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ABSTRACT

Epitaxial lateral overgrowth (ELO) of GaN on SiO,-masked (0001) GaN substrates has been
investigated by using chloride-based growth chemistries via hydride vapor phase epitaxy
(HVPE) and metal organic vapor phase epitaxy (MOVPE). Diethyl gallium chloride,
(C2Hs).GaCl, was used in as the MOV PE Ga precursor. The lateral and vertical growth rates as
well as the overgrowth morphology of ELO GaN structures are dependent on growth
temperature, V/IIl ratio and the in-plane orientation of the mask opening. A high growth
temperature and low V/I1I ratio increase the lateral growth rate and produce EL O structures with
a planar surface to the GaN prisms. High-quality coalesced and planar ELO GaN has been
fabricated by both growth chemistries. The use of the diethyl gallium chloride source alows for
the benefits of HVPE growth to be realized within the MOV PE growth environment.

INTRODUCTION

GaN and related compounds are being developed for short wavelength light-emitting devices,
such as laser (LD) and light-emitting diodes (LED), in addition to high temperature and high
power electronics. GaN-based LEDs and LDs have been successfully developed and are being
commercialized. Severa factors impede the further development of GaN devices. A principa
difficulty is the high density of didocations within the GaN epilayers, which can be as high as
10%-10"/cm? [1]. Recently, epitaxial lateral overgrowth (ELO) has been demonstrated to
effectively reduce the didocation density in the GaN epilayers within the lateral overgrown
regions [2]. Long-lifetime GaN LDs fabricated on ELO-grown materials has been reported [3].
Most reports on GaN ELO have used the metalorganic vapor phase epitaxy (MOVPE) growth
technique [4,5]. Hydride vapor phase epitaxy (HVPE) is aso a very attractive technique for GaN
ELO. HVPE utilizes GaCl generated in situ through the reaction of liquid Ga with HCl. HVPE
offers a high growth rate and high material quality for GaN growth [6,7]. The typical growth rate
can be as high as 100-200 nm/hr. The halide process has been shown to offer a higher lateral-to-
vertical growth rate ratio [8] than MOV PE materias, which is critical for ELO. GaN produced
by the HVPE technique does result in a greatly reduced intensity of the defect-based
luminescence referred to as the yellow band (YL) when compared to the TMG-based MOV PE
materials. This has been attributed to the lack of carbon in the HVPE growth system but is
present in the growth sources used in MOV PE-growth systems. Intentional carbon introduction



into HVPE materials can result in the appearance of YL [9]. If a controlled amount of GaCl can
be introduced into a cold wall MOV PE reactor, alow carbon source could be combined with the
advantages of the MOV PE reactor environment. Diethyl gallium chloride (DEGaCl) is used here
asaGasource in GaN ELO growth. DEGaCI will decompose to GaCl through the b-elimination
reaction in the gas phase allowing the in situ formation of GaCl at relatively low gas phase

temperatures:
(C,H),GaCl ® GaCl +2C,H, + H, .

The decomposition of the DEGaCl to GaCl near the growth front makes it possible to realize a
high quality growth of GaN through a HVPE chemistry at high V/III ratio. This source was
successfully used in GaAs growth that resulted in high uniformity, low carbon content GaAs film
[10, 11]. GaAs selective area growth, with a complete selectivity of GaAs growth with respect to
SIO,, SisNg4, and Al,O3 masking materias, has been demonstrated over a wide range of process
window [12,13,14]. The present work demonstrates the utility of the DEGaCl source in GaN
ELO. In this paper, we systematicaly investigate the GaN ELO by using both HVPE and
MOVPE with DEGaCl as the Ga source. It has been found that both the growth rate and the
geometric shape of the GaN prisms are dependent on the growth condition and the orientation of
the window opening. High growth temperatures and a low V/I1I ratio are helpful in enhancing
the lateral overgrowth. Under optimized growth conditions, high quality ELO GaN films are
produced with a planar surfaces and free of observable voids at the coaescence interface.

EXPERIMENTSAND RESULTS

The initia GaN 'substrate’ is a 1um thick GaN film grown by MOVPE on a (0001) sapphire
substrate. The masking material a ~100nm thick patterned CVD SO, layer. There are two kinds
of pattern used in this study. The first pattern is a radial pattern consisting of many ~5 pm wide
stripe openings in the masking materials with a 0.74° angle separation. An additional pattern
consisted of 2-4um wide parallel stripe openings on a 12um pitch oriented along the <1100>
orientation. The substrates were used in a subsequent ELO GaN growth step in both HVPE and
MOVPE systems, with DEGaCl as the Ga source in the latter case. In the HVPE process, the
growth temperature is varied over the range of 1030-1100°C. The input V/III ratio, calculated as
the ratio of the input NHs to input HCI flow rates, is controlled between 33 to 83 corresponding
to a NH3 mole fraction, [NHs3], of 0.076-0.12. Nitrogen was used as the carrier gas. In the
MOVPE process, the growth temperature is varied over the range of 1000-1100°C, while the
input /111 ratio is varied over the range of 1800-3400. The hydrogen is used as the carrier gasin
this case.

The extent and properties of the GaN ELO on SiO,-masked substrates were determined.
Both the growth rate and the morphology of ELO regions depend on the growth conditions and
stripe or opening orientation. Figure 1 presents the typical growth morphology, obtained through
scanning electron microscopy (SEM) on a HVPE GaN ELO sample on a radia patterned
substrate using the growth conditions of Ty=1050°C, input mole fraction [NH3]=0.12 and HCI
input mole fraction of [HCI]=0.0022. In the Figure 1(a) is an image of an ELO GaN prism
obtained within an opening oriented along the< 1120 > direction while Figure 1(c) is an image of
a <1100>-oriented prism. The prism shown in Figure 1(b) was formed in a direction
intermediate to the <1120>and<1100> directions. The prism cross-section changes with the
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Figure 1: The orientation dependence of GaN EL O prisms grown by HVPE. The stripe opening
was varied from the <1120> to <1100> in-plane directions.

different stripe orientations. The cross-section of the <1120> prisms is a triangle with a base
angle of ~62°, which indicates that these prism sidewalls are (1101) planes. The cross-sectional

shape of the<1100>-oriented prism is a trapezoid. It is worthwhile to point out that the
<1120>-oriented prism has the smoothest sidewalls, while the <1100> -oriented prism has
much rougher sidewalls. This may indicate that the (1101) planes are the more stable growth

facets under these growth conditions. Both the lateral and vertical growth rates are dependent on
the stripe opening orientation. From Figure 1, we find that the <1120 > -oriented prism has the
lowest lateral growth rate but the highest vertical growth rate. The <1100> -oriented prism has
the highest lateral growth rate and the lowest vertical growth rate.

The SEM observations aso reveal a strong dependence of the geometric prism shape on
the specific growth conditions. Figure 2 shows two SEM micrographs of the cross-sections of
GaN HVPE ELO prisms oriented along the <1120> and <1100 > directions, respectively. The
growth conditions employed for these samples were Tg=1100°C, [NH3]=0.076 and [HCI]=0.023.
The conversion efficiency of the HCl to GaCl is approximately 60-70%. As the growth
temperature is elevated and the V/III ratio decreased, the cross-sectional shape of the ELO
prisms change. The <1120> prism cross-section changes from a triangle to a rectangle, and that
of the <1100> prism changes from a trapezoid to a reverse-trapezoidal structure. The latter
result has not been previoudly reported in the GaN ELO literature.
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Fiaure 2: The orientation dependence of cross-sections of prisms arown under hiah temperature




Under optimized
growth conditions, high-quality
coalesced ELO GaN films on
parallel patterned substrates,
having planar surfaces, have
been fabricated by the HVPE
technique. A cross-sectiona
SEM image of the coaesced
film is shown in Figure 3. The
growth temperature is 1100°C
and [NH3]=0.076, [HCI]=0.023
for this sample. No observable
void was found a the
coalescence interface under

these conditions.

MOVPE GaN ELO, when using DEGaCl, exhibit similar trends to the HVPE samples.
As shown in Figure 4, the MOVPE ELO GaN samples grown in <1100> -oriented parallel
stripes under the same V/III ratio of 3500, have a changing morphology with growth
temperature. The cross-section of ELO GaN prisms is strongly dependent on growth temperature
over the range 1100°C to 1000°C. The cross-section of ELO GaN prisms grown at 1100°C is
close to rectangular, while those of ELO GaN prisms grown at lower than 1050°C are triangular.
The lateral growth rate of ELO GaN increases with increasing growth temperature while the
growth temperature at this V/I11 ratio only weakly influences the vertical growth rate.

Figure 3: Cross-sectional SEM picture of a coalesced ELO -
GaN sample grown by HVPE. Thereisno void
observed at the coalescence interface.
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Figure 4: The growth temperature dependence of MOV PE ELO GaN by using DEGaCl on the
<1100> - oriented parallel stripes with a constant V/111 ratio of 3500.

The dependence of MOV PE GaN ELO, using DEGaCl, on the V/IlI ratio during growth
has been investigated and is shown in Figure 5. These GaN ELO samples were grown at the
growth temperature of 1100°C over the /111 ratio range of 3500-1800. The cross-section of ELO
GaN prisms grown with V/III ratio of 1800 is rectangular, while those of ELO GaN prisms
grown with higher V/III ratio are trapezoidal, with doping facets becoming evident. The lateral
and vertical growth rates are somewhat dependent on the V/III ratio at this temperature with a
lower V/111 ratio leading to a higher vertical growth rate.



V/111=3500 V/111=2700 V/111=1800

10pm

Figure 4: The dependence of MOV PE ELO GaN by using DEGaC| with the <1100 > -oriented
parallel stripes pattern at the constant growth temperature of 1100°C.

DISCUSSION

The resulting structure during the ELO process is known to be dependent on the gas phase
transport of reactants to the growth front, which is dependent on the growth conditions and mask
geometry. The difference in growth behavior between the inorganic, GaCl-based growth, and
conventional MOVPE ELO using trimethyl gallium, aso indicates that the growth chemistry
plays an important role in the local growth rates and facet formation [8]. The chemica and
physical properties of mask and substrate materials affect the surface diffusion [15], nucleation
and kinetics. The lateral and vertical growth rates of ELO GaN are thus determined by the
interplay of these various influences at the growth front. The local growth environments near a
mask opening will differ from those in large-scale deposition and the optimization of the materia
properties and growth habit of the localized regions may be quite different from that found on
non-masked regions. Under the conventional conditions for HVPE deposition, it has been
suggested from the observed large surface roughness of HVPE-grown large scale GaN films that
the (0001) plane is not the most stable growth facet [6]. Under such conditions, the most stable

growth front is thought to be the (1101) planes. Higher growth temperatures and lower V/III

ratios decrease the supersaturation (driving force) [8]. The resulting lower growth rate would
enhance the surface diffusion rate of reactants over the (0001) plane to adjacent, more favored
growth facets and result in a higher lateral growth rate and a variety of prismatic structures. The
use of a chloride-containing Ga source in both these systems allows for the addition of several
chemical reactions to the growth front chemistry. The simplest set of chemica reactions
important at the GaN growth front in the case of chloride-based growth is:

GaCl + NH,® GaN +HCl +H, (2

GaN + HCI U GaCl +% N, +% H, (3
where in the DEGaCl case, the GaCl is generated through the intramolecular decomposition of
the growth source as presented in Equation 1. Reaction 3 implies equilibrium between the steady
state concentrations of HCI and GaCl at the growth front. The MOV PE growth front has often
been considered to be near thermodynamic equilibrium [16]. If this is the case for the high
temperature growth of GaN, the supersaturation at the growth front will decrease with increasing
temperature due the reversible reaction associated with the HCI reacting at the GaN surface. A
similarity between the growth habits and behavior between the HVPE and MOV PE-DEGaCI
systems s therefore expected.

The presence of chlorine in the growth system can modify the growth habit from the
trimethyl gallium based growth. Experimentally, the chloride-based systems lead to both higher
lateral-to-vertical growth and desirable growth facets, such as vertical sidewalls over a broader
range of growth conditions. The near surface concentration of GaCl in the HVPE system is



higher than in the DEGaCl systems. If adsorbed chlorine or GaCl species can stabilize certain
facets, the higher concentration of GaCl within the HVPE would more readily promote the

formation of specific facets, such as the {1100} planes, over the DEGaCl-based MOVPE
growth. Regardless of the specific chemica mechanism, the use of GaCl within either of these

systems leads to improved ELO characteristics over conventional MOV PE growth using smple
metal akyls.

CONCLUSIONS

ELO of GaN has been systematically investigated by using chloride-based growth chemistry in
both HVPE and MOV PE, through the use of DEGaCl, systems. The lateral and vertical growth
rates as well as the morphology of the ELO regions depend on the growth condition and
orientations of opening stripes. The high growth temperatures and alow V/111 ratio enhance the

lateral overgrowth. The reverse trapezoid prism has been fabricated in [1100] stripes under the

growth temperature of 1100°C and the V/I11 ratio of 33. Under the optimized EL O conditions,
high quality flat-topped and coalesced GaN EL O films have been successfully fabricated and no
observable voids found at the coal escence interface.
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