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ABSTRACT

Ti0; thin {ilms with the substitution of cxvgen with nilrogen were deposited on sihcon substrate by metalor-
ganic chemical vapor deposition (MOCVD} usmg Ti{OCH(CH;)z), (nlanium tetraisopropoxide, TTIP) and N.O
as source materials. X-ray diffraction (XRD) results indicated that the crystal structure of the deposited thin
films was anatase TiQ. with only (101) plane observed at the deposition temperatures of 360C and 3807,
and with (101) and (200) plane at above 400T . Raman spectroscopic results mdicated that the crystal structure
was anatase Ti0; in accordance with the XRD results without any rutile, fcc TiN, or hep TiN structure. No
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fundamental difference was observed with temperature increase, but the peak inlensity at 194.5 crm ! increased
with strong intensity at 143.0cm™! for all samples. The crystalline size of the films varied {rom 495.2npm to
63.9 nm with increasing temperature as determined by slow-scan XRD experiments. The refractive index of
the films increased from 2.40 to 255 as temperature increased. X-ray photoelectron spectroscopy (XPS) study
showed only Ti 2s, Ti 2p, C 1s, O 1s and O 2s peaks at the surface of the film. The composilion of the
surface was estmated to be TiQiss from the quatitative amalysis. In the bulk of the film Ti 2s, Ti 2p, O
1s, O 25, N 1s and N 2s were detected, and Ti-N bonding was observed due to the substitution of oxygen
with nitrogen. A satellite structure was observed in the Ti 2p due to the Ti-N bending, and the composiion
of titanium nitride was determined to be about TiN,, from the position of the binding energy of Ti-N 2pse
and the quatitative analysis. The spectrum of Ti 2p energy level could be the sum of a 4, 5, or 6 Gaussian
curve reconstruction, and the case of the sum of the 6 Gaussian cutve reconstruciion was physically most
meaningful. From the results of Auger electron spectroscopy (AES), it was known that the composition was
not varied sigmficantly throughout the whole thickness of the film, and silicon oxide was not observed at
the interface between the film and the substrate. The composition of the film was possibly (TiOgh-.-(TiN),
ar TiO:-zN,, and in this experimental condition x was found to be about 0.21-0.16.
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Fig. 1. X-ray diffraction patterns of the thin films de-
posited al {a) 360T, (b) 380C, () 4007, and
(d} 420C . The crystal structure is anatase TiOs,
and no other structure such as rutile or TiN
can be observed.
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Fig, 2, Raman spectroscopy of the thin films deposited
at (a) 3607, (b) 3807, (c) 4007, and (d) 420 .
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Fig. 3. Slow-scan x-ray diffraction patterns of the Lhin
film deposited at 420C mm pure N.O atmos-
phere, representing (a) raw data, (b) o stripped
data, and (c} fit curve from a one Gaussian re-
canstruction.
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Table I. Caiculation Results of the Crystalline Sizes
from Sherrer's Formula. FWHM Values were
Measured from Gaussian Curve Fits of o
Stripped Data

TemSpltla]z‘ZiTrtg )y Crystalline size (nmy  Thickness )
360 49.2 5o
380 634 583
400 66.8 7T
420 68.3 934
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Fig. 4. X-ray photoelectron spectrum of {a) the as-re-
ceived surface and (b) 10-min etched surface
of the thin film deposited at 420C. In the case
of (a), nitrogen peak is not observed, and the
carbon peak 18 probably due to surface contami-
nation. In the case of {b). nitrogen peak 18 found
without any detectable carbon peak.
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Fig. 5. X-ray photoelectron spectra of the thin film de-
posited at 420 for (a) the as-received surface
and (b) the surface of the film etched for 10
min.
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Fig. 6. X-ray photoelectron spectra of the thin film de-
posited at 420C, representing (a) raw data, (h)
background remaved data, {¢) smoathed data,
(d} curve fit from a Gaussian peak reconstruc-
tion. Background removal was done by using
Shirley's method with smoothing by Savitzky-
Golay method.
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Fig. 8. Auger electron spectra of {a) the as-received
surface and (b) the surface etched for 30 sec.
In the spectrum of the 30-sec etched surface,
analysing the composition is made difficult by
the overlap of the main mtrogen Auger peak
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2My; and LM, Ny of titanium.
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Fig. 9. AES depth profile of the film deposiled at 420
T. S0, layer is not observed at the inter-
face, and the interfacial layer is assumed to be
TiO,N,.
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