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Abstract

Micron-size V defects were found on the hydride vapor phase epitaxy grown GaN films. When the film thickness increased, the diameter
of V defects increased, but the density of the defects decreased. The defect Hes Gl facets, which encircle to form a concave
hexagonal pyramid. Its shape is similar to that of epitaxial lateral overgrowth (ELO) GaN crystal grown on a dot-patterned GaN underlying
layer. Through the analysis of the growth mechanism of ELO GaN, the growth mechanism of the V defects was investigated.
© 2003 Elsevier Science B.V. All rights reserved.
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1. Introduction 2. Experiment

Nitride alloys have attracted considerable attention for The samples studied were undoped GaN films grown by
light emitting diodes (LEDs) and laser diodes (LDs) appli- HVPE on ac-plane double polished sapphire substrate. They
cation, due to their ability to cover a wide spectral range were from American Crystal Technology. The growth con-
and their high-temperature stability. Most of these alloys are ditions for these films have been published elsewlisé
grown on sapphire substrates by using metalorganic vaporGenerally, the growth temperature was around T@Ghe
phase epitaxy (MOVPH)L], molecular beam epitaxy (MBE) gas pressure was 100 Torr and the V/III ratio was between
[2], and hydride vapor phase epitaxy (HVHB). However, 10 and 100. The thickness of these GaN films ranged from
a GaN layer usually contains several defects such as stack5.58 to 22.9um. Their surface morphology and optical prop-
ing faults, inversion domain boundaries, and threading dis- erties have been reported previoufly]. In this study, the
locations (TDs), because of a large lattice mismatch and adetail of V defect morphology was characterized by optical
thermal expansion coefficient difference between GaN and microscopy (OM), scanning electron microscopy (SEM) and
sapphire substratg4,5]. It has been reported that TDs dis- transmission electron microscopy (TEM). To obtain an ex-
rupt the InGaN/GaN MQW and initiate the V defefis-12]. act three-dimensional copy of the V defect for analysis, the
The V defects, however, do not always initiate from TDs. For shape of V defect was transferred to a replica by RepliSet
instance, in highly strained InGaN/GaN MQWSs, V defects (Struers Germany).
were formed not only at the TDs, but also at the stacking mis-
match boundaries and inversion domain bounddtiesl 1]

The sizes of V defects were usually less than 100 nm
[6-12]. Due to the small sizes of V defects, most of the 3. Resultsand discussion
previous studies only focused on the initiation (nucleation)
mechanism of V defects but not on the growth mechanism. The SEM image of the V defects is shownFig. 1(a).

In this study, through the characterization of micron-size V The defects have six facets, which encircle to form a con-
defects on the HVPE grown GaN films, the growth mecha- cave hexagonal pyramid, as illustrated Fig. 1(b) TEM
nism was investigated. analysis revealed that V defects were connected with TDs
at their bottom like reported in other papd6s-11]. The
* Corresponding author. Tel+886-3-5131555; fax+886-3-5724727. 51288 and the density of V defects were found to change
E-mail addresses: sermonwu@stanfordalumni.org, with the film thickness. As the thickness increased from
sermonwu@cc.nctu.edu.tw (Y. Sermon Wu). 5.58 to 22.9um, the diameter of V defects increased from
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V-defect Pyramid ELO Pyramid
(b) (d)

Fig. 1. (a) The SEM image of a V defect on the HVPE grown GaN film. The thickness of the fiim ig.22.9he diameter of V defect is around
8um. (b) The schematic illustrationf@ V defect. It has six facets, which encircle to form a concave hexagonal pyramid. (c) The replica structure of V
defect. Its shape is exactly the same as that of ELO GaN crystal grown on a dot-patterned GaN underlying layer, as shown in (d).

20 nm to 8um, while the density decreased fron5 10° shapes of most crystallites are the results of surface energy
to 5.7 x 10°cm 2 [15]. anisotropy[23]. From this observation, it appears that the

Similar V defects have been reported by several researchsurface energies of tHd 1 0 1} facets are lower than that of
groups[6—12]. However, most of their V defects were ob- other planes, meaningl 101} facets have stable surfaces
tained from the InGaN/GaN MQWs instead of undoped GaN
films. The size of their V defects was less than 100 nm,
which was too small to study the growth mechanism.

To examine the micron-size V defects in detail, the
shapes of defects were transferred to a replica. As shown in
Fig. 1(c), the replica structure has a simple three-dimensional
facet structure, which is composed of a hexagonal pyramid
covered with six facets. The shape of this pyramid is exactly
the same as that of epitaxial lateral overgrowth (ELO) GaN
crystal grown on a dot-patterned GaN underlying layer, as
shown inFig. 1(d) [16—20] Therefore, analyzing ELO GaN (a)
films can contribute to the development of fundamental
understanding of the growth mechanism of V defects. = (0001)

The ELO technique based on the selective area growth
(SAG) has recently been demonstrated to be effective in re-
ducing the density of TDs in GaN. ELO consists of partially
covering a conventional GaN layer with a mask and per-
forming subsequent regrowth. Therefore, GaN is overgrown
over the masked areas by using the GaN grown in the mask
opening as a seed. Two kinds of patterns were usually used
in ELO GaN: (1) dot pattern; (2) stripe pattern. Through the _
analysis of the growth mechanism of these ELO GaN films, P daile single
the growth mechanism of the V defects is discussed in the bond bond
following section. () (b)

When dot pattern was used, the shape of ELO GaN Crys- i 5 oy atomic model of a GaN crystal. (b) The10D and (0001)

tal was a pyramid structure bounded by six statilé 0 1 facets of V defect in a GaN crystal structure. (c) Atomic model of a GaN
side facet§17-22] It is important to note that the observed crystal in [1210] projection.

projection
plane (1210)
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Fig. 3. Schematic illustration of the growth model of V defect.

and their growth rates are slg@1,22] The growth mech- . . (0oony (1101}
anism of{11 01} pyramid structures can be applied to that L1/ \\
of V defects.

Fig. 2shows thg1101) and (000 1) &cets of V defect in
a GaN crystal structure. The surface of GaN was Ga-polarity
because the films were grown on sapphire substfale$3]

As shown inFig. 2(c), Ga atom on th&1011) facet of

V defect has one (or two) broken bond, while that on the
(0001) hasthree broken bonds. In other wordd,10 1}
facets are more stable thah@O0 1). Therefore, the initiation
of the growth on thg1101} facets is more difficult than
that on the© 0 0 1). Since the growth rates (if1 0 1} facets
are slow, the V defect is composed of six stapld 0 1}
side facets. As illustrated iRig. 3, the diameter of V de-
fect will increase with the deposition time (the thickness of
film). When the thickness of GaN film reached 2@,

the diameter was as large ap.®. It was much larger than
the diameters of the V defects of the MOCVD grown In-
GaN/GaN MQWs. Their diameters were less than 100 nm
[6-12].

As for the stripe pattern, the growth of the ELO GaN was
found to depend on two factors: (1) the deposition method;
(2) the direction of the stripfl9-21,24,25] Since this pa-
per is on the growth mechanism of V defects on the HYPE 4 Summary
GaN films, the following discussion will only focus on the ) ) )
ELO GaN by using HVPE method. In the study of Hira- In this study, through the analysis of growth mechanism
matsu et al[21], they found the surface of HVPE grown of ELO GaN crystal, the gr_owth mechanls_m of\_/ defects on
ELO GaN was not uniform wherl120) line-patterned the HVPE undoped GaN films has been investigated. When

windows were used. Initially, GaN witfL 101} equivalent ~ the thickness of GaN film increased from 5.58 to 32,
facets grew selectively on the Si@indow area. Then this most of the V defects vanished _d_ue to the coalesced of the
growth was followed by lateral overgrowth of the GaN onto 11101 facets. For those remaining V defects, they grew
the SiG@ mask. Since the lateral overgrowth rate$bi 0 1} from 20nm to §wm due to the slow growth rate of stable
facets were small, the uniform surface (0 1) was notob- {1101} side facets.

tained. As illustrated irfrig. 4, the surface was covered with

{110 1} facets due to their slow growth ra21]. However,
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