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Abstract

Polycrystalline Ti;-xCoxOz thin films on SiO:; (200 nm)/Si (100) substrates were prepared using
liquid-delivery metalorganic chemical vapor deposition. Microstructures and ferromagnetic properties
were investigated as a function of doped Co concentration. Ferromagnetic behaviors of polycrystalline
films were observed at room temperature, and the magnetic and structural properties strongly depended
on the Co distribution, which varied widely with doped Co concentration. The annealed Ti;-xCoxO:2 thin
films with x<0.05 showed a homogeneous structure without any clusters, and pure ferromagnetic
properties of thin films are only attributed to the Tii-xCoxOz2 (TCO) phases. On the other hand, in case
of thin films above x=0.05, Co clusters formed in a homogeneous Ti;-xCoxO2 phase, and the overall
ferromagnetic (FM) properties depended on both FMrco and FMc,. Co clusters with about 10nm-150
nm size decreased the value of Mr (the remanent magnetization) and increased the saturation magnetic
field.
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(Inorgtech Chemicals, Inc.) % Co(CuHisOz2)s
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k3 1. Deposition conditions of Ti;-xCoxOz thin
films by liquid-delivery MOCVD.

* Source Ti(i-OPy)2( TMHD)2/TH(0.05mol/L),
Co(TMHD)/THF (0.05mvL)

Deposition temperature 400C - 500C

System pressure 1 Torr

Vaporizer temperature 50T

Source flow rate 0.05 em®/min

O2/Ar flow rate 50/50 sccm

Annealing conditions Vacuum (1.0x10°° Torr), 700T, 1h

Substrate SiOz (200nm)/Si(100)

? i-OPr : C3H70, TMHD: C1iHis02
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23 1. XRD patterns of annealed Tii-xCoxOz thin
films deposited at 400C with various Co
contents of (a) x=0, (b) x=0.03, (c) x=0.05,
d) x=0.07, (e) x=0.08, () x=0.12. [The
inset of Fig.l: XRD patterns of the
annealed Tijx CoxO2(x=0.05) thin films
deposited at (a) 400, (b) 450, and (c) 50
0T. R: rutile, A: anatase].

spectroscopy (NEC 3SDH) & Al83q #<l3)
Aok g2 due FH4HE HEY] HAG
Z24& &A37] 98l scanning  Auger
microscopy (SAM) (VG Scienticfic Microlab
350). A EA L vibrating sample magnetometer
(VSM)® SQUIDE A48t &4 3.
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Ql A%, Cod olabidel FAHEE FAHT
Figure 11 4¢¥ XRD #®e tadd Fiex
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3% 2. AFM images of Ti;-xCoxOz thin films
as—deposited at 400°C with Co contents
of (a) x = 003 (b) x = 005 (c) x =
0.07, (d) x = 0.12.

33 3. AFM images of Ti;-xCoxO: thin films
annealed at 700C for 1 h in 1.0 x 10
Torr with Co contents of (a) x = 003,
(b) x = 005, (c) x = 007, (d) x = 012
(As-deposition temperature : 400C).
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23 4. (a) Compositional mapping and (b)
spectrum by scanning Auger
microscopy of Ti1-xCox02(x=0.12) thin
films annealed at 700C for 1h in 1X
10°° torr.

nydxn FYF vATFZE Zed, ¥ g
9 ZFAo] x=0051RT Z 7% ALIL HEAo|
A HAY. MatsumotoF2 Cod &4 0]x=0.08
742 Codl MZ&4E& P4 &3 29 o &
gsA zgEd¥n mIsgch AFME $39
B¢ U H&4e A7) 150 nmelx, uret
W Cogl %ol F71g5 o8 d H&4e] F713t
fth. Figure 45 SAME S3td dAH3F AAE
qE4e B A4S AT AHE HAF1 ¢
o}, Fig. 4(a)slx &4 Wge) Aold) wet 2
zAo qE %o A=EE JYehyed, Y54 2E
(B)ol Tigt 02 A% AAFA Jehdz, Codl H%

- 157 -



~o—3%

-0.5 —— 5% -
—_—T% ]
-10 b ) . - 9% -1
-10.0k -5.0k 0.0 5.0k 10.0k
H(Oe)
80 ————F—————7—————400
F (b
’rg:eo-( ) 4300 —
—_— 9 QO
2 [ § @]
§ 401 -200 ;;6
= f 4100
20}t ]
0.05 0.10

Co contents in Ti, _Co,0, thin film

a2l 5. (a) Normalized magnetization vs.
applied magnetic field and (b) the
variation of M and H. as a function
of Co-doping concentration in

Co-doped TiO: anatase thin films.
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a8 6. Temperature dependent magnetization
and Magnetization vs. magnetic field
at 300 K curve for TiogrCooesO2 thin
film.

6,0000e2) EJAAFOZ AA Zs1gch ol g
de AEdozRy 7dHE AV HAd 4@
AP ER g Aoz Alsdd,

SQUIDE ¢]&3le] 2884 o8]  TiogCoosOr
utabe] 2xo W& 7154 300KAM A
27]0)18 F L Figure 69 Jehldch &3 74
Z3AYL o83y ZFHF TinwCooOr el A
L@EOKV7ZIA = ZAAHERS YebdS A4
o}, dtore] ¥HASHL Qemw/em’el, BAY
& 2500eS YEhI: 3le], dtge] FIYLEE
300Kel o2 o &gl

4.4 &

A &9t 313 714 FFHH(LD-MOCVD)E o]
23t SiOy/Si 718 el Zd A9 AdnxH
Ti1-«Cox0O: S S35 9 38 ThCoO:
b ARAM FALELES dEdLen, Co
£99 A%o] wa ATz A7HEAHo W
gatgoh. Codl %o ZF7hgte] wal, Eaasgto)
F743ta, BAE e a8 Ti-Cox0: Bl
TEFA A BLdE HEide]l P FIUE
utatg gAey, 2&FA=005)°14 B, o
ZF9 Co7l ¥8d MEY¥o] FAHZ, o3 4
E4o] X3ARRE FIMATZIA, BEAFHE FAA
1 Ae=w AlRET LD-MOCVDH & o] &34
Z3E TiogrCoos0: wete] X3 3H(Ms)et B A}
g(He)e 27 20emu/cm’®T 2500e0) ™, FEe%
E 300Ko| A2 dadun,

- 158 -



zael 2

This research was funded by Center for
Ultramicrochemical Process Systems sponsored
by KOSEF.

Hn 238

[1] A. Twardowski, Acta Phys. Pol. A Vol. 98,
p. 203, 2000.

[2] T. Dietl, H Ohno, F. Matsukura, J. Cibert,
and D. Ferrand, Science, Vol. 287, p.1019,
2000.

[3] K. Sato and H. Katayama-Yoshida, Jpn. J.
Appl. Phys. Vol. 39, p. L555, 2000.

[41 Y. M. Cho, W. K. Choo, H. J. Kim, D. J.
Kim, and Y. E. Ihm, Appl. Phys. Lett. Vol.
80, p. 3358, 2002.

[5] Y. Matsumoto, M. Murakami, T. Shono, T.
Hasegawa, T. Fukumura, M. Kawasaki, P.
Ahmet, T. Chikyow, S.Y. Koshihara, and H.
Koinuma, Science, Vol. 291, p. 854, 2001.

[6] L. Forro, O. Chauvet, D. Emin, and L.
Zuppiroli, J. Appl. Phys. Vol. 75, p. 633
1994,

[7]1 S. A. Chambers, S. Thevuthasan, R. F. C.
Farrow, R. F. Marks, J. U. Thiele, L. Folks,
M. G. Samant, A. J. Kellock, N. Ruzycki, D.
L. Ederer, and U. Diebold, Appl. Phys. Lett.
Vol, 79, p. 3467, 2001.

[8] 1. B. Shim, S. Y. An, C. S. Kim, S. Y. Choj,
and Y. W. Park, ]J. Appl. Phys. Vol, 91, p.
7914, 2002

[9] Y. Y. Kim, J. S. Baek, S. J. Lee, W. Y. Lim,
S. C. Yu, and S. H. Lee, IEEE Trans. Magn.
Vol. 33, p. 3607, 1997.

- 159 -



