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Abstract

The TMA gas sensors are fabricated with the ZnO-based thin films grown by a RF magnetron
sputtering method. We investigate the surface carrier concentration, Hall electron mobility, electrical
resistivity and sensitivity according to temperature variation and TMA gas concentration. The
ZnO-based thin film sensors prepared by sputtering in oxygen showed higher surface carrier
concentration, higher Hall mobility, higher sensitivity, and lower electrical resistivity than sensors
prepared by sputtering in argon. The doping ZnO-based thin film sensors showed the same electrical
properties in comparison with nondoping sensors. In case of sputtering on the oxygen gaseous
atmosphere, the ZnO-based thin film sensors doped with 4.0 wt.% AlLOs 1.0 wt.% TiO., and 0.2 wt.%
V205 showed the highest surface carrier concentration of 595X 10® cm®, Hall electron mobility of 177
cm?/V - s, lowest electrical resistivity of 059x10 @ -cm and highest sensitivity of 12.1(working
temperature, 300 C, TMA gas, 8 ppm).
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Table 1. Sputtering conditions for ZnO-based thin

films.
RF power 100 W
Substrate Si0»/Si (10%10%X0.6 mm’)
Substrate temperature| 250 C
Target material 999 % ZnO, AlOs, TiOr, V205
powders
Base vacuum 1%10° Torr
1x10™ Torr (250 C)
Gas pressure 10 mTorr
Atmospheric gas OzAr = 1:0
(29 scem) 11
01
Deposition rate 100~120 A/min
Cooling natural cooling

E 2 Az 4N FH
Table 2. List for prepared sensors.

. . .| Sputtering
Sensors | Catalytic dopants, Weight ratio
atmosphere
#1 | ZnO Oz
#2 Zn0 OzAr = 111
#3 Zn0O Ar

‘4 Zn0+AlOx(4 wt%)+TiOx(1 wi%) O
+Vo05(0.2 wt%)

Zn0+AlOs(4 wt26)+TiOx(1 wtd%)
#5 ‘Ar = 111
+V705(0.2 wt%s) O
‘6 ZnO+ALOs(4 wt%6)+TiOx(1 wt%) Ar
+V50:(0.2 wtds)
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Fig. 1. Cross-sectional view of the sensor.
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Fig. 2. Fabrication steps of the sensor.
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Fig. 3. Four-point electrode for the Hall effect
measurement.
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Fig. 4. Configuration for the Hall
measurement.
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Fig. 5. Sensitivity of the sensors vs. working
temperature in 8 ppm TMA.
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Fig. 6. Sensitivity of the sensors vs. working
temperature in 160 ppm TMA.
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Table 3. Changes of the electrical properties for respective sensors.
(Working temperature; 300 C, TMA gas concentration; 8 ppm, L=1 mA, Bz=1 kG)

#1 #2 43 #4 £5 46

Variabl inar | TMA | inar | TMA | inar | TMA | inar | TMA | inar | TMA | inar | TMA
R&‘(‘Z"‘;’“ 220x10° | 90 |350x10°| 179x10° | 250x10° | 159x10° [13x16°| 18 |1%6x10°| 244 |181x10°| 301
Hall

measwrementy .0 | g5y | 2 | -15 | -1 | <18 | -la7 | 012 | -1®2 | -0 | -188 | 031
voltage

Vi (mV)

o (em®) [|278%10%] 701 x10° | 169107 | 338%10° | 139x10° | 231 x10° 496 10° |505% 10°°] 320 10 | 26.3% 10° 298 % 10°| 181 x10”
( 9‘_’ Cm) 022x10°7009x102]039x10°% | 021 10} 054x10°2| 0.33x 107 {0.07x 107|059 % 10} 0.12% 10| 0.15x 10 [0.14% 102} 0.2 x 10°°
Lo 101 10t U8 %8 25 25 1 17 1% % 154 15

(cm”/V - s)
Sensitivity K 249 201 164 121 798 601
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Fig. 7. Hall electron mobility of the sensors vs.
working temperature.
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