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Description

Federally Sponsored Research

[0001] Thisinvention was made with Government sup-
port under Office of Naval Research Contract Nos.
NO00014-96-1-0765, N00014-98-1-0384, and
N00014-98-1-0654. The Government may have certain
rights to this invention.

Field of the Invention

[0002] This invention relates to microelectronic devic-
es and fabrication methods, and more particularly to gal-
lium nitride semiconductor devices and fabrication meth-
ods therefor.

Background of the Invention

[0003] Gallium nitride is being widely investigated for
microelectronic devices including but not limited to tran-
sistors, field emitters and optoelectronic devices. It will
be understood that, as used herein, gallium nitride also
includes alloys of gallium nitride such as aluminum gal-
lium nitride, indium gallium nitride and aluminum indium
gallium nitride.

[0004] A major problem in fabricating gallium nitride-
based microelectronic devices is the fabrication of gal-
lium nitride semiconductor layers having low defect den-
sities. It is known that one contributor to defect density
is the substrate on which the gallium nitride layer is
grown. Accordingly, although gallium nitride layers have
been grown on sapphire substrates, it is known to reduce
defect density by growing gallium nitride layers on alu-
minum nitride buffer layers which are themselves formed
on silicon carbide substrates. Notwithstanding these ad-
vances, continued reduction in defect density is desira-
ble.

[0005] Itisalso knownto fabricate gallium nitride struc-
tures through openings in a mask. For example, in fab-
ricating field emitter arrays, it is known to selectively grow
gallium nitride on stripe or circular patterned substrates.
See, for example, the publications by Nam et al. entitled
"Selective Growth of GaN and Al0.2Ga0.8N on GaN/AIN/
6H-SiC(0001) Multilayer Substrates Via Organometallic
Vapor Phase Epitaxy", Proceedings of the Materials Re-
search Society, December 1996, and "Growth of GaN
and Al0.2Ga0.8N on Patterened Substrates via Organo-
metallic Vapor Phase Epitaxy", Japanese Journal of Ap-
plied Physics., Vol. 36, Part 2, No. 5A, May 1997, pp.
L532-L535. As disclosed inthese publications, undesired
ridge growth or lateral overgrowth may occur under cer-
tain conditions.

[0006] Published PCT Application WO 98/47170 de-
scribes a method of growing a nitride semiconductor
crystal having very few crystal defects and capable of
being used as a substrate, comprising the step of forming
a first selective growth mask equipped with a plurality of
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first windows for selectively exposing the surface of a
support on the support having a main plane and including
different kinds of substrates made of materials different
from those of a nitride semiconductor, and the step of
growing the nitride semiconductor, by using a gaseous
Group Il element source and a gaseous nitrogen source,
until portions of the nitride semiconductor crystal growing
in adjacent windows from the surface of the support ex-
posed from the window join with one another on the upper
surface of the selective growth mask.

Summary of the Invention

[0007] Itistherefore an object of the present invention
to provide improved methods of fabricating gallium nitride
semiconductor layers, and improved gallium nitride lay-
ers so fabricated.

[0008] It is another object of the invention to provide
methods of fabricating gallium nitride semiconductor lay-
ers that can have low defect densities, and gallium nitride
semiconductor layers so fabricated.

[0009] These and other objects are provided, accord-
ing to the present invention as set out in the appended
claims, by masking an underlying gallium nitride layer on
a silicon carbide substrate with a capping layer that in-
cludes an array of openings therein and etching the un-
derlying gallium nitride layer through the array of open-
ings to define a plurality of posts in the underlying gallium
nitride layer and a plurality of trenches therebetween.
The posts each include a sidewall and a top having the
mask thereon. The sidewalls of the posts are laterally
grown into the trenches to thereby form a gallium nitride
semiconductor layer. During this lateral growth, the mask
prevents nucleation and vertical growth from the tops of
the posts. Accordingly, growth proceeds laterally into the
trenches, suspended from the sidewalls of the posts. This
form of growth is referred to herein as pendeoepitaxy
from the Latin "to hang" or "to be suspended". Microe-
lectronic devices may be formed in the gallium nitride
semiconductor layer.

[0010] According to another aspect of the invention,
the sidewalls of the posts are laterally grown into the
trenches until the laterally grown sidewalls coalesce in
the trenches to thereby form a gallium nitride semicon-
ductor layer. The lateral growth from the sidewalls of the
posts may be continued so that the gallium nitride layer
grows vertically through the openings in the mask and
laterally overgrows onto the mask on the tops of the
posts, to thereby form a gallium nitride semiconductor
layer. The lateral overgrowth can be continued until the
grown sidewalls coalesce on the mask to thereby form a
continuous gallium nitride semiconductor layer. Microe-
lectronic devices may be formed in the continuous gal-
lium nitride semiconductor layer.

[0011] It has been found, according to the present in-
vention, that dislocation defects do not significantly prop-
agate laterally from the sidewalls of the posts, so that the
laterally grown sidewalls of the posts are relatively defect-
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free. Moreover, during growth, it has been found that sig-
nificantvertical growth on the top of the postsis prevented
by the mask so that relatively defect-free lateral growth
occurs from the sidewalls onto the mask. Significant nu-
cleation on the top of the posts also preferably is pre-
vented. The overgrown gallium nitride semiconductor
layer is therefore relatively defect-free.

[0012] Accordingly, the mask functions as a capping
layer on the posts that forces the selective homoepitaxial
growth of gallium nitride to occur only on the sidewalls.
Defects associated with heteroepitaxial growth of the gal-
lium nitride seed layer are pinned under the mask. By
using a combination of growth from sidewalls and lateral
overgrowth, a complete coalesced layer of relatively de-
fect-free gallium nitride may be fabricated over the entire
surface of a wafer in one regrowth step.

[0013] The pendeoepitaxial gallium nitride semicon-
ductor layer may be laterally grown using metalorganic
vapor phase epitaxy (MOVPE). For example, the lateral
gallium nitride layer may be laterally grown using triethyl-
gallium (TEG) and ammonia (NH3) precursors at about
1000-1100°C and about 45 Torr (about 6x104 Pa). Pref-
erably, TEG at about 13-39umol/min and NH5 at about
1500 sccm are used in combination with about 3000 sccm
H, diluent. Most preferably, TEG at about 26p.mol/min,
NH; at about 1500 sccm and H, at about 3000 sccm at
a temperature of about 1100°C and about 6 x 104 Pa
(about 45 Torr) are used. The underlying gallium nitride
layer preferably is formed on a substrate such as 6H-SiC
(0001), which itself includes a buffer layer such as alu-
minum nitride thereon. Other buffer layers such as gal-
lium nitride may be used. Multiple substrate layers and
buffer layers also may be used.

[0014] The underlying gallium nitride layer including
the sidewall may be formed by forming trenches in the
underlying gallium nitride layer, such that the trenches
define the sidewalls. Alternatively, the sidewalls may be
formed by forming masked posts on the underlying gal-
lium nitride layer, the masked posts including the side-
walls and defining the trenches. A series of alternating
trenches and masked posts is preferably formed to form
a plurality of sidewalls. The posts are formed such that
the top surface and not the sidewalls are masked. As
described above, trenches and/or posts may be formed
by masking and selective etching. Alternatively, selective
epitaxial growth, combinations of etching and growth, or
other techniques may be used. The mask may be formed
onthe posttops after formation of the posts. The trenches
may extend into the buffer layer and/or into the substrate
so that the trench floors are in the buffer layer and pref-
erably are in the silicon carbide substrate.

[0015] The sidewalls of the posts in the underlying gal-
lium nitride layer are laterally grown into the trenches, to
thereby form a lateral gallium nitride layer of lower defect
density than that of the underlying gallium nitride layer.
Some vertical growth may also occur in the trenches,
although vertical growth from the post tops is reduced
and preferably suppressed by the mask thereon. The lat-
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erally grown gallium nitride layer is vertically grown
through the openings in the mask while propagating the
lower defect density. As the height of the vertical growth
extends through the openings in the mask, lateral growth
over the mask occurs while propagating the lower defect
density to thereby form an overgrown lateral gallium ni-
tride layer on the mask.

[0016] Gallium nitride semiconductor structures ac-
cording to the invention comprise a silicon carbide sub-
strate and a plurality of gallium nitride posts on the silicon
carbide substrate. The posts each include a sidewall and
a top and define a plurality of trenches therebetween. A
capping layeris provided on the tops of the posts. Alateral
gallium nitride layer extends laterally from the sidewalls
of the posts into the trenches. The lateral gallium nitride
layer may also be referred to as a pendeoepitaxial gallium
nitride layer. The lateral gallium nitride layer may be a
continuous lateral gallium nitride layer that extends be-
tween adjacent sidewalls across the trenches therebe-
tween.

[0017] The lateral gallium nitride layer may also extend
vertically through the array of openings. An overgrown
lateral gallium nitride layer may also be provided that
extends laterally onto the capping layer. The overgrown
lateral gallium nitride layer may be a continuous over-
grown lateral gallium nitride layer that extends between
the adjacent sidewalls across the capping layer therebe-
tween.

[0018] A plurality of microelectronic devices may be
provided in the lateral gallium nitride layer and/or in the
overgrown lateral gallium nitride layer. A buffer layer may
be included between the silicon carbide substrate and
the plurality of posts. The trenches may extend into the
silicon carbide substrate, into the buffer layer or through
the buffer layer and into the silicon carbide substrate.
The gallium nitride posts may be of a defect density, and
the lateral gallium nitride layer and the overgrown lateral
gallium nitride layer are of lower defect density than the
defect density. Accordingly, low defect density gallium
nitride semiconductor layers may be produced to thereby
allow the production of high performance microelectronic
devices.

Brief Description of the Drawings

[0019]

Figures 1-6 are cross-sectional views of gallium ni-
tride semiconductor structures during intermediate
fabrication steps according to the present invention.
Figures 7 and 8 are cross-sectional views of other
embodiments of gallium nitride semiconductor struc-
tures according to the present invention.

Detailed Description of Preferred Embodiments

[0020] The present invention now will be described
more fully hereinafter with reference to the accompany-
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ing drawings, in which preferred embodiments of the in-
vention are shown. This invention may, however, be em-
bodied in many different forms and should not be con-
strued as limited to the embodiments set forth herein;
rather, these embodiments are provided so that this dis-
closure will be thorough and complete, and will fully con-
vey the scope of the invention to those skilled in the art.
In the drawings, the thickness of layers and regions are
exaggerated for clarity. Like numbers refer to like ele-
ments throughout. It will be understood that when an el-
ement such as a layer, region or substrate is referred to
as being "on" or "onto" another element, it can be directly
on the other element or intervening elements may also
be present. Moreover, each embodiment described and
illustrated herein includes its complementary conductiv-
ity type embodiment as well.

[0021] Referring now to Figures 1-6, methods of fab-
ricating gallium nitride semiconductor structures accord-
ing to the present invention will now be described. As
shown in Figure 1, an underlying gallium nitride layer 104
is grown on a substrate 102. The substrate 102 may in-
clude a 6H-SiC(0001) substrate 102a and an aluminum
nitride or other buffer layer 102b. The crystallographic
designation conventions used herein are well known to
those having skill in the art, and need not be described
further. The underlying gallium nitride layer 104 may be
between 0.5 and 2.0pum thick, and may be grown at
1000°C on a high temperature (1100°C) aluminum nitride
buffer layer 102b that was deposited on the 6H-SiC sub-
strate 102a in a cold wall vertical and inductively heated
metalorganic vapor phase epitaxy system using triethyl-
gallium at 26.mol/min, ammonia at 1500 sccm and 3000
sccm hydrogen diluent. Additional details of this growth
technique may be found in a publication by T.W. Weeks
et al. entitled "GaN Thin Films Deposited Via Organome-
tallic Vapor Phase Epitaxy on (6H)-SiC(0001) Using
High-Temperature Monocrystalline AIN Buffer Layers",
Applied Physics Letters, Vol. 67, No. 3, July 17, 1995,
pp. 401-403, the disclosure of which is hereby incorpo-
rated herein by reference. Other silicon carbide sub-
strates, with or without buffer layers, may be used.
[0022] Continuing with the description of Figure 1, a
mask such as a silicon nitride (SiN) mask 109 is included
on the underlying gallium nitride layer 104. The mask
109 may have a thickness of about 100nm and may be
formed on the underlying gallium nitride layer 104 using
low pressure chemical vapor deposition (CVD) at 410°C.
The mask 109 is patterned to provide an array of open-
ings therein, using conventional photolithography tech-
nigues.

[0023] As shown in Figure 1, the underlying gallium
nitride layer is etched through the array of openings to
define a plurality of posts 106 in the underlying gallium
nitride layer 104 and a plurality of trenches 107 therebe-
tween. The posts each include a sidewall 105 and a top
having the mask 109 thereon. It will also be understood
that although the posts 106 and trenches 107 are pref-
erably formed by masking and etching as described
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above, the posts may also be formed by selectively grow-
ing the posts from an underlying gallium nitride layer and
then forming a capping layer on the tops of the posts.
Combinations of selective growth and selective etching
may also be used.

[0024] still referring to Figure 1, the underlying gallium
nitride layer 104 includes a plurality of sidewalls 105
therein. It will be understood by those having skill in the
art that the sidewalls 105 may be thought of as being
defined by the plurality of spaced apart posts 106, that
also may be referred to as "mesas", "pedestals" or "col-
umns". The sidewalls 105 may also be thought of as being
defined by the plurality of trenches 107, also referred to
as "wells", in the underlying gallium nitride layer 104. The
sidewalls 105 may also be thought of as being defined
by a series of alternating trenches 107 and posts 106.
As described above, the posts 106 and the trenches 107
that define the sidewalls 105 may be fabricated by se-
lective etching and/or selective epitaxial growth and/or
other conventional techniques. Moreover, it will also be
understood that the sidewalls need not be orthogonal to
the substrate 102, but rather may be oblique thereto.
[0025] Itwill also be understood that although the side-
walls 105 are shown in cross-section in Figure 1, the
posts 106 and trenches 107 may define elongated re-
gions that are straight, V-shaped or have other shapes.
As shown in Figure 1, the trenches 107 may extend into
the buffer layer 102b and into the substrate 102a, so that
subsequent gallium nitride growth occurs preferentially
on the sidewalls 105 rather than on the trench floors.
[0026] Referring now to Figure 2, the sidewalls 105 of
the underlying gallium nitride layer 104 are laterally
grown to form a lateral gallium nitride layer 108a in the
trenches 107. Lateral growth of gallium nitride may be
obtained at 1000-1100°C and 6 x 104 Pa (45 Torr). The
precursors TEG at 13-39umol/minand NHz at 1500 sccm
may be used in combination with a 3000 sccm H,, diluent.
If gallium nitride alloys are formed, additional convention-
al precursors of aluminum or indium, for example, may
also be used. As used herein, the term "lateral" means
a direction that is parallel to the faces of the substrate
102. It will also be understood that some vertical growth
of the literal gallium nitride 108a may also take place
during the lateral growth from the sidewalls 105. As used
herein, the term "vertical" denotes a directional parallel
to the sidewalls 105. However, it will be understood that
growth and/or nucleation on the top of the posts 106 is
reduced and is preferably eliminated by the mask 109.
[0027] Referring now to Figure 3, continued growth of
the lateral gallium nitride layer 108a causes vertical
growth of the lateral gallium nitride layer 108a through
the array of openings. Conditions for vertical growth may
be maintained as was described in connection with Fig-
ure 2. As also shown in Figure 3, continued vertical
growth into trenches 107 may take place at the bottom
of the trenches.

[0028] Referring now to Figure 4, continued growth of
the lateral gallium nitride layer 108a causes lateral over-
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growth onto the mask 109. to form an overgrown lateral
gallium nitride layer 108b. Growth conditions for over-
growth may be maintained as was described in connec-
tion with Figure 2.

[0029] Referring now to Figure 5, growth is allowed to
continue until the lateral growth fronts coalesce in the
trenches 107 at the interfaces 108c, to form a continuous
lateral gallium nitride semiconductor layer 108a in the
trenches.

[0030] still referring to Figure 5, growth is also allowed
to continue until the lateral overgrowth fronts coalesce
over the mask 109 at the interfaces 108d, to form a con-
tinuous overgrown lateral gallium nitride semiconductor
layer 108b. The total growth time may be approximately
60 minutes. A single continuous growth step may be
used. As shown in Figure 6, microelectronic devices 110
may then be formed in the lateral gallium nitride semi-
conductor layer 108a. Microelectronic devices also may
be formed in the overgrown lateral gallium nitride layer
108b.

[0031] Accordingly, in Figure 6, gallium nitride semi-
conductor structures 100 according to the present inven-
tion are illustrated. The gallium nitride structures 100 in-
clude the substrate 102. The substrate preferably in-
cludes the 6H-SiC(0001) substrate 102a and the alumi-
num nitride buffer layer 102b on the silicon carbide sub-
strate 102a. The aluminum nitride buffer layer 102b may
be 0.1 pm thick.

[0032] The fabrication of the substrate 102 is well
known to those having skill in the art and need not be
described further. Fabrication of silicon carbide sub-
strates are described, for example, in U.S. Patents
4,865,685 to Palmour; Re 34,861 to Davis et al.;
4,912,064 to Kong et al. and 4,946,547 to Palmour et al.,
the disclosures of which are hereby incorporated herein
by reference.

[0033] The underlying gallium nitride layer 104 is also
included on the buffer layer 102b opposite the substrate
102a. The underlying gallium nitride layer 104 may be
between about 0.5 and 2.0 pm thick, and may be formed
using metalorganic vapor phase epitaxy (MOVPE). The
underlying gallium nitride layer generally has an unde-
sired relatively high defect density. For example, dislo-
cation densities of between about 108 and 1010 cm2 may
be present in the underlying gallium nitride layer. These
high defect densities may result from mismatches in lat-
tice parameters between the buffer layer 102b and the
underlying gallium nitride layer 104, and/or other causes.
These high defect densities may impact the performance
of microelectronic devices formed in the underlying gal-
lium nitride layer 104.

[0034] still continuing with the description of Figure 6,
the underlying gallium nitride layer 104 includes the plu-
rality of sidewalls 105 that may be defined by the plurality
of posts 106 and/or the plurality of trenches 107. As was
described above, the sidewalls may be oblique and of
various elongated shapes. Also as was described above,
the gallium nitride posts 106 are capped with a capping
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layer such as a mask 109, preferably comprising silicon
nitride.

[0035] Continuing with the description of Figure 6, the
lateral gallium nitride layer 108a extends laterally and
vertically from the plurality of sidewalls 105 of the under-
lying gallium nitride layer 104. The overgrown lateral gal-
lium nitride 108b extends from the lateral gallium nitride
layer 108a. The lateral gallium nitride layer 108a and the
overgrown lateral gallium nitride layer 108b may be
formed using metalorganic vapor phase epitaxy at about
1000-1100°C and about 6 x 104 Pa (about 45 Torr). Pre-
cursors of triethygallium (TEG) at about 13-39 pmol/min
and ammonia (NH3) at about 1500 sccm may be used in
combination with an about 3000 sccm H, diluent, to form
the lateral gallium nitride layer 108a and the overgrown
lateral gallium nitride layer 108b.

[0036] As shown in Figure 6, the lateral gallium nitride
layer 108a coalesces at the interfaces 108c to form a
continuous lateral gallium nitride semiconductor layer
108a in the trenches. It has been found that the disloca-
tion densities in the underlying gallium nitride layer 104
generally do not propagate laterally from the sidewalls
105 with the same density as vertically from the under-
lying gallium nitride layer 104. Thus, the lateral gallium
nitride layer 108a can have a relatively low dislocation
defect density, for example less than about 104 cm-2.
From a practical standpoint, this may be regarded as
defect-free. Accordingly, the lateral gallium nitride layer
108a may form device quality gallium nitride semicon-
ductor material. Thus, as shown in Figure 6, microelec-
tronic devices 110 may be formed in the lateral gallium
nitride semiconductor layer 108a.

[0037] Still referring to Figure 6, the overgrown lateral
gallium nitride layer 108b coalesces at the interfaces
108d to form a continuous overgrown lateral gallium ni-
tride semiconductor layer 108b over the masks. It has
been found that the dislocation densities in the underlying
gallium nitride layer 104 and of the lateral gallium nitride
layer 108a generally do not propagate laterally with the
same density as vertically from the underlying gallium
nitride layer 104 and the lateral gallium nitride layer 108a.
Thus, the overgrown lateral gallium nitride layer 108b
also can have arelatively low defect density, for example
less than about 104 cm2. Accordingly, the overgrown
lateral gallium nitride layer 108b may also form device
quality gallium nitride semiconductor material. Thus, as
shown in Figure 6, microelectronic devices 110 may also
be formed in the overgrown lateral gallium nitride semi-
conductor layer 108b.

[0038] Referring now to Figures 7 and 8, other embod-
iments of gallium nitride semiconductor structures and
fabrication methods according to the present invention
will now be described. Gallium nitride structures are fab-
ricated as was already described in connection with Fig-
ures 1-6 using different spacings or dimensions for the
posts and trenches. In Figure 7, a small post-width /
trench-width ratio is used to produce discrete gallium ni-
tride structures. In Figure 8, a large post-width / trench-



9 EP 1138 063 B1 10

width ratio is used, to produce other discrete gallium ni-
tride structures.

[0039] Referring now to Figure 7, using a small post-
width / trench-width ratio, gallium nitride semiconductor
structures of Figure 7 are fabricated as was already de-
scribed in connection with Figures 1-4. Still referring to
Figure 7, growth is allowed to continue until the over-
grown lateral fronts coalesce over the mask 109 at the
interfaces 108d, to form a continuous overgrown lateral
gallium nitride semiconductor layer over the mask 109.
The total growth time may be approximately 60 minutes.
As shown in Figure 7, microelectronic devices 110 may
be formed in the overgrown lateral gallium nitride layer
108b.

[0040] Referring now to Figure 8, using a large post-
width / trench-width ratio, gallium nitride semiconductor
structures of Figure 8 are fabricated as was already de-
scribed in connection with Figure 1-4. Still referring to
Figure 8, growth is allowed to continue until the over-
grown lateral fronts coalesce in the trenches 107 at the
interfaces 108c, to form a continuous gallium nitride sem-
iconductor layer 108a in the trenches 107. The total
growth time may be approximately 60 minutes. As shown
in Figure 8, microelectronic devices 110 may be formed
in the pendeoepitaxial gallium nitride layer 108a.
[0041] Additional discussion of methods and struc-
tures of the present invention will now be provided. The
trenches 107 and are preferably rectangular trenches
that preferably extend along the <1120> and/or <1100>
directions on the underlying gallium nitride layer 104.
Truncated triangular stripes having (1101) slant facets
and a narrow (0001) top facet may be obtained for trench-
es along the <1120> direction. Rectangular stripes hav-
ing a (0001) top facet, (1120) vertical side faces and
(1101) slant facets may be grown along the <1100> di-
rection. For growth times up to 3 minutes, similar mor-
phologies may be obtained regardless of orientation. The
stripes develop into different shapes if the growth is con-
tinued.

[0042] The amount of lateral growth generally exhibits
a strong dependence on trench orientation. The lateral
growth rate of the < 1100 > oriented is generally much
faster than those along < 1120 >. Accordingly, it is most
preferred to orient the trenches so that they extend along
the < 1100> direction of the underlying gallium nitride
layer 104.

[0043] The different morphological development as a
function of orientation appearsto be related to the stability
of the crystallographic planes in the gallium nitride struc-
ture. Trenches oriented along < 1120 > may have wide
(1100) slant facets and either a very narrow or no (0001)
top facet depending on the growth conditions. This may
be because (1101) is the most stable plane in the gallium
nitride wurtzite crystal structure, and the growth rate of
this plane is lower than that of others. The {1101} planes
of the < 1100 > oriented trenches may be wavy, which
implies the existence of more than one Miller index. It
appears that competitive growth of selected {1101}
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planes occurs during the deposition which causes these
planes to become unstable and which causes their
growth rate to increase relative to that of the (1101) of
trenches oriented along <1120>.

[0044] The morphologies of the gallium nitride layers
selectively grown from trenches oriented along <1100>
are also generally a strong function of the growth tem-
peratures. Layers grown at 1000°C may possess a trun-
cated triangular shape. This morphology may gradually
change to arectangular cross-section as the growth tem-
perature is increased. This shape change may occur as
a result of the increase in the diffusion coefficient and
therefore the flux of the gallium species along the (0001)
top plane onto the {1101} planes with an increase in
growth temperature. This may result in a decrease in the
growth rate of the (0001) plane and an increase in that
of the {1101}. This phenomenon has also been observed
in the selective growth of gallium arsenate on silicon di-
oxide. Accordingly, temperatures of 1100°C appear to
be most preferred.

[0045] The morphological development of the gallium
nitride regions also appears to depend on the flow rate
of the TEG. An increase in the supply of TEG generally
increases the growth rate in both the lateral and the ver-
tical directions. However, the lateral/vertical growth rate
ratio decrease from about 1.7 at the TEG flow rate of
about 13p.mol/min to 0.86 at about 39p.mol/min. This in-
creased influence on growth rate along <0001> relative
to that of < 1120 > with TEG flow rate may be related to
the type of reactor employed, wherein the reactant gases
flow vertically and perpendicular to the substrate. The
considerable increase in the concentration of the gallium
species on the surface may sufficiently impede their dif-
fusion to the {1101} planes such that chemisorption and
gallium nitride growth occur more readily on the (0001)
plane.

[0046] Continuous 2p.m thick gallium nitride semicon-
ductor layers may be obtained using 7p.m wide trenches
spaced 3um apart and oriented along <1100>, at about
1100°C and a TEG flow rate of about 26.mol/min. Con-
tinuous 2um thick gallium nitride semiconductor layers
may also be obtained using 3p.m wide trenches spaced
2pm apart and oriented along <1100>, also at about
1100°C and a TEG flow rate of about 26p.mol/min. The
continuous gallium nitride semiconductor layers may in-
clude subsurface voids that form when two growth fronts
coalesce. These voids may occur most often using lateral
growth conditions wherein rectangular trenches and/or
mask openings having vertical {1120} side facets devel-
oped.

[0047] The continuous gallium nitride semiconductor
layers may have a microscopically flat and pit-free sur-
face. The surfaces of the laterally grown gallium nitride
layers may include aterrace structure having an average
step height of 0.32nm. This terrace structure may be re-
lated to the laterally grown gallium nitride, because it is
generally not included in much larger area films grown
only on aluminum nitride buffer layers. The average RMS
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roughness values may be similar to the values obtained
for the underlying gallium nitride layer 104.

[0048] Threading dislocations, originating from the in-
terface between the underlying gallium nitride layer 104
and the buffer layer 102b, appear to propagate to the top
surface of the underlying gallium nitride layer 104. The
dislocation density within these regions is approximately
109 cm2. By contrast, threading dislocations do not ap-
pear to readily propagate laterally. Rather, the lateral gal-
lium nitride layer 108a and the overgrown lateral gallium
nitride layer 108b contain only a few dislocations. In the
lateral gallium nitride layer 108a, the few dislocations
may be formed parallel to the (0001) plane via the exten-
sion of the vertical threading dislocations after a 90° bend
in the regrown region. These dislocations do not appear
to propagate to the top surface of the overgrown gallium
nitride layer.

[0049] As described, the formation mechanism of the
selectively grown gallium nitride layers is lateral epitaxy.
The two main stages of this mechanism are lateral (or
pendeoepitaxial) growth and lateral overgrowth. During
pendeoepitaxial growth, the gallium nitride grows simul-
taneously both vertically and laterally. The deposited gal-
lium nitride grows selectively on the sidewalls more rap-
idly than it grows on the mask 109, apparently due to the
much higher sticking coefficient, s, of the gallium atoms
on the gallium nitride sidewall surface (s=1) compared
to on the mask (s<<1) and substrate (s<1). Gaor N atoms
should notreadily bond to the mask and substrate surface
in numbers and for a time sufficient to cause gallium ni-
tride nuclei to form. They would either evaporate or dif-
fuse along the mask and substrate surface to the ends
of the mask or substrate and onto the sidewalls. During
lateral overgrowth, the gallium nitride also grows simul-
taneously both vertically and laterally. Once the pen-
deoepitaxial growth emerges over the masks, Ga or N
atoms should still not readily bond to the mask surface
in numbers and for a time sufficient to cause gallium ni-
tride nuclei to form. They would still either evaporate or
diffuse along the mask to the ends of the mask and onto
the pendeoepitaxial gallium nitride vertical surfaces.
[0050] Surface diffusion of gallium and nitrogen on the
gallium nitride may play a role in gallium nitride selective
growth. The major source of material appears to be de-
rived from the gas phase. This may be demonstrated by
the fact that an increase in the TEG flow rate causes the
growth rate of the (0001) top facets to develop faster than
the (1101) side facets and thus controls the lateral
growth.

[0051] In conclusion, pendeoepitaxial and lateral epi-
taxial overgrowth may be obtained from sidewalls of an
underlying masked gallium nitride layer via MOVPE. The
growth may depend strongly on the sidewall orientation,
growth temperature and TEG flow rate. Coalescence of
pendeoepitaxial grown and lateral overgrown gallium ni-
tride regions to form regions with both extremely low den-
sities of dislocations and smooth and pit-free surfaces
may be achieved through 3pum wide trenches between
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2pm wide posts and extending along the <1100> direc-
tion, at about 1100°C and a TEG flow rate of about
26p.mol/min. The pendeoepitaxial and lateral overgrowth
of gallium nitride from sidewalls via MOVPE may be used
to obtain low defect density regions for microelectronic
devices over the entire surface of the thin film.

[0052] In the drawings and specification, there have
been disclosed typical preferred embodiments of the in-
vention and, although specific terms are employed, they
are 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.

Claims

1. A method of fabricating a gallium nitride semicon-
ductor layer comprising the steps of:

providing a silicon carbide substrate (102), agal-
lium nitride layer (104) on the silicon carbide
substrate and a capping layer (109) on the gal-
lium nitride layer opposite the silicon carbide
substrate, the gallium nitride layer including a
plurality of posts (106) and a plurality of trenches
(107) therebetween, the trenches defining a plu-
rality of openings in the capping layer; and
laterally growing the sidewalls (105) of the posts
into the trenches to thereby form a gallium nitride
semiconductor layer (108a); characterized by:
the plurality of trenches including trench floors
in the silicon carbide substrate.

2. A method according to Claim 1 wherein the step of
laterally growing comprisesthe step of laterally grow-
ing the sidewalls of the posts into the trenches until
the laterally grown sidewalls coalesce (108c) in the
trenches to thereby form a gallium nitride semicon-
ductor layer.

3. A method according to Claim 1 wherein the step of
laterally growing comprises the step of laterally over-
growing the laterally grown sidewalls of the posts in
the trenches onto the capping layer on the tops of
the posts, to thereby form a gallium nitride semicon-
ductor layer.

4. A method according to Claim 3 wherein the step of
laterally growing comprises the step of laterally over-
growing (108b) the laterally grown sidewalls of the
posts in the trenches onto the capping layer on the
tops of the posts until the laterally grown sidewalls
coalesce on the capping layer, to thereby form a gal-
lium nitride semiconductor layer.

5. A method according to Claim 1 wherein the laterally
growing step is followed by the step of forming mi-
croelectronic devices (110) in the gallium nitride



10.

11.

12.

13
semiconductor layer.

A method according to Claim 1 wherein the laterally
growing step comprises the step of laterally growing
the sidewalls of the posts into the trenches using
metalorganic vapor phase epitaxy.

A method according to Claim 1 wherein the under-
lying gallium nitride layer includes a defect density,
and wherein the laterally growing step comprises the
step of laterally growing the sidewalls of the posts
into the trenches to thereby form a gallium nitride
semiconductor layer of lower defect density than the
defect density.

A method according to Claim 1 wherein the laterally
growing step comprises the steps of:

laterally and vertically growing sidewalls of the
posts into the trenches and through the open-
ings in the capping layer to thereby form a lateral
gallium nitride layer (108a) in the trenches that
extends vertically through the openings in the
capping layer; and

laterally overgrowing the lateral gallium nitride
layer that extends through the openings in the
capping layer onto the capping layer to thereby
form an overgrown lateral gallium nitride layer
(108b).

A method according to Claim 8 wherein the steps of
laterally and vertically growing the sidewalls and lat-
erally overgrowing the lateral gallium nitride layer are
performed without vertically growing gallium nitride
on the capping layer.

A method according to Claim 8 wherein the step of
laterally overgrowing the lateral gallium nitride layer
comprises the step of laterally overgrowing the lat-
eral gallium nitride layer that extends through the
openings in the capping layer onto the capping layer
until the overgrown lateral gallium nitride layer coa-
lesces (108d) on the capping layer to thereby form
a continuous overgrown lateral gallium nitride layer.

A method according to Claim 8 wherein the step of
laterally overgrowing the lateral gallium nitride layer
is followed by the step of forming microelectronic de-
vices (110) in the overgrown lateral gallium nitride
layer.

A method according to Claim 8 wherein the providing
step comprises the steps of:

masking an underlying gallium nitride layer on
a silicon carbide substrate with a mask that in-
cludes an array of openings therein; and

etching the underlying gallium nitride layer

10

15

20

25

30

35

40

45

50

55

EP 1138 063 B1

13.

14.

15.

16.

17.

18.

14

through the array of openings to define a plurality
of postsin the gallium nitride layer and a plurality
of trenches therebetween, the posts each in-
cluding a sidewall and a top having the mask
thereon to provide the capping layer.

A method according to Claim 12 wherein the mask-
ing step comprises the step of masking an underlying
gallium nitride layer on a buffer layer (102b) on a
silicon carbide substrate with a mask that includes
an array of openings therein.

A method according to Claim 12 wherein the etching
step comprises the step of etching the underlying
gallium nitride layer and the silicon carbide substrate
through the array of openings to define a plurality of
posts in the underlying gallium nitride layer and a
plurality of trenches therebetween, the posts each
including a sidewall and a top having the mask ther-
eon, the trenches including trench floors in the silicon
carbide substrate.

A method according to Claim 13 wherein the etching
step comprises the step of etching the underlying
gallium nitride layer, the buffer layer and the silicon
carbide substrate through the array of openings to
define a plurality of posts in the underlying gallium
nitride layer and a plurality of trenches therebetween,
the posts each including a sidewall and a top having
the mask thereon, the trenches including trench
floors in the silicon carbide substrate.

A method according to Claim 8 wherein the under-
lying gallium nitride layer includes a defect density,
and wherein the laterally and vertically growing step
comprises the step of laterally and vertically growing
the sidewalls of the posts into the trenches and
through the openings in the capping layer to thereby
form a lateral gallium nitride semiconductor layer of
lower defect density than the defect density.

A gallium nitride semiconductor structure (100),
comprising:

a silicon carbide substrate (102a);

a plurality of gallium nitride posts (106) on the
silicon carbide substrate, the posts each includ-
ing a sidewall (105) and a top, and defining a
plurality of trenches (107) therebetween;

a capping layer (109) on the tops of the posts;
and

alateral gallium nitride layer (108a) that extends
laterally from the sidewalls of the posts into the
trenches, characterized by:

a plurality of trenches extend into the silicon car-
bide substrate.

A structure according to Claim 17 wherein the lateral
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gallium nitride layer is a continuous lateral gallium
nitride layer (108c) that extends between adjacent
sidewalls across the trenches therebetween.

A structure according to Claim 17 wherein the lateral
gallium nitride layer also extends vertically in the
trenches, to beyond the capping layer.

A structure according to Claim 19 further comprising:

an overgrown lateral gallium nitride layer (108b)
that extends laterally from the lateral gallium ni-
tride layer onto the capping layer.

A structure according to Claim 20 wherein the over-
grown lateral gallium nitride layer is a continuous
overgrown lateral gallium nitride layer (108c) that ex-
tends between adjacent sidewalls across the cap-
ping layer therebetween.

A structure according to Claim 17 further comprising
a plurality of microelectronic devices (110) in the lat-
eral gallium nitride layer.

A structure according to Claim 19 further comprising
a plurality of microelectronic devices in the lateral
gallium nitride layer that extends vertically in the
trenches, beyond the capping layer.

A structure according to Claim 20 further comprising
a plurality of microelectronic devices in the over-
grown lateral gallium nitride layer.

A structure according to Claim 17 further comprising
abuffer layer (102b) between the silicon carbide sub-
strate and the plurality of posts.

Astructure according to Claim 25 wherein the trench-
es extend through the buffer layer and into the silicon
carbide substrate.

A structure according to Claim 17 wherein the posts
are of adefect density and wherein the lateral gallium
nitride layer is of lower defect density than the defect
density.

A structure according to Claim 20 wherein the posts
are of a defect density and wherein the overgrown
lateral gallium nitride layer is of lower defect density
than the defect density.

Patentanspriiche

1.

Verfahren zum Herstellen einer Galliumnitrit-Halb-
leiterschicht, umfassend die folgenden Schritte:
Siliziumkarbidsubstrats

Bereitstellen eines
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(102), einer Galliumnitritschicht (104) auf dem
Siliziumkarbidsubstrat und einer Kappenschicht
(109) auf der Galliumnitritschicht gegeniiberlie-
gend zu dem Siliziumkarbidsubstrat, wobei die
Galliumnitritschicht eine Vielzahl von Pfosten
(106) und eine Vielzahl von Grében (107) da-
zwischen einschlie3t, wobei die Graben eine
Vielzahl von Offnungen in der Kappenschicht
definieren: und

laterales Aufwachsen von Seitenwanden (105)
der Pfosten in die Graben hinein, um dadurch
eine laterale Galliumnitritschicht (108a) in den
Graben zu bilden: dadurch gekennzeichnet,
dass:

die Vielzahl von Graben Grabenbdden im Silizi-
umkarbidsubstrat einschlief3t.

Verfahren nach Anspruch 1, wobei der Schritt zum
lateralen Aufwachsen den Schritt zum lateralen Auf-
wachsen der Seitenwande der Pfosten in die Graben
hinein umfasst, bis sich die lateral aufgewachsenen
Seitenwénde in den Grében vereinigen (108c), um
dadurch eine Galliumnitrit-Halbleiterschicht zu bil-
den.

Verfahren nach Anspruch 1, wobei der Schritt zum
lateralen Aufwachsen den Schritt zum lateralen
Uberwachsen der lateral aufgewachsenen Seiten-
wande der Pfosten in den Graben auf die Kappen-
schicht auf den oberen Abschnitten der Pfosten um-
fasst, um dadurch eine Galliumnitrit-Halbleiter-
schicht zu bilden.

Verfahren nach Anspruch 3, wobei der Schritt zum
lateralen Aufwachsen den Schritt zum lateralen
Uberwachsen (108b) der lateral aufgewachsenen
Seitenwénde der Pfosten in den Graben auf die Kap-
penschicht auf den oberen Abschnitten der Pfosten,
bis sich die lateral aufgewachsenen Seitenwénde
auf der Kappenschicht vereinigen, umfasst, um da-
durch eine Galliumnitrit-Halbleiterschiht zu bilden.

Verfahren nach Anspruch 1, wobei dem Schritt zum
lateralen Aufwachsen der Schritt zum Bilden von mi-
kroelektronischen Einrichtungen (110) in der Galli-
umnitrit-Helbleiterschicht folgt.

Verfahren nach Anspruch 1, wobei der Schritt zum
lateralen Aufwachsen den Schritt zum lateralen Auf-
wachsen der Seitenwénde der Pfosten in die Gréaben
hinein unter Verwendung einer metallorganischen
Dampfphasenepitaxie umfasst.

Verfahren nach Anspruch 1, wobei die darunter lie-
gende Galliuimnitritschicht eine Defektdichte ein-
schlief3t, und wobei der Schritt zum lateralen Auf-
wachsen den Schritt zum lateralen Aufwachsen der
Seitenwéande der Pfosten in die Graben hinein, um
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dadurch eine Galliumnitrit-Halbleiterschicht mit ei-
ner niedrigeren Defektdichte als die Defektdichte zu
bilden, umfasst.

Verfahren nach Anspruch 1, wobei der Schritt des
lateralen Aufwachsens die folgenden Schritte um-
fasst:

laterales und vertikales Aufwachsen von Seiten-
wanden der Pfosten in die Graben hinein und
durch die Offnungen in der Kappenschicht, um
dadurch eine laterale Galliumnitritschicht
(108a) in den Grében zu bilden die sich vertikal
durch die Offnungen in der Kappenschicht er-
streckt; und

laterales Uberwachsen der lateralen Galliumni-
tritschicht, die sich durch die Offnungen in der
Kappenschicht erstreckt, auf die Kappenschicht
hin, um dadurch eine tGberwachsene laterale
Galliumnitritschicht (108b) zu bilden.

Verfahren nach Anspruch 8, wobei die Schritte zum
lateralen und vertikalen Aufwachsen der Seitenwan-
de und zum lateralen Uberwachsen der lateralen
Galliumnitritschicht ohne vertikales Aufwachsen von
Galliumnitrit auf der Kappenschicht ausgefiihrt wer-
den.

Verfahren nach Anspruch 8, wobei der Schritt zum
lateralen Uberwachsen der lateralen Galliumnitrit-
schicht den Schritt zum lateralen Uberwachsen der
lateralen Galliumnitritschicht die sich durch die Off-
nungen in der Kappenschicht erstreckt, auf die Kap-
penschicht hin, bis sich die Uberwachsende laterale
auf der Kappenschichtvereinigt (108d),umdadurch
eine kontinuierliche iberwachsene laterale Gallium-
nitritschicht zu bilden, umfasst.

Verfahren nach Anspruch 8, wobei dem Schritt zum
lateralen Uberwachsen der lateralen Galliumnitrit-
schicht der Schritt zum Bilden von mikroelektroni-
schen Einrichtungen (110) in der Uberwachsenen la-
teralen Galliumnitritschicht folgt.

Verfahren nach Anspruch wobei der Bereitstellnngs-
schritt die folgenden Schritte umfasst:

Maskieren einer darunter liegenden Galliumni-
tritschicht auf einem Siliziumkarbidsubstrat mit
einer Maske, die ein Feld von Offnungen darin
einschlief3t; und

Atzen der darunter liegenden Galliumnitrit-
schicht durch das Feld von Offnungen zum De-
finieren einer Vielzahl von Pfosten in der Galli-
umnitritschicht und einer Vielzahl von Graben
dazwischen, wobei die Pfosten jeweils eine Sei-
tenwand und einen oberen Abschnitt, der die
Maske darauf aufweist, einschlieRen, um die

10

15

20

25

30

35

40

45

50

55

10

EP 1138 063 B1

13.

14.

15.

16.

17.

18
Kappenschicht bereitzustellen.

Verfahren nach Anspruch 12, wobei der Maskie-
rungsschritt den Schritt zum Maskieren einer darun-
ter liegenden Galliumnitritschicht auf einer Puffer-
schicht (102b) auf einem Siliziumkarbidsubstrat mit
einer Maske, die ein Feld von Offnungen darin ein-
schlief3t, umfasst.

Verfahren nach Anspruch 12, wobei der Atzschritt
den Schritt zum Atzen der darunter liegenden Galli-
umnitritschicht und der Siliziumkarbidschicht durch
das Feld von Offnungen, um eine Vielzahl von Pfo-
sten in der darunter liegenden Galliumnitritschicht
und eine Vielzahl von Graben dazwischen zu bilden,
umfasst, wobei die Pfosten jeweils eine Seitenwand
und einen oberen Abschnitt, der die Maske darauf
aufweist, einschliel3en, wobei die Graben Gréaben-
bdden in dem Siliziumkarbidsubstrat einschlieRen.

Verfahren nach Anspruch 1 wobei der Atzschritt den
Schritt zum Atzen der darunter liegenden Gallium-
nitritschicht, der Pufferschicht und des Siliziumkar-
bidsubstrats durch das Feld von Offnungen, um eine
Vielzahl von Pfosten in der darunter liegenden Gal-
liumnitritschicht und eine Vielzahl von Gréaben da-
zwischen zu definieren, wobei die Pfosten jeweils
eine Seitenwand und einen oberen Abschnitt, der
die Maske darauf aufweist, einschlieen, wobei die
Graben Grabenbéden in dem Siliziumkarbidsubstrat
einschlieRen, umfasst.

Verfahren nach Anspruch 8, wobei die darunter lie-
gende Galliumnitritschicht eine Defektdichte ein-
schlief3t, wobei der laterale und vertikale Aufwachs-
schritt den Schritt zum lateralen und vertikalen Auf-
wachsen der Seitenwande der Pfosten in die Graben
hinein und durch die Offnungen in der Kappen-
schicht umfasst, um dadurch eine laterale Gallium-
nitrit-Halbleiterschicht mit einer geringeren Defekt-
dichte als die Defektdichte zu bilden.

Galliumnitrit-Halbleiteraufbau (100), umfassend:

ein Siliziumkarbidsubstrat (102a);

eine Vielzahl von Galliumnitritpfosten (106) auf
dem Siliziumkarbidsubstrat, wobei die Pfosten
jeweils eine Seitenwand (105) und einen oberen
Abschnitt einschlieRen, und eine Vielzahl von
Graben (107) dazwischen definieren; und

ein Kappenschicht (109) auf den oberen Ab-
schnitten der Pfosten; und

eine laterale Galliumnitritschicht (108a), die sich
lateral von den Seitenwanden der Pfosten in die
Graben hinein erstreckt, gekennzeichnet
durch:

eine Vielzahl von Graben, die sich in das Silizi-
umkarbidsubstrat erstrecken.
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Aufbau nach Anspruch 17, wobei die laterale Galli-
umnitritschicht eine kontinuierliche laterale Gallium-
nitritschicht (108c) ist, die sich zwischen benachbar-
ten Seitenwanden quer zu den Graben dazwischen
erstreckt.

Aufbau nach Anspruch 17, wobei die laterale Galli-
umnitritschicht sich auch vertikal in den Grében, bis
Uiber die Kappenschicht hinaus, erstreckt.

Aufbau nach Anspruch 19, ferner umfassend:

eine Giberwachsene laterale Galliumnitritschicht
(108b), die sich lateral von der lateralen Galli-
umnitritschicht auf die Kappenschicht hin er-
streckt.

Aufbau nach Anspruch 20, wobei die Uberwachsene
laterale Galliumnitritschicht eine kontinuierliche
Uiberwachsene laterale Galliumnitritschicht (108e)
ist, die sich zwischen benachbarten Seitenwénden
Uber die Kappenschicht dazwischen erstreckt.

Aufbau nach Anspruch 17, ferner umfassend eine
Vielzahl von mikroelektronischen Einrichtungen
(110) in der lateralen Galliumnitritschicht.

Aufbau nach Anspruch 19, ferner umfassend eine
Vielzahl von mikroelektronischen Einrichtungen in
der lateralen Galliumnitritschicht, die sich vertikal in
den Graben, Uber die Kappenschicht hinaus, er-
streckt.

Aufbau nach Anspruch 20, ferner umfassend eine
Vielzahl von mikroelektronischen Einrichtungen in
der iberwachsenen lateralen Galliumnitritschicht.

Aufbau nach Anspruch 17, ferner umfassend eine
Pufferschicht (102b) zwischen dem Siliziumkarbid-
substrat und der Vielzahl von Pfosten.

Aufbau nach Anspruch 25, wobei sich die Gréaben
durch die Pufferchicht und in das Siliziumkarbidsub-
strat hinein erstrecken.

Aufbau nach Anspruch 17, wobei die Pfosten von
einer Defektdichte sind und wobei die laterale Gal-
liumnitritschicht von einer niedrigeren Defektdichte
als die Defektdichte ist.

Aufbau nach Anspruch 20, wobei die Pfosten von
einer Defektdichte sind und wobei die Uberwachse-
ne laterale Galliumnitritschicht von einer niedrigeren
Defektdichte als die Defektdichte ist.
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Revendications

Un procédé de fabrication d'une couche de semi-
conducteur en nitrure de gallium, comprenant les
étapes suivantes:

on fournit un substrat de carbure de silicium
(102), une couche de nitrure de gallium (104)
sur le substrat de carbure de silicium et une cou-
che de recouvrement (109) sur la couche de ni-
trure de gallium en face du substrat de carbure
de silicium, la couche de nitrure de gallium in-
cluant une multiplicité de plots (106) et une mul-
tiplicité de tranchées (107) entre eux, les tran-
chées définissant une multiplicité d’ouvertures
dans la couche de recouvrement ; et

on fait croitre latéralement les parois latérales
(105) des plots I'intérieur tranchées pour former
ainsi une couche de semiconducteur en nitrure
de gallium (108a) ; caractérisé en ce que

la multiplicité de tranchées inclut des fonds de
tranchée dans le substrate de carbure de sili-
cium,

Un procédé selon la revendication 1, dans lequel
I’étape de croissance latérale comprend I'étape con-
sistant afaire croitre latéralementles parois latérales
des plots a l'intérieur des tranchées, jusqu’a ce qu'il
se produise dans les tranchées une coalescence
(108c) des parois latérales soumises a la croissance
latérale, pour former ainsi titre couche de semicon-
ducteur en nitrure de gallium.

Un procédé selon la revendication 1, dans lequel
I’étape de croissance latérale comprend I'étape de
surcroissance latérale sur la couche de recouvre-
ment, surles sommets des plots, des parois latérales
des plots soumises a la croissance latérale, dans les
tranchées, pour former ainsi une couche de semi-
conducteur en nitrure de gallium.

Un procédé selon la revendication 3, dans lequel
I'étape de croissance latérale comprend I'étape de
surcroissance latérale (108b) sur la couche de re-
couvrement, sur les sommets des plots, des parois
latérales des plots soumises ala croissance latérale,
dans les tranchées, jusqu’a ce qu'il se produise une
coalescence sur la couche de recouvrement des pa-
rois latérales soumisses a la croissance latérale,
pour former ainsi une couche de semiconducteur en
nitrure de gallium.

Un procédé selon la revendication 1, dans lequel
I’étape de croissance latérale est suivie par I'étape
de formation de dispositifs microélectroniques (110)
dans la couche de semiconducteur en nitrure de gal-
lium.
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Un procédé selon la revendication 1, dans lequel
I'étape de croissance latérale comprend I'étape con-
sistant a faire croitre latéralementles parois latérales
des plots al'intérieur des tranchées, en utilisant I'épi-
taxie en phase vapeur aux organométalliques.

Un procédé selon la revendication 1, dans lequel la
couche de nitrure de gallium sous-jacente comporte
une densité de défauts, et dans lequel I'étape de
croissance latérale comprend I'étape consistant a
faire croitre latéralement les parois latérales des
plots a l'intérieur des tranchées, pour former ainsi
une couche de semiconducteur en nitrure de gallium
ayant une densité de défauts inférieure a la densité
de défauts.

Un procédé selon la revendication 1, dans lequel
I'étape de croissance latérale comprend les étapes
suivantes:

on fait croitre latéralement et verticalement des
parois latérales des plots a l'intérieur des tran-
chée, et atravers les ouvertures dans la couche
de recouvrement, pour former ainsi dans les
tranchées une couche de nitrure de gallium la-
térale (108a) s'étend verticalement a travers les
ouvertures dans la couche de recouvrement et
on effectue une surcroissance latérale de la cou-
che de nitrure de gallium latérale qui s’étend sur
la couche de recouvrement, a travers les ouver-
tures dans la couche de recouvrement, pour for-
mer ainsi une couche de nitrure de gallium laté-
rale (108b) dans une condition de surcroissan-
ce.

Un procédé selon la revendication 8, dans lequel les
étapes consistant a faire croitre latéralement et ver-
ticalement les parois latérales et a produire une sur-
croissance latérale de lacouche de nitrure de gallium
latérale sont accomplies sans faire croitre verticale-
ment le nitrure de gallium sur la couche de recou-
vrement

Un procédé selon la revendication 8, dans lequel
I'étape de surcroissance latérale de la couche de
nitrure de gallium latérale comprend I'étape consis-
tantaproduire une surcroissance latérale, surla cou-
che de recouvrement, de la couche de nitrure de
gallium latérale qui s’étend a travers les ouvertures
dans la couche de recouvrement, jusqu’a ce qu'il se
produise une coalescence (108d), sur la couche de
recouvrement, de la couche de nitrure de gallium
latérale dans une condition de surcroissance, pour
former ainsi une couche de nitrure de gallium latérale
continue dans une condition de surcroissance.

Un procédé selon la revendication 8, dans lequel
I'étape de surcroissance latérale de la couche de
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nitrure de gallium latérale est suivie par I'étape de
formation de dispositifs microélectroniques (110)
dans la couche de nitrure de gallium latérale dans
une condition de surcroissance.

Un procédé selon la revendication 8, dans lequel
I'étape de fourniture comprend les étapes suivantes:

on masque une couche de nitrure de gallium
sous-jacente sur un substrat en carbure de sili-
cium avec un masque dans lequel il existe un
réseau d’ouvertures; et

on attaque la couche de nitrure de gallium sous-
jacente a travers le réseau d’ouvertures pour
définir une multiplicité de plots dans la couche
de nitrure de gallium et une multiplicité de tran-
chées entre eux, chaque plot comprenant une
paroi latérale et un sommet sur lequel se trouve
le masque pour former la couche de recouvre-
ment.

Un procédé selon la revendication 12, dans lequel
I’étape de masquage comprend I'étape consistant &
masquer une couche de nitrure de gallium sous-
jacente sur une couche tampon (102b) sur un subs-
trat en carbure de silicium avec un masque dans
lequel il existe un réseau d’ouvertures.

Un procédé selon la revendication 12, dans lequel
I'étape d’attaque comprend I'étape consistant a at-
taquer la couche de nitrure de gallium sous-jacente
et le substrat en carbure de silicium a travers le ré-
seau d'ouvertures, pour définir une multiplicité de
plots dans la couche de nitrure de gallium sous-
jacente et une multiplicité de tranchées entre eux,
chacun des plots comprenant une paroi latérale et
un sommet sur lequel se trouve le masque, les tran-
chées incluant des fonds de tranchée dans le subs-
trat en carbure de silicium.

Un procédé selon la revendication 13, dans lequel
I'étape d’attaque comprend I'étape consistant a at-
taquer la couche de nitrure de gallium sous-jacente,
la couche tampon et le substrat en carbure de sili-
cium a travers le réseau d'ouvertures, pour définir
une multiplicité de plots dans la couche de nitrure
de gallium sous-jacente et une multiplicité de tran-
chées entre eux, chacun des plots comprenant une
paroi latérale et un sommet lequel se trouve le mas-
que, les tranchées incluant des fonds de tranchée
dans le substrat en carbure de silicium.

Un procédé selon la revendication 8, dans lequel la
couche de nitrure de gallium sous-jacente possede
une densité défauts, et dans lequel I'étape de crois-
sance latérale et verticale comprend I'étape consis-
tant a faire croitre latéralement et verticalement les
parois latérales des plots a I'intérieur des tranchées
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et travers les ouvertures dans la couche de recou-
vrement, pour former ainsi une couche de semicon-
ducteur en nitrure de gallium latérale ayant une den-
sité de défauts inférieure a la densité de défauts.

Une structure a semiconducteur en nitrure de gallium
(100), comprenant:

un substrat en carbure de silicium (102a);

une multiplicité de plots en nitrure de gallium
(106) sur le substrat en carbure de silicium, cha-
cun des plots comprenant une paroi latérale
(105) et un sommet, et les plots définissant une
multiplicité de tranchées (107) entre eux;

une couche de recouvrement (109) sur les som-
mets des plots; et

une couche de nitrure de gallium latérale (108a)
qui s'étend latéralement a l'intérieur des tran-
chées a partir des parois latérales des plots, ca-
ractérisé par

une multiplicité de tranchées s’étendant & I'inté-
rieur du substrat de carbure de silicium

Une structure selon larevendication 17, dans laquel-
le la couche de nitrure de gallium latérale est une
couche de nitrure de gallium latérale continue (108c)
qui s’étend entre des parois latérales adjacentes a
travers les tranchées se trouvant entre elles.

Une structure selon larevendication 17, dans laquel-
le la couche de nitrure de gallium latérale s'étend
également verticalement dans les tranchées, jus-
gu'au dela de la couche de recouvrement.

Une structure selon la revendication 19, comprenant
en outre:

une couche de nitrure de gallium latérale dans
une condition de surcroissance (108b) qui
s'étend latéralement sur la couche de recouvre-
ment a partir de la couche de nitrure de gallium
latérale.

Une structure selon larevendication 20, dans laquel-
le la couche de nitrure de gallium latérale dans une
condition de surcroissance est une couche de nitrure
de gallium latérale continue dans une condition de
surcroissance (108c) qui s’étend entre des parois
latérales adjacentes, a travers la couche de recou-
vrement entre elles.

Une structure selon la revendication 17, comprenant
en outre une multiplicité de dispositifs microélectro-
niques (110) dans la couche de nitrure de gallium
latérale.

Une structure selon larevendication 19, comprenant
en outre une multiplicité de dispositifs microélectro-
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nigues dans la couche de nitrure de gallium latérale
qui s'étend verticalement dans les tranchées, au-
dela de la couche de recouvrement.

Une structure selon la revendication 20, comprenant
en outre une multiplicité de dispositifs microélectro-
niques dans la couche de nitrure de gallium latérale
dans une condition de surcroissance.

Une structure selon la revendication 17, comprenant
en outre une couche tampon (102b) entre le substrat
en carbure de silicium et la multiplicité de plots.

Une structure selon larevendication 25, dans laquel-
le les tranchées s’étendent & travers la couche tam-
pon l'intérieur du substrat en carbure de silicium.

Une structure la revendication 17, dans laquelle les
plots ont une densité de défauts, et dans laquelle la
de nitrure de gallium latérale a une densité de dé-
fauts inférieure a la densité de défauts.

Une structure selon larevendication 20, dans laquel-
le les plots ont une densité de défauts, et dans la-
quelle la couche de nitrure de gallium latérale dans
une condition de surcroissance a une densité de dé-
fauts inférieure a la densité de défauts.
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