H
b
3t

ELSEVIER

Journal of Crystal Growth 189/190 (1998) 197-201

JOURNALOF cRYsTAL
GROWTH

MOVPE growth of GaN and LED on (11 1) MgAl,O,4

Shukun Duan®*, Xuegong Teng?, Yutian Wang®, Gaohua Li¢, Hongxing Jiang?,
Peide Han®, Da-Cheng Luf

* National Integrated Optoelectronics Laboratory, Institute of Semiconductors, Chinese Academy of Sciences, P.O. Box 912,

Beijing 100083, People’s Republic of China
® Institute of Semiconductors, Chinese Academy of Sciences, P.O. Box 912, Beijing 100083, People’s Republic of China
¢ National Laboratory for Superlattices and Microstructures, Institute of Semiconductors, Chinese Academy of Sciences, P.O. Box 912,
Beijing 100083, People’s Republic of China
4 Department of Physics, Kansas State University, Manhattan, KA 66506-2601, USA

¢ Beijing Laboratory of Electron Microscopy, Center for Condensed Matter, Chinese Academy of Sciences, P.O. Box 2724,
Beijing 100080, People’s Republic of China

f Laboratory of Semiconductor Materials Science, Institute of Semiconductors, Chinese Academy of Sciences, P.O. Box 912,
Beijing 100083, People’s Republic of China

Abstract

The growth of wurtzite GaN by low-pressure metalorganic vapor-phase epitaxy on (1 1 1) magnesium aluminate
(MgAlL,O,) substrates have been studied. The morphological, crystalline, electrical and optical properties are investi-
gated. A p—n junction GaN LED was fabricated on the MgAl,O, substrate. © 1998 Elsevier Science B.V. All rights

reserved.
PACS: 68.55; 78.65; 72.80.E
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1. Introduction

III-V nitride is one of the most promising mater-
ials for fabricating light-emitting devices in the
green, blue and ultraviolet region as well as high-
temperature and high-power devices. High-bright-
ness blue and green light-emitting diodes (LED)
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have already been made commercially available
[1]. Recently, the room-temperature continuous-
wave operation of InGaN multi-quantum-well
structure laser diodes have been reported [2].
When a GaN-based laser diode is fabricated on
a (0001) Al,O3 substrate, an optical cavity is
usually formed using dry-etching. It is well known
that the cleaved facet generally makes a superior
cavity mirror because of its flatness and verticality.
Cleavage can be obtained when the (1 12 0) Al,O4
substrate is used. However, the cleaved face (1 10 2)
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of the Al,O5 substrate is different at an angle of
2.4° from the cleaved face (1 1 0 0) of GaN. There-
fore, the search for a substrate not only having
a closer lattice match to GaN than Al, O3, but also
having the same cleavage direction as the epilayer
is being actively pursued.

Cubic MgAl,0, has a spinel-type structure. The
(1 11) substrates having threefold symmetry would
promote wurtzite GaN growth. The substrates
have a smaller lattice mismatch (Ad/d = 9%) and
a smaller thermal expansion coefficient mismatch
with GaN than sapphire. With this substrate cleav-
age is easy, we therefore feel that the use of (11 1)
spinel-deposited films should favor the realization
of GaN-AlGaN-based electrically pump UV-blue
laser [3-5].

In this paper we report the growth of GaN and
a p—n junction GaN LED on magnesium alumi-
nate.

2. Experimental procedure
GaN epilayers were grown in a horizontal

MOVPE reactor at 50 mbar [6]. TMGa, NH; and
CP,Mg were used as Ga, N and Mg precursors,

respectively. The sources were mixed at the en-
trance of the reactor in order to suppress parasitic
reaction. The substrates used in this study were
(111)-oriented MgAl,O, with mechanically
polished surfaces on both sides. The substrate was
first degreased with organic solutions and etched in
a hot H,SO,:H;PO,=3:1 mixture. Before
growth, the substrate was heated to 1100°C in
a H, stream for 10 min followed by a nitridation
treatment in an NHj; flow. The films were grown
using a two-step process. First a thin ( ~ 20 nm)
GaN bulffer layer was grown at 550°C, then GaN
film growth was carried out at 1050°C. Typical
TMGa molar flow rate was 25 umol/min. The in-
put V/III ratio was 4500. The growth conditions
yielded a growth rate of 1.8 pum/h.

Several analytical techniques were employed to
characterize the grown layers. The crystalline qual-
ity was measured by X-ray diffraction (XRD) and
three-crystal X-ray diffraction (TXRD). Transmis-
sion electron microscopy (TEM) and atomic
force microscopy (AFM) image were also used. The
carrier concentration and mobility were character-
ized by the Van der Pauw technique. Photo-
luminescence (PL) measurements were performed
at 10 K. Cathodoluminescence (CL) measurements
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Fig. 1. XRD patterns of GaN/MgAl,O,.
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were performed at room temperature. Raman
measurements were carried out in backscattering
from the epilayer surface at room temperature.

3. Result and discussion

According to our quasi-thermodynamic equilib-
rium model and phase diagram for the MOVPE
growth of GaN [7], we select the growth condition
as described above. The growth condition is
located in a single condensed phase region, in
which high quality of GaN film is expected. The
surface morphology of GaN is smooth and mirror-
like. The Hall electrical data at room temperature
show that the unintentionally doped GaN films
grown at 1050°C demonstrate n-type conduction
with a mobility of 10-18 cm? V™ 's™!. Some as-
grown GaN samples over MgAl,O, are
highly insulating, but the reason is not clear at
present. Sun et al. also reported a similar result in
Ref. [4].

GaN grown on (1 1 1) MgAl,O, has a hexagonal
wurtzite structure. The XRD from (000 2),(00 0 4)
and (0006) diffraction of GaN grown on
MgAl,O, is shown in Fig. 1. All other peaks in
Fig. 1 are attributed to the substrate. The full-width
at half-maximum (FWHM) of (00 0 4) diffraction
for the conventional rocking curve is 9.78 arcmin
(A0). We made further measurements of the sample
by TXRD in w-mode and 20/0-mode. The FWHM
of (0004) diffraction of these two modes are
9.18 arcmin (Af;) and 0.69 arcmin (A6,), respective-
ly. The superposition rule, AG = Af; + A8, holds
roughly in the sample, where A0, represents mis-
orientations of the GaN grains, A0, represents vari-
ation of the lattice spacing. We found that the A8,
is about one order of magnitude smaller than A6 in
the sample, which means the Mosaic structure is
dominant. It is the main reason for the broad X-ray
diffraction line.

The cross-sectional TEM images of 3 um GaN
epilayer are studied. The TEM images show: (1) at
the GaN/MgAl,O, interface there is a 5 nm thick
island layer with hexagonal structure; (2) the buffer
layer contains column structures, indicating the
three-dimensional growth mode; (3) the disloca-
tion density decreases markedly from the interface
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Fig. 2. spectrum of GaN/MgAl,O, at 10 K. The solid line is the
fit of the experimental data (o) for two individual peaks (the
dotted lines). (b) Time-resolved emission spectra of GaN. The
instrument response to laser pulses is indicated as system.

(~ 400 nm) although high density of threading dis-

locations still remain in the rest of the epilayer.
Fig. 2a shows the photoluminescence spectrum

of a GaN sample grown on MgAl,0, measured at
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Fig. 3. Raman spectrum of GaN epitaxial layer grown on
MgAl,0,.

10 K. The PL of GaN is dominated with the nar-
row I, line (neutral donors-bound exciton (D?, X)
transition) at 3.4728 eV with FWHM of 12 meV.
On the lower energy side of the I, line another
emission line at 3.4563 eV can be observed, which is
due to the I; recombination (neutral acceptor—
bound exction (A°, X) transition). The donor-ac-
ceptor pair (D-A) line with a corresponding
phonon replica is also observed, which is not show
in Fig. 2a. Fig. 2b shows the decay of these I, and
I, lines at 10 K by employing time-resolved emis-
sion spectroscopy. The detection system response
to the laser pulses is also included and indicated as
system, which is about 0.15 ns.

The 488 nm line of an Ar™ ion laser is used to
measure the Raman scattering spectrum. A back-
scattering geometry, denoted as Z(X X)Z, with the
Z direction parallel to the [0 0 0 1] axis of GaN, is
employed. A spectrum recorded at room temper-
ature is shown in Fig. 3. The GaN line modes at
738 and 568 cm ™. These line modes closely corres-
pond to the wurtzite symmetry phonon modes of
GaN, labeled A1(LO) and E2 (high), respectively.
According to the selection rule for Z(X X)Z config-
uration, A1(LO) and E2 (high) lines are the allowed
modes. The FWHM of E2 and A1(LO) are 3.4 and
10 cm !, respectively. The line modes observed in
this study are in good agreement with those grown
on sapphire as reported by Kozawa et al. [8].

Cp,Mg is introduced to the reactor to obtain
p-GaN. The molar ratio of Cp,Mg to TMGa is 0.1.
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Fig. 4. EL spectrum of a p—n junction GaN LED at RT.

After 700°C annealing for 30 min. the sample shows
p-type conductivity. Hole concentration is
3x10'7 cm ™3 and hole mobilityis 10 cm? V™' s~ !
measured by the van der Pauw method. The
CL spectrum of p-GaN doped with magnesium
is dominated by donor—acceptor pair recombina-
tions.

A p-n junction GaN LED is fabricated on the
MgAl,O, substrate. The EL emission peak is
420 nm with FWHM of 45 nm at room temper-
ature as shown in Fig. 4.

4. Conclusion

Single-crystal GaN epitaxial film was obtained
on (111) magnesium aluminate substrate using
low-pressure MOVPE. The quality of the GaN
epilayers is good. p-GaN was obtained.
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