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Characterization of Polarity of Wurtzite GaN Film Grown
by Molecular Beam Epitaxy Using NH3
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Effects of the initial nitridation of a sapphire(0001) substrate by NH3 on the polarity of GaN{0001} film have been investi-
gated by coaxial impact collision ion scattering spectroscopy. The polarity of ammonia-molecular beam epitaxial (MBE) film
grown on the substrate nitrided using NH3 is assigned as (0001). The effect of the initial nitridation of the substrate by NH3

is found to be contrary to that by nitrogen plasma, where the GaN film grown on the nitrided substrate shows the polarity of
(0001̄). The polarity of GaN film grown by rf plasma-assisted MBE on the substrate which is nitrided using NH3 is also (0001).
These findings suggest the possibility of polarity control of the grown GaN film by choosing the N source for initial nitridation
of the substrate.
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The recent development of growth techniques for wurtzite
III-nitrides has resulted in the successful fabrication of GaN-
based optical devices,1) such as light emitting diodes and laser
diodes with the wavelength ranging from near-ultraviolet to
blue. Epitaxial wurtzite GaN{0001} films have a polar struc-
ture whose c axis is parallel to the growth direction. In these
wurtzite GaN films, lattice polarity is thought to be one of
the key issues which affects the optical and electrical proper-
ties of grown films.2–4) It is therefore necessary to understand
the correlation between the polarity and growth conditions of
GaN films to achieve the growth of high-quality epitaxial lay-
ers. In metalorganic chemical vapor deposition (MOCVD),
there are many reports regarding the effects of growth condi-
tions on the polarities of grown films.4–10)However, in molec-
ular beam epitaxy (MBE), there are only few reports on the
polarities of the grown GaN films.11,12)Regarding the plasma-
assisted MBE films, the polarity is believed to be (0001̄) (N-
polarity) though the growth parameters which determine the
polarities of the films are not very clear. As for the MBE films
grown using NH3 (ammonia-MBE films), few studies have
been reported regarding the polarities in spite of the fact that
high quality films which have led to the realization of light
emitting diodes (LEDs) with superior characteristics such as
GaInN/GaN MQW LEDs13) can be obtained by this method.

We have investigated the polarities of rf plasma-assisted
MBE grown GaN films using coaxial impact collision ion
scattering spectroscopy (CAICISS) and have analysed the ef-
fects of growth conditions14–17) and In irradiation effect dur-
ing growth.18) In this paper, we report on the polarities of
GaN films grown on sapphire(0001) substrates by ammonia-
MBE. The correlation between the initial nitridation of the
substrate by NH3 and the polarity of the GaN film measured
by CAICISS is shown.

At first, two ammonia-MBE grown GaN films were pre-
pared: films on low-temperature (LT) GaN buffer layer with-
out (sample A) and with (sample B) initial nitridation of
sapphire(0001) substrate using NH3. These two samples
were grown as follows. After the cleaning by heating at
910◦C for 30 min, the temperature of the sapphire(0001) sub-
strate for sample A was decreased to 500◦C and the LT GaN
buffer layer of 200 Å thickness was deposited, followed by
the growth of GaN film of 1000 Å thickness at 820◦C. The
substrate for sample B was nitrided at 910◦C by supplying

NH3 for 30 min before the deposition of the LT GaN buffer
layer of 200 Å thickness. The film growth was carried out
by supplying Ga from an effusion cell with flux intensity of
2.8×1013/cm2·s and NH3 through a mass flow controller into
the system at the flow rate of 5 sccm without cracking.

After the growth, the sample was unloaded from the MBE
system into the air, and then transferred to the CAICISS anal-
ysis system. In this system, time-of-flight (TOF) spectra of
He+ particles scattered from the grown film surface were
taken as a function of the incident angles of primary He+
ion (2 keV) beam by rotating the sample in the {11̄00}plane.
From the TOF spectra, the polar angle (θ ) dependences of Ga
and N signal intensities were obtained.θ denotes the incident
angle of the He+ ions with respect to the film surface normal,
that is, the〈0001〉 axis of the grown GaN{0001} film. As-
signment of the polarities of the grown GaN films was carried
out by making comparisons between the experimental results
of theθ -dependences of Ga and N signal intensities and sim-
ulated ones. As details of the simulated results are already
given in ref. 16, only typicalθ -dependences are described be-
low. The Ga curve of the (0001) surface has two separated
peaks atθ = 18◦ and 42◦. Whereas that of the (0001̄) surface
has two close peaks atθ = 14◦ and 20◦, remains almost con-
stant fromθ = 24◦ to θ = 32◦ and shows a peak atθ = 54◦.
The N curves of both surfaces have only one peak; atθ = 24◦
in the (0001) surface and atθ = 38◦ in the (000̄1) surface,
respectively.

The experimental results of theθ -dependences of Ga and
N signal intensities of samples A and B are shown in Figs. 1
and 2, respectively. The Ga curve of sample A has two close
peaks atθ = 14◦ and atθ = 20◦ and shows a small peak
at θ = 54◦ but no peak at 42◦. The N curve has a peak at
θ = 34◦. These are the typical features of the (0001̄) surface.
This is consistent with the case of plasma-assisted MBE in
that the major polarity of the GaN film grown without sub-
strate nitridation process is (0001̄).17) On the contrary, the Ga
curve of sample B, shown in Fig. 2, has two separated peaks
at θ = 20◦ and 42◦ and the N curve has a peak atθ = 24◦.
These features of Ga and N curves agree well with those of
the simulated results for the surface of GaN(0001). The broad
peak atθ ∼ 34◦ is explained by the O2 molecule adsorped
on the surface of GaN(0001). The details of this terminat-
ing structure will be discussed in another paper.19) Therefore,



the polarity of sample B is assigned as (0001). The authors
have already investigated the effect of initial nitridation of a
sapphire(0001) substrate using nitrogen plasma on the polar-
ity of GaN grown by rf plasma-assisted MBE14,17) and have
found that the volume ratio of the (0001̄) domain in the grown
GaN film is increased and an almost (0001̄) film can be ob-
tained by using the substrate nitridation process.17) Contrary
to the case of rf plasma-assisted MBE, the polarity of the GaN
film grown using substrate nitridation by NH3 is found to be
(0001) for the first time.

This also means that the polarity of AlN nuclei on the sap-
phire(0001) substrate grown by the nitridation using NH3 is
(0001). To confirm this, an ammonia-MBE GaN film was
grown without a LT buffer layer (sample C). The substrate
for sample C was nitrided with NH3 at 910◦C for 30 min, fol-

lowed by the direct growth of GaN film of 1000 Å thickness at
820◦C. Figure 3 shows theθ -dependences of Ga and N signal
intensities of sample C. The Ga curve has two separated peaks
at θ = 20◦ and 42◦ and the N curve has a peak atθ = 28◦.
These features of Ga and N curves agree with the features of
the simulated results for the surface of GaN(0001). There-
fore, it is concluded that the polarity of AlN nuclei on the
sapphire(0001) substrate grown by the nitridation using NH3

is (0001). This is contrary to the case of rf plasma-assisted
MBE in that AlN nuclei grown on the substrate have the po-
larity of (000̄1).17) However, the growth mechanism of AlN
nuclei is not currently understood.

This result also indicates that we can control the polarity
of the rf plasma-assisted MBE grown film, whose polarity is
mainly (000̄1), to (0001) if we employ the substrate nitrida-
tion process by NH3. So, a rf plasma-assisted MBE GaN film
was grown on the sapphire(0001) substrate nitrided by NH3

(sample D). Sample D was grown as follows. The substrate
was nitrided with NH3 at 910◦C for 30 min, followed by the
deposition of a LT GaN buffer layer of 200 Å thickness at
500◦C using NH3 as a nitrogen source and then a GaN film
of 1000 Å thickness was grown using nitrogen plasma as a ni-
trogen source. The N2 flow rate, Ga flux intensity and input
power of the rf plasma source during the growth were 3 sccm,
2.8× 1013/cm2·s and 300 W, respectively. Figure 4 shows the
θ -dependences of Ga and N signal intensities of sample D.
The Ga curve of sample D has two separated peaks atθ = 20◦
and 42◦ and the N curve of sample D has a peak atθ = 28◦.
These features of Ga and N curves agree with the features of
the simulated results for the surface of GaN(0001). Thus, a
plasma-assisted MBE-grown GaN(0001) film can be realized
by the nitridation of a sapphire(0001) substrate using NH3.

To sum up, the following conclusions can be arrived at as a
result of this study. (1) The polarity of AlN nuclei grown on
the substrate by the nitridation process using NH3 is (0001).
This is contrary to the case of rf plasma-assisted MBE. How-
ever, the growth mechanisms of AlN nuclei having these po-
larities are still unclear at present. (2) Regardless of the ni-

Fig. 3. The polar angle (θ) dependences of Ga and N CAICISS sig-
nal intensities of ammonia-MBE GaN{0001} film grown without a
low-temperature GaN buffer layer on a sapphire(0001) substrate nitrided
by NH3 (sample C).

Fig. 2. The polar angle (θ) dependences of Ga and N CAICISS signal in-
tensities of ammonia-MBE GaN{0001} film grown on low-temperature
GaN buffer layer with initial nitridation of the sapphire(0001) substrate
using NH3 (sample B).

Fig. 1. The polar angle (θ) dependences of Ga and N CAICISS signal in-
tensities of ammonia-MBE GaN{0001} film grown on low-temperature
GaN buffer layer without initial nitridation of the sapphire(0001) substrate
(sample A).
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trogen source, the grown GaN film reflects the polarity of
AlN(0001) nuclei on the substrate grown by the nitridation us-
ing NH3. Thus, we can realize plasma-assisted MBE-grown
GaN(0001) films by employing the substrate nitridation pro-
cess using NH3.

In summary, the effects of initial nitridation of the sap-
phire(0001) substrate by NH3 on the polarity of GaN{0001}
films have been investigated by CAICISS. The polarity of
ammonia-MBE GaN films grown on the substrate nitrided
using NH3 is (0001), whereas that of the film grown on the
substrate without nitridation is (0001̄). The effect of initial
nitridation of a substrate by NH3 on the polarity is found to
be contrary to that by nitrogen plasma which we have reported
previously. The polarity of the GaN film grown by rf plasma-
assisted MBE on the substrate which is nitrided using NH3 is
(0001). These findings suggest that the polarity of the GaN

film reflects that of the AlN layer on the substrate and that po-
larity control is possible by choosing the N source for initial
nitridation of the substrate.
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the University of Tsukuba for helpful discussions.
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Fig. 4. The polar angle (θ) dependences of Ga and N CAICISS sig-
nal intensities of rf plasma-assisted MBE GaN{0001} film grown on
a low-temperature GaN buffer layer with a initial nitridation of a sap-
phire(0001) substrate using NH3 (sample D).
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