Epitaxial growth of zinc blende and wurtzitic gallium nitride thin films

on (001) silicon
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Zinc blende and wurtzitic GaN films have been cpu,ama.uy Browii on 1o \UUl}Dl Dy eiectron

cyclotron resonance microwave plasma-assisted molecular beam

m epitaxy, using a twao-step

growth process. In this process a thin buffer layer is grown at relatively low temperatures
followed by a higher temperature growth of the rest of the film. GaN films grown on a

single crystalline GaN buffer have the zinc blende structure, while those grown on a
polycrystalline or amorphous buffer have the wurtzitic structure.

Gallium nitride is a wide band-gap III-V compound
semiconductor. It usually has a wurtzitic structure (a-
GaN) with a direct band gap 3.4 eV at room temperature,’
which offers the potential for fabricating a variety of near
ultraviolet ( UV) optoelectromc devices, such as blue light-
emitting diodes.”

GaN films have been grown with a wide range of
growth techniques,>* such as chemical vapor deposition,
metal-organic chemical vapor deposition, and molecular
beam epitaxy. A variety of substrates such as silicon, spi-
nel, silicon carbide, and various crystallographic orienta-
tions of sapphire have been used in these studies. Most of
the films grown are wurtzitic, and have n-type conductivity
with high carrier concentration,* which is believed to result
from mtrogen vacancies™ or oxygen impurity incorpora-
tion.® Intentional p-type doping of GaN, which is desired
in order to make efficient light-emitting devices, has met
little success. In a recent study, p-type conductivity was
reported in wurtzitic GaN thin films exposed to low-energy
electron beam irradiation after their growth.”

Zinc blende GaN(B-GaN), which is the thermody-
namically metastable phase of GaN, is hoped to be more
amenable to doping than the wurtzitic GaN, since all of the
II-v compounds that can be efficiently doped # type or p
typed are cubic.? B-GaN has been reported to be grown on
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B-SiC and MgO(100) substrates,>® which are closely lat-
tice matched to 8-GaN, and on GaAs substrate,'®!! which
has a significant mismatch to S-GaN.

Growth of GaN onto silicon substrate offers very at-
tractive potential to incorporate future GaN devices onto
silicon-based very large scale integrated circuits. However,
due to the large difference in lattice constant, crystal struc-
ture, and thermal expansion coefficient, it is rather difficult
to epitaxially grow GaN on Si substrate. Early attempts
have led to amorphous or polycrystalline GaN,'*!* except
one report which claims to have grown wurtzitic single-
crystalline GaN on Si(111) substrates.'*

In the present letter, we report for the first time the
growth of GaN thin films in the zinc-blende structure on
Si(001) substrate, by electron cyclotron resonance micro-
wave plasma-assisted molecular beam epitaxy (ECR-
MBE).

The deposition system consists of a Varian Gen-II
MBE unit with an AsTeX model-1000 ECR source at-
tached to one of the ports of the source flange. The base
pressure in the overall system is 10 ~!! Torr. A reflection
high-energy electron diffraction {(RHEED) setup is an in-
tegral part of the apparatus. A conventional Knudsen ef-
fusion cell was used to evaporate gallium. Atomic and
ionic nitrogen were produced by passing molecular nitro-

FIG. 1. RHEED Patterns of a (Q0})
GaN film grown on a single-crystalline
GaN buffer. (a) for [110] azimuthal in-
cidences of the electron beam; (b} for
[100] azimuthal incidence of the electron
beam.
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FIG. 2. X-ray diffraction of the (001) GaN film described in Fig. 1.

gen through the ECR source. Details of the deposition
system are to be described elsewhere.

The substrates used in this study were slightly p-type
doped silicon of (001) orientation. The substrates were
ultrasonically degreased in solvents and etched in buffered
HF, prior to their introduction in the MBE unit. In the
preparation chamber, the substrates were outgassed for 15
min at 850 °C. The silicon substrates after this type of prep-
aration were examined by RHEED and were found to have
unreconstructed (001) surfaces. The structure and micro-
structure of the films were investigated by in situ RHEED,
ex situ x-ray diffraction using a Cu K, radiation and scan-
ning electron microscopy.

The GaN films were grown using a two-step growth
process. The first step is a short low-temperature deposi-
tion, which produces a thin buffer layer. Typically, this
step was carried out at temperature from 175 to 400 °C for
10-30 min, which resulted in a GaN buffer layer of about
300-900 A thick. The substrate temperature was then
raised to higher temperature, typically 600 °C, and a GaN
film of about 1 um thick was grown at this temperature.
RHEED studies indicate that the buffer layer grown at

FIG. 3. RHEED Pattern of a polycrystalline GaN film grown on a poly-

crystalline GaN buffer.

945 Appl. Phys. Lett,, Vol. 59, No. 8, 19 August 1991

Intensity (x105 counts/sec)

5 1 x 1 1 1 " 1
20 30 40 50 60
260 (degrees)

FIG. 4. X-ray diffraction of the polycrystalline GaN films described in
Fig. 3.

400 °C is single crystalline, while that grown at lower tem-
peratures was found to be either amorphous or polycrys-
talline.

GaN films grown during the second stage were
strongly influenced by the structure of the buffer layer.
GaN films grown on a crystalline buffer layer were found
to be single crystalline with its (001) planes parallel to the
substrate. Shown in Fig. 1 are the RHEED patterns of the
film for [110] and [100] azimuthal incidence of the electron
beam. This clearly indicates that the GaN film has a zinc-
blende structure. X-ray diffraction, shown in Fig. 2, shows
a strong peak at 20 = 40.1°, whose d spacing is 2.245 A,
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FIG. 5. Electron diffraction pattern of the polycrystalline GaN film de-
scribed in Fig. 3.
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FIG. 6. Surface Morphology of (2) the (001) zinc blende GaN filoy; (b)
the (0002) wurtzitic GaN film.

which is due to (002) reflection from B-GaN. So we found
the lattice constant for 5-GaN to be 4,49 A. A small peak
was also observed at 28 = 34.6°, which could be due to the
scattering from (111) planes of B-GaN or (0002) planes of
a~GaN. This suggests that the GaN film has some misori-
ented domains. These domains may have been developed in
the early stage of the buffer layer deposition. Similar struc-
tural fanlts have also been reported in transmission elec-
tron microscopy (TEM) studies of the interface of GaN on
GaAs(001)."

GaN thin films grown on amorphous or polycrystalline
buffer were found to be highly oriented polycrystalline.
Shown in Fig. 3 are RHEED patterns of the polycrystalline
GaN films. The RHEED pattern was observed to be inde-
pendent of the azimuthal incidence of the electron beam.
The Bragg peaks, although quite broad, reflects the long-
range order in the direction normal to the substrate. How-
ever, the invariance of the RHEED pattern under the az-
imuthal rotation suggests random orientation of the crystal
grains in azimuthal planes. X-ray diffraction shown in Fig,
4 shows only one Bragg peak, confirming that the GaN
film is well oriented. From the peak position in the x-ray
diffraction, the interspacing between the planes parallel to
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the substrate is found to be 2.59 A, which can be the spac-
ing of the (111} planes of the zinc-blende structure or the
(0002) planes of the wurtzitic structure. Electron diffrac-
tion studies shown in Fig. 5 indicated that the material has
the wurtzitic structure with lattice constant @ = 3.2 A,

The surface morphology of two types of the GaN films
grown on (001) 8i are shown in Fig. 6. The (001) oriented
films have relatively flat surfaces, roughened with many
well oriented rectangular shaped “tiles,” which reflects the
symmetry of the $-GaN (001) surface. Contrary to the
order of the surface morphology of the (001) GaN films,
the surface of the polycrystalline GaN film was found to be
characteristic of columnar morphology.

In conclusion, GaN films have been grown onto
Si(001) substrates by ECR-assisted MBE, using a two-step
growth process, which involves the deposition of a GaN
buffer layer at relatively low temperature, followed by the
growth of a thicker GaN film at higher temperatures. De-
pending on the structure of the buffer layer, the GaN films
were found to have either the zinc-blende or the wurtzitic
structure.
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