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Characterization of nanotextured AIN thin films by x-ray absorption
near-edge structures
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AIN thin films have been grown oo-cut sapphire substrates by pulsed-laser deposition. The film
epitaxially grown at 1073 K under vacuum o&5L0"4 Pa was used to examine the crystallographic
orientation dependence of AK-edge x-ray absorption near-edge structu(¥&\NES), which
satisfactorily agrees with theoretical spectra obtained by first-principles calculations. The film
grown at 1073 K with N backfill of 7xX 1072 Pa shows nanotextured structure with dtglane
parallel to the substrate. Although the nanotexture is not evident by x-ray diffraction, XANES can
unambiguously indicate the texturing. Cross-sectional high-resolution electron microscopy provides
the evidence of the nanostructure.2805 American Institute of Physi¢®OIl: 10.1063/1.1904714

I1I-V nitrides based light emitting devices have been Either amorphous or liquid samples can also be character-
massively used in modern technology. They are commerized. Using synchrotron radiation facilities, one can obtain
cially fabricated mainly by metalorganic chemical vaporexperimental XANES from an ultrathin film with thickness
deposition (MOCVD) technique. Pulsed-laser deposition of nano to subnanometer. However, the application of
(PLD) is an emerging technique, which has some advantageSANES has been limited because of lack of a standard
compared to other techniques. Basically PLD can avoid imimethod to interpret an experimental spectrum. Recently,
purity to incorporate into the film. Microstructure and sto- first-principles calculations using a large supercell with a
ichiometry of the film can be controlled by deposition pa-core hole have been systematically made by the group of the
rameters such as substrate temperature, deposition rag@esent author%‘.lsThey have succeeded in reproducing and
atmosphere, laser power, etc. interpreting XANES of many different kinds of compounds.

PLD of AIN has been reported by a number of In this study, we use the same method to analyze the nano-
researcher.’ A c-cut sapphire is often used as a substratetexture of the AIN thin film obtained by PLD.

When ac-cut sapphire is used, AIN is known to grow toward The thin films were made by PLD using a Kréxcimer

the c direction. Quality of the crystalline thin film increases laser (\=248 nm,7=25 ns, Lambda Physik COMPex205

as increment of the substrate temperattralthough results ~ with pulse rate of 5 Hz. Substrates wereut sapphire. Sin-

by different groups somehow scatter, low nitrogen backfilltered AIN compact was used as a target. The distance be-
pressure of approximately 1DPa and substrate tempera- tween the target and substrate was 70 mm. Residual pressure
tures above 1000 K with KfFlaser have been a typical of the vacuum chamber was>5l0# Pa. Many samples
condition for the film growth of good quality. were made under these conditions. Among them, we have

Such films are primarily characterized by x-ray diffrac- supplied three different samples for XANES. Sample A was
tion (XRD). When samples are found to show good crystal-deposited with laser power of 600 @ J/cnf) without N,
lographic quality, other techniques including Rutherfordgas backfill. Sample B was deposited with laser power of
backscattering, ion channeling spectroscopy, cross-sectiona#0 mJ (5 J/cnf) with N, pressure of X 102 Pa. Sub-
transmission electron microscogXTEM), etc., are em- strates were heated at 1073 K for samples A and B. Sample C
ployed for further characterization. In order to study thewas made under an identical condition as sample A except
growth mechanism of the film, however, detailed characterfor the fact that the substrate temperature was 373 K. Thick-
ization of films with poor crystallographic quality is manda- ness of these films was approximately 200 nm.
tory. Crystalline quality and texture of the deposited films

In the present study, we report a technique to quantitawere investigated by XRDORigaku, RINT 2000 using Cu
tively characterize nanotexture of the film using x-ray ab-K« radiation. Figures (B), 1(b), and 1c) shows x-ray dif-
sorption near-edge structuréXANES) technique. The fraction patterns of three samples. Sample A shows only one
method is extremely useful when the crystallite size is toareflection peak which corresponds to 0 0 2 reflection
small or too much faulted/strained to be analyzed by convenef wurzite-AIN (w-AIN) crystal. On the other hand, samples
tional XRD technique. B and C do not show clear reflection peaks in amyrange

XANES has been recognized as a powerful tool to in-except for those from sapphire substrates. Sample B exhibits
vestigate electronic structures and chemical bondings arouraltiny and broad reflection in thedZange between 30 and
objective atoms in materials. Samples need not be crystal88° that cannot be identified clearly. No peaks due to face-

centered cubic metallic Al were observed in these samples.
¥Also at Fukui Institute for Fundamental Chemistry, Kyoto University. Pole figure was obtained by rotating the sample around

®Author to whom correspondence should be addressed; electronic maife aXi.S that was normal to its Surfaw Sca'“) and around
isao.tanaka@materials.mbox.media.kyoto-u.ac.jp the axis that was formed by the intersection of the sample

0003-6951/2005/86(16)/163113/3/$22.50 86, 163113-1 © 2005 American Institute of Physics
Downloaded 30 May 2007 to 130.54.110.22. Redistribution subject to AIP license or copyright, see http://apl.aip.org/apl/copyright.jsp


http://dx.doi.org/10.1063/1.1904714

163113-2 Suga et al. Appl. Phys. Lett. 86, 163113 (2005)

(a) sample A B1  Sample A
300 - D
X1/20
0
Sample B
o 300
& (b) sample B 2
~ c
P M =S
2 0 s
ki A Sample C
£ 300t 2
(c) sample C %
0 E
d) powder
(1070) ( 131.?
300 ) B\
(0002) x1/5 D, D1
0 . |
30 35 40
26 / deg

FIG. 1. X-ray diffraction(Cu Ka) of four samples{a) sample A grown at 1560 1570 1580 1590

1073 K under 5< 107 Pa, (b) sample B grown at 1073 K under,Nof 7 Photon Energy / eV
X 1072 Pa, (c) sample C grown at 373 K unden&10* Pa and(d) w-AIN ) )
powder. FIG. 3. Experimental XANES measured at ALS with 90° geometry.

surface and the plane defined by the x-ray beam and detector The left panel of Fig. 2 shows experimental XANES of
(x scar)._SampIe A shows a clear sixfold symmetry of the sample A in comparison to that of W-AIN povv_der measured
AIN(1 0 11) reflections indicating that the AIN film is epi- &t KEK-PF. Sample A was mounted in two different geom-
taxially grown on the substrate with the relationship of etries with its surface 90° and 50° to the incident x-ray beam.
- - . _ . When measured with the 50°-geometry, XANES of sample A
AIN(1 0 10)/7AlI,05(1 1 20). The in-plane relationship g jqentical to that of w-AIN powder. The angle is close to
shows a 30° rotation of the AIN thin film with respect to the cos(1/,3)=54.7°, which should provide averaged XANES
Al 203| substraéte dm thelltb pl?an‘Lg hey da,(/fo"ée\?gc::’\‘l’v |ft|h Pre- of all crystallographic direction® When measured with the
\cméﬂts é/arephoi: 651,15resu S0 an ) imon gge geometry, however, peaks,BC, and DB, as denoted in
XANpEpS Wére obtained at two svnchrotron facilities. i.e Fig. 2(b), remarkably lost their intensity. Given the fact that
ALS BL6.3.1 and KEK-PE BL 11Ayb | el " .Id.’ the sample A exhibits a high degree of texturing alongahe
-1 an ) -11A, by total electron yield i normal to the substrate, peakg B, and B should be

[nethod W'tht. 24|00Az?|nd 1200 Ilne/rtnmfg)r(z/ab\t;\rlwgsmonoihroma-ascribed to the XANES components that appears only when
ors, rgspeg Ively. All measurements o M Spectra Wereaasured withE/ /¢ condition whereE is the electric field
carried out in vacuum at room temperature. Measurement Qlactor ande is the ¢ axis of the hexagonal crystal.

th? tdhm f|Lm W,?S ma_de_on ahsample Izifterdcoatm’g”l\tl by eva}[pg- In order to confirm the interpretation, first-principles or-
rated carbon fo minimize charging. Fowder w- mounte thogonalized linear combination of atomic orbitals

on adhesive carbon tapes was used as a reference Sample(OLCAO) method was employed. This is a band structure
calculation based on the density functional theory within lo-

EXPe”";%T cal density approximatiol. In the calculation, experimen-
(2) 9¢geort: tally reported crystal structuféwas used. On the electron
X-ray transition process associated with XANES, an electronic

Q190° . .
! hole at a core orbital was generated, which is called a core

hole. In the calculation, the initial statground statg and
final state(core-holed stajewere calculated separately. A
core hole was included in an Alslorbital. Matrix elements
of electric dipole transition between the initial state and final
states were rigorously computed using wave functions of the
two states. In order to minimize artificial interactions among
core holes under periodic boundary condition, a large super-
cell composed of 108 atoms has been adopted. All theoretical
XANES were obtained by broadening the theoretical spectra
1660 1570 1580 1580 1580 1590 1600 with Gaussian functions of 1.0 eV full width at half maxi-
Photon Energy /eV  Transition Energy / eV mum. Theoretical transition energy was obtained as the total
, energy difference between the final and the initial states. The
FIG. 2. (Left) Experimental XANES measured at KEK-Pf&) sample A

measured with 90° geometifp) sample A measured with 50° geometry, and I’Ight panel of Fig. 2 shows theoretical XANES with

(c) w-AIN powder. (Right) Theoretical XANES by first-principles oLCA0 E//C, E_Lc and random conditions, which were partially

method withElic, E L ¢ and random conditions. shown in our previous lettéf. Line shape of the theoretical
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FIG. 4. XTEM of sample B. Inset shows electron diffraction pattern ob-
tained from a large area that contains both substrate and thin film.

spectrum of w-AlN(randon) satisfactory reproduces that of
the w-AIN powder. Increase in intensity of peaks, B, and
D, is evident in theE//c condition, which is also in good

agreement with the experimental spectra. We can therefor,gI

conclude that the absence of peaks B, and B can be a
good fingerprint to the preferred orientationamperpendicu-
lar to the film surface.

Appl. Phys. Lett. 86, 163113 (2005)

resolution image shown in Fig. 4. The size of crystallites is
approximately 2 nm. They are aligned so as to mekwer-
pendicular to the substrate. Using the Scherrer equation for
the broadening of the XRD peaks, 2 nm of crystallites diam-
eter may correspond to the peak width of 6° AE36° even

in the absence of strain. The XTEM result is therefore con-
sistent with the XRD data showing very broad reflections.
The presence of a small distortion of crystallites in the nano-
textured structure is also consistent to the XANES data
which indicates that the alignment of crystallites is not per-
fect in sample B as in sample A. We can conclude that fea-
tures of the nanotextured structure in the thin film are well
characterized by the XANES analysis.
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