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GROUP III NITRIDE PHOTONIC DEVICES ON SILICON CARBIDE SUBSTRATES WITH CONDUCTIVE BUFFER

47-

An optoelectronic device with a Group III nitride active layer is disclosed that compnses a silicon carbide substrate; an optoelectronic

diode with a Group III nitride active layer; a buffer structure selected from the group consisting of galllium nitride and indium gallium nitride
between the silicon carbide substrate and the optoelectronic diode; and a stress—absorbing structure comprising a plurahty of predetermined
| stress-relieving areas within the crystal structure of the buffer structure, so that stress—-induced cracking that occurs in the buffer structure
occurs at predetermined areas rathen than elsewhere in the buffer structure.
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Group III Nitride Photonic Devices on Silicon Carbide Substrates with
‘ Conductive Buffer Interlayer Structure

Field of the Invention

This invention relates to photonic devices in wide bandgap materials, and in
particular relates to photonic devices formed with Group III nitride active layers on

silicon carbide substrates.

Backgr_gund of the Invention

The semiconductor materials with wide bandgaps such as diamond, silicon
carbide, and gallium nitride have become of significant interest in recent years
because their wide bandgap characteristics provide them with the capability to emit
light of higher energy (with correspondingly higher frequency and shorter
wavelength) than do other semiconductor materials such as silicon or gallium
arsenide. In particular, silicon carbide, gallium nitride, and certain other Group 111
nitrides have bandgaps large enough to produce visible light throughout the visible
spectrum, including the higher-energy blue portion. They thus provide the basis for
semiconductor lasers and light emitting diodes (LEDs) with blue and green emissions.

Of these materials, gallium nitride is of particular interest because 1t 1s a direct

semiconductor, i.e., the transition from the valence band to the conduction band does

- not require a change' in crystal momentum for the electron. As a result, the transition

produces light very efficiently. In contrast silicon carbide is an indirect
semiconductor; the bandgap transition energy is given off partly as a photon and
partly as vibrational energy. Thus, gallium nitride offers the advantage that for a
given operating voltage and current, 1t will produce light more efficiently than silicon
carbide

' As with other semiconductor materials, however, the first step in forming a

workable photonic devise is to build-up or otherwise obtain a suitable crystal structure

with the desired active layer. Because of the differences in the structural
characteristics of semiconductor materials, however, particularly their crystal lattice
structures, the materials which will workably support Group III nitride active layer
devices are somewhat limited.

Presently, commercially available structures for a light emitting diode

photonic device are formed of a gallium nitride or related Group 111 nitride active
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layer on-a sapphire substrate. Sapphire (A1,03) provides a relatively clese lattice

match to Group'III nitrides, but also suffers certain disadvantages, the most limiting
of which 1s 1ts electrically insulating character. Thus, when Group III nitride active
and buffer Iayers' (i.e., the intermediate layers that provide a crystal structure ‘
transition from the substrate to the active layer) are built on sapphire, the sapphire

cannot be used as a conductive pathway to the active portions of the device. This

limits the type of devices that can be designed and produced on sapphire, and in

particular limits the ability to form “vértical” devices in which the device contacts can
be placed on opposite surfaces of the device with a direct conductive path through the
substrate, buffers, and active layer. and the other contacts on the opposite of the

device.

Accordingly, interest, including that of the assignee of the present invention,

~ has focused upon the use of other materials as substrate candidates for Group III

nitride photonic devices. Silicon carbide (SiC) is a particularly attractive candidate
because it can be made conductive, has a lattice match that can be appropriately
buffered to a Group III nitride active layer, and has excellent thermal and mechanical
stability.

Neverthéless, silicon carbide’s crystal lattice structure 1s such that some of the
best candidates for an appropriate Group III buffer layer on a silicon carbide substrate

are insulating rather than conductive. Thus, although the silicon carbide substrate can

be made conductive, some of the preferred buffer layers between silicon carbide

substrates and Group III active layer photonic devices remain msulating, thus

minimizing the advantages of the conductive silicon carbide substrate.

For example, aluminum nitride (AIN) provides an excellent bufier between a
silicon carbide substrate and a Group IIT active layer, particularly a gallium nitride
active layer. Aluminum nitride is, however, insulating rather than conductive. Thus,
structures with aluminum nitride buffer layers require shorting contacts that bypass
the aluminum nitride buffer to electrically link the conductive silicon carbide
substrate to the Group III nitride active layer. As noted above such shorting contacts

preclude some of the more advantageous device designs.

Alternatively, conductive buffer layer materials such as gallium nitride (GaN),

aluminum gallium nitride (AlGaN), or combinations of gallium nitride and aluminum

CA 02305203 2000-04-04
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gallium nitride can eliminate the shorting contacts. In tum, eliminating the shorting
contact reduces the epitaxial layer thickness, decreases the number of fabrication steps
requited to produce devices, reduces the averall chip size, and increases the device
efficiency. Accordingly, Group III nitride devices can be produced at lower cost with
a higher performance.

Nevertheless, although these conductive buffer materials offer these
advantages, their crystal lattice match with silicon carbide is less satisfactory than is
that of aluminum nitride., Accordingly, when epitaxial buffer layers of gallium
nitride, aluminum gallium nitride, or combinations thereof are grown on silicon
carbide substrates, they tend to produce excessive cracking in subsequent epilayers
that are required for photonic devices such as Light-emutting diodes or laser diodes.

Some devices comprising gallium nitride and silicon carbide substrates are
known. For example, IP-A-6 326 416 discusses a compound semiconductor element
utlizing a silicon carbide substrare, a gallium nitride buffer layer and an undoped
gallum aluminum indium nitride active layer. However, such a device is mcapable of
fully utilizing the favorable electronic characteristics of gallium nitride and the
gallium nitride buffer layer is subject to cracking. Similarly, WO 96/24167 discusses
a light emitting semiconductor laser comprising a gallium nitride active Jayer
scparated from a silicon carbide substrate by a multilayered buffer that may contain
galllum nitride. .

Researchers have proposed various solutions to the cracking problem. For
example, WO 90/10950 discusses a method for growing a single crystal, solid state
device onto a mismatched substrate by growing a secondary substrate on the primary
substrate. The secondary substrate is obrained by growing an epilayer divided into
mesas onto the primary substrate followed by annealing. This method, however,
serves primarily to direct cracking into non-critical areas rather than reduce or
eliminate cracking.

EP-A-0 352 472 discusses heteroepiraxy of lattice-mismatched semiconductor
materials. In EP-A-0 352-472 a protruding grid is placed on a silicon substrate, A

lartice-mismatched semiconductor material, such as GaAs, is then deposited on both
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the exposed silicon and the protruding grid. This method also serves primarily to

direct cracking into non-critical areas rather than reduce or eliminate cracking.

S Thus, there exists a need for a buffer Structure that offers the crystal lattice

match advantages of aluminum nitride and yet which at the same time offers the

conductivity advantages of gallium nitride or aluminum gallium nitride and that can

be used in conjunction with conductive silicon carbide substrates rather than
insulating sapphire substrates.

Object and Summ ary of the Inventicn

Therefore, it is an object of the present invention 1o produce photonic devices
and their wafer precursors,

10

with a Group I nitride active layer, a conductive silicon

carbide substrate, and a conductive buffer layer, but that avoids the cracking and other

problems that have to date hindered such combinations of materials and layers,

15 The invention meets this object with a photonic device with a Group ITT nitride

active layer which comprises a silican carbide substrate, an optoelectronic diode with
a4 Group III nitride active layer, and a buffer structure berween
substrate and the optoelectronic diode in which

the silicon carbide

the buffer structure is both conductive

and which provides the appropriate crystalline properties.

20

In one aspect, the buffer structure is selected from the Group consisting of

gallium nitride and indium gallium nitride (InGaN), and incorporates a stress

absorbing structure comprising a plurality of predetermined stress relieving areas
within the crystal structure of the buffer layer so that stress induced cracking that
occurs in the buffer occurs at the predetermined areas rather than elsewhere

22  Dbuffer.

in the

30
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In another aspect, the buffer layer includes a plurality of discrete crystal
portions selected from the group consisting ot gallium nitride and indium gallium
nitride on the surface of the silicon carbide substrate for minimizing or eliminating the
heterobarrier between silicon carbide and aluminum gallium nitride buffer structure.

Accordingly, in one aspect of the present invention there is provided a wafer
precursor for Group III nitride devices comprising:

a silicon carbide substrate wafer comprising a predetermined pattern of
grooves in the surface of said silicon carbide substrate;

a buffer layer on said substrate, said buffer layer selected from the group
consisting of gallium nitride and indium gallium nitride; and
a plurality of stress-absorbing crystal discontinuities grown within said buffer layer in
positions that track said predetermined pattern of grooves in said substrate, so that the
minimal degree of stress-induced cracking occurs in said buffer layer along said
predetermined pattern rather than elsewhere in said butter structure.

According to another aspect of the present invention there is provided a wafer
precursor for vertically conductive_Group III nitride devices comprising:

3 silicon carbide substrate wafer comprising a predetermined pattern of stress-
absorbing mesa structures formed of a material that is resistive to the growth of a
buffer material and a conductively doped buffer layer deposited on the exposed
surface of said substrate.

According to yet another aspect of the present invention there i1s provided a
method of producing a Group III nitride optoelectronic device on a silicon carbide
substrate comprising:

forming a predetermined pattern of grooves on the surface of a silicon carbide
substrate that has otherwise been prepared for crystal growth thereon;

forming a buffer layer selected from the group consisting ot gallium nitride
and indium gallium nitride on the patterned surface of the silicon carbide substrate so
that the buffer layer grows stress-absorbing discontinuities in the crystal structure ot
the buffer layer that track the predetermined pattern in the surface of the silicon

carbide substrate; and

forming an optoelectronic device with a Group III nitride active layer on the

buffer layer.
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According to still yet another aspect of the present invention there is provided

method of producing a Group III nitride optoelectronic device on a silicon carbide

substrate comprising;:

forming a predetermined pattern of mesa structures on the surface of the
silicon carbide substrate from a material that 1s resistive to the growth of a buffer
matenal;

forming a conductively doped_buffer layer on the exposed surface of the
silicon carbide substrate; and
forming an optoelectronic device with a Group III nitride active layer on the buffer

layer.

The foregoing, and other objects and advantages of the invention, and the
manner of accomplishing the same will become clearer when taken 1n conjunction

with the accompanying detailed description and drawings in which:

Brief Description of the Drawings

Figure 1 is across-sectional view of a prior-art diode with a shorting ring

contact;

Figure 2 1s a cross-sectional view of a vertical diode that can be produced to
the present invention,;

Figure 3 is an enlarged schematic view of a pixel formed according to the
present invention;

Figure 4 is a schematic view of a display that includes a parality of pixels that
incorporates structures according to the present invention;

Figure 5 is a schematic view of a silicon carbide wafer that incorporates the
stress relieving structure according to the present invention;

Figure 6 is a cross-sectional view of the wafer of Figure 5;

Figure 7 is a cross-sectional view of the wafer of Figure 5 and showing in
schematic view a buffer layer grown thereon;

Figure 8 is a cross-sectional view of a wafer incorporating second

embodiment of the invention;

Figure 9 is a cross-sectional view identical to Figure 3 but showing additional

crystal growth thereon,
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Figure 10 is a 10X magnification photo from a scanning election microscope

(SEM) of an epilayer that does not incorporate the present invention;

Figure 11 is an 10X SEM photo showing an epilayer according to the present
invention;

Figure 12 is another 10X SEM photo showing an epilayer according to the

present invention;

Figure 13 is a 50X SEM photo of an epilayer similar to Figure 12;
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Figure 14 is 2 100X SEM photo of an epilayer according to the present
invention:
F 1igure 15 is another 100X SEM photo showing another epilayer that does not

Incorporate the present invention;

Figures 16, 1s a 15,000X SEM photo of a second embodiment of the invention;

3

and

Figure 17 1s a 50,000X SEM photo of the second embodiment.
Detailed Description

Figure 1 1s a cross-sectional view of a prior art device that 1s broadly
designated at 20. As illustrated in Figure 1, the device 20 includes a silicon carbide
substrate 21, a contact 22 to the “back’” of the substrate 21, a Group III nitride active

layer 23, a buffer layer 24 which 1s insulating rather than conductive, shorting

contacts 25 for providing electrical contact between the conductive silicon buffer 21

and the active layer 23, and a top contact 26 for completing the circuit and permitting
current to flow through the device in operation.

Figure 2 shows the manner :n which the present invention provides for a more
compact device. In Figure 2 the device 1s broadly designated at 30, and includes a -
conductive silicon carbide substrate 31, a back contact 32, an active layer 33 and a
conductive buffer structure 34, along with a top contact 35. The invention thus
eliminates the shorting contacts (tvplcallv shorting ring contacts) 25 of the device of
Figure 1. As aresult, the devme 30 1is easier to manufacture and more efficient in
operation. It will be understood that the active layer 33 as discussed herein can
represent a device with a single p-n junction, a single or double p-n heterojunction or

a p-n junction quantum well structure. Such structures are described in a number of

prior U.S. patents including Nos. 5,393,993 and 5,592,501, and will not be otherwise
discussed in detail herein other than to further illustrate the nresent invention.

Figure 3 illustrates that the device 30 according to the present invention can be
incorporated with similar devices of different emitting wavelengths, 1n particular a red
emitting diode 36 and a green emitting diode 37, as part of a three-color pixel broadly
designated at 40 which in turn can be one of a plurality of such pixels in a display 41.

The vertical 42 and horizontal 43 lines shown schematicallv in Figure 4 represent the

CA 02305203 2000-04-04
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rows and columns of pixels typically used in displays that incorporate light emitting
diodes. | .

In its first aspect, the invention is a photonic device with a Group 1T nitride
active layer that comprisés a silicon carbide substrate 31, a photonic diode with a

5  Group III nitride active layer 33, and a buffer structure 34 selected {rom the group
consisting of gallium nitride and indium gallium nitride between the silicon carbide
substrate 31 and the diode 33. In particular, the buffer structure incluces a stress
absorbing structure that is made up of a plurality of predetermined stress rehieving
areas within the crystal structure of the buffer structure 34 so that stress induced

10  cracking that occurs in the buffer structure occurs at the predetermined areas rather
than elsewhere 1n the structure.

Figure S1s a schématic view of a wafer that incorporates a plurality of device
precursors and that incorporates the stress absorbing structure of the present
invention. Figure 5 illustrates a wafer broadly designated at 44 on which is

15 superimposed a grid pattern of grooves 45. Figure 6 shows the same wafer 44 and

-grooves 45 in a cross-sectional orientation. When the next epitaxial iaycr 46 (Figure

7) is grown on the wafer 44 with its grooves 45, the surface of the epitaxial layer 46

tends to have a series of discontinuities 47 whose positions reflect the positions of the
grooves 45 that form the pattern in the wafer 44. These discontinuities 47 form areas

20- at which stress will relieve itself as the crystal lattice structure of the buifer layer 46
grows on the silicon carbide wafer 44. As a result, such stress resulting from lattice

mismatches (or other factors) occurs at intended rather than random positions, thus

permitting devices to be formed in the remaining areas without sigmificant risk of -
stress cracking.

25 ~ As noted above and illustrated in Figure 5, in one preferred embodiment the
predetermined pattern of stress relieving areas comprises a grid and the grid can
preferably be formed in any desired or necessary size that defines individual devices.
For example, where the individual devices will be light emitting diodes, a preferable
orid pattern defines squares of about 250 microns per side. Alternatively, for different

30  devices such as laser diodes, the grid can define rectangles of about 250 by 500

microns ().

CA 02305203 2000-04-04
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Figure 10 1s 2 SEM photograph taken at a 10X magnification (10 times actual

si1ze) that shows the extent to which cracking—seen as the somewhat triangular or
hexagonal patterns—can mar an epitaxial layer and render it defective or useless for |
photonic devices. .

5 - Figure 11 1s anothei' 10X SEM photograph and illustrates a grid pattern of
grooves 1n the epitaxial layer. In companson with Figure 10, the surface shown in
Figure 11 1s relaﬁvely free of cracking defects.

Figure 12 1s another 10X SEM photograph, and illustrates a smaller grnid
pattern. ' As with Figure 11, it is quite free of the cracks illustrated in Figure 10,
10 Figure 13 1s a 50X SEM photograph that particularly iTlustrates the advantages

of the invention. In Figure 13, one of the grid sections contains a large defect (in a

somewhat “X” shape). The defect ends, however, at the gric line and spoils only one

device (or device precursor) rather than a multi-device portion of the wafer.
Figure 14 is a 100X SEM photograph that similarly illustrates one defective
15  grid portion (in the lower right portion of the photograph) for which the defect ends at
the grid line rather than propagating further throughout the surface.
Figure 15 i1s 2 100X SEM photograph that again illustrates 2 surface that does

not incorporate any of the embodiments of the present invention. As with Figure 10,
the geometﬁc pattern of defects 1s quite evident.

20 In another embodiment, the stress absorbing structure can comprise a
predetermined pattern of small mesa structures that are best illustrated 1in Figures 8
and 9. In Figures 8 and 9 the silicon carbide substrate 1s designated at 50 and the

small mesa structures at 51. The mesa structures 51 are formed of a material upon
which the growth of the selected buffer material is disfavored. For a gallium nitride

25 - orindium gallium nitride buffer structure, the preferred materials are selected from
the group consisting of silicon dioxide, silicon nitride, and aluminum oxide.

Figure 9 illustrates the same structure as Figure 8, but with the buffer materal
grown as an epitaxial layer on the silicon carbide substrate 50. The épitaxial layer
portions are illustrated at 52. As Figure 9 illustrates, because growth of the buffer

30  material is disfavored on the mesas 51, the epitaxial layer 52 forms a pattern which
again exhibits predetermined stress-relieving discontinuity structures therebetween.

As in the previous embodi:méﬁi, the areas between the mesas can be tatlored to be

CA 02305203 2000-04-04
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about the same size as the individual device, which, as noted above, is on the order of
about 250 microns for LEDs and about 250 x 500 for laser diodes. It will be
understood, however, that the particular size of the pattern of either the grids or the

mesa structures is illustrative rather than limiting of the present invention.
It will be understood that although the wafer structures according to the

invention are particularly advantageous for optoelectronic devices, they are not
limited to such, and the superior structural properties are advantageous for other

devices formed upon the wafers.

As noted in the background portion, the optoelectronic device formed upon the
buffer layer, and as typically illustrated at 23 in Figure | and 33-1m Figure 2, 15
generally not a single layer, but rather is a multi-layer diode selected from the group
consisting of p-n homojunctions, p-n heterojunctions, p-n single and double
heterojunctions, and p-n junction quantum well structures.

In preferred embodiments, the silicon carbide substrate has a polytype selected
from the group consisting of the 3C, 4H, 6H, and ISRpolytypes. In the most
preferred embodiments, the Group III nitride active layer of the diode comprises

gallium nitride or indium gallium nitride.

Figures 16 through 18 illustrate another embodiment of the invention. In

-general, 1n schematic fashion, the overall structure is again illustrated by Figure 2 and

comprises the silicon carbide substrate 3 1, the photonic diode 33 and the butfer layer

34. In this embodiment, however, the buffer layer is aluminum gallium nitride rather
than gallium nitride or indium gallium nitride. This embodiment includes a plurality
of discrete crystal portions that appear as the white colored dots in Figure 16-18. The
discrete crystal portions are selected from the group of gallium nitride and indium
gallium nitride and are on the surface of the silicon carbide substrate for mnimizing

or eliminating the heterobarrier between the silicon carbide substrate 31 and the -

aluminum gallium nitride buffer structure 34.

In preferred embodiments, the discrete crystal portions are present in an

" amount sufficient to minimize or eliminate the heterobarrier but less than the amount

that would detrimentally affect or destroy the function of any resulting diode device

built on the silicon carbide substrate 31. As illustrated in the photographs of Figures

CA 02305203 2000-04-04
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16-18 the discrete crystal portions are present in an amount cf between about 40 and

60 per square micron.

Additionally, the sizes of the discrete crystal portions are preferably large
" enough to minimize or eliminate the heterobarrier, but smaller than a size that would
5  detrimentally affect or destroy the function of any resulting diode device built on the

silicon carbide substrate 31. In preferred embodiments, the discrete crystal portions

are between 0.01 and 0.1 microns in diameter.
As in the previous embodiments, the optoelectronic device 33 formed on the
buffer structure can comprise a light emitting diode or laser diode, and the resulting
10 light emitting diode can be incorporated into pixels which in turn can be incorporated
' into displays.
In preferred embodiments, the aluminum gallium nitride buffer layer has an

atomic fraction of aluminum of between about 10 and 15%.
In another aspect, the invention comprises the method of producing the Group
15 I nitride optoelectronic device on a silicon carbide substrate with a conductive butfer

structure. In its method aspects, the invention comprises forming a structural pattern

on the surface of a silicon carbide substrate that has otherwise been prepared for
crystal growth thereon; forming a buffer layer selected from the group consisting of
gallium nitride and indium gallium nitride on the patterned surface of the silicon
70  carbide substrate so that the buffer layer exhibits features that follow the pattern of
openings in the surface of the silicon carbide substrate; and thereafter forming a
optoelectronic device with a Group I nitride active layer on the buffer layer.
~ As described with respect to the structural aspects, the step of forming the
structural pattern can comprise forming a pattern of openings in the surface of the
25  silicon carbide substrate or forming a pattern of mesa structures on the surface of the
silicon carbide substrate.
When the pattern 1s formed of openings, the step of forming the openings can
‘comprise techniques such as reactive ion etching or masking and etching steps. Each
of these steps is relatively well understood for silicon carbide and will not be
30  otherwise described except to note, for example, U.S. Patents Nos. 4,865,685 and

4,981,551 describe exemplary dry etching procedures for silicon carbide.

CA 02305203 2000-04-04
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Where the mesa structures are incorporated, they are preferably selected from
the group consisting of silicon dioxide, silicon nitride, and aluminum oxide. As in the
structural environments, the optoelectronic device with the Group III active layer is

preferably formed of gallium nitride or indium gallium nitride.

As 1n the structural embodiments, the method of the invention can comprise

forming a light emitting diode or a laser diode, and when a light emitting is formed,

the method can further comprise incorporating the LED into a pixel, and the pixel into

a display.

In an alternative method aspect, the buffer structure of the invention structure

- 1s formed of aluminum gallium nitride on a silicon carbide substrate that has been

previously prepared by forming a plurality of discrete crystal portions selected from
the group cdnsisting of gallium nitride and indium gallium nitride on the silicon
carbide surface. Thereafter, the optoelectronic device with the Group III nitride active

layer 1s formed on the buffer layer.

As set forth in the structural aspects of the invention, the method comprises
forming discrete crystal portions of a size and 1n an amount that 1s suificient to
minimize or eliminate the heterobarrier, but less than sizes or amounts that would
detrimentally affect or destfoy the function of any resulting diode device built on the

silicon carbide substrate. In particular the invention provides a robust structure that

‘can withstand normally expected levels of electrostatic discharge.

In the second method aspect, the resulting device can be formed as a light

emitting diode so that the method can further comprise incorporating the LED pixel

and the pixel into a display. The method can alternatively comprise forming a laser

diode rather than an LED.

As in the other aspects of the invention, when the aluminum gallium nitride

buffer Iayer is used, it is preferably has an atomic fraction of aluminum of between

~ about 10 and 15%.

EXAMPLE

In a current process for producing conductive buffer LEDs and Laser Diodes,
GaN dots are first deposited. The purpose'of the GaN dots is to decrease the barrier
between the SiC substrate and the Si-doped AlGaN buffer layer. This is done at

considerably lower temperatures than are used for the other epitaxial layers in the
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structure. The si1ze and density of the dots are shown in Figures 16 and 17: Itis
important to keep the dots relatively small so the electrostatic discharge wﬂl not be
adversely affected. The GaN dots are deposited in about 6 seconds, and then
“capped”. with Si-d'oped Al 1o GagoN for about 15 seconds. The pufpo_se of this cap 1s
to prevent the dissociation of the GeN dots upon heating. In this material system,
adding any Al to GaN, i.e., Al.0GaN decreases the dissociation rate of the material
because AlGaN is more stable than GaN in an NHi/H; atmosphere. After the capping
bf the dots, the temperature is then ramped up to the buffer laver temperature,
Temperatures are allowed to. stabilize for 2 minutes after the ramp before
commencing buffer layer growth.

In a specific run, a SiC wafer i1s heated in an atmosphere of NH; and Hj, at 13
SLM and 15 SLM, respectively. These flows remain constant throughout the growth
of the GaN dots, the AlGaN cap, and the subsequent buffer layer. The temperature '
ramps up over the course of 10 minutes until the GaN dot temperature 1S reached
which is about 960°C. After allowing the temperature in the system to stabilize for
approximately 5 minutes, the dots are deposited by flowing 10 —15cc of trimethyl
gallium (TMG; -5°C, 600 torr) for about 6 seconds. In order to ensure that the dots
are conducting, SiHjy 1s alsc added with the TMG flow. The amount of SiH 4 1s
determined by growing a bulk GaN layer with a carrier concentration of about 1 x
10'8cm™. Immediately following the deposition of the GaN dots, the TMG and SiHy

continue to flow, but now with the addition of trimethyl aluininum (TMA, 92cc,
25°C, 600 torr). This leads to a “cap” of about 10-11% AlGaN. The growth time of
the cap is 15 seconds. The flows (TMG, TMA, and SiH,) are then terminated and the

~ temperature is ramped to the buffer temperature which is typically around 1060°C.

The temperature ramp is I minute and is followed by a 2 minute period during which

the temperature is allowed to stabilize. The buffer layer is then grown. Typical
conditions are 18cc TMG/110ccTMA/ .087cc SiHy. Buffer layers consist of
approximately 11-12% AlGaN and are typically between about 1600 and 2700 A
thick. .

In the drawings and specification, there have been disclosed typical

embodiments of the invention, and, although specific terms have been employed, they
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have been used in a generic and descriptive sense only and not for purposes of

limitation, the scope of the invention being set forth in the following claims.

Vd
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CLAIMS:

1. A wafer precursor for Group III nitride devices comprising:

a silicon carbide substrate wafer comprising a predetermined pattern of
grooves 1n the surface of said silicon carbide substrate;

a buffer layer on said substrate, said buffer layer selected from the group
consisting of gallium nmitride and indium gallium nitride; and

a plurality of stress-absorbing crystal discontinuities grown within said buffer
layer in positions that track said predetermined pattern of grooves 1n said substrate, so
that the minimal degree of stress-induced cracking occurs in said buffer layer along

said predetermined pattern rather than elsewhere 1n said buffer structure.

2. A wafer precursor according to claim 1 wherein said predetermined
pattern is selected from the group consisting of a grid that defines squares of about

250 microns per side; and a grid that defines rectangles of about 250 by 500 microns.

3. An optoelectronic device formed from the wafer precursor of claim 2

comprising an optoelectronic diode with a Group III nitride active layer.

4. An optoelectronic device according to claim 3 wherein said diode 1s
selected from the group consisting of p-n homojunctions, p-n single and double
heterojunctions, and p-n quantum junction well structures, and said silicon carbide

substrate has a polytype selected from the group consisting of the 3C, 4H, 6H, and
15R polytypes.

5. An optoelectronic device according to claim 3 wherein said Group III
nitride active layer is selected from the group consisting of gallium nitride and indium

gallium nitride.

6. A wafer precursor for vertically conductive_Group III nitride devices
comprising:
a silicon carbide substrate wafer comprising a predetermined pattern of stress-

absorbing mesa structures formed of a material that is resistive to the growth of a
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buffer material and a conductively doped buffer layer deposited on the exposed

surface of said substrate.

7. A wafer precursor according to claim 6 wherein said material that 1s
resistive to the growth of buffer material 1s selected from the group consisting of

silicon dioxide (S10,), silicon nitride and aluminum oxide.

8. A wafer precursor according to claim 6 wherein said buffer layer 1s

selected from the group consisting of gallium nitride and indium gallium nitride.

9. An optoelectronic device formed from the wafer precursor of claim 6

and further comprising an optoelectronic diode with a Group III nitride active layer.

10.  An optoelectronic device according to claim 9 wherein said diode 1s
selected from the group consisting of p-n homojunctions, p-n single and double
heterojunctions, and p-n quantum junction well structures, and said silicon carbide

substrate has a polytype selected from the group consisting of the 3C, 4H, 6H, and
15R polytypes.

11. .An optoelectronic device according to any one of claims 3 and 9
wherein said Group III nitride active layer is selected from the group consisting of

gallium nitride and indium gallium nitride.

12.  An optoelectronic device according to Claim 3 or 9 comprising a light

emitting diode.

13. A pixel that incorporates a light emitting diode according to Claim 12.

14. A display that incorporates a plurality of pixels according to Claim 13.

15.  An optoelectronic device according to any one of Claims 3 and 9

comprising a laser diode.
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16. A method of producing a Group III nitnide optoelectronic device on a
silicon carbide substrate comprising:

forming a predetermined pattern of grooves on the surface of a silicon carbide
substrate that has otherwise been prepared for crystal growth thereon;

forming a buffer layer selected from the group consisting of gallium nitride
and indium gallium nitride on the patterned surface of the silicon carbide substrate so
that the buffer layer grows stress-absorbing discontinuities in the crystal structure of
the buffer layer that track the predetermined pattern in the surface of the silicon
carbide substrate; and

forming an optoelectronic device with a Group III nitride active layer on the

buffer layer.

17. A method according to Claim 16 wherein the step of forming the

grooves comprises masking the surface of the silicon carbide substrate and thereafter

etching the masked surface to produce the pattern.

18. A method according to Claim 16 wherein the step of forming an
optoelectronic device with a Group III nitride active layer comprises forming a device
with an active layer selected from the group consisting of gallium nitride and indium

gallium nitride.

19. A method of producing a Group III nitride optoelectronic device on a

silicon carbide substrate comprising:

forming a predetermined pattern of mesa structures on the surface of the
silicon carbide substrate from a material that is resistive to the growth of a buffer

material;

forming a conductively doped_buffer layer on the exposed surface of the
silicon carbide substrate; and;

forming an optoelectronic device with a Group III nitride active layer on the

buffer layer.

20. A method according to claim 19 wherein said material that 1s resistive
to the growth of a buffer material is selected from the group consisting of silicon

dioxide, silicon nitride, and aluminum oxide.
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21. A method according to claim 19 wherein said buffer material is
selected from the group consisting of gallium nitride and indium gallium nitride.

22. A method according to Claim 19 wherein the step of forming an
optoelectronic device with a Group III nitride active layer comprises forming a device
with an active layer selected from the group consisting of gallium nitride and indium

gallium mtride.
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