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Characterization of Hydrogen Gas Sensitivity of TiO, Thin Films
with Electron Beam Irradiation

S. B. Heo, H. M. Lee, C. W. Jung, S. K. Kim, Y. J. Lee*, Y. S. Kim**, Y. Z. You, D. Kim'
School of Materials Science and Engineering, University of Ulsan, Ulsan 680-749, Korea
*Ulsan Fine Chemical Industry Center, Materials Analytical Team, Ulsan 680-749, Korea

**R&D Division, New Optics LTD., Miryang, 627-803, Korea

Abstract TiO, films were deposited on a glass substrate with RF magnetron sputtering and then surface of TiO,
films were electron beam irradiated in a vacuum condition to investigate the effect of electron bombardment on
the thin film crystallization, surface roughness and gas sensitivity for hydrogen. TiO, films that electron beam irra-
diated at 450eV were amorphous phase, while the films irradiated at 900 eV show the anatase (101) diffraction
peak in XRD pattern. AFM measurements show that the roughness is depend on the electron irradiation energy.
As increase the hydrogen gas concentration and operation temperature, the gas sensitivity of TiO, and TiO,/ZnO
films is increased proportionally and TiO, films that electron beam irradiated at 900 eV show the higher sensitivity
than the films were irradiated at 450eV. From the XRD pattern and AFM observation, it is supposed that the crys-
tallization and rough surface promote the hydrogen gas sensitivity of TiO, films.
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Fig. 1. A schematic diagram of reactive radio frequency
magnetron sputtering and electron irradiation system.
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Fig. 2. A schematic diagram of the static measurement
set-up.
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Fig. 3. XRD pattern of TiO, films electron beam
irradiated at 450 (a) and 900 eV (b), respectively.
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Fig. 4. AFM image of TiO, films electron beam
irradiated at 900eV. Scan area : 2X 2 um’.

o] ZARE TO, BHt WS AFMS o83}
=43} EHEEA ot

ZEE T AAlo] 2AEA] ek TiO,

22004
vleko. 025 nm 223 450 eV A AzR]o]

atak2. ()
Ak w747} 028 nm 18]l 900 eV 27
oA aplo] ZARE BPERe- 0.45 nme] B A7
& HJo=A, A AP s A7)}
At SRS & 7 loh iAo R FEIS
B 7k=AlM 9] 71 AEREE EUEe]
SfESER[8), EUFo] AXTES Holal 900 eV
] Zxpalo] ZAKE O, Bl 85 0= &
< AF=E ekl Zlo2 Aledd. Fig 5=
AR ZAL 23300 w2 A2t S dTtold At
WS AR 032 AR 43°9 HEAS HIlo
th, 900 eVe] ZApHle] ZARE AlHE 59°% 71
&S B3k 39 39 ARM 23} Hlwd 7
T, 322 A ZA sl WiesA L] FeolA]
TF Bk Aol He] HE4S MRS ¢
T ek

o] wiEAlY 54 AskE M) TediE
AAYUTS A ERelMe] 7k FH gRo s
AT A7AF e Hxwe] W] 7Rk Fa
SATH3]. TiO, ¥Hete] 7] o] Aol == 4t
27} 3290l F2Eo] Tio A=rle] 7S 289
o 2H Akgolo] AgErt. o2k el Al
AM7b ATkl mEEW, AR AlXEE



34 Shu. - olsfe) - G- -

(b) 52°

Fig. 5. The contact angle images of as deposited TiO,
film (a) and electron beam irradiated at 450 (b) and
900 eV(c), respectively.

2haol 3 Rhgale] H0 A AAdshax] x4k
& ] AETE EHF024 Ti0, Bhete] #go]
FrasA EoHal.

Fig. 60 4A3 2525 200°C AN 45
= Hsl] e A& Wals YeRQth A
AR ZAR} B 2wl AT
7lEEe Hlglsle] oEEs & 4= Stk B AT
ol A TiO, BFeHiM ] 7Ivss Sl e HEW
A% S7h= ITOHMHMIME o] 83 Weks: HE A
ARPIME #EE ddogn Tio. 243 %
N& WA EA0A 7IQleke Hshdze] F7tol
o3 Ao g AlgHr),

Fig. 7 Y4733l 250 ppme] FAEE ZolA
225 Walol| WE TiO, ¥t AlMe] 4
SIS H3lE BojEnt dAks 2118 o]
of uete]l #3E 3mega ohm ©oJFoE BlEhe]
Ago] wkor}, AR =EEUS W= Bhet
o] %1714&°] 1mega ohm ©J3t= 7HAThS K

>
Aol

] [e] =
oo - 4 - 85 - el
3.5
—@— TiO, (Non- irradiation)
(- Electron irradiated at 450 eV
3.0 - —W— Electron irraidted at 900 eV
’ PR 4
,/’/v”
x

25 ///
—~ s
@ -~
g \4
=
2 20 o
g O
A o

15

O
1.0 -
05 I | | 1
0 250 500 750 1000 1250

Gas concentration (ppm)

Fig. 6. Sensitivity as a function of hydrogen concen-
tration for the TiO, gas sensor and the gas sensor
operated at 200°C.
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Fig. 7. Sensitivity as a function of operating tempera-
ture for the TiO, gas sensor (Hydrogen concentration;
250 ppm).
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Fig. 8. Sensitivity as a function of operating tempera-
ture for the TiO, /ZnO gas sensor (Hydrogen concentra-
tion; 250 ppm).
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Table 1. Hydrogen gas sensitivity as a function of
concentration for the ZnO film sensor and the gas sensor
operated at 200°C.

Hydrogen concentration
(ppm)
Gas sensitivity 150 | 1.52 | 1.54 | 1.57

250 | 500 | 750 | 1000
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