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Abstract We investigated the carbon monoxide (CO) gas-sensing properties of nanostructured Al-doped zinc oxide thin films
deposited on self-assembled Au nanodots (ZnO/Au thin films). The Al-doped ZnO thin film was deposited onto the structure
by rf sputtering, resulting in a gas-sensing element comprising a ZnO-based actvie layer with an embedded Pt/Ti electrode
covered by the self-assembed Au nanodots. Prior to the growth of the active ZnO layer, the Au nanodots were formed via
annealing a thin Au layer with a thickness of 2 nm at a moderate temperature of 500°C. It was found that the ZnO/Au
nanostructured thin film gas sensors showed a high maximum sensitivity to CO gas at 250°C and a low CO detection limit
of 5Sppm in dry air. Furthermore, the ZnO/Au thin film CO gas sensors exhibited fast response and recovery behaviors. The
observed excellent CO gas-sensing properties of the nanostructured ZnO/Au thin films can be ascribed to the Au nanodots,
acting as both a nucleation layer for the formation of the ZnO nanostructure and a catalyst in the CO surface reaction. These
results suggest that the ZnO thin films deposited on self-assembled Au nanodots are promising for practical high-performance

CO gas sensors.
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Fig. 1. (a), (b) Typical top-view and cross-sectional SEM images of Al-doped ZnO thin films deposited directly onto a SiO,/Si (100)
substrate. (¢) SEM image of self-assembled Au nanodots. (d) Typical SEM image of Al-doped ZnO thin films deposited onto the self-

assembled Au nanodots.
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Fig. 2. (a) Typical resistance response curves of ZnO/Au thin film gas sensors for a CO gas concentration of 20 ppm in dry air at various
operating temperatures. (b) Resistance response curves of a ZnO/Au gas sensor (dotted line) and a ZnO gas sensor (solid line) when

exposing to 20 ppm CO in dry air at 350°C.
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Fig. 3. (a) Variation in the response of the ZnO/Au gas sensor with
CO gas concentration in dry air at an operating temperature of
350°C. (b) Resistance response curves of the ZnO/Au sensor during
periodical exposure to 20 ppm CO in dry air at 350°C.

WS g-g-sts o eSS ZnO7Al CO 7k AlA
of et AFAF 99 v W] W, UYkTZ ZnO/Au
CO 7t AAM+= 24 9 WE kg3 318 AsS B
oFt}h Fig. 3(a)oll YeRd ¥k FHEZHE, ZnO/Au
7h2~ Al Q] dh-S A7 CO 7H2: FX7F FUhsel w
2} ZAa3=(5 ppm3 70 ppmell tiske] ZF2F 10029} 17
Z) Whdo), & AJ7Le O 7 R S w)
2} S71SHHS ppm#} 70 ppmel] thsted Z47F 1308} 250
2y A ¢ 4 Ak old A CO 7k T 5
7hshol whe kAo Fzhebak wkso] Hwv) 3l E
Az #AEA| o] ols|E 5 Ut

Fig. 4a)= A% &7] % 20ppm CO 7120l =253
S o, A712HE Au Y= A Fo] Id= ZnO/Au
7k Aol a7 A Fo] gl ZnO 7k Al €]
7k AEb AE 2xd el Welshe S HoE

|



sjoll Ve upate] BRI 72 ]

8 [ T T y T T T ]
o | (a) —@— ZnO/Au 1
L 6L —0— 200 ]
a” [ 20ppm CO ]
too4f ]
> I ]
> 2F 1
2 ]
5 ;
w O ]
1 M 1 L 1
100 200 300 400
Temperature (°C)
25 T T T T T T T 1
> [ (b)
& 20} 4
o’ —@— ZnO/Au
's 1.5} —1— ZnO i
x
210} .
>
2 05} -
(]
7 M
00 1 i 1 n L i 1 i 1 I 1 n

10 15 20 25 30
CO concentration (ppm)

35

Fig. 4. (a) Sensitivity versus operating temperaure of the ZnO/Au
gas sensor (solid circle) and the ZnO gas sensor (open square)
when exposing to 20 ppm CO in dry air. (b) Sensitivity as a
function of CO gas concentration for the ZnO/Au gas sensor (solid
circle) and the ZnO gas sensor (open square) operated at 350°C.
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Table 1. A comparison of the CO gas sensing properties for several types of ZnO-based gas sensors.

Sensor Type Maximum Sensitivity Optimal Temp. (°C) CO density (ppm) Ref.

ZnO/Au film 6.4 250 20 This work

ZnO film 1.0 350 30 4

ZnO:Al film 0.62 400 1000 5

NC” ZnO 3.12 370 200 6

NC ZnO:Cu film 2.7 350 20 7

ZnO-Au NW" 0.47 350 50 8

ZnO-Au NW ~10 200 200 9

a)

nanocrystalline,

nanowire
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