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Thick AIN Epilayer Grown by Using the HVPE Method
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A thick AIN epilayer is grown directly on a c-plane sapphire substrate by using the hydride vapor
phase epitaxy (HVPE) method with a small quantity of Al. The new type (RF + hot-wall) flow
HVPE reactor used in the AIN epilayer growth is custommade. The growth temperatures of the
source and the growth zones are set at 950 °C and 1145 °C, respectively. The characteristics of the
AIN layer grown on a sapphire substrate are investigated by using energy dispersive spectroscopy
(EDS), X-ray diffraction (XRD) and Fourier-transform infrared (FTIR) spectroscopy. The value of
the full width at half maximum (FWHM) for the (002) peak from the AIN layer on the sapphire
substrate is observed at 790 arcsec. From the small value of the FWHM, the AIN layer seems to be
a well-arranged plane with a uniform (002) growth direction on a sapphire substrate.
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I. INTRODUCTION

Nitride research to further improve device perfor-
mances and mitigate reliability issues is due to the im-
mediate need for native nitride substrates. Though
GaN substrates are commercially available, they are
not suitable for high-Al-content AlGaN-based devices.
Because AIN has a lattice constant close to that of
GaN, a high thermal conductivity (3.2 W/cm K [1]),
a high intrinsic electrical resistivity and a wide band
gap (6.2 eV), it has been identified as a promising sub-
strate material for ultraviolet (UV) light-emitting diodes
(LED’s) with high power, laser diodes (LD’s), UV detec-
tors and AlGaN/GaN high-frequency electronic devices
(HEMT’s) with ultra-high power [2-4]. Some groups re-
ported the growth of high-quality bulk AIN by using the
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sublimation-recondensation method [5-7]. Bockowski, et
al. [8] investigated a solution growth of AIN under a high
nitrogen pressure. Although AIN crystals with low dislo-
cation density can be grown by using these methods, the
size and the shape of the AIN crystal prove to be rather
difficult to control.

Another interesting approach to fabricating an AIN
wafer is high-speed growth by using a hydride vapor
phase epitaxy (HVPE) method. As opposed to AIN,
some manufacturers have been producing GaN wafers
of 2 inches in diameter by separating these thick HVPE
GaN layers from starting substrates such as sapphire and
GaAs [9-11]. Because the size and the shape of the grown
layer depend on the kind of substrate, a HVPE method
for the growth of a thick AIN epilayer is also worth inves-
tigating. However, investigations concerning the HVPE
method for fabricating AIN epilayers have been limited
[12-15].

As is well known, a thick AIN epilayer grown by using
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Fig. 1. (Color online) Schematic of the new type HVPE
system.

the HVPE method is grown at a rapid growth rate and a
high growth temperature, and AIN films grown at only a
high growth rate deteriorate. Therefore, if an AIN bulk
single crystal of high quality is to be obtained at a higher
growth rate, the growth temperature must be increased.
Because the migration of the chemical species adsorbed
on the growth surface is promoted with increasing growth
temperature and becomes the chemical species can be
easily accommodated at an the appropriate site for epi-
taxial growth of AIN, the crystalline quality of the AIN
epilayer grown at a high temperature is improved [16].
However, heating the substrate in a quartz reactor at a
high temperature by using an electric furnace of the hot-
wall type is impossible. Therefore, local heating of the
substrate by using a heating susceptor is essential if a
metal-organic vapor-phase epitaxy (MOVPE) method is
to be used to grow an AIN epilayer at high temperature.

In this research, a thick AIN epilayer is grown di-
rectly on a c-plane sapphire substrate by using the HVPE
method with a small amount of Al. The surface and the
cross section of the AIN epilayer are observed by using
scanning electron microscopy (SEM). The characteristics
of the AIN layer grown on a sapphire substrate are inves-
tigated by using energy dispersive spectroscopy (EDS),
X-ray diffraction (XRD) and Fourier-transform infrared
(FTIR) spectroscopy.

II. EXPERIMENTS

A thick AIN epilayer is grown by using the HVPE
method. A new, custommade (RF + hot-wall) flow
HVPE reactor is used for the growth of the AIN epi-
layer Figure 1 shows a schematic of the HVPE system.
The reactor with a RF-heating-type source zone and a
hot-wall-type growth zone has two types of heat zones
that are heated independently by using separate heater
systems. Therefore, the cell filled with the source is com-
posed of conductive graphite which can withstand high
temperature. On the other hand, the growth zone is
heated by using a hot-wall furnace. The reactor is com-

posed of a graphite source boat, a quartz outer tube,
an inner tube, a susceptor, a complicated liner and flow
channels. The Al source is loaded into the source zone,
and the weight of the Al source is about 7 g. Aluminum
trichloride (AlCl3) is formed in the source zone by reac-
tions with the hydrogen-chloride (HCI) gas flowing over
the aluminum metal a temperature of about 950 °C. Am-
monia (NH3) gas flows through the growth zone. In our
previous experiments, we obtained the optimum condi-
tion to grow the AIN epilayer by changing the growth
temperature from 1100 °C to 1200 °C. The best results
showed that the optimum temperature for growing an
AIN epilayer in our HVPE was 1145 °C (data are not
shown). The c-plane sapphire substrate is made parallel
to the flow of the gas in the growth zone, which is at a
temperature of about 1145 °C.

The AIN epilayer is grown directly on a 2-inch-
diameter c-plane sapphire wafer. The growth is per-
formed with a single growth step without the use of a
nucleation layer, the growth step and substrate pattern-
ing. Uniform films are produced with a HCI gas flow of
100 sccm, a NH3 gas flow of 2 slm, and a pressure of 760
Torr by using nitrogen as the carrier gas. The growth
time of the AIN epilayer is 1 h. The XRD rocking curve
is measured to determine the crystal’s quality. The full
width at half maximum (FWHM) values of the rocking
curves are measured by using an omega scan of the (002)
reflection and the (102) reflection in the symmetric and
the skew symmetric geometrics, respectively. An addi-
tional characterization is performed by using SEM to
measure the surface morphology and the thickness.

III. RESULTS AND DISCUSSION

The surface morphology and the thickness of the AIN
epilayer grown directly on c-sapphire are observed by
using SEM measurements. Figure 2 shows surface SEM
images and EDS images of the AIN film grown by using
the HVPE method at a high temperature. Figures 2(a)
and (b) are surface SEM images measured at different
positions in the AIN epilayer grown on 2-inch-diameter
c-sapphire. Hexagonal-shaped grains are visible in Fig. 2.
Figure 2(c) shows a surface SEM image of the AIN epi-
layer and the EDS results for the indicated area. From
the EDS results in Fig. 2(c), the Al and the N elements,
as well as impurities such as element of C and O, are
shown.

Figure 3 shows cross-sectional SEM images of the AIN
epilayer. Figures 3(a) and (b) show SEM images to in-
vestigate the uniformity of the thickness of the entire
AIN epilayer and the exact thickness of the AIN epi-
layer, respectively. The thickness of the AIN epilayer is
about 15.6 ym. The average growth rate of the AIN epi-
layer by using the HVPE method is about 0.26 gm/min
(15.6 pum/h). During growth of the AIN epilayer, the
amount of the Al source consumed is about 1.4 g. The
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Fig. 2. (Color online) Surface SEM images of the AIN
epilayer and the EDS result: (a), (b) Surface SEM images of
the AIN epilayer and (¢) EDS point scan result. The marked
solid circle in (c) means the scan position for the EDS result.

reaction rate between the HCI gas and the Al source is
about 21.2%, which means that with our HVPE growth
method, a thick AIN epilayer can be grown by using
a small quantity of Al. Figure 3(c) shows an enlarged
cross-sectional SEM image of the AIN epilayer and the
EDS results from the indicated area. From the EDS
results, elemental Al and N and impurities, such as ele-
mental C and O, are seen.

Figure 4 shows the XRD results for the AIN epilayer.
The X-ray diffraction employs a 2-theta/omega scan
mode to examine the surface’s crystalline quality. The
AIN (002) and the AIN (004) peaks shown in Fig. 4(a)
are observed at 20 = 36.1° and 20 = 76.7°, respectively.
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Fig. 3. (Color online) Cross-sectional SEM images of the
AIN epilayer and the EDS result: (a), (b) cross-sectional SEM
images of the AIN epilayer grown by using the HVPE method
and (c) the EDS point scan result.

The FWHM value of the AIN (002) peak is 790 arcsec.
Several groups have demonstrated HVPE growth of AIN
directly on sapphire substrates; the best XRD rocking
curve FWHMs were in the ranges of 200 to 600 arcsec and
500 to 800 arcsec for on-axis and off-axis peaks, respec-
tively [17-19]. The small value of the FWHM from these
results means a well-arranged epilayer with a uniform
growth direction. Figure 4(b) shows the rocking curves
of w scans for the (002) reflection of the AIN epilayer
grown by using the HVPE method. For the w scan, the
FWHM value of the (002) reflection for calculating the
density of screw threading dislocations (TDs) is about
0.17° [20]. The density of screw TDs (Ngerew), i esti-
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Fig. 4. (a) XRD intensity versus 2-theta/omega in the scan
mode to examine the crystalline quality of the AIN epilayer.
(b) XRD intensity versus omega in the scan mode to examine
the crystalline quality of the AIN (002) epilayer. (c) XRD
intensity versus () in the scan mode to examine the crystalline
quality of the AIN (102) epilayer.

mated by using the classical formula [21]. The value of
Nierew for the AIN film is estimated to be ~1.91 x 10°
cm ™2, which is large compared with the typical value for
an AIN epilayer grown on sapphire. Figure 4(c) shows
the rocking curves of the (102) reflection for the AIN
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Fig. 5. (Color online) FTIR measurement results for the
AIN epilayer.

epilayer grown by using the HVPE method. The figure
shows the FWHM(¢) for the (102) lattice plane with re-
spect to the ¢ plane. The angle ¢ at the FWHM value
for the rocking curve is estimated to be about 1.16°. The
Negge, the density of edge-type dislocations, is calculated
to be ~9.72 x 10'° cm™2, which is about one order of
magnitude higher than Ng..ep in a 15.6-pm-thick AIN
epilayer. The sharp decrease in the Ncgg. value in the
thick epilayer, as indicated by the FWHM value of the
(102) rocking curve, could be due to increased termi-
nation of edge-type dislocations by forming loops with
similar neighboring dislocations having opposite Burgers
vectors with increasing epilayer thickness. The results
indicate that the AIN epilayer acts as an effective dislo-
cation filter [22]. With optimizations of the growth con-
ditions and of the designs for the structures used in the
HVPE method, the crystal quality of the AIN epilayer
can be improved.

Figure 5 shows the FTIR measurement results for the
AIN epilayer. The FTIR measurement is used to investi-
gate the characteristic frequency of the atoms constitut-
ing the material and having a characteristic vibration.
The specific wavelength absorbed by the characteristic
vibration has an energy corresponding to an infrared (IR)
wavelength. Figure 5 shows the reflection ratio after IR
scanning. The upper graph of the three in Fig. 5 is the
FTIR-REF spectrum, and the other graphs in Fig. 5 are
the FTIR-RAS spectra. The AIN E; and the AIN A,
modes are observed at about 640 cm™! and about 900
cm ™!, respectively. The A; and the E; peaks are located
near the AIN longitudinal optical (LO) and the trans-
verse optical (TO) phonon modes, respectively. The A
phonon modes in crystalline AIN appear in the range of
900 ~ 950 cm~! [23]. The measured frequencies from
the FTIR-REF and the FTIR-RAS spectra are close to
the characteristic frequency of the AIN epilayer.

As reported in a previous paper, AIN epilayers are gen-
erally grown at temperatures above 1200 °C because the
crystalline quality is improved at higher growth temper-
atures. However, our growth temperature is 1145 °C,
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which is lower than the temperatures in other reports.
Nevertheless, in our experimental results, the values from
the FTIR spectra are in good agreement with the nar-
row FWHM value of the XRD result, which confirms the
formation of crystalline AIN by using our HVPE method.

IV. CONCLUSION

A thick AIN epilayer is grown directly on a 2-inch-
diameter c-plane sapphire substrate by using the HVPE
method with a small quantity of Al. The thickness of the
AIN epilayer is about 15.6 gym. During the growth of the
AIN epilayer, the consumed quantity of Al is about 1.4 g.
The XRD results show that the AIN (002) and the AIN
(004) peaks are observed at 26 = 36.1° and 20 = 76.7°,
respectively. The measured values from the FTIR-REF
and the FTIR-RAS spectra are both close to the charac-
teristic frequency of the AIN crystal, respectively. From
these results, an AIN epilayer seems to have been suc-
cessfully grown on a sapphire substrate. We also expect
to improve the luminous efficiency of wide-band gap de-
vices based AIN epilayers with good crystalline quality
by using our economical HVPE method.
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