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The microstructure of GaN films grown by electron cyclotron resondBE€R) molecular-beam epitaxy
(MBE) and hydride vapor-phase epitagVVPE) is studied using x-ray-absorption measurements at thé N
edge. The local microstructure around the N atom is found to be distorted. The nearest neighbors of the N atom
are four Ga atomd); of which are located at a distanBg=1.95 A, which is expected, ard, at a distance
R,=R;+0.25A. This distortion is more pronounced in the cubic ECR-MBE and the HVPE hexagonal
samples where the ratid, /N, is equal to 1. In the rest of the samples the distortion is smaller and the ratio
N, /N, takes the value 0.33. Nitrogen deficiency is not detected in the second nearest-neighbor shell and the N
atoms are found at the expected distance of 3.11SR163-18207)04144-1

[. INTRODUCTION differences in the thermal expansion coefficients of the sub-
strate and the epitaxial filth® According to recent theoreti-
Gallium nitride (GaN) is a wide-band-gap semiconductor cal studies of native defects in GENE the formation energy
that finds applications in uv and visible light emitters andof nitrogen vacancie¥\ is very low and therefor&/y are
detectors as well as in optical data storage deViéda.ad-  present in all the GaN films. Other native defects with rela-
dition to its wide-band gap, GaN has other attractive propertively low formation energies that can exist in GaN are N
ties such as good thermal and chemical stability and physicalntisites, Ga vacancies, and the interstitial N defect. The
hardnes$, which render it suitable for a wide range of mi- presence of native defects such as antisites or Ga interstitials
croelectronics applications. Recently, the alloys of GaN withinduces strain that cannot be easily and totally relieved by
other 11I-V nitrides(AIN and InN) have attracted a great deal distortion of the microstructure around the defect. The origin
of interest because they permit band-gap engineering. of this strain is the large difference between the covalent
GaN exists in two polytypes: the hexagon@urtzite radii of Ga and N(1.26 and 0.75 A, respectivelyAnother
structure,a-GaN) and the thermodynamically metastable cu-characteristic of GaN is the strong ionic character of the
bic (zinc-blende structure3-GaN). The hexagonal and the N-Ga bond’
cubic structures of the GaN polytypes are nearly identical The lattice parameters of epitaxially grown GaN films can
when viewed along thé0001) and the(111) directions, re- be affected by a number of factors such as thermal strain,
spectively. Since the formation of stacking faults is energetifree-electron concentration, and extended or point defects,
cally favorable, phase stabilization of the cubic polytype ise.g., N vacancies\y) and Ga antisite defects (@R It was
difficult and growth of mixed-phase crystals is often shown that the volume of the unit cell decreasasand c
observed. The structure and the quality of heteroepitaxially decreasgif the concentration oi/y in the films is high'°
grown GaN crystals depend on the growth conditions, théAccording to Lagerstedt and Monem@rthe decrease of the
substrate, and its preparation, and the use of a buffer layelattice parameters of GaN due to the presencéptould be
However, despite the progress in GaN growth, a variety ofpproximated byAa/a~Ac/c~—Vy/Ngan In addition to
extended or point defects are incorporated in the GaN filmghat, the lattice constants depend on the presence of dopants
due to the large lattice mismatch of GaN with the availableand on the growth rate and can be deformed by thermal
substrates, the small reactivity of N with Ga, and the largestrain. GaN films grown on Si or AD; are subjected to

0163-1829/97/5@0)/1338Q7)/$10.00 56 13 380 © 1997 The American Physical Society



56 N K-EDGE X-RAY-ABSORPTION STUDY @ ... 13381

TABLE I. Growth conditions and information about the GaN samples under study.

Sample Growth Tgrowth Thickness
name technique (°C) Substrate Symmetry (pem)
GaN57 ECR MBE 600 p-Si(001) cubic 1.60
GaN67 ECR MBE 600 n-Si(111 mixed 0.80
GaN179 ECR MBE 600 AlD5(000)) hexagonal 1.67
GaNA4 HVPE 1030 A}O;(0001) hexagonal 10.0

tensile or compressive stress upon cooling from the growtln the soft x-ray range are the total electron yi€ldEY) and
temperature. Biaxial stress causes a volume-conserving difiuorescence yieldFLY) modes. The TEY mode is surface
tortion of the unit cell and can be relaxed via formation of sensitive and meticulous surface preparation and cleaning are
microcracks'? required in order to avoid contributions from surface con-
Extended x-ray-absorption fine-structufeXAFS) spec- taminants. The FLY mode is bulk sensitive and is thus better
troscopy is a nondestructive characterization techniqusuited when the bulk material properties are sought. The
that probes the local microstructure around a central absortfluorescence yield spectra can suffer from self-absorption ef-
ing atom. An EXAFS spectrum, which extends from 50 fects that affect mostly the amplitude of the EXAFS spec-
up to 1000 eV above the absorption edge, shows the depetrum and thus the calculated coordination humbers and the
dence of the absorption coefficieti-ray-absorption cross Debye-Waller factors. The distortion of the spectra due to
section on the incident x-ray beam energy above the absorpself-absorption depends on the geometry of the experiment,
tion edge. From an EXAFS spectrum the type of thei.e., the angle of incidence, and are strong in thick or con-
neighbors, the coordination number, the distance between theentrated sampléed
central and the neighboring atoms, and the Debye-Waller Perlin et al!® have previously reported on EXAFS mea-
factors can be fountf In addition to that, the bond angles surements at the G& edge of GaN. Their EXAFS measure-
can be determined from angular-dependent measurerffentsments were conducted under high-pressure condifiopgo
In the solid state the absorption coefficient shows an oscilla48 GPa for the identification of the high-pressure phase
tory behavior above the absorption edge because the outgtransition. The spectra were recorded over an energy range
ing photoelectron wave interferes with the backscattere@f 400 eV and the authors reported on the pressure-induced
wave from the neighboring atoms. These EXAFS oscilla-changes in the second NN shéBa-Ga distancesSome of
tions can be clearly seen after the subtraction of the atomias have previously reported on the K-edge near-edge
absorption, i.e., the absorption of the central atom in thex-ray-absorption fine-structurdNEXAFS) measurements of
absence of neighboring atoms. The oscillatory pdk) of  GaNZ° We have demonstrated that NEXAFS is an identify-
the EXAFS spectrum after background subtraction and noring characteristic of the cubic and hexagonal symmetries and
malization with the structureless background is given by thecan be used for the determination of the fractions of the
equation cubic and hexagonal polytypes in mixed-phase samples.
Here we present EXAFS characterization results on GaN
at the NK edge. The films were grown heteroepitaxially and
our results demonstrate that the microstructure around the N
atom is distorted.

x(k)= ZA k)sir[ 2kr;+ 6, ()], (1a)

where
Il. EXPERIMENTAL DETAILS

=2r;\ 1
Aj(k):Nij(k)Fj(k)qu_20'j2k2)eXF{)\_(k;) preL The samples used for the present study are labeled
) ! (1b) GaN57, GaN67, GaN179, and GAHN. The samples GaN57,
GaN67, and GaN179 were grown with electron cyclotron
¢ij(K) is the total phase shift, which contains contributionsresonance(ECR) molecular-beam epitaxy(MBE) using
from both the absorber and the backscatterer and affects tti@nmonia as the nitrogen source. The sample &aMas
origin of the sine wave and its frequendy; is the number grown with hydride vapor-phase epitax{AVPE) using a
of atoms in the nearest-neighb®N) shell; S;(k) is an am-  Ga solid source, HCI, and ammonia ())HThe growth con-
plitude reduction factor due to shake-up—shake-off processetditions and selected film properties are listed in Table I,
originating from multiple excitations of the passive electronswhile details on growth and their properties have been re-
in the excited/absorbing atonf;(k) is the backscattering ported previously??°~2* Angular-dependent NK-edge
amplitude of the atoms in the NN shell; amd(k) is the ~ NEXAFS measurements reported recetftlyevealed that
Debye-Waller factofrelative displacement of the neighbor- GaN57 and GaN179 are pure cubic and hexagonal samples,
ing atom along the bond directiprwhich accounts for static respectively. GaN67 is a mixed-phase sample with 25% of
and thermal disorder. The facter 2'i (¥ describes the in- the material in the cubic and 75% in the hexagonal phase,
elastic losses[\j(k) is the mean free path of the respectively’® The sample GaNA4 is also in the hexagonal
photoelectroh’ EXAFS can be applied in both crystalline phasée®*
and amorphous materials and it can be also applied to detect The EXAFS and NEXAFS measurements were conducted
local lattice distortion$®® The common detection schemes using the monochromator SX-700-1 at the electron storage
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ring BESSY in Berlin. This monochromator has high resolu-
tion and flux in the soft-x-ray regiof200—2000 eV and is (@
thus ideally suited for measurements at theKNedge?® it GaN179
The spectra were recorded with a step of 2 eV in the energy G
range 370—-1100 eV and the data acquisition time fva per
point. The ECR-MBE samples were measured at th& N
edge at room temperatu(800 K). The spectra of the HVPE
sample were recorded at 300 and 160 K. The angle of inci-
dence was 55° and the detection angle was @&8asured
relative to the sample surfacélhe spectra were recorded in
the fluorescence yield mode using a high-purity Ge detector
positioned along the electric field vectthe resolution of
the detector at the M edge was about 100 e\VDue to the
high-absorption cross section of air in the soft-x-ray region,
the experiment was performed in an ultrahigh vacuum
(UHV) chamber with a base pressuge? X 10 1° mbar. In
order to improve the signal-to-noise ratio more than 20 spec-
tra were collected and averaged for each sample at each ex-
perimental condition. The EXAFS spectra were normalized
to the primary photon flux by division with the total electron
yield spectra from a cleatnon-absorbing Si wafer, which . . . . .
yields a good measure of the monochromator transmission 400 500 600 700 800 900
function over the range of intere@70—-1100 eV. The clean Energy (eV)
Si surface was prepared by etching in buffered HF and an-
nealing under UHV conditions at 850°-900 °C for a few  gG, 1. NK-edge EXAFS spectra from the hexagonal samples
minutes. GaNA4 and GaN179 recorded in the TEY and the FLY detection
modes. All the spectra are normalized with the clean Si spec-
Ill. RESULTS AND DISCUSSION trum: (a) the as-recorded TEY spectréy) the as-recorded FLY

spectra, andc) the FLY spectra after the subtraction of the oxygen
The as-recorded TEY and FLY sDeCtra from the hexago'contribution(the spectra are shifted relative to each other along the
nal samples GaN4 and GaN179, normalized with the clean y aig).

Si spectrum, are shown in Figs(al and Xb), respectively.
;szsclg?ag 4gugvt°a:c;”§c:tr§23 :#étg%xﬁge?ntésrfgriteﬁ?hqion effects should be taken into account. For linearly polar-
the signal from the NK edge. Among the examined samples ized light (synchrotron radiation light is linearly polarized

. ) . parallel to the ring planethe amplitudeA; of the wave scat-
GaNA4 contains the hlghest_concentrgnon of bulk OXYGEN-tared from theth NN shell depends on the angle between the
The oxygen concentration in G&M is about 6 at. %,

. ) . electric-field vector of the incident beam and the vector be-
as estimated from the edge jump heights of the two edge een the central atom and tfith atom of theith NN shell.

and the fluorescence yields of O and N. Due to the PrESENGR the case of higher than twofold symmetry around the sur-
of the bulk oxygen, the TEY spectra cannot be analyzedface normal there is a value for the angle of incide(reta-

In addition to the presence of oxygen, the TEY spectra ar ive to the sample surfagecalled the “magic angle,’
(ﬁstorted due to charging effects th_at are_energy anQunich in the case of-GaN is equal to 54.7°. For this {/alue
';lme dt(:]per}?ent Gan&zre[':qlearllz/ ﬁeeg_ n th?hTtEY. spt(;ctrurgf the angle of incidence polarization effects are null and the
rom the him ©a I9. Hay]. Liven that, In e .., §ination numbers found from the EXAFS analysis do
FLY detection mode the electronic separation of the OXY9EMhot need any corrections. Our spectra were recorded at an

prop ’ P ror, equal to the magic angle.

\c/)vr;ﬂtzhhe gilaYnZF;eggr?t.a:irr: tzs r?i?‘liscinc:f g)‘(e iﬁigﬁ;ﬁig}%is’ As mentioned in the Introduction, the FLY spectra should
9 Y9 ’ ‘t)e checked for self-absorption effeétMore specifically, if

L

<

®

GaN179

Intensity (arb. units)
N

<

only one window for the N signal was used and the signal he thickness of the sample is much higher than the,4/

due to oxygen was easily eliminated by adjustment o . . :

the width of the detection window. The FLY spectra after "W1er€ ot S the total absorption cross section, and the con
. NN ; centration of the central-absorbing atom is high, then self-

the electronic elimination of the oxygen signal and

o . . -~ absorption corrections should be included in the
normalization with the clean Si spectrum are shown in lculation?®?8 Th t the ab i dae is found
Fig. 1(0). calculation® ) e u at the absorption edge is foun
about 18 cm ! and 1f4, is 10°° cm or 0.1um. The thick-
nesses of all the examined films are 10—100 times larger than
0.1 um and therefore self-absorption corrections are prob-
Equation (1), which describes the EXAFS oscillations, ably needed. Following the procedure proposed byg@&ro
can be used as cited in the case of amorphous and cubit al, self-absorption correctioSAC’s) have been calcu-
samples. In the case of crystalline solids with lower tharlated (the information depth at the K edge is found to be
cubic symmetry or adsorbed molecules on surfaces, polarizabout 0.05um). The corrections were done directly in the

A. Fitting procedure
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TABLE Il. Two models that have been used for the fittindR is the distance from the central atoM,is the coordination number, and
T is the type of neighboring atom. The lattice constants and the structure of each polytype are also listed.

Polytype a-GaN B-GaN
Structure hexagonalQJg,) cubic (Ty)
Lattice constants a=3.19A,c=5.189 A a=4.50A
Fitting models T R N T R N

Ga 1.949 3 Ga 1.949 4
Ga 1.959 1
N 3.182 6 N 3.182 12
N 3.190 6
Ga 3.233 1 Ga 3.731 12
Ga 3.738 3
Ga 3.742 6

space[x(k) spectrd, wherek=2m(E—E,)/%% mis the  kept the same for all the NN shells. The valuexovas the
electron mass, anfl, is the absorption threshold, which was same as the theoretically calculated. The initial valued=for
defined as the maximum of the first derivative of the EXAFSandN; were those predicted from the model, while the initial
spectrum(roughly the absorptiorK-edge energy position  values for the Debye-WallgiDW) factors @;) were calcu-
The experimentak(k), xexp(K), was multiplied by a factor lated using the correlated Debye motfelterations were
1[1-5(k)], where S(k)=puo(E)/[mwlE)+moEr)gl;  done forR;, N;, andA;.

ro(E) is the absorption cross section of the absorbing N
atom, u(E) is the total absorption cross sectiomith con-
tributions from both N and Ga atom<; is the NK, fluo- ] )
rescence radiatioi390 e\), and g is a geometric factor, The N K-edge spectra were fitted in the range
which, in the present case, is equal to tan(551)428. For 4—11A"!and in ther range 1-5 A. The rather high value
the calculation ofS(k) we used the values of the absorption Of Kmin Was used in order to accommodate for the nonlinear
cross sectiongin barng published by Yeh and Lindaty. backscattering amplitude of Ga, which has two maxima and

B. N K-edge results

Using the formula a dip at about 3 A%, as shown in Fig. 2. Oxygen paths have
not been included in the analysis of the spectra recorded at
b P 9 the NK edge because the amount of oxygen is small and the

wembH=pu atom 1.66M (W) backscattering amplitude of O is very similar to that of N, as

shown in Fig. 2.

As discussed in Sec. Il, the spectra should be checked for
SAC’s. The S(k) and the 1/1-S(k)], in the k range
%_11 A1, are shown in Figs. (@) and 3b), respectively. It

where M is the atomic mass of the element apds the
density of GaN, the absorption cross sections were tran

H ~1 _ 30
formed in cm * (pgan=6.095 glerr). is apparent that for the IK-edge measurements at an angle

Aiter normalization of the. spectra by dl\{lSIOﬂ Wlth of incidence equal to 55°, the SAC's are not significant. That
the spectrum from the clean Si wafer the atomic absorption

backaround was subtracted using tASTOBK brodram is more clearly seen in Fig.(#, where the as-recorded

9 . >INg program. iexs() Of the 10um-thick sample Gal4 (thick line) along
Then the spectra were fitted using models constructed Wltwitﬁ the self-absorptiofiSA) -corrected spectrurtthin line)
the programrerre®! FEFF calculates the “paths” corre- P b

. . k) are shown. The corresponding Fourier transform
sponding to the NN shells for an ideal structure. Eackf(c‘”(. o .
path contains information about the neighboring atoms(FT) is shown in Fig. 4). The small SA effect is probably

: to the high-absorption cross section of Ga in the energy
such as the energy threshold, the NN distance, the mean frgé'e
path of the photoelectron, the effective amplitude, and ange 300-1000 €V 450 eV)~2un(450 eV)]. TheN;

the phase of the backscattering functigourved wave
corrections are included* The two models used for the
fitting of the N K-edge spectra are shown in Table II.
The k3y(k) spectra were fitted using the program
FEFFIT3.23°1 Only single-scattering paths were taken into ac-
count because the contribution of multiple scattering proved
to be insignificant. The amplitude reduction factg(k),
which is characteristic of the absorbing atom, was kept con-
stant in all the examined samples to the value of 0.93. An
additional energy shifAE, was added in the theoretical path 0.0 25 50 75

in order to match with the experimental spectrulie, was ' k@AY’

kept constant and equal to 3.74 eV for th&KNedge spectra.

The fixed values oAE, and S;(k) were determined after a FIG. 2. Amplitude of the backscattering functiofBSA) of Ga,
series of fitting of all the examined spectra and they wereN, and O calculated with theerre.o1code.

10.0
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0.14 4 @ .9 (b)
0.12 ) ‘E 6
o 0 cl
0.10 S = 3
< 008 e =
% 0. 456718910110()246
0.06 k@& R&)
0.04 FIG. 4. (a) The k®x(k)—k spectrum from the 1Q@sm-thick
) 4 6 g 10 GaNA4 sample andb) the corresponding FT. The as-recorded and
k (A'l) SA-corrected spectra are shown as solid and dotted lines, respec-
1.16 tively.
(b) more N-Ga path at a distané®,=R;+0.25 A, in addition
L12¢ to the expected N-Ga path Ry =1.94 A, is included. Fou-
— rier filtering of the split peak1.2-2.5 A reveals that the
@ 108l envelope function is similar to that corresponding to the first
< Ga path. An additional Ga path is thus indicated. The results
- of the EXAFS analysis for the three NN shells are listed in
1.041 Table Ill. The distortion in the N-Ga distance is observed in
. ; : . both the first NN shell and the next Ga shell where the Ga
4 6 _ 8 10 atoms are found at distances 3.7 and 4.1 A. However, Table
k (A-1) Il contains results only from the first three NN shells since

_ _ the error in the determination &; andN; for the shells at
FIG. 3. Self-absorption correction factor(a) S(k) and (b)  djstances larger tma3 A is higher because the shells are not
11=5(k)]- well separated. A distortion in the N-N distances, similar to

. that found in the N-Ga distances, is not detected, possibl
and o; determined from the as-measured and SA-correcte%1 P y

spectra are different only by 10%, i.e., the correction is equ
to or smaller than the error bar. Despite the small values of.

the SAC's, the reported results in Table IIl are based on th ion with two different spline functions and using the same
SAC specira. W factors for the fitting(the errors due to the fitting pro-

The k3-weighted x(k) spectra of all the examined cedure are much smaller than the errors due to background

samples are shown in Fig. 5 and the corresponding FT’s argubtraction. _ _ _

shown in Fig. 6. The experimental curves and the fitting are 1he value ofR, in the two first N-Ga shells is found to be
shown in thick and thin solid lines, respectively. The spectresmaller in GaN179 and GaN67 than in GaN57 and G4N
from GaN67 and GaN4 are Fourier filtered in the range In GaN57 and GaW4, R, is found to be equal to 1.95 A at
1.1-5.2 A. As shown in Fig. 6, the FT of the experimentalboth 160 and 300 K, while in GaN67 and GaN179 the dis-
spectrum at the first peak splits in two, as indicated by théanceR; is equal to 1.91 A. Using the published value of
arrow. This splitting is not predicted in treerFemodel. To  a=4.50 A (Refs. 21—24 for the cubic sample GaN57, the
obtain a good fitting of the experimentaiy(k) curve, one theoretically predicted value d®, is 1.95 A, i.e., in very-

ue to the small backscattering amplitude of N. The errors
sted in Table Il were determined after background subtrac-

TABLE lll. Results of EXAFS analysis. The first and second NN shells consist of Ga atoms, while the
third consists of N atoms.N;, R;, andA; (i=1,...,3) stand for the coordination number, neighbor
distance, and Debye-Weller factor, respectively. The amplitude reduction factor is 0.93.

Fitting GaNA4 GaNA4

parameters GaN57 (300 K) (160 K) GaN67 GaN179
N;*10% 2.08 2.13 2.27 2.90 2.90
R;+0.01 A 1.95 1.96 1.95 1.91 1.91
A;+10% (A?) 5.6x10°3 6.0x10°3 6.4x10°° 5.2x10°3 5.6x10°3
N,+10% 1.91 1.86 1.72 1.10 1.10
R,*=0.01 A 2.18 2.18 2.19 2.19 2.19
A,*+10% (A?) 5.9x1072 6.3x10°3 6.7x 1073 5.5x1073 5.9x 1073
N5+ 15% 13.00 11.00 11.00 13.00 13.00
R;+0.03 A 3.08 3.07 3.09 3.13 3.12

A;*15% (A?) 1.0x 10 2 9.2x10°3 7.6x10°3 1.1x 102 1.1x10 2
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FIG. 6. Fourier transform of the spectra shown in Fig. 5(@r
GaN179,(b) GaN67,(c) GaN57,(d) GaNA4 at 300 K, and(e)

FIG. 5. NK-edgek3x(k) spectra versuk for (a) GaN179,(b) "
GaNA4 at 160 K. The recorded spectrum and the fitting are shown
GaN67,(c) GaN57,(d) GaNa4 at 300 K, ande) GaNa4 at .160 K, .as thick and thin lines, respectively. The distortion of the NN dis-
The recorded spectrum and the fitting are shown as thick and thlpances is indicated by the arrow

lines, respectively.

good agreement with the EXAFS results. In order to accomto the existence of two different N-Ga distand®sandR,,
modate the smaller value d®, measured in GaN67 and whereR,=R;+0.25 A. This distortion is detected in all the
GaN179, the value ot should be smaller than that in examined samples, despite the differences in the growth
GaNA4 and GaN57 by 2%assuming that the whole unit cell method, chemical stoichiometry, and structural perfection.
is smalley. Here it should be pointed out that a distortion of possiple origins of the distortion are the inhomogeneous
the lattice parameters can depend on the substrate, thgnin due to point and extended deféttsiislocations, grain
growth conditions, the thickness of the film, the presence of,,,ndaries. and micro- or macrocracksd thermal strain
con:]amln(:ji.tlcl)n(eég., oxy%em .and the presengfk;)f defeCtS due to the large differences in the thermal expansion coeffi-
zggec'?s% Islocations and micro- or macrocr native  cients of GaN and the substrates. The distortion in the NN
' . . . shell is important because it alters the interatomic energies
p
The central N atom is fourfold coordinated wily, Ga . A .
atoms at a distanc, and N, atoms atR,, while N, + N and the overlapping of the atomic potentials and thus affects
1 2 12 Jhe band structure and the energy of the valence-band

—4. TheN, /N, ratio, which can be considered as a measure ;. 1353 a¢ well as the performance of devices based
of the distortion in the first NN shell, takes the value . . o
on GaN and its alloys with other IlI-V nitride$:*” The

N,/N;=1 in GaN57 and GaN4, while in GaN67 . ) . .
and GaN179 it is equal td,/N,=0.33. This distortion different degree of distortion, expressed by the ratidN .,

could be an indication of distorted tetrahedra in the bulkcould be related to the differences in the structural defects
of the material. However, due to the large excitation volume2Mong the examined samples. For example, GaN57

that contributes to the EXAFS signal, the,/N, ratio IS reported to be highly faultédl with an average grain
contains also information from distorted regions at thesize of the order of 500 A, while the grain size in GaN179

grain boundaries. The distortion in the N-Ga distanceand GaN67 is 1500 A. Distortion due to biaxial stress de-
is “universal” since it is observed in samples with different pends on the elastic constants of GaN and leads to changes in
symmetry (a-, 5, and mixed-phase GaNand grown the bond lengths and angl#&*° Such a deviation of the
with different techniques. This distortion could be attributedvalue of the N-Ga distance from the expected value of 1.95
to the thermal strain and/or inhomogeneous strain. 1A is identified in the films GaN179 and GaN67, where
should be mentioned that in AIN, which also belongs in theR;=1.91 A.
family of the Ill-V nitrides, such a distortion was not = Our measurements do not detect N deficiency, at least
detected® within the experimental error of EXAFS* 15% of the co-
The third NN shell consisting of N atoms is found at the ordination numbeNs). Due to the large difference in the
expected distance of 3.#2.05 A with the expected coordi- backscattering amplitudes of the Ga and N atoms and the
nation number of 12 1 N atoms. Therefore, N deficiency is differences in their FLY’s a more accurate identification of a
not detected, at least within the15% accuracy of EXAFS possible N deficiencyin stoichiometric films such as those
in the determination of the coordination number in the Nstudied hergusing EXAFS will be difficult.
shell.
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