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Abstract - In this work, long, dense and uniformly distributed ZnO nanowires have been synthesized and studied as the 

sensing element for detection of ammonia gas. For this purpose, 130 nm thick Zn film was deposited on oxidized Si substrate 

by RF magnetron sputtering at the rate of 4.5 nm/min in Ar ambient. The film was thermally oxidized at 500 ⁰C in moist 

environment for 1 hr. The structural phase of post-oxidized sample indicated that Zn film was completely oxidized. The 

morphology indicated that Zn was covered into nanowires of ZnO. The diameter of nanowires was estimated to be about 40-

50 nm and the length was in the range of few tens of micron. MEMS technology was used to integrate these nanowires to 

fabricate a gas sensing device. The device showed excellent sensing performance towards trace amount of ammonia gas. 
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I. INTRODUCTION 

 

Ammonia (NH3) is a highly toxic gas and thus, needs 

to be detected in several industrial establishments and 

other sectors. The exposer to NH3 gas creates several 

heath issues like lung disease, irritation, burning of 

respiratory track. Till date, several sensors such as 

electrochemical sensor, semiconductors sensor, 

surface acoustic wave sensor have been developed to 

detect trace amount of NH3 gas. Among these, 

semiconducting metal oxides such as SnO2, ZnO, 

In2O3, CuO, WO3 and V2O5 are proved to be superior 

one as these have features like high sensitivity, low-

cost, small size, and high reliability [1]–[6]. ZnO is 

highly sensitive, thermally and chemically stable, 

low-cost, and non-toxic material suitable for gas 

sensing applications [7]. Though various forms of 

ZnO such as thick film, thin film and nanostructures 

have been used for gas sensing application, 

nanostructured ZnO is found to be superior material 

because of its high surface area-to-volume ratio 

resulting in enhancement in physical and chemical 

properties. Several types of nanostructures of ZnO 

such as nanowires, nanorods, nanoribbons, 

nanoflakes and nanobelts have been synthesized by 

various techniques such as thermal evaporation, 

chemical vapor deposition, pulsed lased deposition, 

sputtering, hydrothermal and thermal oxidation (of 

Zn film). Thermal oxidation technique is quite 

simple, cost effective, catalysis free and ideally 

suitable for mass production [3]. Though 

nanostructures of ZnO, CuO and Fe2O3 have been 

successfully synthesized by this technique, these are 

not fully explored  for sensor application [5], [8], [9]. 

In the present work, ZnO nanowires were synthesized 

by wet thermal oxidation of Zn film. A MEMS based 

gas sensor incorporating these nanowires was 

fabricated and tested for different toxic gases.  

Zn film was deposited on oxidized silicon substrate 

using RF magnetron sputtering and subsequently 

thermally oxidized in moist environment to grow 

long, dense and uniformly distributed ZnO 

nanowires. These nanowires were integrated with 

IDE(Inter Digited Electrode) structure and the change 

in resistance was measured during exposure to NO2, 

H2S, and NH3 gases.  

 

II. EXPERIMENTAL DETAILS  

 

Zn film of 130 nm thickness was deposited on 

oxidized Si substrate using RF magnetron sputtering 

at the deposition rate 4.5 nm/min. This deposited Zn 

film was oxidized at 500 oC for 1 h in a horizontal 

tube furnace in moist ambient (90% RH). Post 

oxidized sample’s morphology and crystallography 

were studied using scanning electron microscopy 

(SEM) and X-ray diffraction (XRD). This 

nanostructure was integrated with 

microelectromechanical (MEMS) technology to 

achieve a complete device as shown in Figure-1. The 

detailed device process flow is explained in our 

previous publication [5]. In this device, sensing 

element was an inter digited electrode (IDE), which 

was surrounded by a microheater. The  microheater 

and IDE structures were formed on a 10 µm thick 

diaphragm etched in Si. The size of the device is 1.1 

mm2 and minimum feature size is 40 µm. The 

microheater and IDE are made of RF sputter 

deposited Ni film. The nanowire synthesis process as 

detailed above was integrated  to realize a complete 

device. The optical image of the device is shown in 

Figure 1 (b). A typical thermal distribution profile of 

microheater simulated by COMSOL Multiphysics 

software is presented in Figure 1 (c). It is found that 

heat distributes uniformly across IDE structure area. 

The microheater was supplied voltage to generate 

heat in the range of 50-300 oC. The device resistance 
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was calibrated at different temperatures. The device 

was placed in a custom builttest chamber to measure 

the change in resistance in presence of toxic gases. 

The gas sensing properties of the fabricated device 

was analyzed by exposing 5-50 ppm of NO2, H2S, 

and NH3 gases at different operating temperature. The 

sensitivity “S” is defined as S= [(Ra − Rg)/Rg]×100%, 

where Ra and Rgare the resistances of the gas sensor 

in air and gas ambient respectively.  

 
Figure 1 (a) Schematic representation of MEMS gas sensor (b) 

optical image of the sensing device(c) COMSOL simulation of 

microheater 

 

III. RESULTS AND DISCUSSION 

 

The 130 nm Zn film was oxidized at 500 ⁰C in moist 

air for 1 h resulted in long, dense and uniformly 

distributed nanowire growth. The corresponding SEM 

image is shown in Figure 2(a). The SEM image 

reveals that, nanowire diameter is around 40-50 nm 

and length of few tens of micron. The XRD pattern of 

post-oxidized sample indicates that material was 

hexagonal ZnO (Figure 2(b)). The peak positions 

corresponding to (200) and (101) have maximum 

intensity. Also, it is observed that ZnO nanowires are 

highly crystalline in nature as XRD peaks are narrow. 

The resistance of nanowires was measured through 

IDE (40 µm line /gap). The resistance decrement 

while heating indicates that ZnO is a semiconducting 

metal oxide.  

When ZnO is exposed to air, available oxygen 

molecules capture electrons from conduction band 

and converted to its following ions (O2
─, O─, O2─). 

O2 (g)↔ O2 (abs)    (1) 

O2 (abs)+e─ ↔O2
─ (abs)   (2) 

O2
─ (abs)+e─ ↔2O─ (abs)   (3) 

O─ (abs)+e─ ↔O2─ (abs)   (4) 

During exposure to NH3, absorbed oxygen ions reacts 

in following manner:  

2NH3+3O─ (abs) →3H2O+N2+3e─  (5) 

These donated electrons increase total charge carrier 

concentration and so the resistance decreases. The 

interaction between ZnO nanowires and gases 

(O2/NH3) is enhanced by thermal activation. Thus, 

ZnO nanowires were heated for better response.   

 

 

 
Figure 2 (a) SEM image (b) XRD pattern of ZnO nanowires 

 

Figure 3 (a) shows the change in resistance of ZnO 

nanowires at 200 oC when exposed to 5-50 ppm of 

NH3 gas. The sensitivity for 5, 10, 25 and 50 ppm of 

NH3 are 13.91, 30, 50.89 and 97.25% which indicate 

synthesized ZnO nanowires are excellent material for 

NH3 gas sensing application. The change in 

sensitivity with time during exposure of 50 ppm NH3 

gas is presented in Figure 3(b). The response and 

recovery (90% of total change in sensitivity from ON 

and OFF point) time was measured to be 110 and 80 

s. 

It may be mentioned that these are not absolute 

values of sensor response time as the test chamber 

size was quite large (20 lit). Accordingly, the 

response and recovery time constant include the time 

taken for the concentration of test gas to be stabilized. 

At 200 oC, the sensor was tested with different 

concentrations of NH3, NO2 and H2S gas. Sensitivity 
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versus concentration graph is presented in Figure 3 

(c) showing that sensitivity is almost linear. These 

results suggest that the sensitivity follow the formula 

“S”=A×CB, where A and B are constants dependent 

on sensing material and stoichiometry and C is the 

concentration of gas. The sensor shows excellent 

sensing performance which can be explained with 

quantum size effect. The diameters of nanowires are 

~40-50 nm. From XRD data, the calculated grain size 

from optimum peak is 27 nm. According to 

Kolmakov et al. the typical Debye length of ZnO 

nanowire is 30 nm [10]. Thus, we can presume that 

all active sites of ZnO nanowires are participating in 

the reaction to increase the sensitivity. When sensor 

was tested at different operating temperature, the 

sensitivity for NH3 gas was observed to increase up to 

250 oC and then it decreased. The optimal sensing 

temperature of H2S and NO2 is 200 oC. From these 

results, it can be concluded that thermal oxidation 

technique for ZnO nanowires synthesis is an efficient 

method for gas sensing application.  

 

 

 

 
Figure 3 (a) Change in resistance of nanowire upon exposure of 

5-50 ppm of NH3 gas at 200 oC operating temperature (b) 

Sensitivity versus time plot for 50 ppm exposure of NH3 gas (c) 

The sensitivity for different concentrations (5-50 ppm) of NH3, 

NO2 and H2S gas at 200 oC(d) Sensitivity of sensors to 25 ppm 

of NH3, NO2 and H2S at different operating temperatures 

 

IV. CONCLUSIONS 

 

In conclusion, we report growth of high density ZnO 

nanowires by thermal oxidation process. This process 

is simple, cost-effective, environmental friendly, and 

catalyst free technique to grow ZnO nanowires. This 

ZnO nanowire synthesis process was combined with 

a MEMS technology to fabricate microheater based 

sensing device. This sensor fabrication process is 

simple and cost-effective. The device tested against 

NH3, NO2 and H2S showed excellent sensing results. 

The sensor showed optimal sensing performance in 

the temperature range 200-250 OC for which 

microheater consumed only few milliwatts of power. 

It is demonstrated that the fabricated sensor has lower 

limit of detection of 5 ppm of gases and can operate 

at relatively low temperature which makes it an 

excellent candidate for future gas sensing technology. 
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