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High quality AlGaN grown on a high temperature AlN template by MOCVD∗
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Abstract: A high temperature AlN template was grown on sapphire substrate by metalorganic chemical vapor
deposition. AFM results showed that the root mean square of the surface roughness was just 0.11 nm. Optical
transmission spectrum and high resolution X-ray diffraction (XRD) characterization both proved the high quality
of the AlN template. The XRD (002) rocking curve full width at half maximum (FWHM) was about 53.7 arcsec
and (102) FWHM was about 625 arcsec. The densities of screw threading dislocations (TDs) and edge TDs were
estimated to be ∼ 6 × 106 cm−2 and ∼ 4.7 × 109 cm−2. AlGaN of Al composition 80.2% was further grown on the
AlN template. The RMS of the surface roughness was about 0.51 nm. XRD reciprocal space mapping was carried
out to accurately determine the Al composition and relaxation status in the AlGaN epilayer. The XRD (002) rocking
curve FWHM of the AlGaN epilayer was about 140 arcsec and (102) FWHM was about 537 arcsec. The density of
screw TDs was estimated to be ∼ 4 × 107 cm−2 and that of edge TDs was ∼ 3.3 × 109 cm−2. These values all prove
the high quality of the AlN template and AlGaN epilayer.
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1. Introduction

AlGaN-based ultraviolet light-emitting diodes (UV-
LEDs) are expected to be used in many applications, such as
the curing of various materials (photopolymerization), screen
printing, dermatology-related sensing and cures, DNA ana-
lyzers, air purification, water disinfection and sterilizers[1−4].
It is widely considered that UV-LEDs have great commer-
cial potential in excess of several billion dollars[5]. When the
Al composition changes from 0 to 1, the bandgap of the Al-
GaN material varies from 3.43 eV (GaN) to 6.04 eV (AlN),
while ultraviolet light of wavelengths from 365 to 210 nm
can be emitted[6−9]. One key issue of making UV-LEDs is
the growth of high quality AlGaN material. Compared with
GaN, the growth of high quality AlGaN material has proved
to be much more difficult, because of its intrinsic properties.
In the commonly used two-step MOCVD growth process, an
AlGaN layer is often directly grown on a low temperature
(LT) AlN buffer layer. The crystalline quality of AlGaN de-
teriorates as the Al composition increases[10]: the higher the
Al composition, the lower the quality of the AlGaN epilayer.
There have been many reports of high quality AlGaN grown
on a GaN template. A GaN template indeed effectively im-
proves the quality of the AlGaN epilayer thereon, but it is not
suitable for AlGaN with high Al composition. As the lattice
parameter of AlGaN is smaller than that of the GaN template,
the AlGaN epilayer is under biaxial tensile strain, and crack
networks generate when the thickness of the AlGaN layer ex-
ceeds the critical value. Methods have been developed to avoid

cracks[10−12]. However, in these reports, the Al composition in
AlGaN is not high. For AlGaN with high Al composition, this
problem is still very tough. Besides, GaN templates are not
good choices for deep UV-LEDs, because they would strongly
absorb the UV light. Therefore better ways should be devel-
oped to grow high quality AlGaN with high Al composition.
In this paper, we report our recent research work on MOCVD
growth of high quality AlGaN by using a high temperature
AlN template.

2. Experimental procedure

The HT-AlN template was grown on 50 mm diam-
eter (0001)-oriented sapphire substrates. Trimethylgallium
(TMGa), trimethylaluminum (TMAl) and NH3 were used as
Ga, Al and N precursors. NH3 flow rates ranged from 1 to 3.5
slpm. H2 and N2 were used as the carrier gas. Prior to growth,
the substrates were treated in H2 ambient at 1080 ◦C for about
6 min. After that, the temperature was decreased to about 600
◦C to grow a thin AlN buffer layer. This layer is about 25 nm
in thickness. Then the HT-AlN template was grown at a nomi-
nal temperature of 1200 ◦C for 1 h. The growth rate was about
1 µm/h. The AlGaN layer was further grown on the HT-AlN
template layer and the growth temperature was about 1100 ◦C.
The AlGaN layer was about 0.8 µm in thickness. The growth
pressure in the MOCVD reactor chamber was kept at 50 Torr.

After growth, samples were characterized by UV-VIS op-
tical transmission spectrometry, a Veeco Nanoscope Dimen-
sion 3100 atomic force microscopy (AFM) system, and a Bede
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Fig. 1. AFM images of the HT-AlN template.

Fig.2. Optical transmission spectrum of HT-AlN template.

D1 high resolution X-ray diffraction (HRXRD) system.

3. Results and discussion

First we studied the surface morphology of the AlN
template by AFM. An AFM image is shown in Fig. 1. The
root mean square (RMS) of the surface roughness was about
0.11 nm. This value is very small, which means that the sur-
face of the AlN template was very smooth. The smooth sur-
face is considered to benefit from a high growth temperature.
Al adatoms have a much larger sticking coefficient than Ga
adatoms. Al adatoms are much less mobile on the surface; they
tend to cause islands to nucleate, rather than incorporating at
the most energetically favorable lattice sites such as a step[4].
At a high temperature of 1200 ◦C, the surface mobility of Al
adatoms can be effectively boosted, and the surface morphol-
ogy of AlN is thereby improved.

Optical transmission spectra are very useful for mate-
rial characterization[13, 14]. Optical transmission of the HT-AlN
template was measured as a function of wavelength, as can be
seen in Fig. 2. The slope of the band-edge is usually indica-
tive of the material quality: the higher the slope, the better the
material quality. One can see from Fig. 2 that the absorption
band-edge of our sample is very sharp, which indicates the
good quality of the AlN template. The band-edge is at about
203 nm. Transmission fluctuation can be seen in the figure,
which is caused by optical interference and is related to AlN
film thickness. From the position of these interference peaks,
we determined the thickness of the HT-AlN template to be

Fig. 3. XRD (002) and (102) rocking curves of HT-AlN template.

Fig. 4. AFM images of AlGaN grown on HT-AlN template.

about 1 µm.
The AlN template was further characterized by HRXRD.

XRD ω scan rocking curves are shown in Fig. 3. The solid
line corresponds to (002) scan, and the FWHM is about 53.7
arcsec. The dashed line corresponds to (102) scan, and the
FWHM is about 625 arcsec. From the XRD FWHM val-
ues, the densities of screw threading dislocations (TDs) DS

and edge TDs DE were estimated based on the following
equations[15]:

DS =
β2

S

4.35 |bS|2
, (1)

DE =
β2

E

4.35 |bE|2
, (2)

where |bS| and |bE| are the Burgers vector sizes of the screw
TDs (|bS| = 0.4982 nm) and edge TDs (|bE| = 0.3112 nm). βS

and βE are estimated using the method outlined previously by
Lee et al.[16]:

β =

√
(βS cosα)2 + (βE cosα)2, (3)

where α is the angle between the reciprocal lattice vector
(Khkl) and the (001) surface normal. DS was calculated to be
∼ 6 × 106 cm−2 and DE was ∼ 4.7 × 109 cm−2. These values
also prove the high quality of the AlN template.

The surface morphology of AlGaN grown on the HT-AlN
template was characterized by AFM. Figure 4 shows the AFM
image. The RMS of the surface roughness was about 0.51 nm.
Though this value is a little larger than that of the AlN tem-
plate, it is still small enough to prove that the AlGaN epilayer
has an atomic-level smooth surface. “Step flow” evidence is
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Fig. 5. Optical transmission spectrum of AlGaN grown on HT-AlN
template.

Fig. 6. HRXRD symmetric (002) ω–2θ scan of AlGaN grown on HT-
AlN template.

clearer in this image compared to the AlN template, which
means that the growth mode of AlGaN is pretty good[17−19].

The optical transmission spectrum of the AlGaN layer is
shown in Fig. 5. As can be seen, the band-edge is at about 230
nm. For AlxGa1−xN system material, the band-gap energy Eg

can be determined with the relationship

Eg(x) = 6.04x + 3.43(1 − x) − bx(1 − x), (4)

which has been adopted by many groups working on this ma-
terial system; b is the so-called bowing parameter[4]. For b = 1,
with the band-edge wavelength, we determined the value of x
to be 81%. The band-edge here is also very abrupt, and there-
fore the crystalline quality of the AlGaN layer is very good.

Figure 6 shows the XRD symmetric (002) ω–2θ scan re-
sult of AlGaN grown on the HT-AlN template. Two strong
peaks can be seen in the figure. The left peak is related to the
X-ray diffraction of the AlGaN layer, while the right one is
related to the HT-AlN template. From the position of the Al-
GaN peak, we determined the AlGaN layer’s Bragg angle to
be 17.8 ◦. With Bragg’s formula

2d sin θ = nλ, (5)

we can obtain the value of the c axial lattice parameter of Al-
GaN. Using Vegard’s law, we can further determine the Al
composition to be 79.2%, which is a little different from the

Fig. 7. (105) XRD asymmetric reciprocal mapping of AlGaN grown
on AlN template.

Fig. 8. XRD (002) and (102) rocking curves of AlGaN epilayer.

value obtained from the optical transmission spectrum before.
The reason for this discrepancy may lie in the relaxation of the
AlGaN epilayer. The result of 79.2% is based on the assump-
tion that the AlGaN layer is fully relaxed. As a matter of fact,
AlGaN layer is merely 0.8 µm in thickness and is therefore not
thick enough to fully relax. Besides, the bowing parameter b
may not be precisely 1.

A more accurate composition and relaxation status for
the AlGaN epilayer can be extracted from asymmetrical XRD
reciprocal mapping. In Fig. 7 we show the (105) asymmetrical
XRD reciprocal mapping result. The top AlN template recip-
rocal lattice point is not in vertical alignment with the AlGaN
epilayer, indicating that AlGaN was not pseudomorphically
grown on the AlN template. We calculated the lattice constants
a and c for the AlGaN epilayer, respectively, to be 3.1166 Å
and 5.0329 Å. The Al composition in AlGaN is 80.2%, and
the relaxation is 30.3%.

XRD ω scan rocking curves of AlGaN are shown in
Fig. 8. The solid line corresponds to (002) scan, the FWHM is
about 140 arcsec. The dashed line corresponds to (102) scan,
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the FWHM is about 537.4 arcsec. According to Eqs. (1)–(3),
the density of screw TDs DS was estimated to be ∼ 4 × 107

cm−2 and that of edge TDs DE was ∼ 3.3 × 109 cm−2. These
values further prove the high quality of the AlGaN epilayer
grown on the AlN template.

4. Conclusion

In the paper, we report our research work on AlGaN
grown on an HT-AlN template by MOCVD. The AlN tem-
plate was grown on sapphire substrate at 1200 ◦C. AFM results
showed that the RMS of the surface roughness was just 0.11
nm. Optical transmission spectrum and XRD characterization
both proved the high quality of the AlN template. The XRD
(002) FWHM was about 53.7 arcsec and (102) FWHM was
about 625 arcsec. The densities of screw TDs and edge TDs
were estimated to be ∼ 6 × 106 cm−2 and ∼ 4.7 × 109 cm−2.
AlGaN of Al composition 80.2% was further grown on the
AlN template. The RMS of the surface roughness was about
0.51 nm and clear steps could be seen. XRD reciprocal space
mapping (RSM) was carried out to accurately determine the
Al composition and relaxation status of the AlGaN epilayer.
The XRD (002) rocking curve full width at half maximum
(FWHM) was about 140 arcsec and (102) FWHM was about
537 arcsec. The density of screw TDs was estimated to be
∼ 4 × 107 cm−2 and that of edge TDs was ∼ 3.3 × 109 cm−2.
These values all prove the high quality of the AlN template
and the AlGaN epilayer.
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