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Abstract:The paper presents novel structures of Nano gas sensor arrays by using ZnO and doped with
aluminum . ZnO Nanomaterial are successfully prepared using sol-gel technique . These include,
similar and dissimilar structures. All used sensors are composed of zinc oxide doped with aluminum at
different concentrations for dissimilar structures, and with the same concentration for similar
structures. The first array (double sensor array) based on doping with percentages of 5% and 1%, while
the second array (quadrature sensor array) uses 5% doping only. The resulting Nano array
characterization is carried out using the scanning electron microscopy (SEM). This characterization
determines the structure of the Nano element (dot, rod or wire). This is followed by the X-Ray
Diffraction (XRD) characterization which indicates the purity and intensity of the Nano element within
the structure. The electrical characteristic of the sensor is determined by measuring the two terminal
sensor’s resistance at different concentrations of the gas, for different temperature ranges. More than
order of magnitude change in the resistance is found to occur in response more than 100% change in
temperature for different doping concentration, which indicates that arraying results in a more than
unity array factor. This is a good measure for pollution in industrial applications.

1.

Introduction

Recently, there is a large need for low-cost production of
transparent conducting films e.g.,( ZnO, SnO2, In2 O3, and
Cd2SnO4) [1-3] because of their applications in various
energy Efficiency specializations such as Piezoelectric devices,
multilayer thermal image converter Systems, thin film
transistor (TFT) ,window layer in heterojunction Solar cells,
dye sensitization solar cells, heat mirrors, and gas sensors Solid
State [4]. The film metal oxide gas sensors used widely
because of their excellent characteristics such as low Cost, and
small size, high sensitivity and fast response, and speed
recovery. Greater selectivity, sensitivity and improve Stability
[5]. Zinc oxide (ZnO) is not a newly discovered compound and
research on its preparation and characterization has continued
for several decades. However, a renewed interest of the
scientific community in ZnO can be measured by the very
large number of publications which have appeared on this
compound in the past few years. ZnO is an oxide of group II
metallic zinc [6] that exists between semiconductors and ionic
materials, which gives ZnO the electrical amphoteric property
as n-type semiconductor in most preparation procedures,
although p-type conductivity is also reported under certain
conditions [7,8].ZnO is a large band gap n-type Semiconductor
which combines several advantages over its competitors such

as GaN used today for production of short wavelength lightemitting devices. Its excitation energy (60 mV) is larger than
the room-temperature thermal energy, and high-excitation
near-UV luminescence and laser emissions can be expected.
ZnO is stable under high-energy radiation and can be easily
etched in acidic or alkaline solutions. The preparation of
nanostructured ZnO in a large variety of shapes is an emerging
field. One-dimensional (1D) ZnO nanostructures such as
nanorods, nanowires, nanobelts, nanotubes and nanowhiskers
are important for their physical properties arising from
quantum confinement (such as electronic quantum transport
and enhanced radiative recombination of carriers). Nanowires
have promising potentials in extensive applications and are the
fundamental building blocks for fabricating short-wavelength
nanolaser, field effect transistors (FET), ultrasensitive
nanosized gas sensors, nanoresonators, transducers, actuators,
nanocantilevers and field emitters [8–14]. These properties
could have numerous applications in various areas such as
nanoscale electronics, optoelectronic devices and high-density
magnetic memories [15] .Several techniques have been stated
to grow doped and nondoped ZnO films as vapor
condensation, thermal evaporation, spray pyrolysis, magnetron
sputtering, metalorganic, chemical vapor deposition, and solgel among others [16–20].In this paper two structure of gas
sensor array are developed by using ZnO doped with
aluminum with different doping concentration , the array can
sense different gases with high selectivity and sensitivity.

2. Experimental Work
2.1. Preparation of ZnO/Al-Doped ZnO Nano powder and film
fabrication. The ZnO nanomaterial are prepared via sol-gel
route [1] by mixing A 6 ml of 1M zinc acetate aqueous
solution and a 6 ml of 10MNaOH aqueous solution are added
into 15 ml alcohol. After being stirred, 1ml tri-ethanol amine
(TEA) is added to the mixture [25-27], and then the mixture
has been stirred for half hour .In case of preparing 1 , 5 wt%
Al-doped ZnO; an equivalent amount of aluminum chloride is
added to the mixture zinc acetate dehydrate ,alcohol and TEA.
A 50 ml beaker containing the solution mixture is entered to
oven for 60 minutes at temperature 70◦C. Then the resulting
solutions are washed with distilled water and ethanol to
remove any residual salts, and , and finally dried at 60◦C for 2
hours. The colloidal solution is obtained by mixing the ZnO
nanomaterial with ethanol and vigorously stirred and left long
time to form homogeneous suspension of 20wt% ZnO. The
suspension is applied onto the substrate by wafer spinner
machine (Model Polos300 AWS) at 100 rpm for 2 minutes or
according to the desired thickness. The film is then allowed to
dry in air for 15 minutes and sintered in airflow at 400◦C for 5
minutes.

2.2 Preparation of solid state semiconductor gas sensor array.
The glass substrates is ultrasonically cleaned in acetone for
15 minutes, then rinsed several times with demonized water.
the copper mask as shown in (figure1(a) & figure1(b)) is
added on the film ,then the film and is entered to the heater
(platinum heater) is deposited by a sputtering machine (Turbo
Sputtering RF & DC Power Supplies Deposition System
Model Hummer 8.1) [23], (P 100WRF, t =2minutes). Then,
the suspension of metal oxide (ZnO or Al doped ZnO) was
applied onto the substrate by wafer spinner machine (100 rpm,
2 minutes), then the film is allowed to dry in air and this is
repeated for several times to achieve the desired thickness.
Finally Pt contact is deposited (P =100WRF, t = 2 minutes).

2.3 The array structure, Two array structure are developed;The
first array structure is double sensor array uses doping
percentages of 1% and 5% as shown in (figure2(a)),This
structure can sense different gases with different concentration.
The second array structure is quadrature sensor array uses 5%
doping only as shown in (figure2(b)).this structure is consists of
four sensors with same concentration connected in series. The
behavior of each gas sensor array structure have been studied for
two application of gas sensor array ,these application is sensing
the H2 and CO2 gas.

Figure2(a):Double gas sensor array

Figure2(b):Quadrature gas sensor array
2.4 Characterization of ZnO and Al Doped ZnO Nano material.
X-ray diffraction patterns are obtained using using Schimadzu
7000 Diffractometer operating with Cu Kα radiation (λ =
0.15406 nm) generated at 30 kV and 30mA with scan rate of 2◦
min-1 for 2θ values between 20 and 80 degrees.

Figure1(a):Mask of double sensor array

2.5. Electrical Properties of the Gas Sensors. The resistivity of
gas sensors are measured versus temperature utilizing different
gases. The measurements are carried out in the temperature range
20–200◦C with H2 and CO2. The effect of Al doping on the
sensitivity of gas sensor is also studied. All of these
measurements have been carried out using homemade gas
chamber able to work at high temperatures and pressures and
under dark conditions to avoid the effect of UV radiation [21].

3. Results and Discussion
3.1. X-Ray Diffraction (XRD). XRD is used to characterize
the different phases of the prepared ZnO Nano material (Figure3)
shows the XRD patterns for ZnO nanomaterial the XRD patterns
indicates the purity and intensity of nanomaterial.
Figure1 (b) :Mask of Quadrature sensor array

Figure3: X-ray Diffraction (XRD) Pattern of ZnO Nanomaterials

3.2 Scanning Electron Microscope (SEM). Figure (4) shows the
SEM images of pure ZnO, ZnO doped with 1% and 5% Al,
respectively. It is noted that at pure ZnO (Figure 4(a)), ZnO
Nonorods [24 ]are well identified and aggregated (500nm in
size). As 1 wt% of Al (Figure 4(b)), 5 wt % of Al (Figure 4(c)).

Figure4(C):SEM for ZnO Doped with 5% Al Concentration
3.3. Electrical Measurements of Gas Sensors.
Solid state gas sensor consists of four main components, isolated
substrate (glass, ceramics, etc.), heater, semiconductor metal
oxide, and two electrodes. The gas sensitivity, S, is given by
equation (1) and (2) [22 ,28-30].

S=

∆R
Ra

(1)

∆R = (Ra − Rg) (2)

Where Ra and Rg express the resistance of the sensor in air and
in detecting gas, respectively.
3.3.1. Sensitivity of double sensor array for H2 and CO2 gas

Figure4(a):SEM for pure ZnO
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Figure5(a): Sensitivity of double gas sensor array for H2
gas.
Figure4(b):SEM for ZnO Doped with 1% Al Concentration

4. Conclusions
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Figure5(b): Sensitivity of double gas sensor array for CO2 gas
3.3.2. Sensitivity of quadrature sensor array (series connection
between four sensors) uses for H2 and CO2 gas.
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