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Abstract Crystallization characteristics of titanium oxide thin filsi during post-annealing of reactive
sputter deposition were studied. Amorphous phases of as-deposited films were crystallized into rutile
after annealing at 900 C and anatase at 500 °C, respectively when O, concentration during sputtering
was more than 15%. However, rutile was the only phase obtainable after annealing if %0, was less than
10%. For these films, Magneli phase(Ti,0;,_,) were crystallized below 500 C at first place due to slow
oxidation of nonstoichiometric films but 500 C ~ 600 °C anatase with nonstoichiometry was crystallized
for a short period. It was , therefore, concluded that crystal growth can proceed without phase transition
if stoichiometric phase is formed at the first stage of crystallization, and that rutile, the most stable

phase, was resulted from any oxygen deficient nonstoichiometric films.
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Fig. 1. XRD patterns of as-deposited titanium oxide
thin films by reactive sputtering.
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Fig. 2. Crystallization of Ti oxide thin films deposited
with 10~60% O, after 3 hrs annealing at (a) 900 C
and 500 °C, respectively.
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Fig. 3. Time~dependent crystallization of TiO,-, thin
films deposited with 10% O, on (100) Si substrate at
500 C.
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Fig. 4. Time-dependent crystallization of TiO,_ thin
films deposited with 15% O, on (100) Si substrate at
500 C.
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Fig. 5. Time-dependent crystallization of TiO,-, thin
films deposited with 10% O, on (100) Si substrate at
600 C.
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Fig. 6. Raman spectrums of TiO.-. thin films deposited
with 10% O, on (100) Si substrate after annealing at
600 C.
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Fig. 7. XRD and Raman spectrum of Ti0,-, thin films
deposited with 10% O, on Corning 7059 glass substrate
after 20min. annealing at 550 C.
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Fig. 8 Time-dependent crystallization of TiO,-, thin
films deposited with 10% O, on Corning 7059 glass
substrate at 500 C.

o] A AW AURAE 7HAH FA=HE A
o2 gztEich 271 F AR Magnel, rutile
2 anataseAr7He] FAL TAg Al dig

Raman spectrumo| 4 FAY 4 “4 Fig.
7ols 10% 9] Ata ot ZF3y ws
% Magneli, anatase ¥ rutiles] 34 01 &

\

= zAal 550C, 2087 I AW
XRD¢} Raman spectrum &3 ZAdo|th(”
& Alg]Z peak®} anatasesl9] HIE
A7) st w8 Zlge F23 A8E
3t g ck.) Fig. 7-(b)2] Raman spectrum
At A rutileArd A$E= 430 cm™'FH
610 cm™'Z %] 9] peak® v}el}w] anatase A
510 cm™' £ 9] peak® zt7t E Bl Ho]
Fa=gort Magneligte] peaks 32 H
B2 A 253 Fig 7-(a)8 XRD9 Az
9} (b)E ®|Z¥ u rutile peake] FHH A
o2 Bo|n o] Axtt Magnelidts} rutile A
7kel dAg FAE JehlFE Ao A
& 4 Qobv, w3 gdxg &E7F 600 THE
o} 2718 ol 27]o] @A E uv]Ag anatase

—d

Ao X

o &

rL rlo



T rutiled o2 WHesAHE Aoz A4H
oo 2 A3 Fig. 40 Yeld vhe} 7o) 15
% o142 it s FEE et
£ x7)o A H anatase AolEtE A
A ZA 77k Aol FAFHARE Fol
22 rutileAto 2o wHeglo] ¢AHoZE A
Aol 75d AR AZEY. VR FFo
w2 whute] Abwslel Aba B4ho 5L A
2)Z3} Corning 7059 $&]7129 A%
FAHA A FFH dAME & AolE Ho
A ok xjmt wiube] x 7] AAAbel Magneli
w2 718 Agrt Aol vlsto A
Fot rutilert o 2 2] Wer} A= gl
o 4 At} Fig. 8dl= #2175 9ol
Fig. 33t Z& 272 ZF&slz A3t
utabo] XRDZA o)), o] A4 whutbe] 4ksly)
AWEHE HFA4 FkAHA Magneligo]
vebt=el Fig. 39 Ay (100) 7% A
S 28 10 A7 AAE rutileddo 29
LA A AYHT A e ¢ F
Ak ol e HAL x4 ZFPA A Ma-
gnelizdt-2 w]AA Abate] AW Yo R
A9 A=E (1000832 Ade HYA
7EA 7] o 71 o2 Az,
ozl 7)o ¥AE w|AFA anatasedt
& 7R FF) FAGQol BF 20 B o]}
o) dxz] Aeiat FFHYEY o] AL
o] tt=r} sttjgtr AHHY L2 £ 25
e I zolE Rol7] o8 wEa
E Rz

gsEety dute 94 2vEHYe2 3
Fale Aot B84 Hxd 4xe FE
934 g 3

AWH YR 4% ey BRe) AA% B4 87
T)ol YA} F A ZF wAFA Fo
o] olgjgt v|HBFEE 7z AAHAL F4
g FAolH 297 F9 Azl st A

_/l:
A 3gEo] g3 ofge A
ghA] QtAE rutile® Wb, zeY 3
A4 AHHAG FHA] Axe) FET
78t A=A anatase = rutileo] FA
T o] A$E gl mabs AAYY A
Tho] A& Hc}.

o3l

ZArte 2
o] EEL 19959% FIdeAFAL
e AddTa dFFA ATl g3ty o
TR o4 FAA=EIUT

1. S.Yoshida, Thin Solid Films, 56 pp
321-329 (1979)

2. K.Bange, C.R.Ottermann, O.Anderson, G.
Jeschkowski, and M.Laube, Thin Solid
Fllms, 197 pp279-285 (1991)

3. W.T.Pawlowicz, and R.Busch, Thin Sohd
Films, 63 pp251-258 (1979)

4. HNoda, K.Oikawa, T.Ogata, K.Matsuki,
and H.Kamada, Chem.Soc.Jpn, 8
pp1084-1090 (1986)

5. M.Radecka, K.Zakrzewska, H.Czternastek,
and T.Stapi ski, Appl.Surf.Sci., 65/66
pp227-234 (1993)

6. Li-Jian Meng, and M.P.des Santos, Thin
Solid Films, 226, pp22-29 (193) 22

7. K.H.Ko, JH.Ahn, And U U Chi, J.Chem.
Soc. Jpn., 103(3), pp217-221 (1995)

8. K.G.Geraghty, and L.F.Donaghey, Thin
Solid Films, 40, pp375-383 (1977)

9. D.H.Adams, Inorganic Solid, John Wiley
& Sons, NY pp315-322 (1974)

10. W.T.Pawlewicz, G.J.Exarhos,and W.E.
Conaway, ApplOptics, 22 (12), pp
1837-1840 (1983)

11. K.Fukushima, 1.Yamada, and T.Takagi, J.
Appl.Phys, 58(11), pp 4146-4149 (1985)

12. LM.Williams, and D.W.Hess, J.Vac.Sci.
Tech., A1(4), pp1810-1819 (1983)



	etc-0038
	etc-0039
	etc-0040
	etc-0041
	etc-0042
	etc-0043

