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Structural properties of high Ga-content Al,Ga,;«N on Si
substrate studied by high resolution X-ray diffraction
and photoluminescence
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The high Ga-content AlGaN thin films are grown on GaN/AIN/silicon (111) substrate by plasma assisted molecular beam
epitaxy (PA-MBE). The full width at half-maximum (FWHM) of the AlxGaixN alloys deposited on silicon as determined by
XRD symmetric RC w/26 scans of (0002) plane at room temperature is 0.52°. The Al mole-fraction of this sample as
deduced from Vegrad’s law and HR-XRD measurement is 0.29. Photoluminescence (PL) spectrums of sample have shown
sharp and intense band edge emission of GaN without the existence of yellow emission band, showing good crystal quality
of the samples have been successfully grown on Si substrate.
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1. Introduction

AlGaN alloys are extremely important materials with
widespread applications for optoelectronic devices
because they have a direct wide energy bandgap, which
ranges from 6.2 to 3.4 eV. Due to their wide band gap
range, the alloys are very attractive matrerials for
applications in ultraviolet (UV) laser diodes (LDs), light
emitting diodes (LEDs) and photodetectors [1-3]. The AIN
buffer layer grown on Si (111) showed smaller full width
at half maximum (FWHM) of AIN (0002) peak, compared
to AIN grown on Si (100) [4]. This is because the
preferred orientation of AIN films on Si (111) substrate is
more easily controlled than those on Si (100) substrates. In
the case of GaN layers grown on AIN buffer layer, the
crystalline quality is much improved because the lattice
mismatch between GaN and AIN is only 2.5%. For these
reasons, the Si (111) substrate was used. In this paper, we
report on the growth of AlGaN thin films sample on
Si(111) substrate, using high-temperature-grown GaN/AIN
as a buffer layer by plasma assisted molecular beam
epitaxy (PA-MBE). The structural qualities of the sample
will be investigated by using high resolution X-ray
diffraction (HR-XRD) and photoluminescence (PL)
spectroscopy.

2. Experimental

The AlGaN(0.225um)/GaN(0.081pm)/AIN(0.031pm)
was grown on Si (111) substrate using Veeco model Gen
II MBE system (See Figure 1). High purity material
sources such as gallium (7N), aluminum (6N5) and indium
(7N) were used in the Knudsen cells. Nitrogen with 7N
purity was channeled to radio frequency (RF) source to
generate reactive nitrogen species. The plasma was
operated at typical nitrogen pressure of 1.5x107 Torr
under a discharge power of 300W. The Si substrate was
firstly heated at 900°C, and a few monolayers of Ga were

deposited on the substrate for the purpose of removing the
SiO, by formation of GaO,. Reflection high energy
electron diffraction (RHEED) showed the typical Si (111)
7x7 surface reconstruction pattern with the existence of
prominent Kikuchi lines, showing a clean Si (111) surface.
The AIN buffer layer was also first grown on the Si
substrate for 13 minutes with substrate temperature set at
875°C. After that, GaN epilayer was grown on top of the
buffer layer for 20 minutes with substrate temperature set
at 840°C. To grow AlGaN, the effusion cells of Al, and Ga
were heated up to 1005 and 923°C, respectively. During
the growth of AlGaN, the substrate temperature was set at
861°C.

In situ reflection high-energy electron diffraction
(RHEED will be used to investigate reconstruction pattern
of the sample. The MBE grown sample was characterized
by a HR-XRD and PL system. HR-XRD with a Cu-Kal
radiation source (A= 1.5406A) was used to assess and
determine the crystalline quality of the epilayers. For PL
system, a He-Cd laser with emission wavelength of 325
nm is used as the excitation source, in order to study the
band gap and quality of these alloys.

AlGaN @ 861°C @ 0.225um

GaN @ 840°C @ 0.081pum

AIN @ 875°C @ 0.031um

Si (111)

Fig. 1. Cross-section structure of AlGaN/GaN/AIN/Si
substrate.
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3. Results and discussion

The growth mode of the AlGaN layers was studied by
RHEED. Fig.2 shows the schematic of the evolution the
AlGaN layer with corresponding RHEED. The Si substrate
surface showed a clear surface reconstruction at high
temperature as shown in Fig. 2(a). Starting from a smooth
AIN buffer layer [Fig. 2(b)], the RHEED image remains
streaky during initial stage of GaN growth. After the
growth of GaN, RHEED displayed a streaky pattern
indicative of good surface morphology as revealed in Fig.
2(c). During the growth of GaN (Fig. 2(c)), the streaky
RHEED pattern is sharpened, suggesting the improvement
of the crystalline quality of GaN relative to the AIN buffer
layer. In Fig. 2(d) AlGaN growth under low temperature
condition follows a Stranski-Krastanow growth mode,
leading to AlGaN on top of a continuous wetting layer.

(a)
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Fig. 2. RHEED pattern for the growth process of AIGaN
layer in GaN/AIN/Si(111).
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Fig. 3. XRD spectrum of the sample I taken from the
(0002) diffraction plane.

Fig. 3 showed that sample has also been successfully
grown on silicon substrate and has been confirmed from
the presence of the peaks at 34.575°, 35.025° and 36.075°,
which correspond to GaN (0002), AlGaN (0002) and AIN
(0002), respectively. XRD symmetric RC ®/26 scans of
(0002) plane at room temperature was also conducted to
verify the crystalline quality of thin films. The full width
at half-maximum (FWHM) of AlGaN was 0.528°, which
can be seen from Fig. 4.

From the XRD symmetric RC ®/20 scans of (0002)
plane, the lattice parameter ¢ of the samples can be
calculated using the following formula:

Al
c=—"—
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where A is the wavelength of the x-ray radiation (1.5406
A), Ogc is the Bragg angle estimated from the peak of the
RC, and [J is the Miller indices. In principle, the
composition can be calculated through XRD
measurements and application of Vegard’s law. By
assuming the layers are fully relaxed or fully strained,
according to Vegard’s law, the variation of the lattice
constant ¢ between GaN and AIN is linearly proportional
to the Al mole fraction [5]. Based on the obtained ¢ value,
the mole composition of the Al, x, can be determined by
the following formula [6]:

(CAlGaN - CGaN)

(C v~ €aan )
where cgan, cainy and cajgan are the lattice constants of GaN,
AIN, and AlGaN, respectively. From equations (1) and (2),
the mole fraction x of AlGaN can be calculated. According
to this law and equation (1) and (2), Al mole-fraction was
recorded as 0.29 for AlGaN thin film. It can be seen that a
sample has indicated a better crystalline quality, and then
it agreed to [7-9], which revealed that good crystalline
quality of IIl-nitrides materials have been produced when
the Al-mole fraction decreases [7-9]. However, the
crystalline qualities of the epilayer are not only Al-mole
fraction dependent but also growth parameters dependent
[10].
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The use of silicon (111) substrate for growth of III-
nitrides, particularly GaN, always produces relatively low
crystal quality; therefore it is difficult to grow high quality
GaN-based materials on silicon (111) substrate [11-13].
The large difference in lattice constant, crystal structure
and thermal expansion coefficient between the silicon and
GaN-based materials are believed to be a several factors
which contributed to the poor crystal quality of the GaN-
based epilayers [14].
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Fig. 4. XRD symmetric RC w/26 scans of (0002) plane
for sample I and sample II (inset).

Fig. 5 shows the PL spectrum of the sample. The PL
spectrums are dominated by intense and sharp peaks at
362.31 nm, which are attributed to the band edge emission
of GaN. The band edge emissions for AlIGaN were not
obtained due to the limitation of the excitation source used
in this study. No yellow band emissions were observed
either; these indicate that the thin films are of good optical
quality.
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Fig. 4. PL spectra of the AIGaN/GaN/AIN/Si(111).

4. Conclusions

The growth of AlIGaN/GaN/AIN samples on Si(111)
substrate have been performed successfully using plasma-
assisted molecular beam epitaxy. The structural qualities
of the thin films have been analyzed by HR-XRD and PL
measurements. By using the rocking curve measurement,
the full width at half maximum (FWHM) value of the
sample is 0.528°. By the application of Vegard’s Law, the
Al-mole fractions of 0.29 were obtained for the sample.

PL measurements for sample exhibited sharp and intense
band edge emission of GaN with no yellow emission band
indicating good optical quality of the thin films.

Acknowledgments

The support from Universiti Sains Malaysia is also
gratefully acknowledged.

References

[1]J. C. Carrano, T. Li, D. L. Brown, P. A. Grudowski, C.
J. Eiting, R. D. Dupuis, J. C. Campbell, Electron. Lett.
34,1779 (1998).

[2] K. Zhu, M.L. Nakarmi, K. H. Kim, Appl. Phys. Lett.
8, 4669 (2004).

[3] F. Omne's, N. Marenco, B. Beaumont, Ph. De Mierry,
E. Monoroy, F. Calle, E. Munoz, J. Appl. Phys. 86,
5286 (1999).

[4] L. S. Chuah, Z. Hassan, S. S. Ng, H. Abu Hassan, J.
Nondestruct Eval. 28, 125 (2009).

[S]L. Vegard, Z. Phys. 5, 17 (1921).

[6] C. G. V. d. Walle, M. D. McCluskey, C. P.Master, L.
T. Romano, N. M. Johnson, Mat. Sci. Eng. B59, 274
(1999).

[7] E. Calleja, M. A. Sanchez-Garcia, F. J. Sanchez, F.
Calle, F. B. Naranjo, E. Munoz, S. I. Molina, A. M.

Sanchez, F. J. Pacheco, R. Garcia, J. Crystal Growth
201/202, 296 (1999).

[S8]N. H. Zhang, X. L. Wang, Y. P. Zeng, H. L. Xiao, J.
X. Wang, H. X. Liu, J. M. Li, J. Crystal Growth 280,
346-351 (2005).

[9]J. Han, K. E. Waldrip, S. R. Lee, J. J. Figiel, S. J.
Hearne, G. A. Petersen, S. M. Myers, Appl Phys.

Lett. 78, 67 (2001).

[10] A. SH. Hussein, S. M. Thahab, Z. Hassan, C. W.
Chin, H. Abu Hassan, S. S. Ng, J. Alloys and
Compound 487, 24 (2009).

[11] A. Ohtani, K. S. Stevens, R. Beresford, Appl. Phys.
Lett. 65, 61 (1994).

[12] W. Ju, D. A. Gulino, R. Higgins, J. Cryst. Growth 263,
30 (2004).

[13]J. Ristic, M. A. Sanchez-Garcia, E. Calleja, A. Perez-
Rodriguez, C. Serre, A. RomanopRodriguez, J. R.
Morante, V. R. Koegler, W. Skorupa, Mat. Sci. Eng.

B93, 172 (2002).

[14] T. Lei, M. Fanciulli, R. J. Molna, T. D. Moustakas, R.
J. Graham, J. Scanlon, Appl. Phys. Lett. 59, 944
(1991).

*Corresponding author: mzmy83@gmail.com



