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The GaN thick films have been grown on porous GaN template and planar metal-organic chemical vapor deposition
(MOCVD)-GaN template by halide vapor phase epitaxy (HVPE). The analysis results indicated that the GaN films grown
on porous and planar GaN templates under the same growth conditions have similar structural, optical, and electrical
properties. But the porous GaN templates could significantly reduce the stress in the HVPE-GaN epilayer and enhance the
photoluminescence (PL) intensity. The voids in the porous template were critical for the strain relaxation in the GaN films
and the increase of the PL intensity. Thus, the porous GaN converted from 3-Ga,Oj3 film as a novel promising template is

suitable for the growth of stress-free GaN films.
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1. Introduction

Gallium nitride (GaN) is a promising wide bandgap semi-
conductor that is widely used in optoelectronic and power
devices.!'=3 Due to the lack of GaN native substrate, present
most GaN is grown by heteroepitaxy on foreign substrates. [+
But the large lattice and thermal mismatches between GaN
and its foreign substrates lead to large residual stress and
high density of threading dislocations in the GaN epilayers,
which greatly affect the performance of the devices. The free-
standing GaN is the most suitable substrate for the epitaxial
growth of high-quality GaN. The laser lift-off is a feasible
technology for preparing free-standing GaN by laser scanning
the interface between GaN and sapphire substrates.[®’] Nev-
ertheless, due to the large residual stress in GaN/sapphire, the
laser lift-off process easily causes cracks and crystalline qual-
ity degradation in the GaN films, 810
and low yield of the process.

| resulting in high cost

Porous structures offer an attractive application as a tem-
plate for the growth of high-quality GaN films, as the voids
contribute to reducing the strain and the dislocation density in
the GaN epilayer.!'!) Some groups have reported on the fab-
rication of porous templates and the epitaxial growth of GaN
films on the templates.!!>!3] Earlier, our group reported that
B-Gay03 can be converted into single-crystalline GaN porous
templates after the nitridation.!'*! In this paper, we grow GaN
thick films on porous GaN and planar metal-organic chemical
vapor deposition (MOCVD)-GaN templates by halide vapor
phase epitaxy (HVPE), and their structural, optical, and elec-
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trical properties are systematically studied and compared.

2. Experimental details

The single-crystalline porous and stress-free GaN tem-
plate was fabricated by nitriding $-GayOj3 film in a quartz tube
furnace for two hours,!'*! the 3-Ga, 05 film had been obtained
by a home-made HVPE reactor.!'>! Next, the porous template
was used for the growth of GaN thick films by HVPE. For
comparison, the 5 pum-thick MOCVD-GaN template was to-
gether placed into the HVPE system for the growth.

The structural properties of the samples were investigated
by x-ray diffraction (XRD, Bruker D8 Discover), Raman spec-
troscopy (Raman, OLYMPUS-BX41), and scanning electron
microscopy (SEM, GeminiSEM 500). The optical properties
of GaN were characterized by photoluminescence (PL) spectra
at room temperature. The carrier concentration and electron
mobility were obtained from Hall measurements.

3. Results and discussion

Figures 1(a) and 1(b) show the top SEM images of the
GaN films grown on porous GaN and planar MOCVD-GaN
templates. A good smooth surface morphology with some
typical hexagonal pits is observed. Cross-sectional SEM im-
ages are shown in Figs. 1(c) and 1(d). It can be seen that the
HVPE-GaN films on the different templates are about 50 wm
thick. The GaN/sapphire interfaces are also discriminated
clearly. The insets show the magnified view of the correspond-
ing GaN/sapphire interfaces. In addition to the sapphire sub-
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strate, the porous GaN template is approximately 1.5 wm thick
and includes the porous GaN layer converted from -Ga;03

porous GaN I 1.5 pm

1 pm

sapphire

20 pm

with lots of small voids and an un-nitridated 3-GayO3 layer,
which is clearly visible in the inset of Fig. 1(c).

MOCVD-GaN|5 um

1 pm

MOCVD-GaN

20 um

Fig. 1. Top SEM images of GaN grown on (a) porous GaN and (b) and MOCVD-GaN templates. Cross-sectional SEM images of GaN grown
on (c) porous GaN and (d) MOCVD-GaN templates. Insets show the magnified view of the GaN/sapphire interfaces.
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Fig. 2. (a) XRD patterns and (b) XRC of GaN films grown on the dif-
ferent templates.

Figure 2(a) shows the XRD @w-20 scan patterns of the
GaN films grown on different templates. The GaN (0002) and

(0004) diffractions are observed for all the samples. The crys-
tal quality of the GaN films is characterized by x-ray diffrac-
tion rocking curves (XRC) shown in Fig. 2(b). Note that the
full width at half maximum (FWHM) of the (10-12) peak for
the GaN film grown on the porous GaN template is larger
than that on the MOCVD-GaN template, which may be due to
the poor in-plane lattice reconfiguration during the nitridation-
conversion process of the porous GaN.['®! The FWHM values
of the (0002) peak of both the GaN films are similar but rel-
atively high, and what is more, the growth conditions of the
GaN epilayer must be further optimized to improve the crystal
quality of the GaN epilayer, especially for the homogeneous
epitaxial growth on GaN templates.

Figure 3 illustrates the Raman spectra for the GaN films
at room temperature. The strain state in the GaN films is
typically estimated from the frequency shift of the E, (high)
phonon lines in Raman spectra. The E; (high) peaks of
GaN grown on porous GaN and planar MOCVD-GaN tem-
plates are located at 567.8 cm~! and 569.4 cm™!, respectively.
Compared with the E, (high) peak position (567.8 cm™!) of
stress-free thick GaN,!!7! the GaN on porous GaN template
is almost stress-free. The E; (high) phonon line of the GaN
on MOCVD-GaN is blue-shift by about 1.6 cm !, the GaN
on MOCVD-GaN possesses the higher compressive stress of
about 0.419 GPa.!'8] Besides, there is a weak shoulder peak E;
(TO) mode near the E, (high) mode for both samples, which
may be related to the defects in the GaN film.!!°!
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Fig. 3. Raman spectra of GaN films grown on porous GaN and
MOCVD-GaN templates.

Figure 4 shows the room temperature PL spectra for the
GaN films on different templates. The strong near band edge
(NBE) emission peaks can be observed, and no yellow lumi-
nescence is observed. The NBE peaks of the GaN films grown
on the porous GaN and MOCVD-GaN templates are observed
at 3.408 eV and 3.422 eV, indicating that the GaN films are
under compression at room temperature. The NBE peak of the
GaN on porous GaN shows a 14 meV redshift compared with
that of the GaN on MOCVD-GaN. According to the data, it is
estimated that a compressive stress of about 0.66 GPa can be
relaxed.?”! The PL spectra reveal that the porous GaN tem-
plates can effectively reduce the compressive stress, which is
consistent with the Raman results. Besides, the stronger PL
intensity is observed for the GaN on the porous GaN template,
which can be attributed to the increase of the light extraction
efficiency due to the presence of the porous GaN layer. [>!]
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Fig. 4. Room temperature PL spectra of GaN grown on porous GaN
and MOCVD-GaN templates.

The Hall measurement was performed for both samples at
room temperature. The GaN on porous GaN has n-type con-
ductivity with a carrier concentration of 7.798 x 10'® cm™3
and a mobility of 44.7 cm?/V-s. And the GaN on MOCVD-
GaN has n-type conductivity with a carrier concentration of
3.288 x 10'® cm™3 and a mobility of 39.2 cm?/V-s. The rel-
atively low mobility of both samples is attributable to the
dislocation and defect scattering due to the lower crystalline
quality.??) The further optimization of the growth conditions
would be performed to obtain higher quality GaN films.

From the above results, GaN films grown on porous and
planar GaN templates under the same growth conditions have

similar structural, optical, and electrical properties. But the
GaN porous templates can significantly reduce the stress in
the HVPE-GaN epitaxial layer. Besides, the porous template
can facilitate not only the release of stress but also the self-
separation of GaN thick films.!1®!

4. Conclusion

In summary, we have grown the GaN thick films on the
porous and planar GaN templates by HVPE. The Raman mea-
surement revealed that the GaN film grown on the porous GaN
template is almost stress-free. Compared with GaN on the pla-
nar MOCVD-GaN template, the PL intensity of GaN on the
porous template was significantly enhanced due to the pres-
ence of lots of voids in the porous template. We think that the
porous GaN template would be beneficial for the preparation
of high-quality stress-free GaN substrates after further growth
optimization.
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