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Using D faced target sputtering method we grew AIN thin films on the AlL0,(0001) subsirale with varying thick-

nesst17 A-1000 A). We measured x-ray diffraction{XRD) profiles by synchrotron radiationti=1.12839 A) with four
circle dilfractometer. The full widih half maximum(FWHM) of rocking curve for the AIN(0002) diffraction of the
film grown at 500 °C was 0.029 % Also, we confirmed that the stress between AIN thin film and AL,O(0001) sub-
strate was reduced as increasing AIN film thickness, and the critical thickness of 400500 A, defined ag a lattice
congtant in the film agrees with that in a bulk withouk stress, was ohtained,
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L. Introduction

R ecently AIN thin films are of interest due to the poten-
tial for several kinds of applications such as passiva-
tion and dielectric layers in electromic devices, short
wavelength emitters, UV phatenic detectors, and high-fre-
quency band surface acoustic wave devices because of their
high thermal conductivity, excellent piezoelectricity, high
acoustic veloeity, and wide band gap of 6.2 eV,"* Moreaver,
the band gap is tunahle from 6.2 to 3.4 eV or from 6.2 to
1.9 eV if the Al Ga, N or Al In, N is formed, respectively.
Epitamal growth of AIN filbms on sapphire have bheen
obtained n several techmques such as chemical vapor dep-

30 pulsed laser deposition,” atomic layer epitaxy.®

osition,
But there are only a few reports on the high quality epitax-
ial growth of AIN [ilms on sapphire at relatively low {em-
peratures(less than 750 °C¥" In this paper, we report
epitaxial growih of (0001AIN thin films on {0001JALQ,
substrates at 500 by reactive de faced magnetron sputter-
ing method.

The deposited unit cell of AIN is located on that of sap-
phire substraies with a rotation of 30 degrees. In this case
the lattice mismatch between thin film and substrate is
more than 13%. This value is very large and epitaxial
growth for such a large lattice mismatch system can be
explained by domain matching epitaxy(DMER?  ar
extended atomic distance musmatch{EADM® model. This
mishit is either accomodated entirely by strain or is shared
hetween dislocation and strain.” In this study we observed
the misfit accomadation of AIN films on sapphire by mea-
suring lattice constant of filma and the thickness of which
the mismatech stress 15 completely relaxed.
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I1. Experimental Procedure

The AIN films were deposited on Al,0,(0001) substrate
using the homemade DC faced target sputtering system.
The two one-inch Al targets faced to each other with 5 cm
distance. The substrates were cleaned ullrasonically with
acetone and deionized water, and dried with nitrogen gag,
The Al targets were presputtered for 10 minutes to remove
axides and impurities. Substrate temperatures were con-
trolled within £2°C at 500°C. The deposition time was
varying with 8-420 sec and the deposition rale was 2.4-2.7
A/sec. The growth processes have been described previ-
ously.t®

The x-ray diffraction(XRD) profiles was measured using
the beambine X-16C of the National Synchrotron Light
Source (A=1.12839 &) with Tour circle diffractometer. To
determine the lattice constanis of AIN epitaxial layers, we
measured XRD Bragg peaks for out of plane(0002} and in-
plane(1011) of AIN thin films. In this way, lattice constant
a and ¢ were obtained for each sample. Alsa, the thick-
nesses of AIN epilayer were calculated from the oscillation
periods of XRD profiles of AIN(Q002) diffraction for each
samples.

IT1. Results and Discussion

Fig. 1 shows the z-ray diffraction patterns in the growth
direction of the films. The sputtered time and grown tem-
perature were 100 sec and 500 °C, respectively In XRD
profiles, we observed fringe from AIN(0002) diffraction and
this fringe means that the films are highly textured with
[0001] of AIN aligned with [0001] of Al,O,. Using the rela-
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Fig. 1. XRD patterns of DO {aced target sputtered AIN films
on ALO.(0001).
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¥ig. 2. Rocking curve for the AIN(0002) peak of the film grown
at 500 .

tion for the film thickess, Nd, Nd=2n/Aq, where ~g
(g=4msin®/ k) is the momentum transfer difference between
suceessive minima of fringes near the AIN(0002) Bragg
peak, the AIN epilayer thickness of 207 A was obiained.
The thicknesses for each samples were calculated with
same methad,

The rocking curve for the AIN(0002) peak is shown in Fig.
2. The substrate temperature was 500 °C, and film thick-
ness was calculated as 1005 A, In Fig. 2, the FWHM of
racking curve was 0.029 ® which is the narrowest value re-
ported to our knowledge grown less than 500 °C.

The FWHM of rocking curve of 0.028 ° is very close lo that
of instrumental resolution limit. It means that the AIN film
is high quality of single erystal.

Tig. 3 shows azimuthal(p) diffraction patterns for the
internal planes of the AIN film and sapphire substrate. We
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Fig. 3. Azimuthal (¢) dilfraction patierns for internal-plane of
AIN(O0O1)/ALO,(0001),

can see the clear 6-diffraction peaks for internal planes of
AIN epilayer It means AIN has hexagonal structure and
grows in the epitazial formation. Moreover the ¢ value of
six XRD peaks for AIN(1011) and ALO1123) planes are
exactly same with each other. Simila1ly, Fig. 3 also shows
same ¢ vatue of XRD peaks for AIN(1122) with ALO,(1014 )
planes and also the difference of ¢ value between AIN(1122)
and ALO( 1123) plames are exactly 30° This result
revealed that the in-plane relationships of AN film with
respect to the sapphire substrate in the basal ¢-b plane are
30" rolation and these are identical with previously
reported resuits.™” Furthermore, the in-plane epitaxial
relationship were found to he AIN(10T0 #ALO(1120). In
this case the Al-Al distance in the [110] direction of AL O, is
2747 A, and that of AIN in [100] is 3.112 A. Thus lattice
mismatch is 13.29 % and which is relatively large.

Fig. 4 shows lattice constani o and ¢ as a [unetion of AIN
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Fig. 4, Lattice constants ¢ and ¢ as a function of AIN layer
thirkness.
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layer thickness. Caused by lattice mishit AIN layer gets
compress-stress along an g-axis and lattice constant a of
AIN layer is reduced. The compress-siress imposed in the
parallel direction causes stretch-stress along the perpendie-
ular direction. It gives increasing lattice constant along the
c-axis, In early growth stage, the AN layer thickness was
calculated as ahoutl 17 A from XRD fringes, and the lattice
constant of « and ¢ was obtained as 3.008 and 5.259 A,
respectively. Compare with stress-free AIN lattice con-
stants, a=3.112 and ¢=4.979 A, the AIN epilayer has largely
strained bhecause of lattice mismateh. To explain epitaxial
growth [or the large mismatch system, DME®" and
EADM® models wers suggested. According to these model,
lattice matching ratio of film and substrate is m:mn, where
nt, 1 1s integer but not always one. From the measurements
of lattice constant of very thin AIN layer (about three-
layer), @=3.008 A was oblained, and in this case, one can
say the matching ratio of AIN:ALQ, is about 10:11 by DME
model. Also, Fig. 4 shows progressive trend away from the
bulk AIN lattice constants for thinner film. At thermody-
namic eguilibrivm, misiil dislocations appear at the inter-
face of strained layer hetrostructure when the strained is
thick enough that it is energetically [avorable for the mis-
match to be accommodaled by a combination of elastic
strain and interfacial mis(it dislocations, rather than by
elastic strain alone™ According to the thickness of AIN
laver increased the dislacation density increased and the
strained layer was relaxed. When the AIN layer thickness
was increased to 400-500 A, the strain was fully relaxed
and the lattice constants of layer converged to the bulk
balue.

IV. Conclusion

In summary, the high quality epitaxial AIN thin films
have been grown on hasal plane sapphire substrates
[(000LIALD,] at low temperatures(500 *C) hy de faced tar-
get sputtering method. The FWHM of recking curve for the
AIN(D002) peak of the AIN film was 0.029 * which is the
narrowest value reported grown less than 500 °C. From
measuring x-ray diffraction, the siress between AIN thin
film and Al,0 (0001} substrate js relaxed as increasing AIN
film thickness and the critical thickness of 400~500 A,
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defined that a lattice constant in the film agrees with that
in a buik witheout the stress, was obtained. Also, the match-
ing ratio of AIN:ALO, ~10:11 was obtained.
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