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ABSTRACT

A highly sensitive NH3 gas sensor of mixed In,0; — Ag,O nanostructure thin
films deposited on porous silicon were synthesized by chemical spray pyrolysis
technique. The structure of the sensor thin films is analyzed by XRD, AFM and
FE-SEM techniques. The nanostructure polycrystalline thin films with average
grain size between (93.56 and 57.75) nm, from AFM results. The sensitivity of the
synthesized gas sensors toward 400 ppm NH; is obtained a high value in the low
operating temperature, which ranged between (77.57%-98.66%) with low response
and recovery times, ranged between (11.9-15.19) s and (8.6-25.22) s respectively.
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These high sensor properties are due to the porous silicon substrate.

1. Introduction:

Metal oxide semiconductors (MOS) were used in
different applications such as photoelectronics and gas
sensors [1-3]. To improve the MOS sensor properties, it
is mixed with a metal or metal oxide of the same or
different conductivity type [1, 3-5]. The nanostructural
mixed metal oxides can fabricate a p-n heterojunction,
which modifies the sensor surface to improve the gas
adsorption at low operating temperature, then increases
the sensitivity. In,O3 is n-type semiconductor with
energy gap of 3.7 eV [6] while the Ag,O is p-type
semiconductor with energy gap ranged between (1.2-
3.4 eV) [7]. When they are mixed with different Ag,O
ratio, the n-type conductivity change to p-type
conductivity [6]. The sensor properties depend on many

factors such as type of conductivity, nature of the
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substrate and grain size of MOS, etc. [4, 6, 8]. It is
found that the porous silicon substrate surface increases
the sensitivity and selectivity of gas sensors [1, 8], due
to the effect of the surface electric charge which
increases the gas interaction with the surface [3, 4, 6, 9,
10]. The detection of NH; which is a toxic gas, is
important due to its applications in large area, such as
chemical technology, medical diagnosis and
refrigeration systems, etc. There are many studies on
the NHs detection [11, 12], but the room temperature
NH; sensors are necessary to syntheses. A few work
has been carried out on In,0; — Ag,O nanostructural
gas sensor [9, 10]. In this study the gas sensor of mixed
nanostructure In,O;3 — Ag,O thin films deposited on
porous silicon slides toward NH; gas are studied in
order to increases the selectivity and decreases of the

operating temperature of the synthesized gas sensors.

2. Experimental Details:

Thin films of In,O; —~Ag,O nanostructure are
deposited on porous silicon substrates by chemical
spray pyrolysis technique at 400 C. P-type (111)
silicon  wafer

oriented of porous formed by
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electrochemical method at 20 mA current and 25 min
time used as a substrate. Thin films of pure indium
oxide which mixed with silver oxide are prepared from
InCl; and AgNO; aqueous solutions of (0.005 M).

The films are deposited at different mixed ratio
(0%, 5%, 10%, 15%, 20%) of AgNO; solution.
Deposition rate is (3 ml/min), and the period time of
spraying is (5 s) with (30 s) wait alternately. Using
XRD (Philips PW 1050 A Target: Cu-Ka, Current: 20
mA, Voltage: 40 KV, Wavelength 1.541874 A) to
the the
characteristics of the prepared thin films on glass.
AFM (SPM-AA3000 Angstrom Advanced Inc) is used
to determine the topography of the prepared thin films.
FE-SEM (Leo Supra 50 VP Field Emission SEM) is

used to examine selected experimental thin film of

determine grain size and structural

15% Ag,O. The sensitivity of the prepared thin films is
calculated from the change of electrical resistance with
operating temperature and different mixed ratio toward

(400 ppm) NH; gas sensor.

3. Results and Discussion:
3.1. Structural properties:

The XRD pattern of nanostructure pure In,O3
and mixed with silver oxide of (5, 10, 15, 20) Vol %
ratio, thin films deposited on glass substrate are shown
in figure (1). The pattern shows a polycrystalline
nanostructure of films with cubic In,O; of plans (211),
(222), (400), (440) and (541) according to the card no.
(44-1087), with preferential plane of (222) the result is
in agreement with Saryia et al [13]. The crystal size is
calculated from Debye — Scherrer relation [14], the
average crystalline size for In,O; equal to (17.37 nm).
When mixing AgxO with In,O; the peaks do not
change but their intensity are increased, that means the
In,O5 crystallinity increased after mixing the Ag,O
with it, as shown in Fig. 1. Silver oxide gives many

component oxides as monoclinic AgO with plane
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(310), Ag,O, with plane (200) and orthorhombic
Agz;0,4 with plane (400) according to the card no. (43-
1038, 22-0472 and 40-0909) respectively. At 10%
Ag,O mixed ratio the hexagonal compound InAgs with
plan (002) appears. The average crystalline size of the
mixed films increased from (19.01 nm) for 5% mixed
ratio to (23.81 nm) for 10%, then decreased to (17.91
nm) for 20% ratio. The presence of the two phases
Ag,O and In,O3 in films refer to find the composite
nature [9]. The results of XRD are in agreement with

another authors results [3, 9, 15].

Fig. 2 shows the AFM image in two and three
dimensions for the nanostructural thin films of pure
In,O5; and mixed AgxO deposited on a porous silicon
substrate to determine the surface topography of the

prepared films.

M
Lo
0
0
>
E ™ 4 , 1 En'::l:‘}
L 3 B
i~ *hg0
g g
<] ;
I 2 gl
Mgy
I - L A A r“"‘g-:

| 1 | | | | | | ! | | | |

10 15 20 25 30 35 40 45 50 55 60 65 70 75 80
2

Fig. 1: The XRD patterns of mixed In,0; — Ag,O thin

films deposition on glass substrate.
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Pure In,O3 surface shows its homogeneous and
large grains as shown in Fig. 2, which is due to the
aggregation of In,O; grains because the nucleate
centers which has created porous silicon. The average
grain size of In,O3 (93.56 nm), roughness (3.23 nm)
and RMS (4.25 nm) as shown in table (2). After
mixing with Ag,O the structure becomes composite,
that causes the decrease of the grain size, roughness
and RMS, this decrease continues until 15% mixed
ratio of Ag,O to reach (57.75 nm). The shape of grains
becomes a mixture between sphericity and elliptical
shape for three first mixed ratios as shown in Fig (2).
The grain size of 20% ratio increased to (85.3 nm), the
roughness and RMS are increased to become (3.89
nm), (4.5 nm) respectively, as shown in table (1).

The Film of 15% AgO mixed ratio deposition
on porous silicon wafer is examined by FE-SEM as
shown in Fig. 3.
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Fig. 2: AFM images of In,03 — Ag,O thin films at different

mixed ratio deposition on porous silicon substrate.
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Table 2: AFM measurements of prepared In,Oz —

Ag,O thin films deposition on porous silicon substrate.

Mixed Roughness | Root mean Average
ratio % Average square grain size
(nm) (nm) (nm)
0 3.23 4.25 93.56
5 1.46 1.74 75.83
10 1.06 121 63.96
15 2.25 2.65 57.75
20 3.89 4.58 85.30

Fig. 3: FE-SEM images of In,0s thin films at

15% mixed ratio on porous silicon substrate.

Journal of University of Anbar for Pure Science (JUAPS)

Open Access

3.2. Gas Sensing properties:

Fig. 4 shows the response of In,0; — Ag,O
nanostructural thin films to (400 ppm) NH; gas with
different mixed ratios of Ag,O (0%, 5%, 10%, 15%,
20%) deposited on porous silicon substrate. The sensor
shows a high sensitivity at all operating temperatures
with sensitivity values ranged between (94.6-98), that
results from porous silicon effect. Deposition of 1n,0;
on porous silicon surface creates p-n junction which
increases sensor response to gas and decreases
response time and recoery time, as shown in table (3).
It shows that the effect of operating temperature is not
clearly effect on the sensitivity values, that means the
sensor doesn’t need activation energy in the intraction
between the gas and the surface. Which is
physisorption interaction is ocure. The highest
sensitivity value for the prepared sensor is (96.18 ) for
5% mixed ratio at (150° C). After increasing the
operating temperature to (200° C) for the same ratio,
desorption happened for gas and its component so the
sensitivity decreased. The sensitivity value of all
mixed ratios are very high with different operating

temperatre, as shown in Fig. 5.
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deposited on porous silicon substrate toward 400 ppm
NH; gas.
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Fig. 5: Sensitivity versus temperature for In,O3 —
AgyO sensors at different AgxO concentration on
porous silicon.

Table 3: The sensitivity, response time and
recovery time of the prepared sensors toward 400
ppm NH; with different AgxO concentration and at
different operating temperatures.

Mixed | Temp. Response | Recovery
ratio C Sensitivity Time Time
% % (sec) (sec)
50
96 4 9.9
100
0 98.66 15.29 25.22
150
94.61 5.2 8
200
94.59 4.53 5.7
50
29.56 8.9 1.4
5 100
68.23 7.53 2.14
150
96.18 14.1 18.1
200
87.63 13 18.2
50
56.46 15.29 4.68
10 100
69.88 1.7 1
150
74.00 154 12
200
71.96 10.8 2.9
50
77.57 11.9 8.6
15 100
82.54 10 2.1
150
44.62 9.1 12.6
200
94.23 11.8 20
50
12.89 6.4 0.9
20 100
88.90 134 13.6
150
81.09 7.2 18.2
200
25.42 16.3 22.3
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4. Conclusion:
Gas In,O; — AgO

nanostructure thin films are deposited on porous silicon

sensor of mixed
for gas detection. AFM analysis obtaind that the grain
size depend on the AgO consentration. The porous
silicon substrate enhances the sensing properties to give
very high sensitivity at low temperature with low
respose time and recovery time. The sensitivity of
In,O3 is not affected by operating temperature, due to
the active p-n junction which formed between n-In,O;
and p- PsSi, to give a very high sensitivity of (98.66),
while the sensitivity of the mixed sensor depends on the
operating temperature due to the change of the
conductivity of the mixed films from n-type to p-type
to form p-p junction with porous silicon which is less

active junction.
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