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Abstract

The TMA gas sensors are fabricated with the ZnO-based thin films grown by a RF magnetron
sputtering method. The Hall effect measurement and AES analysis are carried out to investigate the
effects of the sputtering gases and dopants which effect on the electrical resistivity and sensitivity
to TMA gas. We measure the changes of the surface carrier concentration, Hall electron mobility,
electrical resistivity, surface condition, and depth profile of the films. The ZnO-based thin film
sensors sputtered in oxygen, or added with dopants showed a high surface carrier concentration,
high Hall mobility, high sensitivity, and low electrical resistivity, respectively. The ZnO-based thin
film sensors sputtered in oxygen and doped with 4.0 wt.% ALOs, 1.0 wt.% TiO», and 0.2 wt.% V205
showed the highest surface carrier concentration of 5.952x10” c¢m °, Hall electron mobility of 176.7
cm>/V - 3, lowest electrical resistivity of 6X10 > 0 -cm and highest sensitivity of 12. These results
were measured at a working temperature of 300 C to 8 ppm TMA gas.
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Table 1. Sputtering conditions for ZnO thin
films..
RF power 100 W
Substrate Si0x/Si (10X 10x0.6 mm®)
Substrate temperature || 250 T
Target material 98099 % ZnO. ALOy, TiO:, V205 powders
Base vacuum 1x10" Torr

110" Torr (250 C)

Gas pressure 10 mTorr
Oz Ar = 1.0
Atmospheric gas ar 1
(24 scem) '
¥ :sccm 01
Deposition rate 100~120 A/min

Cooling natural cooling
k23 2. AARE AR F5
Table 2. List for prepared sampies.
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Fig. 1. Cross—sectional view of the sample.
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Table 3. Electrical properties changes for respective samples.
(255 300 C, TMA ¥5; 8 ppm, k=1 mA, Bz=1 k@)

A& #1 #2 43 44 45 46
ey 712 | TMA | 3712 | TMA | 3712 | TMA | 71% | TMA | #2112 | ™A | 2213 | T™MA
27148 (@ 1| 23K | 920 | 36K | 18K | 26K | 16K | 123K | 1025 | 195K | 244 | 1.805K | 3008
Hall %43
e V] 16 | 064 | 23 | 115 | -165 | -1.03 | -1472 | 0123 | 1924 | -024 | -1877 | -0313
S 2.8% 7x | 169x | 338x | 14x | 23x | 49x | 5952 | 320% | 2632 | 3x 18
10 | 10® fo10® | 10® | o10® b o10® | o10M | x10® | 10® | x10® ] 10® | 10°
022 | 0088 | 039 | 0195 | o054 | 033 | 0071 | 00059 | 0122 | 0.0153 | 01354 | 0.0223
eol@em Tl g2 o2 | <02 | w107 | %107 | <102 | <102 | x107 | <107 | x107 | x102 | x10?
g [em¥v -] | 1013 | 1013 | 948 | 948 | 825 | 825 | 1767 | 1767 | 15532 | 15532 | 15384 | 15384
# = K 25 2 1.64 12 8 6
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