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X-ray absorption fine structure (XAFS) was used to investigate
the local structures around Ga atoms in the hexagonal
nanocrystalline and crystalline GaN under 78 and 300 K.  For the
first nearest neighbor coordination shell of Ga-N, the average
bond length R (0.194 nm), coordination number N (4.0), thermal
disorder σT (0.0052 nm) and static disorder σS (0.0007 nm) are
nearly independent of the measured temperature and crystalline
state. This indicates that the Ga-N covalent bond is much
stronger, and the 4 nitrogen atoms in first nearest neighbor around
Ga atoms keep the tetrahedral structure (Td). For the second
nearest neighbor coordination shell of Ga-Ga, their bond lengths
are about 0.318 nm. However, the σS (0.0057 nm) of
nanocrystalline GaN is 0.0047 nm larger than that of crystalline
GaN (0.001nm), and the σT of nanocrystalline is 0.0053 nm and
0.0085 nm at the temperature of 78 and 300 K, respectively. The
result indicates that the difference of local structure around Ga
atoms between nanocrystalline and crystalline GaN occurs
mainly at the Ga-Ga second nearest-neighbor coordination shell.
The reason is explained as the local lattice distortion and
unsaturated surface atoms existing in nanocrystalline GaN.
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GaN-based semiconductors have been recognized as potential
materials for the applications in fabricating blue vertical cavity
surface-emitting lasers, high-brightness blue light emitting
diodes, visible-blind detectors, high-temperature and high-power
transistors, owing to their advantages of wide direct band gaps,
high external luminescence quantum efficiencies, high break-
down fields and excellent chemical stability (Someya, et al.,
1999; Nakamura, et al. 1997; Shur, et al., 1997; Yoshida et al.,
1999). More recently, a lots of efforts have been paid on the
studies of nanocrystalline GaN powder and GaN nano-rods for
the usages in both mesoscopic research and future development
of nano-devices (Chen et al., 2000; Jegier et al., 2000; Yang et
al., 2000), because of the size related effect of nanometer GaN.
  However, GaN is characterized from high concentrations of
point defects such as vacancies, nitrogen antisites and
intersititials (Neugebauer et al., 1994) as well as extended
defects, i.e. dislocations and stacking faults, which have
detrimental effects on the performance of lasers. Katsikini et al.
(1998; 1999) have reported that the microstructures around the N
and Ga atoms are distorted for the GaN thin films with XAFS
technique. So far, there are few studies on the local structure of
nanocrystalline GaN. It is not clearly enough for the size-tunable
optical and electrical properties of nanocrystalline GaN

(Alivisatos et al., 1996). In order to improve the performance of
GaN-based semiconductor device, it is necessary to investigate
the local structures of GaN in detail. In the present work, the
microstructures of nanocrystalline and crystal GaN at low and
room temperature were determined using XAFS measurements at
the Ga K-edge.
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Nanocrystalline GaN samples were obtained directly from
reaction of metal Ga (99.999%), NH4Cl (99.9%) and liquid
ammonia in a platinum-linear stainless-steel autoclave at 623 K
and 2000 atm for 120 h (Chen et al., 2000). No impurity phase is
detected under the resolution of Philips MPD diffractmeter (Cu
Kα radiation). The average grain size according to the Scherrer
formula is 11.8 nm. A transmission electron microscopy (TEM)
image reveals that the fragment consists of nanocrystallines with
grain sizes ranging from 5 to 25 nm, with an average size of 12
nm (Chen et al., 2000). Crystalline GaN samples was obtained
directly from reaction of metal Ga (99.999%) and high pure NH3

(about 12 ml/min) in a pure-quartz reaction boat at 1300±10 K for
4 h (Chen et al., 1999).
  The Ga K-edge XAFS spectra for nanocrystalline and crystal
GaN were measured on the U7C beam-line of Hefei National
Synchrotron Radiation Laboratory (NSRL). The storage ring of
NSRL was operated at 0.8 GeV with a maximum current of 160
mA, and the hard x-ray beam from a three-pole superconducting
wiggler with a magnetic field intensity of 6 Tesla was used. The
fixed-exit Si(111) flat double crystals were used as a
monochromator. The XAFS data were collected in transmission
mode with ionization chambers filled with flow of the mixed
gases of N2 and Ar at the temperature of 78 and 300 K, by using
Keithley Model 6517 Electrometer to collect the electron charge
directly. XAFS Data were analyzed by USTCXAFS1 software
package compiled by Wan and Wei according to the standard
procedures (Wan et al., 1999; Sayers et al., 1988) and
UWXAFS3.0 software package (Stern et al., 1995). The
backscattering amplitude and phase shift functions were obtained
using the model hexagonal GaN (a=0.318 nm, c=0.5168 nm)
constructed with the program FEFF7 (Rehr, et al., 1992).
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The Ga K-edge adsorption spectra of nanocrystalline and crystal
GaN were demonstrated in Figure 1 (µx vs. E). In the first 300 eV
range above the Ga adsorption edge, there are eight strong
oscillation peaks for crystalline GaN. The Ga edge adsorption
spectra of nanocrystalline GaN have the similar shape as that of
crystalline GaN, but a little weaker in amplitude, especially in the
high-energy range. As compared with XAFS signals of GaN
samples measured at lower temperature, the oscillation
amplitudes of both nanocrystalline and crystalline GaN shrink
dramatically at room temperature, which suggests that, the
disorder of the coordinated atoms around Ga atom in GaN at
300K is higher than that at 78 K.
  The EXAFS oscillation function χ(k) of GaN sample was
obtained from the curves shown in Figure 1, by removing
background, µ0 fitting and transformation from energy to wave
vector. The detailed data analyses have been shown elsewhere
(Wei et al., 1997; 2000). The EXAFS functions of k3χ(k) are
illustrated in Figure 2 for nanocrystalline and crystalline GaN. It
clearly demonstrates that the oscillation magnitude of
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nanocrystalline GaN is much smaller than that of crystal GaN.
This result further reveals that there is difference in the local
structure around Ga atom between nanocrystalline GaN and
crystalline GaN.
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Ga K-edge absorption spectra for GaN samples
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EXAFS oscillation functions k3χ(k) vs k for GaN samples
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Radial distribution functions of GaN samples

  Figure 3 displays the radial distribution functions (RDF) of GaN
samples, which were obtained from Fourier transformation of
their k3χ(k). There are two strong coordination peaks located at
0.16 nm and 0.29 nm, corresponding to the first and second
nearest neighbor coordination shells of Ga-N and Ga-Ga,
respectively. Moreover, many peaks in the region of 0.4~0.7 nm,
which is due to higher coordination shells. For the two samples

measured at different temperature, the intensity of the first nearest
Ga-N coordination shell are similar while the intensity of the
second nearest Ga-Ga coordination shell strongly depends on the
temperature and crystal status. The intensities of Ga-Ga
coordination shell are 576, 987, 1210, 2071 for nanocrystalline
GaN (300 K), GaN (78 K), crystalline GaN (300 K) and GaN (78
K), respectively. This result suggests that the RDF intensity of
nanocrystalline GaN is about 50% as high as that of crystalline
GaN. It exhibits that the local neighbor environment of Ga atom
in nanocrystalline GaN sample is quite different from that of
crystalline GaN.
  In order to improve the precision for fitting the structural
parameters around Ga atom in GaN sample, the peaks of Ga-N
and Ga-Ga shells were isolated by a window function, and then
an EXAFS oscillation signal of single shell was obtained by
inverse Fourier transformation. The Debye-waller factor was
separated into static disorder σS and thermal disorder σt for the
benefit of considering the temperature effect on the disorder.
Coordination distribution function g(R) was assumed as the
convolution of Gaussian function PG and exponential function PE

(Wu et al., 1997; Wei et al., 2000).

g(R) =  PG × PE

PE  =  (1/2σS)(R-R0)
2exp[-(R-R0)/ σS],    R ≥ R0

      =  0,                                         R < R0   (1)

where R0 is the distance of central atom to the close packing
atom, the average distance at R0+σS, EXAFS oscillation function
should be expressed as
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where Nj is the number of atoms in the jth shell, k is the wave
vector of photoelectron, F(k) is the magnitude of the
backscattering amplitude of the jth-shell atoms, S0

2(k) is about
0.7 to 0.9 and is caused by many-body effects and dynamic
relaxation (it is usually used together with Fj(k) in data fitting),
å(k), the mean free path of electron, δ(k) is the phase shift
function.
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Comparison of inverse transformation of experimental spectra (open
circle) and the fitting curves (solid line) for nanocrystalline GaN (78K)
   Using the equation (2), F(k) and δ(k) function from FEFF7
(Rehr, et al., 1992) for fitting the structural parameters of GaN
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samples, the experimental data are well fitted with the theoretical
curves as shown in Figure 4. The fitting results were listed in
Table 1. The errors for the fitted parameters corrected as
described by Stern et al. (1995) are estimated to be ±0.5 in
coordination number N, ±0.002 nm in distance R, ±0.0005 nm in
disorder factor σ.
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Structure parameters obtained from XAFS data of GaN samples

Sample Pair R / nm N σT / nm σS / nm
Crystal,78K Ga-N 0.194 4.0 0.0047 0.0005

Ga-Ga 0.318 12.0 0.0051 0.0008
Crystal,300K Ga-N 0.194 4.1 0.0050 0.0005

Ga-Ga 0.318 12.1 0.0080 0.0010
Nanocrystal,78K Ga-N 0.194 4.2 0.0051 0.0007

Ga-Ga 0.318 10.5 0.0053 0.0055
Nanocrystal,300K Ga-N 0.193 4.3 0.0052 0.0007

Ga-Ga 0.319 10.3 0.0085 0.0057
Error bars of Rj, R0, σT, σS and N are ±0.002 nm, ±0.002 nm, ±0.0005 nm,
±0.0005 nm and ±0.5, respectively.

  GaN exists in two types, the cubic (zincblende) and the
hexagonal (wurtzite). X-ray powder diffraction result indicates all
samples in this work are hexagonal GaN. Crystalline GaN
belongs to space group of P63mc (Wells et al., 1975). The first
and second nearest neighbors of Ga atom are 4 N atoms at 0.194
nm and 12 Ga atoms at 0.318 nm. Seen from Figure 3 and Table
1, it can be found that the peak position and intensity of Ga-N
coordination shell are almost the same for crystalline and
nanocrystalline GaN samples. The bond length and coordination
number are 0.194 nm and 4, which are identical with those of
standard hexagonal GaN crystal. Moreover, the σT and σS of Ga-
N coordination shell are nearly independent of temperature and
crystalline state. The results imply that the Ga-N covalent bond is
much stronger, and the first nearest neighbor geometry is
tetrahetral structure Td. However, the structural difference
between nanocrystalline and crystal GaN occurs in the second
nearest Ga-Ga coordination shell. Although the Ga-Ga magnitude
peaks shown in figure 3 keep at the same position, the intensity of
Ga-Ga coordination shell decreases by half while the measured
temperature is from 78 to 298 K or the state is from the
crystalline to the nanocrystalline. The structural parameters in the
Table 1 indicate that the σT of the second nearest Ga-Ga
coordination shell is 0.0051 nm at 78 K and 0.0080 nm at 300 K
for crystalline GaN. Our results are in good agreement with
Katsikini et al.’s (1999) results that reported that the disorder of
the second nearest Ga-Ga coordination shell is 0.0052 nm and
0.0073 nm at 100 and 290 K, respectivly.  In addition, there is
nearly the same value for the σT of Ga-Ga shell between of
nanocrystalline and crystalline GaN, their difference are below
0.0005 nm. Nevertheless, the static disorder σs (0.0055 nm) in the
second nearest Ga-Ga shell of nanocrystalline GaN (78 K) is
0.0047 nm larger than that (0.0008 nm) of crystalline GaN (78
K). This reveals that there are local lattice distortions in
nanocrystalline GaN.

4. %QPENWUKQPU

  The XAFS results indicated that the local structure difference
between nanocrystalline and crystalline GaN samples, mainly

occurs in the second nearest Ga-Ga neighbor shell. The σS

(0.0055 nm) of Ga-Ga shell of nanocrystalline GaN (78 K) is
0.0047 nm larger than that (0.0008 nm) of crystalline GaN (78
K). We consider that the reason is local structure distortions and
unsaturated surface atoms in nanocrystalline GaN. The Ga-N
covalent bond in GaN samples is much stronger, whose thermal
disorder σT and static disorder σS are nearly independent of the
measured temperature and crystalline state. The interaction force
in the second nearest Ga-Ga neighbor coordination shell is
relatively weaker, and temperature and crystalline state can
strongly influence their σT and σS.
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