MIRIS LaiEgaEeIigaEl Nitride Semiconductor Research

High quality GaN films - growth and properties
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Growth of GaN/A}O5 layers by MOVPE has been investigated. Precise optimization of the growth

parameters results in films with extremely high electron mobility: 900\usrat 300K and 4000

cm?/Vs at 77K. The influence of the growth parameters on film properties like morphology,
crystallographic structure, and the concentration of electrically active defects is presented. The
mechanism of dislocation density reduction is proposed to explain the obtained results.

1 Introduction 2 Experiment

. o : . . GaN films were grown by the MOVPE method using a
Gallium nitride is a direct, wide bandgap semiconductor . . . o
specially designed horizontal cell. To prevent parasitic

which has been intensively investigated over the last L actions in the gas phase, reagents were mixed just

years, and has achieved practical success in optoelegasore reaching the substrate. The growth was carried
tronic devices like green/blue light emitting diodes andy ;i on (0001) oriented sapphire substrate at atmospheric
the blue laser [1] [2]. Despite its commercial successpressure using trimethylgallium (TMG), ammonia
many of the physical properties of GaN and its growtlyNH,) and hydrogen as the carrier gas. After annealing
mechanism are still not well known. Usually GaN isof the substrate thin GaN layer was grown at°800
grown on highly mismatched substrates like sapphirghen, the temperature was increased to 107%r 15

and silicon carbide using thin, low temperature, poly-minutes for recrystallization. The thickness of the buffer
crystalline AIN or GaN buffer layers [3] [4]. A buffer layer was experimentally optimized earlier to be as thin
layer gives dense nucleation on the substrate surface, g possible to obtain good morphology of the final film.
introduces strong disorder in the first hundred nanomefhese buffer layer growth parameters were constant for
ters and a high density of dislocations in the final filmall the experiments discussed here. The final layers of
[5]. The difference between the thermal expansion coefcaN were grown at a constant rate of abounth in
ficient of the substrate and the film introduces stress duf’€ émperature range 1020-18¢5The I1I/V ratio was

ing the cooling after the growth. This stress may cause\éa”ed in the range 500_.2500’ keeping the_ total flow
o . ) value constant (i.e. elevation of the ammonia flow was
additional dislocations.

equalized by lowering of the hydrogen flow). Except as
Most papers dedicated to GaN heteroepitaxynoted all films had a constant thickness of abquin3
describe the influence of the buffer layer on properties Electrical properties of the films were investigated
of the final film. The most important conclusion of theseby Hall effect measurement in the van der Pauw config-
works is that the best film morphology can be obtained!ration in the range of temperature 30-400 K. Photolu-
by using the thinnest possible buffer layer [4]. Thismi_nescence measure_ments were performed at 4.2 K
approach is useful, but it does not explain the nature ¢fSind & He-Cd laser with output power 3 mW. Crystallo-

the defects influencing the quality of the film. For exam-graphic properties were evaluated by X-ray diffraction

ple, the nature of electrically active defects supplyingfor 00.2 reflection.

free electrons and defects influencing the electro® Results and discussion

mobility is still unknown. This paper presents relationsThe morphology of the films was mirror like except of
between growth parameters and properties of obtainethose grown at the lowest temperature (less then
GaN films that provide information about these defects. 1030°C) or with the lowest V/III ratio (less than 750).
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The surface of these films was partially perforated bythe V/III ratio is 500 corresponds to a film still perfo-

pin-holes with hexagonal symmetry and diameter aboutated with pin-holes. Thus, the layer may have higher

1um. As it was shown by Hiramatsu al. [5] the GaN  flexibility and it falls outside the trend discussed above.

layer growth starts from the three dimensional islands The quality improvement observed for variation of

and through lateral growth forms the flat surface. Pinthe V/III ratio and growth temperature may be explained

holes can be the last trace of that process. We observgg the following mechanism. With a low growth temper-

very high concentrations of pinholes on the layers withatyre and low V/III ratio the rate of flattening of the sur-

thickness below 3im, especially when grown at lower face is low. The pin-holes exists on the surface during

temperatures and low V/II ratio. the growth for a longer time and the probability of a dis-
Electrical characterization of the investigated layerdocation crossing through the pin-hole face (wall) is

is shown in Figure 1. Electron concentration versus temhigher. As was shown by Z.Liliental-Webat al. [6],

perature shows an activation energy of about 14 meVvhis crossing can cause bending and finally disappear-

The electron mobility reaches a maximum close to 90ance of dislocations. Apparently this reduction of dislo-

100 K. The dominant scattering mechanism at low temeation density increases the electron mobility.

perature is connected with ionized impurities. The drop

of mobility at very low temperature is due to a transition A\CKNOWLEDGMENTS
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The dependence of the electrical properties of th
films on the growth temperature is shown in Figur
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to an increased electron concentration. The change of

mobility at 77K versus the V/III ratio does not corre- FIGURES

spond directly to the electron concentration. This sug-

gests, that the mobility changes are not caused by the " ‘ "“"\. | T
donor concentration only, but by other defects, for %ﬁ e J ‘-\
example dislocations. % % : .If%c’\ . faom
Low temperature photoluminescence spectra (Figure s oy i‘O\O j Y %
3) show absence of excitons bound to acceptors and G%f '\_\0 I E A \ ,mg
very weak (more then 3 orders of magnitude less then ¢ W 3 \ S
exciton lines) donor-acceptor structure. This suggests a 5 10" [ i \ g
very low concentration of shallow acceptors. 8 °\ I 10005
Results of X-ray measurements are presented in Fig- ool
ure 4. It is seen that decrease of the ammonia flow down 10" ‘ ‘ . ‘ ‘ .
. .. . 0 10 20 30 0 10 20 30
to a 750 V/IlI ratio decreases the mosaicity reflected in 1000/T (K} 1000/T(K)

the _"0(_7king curve FWHM- Simultaneous increase (_Jf therigure 1. Hall electron concentration and mobility of two (3
strain is observed, which has to result from reduction oind 6um thick) undoped GaN layers grown under the same
dislocations and grains boundaries. The growth wheponditions except for the growth time.
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Figure 4. Rocking curve FWHM (left axis) and lattice constant
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Figure 2. Electron concentration and mobility @3 thick

layers as a function of growth temperature (a,b) and V/Ill ratio
(c,d). The shaded regions indicate samples with pin-holes at the

surface.
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Figure 3. Low temperature (4.2K) photoluminescence spectra
of the GaN layer. Free excitons (XA and XB) and donor bound
exciton (DBE) are shown. Donor-acceptor (D-A) structure is
seen in the inset.
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