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Fabrication of a Porous a-Fe,0, Thin Film by PECVD(Plasma Enhanced
Chemical Vapor Deposition) for Gas Sensor Application
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Abstract

a-Fe,O, thin films deposited on AlLO,; were prepared by PECVD (Plasma Enhanced Chemical

Vapor Deposition) process using Fe(CO);.

a-Fe,0O, phase was quite stable in the temperature

range from 80 to 120¥¢. Microstructure of a-Fe,O, thin film at RF power of 100W showed the

porous island structure.
was changed into the dense structure,

As RF power increased above 100W, microstructure of a-Fe,O, thin film
As a result of BET measurement, non-polished substrate
had the wider specific surface area than that of polished substrate.

The optimum condition to

obtain the porous structure of @-Fe,O, thin film on non-polished substrate was substrate tempera-
ture of 80~120%T, deposition rate of 160A/min and RF power of 100W.
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Table 1. The properties of Fe(CO)s
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Fig. 1. Schematic diagram of PECVD system
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Table 2. Deposition condition

Deposition condition.
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Basal | . -
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: )
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. X-ray Diffraction patterns of thin
film in terms of deposition tempera-
ture : (a) 80%¢, (b) 100%T, (¢) 120¢,
(d) 150c, (e) 180t, (f) 250TC and
(g) 350%¢.

0D

dridelt olegel EFEFAUAIL 37 (b)
& qUAE X3 J Bl 225 ol o
WA 24 del] 71ge] AaHE Ao wad

(c)

T8 3. RF &%+ & SEM B4R
Fig. 3. SEM micrographs of the thin filn in

terms of RF : (a) 100W, (b) 150W,
(c) 200W.
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Fig. 4. SEM micrographs of thin films in terms

of deposition rates ; (a) 80A/min, (b)
120A/min and (c) 160A/min.
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Fig. 6. X-ray Diffraction patterns of thin
film in terms of deposition rates ;
(a) 80A/min, (b) 120A/min and (c)
160A/min,
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Fig. 5. AFM images of thin films in terms
of film deposition rates ; (a) 80A
/min, (b) 120A/min and (c) 160A
/min.
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Morphological examination in terms
of surface roughness at cross section-
al area ;

(a) on non-polished Al,O; substrate
and (b)polished Al,O; substrate
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Table 3. BET measurement depending on sub-
strate and film conditions

Item specific area (m“/g)
olished
nonp 1.6792
Substrate substrate
condition polished
1.546
substrate
i lished
Film nonpolishe 07984
deposition substrate
on polished 05411
substrate substrate
4 %3 E

€ dFdAe 71&9 "3y 39 Az FHNA
Hold e}k 719 o] &, IC 7)%o] 7Hsd BeA

163

HANARAEEY=RA] Vol 12, No, 2, February 1999,

o 9Kt -
FFe2p.s

. i :.‘;Few'a

d S W

?"m-.\,,r,«m'-'v"‘ pe "
F) |
c
g -
: !
Fa 0 i

& i -(

e L
2 -
Fe3p
3 ¢ fels ¢
Ay s g oo hit oo A

- Rt

9

L. . Lok L I ] l ES R H B

wmssomasomvsumssogmlssosm«om:ﬁammmvsawom 0

Binding Energy(eV)

% 8. ¥tete) XPS ¥Adx
Fig. 8. Analysis of X-ray photoemission spec-
tra

7}2AA 8 a-Fe,0, AAE AMZxdnz sy =
& AL, A F3o 7M%¥ PECVD(Plasma
Enhanced Chemical Vapor Deposition) %2 o]
2, tAE 4= AL Ad AN AAg
Y AMzzdg AU dAsd MAHcz @
Fanz gk FE 97 e e 2o

1. a-Fe,04& FHLE7} 80~120THA 7%
ABHALH, 257} FAEHUAN Fe,0p o8 A
Aol 3yt

2. E2zc} RF 290 w2 g4z 2 A4
% 23% 94€ + ANe®, RF 23¥e] 100WY
W t2ANE e A9 RPN w o,

3. ¥%&x= 120¢, RF 29 100W, A2 &%
10sccm, °F2& #% 10sccm, FF5747F 1604
/min 9& A%, 4dRAA77 0.5emET Fe g
A 23 AL ¢ YA

4, F3%&x 120C, RF 298 100W, AtA 8
10sccm, °F22 §% 10sccm, 71%e Z%o| ojagt
AT A7, AAS® Yo 2% wete] wjEgEwEAy
< 0.7284 m*/gden, <dvld risge] ulet vlgw
A& 0.5411 m*/goldth.

5. 4¥ENAT vate 2 Fes} O 2 T4 Ho
Aee & 4 AT



PECVD W o3 7t=AAM & 34 a-Fe,0; ot Az

E AFe 19968 % I ASADAA AlY
B712AFHA (HFAHE

#HAY &

: 96-0300-07-01-3)9

oz FyHon old A=Y,

4.

#ngs

G. Sbervegli, S. Groppelli and P.
Nelli, “Highly Sensitive and Selcective
NO, and NO, Sensor based on Cd-
doped SnO, Thin Films", Sensors and
Actuators B, Vol. 4, pp. 457-459
1991.

G. Behr and W. Fliegel, “Electrical
Properties and Improvement of the
Gas Sensitivity in Multiple-doped
Sn0;", Sensors and Actuators B, Vol.
26-27, pp. 33-37, 1995.

Y. Nakamura et. al., “Selective Co
Gas Sensing Mechanism with CuO/ZnO
Heterocontact”, J. Electrochem., Soc,
Vol. 137, No. 3, pp. 190-196, 1990.

Y. Nakatani and M. Marsuoka, “Some
Electrical Properties of 7 -Fey0;
Ceramics’, Jpn. J. Apply. Phys, Vol
22, pp. 233-239, 1983.

Y. Nakatani and M. Marsuoka,
“Effect of Sulfate Ion On Gas

164

10

ol &, 9, F&A

Sensitive Properties of a -Fe,0,
Ceramics’, Jpn. J. Apply. Phys, Vol.
21 pp. L 758-760, 1982.

Jd. Peng and C. C. Chai, ‘A study of

The Sensing Characteristics of Fe,O4

Gas-Sensing Film", Sensors and

Actuators B, Vol. 13-14, pp. 591-593,

1993.
Kazshiro. Hara and Noriyuki. Nishida,
“H, Sensor Using Fe;0; Based Thin
Film", Sensors and Actuators B, Vol.
201, pp. 181-186, 1994.
Beiping. Yan, Jun. Peng and
Changchun. Chai, “Gas Sensing
Properties of a-Fe,O; Thin film
Prepared by Plasma-Enhanced
Chemical Vapor Deposition”, Thin
Solid Films, Vol. 245, pp. 225-227,
1994,
W. Y. Chung and D. D. Lee, “Charac-
teristics of a-Fe,03 Thick Film Gas
Sensor”, Thin Solid Films, Vol. 200,
pp. 329-339, 1991.

. Yoshicka Bando, Shigeo Horii and
Toshio Takata, Reactive
Condensation and Magnetic
Properties of Iron Oxide films", Jpn.
J. Apply. Phys, Vol. 17, No. 6, pp.
1037-1042, 1978.



