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We report homoepitaxial GaN growth on freestanding @@)Loriented M-plane GaN substrates

using low-pressure metalorganic chemical vapor deposition. Scanning electron microscopy,
atomic-force microscopy, and photoluminescence were used to study the influence of growth
conditions such as the V/III molar ratio and temperature on the surface morphology and optical
properties of the epilayers. Optimized growth conditions led to high qualitYQ} briented GaN
epilayers with a smooth surface morphology and strong band-edge emission. These layers also
exhibited strong room temperature stimulated emission under high intensity pulsed optical pumping.
Since for IlI-N materials the (100) crystal orientation is free from piezoelectric or spontaneous
polarization electric fields, our work forms the basis for developing high performance IlI-N
optoelectronic devices. @002 American Institute of Physic§DOI: 10.1063/1.1516230

Recently excellent progress has been made in the deveturements, their room temperature free-electron concentra-
opment of high-quality 11I-N device$® Nearly all the re- tion and mobility were determined to bex110*® cm~2 and
ported light emitting diodes, laser diodes, and high tempera92 cnt/Vs, respectively.
ture and high power transistors employed IlI-N The homoepitaxial growth on the GaN templates was
heterojunctions, which were deposited on either basal plangarried out by low-pressure metalorganic chemical vapor
(000) sapphire, 6H- or 4H-SIC, or free-standing GaN deposition(MOCVD). Triethylgallium and NH were used
substrate$3 All of these deposited I1I-N films and hetero- a5 the precursors for Ga and N, respectively. The reactor
structures feature the pold0001) orientation, and hence pressure and temperature were kept at 76 Torr and 1000 °C,
they exhibit strong piezoelectric and spontaneous polarizasng H, was used as carrier gas during the growth. Several
tion fields: These polarization fields give rise to a significant 55 epilayers with thicknesses ranging from 2 tam were
band bending, and thus reduce the overlap of the eIeCtrongrown. The surface morphologies of these layers were then

. -7 . . . . .

Phole Wt?"ﬁ fun_ctlpné.f This S|tL:at|on sl:gn;flcantlydr;duces studied using a Nomarsky optical microscope, scanning elec-

€ oplical emission from quantum wetls. 10 avold tnese poy. ., microscopy(SEM), and an atomic force microscope
larization effects, in the pasR-plane sapphire substrates

have been used for IlI-N optical devicB$leteroepitaxy on (AFM). Their room and low-temperatut&0 K) photholumi-
sapphire, however, results in a large numbed (® cm?)® of nescencéPL) spectra were measured using a cw He-Cd la-

threading dislocations, which also serve to reduce the Opticaﬁer(operatmg at_325 niras a low-intensity excitation source
emission intensity. Homoepitaxy of GaN and AlGaN on non-2Nd @ pulsed £=0.4ns) nitrogen lasefat 337 nm for a

polar M-plane (1D0) oriented bulk GaN substrates should Nigh-excitation intensity source. o
in principle eliminate these problem$!! This serves as the The crystal orientation of GaN homoepitaxial layer was
motivation for our work reported here. studied by electron backscattered diffraction technique
GaN bulk crystals with (1@0) surface -plane were  (EBSD). It provides the information on the orientation of the
grown by hydride vapor phase epitaxidVPE)'? on the top epilayer with a high spatial resolutidnUsing an accel-
closely lattice matched100) plane of LiAlO,.'2 Boules of  erating voltage of 20 kV and a sample tilt of 70°, assures the
LiAIO , about 20 cm long were pulled from the melt by the EBSD signal will originate from the top &m of the exam-
Czochralski method, and 50-mm-diameter LiAl@vafers ined sample. Since the thickness of the deposited homoepi-
were subsequently sawed from these boules and given taxial GaN epilayer was &m, there is no contribution to the
mirror-smooth surface by polishing; details will be presentedEBSD signal from the GaN substrate template. Therefore, a
elsewheré’ After depositing about 35um of GaN, the careful indexing of all Kikuchi lines using the commercial
LIAIO , substrate was removed with wet acid etching. ThusOpal Inc.™ software allows a precise identification of our
freestanding (1@0) oriented GaN templates were obtained,sample surface orientation. Figuré)l shows a typical dif-
that served as the starting substrates for our StUdy. The phaﬁgction pattern obtained from the epi|ayer' where the num-
purity of the GaN templates was examined by X-ray diffrac-pers indicate crystallographic directions. Taking into account
tion (XRD). The 2-w XRD scans exhibit only two sharp the sample tilt angle 70°, one can find that normal direction
GaN (1100) and (2D0) peakgsee Fig. 1a)]. By Hall mea- {5 the sample surface will exactly coincide wif100].
Thus, surface orientation was determined to be Q@)1
dElectronic mail: asif@engr.sc.edu From the EBSD measurements on different spots on the
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FIG. 2. AFM images of (1_(1)2) oriented GaN homoepitaxial layers. The
stripes in images run alorjd 120] direction. The films were grown at V/IIl
molar ratios of(a) 2500 and(b) 5000.

more pronounced at higher growth temperatures. This is to
be expected if surface migration is the key contributor con-
trolling the growth process. A detailed study of these surface
morphology features to analyze the growth mechanism is
currently underway and will be reported separately.
FIG. 1. (3) The 2-w XRD scan data from HVPE (100) oriented GaN The influence of growth temperature and V/III molar
template.(b) Electron backscattered diffraction pattern obtained from epil- ratio on the luminescent properties of the homoepitaxial GaN
ayers grown orM-plane of free-standing GaN substrates. Insert shows theg s \was also studied. These data for the two films of Fig. 2
{1100} pole-figure. Black square on the pole-figure indicates the layer sur- . . . . "
face orientation, which is exactly (DD). are_lnpluded in Fig. 3. As seen, in addition to the band-edge
emission peak at 3.43 eV, a strong yellow band around 2.1
eV is also observed. This yellow emission band decreases
sample surface, we observed a high degree of uniformity ofvith an increase of the V/Ill molar ratio. However the band-
the layer orientation. edge emission also decreases slightly with the higher V/III
At a growth temperature of 1000 °C, we found the sur-ratio. Increasing growth temperature up to 1050 °C could
face morphology of our layers to be affected by the V/lil also reduce the yellow emission band. This PL band may
molar ratio. In Fig. 2 we show the surface AFM scans forarise from a transition between a shallow donor and a deep
4-um-thick homoepitaxial GaN epilayers grown using V/III acceptor levet®'” More experiments are underway to deter-
ratios of 2500 and 5000. At the lower V/III ratisee Fig. mine its origin. In the inset to Fig. 3, we include the near
2(a)], the layers exhibited a relatively smoother surface withband-edge luminescence @0 K) from the M-plane GaN
a rms roughness of around 0.7 nm for aX2 um scan film grown with a V/IlI ratio of 5000. As seen, the low tem-
area. At the higher V/IlIl molar ratio, the rms roughness in-

creases to about 2.0 nm for the same scan [fien 2(b)]. — -
The increased roughness at the higher;NBw, we believe, 31 10K Be 1
may result from the shorter diffusion length of the adatoms 3 | z FE
before reaction. These surfaces roughness values, though L - BELO ]
slightly higher thanC-plane GaN epilayers, are still very %’ X g -
reasonable for device fabrication needs. The SEM studies 3 } ! ,,f;j,o:inj,;,éif'“ j
also confirm the morphology observations made using the _—'j low ratic
AFM analysis. o L RT 1
AFM scans of Fig. 2 also reveal stripe-like growth fea- - ]
tures aligned along thgl120] direction. These stripe fea- —— T —
tures may also result from the different migration lengths of 18 21 24 27 30 33 36
Photon Energy (eV)

adatoms alon§0001] and[ 1120] directions. Additional evi-
d?nce of the 'diﬁerem migration lengths is provided by thegic 3 pL spectra oM-plane GaN epilavers under different V/IIl molar
observation that these stripe-iike growth features becomeatios. The inset shows the near band-edge emission at 10 K.
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" " " ' " " on basal plane sapphire, 4H- or 6H-SiC substrates. Our work
therefore forms the basis for studying the role that spontane-
ous and piezoelectric polarizations play in influencing the
characteristics of 11I-N optoelectronic devices.
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FIG. 4. Room temperature stimulated emission spectra of GaN epilayer
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