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Thick GaN layers were grown by hydride vapor phase epitaxy (HVPE) with the aim of using these layers as a
homoepitaxial substrate to improve device quality of laser diodes or light emitting diodes. HVPE is very useful
for thick layer growth since the growth rate can reach from several ten up to one hundred micron per hour. In
this experiment, the growth began as selective growth through openings formed in a SiO; mask. Facets consisting
of {1101} planes were formed in the early stage and a continuous film developed from the coalescence of these

facets on the SiO2 mask. As a result, GaN layers with a dislocation density as low as 6 x 10" cm

2 were grown

on 2-inch-diameter sapphire wafers. These GaN layers were crack-free and had mirror-like surface.
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1. Imtroduction

Recently, blue- or ultraviolet-light-emitting lasers have
been developed using GaN and InGaN-based compound
semiconductors.’™ These device structures have been
grown mainly on sapphire, although its lattice parame-
ter and thermal expansion coeflicient differ greatly from
those of GaN or InGaN. Due to the lattice-mismatch
and the difference in the chemical nature between the
sapphire and GaN, many threading dislocations that ex-
tend along the c-axis of grown GaN films from the inter-
face between the substrate and epitaxial layer have been
reported to occur.®) The dislocation density has been re-
ported to be on the order of 10*® cm~2. Although the
effect of these defects on the device characteristics has
not yet been investigated, the device quality should be
improved by decreasing the number of these defects.

The best way to avoid defect generation at the inter-
face is to use a GaN substrate. Several attempts to grow
bulk GaN crystal have been reported. Porowski et al.
have succeeded in synthesizing GaN bulk crystal by us-
ing high pressure (15 to 20kbar) and high temperature
(1400 to 1600°C).") These crystals were reported to be
practically free of extended defects. However, the crystal
size was still limited to less than 17mm x 10mm and a
long growth time was required. Another approach is to
grow thick epitaxial layers. Kurai et al. used the sublima-
tion method to obtain small GaN crystal with diameter
of a few hundred microns and thicknesses of ~ 40 um on
a sapphire substrate.®) Utilizing hydride vapor phase epi-
taxy (HVPE) with GaCl and NH;,”® Detchprohm has
grown several-hundred-micron-thick GaN on a sapphire
substrate with a ZnO buffer layer.!® They obtained GaN
films that were several millimeters square, which were
peeled off from the sapphire substrate. The advantage of
the HVPE is high growth rate which is suitable to grow
the bulk crystal. In addition, high quality GaN layers
can be obtained. Optical properties of these films are
among the best ever reported.” ') However, it has been
reported that the occurrence of cracks was observed in
the HVPE-grown GaN layers thicker than 20 ym.'?

In this paper, we achieved thick GaN layer growth on
a 2-inch diameter sapphire substrate without cracks by

using HVPE. The thick layer was grown on a GaN thin
layer on the sapphire substrate, where the thin layer was
previously grown by MOVPE (metalorganic vapor phase
epitaxy). Selective growth was carried out at the begin-
ning of the growth. The coalescence of the selectively
grown regions made it possible to achieve flat surface
over the entire substrate. As a result, crack-free GaN
films with a mirror-like surface were successfully grown
in the thickness range of several ten to few hundred mi-
crons. In addition, the extended defect density along the
c-axis was found to be largely suppressed.

2. Experimental

The GaN growth was carried out with a conventional
HVPE system using a horizontal quartz reactor having
an inner diameter of 75mm. The Ga source was GaCl
formed by the reaction between Ga metal and HCI gas.
The Ga metal was positioned in the upstream region
of the reactor. The temperature of the Ga metal was
maintained at 850°C. The substrate holder was set in
the downstream region of the reactor, where the GaCl
and NH; were mixed. GaCl partial pressure in the sub-
strate region was varied from 2.6 x 107> to 1.1 x 102 atm
by changing HCI flow rate over the Ga metal. The NH,
was supplied as the N source at a partial pressure of
0.26 atm. The total flow rate including the H, carrier
gas was 3800 sccm. The substrate temperature was kept
constant at 1000°C during the growth. A schematic
diagram of the substrate structure is shown in Fig. 1.
We used 2-inch-diameter sapphire wafers with a 1- to
1.5 um-thick GaN layer on top as the substrates. The
thin GaN layer was previously grown by low-pressure
MOVPE with conventional two-step growth, which con-
sisted of a 20-nm-thick low-temperature GaN buffer layer
and a high-temperature GaN layer. After. the deposition
of a SiO, film by CVD at 430°C on the MOVPE-grown
GaN layer, window stripes with a period of 7 um aligned
along the (1120) direction of the GaN layer were fabri-
cated by the standard photolithographic method. The
mask width ranged from 1 to 4 um. Prior to the growth,
the surface was treated with acetone and alcohol in an
ultra-sonic cleaning bath, then the wafer was dipped into
HCI1 solution. After being rinsed in deionized water, the
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Fig. 1. Schematic diagram of the substrate structure used in this
experiment.
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Fig. 2. The dependence of the GaN growth rate on the HCI par-
tial pressure over the Ga metal. The growth temperature was
1000°C.

substrate was dried in a N, gas flow. After being set
in the reactor, the substrate was heated to 1000°C un-
der the NH; atmosphere. The growth was initiated by
supplying HCl gas over the Ga metal.

3. Results and Discussions

Figure 2 shows the dependence of the GaN growth rate
on the GaCl partial pressure at a growth temperature of
1000°C. The partial pressure of NH; was 0.26 atm. The
growth rate increased linearly as the HCI partial pres-
sure rose and reached about 97 um/h at 1.0 x 1072 atm.
However, the surface morphology became rough when
the growth rate rose to 75um/h or higher. There-
fore, the growth was mainly carried out under a growth
rate of about 50 um/h with a HC] partial pressure of
5.2 x 107® atm. Figure 3(a) shows an SEM image of the
facet structure as it appeared after 2.5min of growth.
Kato et al. have already described the GaN selective
growth on 10 um-wide windows in the (1120) direction
of a GaN layer.'® They found that the sidewalls of the
facet consisted of {1101} planes. We observed the same
structure, as shown in Fig. 3(a). On the sidewall of the
{1101} facets, a fringe pattern was observed. This pat-
tern appears to consist of giant steps that may have ap-
peared due to the misorientation of window stripes from
the (1120) direction. Figure 3(b) shows an SEM image
of the surface after 5min of growth. The overgrowth of
facets was proceeding on the SiO, mask, with the facets
keeping their shape and the coalescence with neighboring
facets was just beginning to occur. As the growth con-
tinued, the gap between the {1101} facets was filled and
finally a flat (0001) surface started to develop, as shown
in Fig. 3(c). This SEM image was taken from a sample
grown for 10 min. Further growth completely filled the
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Fig. 3. SEM images of grown surfaces after (a) 2.5 min of growth,
(b) 5 min of growth, and (c) 10 min of growth.
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Fig. 4. Photomicrographs of grown surfaces (a) grown by the pro-
posed method, and (b) grown by conventional HVPE.

gap and a flat surface appeared. Figure 4(a) shows a sur-
face photomicrograph of a 26-um-thick GaN layer grown
by this method, and the surface morphology of a 30-pum-
thick GaN layer grown by conventional method without
the selective growth is shown in Fig. 4(b). The surface in
Fig. 4(a) was mirror-like and no cracks were observed. In
contrast, many cracks, which were appeared as dark lines
in Fig. 4(b), were observed in the conventional-growth
sample. A part of the grown layer was peeled off along
cracks. Thus, our proposed growth method prevented
formation of cracks in the GaN layer, which are consid-
ered to be induced by the thermal-expansion-coefficient
difference between the sapphire substrate and the GaN
" layer.

We examined the defect density by TEM observa-
tion. By plan-view TEM observations, we determined
the threading dislocation density in the grown film. Fig-
ure 5 is a typical plan-view image showing the region in
the vicinity of the surface of a 140 um-thick GaN film.
The end-on dislocations are imaged as dark dots or short-
segments and they are accompanied by bend-contours.
The dislocation density of this sample was determined
to be as low as ~ 5 x 10" cm™2 from this figure. The av-
erage value was found to be around 6 x 10" cm™2. As the
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Fig. 5. Plan-view TEM image showing the region in the vicin-
ity of the surface of a 140 pm-thick GaN film. Dark dots or
short-segments show the end-on dislocations.
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Fig. 6. Low temperature PL spectrum of 80-um-thick GaN grown
by HVPE.

dislocation density of the conventional GaN was in the
10° to 10*° cm~2 range, we believe that the crack forma-
tion is related to the dislocation density. It has been re-
ported that the coalescence of small GaN islands produce
alarge number of dislocations that extend through grown
layers.'®) Therefore, such a GaN layer will have little re-
sistance to the strain caused by the thermal-expansion-
coefficient difference. However, the reduction in the num-
ber of threading dislocations when our proposed method
is used should make the GaN layer harder. Mechanism
responsible for this reduction will be discussed elsewhere.

The mask width was varied from 1 to 4 um while the
stripe period remained 7 um. However, this change af-
fected the growth very little.

Figure 6 shows the 5K photoluminescence (PL) spec-
trum of an 80-um-thick GaN layer that was separated
from a sapphire substrate. PL measurements were per-
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formed by using the 325-nm line of He—Cd laser. Ex-
citation power was about 2mW. The strong band-edge
emission due to excitons bound to neutral donors, I,
was observed at 356.6nm. The peak had a full width
at half maximum (FWHM) as narrow as 1.6 meV. The
free-exciton emission, FX, was also clearly observed. The
intensity of the deep emission was three orders of mag-
nitude lower than that of the main peak. These results
indicate that thick GaN with excellent optical quality
can be fabricated by our proposed method.

4. Conclusion

Using a hydride VPE system, thick GaN with a dis-
location density as low as 6 x 107 cm™? was successfully
grown. The growth began with selective growth at stripe
openings formed in a SiO; mask. The continuous film
was grown by the coalescence of a selectively grown facet
structure. A crack-free mirror-like surface was obtained
on a 2-inch-diameter wafer. Photoluminescence measure-
ments showed a very strong band-edge emission with
a narrow FWHM of 1.6meV and distinct free-exciton
emission was observed. By using the thick GaN as a
substrate, the crystalline quality for InGaN/GaN laser
diodes and light emitting diodes could be significantly
improved.
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