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SUMMARY

Titanium oxide (TiOx) have a various physical and chemical properties with a
reactive nature, which 1s controlled by crystallinity and stoichiometry. The
growth of TiOx thin films with various oxygen contents has mainly been
accomplished by varying the ratio of argon to oxygen partial pressure during the
sputtering process. However, the reactive gas, oxygen, in a DC sputtering
process 1s known to poison the metal target surface by oxidation. The oxidation
degree of the target also influences the plasma discharge mode and thus the
oxygen content and crystal structure of the metal oxide thin films. Therefore, in
order to grow with controllable stoichiometry and crystallinity of the titanium
oxide thin films, it is necessary to understand the relationship between the

oxidized condition of the target and the thin film growth condition.

In this study, titanium oxide (TiOx) thin films were grown under the constant
current mode in reactive DC sputtering methods. The reactive oxygen gas flow
was adjusted along with the plasma discharge current in order to achieve wide
range of the target impedance which is a good indicator of the target oxidation.
The oxidized condition of titanium target was identified with the change in the
plasma discharge parameter by monitoring the discharge voltage and target
impedance. The crystal structural properties of the thin films were investigated
by X-ray diffraction (XRD) and Raman spectroscopy. The chemical bonding
structure and oxygen content of the TiOx thin films measured by X-ray
photoelectron spectroscopy (XPS). Furthermore, the electrical transport property

was studied by Hall effect measurement.

Thin films grown in metal mode or transition region with relatively lower



target impedance form the cubic TiO crystal structures containing amorphous
titanium oxides while those in the oxidation mode form the amorphous TiOx thin
film. In addition, the crystal size and crystallinity of the thin film increases with
a lower target impedance. The TiOx thin films grown in the metallic mode and
transition region include a multiple mixed phases of metallic Ti, TiO, Ti:Os and
TiOs and the thin film formed in the oxidation mode shows only TiO: phase.
Consequently, as the oxygen content of TiOx decreases and the discharge
current increases, the target impendence is suppressed but metallic phases of Ti,
TiO, and Ti:03 is developed. Furthermore, the electrical properties of the TiOx
thin films indicate a p-type characteristics with a various charge -carrier

concentration and sheet resistance depending on the oxygen contents.
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Table. 1 The growth conditions of the TiOx thin films.

Group A Group B
Al A2 A3 B1 B2 B3
Current(A) 0.36 0.39 0.42 0.42
02 flow(scem) 1.0 1.0 1.2 14
A
r gas flow 80 8.0
(sccm)
Pressure
B 2.6 2.7 2.6 2.6 2.7 34
(10”* Torr)
Base pressure 505 10-6 £ 0510~ "
~ 5.0X ~ 95.0X
(Torr)
Deposition time 5 min

Target Ti disk (99.995 %)
Substrate soda-lime glass
Distance 40 mm

mperatie e
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Fig. 6 Growth conditions of TiOx thin film depending on the oxygen flow and
discharge current: (a) average discharge voltage and target impedance,

(b) sputtering pressure.
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Fig. 7 Discharge voltage with growth time.
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Fig. 8 XRD spectra: (a) Al, A2, and A3, (b) Bl, B2, and B3. Inset # of
JCPDS CARD.
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Fig. 9 XRD intensity (black points) and FWHM (blue points) of the peak
at cubic TiO (200).
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Fig. 11 XPS spectra of Ti 2p in grown TiOx thin films.
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Table. 2 XPS Results with configurations for each phase.

Ti' (at. %) Ti* (at. %) Ti¥ (at. %) Ti" (at. %)
Ti TiO T1203 TiOs
Al 3.92 21.12 74.96
A2 761 20.28 72.11
A3, Bl 7.02 14.12 21.09 57.77
B2 6.98 21.71 71.33
B3 100
100
90
80
g 70 \
% 60
£ 50 —— Ti4* -8 Ti3*
g 40 Ti2+ —— Ti*
a 30
20 —a—=N —a
10 .
Al A2 A3 B1 B2 B3

Fig. 12 XPS Results: Ti composition ratio with different film growth conditions.
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A1 A2

B = 252.73'nm

SEM HV: 15.0 kV WD: 5.22 mm I el bt I MIRA3 TESCAN SEM HV:15.0kV WD 5.08 mm Lot MIRA3 TESCAN|
SEM MAG: 200 kx Det: In-Beam SE | 200 nm SEM MAG: 200 kx Det: In-Beam SE 200 nm

View field: 1.38 ym | Date(m/dly): 11/12/18 Jeju National University View field: 1.38 ym | Date{m/diy): 11/12118 Jeju National University
A3(B1) E
jio - e D1 2g2R02'nm . D1 = 255.43 nm
L . - - - —

SEM HV: 15.0 kV WE 5.02 mm 1 | MIRAJ TESCAN SEM HV: 15.0 kV WD: 517 mm Iy MIRA3 TESCAN|
SEM MAG: 200 kx Det: In-Beam SE 200 nm SEM MAG: 200 kx Det: In-Beam SE 200 nm
View field: 1.38 pm | Date(m/diy): 11/12/18 Jeju National University View fleld: 1.28 pm | Date{mid/y): 11/12/18 Jeju National University

Fig. 13 Cross-sectional SEM images of Al, A2, A3(B1) and B2.

Table. 3 Results of Charge carrier concentration and Sheet resistance by Hall

effect measurement.

Sample Carrier concentration (cm™*) Sheet resistance (Q/ )
Al 1.0x10" 44194
A2 5.5x10"7 7236
A3 6.7x10"7 535

* Magnetic field = 2000 G
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