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(54) METHOD FOR SELECTIVE EPITAXIAL GROWTH OF A GROUP III-NITRIDE LAYER

(57) A method for forming a layer of a Group III-Ni-
tride material, the method comprises providing a sub-
strate having a main surface comprising a layer of a first
Group III-nitride material. The substrate further compris-
es, on the main surface, a dielectric layer comprising an
opening exposing the first Group III-nitride material. A
thermal treatment process is performed while subjecting
the substrate to a gas mixture comprising a nitrogen con-
taining gas, thereby increasing temperature of the sub-

strate up to a temperature suitable for growing a layer of
a second Group III-nitride material. At least one Group
III-metal organic precursor gas is subsequently intro-
duced into the gas mixture at the growth temperature,
thereby forming, at least in the opening on the exposed
Group III-nitride material, a layer of the second Group
III-nitride material by selective epitaxial growth, charac-
terized in that the gas mixture is free of hydrogen gas.
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Description

Technical field of the invention

[0001] The present invention is related to the field of
growth of a layer of a Group III-nitride material. More
specifically, it is related to a method for growing a Group
III-nitride layer by selective epitaxial growth on a sub-
strate and structures manufactured thereof.

Background of the invention

[0002] Selective epitaxial growth (SEG) provides
growing of semiconductor layers locally through a pat-
terned dielectric mask layer. Selective epitaxial growth
of layers is particularly interesting in semiconductor in-
dustry. This is due to the fact that, in the manufacturing
of semiconductor devices, depending on the layer to be
grown and on the device to be manufactured, it is advan-
tageous to use selective epitaxial growth of layers for the
simplification it offers. Furthermore, SEG can be followed
by epitaxial lateral overgrowth (ELOG), which also bring
advantages in terms of device manufacturing and device
performance improvement.
[0003] Growth of Group III-nitride layers are interesting
particularly for the manufacturing of power devices and
Light Emitting Diode (LED) application and particularly
for enhancement mode devices based on GaN technol-
ogy. Providing a p-doped GaN (p-GaN) layer in the struc-
ture of a p-GaN High Electron Mobility Transistor (HEMT)
device has, typically, been done by growing a layer of p-
GaN on the barrier layer, which is typically an AlGaN
layer, followed by patterning and etching of this layer.
However, there are difficulties associated with this ap-
proach of providing a p-GaN layer. The difficulties arise
in etching the p-GaN layer selective to the barrier layer.
Additionally, exposure of the surface of the barrier layer
in the region between the gate region and the
source/drain region, which is typically referred to as the
access region, to plasma etch, creates a difficulty to use
high temperature dielectric deposition since that region
cannot be passivated after the etch step.
[0004] This problem can be remedied by the method
disclosed in EP 2 602 827 B1. Selective regrowth of p-
GaN layer in a recessed gate region is disclosed, where
an in-situ grown SiN layer is present having an opening
to define the recessed gate region. It is, however, a major
challenge to grow p-GaN by selective epitaxy in an open-
ing in the manufacturing of HEMT devices. This is due
to the fact that it becomes difficult to control the growth
rate and improve the surface morphology of p-GaN layer.
[0005] There is, therefore, a need in the art to improve
SEG and ELOG (Epitaxial Lateral Over Growth) of Group
III-nitride material such that device performance would
not be challenged when used in the manufacturing of
devices in semiconductor industry.

Summary of the Invention

[0006] It is an object of the present invention to provide
an efficient and simple method to allow growth of a layer
of Group III-nitride material by SEG (Selective epitaxial
growth) that can be easily executed in a manufacturing
environment.
[0007] It is an object of the present invention to provide
an epitaxial grown Group III-nitride material with im-
proved surface morphology.
[0008] The above objectives are accomplished by a
method according to the present invention.
[0009] In a first aspect, the present invention relates
to a method for forming a layer of a Group III-nitride ma-
terial. The method comprises providing a structure hav-
ing a main surface comprising a layer of a first Group III-
nitride material. The substrate further comprises, on its
main surface, a dielectric layer comprising an opening.
This opening exposes the first Group III-nitride material.
A thermal treatment process is formed. During this ther-
mal treatment process the substrate is subjected to a gas
mixture, thereby increasing temperature of the substrate
up to a temperature suitable for growing a layer of a sec-
ond Group III-nitride material. This gas mixture compris-
es a nitrogen containing gas. Subsequent to the thermal
treatment process, at least one Group III-metal organic
precursor is introduced into the gas mixture at the growth
temperature, thereby forming, at least in the opening on
the exposed first Group III-nitride material, a layer of the
second Group III-nitride material by selective epitaxial
growth. This gas mixture is free of hydrogen gas.
[0010] The inventors have found out that the presence
of hydrogen gas in the gas mixture made it difficult to
control the growth rate and surface morphology of the
Group III-nitride material when grown by SEG (Selective
Epitaxial Growth) inside openings comprised in a dielec-
tric layer. The difficulty in controlling the growth rate and
surface morphology can, thus, lead to an increase in
manufacturing cost. This is due to the fact that it, then,
necessitates other processes to be incorporated into the
manufacturing process flow to compensate for the result-
ing Group III-nitride layer grown.
[0011] Therefore, it is an advantage of the embodi-
ments of the present invention that the method allows for
controlled growth of a layer of Group III-nitride material
by SEG (Selective Epitaxial Growth) in an opening pro-
vided in a dielectric layer.
[0012] It is an advantage of the embodiments of the
present invention that the method allows for improved
thickness uniformity of a layer of a Group III-nitride ma-
terial, grown by SEG (Selective Epitaxial Growth), in an
opening comprised in a dielectric layer.
[0013] It is an advantage of the embodiments of the
present invention that the method allows for improved
surface morphology of a layer of Group III-nitride material
grown by SEG (Selective Epitaxial Growth) in an opening
provided in a dielectric layer.
[0014] It is an advantage of the embodiments of the
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present invention that the method reduces the cost of
manufacturing since it provides controlled growth with
improved thickness uniformity and surface morphology
of a layer of Group III-nitride material grown by SEG (Se-
lective Epitaxial Growth) in an opening comprised in a
dielectric layer.
[0015] It is further an advantage of the embodiments
of the present invention that the method enhances ELOG
(Epitaxial Lateral Over Growth) of a layer of a Group III-
nitride material.
[0016] It is an advantage of the embodiments of the
present invention that the method provides improved sur-
face morphology of a layer of a Group III-nitride material
when ELOG (Epitaxial Lateral Over Growth) is achieved.
[0017] In embodiments, the gas mixture may consist
of the nitrogen containing gas and a carrier gas.
[0018] The inventors have observed that using a gas
mixture consisting of the nitrogen containing gas and the
carrier gas avoids the formation of pyramidal islands in
the opening.
[0019] In embodiments, the nitrogen containing gas
may be NH3.
[0020] In embodiments, the carrier gas may be an inert
gas such as nitrogen gas or argon.
[0021] In embodiments, the method may further com-
prise, during the formation of the layer of the second
Group III-nitride material, introducing a dopant element
into the gas mixture.
[0022] It is advantageous to introduce the dopant ele-
ment into the gas mixture during the formation of the layer
since it will allow for obtaining the layer of the second
Group III-nitride material having uniformly distributed do-
pant profile inside the opening thanks to the controlled
growth provided by the method. This can further be ad-
vantageous for the manufacturing of Group III-nitride de-
vices where such a doped layer of second Group III-ni-
tride material would be desired.
[0023] In embodiments, the dopant element may be a
p-type or an n-type.
[0024] In embodiments, this p-type dopant element
may be Mg, Be, Zn, Fe, C or combinations thereof.
[0025] In embodiments, this n-type dopant may be Si,
Ge, or combinations thereof.
[0026] In embodiments, the layer of the second Group
III-nitride material formed may be monocrystalline.
[0027] In embodiments, the method may further com-
prise introducing hydrogen gas into the gas mixture upon
formation of the layer in the opening at the moment the
layer and the dielectric layer abut a common planar sur-
face.
[0028] The inventors have found out that introduction
of small amount of hydrogen allows for modulating the
morphology of selective growth in a controlled manner.
This leads to the formation of a protrusion of the layer
bounded by the width of the opening. This may be ad-
vantageous in the manufacturing of for example LED de-
vices or III-nitride devices.
[0029] In embodiments, the first Group III-nitride ma-

terial may be a binary, a ternary or a quaternary Group
III-nitride material.
[0030] In embodiments, the binary first Group III-nitride
material may be GaN, AlN or InN.
[0031] In embodiments, the ternary first Group III-ni-
tride material may be AlGaN, InGaN or AlInN.
[0032] In embodiments, the quaternary first Group III-
nitride material may be InAlGaN.
[0033] In embodiments, the layer of the first Group III-
nitride material may be doped with a dopant element.
[0034] In embodiments, this dopant element may be a
p-type or an n-type
[0035] It is advantageous to have a doped first Group
III-nitride material due to the fact that it allows optimizing
the performance of a Group III-nitride device comprising
such a layer of a Group III-nitride material.
[0036] In embodiments, the second Group III-nitride
material may be a binary, a ternary or a quaternary Group
III-nitride material.
[0037] In embodiments, the binary second Group III-
nitride material may be GaN, AlN or InN.
[0038] In embodiments, the ternary second Group III-
nitride material may be AlGaN, InGaN or AlInN.
[0039] In embodiments, the quaternary second Group
III-nitride material may be InAlGaN.
[0040] In embodiments, the present invention relates
to a method for manufacturing an enhancement mode
Group III-nitride HEMT device. The method may com-
prise forming the layer of a second Group III-nitride ma-
terial according to embodiments of the first aspect of the
present invention wherein the opening may be a gate
region. A gate contact may be formed in the gate region
to the layer of the second Group III-nitride material and
source and drain contacts may be formed through the
dielectric layer to the layer of the first Group III-nitride
material. The layer of the first Group III-nitride material
may extend completely over the main surface and the
substrate may further comprise, beneath the layer, a
stack of layers, each layer comprising a Group III-nitride
material.
[0041] In embodiments, the Group III-nitride material
comprised in each layer of the stack of layers may be the
same as the first or the second Group III-nitride material
with differing compositions
[0042] In embodiments, the Group III-nitride material
comprised in each layer of the stack of layers may also
be a combination of the first and the second Group III-
nitride material with differing compositions.
[0043] The inventors have found out that the presence
of hydrogen gas in the gas mixture used for the selective
epitaxial growth of a Group III-nitride layer in the opening,
challenges its device performance. This challenge orig-
inates from the surface of the exposed layer of the first
Group III-nitride material, being etched, during SEG (Se-
lective Epitaxial Growth), by hydrogen gas present in the
gas mixture.
[0044] Therefore, it is an advantage of the embodi-
ments of the present invention that the method allows for

3 4 



EP 3 340 279 A1

4

5

10

15

20

25

30

35

40

45

50

55

manufacturing an enhancement mode Group III-nitride
HEMT device having better device performance.
[0045] Furthermore, it is an advantage of the embod-
iments of the present invention that the method allows
for manufacturing an enhancement mode Group III-ni-
tride HEMT device having a Group III-nitride layer in the
gate region, with improved growth control, thickness uni-
formity and surface morphology.
[0046] It is an advantage of the embodiments of the
present invention that the method allows for manufactur-
ing an enhancement mode Group III-nitride HEMT device
wherein ELOG (Epitaxial Lateral Over Growth) of a layer
of a Group III-nitride material is achieved. It is an advan-
tage that ELOG (Epitaxial Lateral Over Growth) of Group
III-nitride material is achieved by a simple method, rather
than adjustment of the process parameters such as tem-
perature and/or pressure of the growth process.
[0047] It is further an advantage of the embodiments
of the present invention that the method allows for man-
ufacturing an enhancement mode Group III-nitride HEMT
device wherein ELOG (Epitaxial Lateral Over Growth) of
a layer of Group III-nitride material is achieved, thus pro-
viding improved device performance, such as for in-
stance increased VT and IIDS.
[0048] In a second aspect, the present invention re-
lates to a Group III-nitride structure. The structure com-
prises a substrate having a main surface comprising a
layer of a first Group III-nitride material. The substrate
further comprises, on the main surface, a dielectric layer
comprising an opening exposing the first Group III-nitride
material. A layer of a second Group III-nitride material is
present filling the opening at least partially, thereby hav-
ing an exposed upper surface. This exposed upper sur-
face is planar and free of grooves.
[0049] It is advantageous to have such a Group III-
nitride structure such that it allows for depositing a further
layer on the exposed planar upper surface being free of
grooves directly, i.e. without the need for using surface
flattening process steps, thereby reducing cost of man-
ufacturing.
[0050] In embodiments, the layer of the second Group
III-nitride material may be doped with a dopant element.
[0051] In embodiments, the dopant element may be a
p-type or an n-type.
[0052] In embodiments, this p-type dopant element
may be Mg, Be, Zn, Fe, C or combinations thereof.
[0053] In embodiments, the n-type dopant element
may be Si, Ge or combinations thereof.
[0054] In embodiments, the first Group III-nitride ma-
terial may be a binary, a ternary or a quaternary Group
III-nitride material.
[0055] In embodiments, the binary first Group III-nitride
material may be GaN, AlN or InN.
[0056] In embodiments, the ternary first Group III-ni-
tride material may be AlGaN, InGaN or AlInN.
[0057] In embodiments, the quaternary first Group III-
nitride material may be InAlGaN.
[0058] In embodiments, the second Group III-nitride

material may be a binary, a ternary or a quaternary Group
III-nitride material.
[0059] In embodiments, the binary second Group III-
nitride material may be GaN,AlN or InN.
[0060] In embodiments, the ternary second Group III-
nitride material may be AlGaN, InGaN or AlInN.
[0061] In embodiments, the quaternary second Group
III-nitride material may be InAlGaN.
[0062] In embodiments, the layer of the second Group
III-nitride material may be monocrystalline.
[0063] In embodiments, the layer of the second Group
III-nitride material may have a portion protruding from a
surface of the dielectric layer, wherein the protruding por-
tion may be bounded within a width w of the opening.
[0064] In embodiments, the protruding portion may
have tapered side walls.
[0065] In embodiments, the protruding portion may
have a planar upper surface without grooves.
[0066] It is advantageous to have a planar upper sur-
face without grooves since this allows for direct deposi-
tion of another layer of a material directly on this protru-
sion, i.e. without the need for another processing step.
Furthermore, a layer of a material, which may be desired
for a specific application of interest, may be provided by
selective deposition on the protruding portion.
[0067] In embodiments, the layer of the second Group
III-nitride material at least partially filling the opening may
be monocrystalline.
[0068] In embodiments, the present invention relates
to an enhancement mode Group III-nitride HEMT device.
This HEMT device may comprise the structure according
to embodiments of the second aspect of the present in-
vention, wherein the opening may be a gate region. This
HEMT device may further comprise a gate contact
formed to the layer of the second Group III-nitride material
and source/drain contacts formed through the dielectric
layer to the layer of the first Group III-nitride material. The
layer of the second Group III-nitride material may extend
completely over the main surface. The substrate may
further comprise, beneath the layer of the first Group III-
nitride material, a stack of layer, each layer comprising
a Group III-nitride material.
[0069] The inventors have realized that such a HEMT
device would be advantageous due to the fact that it will
have better device performance in terms of reduced load-
ing effects and increased VT and IIDS.
[0070] In embodiments, the Group III-nitride material
comprised in each layer of the stack of layers may be the
same as the first or the second Group III-nitride material
with differing compositions
[0071] In embodiments, the Group III-nitride material
comprised in each layer of the stack of layers may also
be a combination of the first and the second Group III-
nitride material with differing compositions.

Brief description of the figures

[0072] The figures are only schematic and are non-
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limiting. In the drawings, the size of some of the elements
may be exaggerated and not drawn on scale for illustra-
tive purposes. Any reference signs in the claims shall not
be construed as limiting the scope. In the different draw-
ings, the same reference signs refer to the same or anal-
ogous elements.

Fig. 1 shows temperature vs. time graph for forming
a layer of a Group III-Nitride material according to
embodiments of the present invention.
Fig. 2(a) and Fig. 2(b) show schematically for form-
ing a layer of a Group III-Nitride material according
to embodiments of the present invention.
Fig. 3(a) and Fig. 3(b) show schematically examples
of the substrate according to embodiments of the
present invention.
Fig. 4 is a cross section Scanning Electron Micros-
copy (X-SEM) image of a Group III-nitride structure
with a layer of a second Group III-nitride material
grown by a method according to embodiments of the
present invention.
Fig. 5(a) is a cross section Scanning Electron Micro-
scopy (X-SEM) image of a substrate when a gas
mixture containing hydrogen gas is used during pre-
growth and during growth of a layer of a second
Group III-nitride material.
Fig. 5(b) shows schematically the structure of Fig.
5(a).
Fig. 6(a) is a cross section Scanning Electron Micro-
scopy (X-SEM) images of a substrate with a layer of
a second Group III-nitride material grown when a
gas mixture containing hydrogen gas is used during
pre-growth and during growth.
Fig. 7(a) is a cross section Scanning Electron Micro-
scopy (X-SEM) image of a substrate with a layer of
a second Group III-nitride material grown by a meth-
od according to embodiments of the present inven-
tion when ELOG (Epitaxial Lateral Over Growth) oc-
curs.
Fig. 7(b) shows schematically the structure of Fig.
7(a).
Fig. 8(a) is a cross section Scanning Electron Micro-
scopy (X-SEM) image of a substrate with a layer of
a second Group III-nitride material grown by a meth-
od according to embodiments of the present inven-
tion when hydrogen gas is introduced in the gas mix-
ture upon filling of the opening with the layer of the
second Group III-nitride material.
Fig. 8(b) shows schematically the structure of Fig.
8(a).
Fig. 9 shows schematically an enhancement mode
Group III-nitride HEMT device manufactured accord-
ing to embodiments of the present invention.

Detailed description of the invention

[0073] The present invention will be described with re-
spect to particular embodiments and with reference to

certain drawings but the invention is not limited thereto
but only by the claims. The drawings described are only
schematic and are non-limiting. In the drawings, the size
of some of the elements may be exaggerated and not
drawn on scale for illustrative purposes. The dimensions
and the relative dimensions do not correspond to actual
reductions to practice of the invention.
[0074] It is to be noticed that the term "comprising",
used in the claims, should not be interpreted as being
restricted to the means listed thereafter; it does not ex-
clude other elements or steps. It is thus to be interpreted
as specifying the presence of the stated features, inte-
gers, steps or components as referred to, but does not
preclude the presence or addition of one or more other
features, integers, steps or components, or groups there-
of.
[0075] Reference throughout the specification to "one
embodiment" or "an embodiment" means that a particular
feature, structure or characteristic described in connec-
tion with the embodiment is included in at least one em-
bodiment of the present invention. Thus, appearances
of the phrases "in one embodiment" or "in an embodi-
ment" in various places throughout the specification are
not necessarily all referring to the same embodiment, but
may. Furthermore, the particular features, structures or
characteristics may be combined in any suitable manner,
as would be apparent to one of ordinary skill in the art
from the disclosure, in one or more embodiments.
[0076] Similarly, it should be appreciated that in the
description of exemplary embodiments of the invention,
various features of the invention are sometimes grouped
together in a single embodiment, figure, or description
thereof for the purpose of streamlining the disclosure and
aiding in the understanding of one or more of the various
inventive aspects. The method of disclosure, however,
is not to be interpreted as reflecting an intention that the
claimed invention requires more features than are ex-
pressly recited in each claim. Rather, as the following
claims reflect, inventive aspects lie in less than all fea-
tures of a single foregoing disclosed embodiment. Thus,
the claims following the detailed description are hereby
expressly incorporated into the detailed description, with
each claim standing on its own as a separate embodi-
ment of the invention.
[0077] Furthermore, while some embodiments de-
scribed herein include some but not other features in-
cluded in other embodiments, combinations of features
of different embodiments are meant to be within the
scope of the invention, and form different embodiments,
as would be understood by those in the art. For example,
in the following claims, any of the claimed embodiments
can be used in any combination.
[0078] In the description provided herein, numerous
specific details are set forth. However, it is understood
that embodiments of the invention may be practiced with-
out these specific details. In other instances, well-known
methods, structures and techniques have not been
shown in detail in order not to obscure an understanding
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of the description.
[0079] The following terms are provided solely to aid
in the understanding of the invention.
[0080] The following terms are provided solely to aid
in the understanding of the invention.
[0081] As used herein and unless provided otherwise,
the term "access region" refers to the region between
a gate region and a source region or between a gate
region or a drain region of a HEMT device.
[0082] As used herein and unless provided otherwise,
the term "exposed" refers to a layer, a surface or a region
that is not protected from its surrounding environment.
[0083] As used herein and unless provided otherwise,
the term "III-nitride" refers to a semiconductor material
comprising at least one element from Group III of the
periodic table of elements and nitrogen such as for ex-
ample, GaN, AlN, InGaN, AlGaN, InAlN, InAlGaN.
[0084] As used herein and unless provided otherwise,
the term "p-type doped GaN layer" refers to a layer com-
prising GaN and a p-type dopant. The p-type dopant may
be Mg, Be, Zn, Fe, C or combinations thereof. The con-
centration of the p-type dopant may be in the range of
1e17 to 1e21.
[0085] As used herein and unless provided otherwise,
the term "groove" refers to an indentation in a material
that may have linear or rounded side faces or that may
be comprised on a surface having concave or convex
protrusions.
[0086] As used herein and unless provided otherwise,
the term "carrier gas" refers to a gas used to supply the
nitrogen containing gas into the reaction chamber.
[0087] The invention will now be described by a de-
tailed description of several embodiments of the inven-
tion. It is clear that other embodiments of the invention
can be configured according to the knowledge of persons
skilled in the art without departing from the technical
teaching of the invention, the invention being limited only
by the terms of the appended claims.
[0088] The method according to the first aspect is il-
lustrated schematically in Fig. 2(a) and Fig. 2(b). The
figures show corresponding cross-sections of the sub-
strate at different stages of the method. Purely to facilitate
understanding, different layers are shown with different
numbers, however; this should not be construed in any
limiting sense.
[0089] We now refer to Fig. 1, Figure 2(a), Figure 2(b),
Fig. 3(a) and Fig. 3(b).
[0090] The method starts with providing a substrate
(10) having a main surface (13) (Fig. 2(a)). The main
surface (13) comprises a layer (20) of a first Group III-
nitride material. The substrate (10) further comprises a
dielectric layer (30) comprising an opening (40) exposing
at its bottom at least a part of this first Group III-nitride
material.
[0091] In embodiments, the substrate (10) may com-
prise a semiconductor substrate such as a doped silicon
substrate, an indium phosphide, a germanium, a silicon
germanium, a gallium arsenide, a gallium arsenide phos-

phide substrate. The substrate may also be a silicon-on-
glass, silicon-on-AlN, silicon-on-Mo or a silicon-on-sap-
phire substrate.
[0092] In embodiments, the substrate (10) may be a
silicon substrate. In preferred embodiments, the sub-
strate may be a Si (111) or an equivalent oriented silicon
substrate.
[0093] In embodiments, the dielectric layer may be a
silicon oxide or a silicon nitride layer.
[0094] In embodiments, the first Group III-nitride ma-
terial may be a binary, a ternary or a quaternary Group
III-nitride material. This binary first Group III-nitride ma-
terial may be GaN, AlN or InN while this ternary first Group
III-nitride material may be AlGaN, InGaN or AlInN and
while this quaternary first Group III-nitride material may
be InAlGaN.
[0095] In embodiments, the layer of the first Group III-
nitride material may be doped with a dopant element.
This is advantageous due to the fact that it can help to
optimize the device performance, for example, if increase
in threshold voltage (Vth) is desired, it is advantageous
to dope with p-type dopant, while in case increased drain
current (Ids) is desired, it is advantageous to dope with
n-type dopant.
[0096] In embodiments, the substrate may comprise
this layer (20) as a buried layer as shown in Fig. 3(a).
The surface of the substrate (10) not occupied by the
buried layer together with the surface of the layer (20)
make up the main surface (13) of the substrate (10). In
alternative embodiments, this layer (20) may be present
as a patterned feature on the substrate surface, whereby
the surface of the substrate (10) not covered by this pat-
terned feature together with the surfaces of the patterned
feature make up the main surface (13) of the substrate
(10) (Fig. 3(b)). The opening (40) of the dielectric layer
(30) may expose at its bottom at least a part of this layer
(20) as shown in Fig. 3(a) and Fig. 3(b). Thus, the sche-
matic cross section of the substrate (10) shown in Fig.
2(a) may be a close-up of the cross section of the sub-
strate (10) as indicated by the dotted lines given in Fig.
3(a) and Fig. 3(b).
[0097] The substrate (10) is loaded into a reaction
chamber of a deposition tool for depositing a layer of a
second Group III-nitride material.
[0098] In embodiments, the second Group III-nitride
material may be a binary, a ternary or a quaternary Group
III-nitride material. This binary second Group III-nitride
material may be GaN, AlN or InN while this ternary sec-
ond Group III-nitride material may be AlGaN, InGaN or
AlInN and while this quaternary second Group III-nitride
material may be InAlGaN.
[0099] The choice of the first and the second Group
III-nitride material may be done such that different com-
binations of binary, ternary and quaternary Group III-ni-
tride materials are possible.
[0100] Before the deposition process starts in the re-
action chamber, a thermal treatment process is per-
formed while subjecting the substrate (10) to a gas mix-
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ture as schematically shown on the temperature versus
time graph of Fig. 1. The purpose of this thermal treat-
ment is to bring the substrate from an ambient tempera-
ture present inside the reaction chamber up to a temper-
ature suitable for the growth process to take place. This
ambient temperature is denoted as Tinitial in Fig. 1. This
growth temperature (Tgrowth) is in the range of 500 °C to
1200 °C.
[0101] In embodiments, this gas mixture comprises a
nitrogen containing gas. This nitrogen containing gas
may be NH3. In embodiments, this gas mixture may fur-
ther comprise a carrier gas.
[0102] In embodiments, this gas mixture may consist
of a nitrogen containing gas and a carrier gas.
[0103] In embodiments, the carrier gas is used to sup-
ply the nitrogen containing gas into the reaction chamber.
[0104] In embodiments, the carrier gas may be an inert
gas such as nitrogen gas or argon.
[0105] Once a temperature suitable for growing a layer
of a second Group III-nitride material (Tgrowth) is reached
inside the reaction chamber, at least one Group III-metal
organic precursor is introduced into the gas mixture (Fig.
1), thereby forming at least in the opening (40) on the
exposed first Group III-nitride material, the layer of the
second Group III-nitride material (50) by selective epi-
taxial growth (SEG) (Fig. 2(b)). This at least one Group
III-metal organic precursor is in gas phase and is intro-
duced with the help of the carrier gas. Introducing at least
one Group III-metal organic precursor leads to the for-
mation of a layer of a binary Group III-nitride material,
while introduction of two or three Group III-metal organic
precursor leads to the formation of a ternary or a quater-
nary Group III-nitride material, respectively. In embodi-
ments, introducing two or three Group III-metal organic
precursor may be done sequentially. In embodiments,
introducing two or three Group III-metal organic precur-
sor may be done at the same time.
[0106] In embodiments, the method may further com-
prise introducing a dopant element into the gas mixture
during the formation of the layer comprising the second
group III-nitride material. In embodiments, this introduc-
tion may be done simultaneously as with the introduction
of the Group III-metal organic precursor. In this way, while
the layer (50) is growing the dopant also gets incorporat-
ed into the layer (50). This dopant element may in em-
bodiments, be a p-type or an n-type dopant element. This
p-type dopant element may, in embodiments, be Mg, Be,
Zn, Fe, C or combinations thereof. This n-type dopant
element, may, in embodiments, be Si, Ge or combina-
tions thereof. The type of the dopant element is deter-
mined by the application. This can be advantageous for
the manufacturing of Group III-nitride devices where such
a doped layer of second Group III-nitride material would
be desired. It allows for obtaining the layer of the second
Group III-nitride material having uniformly distributed do-
pant profile inside the opening thanks to the controlled
growth provided by the method. Furthermore, a p-type
doped layer of GaN, for example, can be used as the

second Group III-nitride material, in order to fully deplete
the electrons at the interface between the barrier layer
and p-type doped GaN in the manufacturing of enhance-
ment mode HEMT devices, where the barrier layer may,
for example, be AlGaN.
[0107] The inventors have found out that carrying out
the thermal treatment process prior to and during the
SEG (Selective Epitaxial Growth) process in the pres-
ence of this gas mixture that is free of H2 enables the
growth of the layer of the second Group III-nitride mate-
rial, inside the opening (40) such that the grown layer
(50) has an upper surface (51) that is planar, or in other
words flat, and it is free of grooves (Fig. 2(b)).
[0108] In an example, this is supported by Figure 4
showing a X-SEM image of a substrate where, the layer
of the second Group III-nitride material (50) is formed by
a method according to embodiments of the present in-
vention. In this example, the second Group III-nitride ma-
terial (50) is a p-type doped binary Group III-nitride ma-
terial. This p-type doped Group III-nitride material is Mg
doped GaN. The first Group III-nitride material (20), in
this example, is a ternary Group III-nitride material. This
first Group III-nitride material is AlGaN.
[0109] In an example, Fig. 5(a) shows a X-SEM image
and Fig. 5(b) is a schematic representation of a substrate
where, the layer comprising the first Group III-nitride ma-
terial (50) is formed in the opening (40), by SEG (Selec-
tive Epitaxial Growth), whereby hydrogen gas is present
in the gas mixture. In this example, the formed layer (50)
is a Mg doped GaN layer, obtained by using trimethyl-
gallium (TMGa) as the Group III-metal organic precursor.
The layer (20) of the first Group III-nitride material is Al-
GaN, and where the dielectric layer (30) is a silicon ni-
tride.
[0110] It is observed that pyramidal islands (55) are
formed inside the opening (40). These pyramidal islands
create topography inside the opening (40) and a rough
surface, combination of which may look like facets or
groves having side faces.
[0111] In another example, Fig. 6 (a) shows a X-SEM
image and Fig. 6(b) is a schematic representation of a
substrate, with the layer (50) similar to that given in Fig.
5(a) and Fig. 5(b). It is observed that pyramidal islands
(55) are formed inside the opening (40) that are bigger.
It is also observed that these pyramidal island (55) grow
over the opening (40)and thus, creating undesirable to-
pography.
[0112] Typically, growth of a Group III-nitride layer, for
example a layer of GaN, is preferred in the presence of
a gas mixture containing hydrogen gas when grown on
blanket surfaces. This preference is due to the fact that
it provides better surface morphology and less impurities
concentration. However, in SEG (Selective Epitaxial
Growth), where GaN layer is grown inside an opening
(40) in a dielectric layer (30), pyramidal GaN islands (55)
were initialized inside the opening (40).
[0113] Without wishing to be bound by theory, the for-
mation of such pyramidal islands (55) lies in the presence
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of H2 gas in the gas mixture. This is due to the fact that
H2 gas etches the layer of the first Group III-nitride ma-
terial (20), which may be AlGaN as in this example of
Fig. 5(a), exposed at the bottom of the opening (40). This
thus, triggering the formation of such pyramidal islands
(55).
[0114] Formation of such pyramidal islands (55)
makes it very difficult to control the growth rate and to
improve the surface morphology of the layer grown inside
the opening (40). Furthermore, as the growth proceeds,
these islands may grow further and coalesce and pro-
trude from the opening, thus making it difficult to have
thickness uniformity of the grown layer inside and/or over
the opening (40). This then creates topography on the
substrate. Such topography is undesirable in semicon-
ductor manufacturing since it will jeopardize the making
of devices. The presence of topography thus necessi-
tates the use of other processes, such as for example
chemical mechanical planarization or an etch-back proc-
ess in order to arrive at a planar surface. Use of such
additional processes may have disadvantages due to the
fact that it increases manufacturing costs. Thus, using a
gas mixture free of H2 gas overcomes the difficulty in
controlling the growth rate and improves the surface mor-
phology of the Group III-nitride layer in an opening of a
dielectric layer when SEG (Selective Epitaxial Growth)
is done. This results in improved thickness uniformity.
Thus, this in turn avoids the increase in manufacturing
cost since the need for additional surface flattening proc-
ess would not be present.
[0115] It is an advantage of the embodiments of the
present invention that the method leads to the formation
of the layer comprising Group III-nitride material (50) also
over the dielectric layer (30). This type of formation is
referred to as ELOG (Epitaxial Lateral Over Growth) and
provides improved surface morphology of the layer (50).
ELOG (Epitaxial Lateral Over Growth) of this layer (50)
is shown in an example given is Fig. 7(a), which is a X-
SEM image of a substrate with the layer (50) grown by
a method according to embodiments of the present in-
vention when ELOG (Epitaxial Lateral Over Growth) oc-
curs. As shown in Fig. 7(a) the upper surface (52) of the
layer (50) is planar and without grooves. Fig. 7(b) shows
schematically the structure of Fig. 7(a).
[0116] It is further advantageous that ELOG (Epitaxial
Lateral Over Growth) of p-type or n-type doped Group
III-nitride layer is obtained by the embodiments of the
present invention since this leads to improved incorpo-
ration of the dopant into the Group III-nitride layer formed
both in the opening (40) and over the dielectric (30).
[0117] In embodiments, the method may further com-
prise introducing hydrogen gas into the gas mixture. This
introduction may be done upon formation of the layer (50)
comprising the second Group III-nitride material in the
opening (40) at the moment that the layer (50) and the
dielectric layer (30) abut a common planar surface. This
introduction may be done at the moment when the open-
ing (40) is completely filled with the already formed layer

of the second Group III-nitride material (50).
[0118] The introduction of hydrogen gas into the gas
mixture enables further controlled growth of the layer (50)
of the second Group III-nitride material that leads to for-
mation of the layer extending upward or in other words,
protruding from the dielectric layer (30), where the for-
mation is bounded by a width w of the opening (40). This
is shown in Fig. 8(a) by a X-SEM image of the substrate
(10), where the layer (50) is grown uniformly in the open-
ing (50) and the formation of the protruding portion is
bounded by the width w of the opening(40). The protrud-
ing portion has a planar upper surface (53) free of
grooves and tapered sidewalls (Fig. 8(a)). Fig. 8(b)
shows schematically the structure of Fig. 8(a).
[0119] In this example given by Fig. 8(a), the layer (50)
is a p-type doped GaN, where the p-type dopant is mag-
nesium. The Group III-nitride metal organic precursor is
TMGa.
[0120] Without wishing to be bound by theory, even
though hydrogen gas is introduced into the gas mixture
later in the growth process, the absence of pyramidal
islands from the surface (53) of the layer (50) is due to
the absence of hydrogen gas during pre-growth and dur-
ing the growth of the layer (50) in the opening (40). There-
fore, introduction of the hydrogen gas at a later stage did
not trigger pyramidal island formation. This may also sup-
port the fact that pyramidal island formation is due to the
etching characteristic of the hydrogen gas on the ex-
posed surface of the layer (20) of the first Group III-nitride
material in the opening (40).
[0121] It advantageous that formation of such a pro-
truding portion of the layer (50) can be enabled by em-
bodiments of the present invention due to the fact that,
it is a way to reduce manufacturing cost. For applications,
where such a structure is desired, the making of it would
typically involve a lithographic patterning step. After the
lithographic patterning step, the layer has to be etched
and a strip process has to be done to remove any etch
residues from the substrate (10), thus increasing the cost
of manufacturing. Furthermore, the etch process has to
be tuned so that the layer (50) can be etched selective
to the dielectric layer (30) such that etch damage to the
dielectric layer (30) can be avoided, if this would be re-
quired.
[0122] For the manufacturing of LED devices, for ex-
ample, the light extraction efficiency may be improved
by the presence of such a protrusion.
[0123] In embodiments, the present invention relates
to a method for manufacturing an enhancement mode
Group III-nitride HEMT device. The method may com-
prise forming the layer (50) of a second Group III-nitride
material according to embodiments of the first aspect of
the present invention wherein the opening (40) may be
a gate region. A gate contact may be formed in the gate
region to the layer (50) of the second Group III-nitride
material formed and source and drain contacts may be
formed through the dielectric layer (30) to the layer of the
first Group III-nitride material. The layer (20) of the first
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Group III-nitride material may extend completely over the
main surface (13) and the substrate (10) may further com-
prise, beneath the layer (20), a stack of layers, where
each layer may comprise a Group III-nitride material.
[0124] In embodiments, forming the gate contact may
comprise providing a gate metal on the layer (50) in the
gate region.
[0125] In embodiments, the Group III-nitride material
comprised in each layer of the stack may be a ternary or
a binary Group III-nitride material.
[0126] In embodiments, the Group III-nitride material
comprised in each layer of the stack may be the same
as the first or the second Group III-nitride material with
differing compositions.
[0127] In embodiments, the Group III-nitride material
comprised in each layer of the stack may also be a com-
bination of the first and the second Group III-nitride ma-
terial with differing compositions.
[0128] In embodiments, each layer in the stack may
be formed by epitaxy. Each layer in the stack may be a
multi-layer of a ternary Group III-nitride material or a bi-
nary Group III-nitride material or combinations thereof.
[0129] In embodiments, each layer of the stack may
have a graded composition.
[0130] In embodiments, the stack of layers may com-
prise a nucleation layer, a buffer layer, a channel layer
and a barrier layer. Of these layers, the buffer layer, the
channel layer and the barrier layer are referred to as ac-
tive layers of the HEMT device.
[0131] It is particularly advantageous to have the buffer
layer in the form of a multi-layer when Si is used as the
substrate. It helps to build an appropriate bow thus build-
ing compressive stress in the structure such that upon
cooling down the temperature after growing the layer (50)
crack formation is avoided.
[0132] Manufacturing the enhancement mode group
III-nitride HEMT device according to embodiments of the
present invention is advantageous. This is due to the fact
that it will have better device performance compared to
an HEMT device manufactured, where hydrogen gas is
used during pre-growth and during growth of the Group
III-nitride layer in the gate region. In the absence of hy-
drogen gas in the gas mixture used during pre-growth
and growth of the Group III-nitride layer, etch damage on
the surface of the exposed first Group III-nitride material,
which may be a barrier layer, is avoided. The fact that
etch damage leads to the formation of pyramidal islands
and thus, makes it difficult to control the growth inside
the opening (40,) the dopant distribution in the opening
may be influenced, thereby degrading device perform-
ance.
[0133] In embodiments, the Group III-nitride layer may
be grown in the opening by SEG (Selective Epitaxial
Growth) according to embodiments of the present inven-
tion in the manufacturing of the HEMT device.
[0134] In alternative embodiments, the layer of Group
III-nitride material may be grown by ELOG (Epitaxial Lat-
eral Over Growth) according to embodiments of the

present invention in the manufacturing of the HEMT de-
vice. This may then be followed by lithographic patterning
and etch processes in order to have the layer (50) cover
the gate region. Furthermore, improved device perform-
ance is provided such as for instance increased VT and
IDS and reduced dispersion.
[0135] In yet alternative embodiments, the Group III-
nitride layer (50) may be grown as that shown in Fig. 8
(a) as having the protruding portion according to embod-
iments of the present invention, which may also be useful
in the manufacturing of the III-nitride devices, HEMT or
LED devices. Depending on the type of the device to be
manufactures and/or the application for which this device
is going to be used, a gate metal may be provided only
on the upper surface (53) (Fig. 8(b)) or on the tapered
sidewalls (54) or both on the upper surface (53) and on
the tapered sidewalls (54) (Fig. 8 (b)).
[0136] In a second aspect, the present invention dis-
closes a Group III-nitride structure.
[0137] We now refer to Fig. 2(b) that shows schemat-
ically a Group III-nitride structure according to embodi-
ments of the present invention.
[0138] The structure comprises a substrate (10) having
a main surface (13) comprising a layer (20) of a first Group
III-nitride material. The substrate (10) further comprises,
on the main surface (13), a dielectric layer (30) compris-
ing an opening (40) exposing the Group III-nitride mate-
rial. A layer (50) of a second Group III-nitride material is
present filling the opening (40) at least partially, thereby
having an exposed upper surface (51). This exposed up-
per surface is planar and free of grooves.
[0139] Fig. 4 is a cross section Scanning Electron Mi-
croscopy (X-SEM) image of a Group III-nitride structure
with a layer of a second Group III-nitride material grown
by a method according to embodiments of the present
invention.
[0140] In embodiments of the present invention, for the
upper surface to be considered free of grooves, it may
have an RMS value of in a range of 0.5 nm and 10 nm.
RMS is a representation of surface roughness and is cal-
culated as the Root Mean Square average of peaks and
valleys of a materials surface profile. Typically, surface
roughness is determined by the so-called Atomic Force
Microscopy (AFM) technique.
[0141] In embodiments, the opening (40) may extend
from a surface (31) of the dielectric layer (30) to an upper
surface of the layer (20) of the first Group III-nitride ma-
terial. In alternative embodiments, the opening may ex-
tend from a surface (31) of the dielectric layer (30) into
the layer (20) of the first Group III-nitride material.
[0142] In embodiments, the layer (50) of the second
Group III-nitride material may fill the opening completely
and may further have a portion protruding from a surface
of the dielectric layer, wherein the protruding portion may
be bounded within a width w of the opening (40). The
protruding portion may have a planar upper surface (53)
without grooves and may have tapered side walls (54)
(Fig. 8(a) and Fig. 8(b)).
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[0143] In embodiments, the layer of the second Group
III-nitride material filling the opening may be monocrys-
talline.
[0144] In embodiments, the layer of the second Group
III-nitride material may be doped with a dopant element.
This dopant element may be a p-type or an n-type dopant
element.
[0145] In embodiments, this p-type dopant element
may be Mg, Be, Zn, Fe, C or combinations thereof, while
this n-type dopant may be Si, Ge or combinations thereof.
[0146] In embodiments, the first Group III-nitride ma-
terial may be a binary, a ternary or a quaternary Group
III-nitride material. In embodiments, the binary first Group
III-nitride material may be GaN, AlN or InN.
[0147] In embodiments, the ternary first Group III-ni-
tride material may be AlGaN, InGaN or AlInN.
[0148] In embodiments, the quaternary first Group III-
nitride material may be InAlGaN.
[0149] In embodiments, the second Group III-nitride
material may be a binary, a ternary or a quaternary Group
III-nitride material. In embodiments, the binary second
Group III-nitride material may be GaN, AlN or InN.
[0150] In embodiments, the ternary second Group III-
nitride material may be AlGaN, InGaN or AlInN.
[0151] In embodiments, the quaternary second Group
III-nitride material may be InAlGaN.
[0152] In embodiments, the present invention relates
to an enhancement mode Group III-nitride HEMT device.
This HEMT device is schematically shown in Fig. 9.
[0153] The HEMT device (200) may comprise the
structure (100) according to embodiments of the second
aspect of the present invention. A gate contact (70) may
be formed to the layer (50) of the second Group III-nitride
material. In embodiments, the gate contact may comprise
a gate metal on the layer (50) in the gate region.
[0154] Source and drain contacts (60) may be formed
through the dielectric layer (30) to the layer of the first
Group III-nitride material. The layer (50) of the second
Group III-nitride material may extend completely over the
main surface (13) of the substrate (10) and the substrate
(10) may, further comprise, beneath the layer (20) of the
first Group III-nitride material, a stack of layers (9). Each
layer of the stack (9) may comprise a Group III-nitride
material.
[0155] In embodiments, each layer in the stack may
be formed by epitaxy.
[0156] In embodiments, the Group III-nitride material
comprised in each layer of the stack (9) may be the same
as the first or the second Group III-nitride material of the
layer (20) or the layer (50), respectively, but with differing
compositions.
[0157] In embodiments, each layer of the stack (9) may
comprise a ternary Group III-nitride material or a binary
Group III-nitride material.
[0158] In embodiments, each layer in the stack (9) may
be a multi-layer comprising a ternary Group III-nitride ma-
terial or a binary Group III-nitride material or combina-
tions thereof.

[0159] In embodiments, each layer of the stack may
have a graded composition.
[0160] In embodiments, the Group III-nitride material
comprised in each layer of the stack (9) may also be a
combination of the first and the second Group III-nitride
material with differing compositions.
[0161] In embodiments, each layer in the stack (9) may
be formed by epitaxy. Each layer in the stack (9) may be
a multi-layer or a layer having a graded composition.
[0162] In embodiments, the stack (9) of layers may
comprise a nucleation layer (11), a buffer layer (12), and
a channel layer (13). Of these layers, the buffer layer
(13), the channel layer (13) together with the layer of the
first Group III-nitride material (20), which is the barrier
layer, are referred to as active layers of the HEMT device.
[0163] It is particularly advantageous to have the buffer
layer in the form of a multi-layer when Si is used as the
substrate. It helps to provide an appropriate bow thus,
making the HEMT device have compressive stress such
that upon cooling down the temperature after growing
the layer (50) crack formation is avoided.
[0164] A method according to embodiments of the
present invention allows to manufacture power devices
such as enhancement mode High Electron Mobility Tran-
sistor (HEMT) as well as Light Emitting Diode (LED). It
also allows the manufacture of devices suitable for radio
frequency (RF) applications.
[0165] Such devices may have the following advantag-
es:

- lower dispersion
- increased VT and IDS.
- controlled shape of protrusion
- light extraction efficiency for the LED.

Claims

1. A method for forming a layer of a Group III-Nitride
material comprising:

- providing a substrate (10) having a main sur-
face (13) comprising a layer of a first Group III-
nitride material (20), the substrate (10) further
comprising, on the main surface (13), a dielectric
layer (30) comprising an opening (40) exposing
the first Group III-nitride material (20),
- performing a thermal treatment process while
subjecting the substrate (10) to a gas mixture
comprising a nitrogen containing gas, thereby
increasing temperature of the substrate (10) up
to a temperature suitable for growing a layer of
a second Group III-nitride material (50), and;
- introducing, subsequently, at least one Group
III-metal organic precursor gas into the gas mix-
ture at the growth temperature, thereby forming,
at least in the opening (40) on the exposed first
Group III-nitride material (20), a layer of the sec-
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ond Group III-nitride material (50) by selective
epitaxial growth,

characterized in that;
the gas mixture is free of hydrogen gas.

2. The method according to claim 1, wherein the gas
mixture consists of the nitrogen containing gas and
a carrier gas.

3. The method according to claim 1 or 2, wherein the
method further comprises, during the formation of
the layer of the second Group III-nitride material (50),
introducing, into the gas mixture, a dopant element.

4. The method according to claim 3, wherein the dopant
element is a p-type or an n-type.

5. The method according to any of the preceding
claims, wherein the method further comprises, upon
formation of the layer (50) in the opening (40) at the
moment the layer (50) and the dielectric layer (30)
abut a common planar surface, introducing H2 gas
to the gas mixture.

6. The method according to any of the preceding
claims, wherein the first Group III-nitride material
(20) is a binary, ternary or a quaternary Group III-
nitride material.

7. The method according to any of the preceding
claims, wherein the second Group III-nitride material
(50) is a binary, ternary or quaternary Group III-ni-
tride material.

8. A method for manufacturing an enhancement mode
Group III-nitride HEMT device (200), the method
comprising:

- forming a layer of a second Group III-nitride
material (50) according to any of the preceding
claims 1 to 7, wherein the opening (40) is a gate
region,
- forming, in the gate region, a gate contact (70)
to the layer of the second Group III-nitride ma-
terial (50), and;
- forming, source/drain contacts (60), through
the dielectric layer (30), to the layer of the first
Group III-nitride material (20),

wherein the layer of the first Group III-nitride material
(20) extends completely over the main surface and
wherein the substrate (10) further comprises, be-
neath the layer, a stack of layers (9), each layer com-
prising a Group III-nitride material.

9. A Group III-nitride structure (100) comprising:

- a substrate (10) having a main surface com-
prising a layer of a first Group III-nitride material
(20), the substrate (10) further comprising, on
the main surface, a dielectric layer (30) compris-
ing an opening (40) exposing the first Group III-
nitride material (20), and;
- a layer of a second Group III-nitride material
(50) filling the opening (40) at least partially,
thereby having an exposed upper surface (51),

characterized in that;
the exposed upper surface (51) is planar and free of
grooves.

10. The structure according to claim 9, wherein the layer
of the second Group III-nitride material (50) is doped
with a dopant element.

11. The structure according to claim 10, wherein the do-
pant element is a p-type or an n-type.

12. The structure according to any of the claims 9 to 11,
wherein the first Group III-nitride material (20) is a
binary, ternary or a quaternary Group III-nitride ma-
terial.

13. The method according to any of the claims 9 to 12,
wherein the second Group III-nitride material (50) is
a binary, ternary or quaternary Group III-nitride ma-
terial.

14. An enhancement mode Group III-nitride HEMT de-
vice (200) comprising:

- the structure (100) according to claims 9 to 13,
wherein the opening (40) is a gate region,
- a gate contact (70) formed to the layer of the
second Group III-nitride material (50), and;
- source/drain contacts (60), formed through the
dielectric layer (30), to the layer of the first Group
III-nitride material (20) and

wherein the layer of the second Group III-nitride ma-
terial (50) extends completely over the main surface
and wherein the substrate (10) further comprises,
beneath the layer (50) of the first Group III-nitride
material, a stack of layers (9), each layer comprising
a Group III-nitride material.
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