 
where doping of the Second conductivity type begins, the 
first conductivity type may be N-type, and the Second 
conductivity type may be P-type. The Semiconductor mesa 
may comprise a Group III-V Semiconductor material Such as 
a Group III-nitride Semiconductor material. 
0016. In addition, the junction may be no more that 
approximately 5 microns from the mesa base, and more 
particularly, the junction may be no more than approxi 
mately 0.75 microns from the mesa base. Moreover, the 
junction may be at least approximately 0.05 microns from 
the mesa base, and more particularly, the junction may be at 
least approximately 0.1 microns from the mesa base. The 
Semiconductor mesa may have a thickneSS in the range of 
approximately 0.1 microns to 5 microns. 
0017. A semiconductor base layer may be included 
between the Substrate and the Semiconductor mesa, and the 
Semiconductor base layer may have the first conductivity 
type throughout. More particularly, the Semiconductor base 
layer may have a thickness no greater than approximately 5 
microns, and each of the Semiconductor base layer and the 
Semiconductor mesa may comprise a Group III-V Semicon 
ductor material. In addition, the Substrate may comprise 
Silicon carbide. 

0018. According to additional embodiments of the 
present invention, an electronic device may include a Sub 
Strate, a Semiconductor base layer on the Substrate, and a 
Semiconductor mesa on a Surface of the base layer opposite 
the Substrate. The Semiconductor base layer may have a first 
conductivity type between the Substrate and a junction, the 
junction may be between the Substrate and a Surface of the 
base layer opposite the Substrate, and the Semiconductor 
base layer may have a Second. conductivity type between the 
junction and the Surface of the base layer opposite the 
Substrate. The Semiconductor mesa may have a mesa Surface 
opposite the Semiconductor base layer and mesa Sidewalls 
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between the mesa Surface and the base layer, and the 
Semiconductor mesa may have the Second conductivity type 
throughout. 

0019. The junction may be a physical location where 
doping of the Second conductivity type begins, the first 
conductivity type may be N-type, and the Second conduc 
tivity type may be P-type. Each of the Semiconductor mesa 
and the Semiconductor base layer may comprise a Group 
III-V semiconductor material such as a Group III-nitride 
Semiconductor material. 

0020. The junction may be no more that approximately 
0.4 microns from the Surface of the base layer opposite the 
Substrate, and more particularly, the junction may be no 
more than approximately 0.2 microns from the Surface of the 
base layer opposite the Substrate. In addition, the junction 
may be at least approximately 0.05 microns from the Surface 
of the base layer opposite the Substrate, and more particu 
larly, the junction may be at least approximately 0.1 microns 
from the Surface of the base layer opposite the Substrate. 
Moreover, the Semiconductor mesa may have a thickneSS in 
the range of approximately 0.1 microns to 5 microns, the 
Semiconductor base layer may have a thickness no greater 
than approximately 5 microns. In addition, the Substrate may 
comprise Silicon carbide. 
0021 According to still additional embodiments of the 
present invention, methods of forming an electronic device 
may include forming a Semiconductor mesa on a Substrate. 
The Semiconductor mesa may have a mesa base adjacent the 
Substrate, a mesa Surface opposite the Substrate, and mesa 
Sidewalls between the mesa Surface and the mesa base. 
Moreover, the Semiconductor mesa may have a first con 
ductivity type between the mesa base and a junction, the 
junction may be between the mesa base and the mesa 
Surface, and the Semiconductor mesa may have a Second 
conductivity type between the junction and the mesa Sur 
face. 

0022. The junction may comprise a physical location 
where doping of the Second conductivity type begins, the 
first conductivity type may be N-type, and the Second 
conductivity type may be P-type. The Semiconductor mesa 
may comprise a Group III-V Semiconductor material Such as 
a Group III-nitride Semiconductor material. 
0023 The junction may be no more that approximately 5 
microns from the mesa base, and more particularly, the 
junction may be no more than approximately 0.75 microns 
from the mesa base. In addition, the junction may be at least 
approximately 0.05 microns from the mesa base, and more 
particularly, the junction may be at least approximately 0.1 
microns from the mesa base. The Semiconductor mesa may 
have a thickness in the range of approximately 0.1 microns 
to 5 microns. 

0024. In addition, a semiconductor base layer may be 
formed between the Substrate and the Semiconductor mesa, 
and the Semiconductor base layer may have the first con 
ductivity type throughout. More particularly, forming the 
Semiconductor mesa and forming the Semiconductor base 
layer may include forming a layer of a Semiconductor 
material on the Substrate, forming a mask on the layer of the 
Semiconductor material, and etching portions of layer of the 
Semiconductor material exposed by the mask wherein a 
depth of etching defines a thickness of the mesa. The layer 
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of the Semiconductor material may also include a junction at 
a junction depth and wherein the depth of etching of the 
layer of the Semiconductor material is greater than the 
junction depth. 

0025 The semiconductor base layer may have a thick 
neSS no greater than approximately 5 microns, and each of 
the Semiconductor base layer and the Semiconductor mesa 
may comprise a Group III-V Semiconductor material. The 
Substrate may comprise Silicon carbide. 
0026. According to yet additional embodiments of the 
present invention, methods of forming an electronic devices 
may include forming a Semiconductor base layer on a 
Substrate, and forming a Semiconductor mesa of a Surface of 
the base layer opposite the Substrate. The Semiconductor 
base layer may have a first conductivity type between the 
Substrate and a junction, the junction may be between the 
Substrate and a Surface of the base layer opposite the 
Substrate, and the Semiconductor base layer may have a 
Second conductivity type between the junction and the 
Surface of the base layer opposite the Substrate. The Semi 
conductor mesa may have a mesa Surface opposite the 
Semiconductor base layer and mesa Sidewalls between the 
mesa Surface and the base layer, wherein the Semiconductor 
mesa has the Second conductivity type throughout. 
0027. The junction may include a physical location where 
doping of the Second conductivity type begins, the first 
conductivity type may be N-type, and the Second conduc 
tivity type may be P-type. Each of the semiconductor mesa 
and the Semiconductor base layer may comprises a Group 
III-V semiconductor material such as a Group III-nitride 
Semiconductor material. In addition, the junction is no more 
that approximately 0.4 microns from the Surface of the base 
layer opposite the Substrate, and more particularly, the 
junction may be no more than approximately 0.2 microns 
from the Surface of the base layer opposite the Substrate. 
0028. The junction may be at least approximately 0.05 
microns from the Surface of the base layer opposite the 
Substrate, and more particularly, the junction may be at least 
approximately 0.1 microns from the Surface of the base layer 
opposite the Substrate. The Semiconductor mesa may have a 
thickness in the range of approximately 0.1 microns to 5 
microns. The Semiconductor base layer may have a thick 
neSS no greater than approximately 5 microns, and the 
Substrate may comprise Silicon carbide. 
0029. In addition, forming the semiconductor mesa and 
forming the Semiconductor base layer may include forming 
a layer of a Semiconductor material on the Substrate, forming 
a mask on the layer of the Semiconductor material, and 
etching portions of layer of the Semiconductor material 
exposed by the mask wherein a depth of etching defines a 
thickness of the mesa. More particularly, the Semiconductor 
material may include a junction at a junction depth and 
wherein the depth of etching of the layer of the Semicon 
ductor material may be less than the junction depth. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0030 FIG. 1 is a cross-sectional view illustrating semi 
conductor devices according to embodiments of the present 
invention. 

0031 FIG. 2 is a cross-sectional view illustrating semi 
conductor devices according to additional embodiments of 
the present invention. 
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0.032 FIG. 3 is a cross-sectional view illustrating semi 
conductor devices according to Still additional embodiments 
of the present invention. 

DETAILED DESCRIPTION 

0033. The present invention will now be described more 
fully hereinafter with reference to the accompanying draw 
ings, in which preferred embodiments of the invention are 
shown. The invention may, however, be embodied in dif 
ferent forms and should not be construed as limited to the 
embodiments set forth herein. Rather, these embodiments 
are provided so that this disclosure will be thorough and 
complete, and will fully convey the Scope of the invention 
to those skilled in the art. In the drawings, the thickness of 
layerS and regions are exaggerated for clarity. It will also be 
understood that when a layer is referred to as being “on” 
another layer or Substrate, it can be directly on the other 
layer or Substrate, or intervening layerS may also be present. 
It will also be understood that when an element is referred 
to as being “coupled' or “connected” to another element, it 
can be directly coupled or connected to the other element, or 
intervening elements may also be present. Like numbers 
refer to like elements throughout. Furthermore, relative 
terms such as “vertical” and “horizontal” may be used herein 
to describe a relationship with respect to a Substrate or base 
layer as illustrated in the figures. It will be understood that 
these terms are intended to encompass different orientations 
of the device in addition to the orientation depicted in the 
figures. 

0034. As shown in the cross-section of FIG. 1, a semi 
conductor device according to embodiments of the present 
invention may include a Substrate 12 and an epitaxial 
Semiconductor Structure 14 including a Semiconductor base 
layer 19 and a semiconductor mesa 20 on a portion of the 
base layer 19. More particularly, the semiconductor mesa 20 
may include a mesa Surface 20A opposite the base layer 19, 
mesa Sidewalls 20B between the mesa Surface 20A and the 
base layer 19, and a mesa base 20O adjacent the base layer. 
While a dashed line is shown between the semiconductor 
mesa 20 and the semiconductor base layer 19 for purposes 
of illustration, it will be understood that adjacent portions of 
the semiconductor base layer 19 and the semiconductor 
mesa 20 may comprise a same Semiconductor material with 
no physical barrier, junction, or discontinuity between the 
tWO. 

0035. The device may also include a passivation layer 24 
on the semiconductor base layer 19 and on portions of the 
Semiconductor mesa 20 with portions of the mesa Surface 
20A being free of the passivation layer 24. Moreover, a first 
ohmic contact layer 26 may be provided on portions of the 
mesa Surface 20A free of the passivation layer, and a metal 
overlayer 28 may be provided on the passivation layer 24 
and the ohmic contact layer 26. In addition, a Second ohmic 
contact layer 27 may be provided on the Substrate 12 
opposite the Semiconductor Structure 14 to define an elec 
trical current path through the mesa 20, the Semiconductor 
base layer 19, and the substrate 12. In an alternative, a 
Second ohmic contact layer may be provided on a Same side 
of the Substrate as the epitaxial Semiconductor Structure 14 
So that current through the Substrate 12 is not required. 

0036). In some embodiments, the substrate 12 may 
included Substrate material Such as N-type Silicon carbide 
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having a polytype such as 2H, 4H, 6H, 8H, 15R, and/or 3C; 
Sapphire, gallium nitride, and/or aluminum nitride. More 
over, the Substrate 12 may be conductive to provide a 
“vertical” device having a “vertical” current flow through 
the epitaxial Semiconductor Structure 14 and the Substrate 
12. In an alternative, the Substrate 12 may be insulating or 
Semi-insulating where both ohmic contacts are provided on 
a same side of the substrate to provide a “horizontal” device. 
A conductive Substrate could also be used in a “horizontal” 
device. Moreover, the term substrate may be defined to 
include a non-patterned portion of the Semiconductor mate 
rial making up the Semiconductor Structure 14, and/or there 
may not be a material transition between the Substrate 12 and 
the Semiconductor Structure 14. 

0037 Portions of the epitaxial semiconductor structure 
14 may be patterned into a mesa Stripe, for example, to 
provide optical and/or current confinement for a Semicon 
ductor laser device. AS Shown, only a portion of the epitaxial 
semiconductor structure 14 is included in the mesa 20. For 
example, the epitaxial Semiconductor Structure 14 may 
include N-type and P-type layers and portions of one or both 
of the N-type and P-type layers may be included in the mesa 
20. According to particular embodiments, the epitaxial Semi 
conductor Structure 14 may include an N-type layer adjacent 
the substrate 12 and a P-type layer on the N-type layer 
opposite the Substrate 12. The mesa may include portions of 
the P-type layer and none of the N-type layer. In alternatives, 
the mesa may include all of the P-type layer and portions 
(but not all) of the N-type layer; or all of the P-type layer and 
all of the N-type layer (such that sidewalls of the mesa 20 
extend to the substrate 12). 
0038. The semiconductor structure 14 may also include a 
junction between the N-type and P-type layers. The junction, 
for example, may be a structural junction defined as a 
physical location in the Semiconductor Structure 14 where 
P-type doping begins. A structural junction and an actual 
electronic P-N junction may thus have different locations in 
the Semiconductor Structure 14 due to reactor effects, dopant 
incorporation rates, dopant activation rates, dopant diffu 
Sion, and/or other mechanisms. 

0039 The epitaxial semiconductor structure 14 may also 
include an active layer at the junction between the N-type 
layer and the P-type layer. The active layer may include a 
number of different structures and/or layers and/or combi 
nations thereof. The active layer, for example, may include 
Single or multiple quantum wells, double heterostructures, 
and/or Superlattices. The active layer may also include light 
and/or current confinement layers that may encourage laser 
action in the device. Moreover, portions of the active layer 
may be included in the N-type layer and/or the P-type layer 
adjacent the junction therebetween. According to particular 
embodiments, the active layer may be included in the N-type 
layer adjacent the junction with the P-type layer. 

0040. By way of example, a uniformly thick layer of 
epitaxial Semiconductor material may be formed on the 
Substrate 12, and a layer of an ohmic contact material may 
be formed on the layer of the epitaxial Semiconductor 
material. The Semiconductor mesa 20 and the ohmic contact 
layer 26 may be formed, for example, by Selectively etching 
the layer of the contact material and the layer of the epitaxial 
Semiconductor material using a Same etch mask, using 
different etch masks, and/or using a lift-off technique. Meth 
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ods of forming mesas, contact layers, and passivation layers 
are discussed, for example, in U.S. application Ser. 
No. (Attorney Docket No. 5308-280), in U.S. appli 
cation Ser. No. (Attorney Docket No. 5308-281), 
and in U.S. application Ser. No. (Attorney Docket 
No. 5308-282), the disclosures of which are hereby incor 
porated herein by reference. 
0041 Exposed portions of the epitaxial semiconductor 
material can be removed using a dry etch Such as a Reactive 
Ion Etch (RIE), an Electron Cyclotron Resonance (ECR) 
plasma etch, and/or an Inductively Coupled Plasma (ICP) 
etch. More particularly, the epitaxial Semiconductor layer 
can be etched using a dry etch in an Argon (Ar) environment 
with a chlorine (Cl) etchant. For example, argon can flow 
at a rate in the range of approximately 2 to 40 Scem and 
chlorine can flow at a rate in the range of approximately 5 
to 50 Scem in an RIE reactor at a pressure in the range of 
approximately 5 to 50 mTorr and at an RF power in the range 
of approximately 200 to 1000 W. These etch parameters are 
provided by way of example, and other etch parameters may 
be used. 

0.042 Moreover, thicknesses of the semiconductor base 
layer 19 and the semiconductor mesa 20 and a distance of a 
conductivity junction from the mesa base may be deter 
mined by an original thickness of the Semiconductor layer 
from which the base layer and mesa are patterned, an 
original depth of the junction in the Semiconductor layer, and 
a depth of an etch used to form the Semiconductor mesa 20. 
According to embodiments of the present invention, the 
mesa etch depth (and resulting mesa thickness) may be in the 
range of approximately 0.1 to 5 microns, and according to 
additional embodiments may be no greater than approxi 
mately 2.5 microns. In addition, a width of the mesa Surface 
20A between mesa sidewalls 20B may be in the range of 
approximately 1 to 3 microns, and a distance D. from 
the mesa base 20O to the Substrate can be in the range of 
approximately 0 to 4.9 microns. The distance D is 
also a measure of the thickness of the Semiconductor base 
layer 19. In addition, the mesa surface 20A may be a P-type 
Semiconductor material. 

0043. The location of the junction in the semiconductor 
base layer 19 or the semiconductor mesa 20 can be deter 
mined by an original depth of the conductivity junction in 
the Semiconductor layer from which the base layer and mesa 
are patterned. If the etch depth of the etch used to form the 
Semiconductor mesa 20 is greater than a depth of the 
junction in the Semiconductor layer, the junction can be in 
included in the resulting Semiconductor mesa 20. In an 
alternative, if the etch depth of the etch used to form the 
Semiconductor mesa 20 is less than a depth of the junction 
in the Semiconductor layer, the junction can be included in 
the semiconductor base layer 19. 
0044 According to particular embodiments, the semi 
conductor mesa 20 may be formed such that the structural 
junction between N-type and P-type layers is included in the 
semiconductor base layer 19 spaced from the mesa base 20C 
by a distance of no more than approximately 0.4 microns, 
and more particularly, by a distance of no more than 
approximately 0.2 microns. By providing the Structural 
junction in the semiconductor base layer 19 outside the 
Semiconductor mesa 20, beam quality, Stability, and/or Volt 
age characteristics for a resulting Semiconductor laser may 
be improved. 
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0045. In an alternative, the semiconductor mesa 20 may 
be formed such that the structural junction between N-type 
and P-type layers is included in the semiconductor mesa 20 
spaced from the mesa base 20O by a distance of no more 
than approximately 5 microns, and more particularly, by a 
distance of no more than approximately 0.75 microns. By 
providing the Structural junction in the Semiconductor mesa 
20, a resulting Semiconductor laser may provide Stronger 
guiding and/or improved operating current characteristics. 

0046 A semiconductor device according to particular 
embodiments of the present invention is illustrated in FIG. 
2. As shown in FIG. 2, a semiconductor device may include 
a Substrate 112 and an epitaxial Semiconductor Structure 114 
including a Semiconductor base layer 119 and a Semicon 
ductor mesa 120 on a portion of the base layer 119. More 
particularly, the Semiconductor mesa 120 may include a 
mesa surface 120A opposite the base layer 119, mesa 
sidewalls 120B between the mesa Surface 120A and the base 
layer 119, and a mesa base 120C adjacent the base layer. 
While a dashed line is shown between the semiconductor 
mesa 120 and the semiconductor base layer 119 for purposes 
of illustration, it will be understood that adjacent portions of 
the semiconductor base layer 119 and the semiconductor 
mesa 120 may comprise a same Semiconductor material with 
no physical barrier, junction, or discontinuity between the 
tWO. 

0047 The device may also include a passivation layer 
124 on the Semiconductor base layer 119 and on portions of 
the semiconductor mesa 120 with portions of the mesa 
surface 120A being free of the passivation layer 124. More 
over, a first ohmic contact layer 126 may be provided on 
portions of the mesa Surface 120A free of the passivation 
layer, and a metal overlayer 128 may be provided on the 
passivation layer 124 and the ohmic contact layer 126. In 
addition, a Second ohmic contact layer 127 may be provided 
on the Substrate 112 opposite the Semiconductor Structure 
114 to define an electrical current path through the mesa 120, 
the semiconductor base layer 119, and the substrate 112. In 
an alternative, a Second ohmic contact layer may be pro 
Vided on a Same side of the Substrate as the epitaxial 
Semiconductor Structure 114 So that current through the 
Substrate 112 is not required. 

0048. In some embodiments, the substrate 112 may 
include a Substrate material Such as N-type Silicon carbide 
having a polytype such as 2H, 4H, 6H, 8H, 15R, and/or 3C; 
Sapphire, gallium nitride, and/or aluminum nitride. More 
over, the substrate 112 may be conductive to provide a 
“vertical” device having a “vertical” current flow through 
the epitaxial Semiconductor Structure 114 and the Substrate 
112. In an alternative, the Substrate 112 may be insulating or 
Semi-insulating where both ohmic contacts are provided on 
a same side of the substrate to provide a “horizontal” device. 
A conductive Substrate could also be used in a “horizontal” 
device. Moreover, the term substrate may be defined to 
include a non-patterned portion of the Semiconductor mate 
rial making up the Semiconductor Structure 114, and/or there 
may not be a material transition between the Substrate 112 
and the Semiconductor Structure 114. 

0049 Portions of the epitaxial semiconductor structure 
114 may be patterned into a mesa Stripe, for example, to 
provide optical and/or current confinement for a Semicon 
ductor laser device. AS Shown, only a portion of the epitaxial 
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semiconductor structure 114 is included in the mesa 120, and 
the remainder of the epitaxial Semiconductor Structure 114 is 
included in the semiconductor base layer 119. More particu 
larly, the epitaxial Semiconductor Structure 114 may include 
an N-type layer 115, all of which is included in the semi 
conductor base layer 119 adjacent the substrate 112. The 
epitaxial Semiconductor Structure 114 may also include a 
P-type layer (including portions 117 and 117") with a 
junction 122 between the N-type and P-type layers. As 
discussed above, the junction 122 may be a structural 
junction defined as a location where P-type doping begins. 
A structural junction and an actual electronic P-N junction 
may thus have different locations in the Semiconductor 
Structure 114 due to reactor effects, dopant incorporation 
rates, dopant activation rates, dopant diffusion, and/or other 
mechanisms. 

0050. As shown in FIG. 2, a first portion 117 of the 
P-type layer is included in the semiconductor base layer 119, 
and a second portion 117" of the P-type layer is included in 
the semiconductor mesa 120. A thickness of the first portion 
117 of the P-type layer is the same as the distance (labeled 
D'el) from the mesa base 120C to the junction 122 in the 
semiconductor base layer 119, and the thickness of the 
second portion 117" of the P-type layer (labeled T) is the 
Same as the thickness of the Semiconductor mesa 120. In 
addition, a distance D's between the mesa base 120C 
and the Substrate 112 is the Same as a thickness of the 
Semiconductor base layer 119. Accordingly, a thickness of 
the N-type layer 115 may be equal to a difference of 
D' minus D'. substrate junction 

0051. According to particular embodiments, the semi 
conductor mesa 120 may be formed such that the junction 
122 between N-type and P-type layers is included in the 
semiconductor base layer 119 spaced from the mesa base 
120C by a distance D'une of no more than approximately 
0.4 microns, and more particularly, by a distance of no more 
than approximately 0.2 microns. In addition, the junction 
122 may be included in the semiconductor base layer 119 
spaced from the mesa base 120C by a distance D'une of 
at least approximately 0.05 microns, and more particularly, 
the junction 122 may be included in the Semiconductor base 
layer 119 spaced from the mesa base 120C by a distance 
D' of at least approximately 0.1 microns. By providing 
the structural junction in the semiconductor base layer 119 
outside the Semiconductor mesa 120, beam quality, Stability, 
and/or Voltage characteristics for a resulting Semiconductor 
laser may be improved. 
0.052 The epitaxial semiconductor structure 114 may 
also include an active layer at the junction 122 between the 
N-type layer and the P-type layer. The active layer may 
include a number of different Structures and/or layerS and/or 
combinations thereof. The active layer, for example, may 
include Single or multiple quantum wells, double hetero 
Structures, and/or Superlattices. The active layer may also 
include light and/or current confinement layers that may 
encourage laser action in the device. Moreover, portions of 
the active layer may he included in the N-type layer and/or 
the P-type layer adjacent the junction therebetween. Accord 
ing to particular embodiments, the active layer may be 
included in the N-type layer 115 adjacent the junction 122 
with the P-type layer. 
0.053 By way of example, a uniformly thick layer of 
epitaxial Semiconductor material may be formed on the 
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Substrate 112, and a layer of an ohmic contact material may 
be formed on the layer of the epitaxial Semiconductor 
material. The semiconductor mesa 120 and the ohmic con 
tact layer 126 may be formed, for example, by selectively 
etching the layer of the contact material and the layer of the 
epitaxial Semiconductor material using a Same etch mask, 
using different etch masks, and/or using a lift-off technique. 
Methods of forming mesas, contact layers, and passivation 
layers are discussed, for example, in U.S. application Ser. 
No. (Attorney Docket No. 5308-280), in U.S. appli 
cation Ser. No. (Attorney Docket No. 5308-281), 
and in U.S. application Ser. No. (Attorney Docket 
No. 5308-282), the disclosures of which are hereby incor 
porated herein by reference. 

0054 Exposed portions of the epitaxial semiconductor 
material can be removed using a dry etch Such as a Reactive 
Ion Etch (RIE), an Electron Cyclotron Resonance (ECR) 
plasma etch, and/or an Inductively Coupled Plasma (ICP) 
etch. More particularly, the epitaxial Semiconductor layer 
can be etched using a dry etch in an Argon (Ar) environment 
with a chlorine (Cl-) etchant. For example, argon can flow 
at a rate in the range of approximately 2 to 40 Scem and 
chlorine can flow at a rate in the range of approximately 5 
to 50 Scem in an RIE reactor at a pressure in the range of 
approximately 5 to 50 mTorr and at an RF power in the range 
of approximately 200 to 1000 W. These etch parameters are 
provided by way of example, and other etch parameters may 
be used. 

0055 Moreover, thicknesses of the semiconductor base 
layer 119 and the semiconductor mesa 120 and the distance 
D'une of the junction 112 from the mesa base 120C may 
be determined by an original thickness of the Semiconductor 
layer from which the base layer 119 and mesa 120 are 
patterned, an original depth of the conductivity junction 122 
in the Semiconductor layer, and a depth of an etch used to 
form the Semiconductor mesa 120. According to embodi 
ments of the present invention, the mesa etch depth (and 
resulting mesa thickness T) may be in the range of approxi 
mately 0.1 to 5 microns, and according to additional 
embodiments may be no greater than approximately 2.5 
microns. In addition, a width of the mesa Surface 120A 
between mesa sidewalls 120B may be in the range of 
approximately 1 to 3 microns, and a distance Data from 
the mesa base 120C to the substrate can be in the range of 
approximately 0 to 4.9 microns. The distance D is 
also a measure of the thickness of the Semiconductor base 
layer 119. In addition, the mesa surface 120A may be a 
P-type Semiconductor material. 

0056. The location of the junction 122 in the semicon 
ductor base layer 119 can be determined by an original depth 
(T+D") of the junction in the semiconductor layer 
from which the base layer and mesa are patterned and an 
etch depth T' used to form the mesa 120. In particular, the 
etch depth T of the etch used to form the semiconductor 
mesa 120 can be less than the depth of the junction in the 
Semiconductor layer So that the junction 122 is included in 
the semiconductor base layer 119. 
0057. A semiconductor device according to additional 
embodiments of the present invention is illustrated in FIG. 
3. As shown in FIG. 3, a semiconductor device may include 
a Substrate 212 and an epitaxial Semiconductor Structure 214 
including a Semiconductor base layer 219 and a Semicon 
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ductor mesa 220 on a portion of the base layer 219. More 
particularly, the Semiconductor mesa 220 may include a 
mesa surface 220A opposite the base layer 219, mesa 
sidewalls 220B between the mesa Surface 220A and the base 
layer 219, and a mesa base 220C adjacent the base layer. 
While a dashed line is shown between the semiconductor 
mesa 220 and the semiconductor base layer 219 for purposes 
of illustration, it will be understood that adjacent portions of 
the semiconductor base layer 219 and the semiconductor 
mesa 220 may comprise a same Semiconductor material with 
no physical barrier, junction, or discontinuity between the 
tWO. 

0.058. The device may also include a passivation layer 
224 on the semiconductor base layer 219 and on portions of 
the semiconductor mesa 220 with portions of the mesa 
surface 220A being free of the passivation layer 224. More 
over, a first ohmic contact layer 226 may be provided on 
portions of the mesa surface 220A free of the passivation 
layer, and a metal overlayer 228 may be provided on the 
passivation layer 224 and the ohmic contact layer 226. In 
addition, a Second ohmic contact layer 227 may be provided 
on the Substrate 212 opposite the Semiconductor Structure 
214 to define an electrical current path through the mesa 
220, the semiconductor base layer 219, and the substrate 
212. In an alternative, a Second ohmic contact layer may be 
provide on a Same Side of the Substrate as the epitaxial 
Semiconductor Structure 214 So that current through the 
Substrate 212 is not required. 

0059. In some embodiments, the Substrate 212 may 
include a Substrate material Such as N-type Silicon carbide 
having a polytype such as 2H, 4-H, 6H, 8H, 15R, and/or 3C; 
Sapphire, gallium nitride; and/or aluminum nitride. More 
over, the Substrate 212 may be conductive to provide a 
“vertical” device having a “vertical” current flow through 
the epitaxial Semiconductor Structure 214 and the Substrate 
212. In an alternative, the Substrate 212 may be insulating or 
Semi-insulating where both ohmic contacts are provided on 
a same side of the substrate to provide a “horizontal” device. 
A conductive Substrate could also be used in a “horizontal” 
device. Moreover, the term substrate may be defined to 
include a non-patterned portion of the Semiconductor mate 
rial making up the Semiconductor Structure 214, and/or there 
may not be a material transition between the Substrate 212 
and the Semiconductor Structure 214. 

0060 Portions of the epitaxial semiconductor structure 
214 may be patterned into a mesa Stripe, for example, to 
provide optical and/or current confinement for a Semicon 
ductor laser device. AS Shown, only a portion of the epitaxial 
semiconductor structure 214 is included in the mesa 220, 
and the remainder of the epitaxial Semiconductor Structure 
214 is included in the semiconductor base layer 219. More 
particularly, the epitaxial Semiconductor Structure 214 may 
include a P-type layer 217, all of which is included in the 
Semiconductor mesa 220 adjacent the mesa Surface 220A. 
The epitaxial Semiconductor Structure 214 may also include 
an N-type layer (including portions 215" and 215") with a 
junction 222 between the P-type layer and the N-type layer. 
AS discussed above, the junction 222 may be a structural 
junction defined as a location where P-type doping begins. 
A structural junction and an actual electronic P-N junction 
may thus have different locations in the Semiconductor 
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Structure 114 due to reactor effects, dopant incorporation 
rates, dopant activation rates, dopant diffusion, and/or other 
mechanisms. 

0061. As shown in FIG. 3, a first portion 215" of the 
N-type layer is included in the Semiconductor base layer 
219, and a second portion 215" of the N-type layer is 
included in the semiconductor mesa 220. A thickness of the 
first portion 215" of the N-type layer is the same as the 
distance (labeled D") from the mesa base 220C to the 
substrate 212, and the thickness of the second portion 215" 
of the N-type layer (labeled D") is the same as the 
distance from the mesa base 220C to the junction between 
the N-type and P-type layers. In addition, the thickness of 
the Semiconductor mesa is labeled T". Accordingly, a thick 
ness of the P-type layer 217 may be equal to a difference of 
the mesa thickness T" minus D" junction 

0062 According to particular embodiments, the semi 
conductor mesa 220 may be formed such that the junction 
222 between N-type and P-type layers is included in the 
mesa 220 spaced apart from the mesa base 220C by a 
distance D"junction of no more than approximately 5 
microns, and more particularly, by a distance of no more 
than approximately 0.75 microns. In addition, the junction 
222 may be included in the Semiconductor mesa 220Spaced 
from the mesa base 220C by a distance D" of at least 
approximately 0.05 microns, and more particularly, the 
junction 222 may be included in the Semiconductor mesa 
220 spaced from the mesa base 220C by a distance D", 
of at least approximately 0.1 microns. By providing the 
Structural junction in the Semiconductor mesa 220 outside 
the Semiconductor mesa 220, a resulting Semiconductor 
laser may provide Stronger guiding and/or improved oper 
ating current characteristics. 
0063. The epitaxial semiconductor structure 214 may 
also include an active layer at the junction between the 
N-type layer and the P-type layer. The active layer may 
include a number of different Structures and/or layers and/or 
combinations thereof. The active layer, for example, may 
include Single or multiple quantum wells, double hetero 
Structures, and/or Superlattices. The active layer may also 
include light and/or current confinement layers that may 
encourage laser action in the device. Moreover, portions of 
the active layer may be included in the N-type layer and/or 
the P-type layer adjacent the junction therebetween. Accord 
ing to particular embodiments, the active layer may be 
included in the second portion 215" of the N-type layer 
adjacent the junction 222 with the P-type layer 217. 
0064. By way of example, a uniformly thick layer of 
epitaxial Semiconductor material may be formed on the 
Substrate 212, and a layer of an ohmic contact material may 
be formed on the layer of the epitaxial Semiconductor 
material. The Semiconductor mesa 220 and the ohmic con 
tact layer 226 may be formed, for example, by Selectively 
etching the layer of the contact material and the layer of the 
epitaxial Semiconductor material using a Same etch mask, 
using different etch masks, and/or using a lift-off technique. 
Methods of forming mesas, contact layers, and passivation 
layers are discussed, for example, in U.S. application Ser. 
No. (Attorney Docket No. 5308-280), in U.S. appli 
cation Ser. No. (Attorney Docket No. 5308-281), 
and in U.S. application Ser. No. (Attorney Docket 
No. 5308-282), the disclosures of which are hereby incor 
porated herein by reference. 



US 2004/0149997 A1 

0065 Exposed portions of the epitaxial semiconductor 
material can be removed using a dry etch Such as a Reactive 
Ion Etch (RIE), an Electron Cyclotron Resonance (ECR) 
plasma etch, and/or an Inductively Coupled Plasma (ICP) 
etch. More particularly, the epitaxial Semiconductor layer 
can be etched using a dry etch in an Argon (Ar) environment 
with a chlorine (Cl) etchant. For example, argon can flow 
at a rate in the range of approximately 2 to 40 Scem and 
chlorine can flow at a rate in the range of approximately 5 
to 50 Scem in an RIE reactor at a pressure in the range of 
approximately 5 to 50 mTorr and at an RF power in the range 
of approximately 200 to 1000 W. These etch parameters are 
provided by way of example, and other etch parameters may 
be used. 

0.066 Moreover, thicknesses of the semiconductor base 
layer 219 and the semiconductor mesa 220 and a distance 
D" of a junction from the mesa base 220C may be 
determined by an original thickness of the Semiconductor 
layer from which the base layer 219 and mesa 220 are 
patterned, an original depth of the junction in the Semicon 
ductor layer, and a depth of an etch used to form the 
Semiconductor mesa 220. According to embodiments of the 
present invention, the mesa etch depth (and resulting mesa 
thickness T") may be in the range of approximately 0.1 to 5 
microns, and according to additional embodiments may be 
no greater than approximately 2.5 microns. In addition, a 
width of the mesa Surface 220A between mesa Sidewalls 
220B may be in the range of approximately 1 to 3 microns, 
and a distance D. from the mesa base 220C to the 
Substrate can be in the range of approximately 0 to 4.9 
microns. The distance Dista is also a measure of the 
thickness of the semiconductor base layer 219. In addition, 
the mesa Surface 220A may be a P-type semiconductor 
material. 

0067. The location of the junction 222 in the semicon 
ductor mesa 220 can be determined by an original depth 
(T"-D") of the junction in the semiconductor layer 
from which the base layer 219 and mesa 220 are patterned 
and an etch depth used to form the mesa 220. In particular, 
the etch depth T" of the etch used to form the semiconductor 
mesa 220 can be greater than a depth of the junction in the 
Semiconductor layer So that the junction can be included in 
the semiconductor base layer 219. 
0068 The resulting semiconductor devices may provide 
edge emitting Semiconductor lasers with light being emitted 
parallel to the Substrate along a lengthwise direction of a 
Semiconductor mesa Stripe. Stated in other words, the light 
may be emitted along a direction perpendicular to the croSS 
section of the Figures discussed above. While methods and 
devices have been discussed with reference to methods of 
forming light emitting devices Such as laser diodes, methods 
according to embodiments of the present invention may be 
used to form other Semiconductor devices Such as conven 
tional diodes, conventional light emitting diodes, or any 
other Semiconductor device including a Semiconductor 
CS. 

0069. While this invention has been particularly shown 
and described with reference to preferred embodiments 
thereof, it will be understood by those skilled in the art that 
various changes in form and details may be made therein 
without departing from the Spirit and Scope of the invention 
as defined by the appended claims and their equivalents. 
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That which is claimed is: 
1. A light emitting device comprising: 
a Silicon carbide Substrate, and 
a Semiconductor Structure on the Substrate, the Semicon 

ductor Structure including a mesa having a mesa base 
adjacent the Substrate, a mesa Surface opposite the 
Substrate, and mesa Sidewalls between the mesa Surface 
and the mesa base, wherein the Semiconductor Structure 
has a first conductivity type adjacent the Silicon carbide 
Substrate, wherein the Semiconductor Structure has a 
Second conductivity type adjacent the mesa Surface, 
wherein the Semiconductor Structure has a junction 
between the first and Second conductivity types, and 
wherein the mesa is configured to provide at least one 
of current confinement or optical confinement for a 
light emitting device in the Semiconductor Structure. 

2. A light emitting device according to claim 1 wherein 
the junction is between the mesa base and the mesa Surface. 

3. A light emitting device according to claim 2 wherein 
the junction is no more than approximately 5 microns from 
the mesa base. 

4. A light emitting device according to claim 2 wherein 
the junction is no more than approximately 0.75 microns 
from the mesa base. 

5. A light emitting device according to claim 2 wherein 
the junction is at least approximately 0.05 microns from the 
mesa base. 

6. A light emitting device according to claim 5 wherein 
the junction is at least approximately 0.1 microns from the 
mesa base. 

7. A light emitting device according to claim 1 wherein 
the Semiconductor Structure includes a Semiconductor base 
layer between the mesa base and the Silicon carbide Sub 
Strate wherein the junction is between a Surface of the base 
layer opposite the Silicon carbide Substrate and the Silicon 
carbide Substrate. 

8. A light emitting device according to claim 7 wherein 
the junction is no more than approximately 0.4 microns from 
the Surface of the base layer opposite the Silicon carbide 
Substrate. 

9. A light emitting device according to claim 8 wherein 
the junction is no more than approximately 0.2 microns from 
the Surface of the base layer opposite the Substrate. 

10. A light emitting device according to claim 7 wherein 
the junction is at least approximately 0.05 microns from the 
Surface of the base layer opposite the Substrate. 

11. A light emitting device according to claim 10 wherein 
the junction is at least approximately 0.1 microns from the 
Surface of the base layer opposite the Substrate. 

12. A light emitting device according to claim 1 wherein 
the Semiconductor Structure comprises a Group III-V Semi 
conductor material. 

13. A method of forming a light emitting device, the 
method comprising: 

forming a Silicon carbide Substrate; and 
forming a Semiconductor Structure on the Substrate, the 

Semiconductor Structure including a mesa having a 
mesa base adjacent the Substrate, a mesa Surface oppo 
Site the Substrate, and mesa Sidewalls between the mesa 
Surface and the mesa base, wherein the Semiconductor 
Structure has a first conductivity type adjacent the 
Silicon carbide Substrate, wherein the Semiconductor 
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Structure has a Second conductivity type adjacent the 
mesa Surface, wherein the Semiconductor Structure has 
a junction between the first and Second conductivity 
types, and wherein the mesa is configured to provide at 
least one of current confinement or optical confinement 
for a light emitting device in the Semiconductor Struc 
ture. 

14. A method according to claim 13 wherein the junction 
is between the mesa base and the mesa Surface. 

15. A method according to claim 14 wherein the junction 
is no more than approximately 5 microns from the mesa 
base. 

16. A method according to claim 14 wherein the junction 
is no more than approximately 0.75 microns from the mesa 
base. 

17. A method according to claim 14 wherein the junction 
is at least approximately 0.05 microns from the mesa base. 

18. A method according to claim 17 wherein the junction 
is at least approximately 0.1 microns from the mesa base. 

19. A method according to claim 13 wherein the semi 
conductor Structure includes a Semiconductor base layer 
between the mesa base and the Silicon carbide Substrate 
wherein the junction is between a Surface of the base layer 
opposite the Silicon carbide Substrate and the Silicon carbide 
Substrate. 

20. A method according to claim 19 wherein the junction 
is no more than approximately 0.4 microns from the Surface 
of the base layer opposite the Silicon carbide Substrate. 

21. A method according to claim 20 wherein the junction 
is no more than approximately 0.2 microns from the Surface 
of the base layer opposite the Substrate. 

22. A method according to claim 19 wherein the junction 
is at least approximately 0.05 microns from the surface of 
the base layer opposite the Substrate. 

23. A method according to claim 22 wherein the junction 
is at least approximately 0.1 microns from the Surface of the 
base layer opposite the Substrate. 

24. A method according to claim 13 wherein the Semi 
conductor Structure comprises a Group III-V Semiconductor 
material. 

25. An electronic device comprising: 

a Substrate; and 

a Semiconductor mesa on the Substrate, the Semiconductor 
mesa having a mesa base adjacent the Substrate, a mesa 
Surface opposite the Substrate, and mesa Sidewalls 
between the mesa Surface and the mesa base, wherein 
the Semiconductor mesa has a first conductivity type 
between the mesa base and a junction, wherein the 
junction is between the mesa base and the mesa Surface, 
and wherein the Semiconductor mesa has a Second 
conductivity type between the junction and the mesa 
Surface. 

26. An electronic device according to claim 25 wherein 
the Semiconductor mesa is configured to provide at least one 
of optical confinement or current confinement for a light 
emitting device in the Semiconductor mesa. 

27. An electronic device according to claim 25 wherein 
the Substrate comprises a Silicon carbide Substrate. 

28. An electronic device according to claim 25 wherein 
the junction comprises a physical location where doping of 
the Second conductivity type begins. 
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29. An electronic device according to claim 25 wherein 
the first conductivity type comprises N-type and wherein the 
Second conductivity type comprises P-type. 

30. An electronic device according to claim 25 wherein 
the Semiconductor mesa comprises a Group III-V Semicon 
ductor material. 

31. An electronic device according to claim 30 wherein 
the Semiconductor mesa comprises a Group III-nitride Semi 
conductor material. 

32. An electronic device according to claim 25 wherein 
the junction is no more that approximately 5 microns from 
the mesa base. 

33. An electronic device according to claim 32 wherein 
the junction is no more than approximately 0.75 microns 
from the mesa base. 

34. An electronic device according to claim 25 wherein 
the junction is at least 0.05 microns from the mesa base. 

35. An electronic device according to claim 34 wherein 
the junction is at least 0.1 microns from the mesa base. 

36. An electronic device according to claim 25 wherein 
the Semiconductor mesa has a thickness in the range of 
approximately 0.1 microns to 5 microns. 

37. An electronic device according to claim 25 further 
comprising: 

a Semiconductor base layer between the Substrate and the 
Semiconductor mesa, wherein the Semiconductor base 
layer has the first conductivity type throughout. 

38. An electronic device according to claim 37 wherein 
the Semiconductor base layer has a thickness no greater than 
approximately 5 microns. 

39. An electronic device according to claim 37 wherein 
each of the Semiconductor base layer and the Semiconductor 
mesa comprise a Group III-V Semiconductor material. 

40. An electronic device according to claim 25 wherein 
the Substrate comprises a conductive material. 

41. An electronic device according to claim 40 wherein 
the Substrate comprises a conductive Semiconductor mate 
rial. 

42. An electronic device according to claim 41 wherein 
the conductive Semiconductor material comprises at least 
one of gallium nitride and/or Silicon carbide. 

43. An electronic device comprising: 
a Substrate; 

a Semiconductor base layer on the Substrate, wherein the 
Semiconductor base layer has a first conductivity type 
between the Substrate and a junction, wherein the 
junction is between the Substrate and a Surface of the 
base layer opposite the Substrate, and wherein the 
Semiconductor base layer has a Second conductivity 
type between the junction and the Surface of the base 
layer opposite the Substrate; and 

a Semiconductor mesa on the Surface of the base layer 
opposite the Substrate, the Semiconductor mesa having 
a mesa Surface opposite the Semiconductor base layer 
and mesa Sidewalls between the mesa Surface and the 
base layer, wherein the Semiconductor mesa has the 
Second conductivity type throughout. 

44. An electronic device according to claim 43 wherein 
the Semiconductor mesa is configured to provide at least one 
of optical confinement or current confinement for a light 
emitting device in the Semiconductor base layer and Semi 
conductor mesa. 
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45. An electronic device according to claim 43 wherein 
the Substrate comprises a Silicon carbide Substrate. 

46. An electronic device according to claim 43 wherein 
the junction comprises a physical location where doping of 
the Second conductivity type begins. 

47. An electronic device according to claim 43 wherein 
the first conductivity type compriseS N-type and wherein the 
Second conductivity type comprises P-type. 

48. An electronic device according to claim 43 wherein 
each of the Semiconductor mesa and the Semiconductor base 
layer comprises a Group III-V Semiconductor material. 

49. An electronic device according to claim 43 wherein 
each of the Semiconductor mesa and the Semiconductor base 
layer comprises a Group III-nitride Semiconductor material. 

50. An electronic device according to claim 43 wherein 
the junction is no more that approximately 0.4 microns from 
the Surface of the base layer opposite the Substrate. 

51. An electronic device according to claim 43 wherein 
the junction is no more than approximately 0.2 microns from 
the Surface of the base layer opposite the Substrate. 

52. An electronic device according to claim 43 wherein 
the junction is at least approximately 0.05 microns from the 
Surface of the base layer opposite the Substrate. 

53. An electronic device according to claim 52 wherein 
the junction is at least approximately 0.1 microns from the 
Surface of the base layer opposite the Substrate. 

54. An electronic device according to claim 43 wherein 
the Semiconductor mesa has a thickness in the range of 
approximately 0.1 microns to 5 microns. 

55. An electronic device according to claim 43 wherein 
the Semiconductor base layer has a thickness no greater than 
approximately 5 microns. 

56. An electronic device according to claim 43 wherein 
the Substrate comprises a conductive material. 

57. An electronic device according to claim 56 wherein 
the Substrate comprises a conductive Semiconductor mate 
rial. 

58. An electronic device according to claim 57 wherein 
the conductive Semiconductor material comprises at least 
one of gallium nitride and/or Silicon carbide. 

59. A method of forming an electronic device, the method 
comprising: 

forming a Semiconductor mesa on a Substrate, the Semi 
conductor mesa having a mesa base adjacent the Sub 
Strate, a mesa Surface opposite the Substrate, and mesa 
Sidewalls between the mesa Surface and the mesa base, 
wherein the Semiconductor mesa has a first conductiv 
ity type between the mesa base and a junction, wherein 
the junction is between the mesa base and the mesa 
Surface, and wherein the Semiconductor mesa has a 
Second conductivity type between the junction and the 
mesa Surface. 

60. A method according to claim 59 wherein the semi 
conductor mesa is configured to provide at least one of 
optical confinement or current confinement for a light emit 
ting device in the Semiconductor mesa. 

61. A method according to claim 59 wherein the substrate 
comprises a Silicon carbide Substrate. 

62. A method according to claim 59 wherein the junction 
comprises a physical location where doping of the Second 
conductivity type begins. 

63. A method according to claim 59 wherein the first 
conductivity type compriseS N-type and wherein the Second 
conductivity type comprises P-type. 
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64. A method according to claim 59 wherein the semi 
conductor mesa comprises a Group III-V Semiconductor 
material. 

65. A method according to claim 64 wherein the semi 
conductor mesa comprises a Group III-nitride Semiconduc 
tor material. 

66. A method according to claim 59 wherein the junction 
is no more that approximately 5 microns from the mesabase. 

67. A method according to claim 59 wherein the junction 
is no more than approximately 0.75 microns from the mesa 
base. 

68. A method according to claim 59 wherein the junction 
is at least 0.05 microns from the mesa base. 

69. A method according to claim 63 wherein the junction 
is at least 0.1 microns from the mesa base. 

70. A method according to claim 59 wherein the semi 
conductor mesa has a thickness in the range of approxi 
mately 0.1 microns to 5 microns. 

71. A method according to claim 59 wherein forming the 
Semiconductor mesa comprises forming a layer of a Semi 
conductor material on the Substrate, forming a mask on the 
layer of the Semiconductor material, and etching portions of 
layer of the Semiconductor material exposed by the mask 
wherein a depth of etching defines a thickness of the mesa. 

72. A method according to claim 59 further comprising: 
forming a Semiconductor base layer between the Substrate 

and the Semiconductor mesa, wherein the Semiconduc 
tor base layer has the first conductivity type throughout. 

73. A method according to claim 72 wherein forming the 
Semiconductor mesa and forming the Semiconductor base 
layer comprise forming a layer of a Semiconductor material 
on the Substrate, forming a mask on the layer of the 
Semiconductor material, and etching portions of layer of the 
Semiconductor material exposed by the mask wherein a 
depth of etching defines a thickness of the mesa. 

74. A method according to claim 73 wherein the layer of 
the Semiconductor material includes a junction at a junction 
depth and wherein the depth of etching of the layer of the 
Semiconductor material is greater than the junction depth. 

75. A method according to claim 72 wherein the semi 
conductor. base layer has a thickness no greater than 
approximately 5 microns. 

76. A method according to claim 72 wherein each of the 
Semiconductor base layer and the Semiconductor mesa com 
prise a Group III-V Semiconductor material. 

77. A method according to claim 59 wherein the substrate 
comprises Silicon carbide. 

78. A method of forming an electronic device, the method 
comprising: 

forming a Semiconductor base layer on a Substrate, 
wherein the Semiconductor base layer has a first con 
ductivity type between the Substrate and a junction, 
wherein the junction is between the Substrate and a 
Surface of the base layer opposite the Substrate, and 
wherein the Semiconductor base layer has a Second 
conductivity type between the junction and the Surface 
of the base layer opposite the Substrate; and 

forming a Semiconductor mesa on the Surface of the base 
layer opposite the Substrate, the Semiconductor mesa 
having a mesa Surface opposite the Semiconductor base 
layer and mesa Sidewalls between the mesa Surface and 
the base layer, wherein the Semiconductor mesa has the 
Second conductivity type throughout. 
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79. A method according to claim 78 wherein the semi 
conductor mesa is configured to provide at least one of 
optical confinement or current confinement for a light emit 
ting device in the Semiconductor base layer and Semicon 
ductor mesa. 

80. A method according to claim 78 wherein the. Substrate 
comprises a Silicon carbide Substrate. 

81. A method according to claim 78 wherein the junction 
comprises a physical location where doping of the Second 
conductivity type begins. 

82. A method according to claim 78 wherein the first 
conductivity type compriseS N-type and wherein the Second 
conductivity type comprises P-type. 

83. A method according to claim 78 wherein each of the 
Semiconductor mesa and the Semiconductor base layer com 
prises a Group III-V Semiconductor material. 

84. A method according to claim 83 wherein each of the 
Semiconductor mesa and the Semiconductor base layer com 
prises a Group III-nitride Semiconductor material. 

85. A method according to claim 78 wherein the junction 
is no more that approximately 0.4 microns from the Surface 
of the base layer opposite the Substrate. 

86. A method according to claim 78 wherein the junction 
is no more than approximately 0.2 microns from the Surface 
of the base layer opposite the Substrate. 
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87. A method according to claim 78 wherein the junction 
is at least approximately 0.05 microns from the surface of 
the base layer opposite the Substrate. 

88. A method according to claim 87 wherein the junction 
is at least approximately 0.1 microns from the Surface of the 
base layer opposite the Substrate. 

89. A method according to claim 78 wherein the semi 
conductor mesa has a thickness in the range of approxi 
mately 0.1 microns to 5 microns. 

90. A method according to claim 78 wherein the semi 
conductor base layer has a thickness no greater than approxi 
mately 5 microns. 

91. A method according to claim 78 wherein the substrate 
comprises Silicon carbide. 

92. A method according to claim 78 wherein forming the 
Semiconductor mesa and forming the Semiconductor base 
layer comprise forming a layer of a Semiconductor material 
on the Substrate, forming a mask on the layer of the 
Semiconductor material, and etching portions of layer of the 
Semiconductor material exposed by the mask wherein a 
depth of etching defines a thickness of the mesa. 

93. A method according to claim 92 wherein the layer of 
the Semiconductor material includes a junction at a junction 
depth and wherein the depth of etching of the layer of the 
Semiconductor material is less than the junction depth. 
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