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ABSTRACT

Cobalt ferrite thin films on Corning glass substrate were fabricated by 2 sol-gel method. Cobalt ferrite thin {ilms with the grain size
af 20-35 nm and thickness of 50 nm were obtained. Rapid thermal annealing (RTA) and Annealing processes were adopted [or
comparison of charactenistics of the films. Coercivity values were chanped with thermal condition and magnetization values were
increased as a lunction of soaking time. With prolonged soaking time. however, it was decreased because of (he diffusion of cations
from the glass substrate. The RTA process in preparation of cobalt territe thin {ilm was the effective way to prevent and to form a
single spinel phase in 1educed soaking time. The film heated at 600°C for 30 minutes by RTA had coercivity of 2.600 Oe. saturation
magnetization 460 cmu/cm’, and M - 8 of .43 memu/cm®™
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Fig. 1. Schematic diagram for preparation procedure of Co-
ferrite powder and thin films.
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Fig. 2. TG/DTA curves of the dried Co-ferrite gel.
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Fig. 3. XRD patterns of Co-ferite thin films (a) as a function
of heat-treatment lemperature and (b) heat trealed at
600°C for 30 min by RTA process.
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Fig. 6. SEM micrographs of Co-ferrite thin film heat treated at 500°C for () 10 min, (b) 30 mun. {c) 1 h, and at 600°C for () 10 min,
(&) 30 mun, () 1 h by RTA.
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Fig. 7. Coercivity of Co-terrile thin films as a function of heat-
trealment temperature and soaking time.
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Fig. 8. Saturation magnetization of Co-ferrite thin films as a
function of heat-treatment lemperature and soaking time.

20
—a—B00°C RTA
& 500°C Annealing
16 L —0— 500°C RTA
o0 500°C Annealing
&
€
g 12}F
3
£
E o
“w o8| . . ¢ .
EL / e -
| o /0\:
g
04+ o o 8
o
00 1 aagal L [ ARy | 1 a0 el
10 100 1000
time (minute)

Fig. 9. Remanence X thickness(M, - &) of Co-ferrite thin films
as a function of heat treatment temperatire and soaking
time.

Jku

W AL ol R AR AT WEE Rtk Ay
wjA o] 7S 2EE EAT)7] AsiME AEE Tﬂfﬂﬁ
ol U 7\1441—4 SFAkErt vholok sl AMEEE Fo
71 flsiAde wlE afAe] S A M FARF gk
A7 AHokgth tEA M, - § He AAEE Bl
Mz & Ze] B3, 7I5ER We} Hellxz 22 7ol
skt M| HAHE ghE fASlor gk HAE M, - 8
el oF 25~3.5 memw/em’®] FHE HAEEEL glem A4
Y=g AZ|ATHMRBI=ZE 2 2 o)Bit i &&
s AR H webd AT ghebd 5 glTh 600°CH

:(o

R T

SRR LT

A 30 & B9 RTAi SA T gty A4S M 5—‘: of

% '?‘i
A A= '?’]—;' e /}-/c
ZFAPE otz —-&‘5}71"3] W?. S
ERE hysteresis loopE< BT FAXAE ] HHBC}EI 1:'|-7524
HEpa] APHo R vfeps 289 2 S4H (sigmoidal)
8 BHPTH” 600°ColM 30859t RTAY ojale] g
2% BhEke] hysteresis loop 2241 o] ¥lER2. 2600 Qe
BAE, 460 emu/ces| E3RA}E, 287 emuwiced] RS
8|3 0.629) remanence squateness, S(Mr/Msys 71T
o|Egl A7)E AL YU A7)EMAEA 28 71
Aol Wi & Fow AlsFh

3.5, gfatnt 7|Be| HHEN

Fig. 10t (bye Z2F 600°CelM 308 RTAZ F¥)9
el 600°Cel A 10417 Annealing® 2 F¥|E slwhy]
XPS depth profile AFo|th )FLE7) 3040 A/min ©)
BE dete] e oF S0 nmE FUEE ¢ 4 vk
Co2p9t Fe2p peak®] 2Hete] Auger lined} A2 ¥|<=gt ¢
Aol FAS, Co2pet 713 Ul EAEE Badd peakt H]
=% $A] sl7] ] A&t 2Aule ¢ 5 gixT 7
ol w2 BEhl =Ye FUSAC. 71T 9AES 1)
aste] & ul, 600°CelA 10417 Annealing3t #hete] 719
Si, Al, Ca®| 9fol&Eo] f] 7oz y vz gal
wo] gelzith, olF 53] St FmEAA FakE e,
A0 Sie Azl ST HUEEHES 7R
wokEst HECE v olg 42 Bhtog 218l Co-
ferrite 9f¥re] BAE ASlghs A7 H342S #EAFE &
flom agsigom. RTAS] &34 o)) 7R Zhakd o
= AT B en Ao & 5 s 4T wEks
B R =

= Cé,\lt}.

1. Co(CH;CO,), - 4H,08} Fe(NOy); -
2 AMEy SR ek, 2ol O}Aﬂ ]
o 02 MY T2 3ol 1= Colie,0; solg AlZFesct

2, 9hre] oAl TEE 20-35 nme] RedA R o) Fo|A
slem, Exjy] 2zt %ﬂf\]ﬂﬂ 57}@'4“& AdER =
712 F7ksicst 9AA 7 F dF el ol

3. WA S FAga) =279 § E‘iﬁ}ﬁm_ﬂ%. A}

W 2Rt @AE A7kl Doy 7o g Y
91 Fel2 gl olate] AAE i AES JER)



FE)7)2) sol-geli o2 AZE

7o

60

EGE

Caneentration (%)

50 -

Concentration (%)

Sputter time {minutes)

Fig. 10. XPS depth profiles of Co-ferrite thin fikms heat treated
al 600°C (a) for 30 min by RTA, and (b} 10 h by
anngaling.

=, ofg E4hE 7] 98k 23z
ol g3 Es| %k

4, RTA "<l 281 600°CAlA 308 =5+ A3
kel A9 2600 Oed] HAFE, 460 emw/cnr?)
Bl 287 emu/em’®] AHFAREREE YERG oW, o E
T A7 7B A A e g8 g 2HE ArE Bodel

A},

ok,

o= RTA W

REFERENCES

1. E. S. Murdock, R, E Simmons and R. Davidson, “Roadmap
for 10 Gbitfin® Media: Challenges,” [EEE Transac. on
Magnetics, 28(3), 3078-83 (1992),

2. RAEEA, TSR TR A T 1 T L AR

1)
=

1.

1L

14,

15,

L6.

17.

AF Co-lerite 2] B4 431

W H AP EEEE, 17(5), 768-76 (1993).

. B. ¥. Wong. X, Sui, D. E. Laughlin and M. H. Kryder,

“Microstructural Investigation of Barjum Ferrite Longi-
indinal Thin-Film Media,” J. Appl. Phys., 75(10), 3966-68
(1994,

. P Brahma, D. Chakravorty. K. Singh and D. Brahadur,

“Preparations of Barium Hexagonal Fesrite by Sol-Gel Me-
thod,” J. Mai. Sci. Lert., 9, 1438-40 (1990).

. X, Sui, M. H. Kryder, B. Y. Wong and D. E. Laughlin,

“Microstructural Origin of the Perpendicular Anisotropy in
M-type Barium Hexaferrite Thin Films Deposited by 1
Magnetron Sputtering,” [EEE Transac. on Magnetics. 29(6),
3751-33 {1993).

. I.G. Lee, 1. Y. Park, Y. J. Oh and C. S. Kim, “Magnelic

Properties of CoFey04 Thin Films Prepared by a Sol-Gel
Method,” J. Appl. Phys.. 84(5), 2801-2804 (1998).

. I. G, Na, “Fabricalion and Magnetic Propertes of Metal/

Cobalt Ferrite Composite Thin Films,” ibid., 79(8), 4893-93
(1991).

. M. Matsushita, K. Noma, 8, Nakagawa and M. Nace, “Co-

Zn Ferrite Rigid Disks Prepared by Plasma-Free Sputtering
ai Low Substrate Temperature,” IEEE Trans. on Magn.,
31(6), Z779-81 (1993).

. P C. dorsey, P. Lubitz, D. B. Chrisey and J. 5. Horwitz.

“Cole,04 Thin Fdms Grown on (100 MgQ Substrates
Using Pulsed Laser Deposition,” . Appl. Phys., 798},
6338-40 (1996).

M. Naoe and N. Matsushita, “Deposition of Single-layer
CoFe,0, and Multilayer CoFe,04/0-Fe;05 with Large 4%
Ms and High He Using Vacunm Arc Evaporation.” J. Meagn.
Magn, Mater., 155, 216-18 {1996).

E. Fujii, H. Torii, R. Takayama and T. Hirao, “‘Preparation
of Co Ferrite Films by Plasma-Enhanced Metalorganic Che-
mical Vapor Deposition,” Jpa. J. Appl. Phys., 34. 130-31
(1995).

. T. Tsuchiya, H. Yamashiro, T. Sei and T. Inamura, “Pre-

paration of Spinel Ferrite Thin Films by the Dip-coating
Process and Their Magnetic Praperties,” J. Mater Sei., 27,
3645-50 {1992).

. 1. G Lee, H M. Lee. C. 8. Kim and Y, I. Obh. “Magnelic

Properties of CoFesOy Powders and Thin Films Grown by
a Sol-Gel Method,” J. Magn. Magn. Mater., 177, 900-902
(1998).

K. Matsuura. M. Nakabayashi, T. Tamura, K. Honda and S,
Ohtani, “PZT Capacitor with It/[rO./Ir Electrode Fabricated
by RTA,” Inregr Ferroelectr., L2(2-1), 139-49 (1996].
D. H. Kwak, B. T. Jang. 5. Y. Cha, I. S. Lee and H. C. Lee,
“Effect of Rapid Thermal Annealing on the Interface Trap
Density between PT and (Ba, Sr)TiO; Thin Film.” ibid., 17
{1-4), 179-86 (1997).

Cullity, Tntroduction to Magnetic Materials, Addison We-
sley, p. 387 (1972).

Derek Ciaik. Magnetism/ Principles and Applications, John
Wiley & Sons, p. 104 (1995).

A 374 A5 F(2000)



